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ABSTRACT 

Background. Current understanding of the appetite-regulating 

neuroendocrine circuitry remains incomplete, and efficacious treatments for 

both common and hypothalamic obesity (HyOb) are lacking. Concurrently, the 

expanded role of oxytocin (OXT) in energy homeostasis and human 

behaviour is beginning to be understood. 

Objectives. To optimise and translate an OXT enzyme immunoassay (EIA) to 

elucidate whether there were any unique differences in the plasma endocrine 

milieu in patients with HyOb. 

Methods. Optimisation work was carried out using EIAs with polyclonal and 

monoclonal secondary antibodies. Obese (BMI>+2 SDS) and lean (BMI≤+2 

SDS) children with (HyOb and HyLean) and without (Ob and Lean) 

hypothalamic disorders (septo-optic dysplasia or suprasellar tumours) were 

phenotyped using the Dykens’ Hyperphagia Questionnaire Score (DHQS). 

Plasma concentrations of leptin, insulin, OXT, BDNF, αMSH, acylated ghrelin, 

AgRP and copeptin were measured.  

Results. Solid phase extraction demonstrated markedly variable OXT 

recovery, and potentially increased rather than decreased interference. A 

polyclonal secondary antibody-containing EIA showed significant cross-

reactivity with several peptides in human plasma compared to a monoclonal 

secondary antibody-containing EIA. Of the 122 children recruited (50 HyOb, 

29 HyLean, 24 Ob, 19 Lean, mean age 11.3±3.9 years) there were no 

differences in DHQS or hormone concentrations between HyOb and Ob 

groups. Obesity was associated with compensatorily increased leptin and 

insulin, and decreased ghrelin and AgRP concentrations. More rapidly 

increasing BMI was independently associated with a younger age and lower 

plasma αMSH concentrations. OXT concentrations did not show any 

correlation with BMI or DHQS. 

Conclusion. The use of plasma extraction processes and EIAs in the 

literature needs re-examination. The plasma endocrine milieu in HyOb vs. 

common obesity does not differ, with a compensatory increase in anorexigens 

and decrease in orexigens. Lower plasma αMSH was associated with more 
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rapid weight gain, suggesting that MC4R agonists may be a therapeutic 

option in all forms of obesity. 
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IMPACT STATEMENT 

Despite being a major global public health challenge, the pathophysiology of 

childhood obesity remains poorly understood. The neuroendocrine 

hypothalamic-gut-adipose tissue circuitry governing appetite and metabolism 

are incompletely elucidated and no effective medical treatments exist, with 

paediatric bariatric surgery bearing significant ethical implications. 

Concurrently, there is an accruing cohort of survivors of various causes of 

hypothalamic injury, including congenital defects (e.g. septo-optic dysplasia) 

and hypothalamic tumours, with hypothalamic obesity (HyOb). The 

hypothalamus is master regulator of the endocrine system,  and also controls 

appetite, metabolism, thirst, circadian rhythms, temperature and behaviour. In 

keeping with its known roles, other features of the “hypothalamic syndrome” 

include autistic behaviours, sleep disturbances, lack of a sense of thirst and 

temperature dysregulation. The specific neuroendocrine deficits relating to 

these symptoms also remain largely unknown. 

 

Oxytocin (OXT), a hormone produced by the hypothalamus, has long been 

known to have roles in labour, reproduction and lactation. However, recent 

research has indicated that it may possess wider roles in appetite and 

behaviour, with an explosion of published studies over the last decade. Such 

research is impeded by OXT immunoassays which are often suboptimal and 

rarely fully validated, and interventional studies using intranasal OXT without 

any evidence that it reliably crosses the blood-brain barrier. 

 

This research therefore set out firstly to determine the validity and reliability of 

an enzyme immunoassay (EIA) for measuring plasma OXT, finding that 

commonly used plasma purification processes (known as extraction) and a 

commercially available EIA are inconsistent and inaccurate, with significant 

cross-reactions with other human plasma proteins. These findings therefore 

call into question the validity of much of the published literature on the 

associations of OXT with regulation of behaviour, appetite and weight. It also 

emphasises the need for all studies measuring OXT to carefully validate their 

assays prior to translation into clinical research.  
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The second objective of this study was to determine OXT’s role in controlling 

appetite and weight in patients with HyOb and common obesity, in the context 

of other known appetite-regulating hormones. This research reveals that 

hyperphagia is not HyOb-specific, and weight gain is therefore not solely 

dependent on an increased caloric intake. It also shows that HyOb and 

common obesity share common endocrine biochemistry, with a compensatory 

increase in appetite-suppressing (anorexigenic) and decrease in appetite-

inducing (orexigenic) hormones. HyOb is therefore not as unique 

pathophysiologically as previously thought. The implication is that the 

classically described intractability of HyOb is therefore merely a feature of the 

hypothalamic decompensation observed in all forms of obesity.  

 

Further analysis showed that low concentrations of α-melanocyte-stimulating 

hormone, the anorexigenic ligand for the melanocortin-4 receptor (MC4R), 

were associated with more rapid weight gain at follow-up. This finding has 

implications on the therapeutic potential of setmelanotide, a recently 

described MC4R agonist, which is currently under trial for a variety of 

monogenic and syndromic HyOb disorders. The potential for a “final common 

pathway” solution for all forms of obesity is highly attractive, and has wider 

implications on public health, the economic cost of rising human obesity, and 

health service delivery.  
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CHAPTER 1: BACKGROUND 

1.1 The challenge of the global epidemic of childhood obesity 

Childhood obesity has been highlighted by the World Health Organisation 

WHO) as a major 21st-century global public health challenge, with an 

estimated 170 million children being overweight worldwide, and >42 million 

being aged <5 years (World Health Organisation (WHO), 2012; (World Health 

Organisation (WHO), 2015). The prevalence of children <18 years of age who 

are overweight (defined as >2 standard deviations (SDs) from the median 

weight-for-height) or obese (defined as >3 SDs from the median weight-for-

height) has risen from 4.2% to 6.7% over the last two decades and is 

projected to continue to rise to 9.1% by 2020 (de Onis et al., 2010). In 

England, this statistic rises further, with 14.2% of 10-11 year olds being 

overweight, and a further 20.1% being obese (NHS Digital, 2018). Whilst the 

definition of childhood obesity remains a statistical one due to the poor 

predictive value of childhood body mass index (BMI) for adult cardiometabolic 

morbidity (Table 1) (Llewellyn et al., 2016), it is well recognised that children 

who are overweight or obese are at significantly increased risk of becoming 

obese adults (Simmonds et al., 2016). Whilst much of “common obesity” in 

the general population has been blamed on an increasingly obesogenic 

environment, it is worth noting that twin studies have estimated that between 

40-77% of obesity is, in fact, heritable (Wardle et al., 2008). 

 

Table 1: Current definitions of childhood overweight and obesity 

Group Definition of 

overweight 

Definition of obesity 

World Health Organisation 

(World Health Organisation 

(WHO), 2015) 

<5 years: >+2 SDS to 

≤+3 SDS above median 

weight-for-height 

5-19 years: >+1 SDS to 

≤+2 SDS above median 

BMI-for-age 

<5 years: >+3 SDS above 

median weight-for-height 

 

5-19 years: >+2 SDS above 

median BMI-for-age 

United States Preventive 

Services Task Force (USPSTF) 

(U. S. Preventive Services Task 

BMI >+1 to ≤+1.64 SDS BMI >+1.64 SDS 
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Force et al., 2017)  

United Kingdom 1990 standard/ 

National Institute for Health & 

Care Excellence (NICE) (Cole 

et al., 1995; (National Institute 

for Health and Care Excellence, 

2014) 

BMI >+1.33 to ≤+2 SDS BMI >+2 SDS 

International Obesity Task 

Force (Cole et al., 2000) 

Equivalent childhood BMI 

extrapolated from adult 

BMI of >25 kg/m2 to ≤30 

kg/m2 

Equivalent childhood BMI 

extrapolated from adult BMI of 

>30 kg/m2 (~+2.7 SDS) 

 

Concurrently, survival from a wide variety of childhood diseases is increasing. 

Recent advances in the antenatal and postnatal diagnosis of congenital 

midline neurodevelopmental disorders such as septo-optic dysplasia (SOD) 

have led to earlier detection rates, better initial management (for instance, in 

the treatment of neonatal hypoglycaemia due to secondary adrenal 

insufficiency), and consequently improved long-term survival. Similarly, 

childhood cancer survivorship is improving annually, secondary to more 

intensive oncological therapies and better supportive care, imposed on a 

relatively stable cancer incidence over the last 40 years in the United 

Kingdom (UK) (Gatta et al., 2005; (Office for National Statistics, 2013), with an 

estimated 1 in every 715 UK adults now being a childhood cancer survivor 

(Skinner et al., 2007; (Stiller, 2007; (Scottish Intercollegiate Guidelines 

Network (SIGN), 2013). More specifically, 10-year survival of patients with 

paediatric central nervous system (CNS) tumours has increased from 38 to 

68% over the last four decades (Cancer Research UK, 2013), with survival 

rates of largely benign suprasellar tumours, such as craniopharyngiomas and 

low-grade optic pathway gliomas, even approaching 95% (Childhood Cancer 

Research Group, 2012; (Gnekow et al., 2012; (Gan et al., 2015).  

 

Despite an increased survival however, a significant proportion of these 

children face long-term morbidities that reduce their quality of life, many of 

which are related to disorders of the endocrine system (Spoudeas, 2002; 

(Oeffinger et al., 2006; (Brignardello et al., 2013; (Kero et al., 2016; (de Fine 
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Licht et al., 2017). Treatments for some of these disorders are readily 

available, such as hormone replacement therapy for panhypopituitarism, or 

assisted reproduction techniques for subfertility. The pathophysiology of other 

morbidities, such as obesity, the metabolic syndrome, behavioural and sleep 

disorders, are poorly understood, and consequently optimal management 

strategies remain elusive. Therefore, although there is now a rapidly accruing 

cohort of children surviving various long-term paediatric conditions into 

adulthood, they continue to be at increased risk of late, and often premature, 

mortality (Prasad et al., 2012; (Burman et al., 2013; (Perkins et al., 2013). 

This thesis focusses on one of the causes of late mortality in children with 

congenital and acquired causes of hypothalamic dysfunction, hypothalamic 

obesity (HyOb), with the overarching aim of trying to elucidate its endocrine 

pathophysiology.  

 

1.2 Hypothalamic obesity (HyOb) 

1.2.1 Definition of HyOb: a historical perspective 

HyOb has been defined loosely as a “syndrome of intractable weight gain 

after any hypothalamic damage” (Lustig, 2011). Despite only measuring about 

0.7 cm3 on either side of the third ventricle (Lemaire et al., 2013), the 

hypothalamus is a critical region of the brain responsible for regulating seven 

endocrine axes via its intimate connections to the pituitary gland (Figure 1), as 

well as appetite, metabolism, thirst, circadian rhythms, arousal, temperature, 

memory and behaviour. Therefore, damage or maldevelopment of this area 

can have widespread consequences on a variety of homeostatic mechanisms 

and unsurprisingly cause, in addition to obesity and appetite dysregulation 

(classically hyperphagia), panhypopituitarism, sleep disturbances, 

temperature dysregulation and behavioural disorders (often termed as the 

“hypothalamic syndrome” when present in combination). The dense 

congregation of neurons in this area, the poor definition of the various 

hypothalamic nuclei, and the limited resolution of current neuroradiological 

techniques, however, has meant that our current understanding of the circuitry 

underlying these clinical manifestations remains incompletely understood. 

Experiments manipulating the various hypothalamic genes involved also often 
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result in effects on multiple neuronal subtypes or even lethality, further 

complicating the task of deciphering their role in the development of this 

region (Szarek et al., 2010; (McCabe and Dattani, 2014). 

 

 

Figure 1: Diagrammatic representation of the function of the hypothalamus as a critical 
endocrine control centre and its physiological relationship to the pituitary gland and target 

organs. Solid arrows indicate a stimulating pathway, whilst broken arrows indicate an 
inhibitory pathway. AVP also potentiates the stimulatory effect of CRH on ACTH secretion. 
GnRH, gonadotrophin-releasing hormone; CRH, corticotrophin-releasing hormone; GHRH, 

growth hormone-releasing hormone; SS, somatostatin; TRH, thyrotrophin-releasing hormone; 
DA, dopamine; AVP, arginine-vasopressin; OXT, oxytocin; LH, luteinising hormone; FSH, 
follicle-stimulating hormone; ACTH, adrenocorticotrophic hormone; GH, growth hormone; 
TSH, thyroid-stimulating hormone; PRL, prolactin; T, testosterone; E2, oestradiol; IGF-1, 

insulin-like growth factor 1; T4, thyroxine; T3, triiodothyronine. 

 

HyOb was first described independently in the early 1900s by the neurologists 

Joseph Babinski (Babinski, 1900) and Alfred Fröhlich (Fröhlich, 1901), who 

respectively described virtually identical cases of an adolescent girl and boy 

presenting with headaches, visual impairment, short stature, an increased 

body mass index (BMI) with centripetal fat distribution and pubertal delay, 

both of whom were found to have a hypothalamo-pituitary mass at post-

mortem. The association between the abnormal fat distribution and genital 

underdevelopment seen in these cases led to the Babinski-Fröhlich syndrome 

initially being described as “adiposogenital dystrophy” (Bray, 1993). 

 

Over 100 years since its original description, our understanding of the 

pathophysiology of HyOb has advanced significantly, but remains incomplete. 

Early experiments in rodents demonstrated firstly that damage to the 

hypothalamus, but not the pituitary, was necessary for its development 
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(Smith, 1927; (Bray and York, 1979). Subsequent more detailed work 

demonstrated that the ventromedial nucleus (VMN) within the hypothalamus 

was crucial for the regulation of weight and appetite, whilst the arcuate 

nucleus (ARC) and lateral hypothalamic area (LHA) were involved to a lesser 

degree (Hetherington and Ranson, 1940; (Bray and York, 1979). Subsequent 

experiments also indicated that hyperphagia was not necessary for the 

development of obesity, as rats with bilateral VMN electrolytic lesions still 

became obese and hyperinsulinaemic when entirely tube-fed, whereas their 

pair-fed counterparts did not (Han and Frohman, 1970). The first hint of the 

underlying molecular mechanism for HyOb appeared with the description of 

the spontaneous breeding of the ob/ob (obese) mouse at a ratio of 1:3 to the 

rest of the litter, suggesting an autosomal recessive inheritance, but achieving 

a weight three times that of its littermates by ten months of age (Ingalls et al., 

1950).  

 

However, it took over 40 years for the advent of molecular techniques to clear 

the path for the cloning of the Ob gene product, leptin – the first hormone 

linking the hypothalamus with the regulation of appetite and metabolism in 

humans (Zhang et al., 1994). This was followed shortly after by the 

identification of the first monogenic cause of human obesity, congenital leptin 

deficiency (Montague et al., 1997), and its successful treatment with 

recombinant human leptin (Farooqi et al., 2002). Concurrently, a rapid 

cascade of discovery of other hormones and neuropeptides involved in the 

neuroendocrine regulation of appetite and weight was occurring, including 

brain-derived neurotrophic factor (BDNF) (Barde et al., 1982), neuropeptide Y 

(NPY) (Tatemoto et al., 1982), polypeptide YY (Tatemoto, 1982), glucagon-

like peptide-1 (GLP-1) (Bell et al., 1983b), cocaine- and amphetamine-

regulated transcript (CART) (Douglass and Daoud, 1996), agouti-related 

peptide (AgRP) (Shutter et al., 1997), and ghrelin (Kojima et al., 1999). Insulin 

(Banting et al., 1922) and α-melanocyte stimulating hormone (αMSH) (Harris 

and Lerner, 1957) had already been discovered decades earlier, but their role 

in appetite regulation in the hypothalamus was not appreciated till several 

years after (Debons et al., 1969; (Tsujii and Bray, 1989). Over the last two 

decades, the corresponding human obesity phenotypes for mutations in the 
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genes coding for the above peptides have gradually been elucidated (see 

section 1.2.4.1) further corroborating their role in appetite and weight 

homeostasis. 

 

1.2.2 Epidemiology and aetiology of HyOb 

Whilst HyOb is a relatively rare form of obesity, it is frequently seen in patients 

with both congenital and acquired disorders involving maldevelopment, 

dysfunction or damage to the hypothalamo-pituitary unit. Apart from the 

various “non-syndromic” and syndromic genetic obesity syndromes described 

in further detail in Section 1.2.4, HyOb is also a feature of various diseases 

affecting the structure of the hypothalamus. The archetypal congenital midline 

neurodevelopmental structural disorder of this region, septo-optic dysplasia 

(SOD) is a syndrome of maldevelopment of the optic pathways in combination 

with other midline forebrain defects and/ or hypopituitarism (Webb and 

Dattani, 2010), where up to 26% of patients develop obesity (Güemes et al., 

2014). Similarly, inexorable, morbid obesity is seen commonly in survivors of 

a wide variety of suprasellar midline brain tumours such as 

craniopharyngiomas (up to 77% (Pinto et al., 2000)), low-grade optic pathway 

gliomas (50-75% (Armstrong et al., 2011; (Gan et al., 2015)), hypothalamic 

hamartomas (28-59% (Drees et al., 2012; (Ramos et al., 2018)), pituitary 

adenomas (39% (Steele et al., 2010)), and intracranial germinomas (14% 

(Odagiri et al., 2012)). Other acquired causes of HyOb include traumatic brain 

injury (Rose et al., 2018), infiltrative causes such as Langerhans cell 

histiocytosis (Amato et al., 2006), and inflammatory causes such as 

hypophysitis (Li et al., 2009). 

 

In this latter group of patients, HyOb can be a consequence of both tumour 

and/ or targeted treatments to the area, such as surgery or radiotherapy. An 

analysis by Lustig et al. (2003b) demonstrated that in a cohort of paediatric 

brain tumour survivors, HyOb was associated with hypothalamic tumour 

involvement, tumour histologies frequently presenting in the suprasellar 

midline (such as craniopharyngiomas), radiotherapy to the hypothalamus 

exceeding 51 Gy, extensive hypothalamic surgery, and/ or the presence of 

any other hypothalamo-pituitary endocrinopathy, as well as an age of <6 
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years at diagnosis. Therefore, despite the rarity of HyOb compared to obesity 

in the general population (henceforth termed “common obesity”), a cohort of 

patients with both congenital and acquired forms of the disorder is rapidly 

accruing. The severity of obesity and its attendant sequelae, as well as a 

current lack of effective treatment options means that the financial burden on 

families and clinical services is significant, and an understanding of its 

underlying pathophysiology is becoming ever more crucial. 

 

1.2.3 Physiology of normal appetite/ weight regulation 

The discovery of the monogenic “non-syndromic” obesity disorders (see 

Section 1.2.4.1) in both animals and humans has helped elucidate the 

complex interplay between appetite-suppressing (anorexigenic) and appetite-

stimulating (orexigenic) hormones circulating between the hypothalamus and 

peripheral tissues. The hypothalamic-gut-adipose tissue circuit can be thought 

of as consisting of an “afferent” arm where peripheral tissues signal to the 

hypothalamus about the body’s metabolic status, and an “efferent” arm where 

the hypothalamus signals back to the peripheral tissues via the autonomic 

nervous system various metabolic alterations to maintain homeostasis of the 

human body’s energy balance (Lustig, 2002; (Hochberg and Hochberg, 

2010b; (Hochberg and Hochberg, 2010a; (Lustig, 2011). 

 

1.2.3.1 Anorexigens 

1.2.3.1.1 Leptin 

Leptin is a 167-amino acid protein coded for by the LEP gene on chromosome 

7q32.1. As previously discussed, the first clue alluding to the existence of 

leptin arose from the spontaneous breeding of the Ob/Ob mouse (Ingalls et 

al., 1950), which subsequently led to the cloning of the gene and the 

identification of its protein in mice and humans (Zhang et al., 1994). Shortly 

after its discovery, the Db/Db mouse was also described (Hummel et al., 

1966), and cloning of the corresponding gene causing this phenotype, the 

leptin receptor (LEPR) followed (Tartaglia et al., 1995). The human 

phenotypes of congenital leptin deficiency and congenital leptin receptor 

deficiency further cemented the role of leptin in appetite and weight 

homeostasis (Montague et al., 1997; (Clement et al., 1998). 
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Leptin is synthesised predominantly in white adipose tissue (Zhang et al., 

1994), and plasma concentrations are unsurprisingly strongly positively 

correlated with BMI (Weigle et al., 1997). Serum leptin concentrations are 

higher in women than men, but are not related to resting energy expenditure, 

indicating that its main effect is on appetite over metabolism (Kennedy et al., 

1997). Indeed, serum leptin has been shown to increase significantly in 

response to both acute and chronic overfeeding, demonstrating that leptin 

secretion is not purely a function of fat mass accumulation (Kolaczynski et al., 

1996b). Contrastingly, leptin concentrations fall with fasting (Kolaczynski et 

al., 1996a). Leptin is also secreted by CD4+ T cells (Sanna et al., 2003) and 

chondrocytes (Dumond et al., 2003), where it acts as a cytokine. 

Contrastingly, LEPR is expressed on a wide variety of tissues apart from the 

hypothalamus and undergoes alternative splicing to generate four isoforms – 

HLR-5, HLR-15, HLR-67 and HLR-274 (Kielar et al., 1998; (Barr et al., 1999; 

(Mechanick et al., 2018). The longest isoform, HLR-274, is responsible for the 

effects of leptin on energy homeostasis, with expression in the ARC, VMN, 

LHA, dorsomedial nucleus (DMN) and paraventricular nucleus (PVN) of the 

hypothalamus (Mercer et al., 1996; (Fei et al., 1997), but it is also the most 

rapidly downregulated and transported to lysosomes for degradation, thus 

causing the syndrome of functional leptin resistance seen in obesity (Barr et 

al., 1999). The ARC appears to be the predominant hypothalamic region 

responsible for leptin’s anorexigenic effects, as rats with a non-functioning 

ARC do not exhibit a reduction in food intake and weight loss in response to 

centrally administered leptin (Dawson et al., 1997; (Tang-Christensen et al., 

1999). 

 

Binding of leptin to HLR-274 causes signal transduction via multiple 

secondary messengers, including the Janus kinase/ signal transducer and 

activator of transcription (JAK/STAT) and the phosphoinositide 3-kinase/ 

protein kinase B/ Forkhead box protein 1 (PI3K/ PKB (AKT)/ FOXO1) 

pathways (Kwon et al., 2016). Through the former, leptin increases the 

transcription of pro-opiomelanocortin (POMC), the precursor of the major 

anorexigen αMSH (Munzberg et al., 2003), whilst the latter pathway is 
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common to both leptin and insulin signalling, with both hormones stimulating 

POMC neurons, and leptin additionally inhibiting AgRP neurons (Spanswick et 

al., 1997; (Niswender et al., 2004) Furthermore, leptin suppresses the 

FOXO1-stimulated expression of NPY and AgRP and FOXO1-inhibited 

expression of POMC (Kim et al., 2006; (Kitamura et al., 2006). The role of 

leptin in regulating POMC vs. AgRP/ NPY secretion is further supported by 

the co-expression of leptin receptors on both of these neuronal subsets 

(Cheung et al., 1997a; (Baskin et al., 1999).  

 

1.2.3.1.2 Insulin 

Insulin is a 51-amino acid protein coded for by the INS gene on chromosome 

11p15.5 and consists of two polypeptide chains (A and B) linked by disulphide 

bonds. Both of these originate from the same INS gene product, proinsulin, 

which is cleaved by endopeptidases to form mature insulin in the β cells of the 

pancreas (Steiner and Oyer, 1967), which acts on the insulin receptor (INSR), 

present on a wide variety of tissues including the hypothalamus (Benecke et 

al., 1992; (Gerozissis, 2004; (Wada et al., 2005).  

 

The discovery of insulin as a treatment for diabetes mellitus has been known 

for decades and is a longstanding historical landmark in the field of 

endocrinology (Banting et al., 1922), but its role in hypothalamic signalling and 

the regulation of appetite has only been recently deciphered (Obici et al., 

2002b; (Gerozissis, 2004; (Wada et al., 2005). Intracerebroventricular and 

hypothalamic infusions of insulin have been shown to cause sustained 

reductions in food intake and body weight in baboons and rats respectively, 

with the effect being negated by the presence of anti-insulin antibodies in the 

VMN (Woods et al., 1979; (McGowan et al., 1990). Reduction of Insr 

expression in the hypothalamus by antisense oligonucleotides in rats, and 

conditionally knocking out INSR in neuronal tissues in mice both result in 

increased appetite and weight gain (Bruning et al., 2000; (Obici et al., 2002a). 

Insulin has been shown to inhibit hypothalamic neuropeptide Y (Npy) and 

agouti-related peptide (Agrp) expression, and to increase pro-

opiomelanocortin (Pomc) neuronal activation in rodent models in concert with 

leptin through PI3K/ PKB (AKT)/ FOXO1 signalling (Schwartz et al., 1992; 
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(Spanswick et al., 2000; (Niswender et al., 2004; (Kitamura et al., 2006; 

(Taniguchi et al., 2006; (Varela and Horvath, 2012).  

 

In type 1 diabetes mellitus (T1DM), an increased appetite occurs with both 

hyperglycaemia and hypoglycaemia. Rats and humans with T1DM have 

reduced adiposity and consequent leptin deficiency, which is reversible with 

insulin supplementation (Havel et al., 1998; (Hathout et al., 1999). Similarly, 

adipose tissue-specific Insr conditional knockout mice display the opposite 

phenotype to hypothalamic conditional knockouts, with a low fat mass, 

protection against age-related and HyOb, and reduced glucose intolerance 

(Bluher et al., 2002). This is due to the fact that insulin is required for fat 

deposition in adipocytes. Hyperglycaemic hyperphagia is therefore mediated 

by leptin deficiency, with leptin replacement in untreated rats with T1DM 

ameliorating the phenomenon of diabetic hyperphagia, despite the diabetes 

remaining untreated (Sindelar et al., 1999). Conversely, clinicians treating 

T1DM will also be aware that appetite increases with insulin replacement. The 

apparent dichotomy of these insulin effects may be explained by the effect of 

insulin on glucose production – insulin induces hypoglycaemia which in turn 

increases appetite rather than via a direct effect of insulin in itself. This 

principle was demonstrated elegantly in experiments by Booth (1968) where 

concurrent administration of intrahypothalamic glucose and subcutaneous 

insulin did not lead to an increased appetite in rats. 

 

1.2.3.1.3 The pro-opiomelanocortin (POMC)/ α-melanocyte-stimulating 

hormone (αMSH)/ cocaine- and amphetamine-regulated transcript 

(CART) system 

POMC is a 267-amino acid polypeptide coded for by the POMC gene on 

chromosome 2p23.3. This protein is a precursor of five separate peptide 

hormones – ACTH, α-, β-, and γ-melanocyte stimulating hormones, and β-

endorphin – which are synthesised by a series of post-translational proteolytic 

cleavage steps largely governed by the serine proteases prohormone 

convertases 1 and 2 (PC1 and PC2) (Herbert, 1981; (Smith and Funder, 

1988; (Pritchard et al., 2002). POMC is expressed in the hypothalamus, 

anterior and intermediate lobes of the pituitary gland, nucleus tractus solitarius 
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(NTS), immune system and skin, and the degree of proteolytic cleavage is 

site-dependent (Yeo et al., 2000). For instance, corticotrophs in the anterior 

pituitary only produce PC1 and are therefore only able to synthesise ACTH 

from POMC, whereas melanotrophs in the intermediate pituitary in rodents 

and skin cells in humans produce both PC1 and PC2 and are therefore able 

to synthesise αMSH, which stimulate melanogenesis (Zhou et al., 1993; 

(Rousseau et al., 2007). In the CNS, Pomc expression is restricted to the 

ARC and NTS, both of which exhibit PC1 and PC2 activity, producing α-, β- 

and γ-MSH in the former, and α-MSH and β-endorphin in the latter (Bronstein 

et al., 1992; (Young et al., 1998a; (Meister et al., 2006).  

 

In mice, acute activation of NTS POMC neurons causes a short-term 

reduction in food intake with no change in body weight, whilst chronic 

activation of ARC POMC neurons is required to lead to the same effect, but 

additionally results in a reduction in weight. Correspondingly, it is ablation of 

ARC POMC, not NTS POMC neurons, which is required for the development 

of obesity, increased fat mass and glucose intolerance (Zhan et al., 2013), 

with the former neurons being stimulated by leptin (Huo et al., 2006), whilst 

the latter are stimulated by cholecystokinin (CCK) and inhibited by opioids 

(Appleyard et al., 2005). Overfed rats have a marked increase in ARC POMC 

expression which results in a negative feedback loop reducing appetite; the 

effects of which are reduced in the presence of a melanocortin 3/4 receptor 

(MC3R/ MC4R) antagonist (Hagan et al., 1999b). In humans, homozygous 

POMC mutations cause clinical features involving deficiency of all its 

derivative peptides, including severe obesity, adrenal insufficiency and red 

hair (Krude et al., 1998). 

 

The diversity of peptides generated from POMC is mirrored by the diversity of 

their G-protein-coupled melanocortin receptors (MCRs). MC1R, MC2R and 

MC5R are responsible for skin pigmentation (melanocytes), ACTH induction 

of steroidogenesis (adrenal glands) and temperature regulation (widespread 

exocrine tissues) respectively (Clark et al., 1993; (Chen et al., 1997; 

(Rousseau et al., 2007). MC3R and MC4R both regulate appetite and weight, 

with MC4R being the predominant receptor present in the PVN, DMN and 
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LHA, but also in the cortex, thalamus, brainstem and spinal cord (Mountjoy et 

al., 1994), whilst MC3R is restricted to the ARC (Jegou et al., 2000). MC4R 

receptors on POMC neurons additionally appear to be responsible for 

increasing energy expenditure without an increase in food intake (do Carmo 

et al., 2013), and there is a suggestion that MC4R signalling in the PVN is 

important for integrating circadian light cues with glucose metabolism (Arble et 

al., 2015). Mc4r-/- knockout mice develop severe hyperphagia and obesity 

(Huszar et al., 1997), and dominant mutations in MC4R have been shown to 

be the most common cause of monogenic obesity in humans (Vaisse et al., 

1998; (Yeo et al., 1998). Interestingly, double knockout Mc3r-/-/ Mc4r-/- rats 

demonstrate even more severe hyperlipidaemia and hyperglycaemia than 

Mc4r-/- knockout rats, despite the fact that knocking out the Mc3r gene alone 

causes hypophagia and fat mass accumulation without necessarily becoming 

overweight (Butler et al., 2000; (Chen et al., 2000; (You et al., 2016). 

 

Concurrently, leptin stimulates ARC CART hypothalamic neurons, the large 

proportion of which co-express POMC/ α-MSH (Elias et al., 1998; (Kristensen 

et al., 1998; (Adam et al., 2002a). CART is secreted as a 116-amino acid 

prepropeptide coded for by the CARTPT gene on chromosome 5q13.2, with 

CART being present not just in the hypothalamus (where it has been found in 

the PVN, supraoptic nucleus (SON), ARC, zona incerta and anterior 

periventricular nucleus (aPVN)), but also in the pituitary, nucleus accumbens, 

frontal cortex, midbrain and adrenal medulla (Douglass and Daoud, 1996; 

(Koylu et al., 1997; (Koylu et al., 1998). Like POMC, it is post-translationally 

proteolytically cleaved into shorter peptides which are biologically active 

(Rogge et al., 2008). To date, however, the equivalent receptor for CART has 

yet to be identified. However, intracerebroventricular administration of CART 

in rats has been shown to inhibit food intake, even cancelling out the 

orexigenic effect of NPY (Kristensen et al., 1998; (Lambert et al., 1998). ARC 

POMC/ CART neurons have additionally been shown to project to the PVN 

and regulate the release of thyrotrophin-releasing hormone (TRH), and is one 

postulated mechanism by which they regulate metabolic homeostasis (Fekete 

et al., 2000a; (Fekete et al., 2000b). Other projections of POMC/ CART 

neurons include the medial preoptic nucleus (MPN), DMN, LHA, and the ARC 
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itself all of which are involved in appetite and weight regulation (Bagnol et al., 

1999; (Millington, 2007). Cart-/- knockout mice exhibit an increase in food 

intake and weight gain, and impaired glucose tolerance and insulin secretion 

through its direct impact on pancreatic β-cell function (Asnicar et al., 2001; 

(Wierup et al., 2005). Similarly, heterozygous CARTPT mutations have been 

described in a family with severe obesity and reduced metabolic rates (del 

Giudice et al., 2001). 

 

1.2.3.1.4 Brain-derived neurotrophic factor (BDNF) 

BDNF is a 119-amino acid protein coded for by the BDNF gene on 

chromosome 11p14.1 (Jones and Reichardt, 1990). As a member of the 

nerve growth factor (neurotrophin) family, it has a major role in neuronal 

survival and neuroprotection, and is therefore widely expressed (Chen and 

Weber, 2001; (Zuccato et al., 2001; (Liu et al., 2005; (Pruunsild et al., 2007). 

In the rodent hypothalamus, Bdnf is expressed in the VMN, PVN, LHA and 

anterior hypothalamus (Kernie et al., 2000; (Xu et al., 2003). However, the 

role of BDNF in regulating appetite and weight has proven difficult to study 

due to its crucial role in the nervous system, with Bdnf-/- mice exhibiting early 

postnatal lethality (Ernfors et al., 1994; (Korte et al., 1995). 

 

The first clue to the role of BDNF in appetite-weight homeostasis appeared in 

studies of heterozygous Bdnf+/- mice, where food intake and weight 

(particularly fat mass) were increased over time, and serotonergic 

transmission was dysregulated (Lyons et al., 1999; (Kernie et al., 2000). 

Intracerebroventricular infusion of BDNF in these mice caused significant 

weight loss (Kernie et al., 2000). The role of serotonin (5-HT) in BDNF 

signalling, was supported by the effects of fluoxetine, which partially reduced 

the amount of food ingested by Bdnf+/- mice; whilst the role of BDNF as a 

neurotrophin in maintenance of 5-HT neurons was demonstrated by the 

gradual reduction in their number over time, from baseline normal quantities 

(Lyons et al., 1999). Interestingly, in experiments by Kernie et al. (2000), 

subgroup analysis in the proportion of Bdnf+/- mice who gained weight more 

slowly demonstrated that these mice also exhibited a marked increase in 

locomotor activity compared to the Bdnf+/- mice who became frankly obese. 
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The baseline hypothalamic expression of Npy, Agrp, Cart, and Lepr was not 

altered in brain conditional knockout mice, but Pomc expression was 

increased, and the leptin and NPY responses to starvation were abnormal 

(Rios et al., 2001). BDNF has also been shown to have hypoglycaemic and 

anti-diabetic effects by improving insulin secretion and sensitivity (Nakagawa 

et al., 2000). To date, only one disease-causing BDNF point mutation has 

been identified in humans in association with hyperphagia, obesity, 

hyperactivity and impaired cognitive function (Gray et al., 2006). Additionally, 

the obesity observed in the 11p13-14 contiguous gene deletion WAGRO 

syndrome (Wilms tumour, aniridia, genitourinary abnormalities, mental 

retardation, obesity) has been ascribed to BDNF haploinsufficiency (Han et 

al., 2008).  

 

BDNF acts through tyrosine kinase receptor B (TRKB) which is coded for by 

the NTRK2 gene on chromosome 9q21.33. NTRK2 is widely expressed 

across the brain and other tissues (Luberg et al., 2010). Similar to the 

phenotype of Bdnf+/- heterozygotes, Ntrk2 hypomorphic mice also show 

hyperphagia, increased fat accumulation and obesity (Xu et al., 2003). 

Administration of an MC4R agonist in the fasted state significantly increases 

Ntrk2 expression in the VMN, indicating that the BDNF/ TRKB system lies 

downstream of the POMC/ α-MSH/ MC4R system (Xu et al., 2003). NTRK2 

heterozygous mutations have been described in human syndromes of obesity 

and developmental delay (Yeo et al., 2004; (Miller et al., 2017b). 

 

1.2.3.1.5 Glucagon-like peptide-1 (GLP-1) 

GLP-1 is one of two incretins secreted by the gut to stimulate insulin secretion 

in response to food (Kim and Egan, 2008). It is coded for by the same gene 

encoding glucagon, GCG, on chromosome 2q24.2, with glucagon, GLP-1 and 

GLP-2 being coded in sequential order and the entire polypeptide being 

synthesised as proglucagon, which is post-translationally proteolytically 

cleaved by PC1 and PC3 into its constituent peptides (Bell et al., 1983a; 

(Ugleholdt et al., 2004). GLP-1 is a potent stimulant for insulin secretion, and 

is predominantly released by enteroendocrine L cells in response to nutrient 

intake to act on its corresponding receptor, GLP-1R (Schmidt et al., 1985; 
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(Thorens, 1992; (Jang et al., 2007). Additionally, GLP-1 is also produced in 

the NTS, with projections to the hypothalamus (Larsen et al., 1997a; (Larsen 

et al., 1997b; (Tang-Christensen et al., 2001). In the brain, GLP1R is 

expressed in the cerebral cortex, SON, PVN, VMN, ARC, DMN, 

hippocampus, thalamus, caudate nucleus, putamen and globus pallidus 

(Larsen et al., 1997b; (Tang-Christensen et al., 2001; (Alvarez et al., 2005).  

 

No known human mutations of GLP1 or GLP1R have been described, 

although Glp1r-/- knockout mice gain less weight when exposed to a high fat 

diet, and seem to be protected from insulin insensitivity (Ayala et al., 2010). 

Cell-specific Glp1r mouse knockdown experiments in PVN and POMC 

neurons however suggest that GLP-1 appears to work independently of these 

networks, as these mice did not exhibit changes in food intake or weight 

(although PVN Glp1r knockdown mice showed a reduction in energy 

expenditure), and GLP-1 agonist administration still led to anorexia and 

improved glucose tolerance (Burmeister et al., 2017). Its effects may instead 

be predominantly mediated by modulation of orexigenic pathways, as 

intracerebroventricular administration of GLP-1 in rats attenuated NPY-

induced food intake (Tang-Christensen et al., 2001), but results are 

inconsistent and the hypothalamic pathways through which it exerts its effect 

remain to be fully elucidated (Shah and Vella, 2014).  

 

Overall, however, most studies show that intracerebroventricular infusion of 

GLP-1 causes a marked reduction in food intake in rats, and, in the longer 

term, weight loss, by attenuating the increased orexigenic (NPY/ AgRP) and 

reduced anorexigenic (POMC/ CART) responses to fasting, independent of its 

effects on gastric emptying (Tang-Christensen et al., 1996; (Turton et al., 

1996; (Meeran et al., 1999; (Tang-Christensen et al., 2001; (Seo et al., 2008). 

Additionally, GLP-1 induces c-fos expression in CRH and OXT neurons of the 

PVN and SON, both of which have anorexigenic effects (Larsen et al., 1997b). 

The role of GLP-1 originating from the NTS must also not be underestimated, 

as NTS-specific knockdown of the Gcg gene in rats resulted in hyperphagia, 

high fat diet-induced weight gain and fat accumulation, and glucose 

intolerance (Barrera et al., 2011). The action of GLP-1 is terminated rapidly by 



 34 

the actions of dipeptidyl peptidase-4 (DPP4), which is present in the 

capillaries of the intestinal mucosa (Hansen et al., 1999). Administration of 

exogenous GLP-1 in humans causes increased satiety, reduced food intake, 

delayed gastric emptying and improved glucose tolerance (Willms et al., 1996; 

(Flint et al., 1998; (Naslund et al., 1999; (Verdich et al., 2001), with a recent 

meta-analysis of 25 studies showing an overall effect of weight loss (Vilsboll 

et al., 2012). Lastly, GLP-1 concentrations rise along with PYY (see section 

1.2.3.1.7) after bariatric surgery, and this rise has been postulated to 

contribute to the sustained weight loss observed (Borg et al., 2006; (le Roux 

et al., 2007). 

 

1.2.3.1.6 Cholecystokinin (CCK) 

CCK is a predominantly gut peptide hormone expressed in I cells throughout 

the small intestinal mucosa (apart from the terminal ileum) and is synthesised 

as a 95-amino acid propeptide coded for by the CCK gene on chromosome 

3p22.1 (Buffa et al., 1976; (Buchan et al., 1978; (Takahashi et al., 1986). Pro-

CCK is then proteolytically cleaved into peptides of multiple lengths, with 

CCK-33 being the predominant form found in human plasma and small 

intestine (Rehfeld et al., 2001). Additionally, CCK is also expressed widely in 

the CNS, with high concentrations in the corpus striatum, hippocampus, 

hypothalamus, thalamus, basal ganglia, mesencephalon, and brainstem 

(particularly the NTS); in these regions, CCK-8 is predominant (Rehfeld, 1978; 

(Lindefors et al., 1993; (Garfield et al., 2012; (D'Agostino et al., 2016). In the 

NTS, neurons with the HLR-274 leptin receptor have been found to also 

contain POMC, glucagon and CCK, providing a link between these various 

appetite-regulating networks in the brainstem (Garfield et al., 2012). Like 

many other appetite-regulating hormones, the differential expression of the 

various molecular forms of CCK in different tissues is governed largely by the 

expression of different PC enzymes (Rehfeld et al., 2008).  

 

CCK acts through its two receptors, CCKAR and CCKBR, with the former 

thought to be responsible for its anorexigenic effects in the brain (Wolkowitz et 

al., 1990; (D'Agostino et al., 2016), despite CCKBR being the predominant 

form found in the CNS (Gaudreau et al., 1983; (Nishimura et al., 2015). 
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CCKAR is largely found peripherally (in the pancreas and stomach where it 

delays gastric emptying), with brain expression being restricted to the area 

postrema and NTS and, unlike CCKBR, has a high degree of specificity for 

CCK-8 (Moran et al., 1986; (Hill et al., 1987; (Scarpignato et al., 1993). These 

areas are well-known to be deficient in the blood brain barrier, therefore 

supporting the postulation that these receptors are responsible for the 

detection of satiety signals from the periphery, particularly when peripherally 

administered CCK-8 has been shown not to generally enter the cerebrospinal 

fluid space (Passaro et al., 1982) Peripheral administration of CCK-8 has 

been shown to inhibit food intake in both animal models and humans, 

supporting this theory (Kissileff et al., 1981; (Stacher et al., 1982; (Linden, 

1989). Targeted CCK-8 injections in rats have shown that this effect is specific 

for the anterior hypothalamus, DMN, LHA, PVN, SON and VMN as well as the 

NTS (Blevins et al., 2000). CCK NTS neurons project to the PVN, as well as 

the VMN, DMN and ARC, where its effects on MC4R neurons are mediated 

by CCK-8 on CCKAR (D'Agostino et al., 2016). Conversely, administration of 

a CCKAR antagonist has been shown to increase the subjective sensation of 

hunger in men (Wolkowitz et al., 1990). In a spontaneous rat model of obesity, 

the Otsuka Long Evans Tokushima Fatty (OLETF) rat, Cckar is deleted, 

resulting in hyperphagia, obesity and non-insulin-dependent diabetes mellitus 

(Funakoshi et al., 1995; (Moran et al., 1998). CCKAR variants and mutations 

have been reported to be associated with obesity in humans (Miller et al., 

1995; (Inoue et al., 1997). 

 

1.2.3.1.7 Peptide YY (PYY) and pancreatic polypeptide (PPY) 

PYY and PPY (both 36 amino acids) are members of the NPY class of 

neuropeptides, all of which are involved in regulating appetite and share 

sequence homologies (Holzer et al., 2012). Both PYY and PPY genes are 

located on chromosome 17q21.31, approximately 10 kb apart, suggesting that 

these genes arose from a duplication event (Hort et al., 1995).  

 

PYY, like GLP-1, is expressed in enteroendocrine L cells of the lower 

gastrointestinal tract where it is released postprandially, as well as the 

endocrine pancreas and enteric neurons, with smaller amounts in the adrenal 
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gland, respiratory tract, pituitary gland and hypothalamus (where it is found in 

the PVN, ARC and SON) (Ekblad and Sundler, 2002; (McGowan and Bloom, 

2004; (Cox, 2007b; (Morimoto et al., 2008). Cleavage of PYY1-36
 by DPP4 

generates PYY3-36, which is able to cross the blood-brain barrier (Eberlein et 

al., 1989; (Mentlein et al., 1993; (Nonaka et al., 2003). This cleavage step is 

necessary for the activation of PYY as an anorexigen, as PYY1-36 has no 

impact on food intake in rats deficient in DPP4 (Unniappan et al., 2006).  

 

The anorexigenic effects of PYY3-36 are mediated via the Y2 receptor which is 

coded for by the NPY2R gene on 4q32.1 and expressed in myenteric neurons 

in the gastrointestinal tract, the hippocampus, ARC, MPN, NTS, area 

postrema and the piriform cortex (Rose et al., 1995; (Gustafson et al., 1997; 

(Wang et al., 2010). Peripheral administration of PYY3-36 in rodents and 

humans results in inhibition of food intake and weight gain, but this effect is 

not seen in Y2r-/- mice (Batterham et al., 2002). Appetite suppression is 

mediated via the ARC by reducing hypothalamic Npy expression and 

activating POMC neurons. An intact POMC/ MC4R system however, is not 

requisite for this effect as PYY3-36 is also anorexigenic in Pomc-/- and Mc4r-/- 

mice (Challis et al., 2004; (Halatchev et al., 2004). Importantly, although 

human obesity is associated with PYY deficiency, PYY3-36 retains its 

anorexigenic effects in this group, without the development of resistance like 

that seen with leptin (Batterham et al., 2003a). Additionally, PYY3-36 has also 

been shown to activate catecholaminergic neurons in the area postrema and 

NTS in rats (Blevins et al., 2008). However, development of longer-term PYY-

based therapies has been impeded by a lack of efficacy and side effects of 

nausea and vomiting (Gantz et al., 2007; (Steinert et al., 2010). The increase 

in PYY and GLP-1 secretion is thought to be a major factor in the sustained 

weight loss observed after gastric bypass surgery (Borg et al., 2006; (le Roux 

et al., 2007; (De Silva and Bloom, 2012). 

 

PPY is predominantly secreted by PP (F) cells in pancreatic islets adjacent to 

the duodenum, and like PYY, is responsive to food intake (Kimmel et al., 

1975; (Larsson et al., 1976; (Ekblad and Sundler, 2002). Unlike PYY however, 

its actions are mediated predominantly by Y4 receptors, coded for by the 
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NPY4R gene on chromosome 10q11.22, which is expressed in the 

hypothalamus, coronary arteries, and ileum (Bard et al., 1995). Peripheral 

administration of PPY also causes a reduction in appetite and food intake in 

humans and mice, although interestingly intracerebroventricular injections in 

mice caused the opposite effect (Asakawa et al., 1999; (Batterham et al., 

2003b). Transgenic mice overexpressing Ppy show a reduction in food intake 

and delayed gastric emptying (Ueno et al., 1999). This effect appears to be 

mediated through Y4 receptors via an upregulation of Bdnf expression in the 

VMN, with concurrent downregulation of orexin (Hcrt) expression in the LHA 

(Sainsbury et al., 2010). Npy4r-/- knockout mice exhibit weight gain and 

increased white adipose tissue accumulation (Sainsbury et al., 2002). 

 

1.2.3.1.8 Nucleobindin-2 (NUCB2)/ nesfatin-1 

Nesfatin-1 is the only known biologically active product of post-translational 

proteolytic cleavage of the 396-amino acid NUCB2 protein (encoded by 

NUCB2 on chromosome 11p15.1) by PC enzymes to produce an 82-amino 

acid fragment (Barnikol-Watanabe et al., 1994; (Cao et al., 2013). In the 

hypothalamus, nesfatin-1 is found in the ARC, PVN, SON and LHA in rats (Oh 

et al., 2006). NUCB2 is also expressed elsewhere in the CNS and peripherally 

in adipose tissue, ghrelin-secreting gastric mucosal cells, and pancreatic islet 

cells (Stengel et al., 2009; (Ramanjaneya et al., 2010; (Stengel and Tache, 

2013). In a series of elegant experiments, Oh et al. (2006) demonstrated that 

of the by-products of NUCB2 processing, only nesfatin-1 was able to reduce 

food intake and weight gain in rats, the effects of which were antagonised by 

nesfatin-1 antibodies and NUCB2 antisense morpholino oligonucleotides. 

Importantly, this effect persisted even in leptin receptor-deficient rats but was 

abolished by pre-treatment with SHU9119, an MC4R antagonist, indicating 

the pathways through which nesfatin-1 operates are leptin-independent but 

POMC-dependent. Nesfatin-1 positive neurons in the PVN and SON have 

been found to co-express oxytocin (OXT) and arginine-vasopressin (AVP), 

and studies have suggested that nesfatin-1-induced oxytocinergic signaling in 

the PVN to POMC neurons in the NTS (but no the ARC) may be responsible 

for causing anorexia in the absence of the actions of leptin, with its effects 

blocked by an OXT antagonist (Kohno et al., 2008; (Maejima et al., 2009; 
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(Shimizu et al., 2009). The discovery of nesfatin-1 has therefore helped 

elucidate the link between the appetite-regulating centres in the hypothalamus 

and brainstem. Despite this, however, the receptor for nesfatin-1 has yet to be 

fully characterised (Prinz et al., 2016). 

 

1.2.3.2 Orexigens 

1.2.3.2.1 Ghrelin 

The discovery of ghrelin is unusual in that it was identified after its receptor, 

the GH secretagogue receptor (GHSR), through a process of purification of 

various rat tissue extracts to identify fractions capable of activating it. Using 

this method, a 117-amino acid (prepro-ghrelin) coded for by the GHRL gene 

on chromosome 3p25.3 was identified, which then undergoes proteolytic 

cleavage by PC1/3 enzymes to produce ghrelin (28 amino acids), which is 

predominantly secreted in the oxyntic glands of the stomach (Kojima et al., 

1999; (Zhu et al., 2006). Other sources of ghrelin secretion include the 

duodenum, jejunum and the lung, with smaller amounts found widely spread 

across various tissues (Ariyasu et al., 2001; (Gnanapavan et al., 2002). 

Ghrelin is additionally activated through a process of acylation by ghrelin-O-

acyltransferase (GOAT), which adds an O-n-octanoyl chain to serine-3 of the 

peptide molecule (Yang et al., 2008). Acylation is a necessary step for ghrelin 

to be able to activate GHSR, and is postulated to be how the function of 

ghrelin is regulated (Kojima et al., 1999; (Al Massadi et al., 2011). GHSR itself 

is expressed in the rat and human hypothalamus (particularly the ARC), 

pituitary, hippocampus and area postrema, with small amounts in the 

pancreas (Guan et al., 1997; (Bailey et al., 2000). 

 

Stimulation of GHSR by acylated ghrelin induces growth hormone release 

independent of, and more potently than GHRH (Takaya et al., 2000). Both 

dominant and recessive mutations in GHSR have been described in humans 

in association with short stature, some of whom had classical GH deficiency 

(Pantel et al., 2006; (Pantel et al., 2009). The role of ghrelin in modulating 

appetite and weight was first described by Tschop et al. (2000), where both 

subcutaneous and intracerebroventricular administration of ghrelin in mice led 

to weight gain (with the latter also causing hyperphagia), independent of its 



 39 

effects on GH secretion and the NPY signaling pathway. The effects of ghrelin 

on weight were largely mediated by a reduction in fat catabolism. Ghrelin 

concentrations were also increased by fasting and decreased by re-feeding, 

particularly after an oral glucose load (Tschop et al., 2000). Other rodent 

studies have however suggested that ghrelin lies upstream of the NPY/ AgRP 

and POMC/ CART pathway, with ghrelin-induced feeding being inhibited by 

antagonists and antibodies of NPY and AgRP, αMSH, and leptin (Nakazato et 

al., 2001). Interestingly, Ghrl-/- knockout mice display no abnormalities and 

have similar responses to fasting and overfeeding as their wild-type 

littermates (Sun et al., 2003). Contrastingly, Ghsr-/- knockout mice show a 

reduction in weight in the long-term, particularly in response to a high fat diet 

where food intake was also impaired (Sun et al., 2004; (Zigman et al., 2005). 

Mboat4-/- (the gene for GOAT) knockout mice do not show any phenotypic 

differences in response to a standard or high fat diet, but long-term caloric 

restriction leads to increased weight loss and hypoglycaemia due to GH 

insufficiency (Zhao et al., 2010). 

 

In humans, plasma ghrelin is negatively correlated with BMI and fat mass 

(Tschop et al., 2001), and is increased after fasting and in anorexia nervosa 

(Ariyasu et al., 2001). Total plasma ghrelin concentrations are also increased 

in Prader-Willi syndrome, the archetypal genetic HyOb disorder, compared to 

BMI-matched controls even in young children, regardless of GH treatment and 

preceding the onset of obesity (DelParigi et al., 2002; (Haqq et al., 2003; 

(Feigerlova et al., 2008). In this disorder, hyperphagia and weight gain is not 

apparent at birth and only develops in the second “nutritional phase”, 

corresponding to an increase in the acylated: unacylated ghrelin ratio (Miller 

et al., 2011; (Kuppens et al., 2015). Administration of exogenous ghrelin has 

been shown to increase the subjective sensation of hunger and objective food 

intake in obese and lean human subjects (Arvat et al., 2001; (Druce et al., 

2005). However, to date, there have been no successful trials of a ghrelin 

antagonist leading to weight loss in humans. 
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1.2.3.2.2 The agouti-related peptide (AgRP)/ neuropeptide Y (NPY) system 

The AgRP/ NPY system is closely related anatomically to the POMC/ CART 

system with both sets of neurons being located in the hypothalamic ARC, but 

with their appetite-regulating peptide expression patterns being mutually 

exclusive and working in opposing directions (Hahn et al., 1998; (Schwartz et 

al., 2000). AgRP is a 112-amino acid peptide related to agouti, a mouse 

protein which, when mutated in a heterozygous state, causes yellow fur (due 

to MC1R antagonism) and obesity (due to MC4R antagonism) (Miller et al., 

1993; (Klebig et al., 1995). AgRP is encoded by the AGRP gene on 

chromosome 16q22.1 and expression in mice and humans is restricted to the 

adrenal cortex and medulla, hypothalamus (ARC and median eminence), 

subthalamic nucleus and testis, with weaker signals in the lungs and kidney. 

ARC expression is increased in ob/ob (leptin deficient) and db/db (leptin 

receptor deficient) mice, suggesting that AgRP lies downstream of the leptin-

dependent appetite-regulating pathway (Shutter et al., 1997). Indeed, FoxO1 

mutations in rodents lead to the loss of the ability of leptin to suppress AgRP 

expression, demonstrating the role of the PI3K/ PKB/ FOXO1 pathway in 

linking leptin with AgRP secretion (Kitamura et al., 2006). Subsequent 

experiments by Ollmann et al. (1997) and Graham et al. (1997) demonstrated 

that AgRP is a selective MC3R and MC4R competitive antagonist inhibiting 

the effects of α-MSH, with transgenic mice overexpressing the human AGRP 

and mouse Agrp genes gaining significant amounts of weight and developing 

glucose intolerance and insulin insensitivity compared to their littermates, but 

with no change in pigmentation (i.e. no effects on MC1R). Conversely, 

ablation of NPY/ AgRP neurons leads to starvation (Luquet et al., 2005). 

Expression is increased by fasting in rodent models, and plasma 

concentrations are positively correlated with BMI in humans (Hahn et al., 

1998; (Katsuki et al., 2001). Intracerebroventricular infusions of AGRP in mice 

generate a potent and prolonged increase in appetite, activating pathways 

involving the NTS, LHA, amygdala and nucleus accumbens, whilst 

antagonising the effects of melanotan-II (an MC4R agonist) and α-MSH 

(Rossi et al., 1998; (Hagan et al., 2000; (Hagan et al., 2001). 
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The vast majority of AgRP neurons also co-express NPY, the final known 

member of the family of appetite-regulating neuropeptides (Hahn et al., 1998). 

Like the other members with which it shares sequence homologies, PYY and 

PPY, NPY is a 36-amino acid peptide, encoded by the NPY gene on 

chromosome 7p15.3 (Minth et al., 1984; (Takeuchi et al., 1986). Similar to 

PYY, NPY is proteolytically cleaved by DPP4 to form NPY3-36, rendering it less 

effective at activating the Y1 receptor (Grundemar et al., 1992; (Mentlein et 

al., 1993). Apart from being co-localised in AgRP neurons in the hypothalamic 

ARC as detailed above, NPY expression is widespread within the nervous 

system, and has been demonstrated in the neuronal plexi of the small and 

large intestines, the sympathetic neurons of the autonomic nervous system, 

the spinal cord, SON, PVN, DMN, NTS, medulla, locus coeruleus, 

hippocampus, amygdala, basal ganglia, nucleus accumbens, and cerebral 

cortex (Ekblad et al., 1984; (Terenghi et al., 1987; (Hahn et al., 1998; (Kask et 

al., 2002; (Escobar et al., 2004; (Fetissov et al., 2004; (Brumovsky et al., 

2007; (Cox, 2007a; (Eaton et al., 2007; (Holzer et al., 2012). Additionally, NPY 

has been found in adipose tissue (particularly visceral adipocytes), adrenal 

medulla, blood vessels, and activated lymphocytes and monocytes (Schwarz 

et al., 1994; (Abounader et al., 1999; (Sitticharoon et al., 2013; (Wang and 

Whim, 2013). 

 

Like AgRP, NPY expression is increased in the fasted state as well as in the 

ob/ob mouse, indicating that it, too, lies downstream of anorexigens such as 

leptin (White and Kershaw, 1990; (Kalra et al., 1991; (Wilding et al., 1993). 

Indeed, administration of insulin and leptin both result in a reduction of NPY 

expression in the ARC, whilst ghrelin has the opposite effect (Schwartz et al., 

1992; (Ahima et al., 1996; (Nakazato et al., 2001). Correction of leptin 

deficiency in the ob/ob mouse similarly reduces Npy expression (Schwartz et 

al., 1996). ob/ob Npy-/- double knockout mice have reduced hyperphagia and 

weight gain, an increased energy expenditure and a greater degree of 

physical activity compared to ob/ob mice (Erickson et al., 1996b). However, 

Npy-/- mice are still able to decrease their food intake and lose weight when 

treated with leptin, indicating that reduction in NPY is additive to, but not 

essential for leptin’s anorexigenic effects (Erickson et al., 1996a). Similarly, 
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NPY is increased in the ARC, PVN, VMN and LHA in T1DM, the effect of 

which is reduced by insulin (Williams et al., 1989; (Sipols et al., 1995). 

 

Unlike PYY and PPY, the actions of NPY are mediated via the full range of 

Y1, Y2, Y3, Y4 and Y5 receptors (Fetissov et al., 2004; (Cox, 2007a). In the 

gut, Y1 and Y2 receptors mediate NPY’s effects on inhibiting gastrointestinal 

motility and secretion (Saria and Beubler, 1985; (Holzer-Petsche et al., 1991; 

(Cox and Tough, 2002; (Tough et al., 2011). However, the major effect of 

NPY on the CNS is orexigenic and mediated through central Y1 and Y5 

receptors, with rats receiving intracerebroventricular NPY demonstrating 

increased food intake (mainly via the PVN, by increasing portion sizes and 

carbohydrate intake), white adipose tissue accumulation and weight gain, 

which was largely mediated by the hyperphagia observed rather than a 

reduction in energy expenditure (Stanley et al., 1986; (Billington et al., 1991; 

(Leibowitz and Alexander, 1991; (Zhang et al., 2011b).  

 

1.2.3.2.3 Hypocretin/ orexin 

The hypocretin (HCRT) gene on chromosome 17q21.2 encodes two peptides, 

hypocretin 1 (orexin A, 33 amino acids) and hypocretin 2 (orexin B, 28 amino 

acids) which are the result of proteolytic cleavage of preprohypocretin (de 

Lecea et al., 1998; (Sakurai et al., 1998). The effects of the hypocretins are 

mediated via their receptors, hypocretin receptors 1 (HCRTR1) and 2 

(HRCTR2), with HCRTR1 being selective for hypocretin 1 and HRCTR2 being 

non-selective (Sakurai et al., 1998). Hcrt expression has been found in the 

LHA (particularly the perifornical area), DMN and ventral thalamus, with 

neurons projecting widely, including to the PVN, locus coeruleus, and NTS 

(de Lecea et al., 1998; (Peyron et al., 1998; (Sakurai et al., 1998; (Hagan et 

al., 1999a). The widespread connections of these neurons allude to the 

variety of pathways involving the hypocretin system, the most well-known 

being its involvement in regulating arousal and sleep-wake cycle behaviours 

(Estabrooke et al., 2001; (Zink et al., 2014). Hcrt-/- mice exhibit sleep 

dysregulation, with sleep-onset rapid eye movement (REM) and more 

fragmented non-REM sleep (Chemelli et al., 1999). However, only a single 

case of a heterozygous HCRT mutation associated with the narcolepsy-
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cataplexy syndrome has been described in humans thus far (Peyron et al., 

2000). Otherwise, this disorder has been associated with human leukocyte 

antigen (HLA) subtypes, supporting an immune-mediated rather than genetic 

pathogenesis (Hor et al., 2010).  

 

One of the early clues supporting the role of the hypocretins in appetite and 

weight regulation was the late-onset obesity observed in mice which had 

undergone genetic ablation of Hcrt, despite a reduction in food intake 

compared to their wild type counterparts (Hara et al., 2001). Patients with 

narcolepsy also have an increased tendency to being overweight or obese 

(Kok et al., 2003). The perifornical area of the LHA has been shown to be a 

major site of NPY-induced feeding, where NPY axons synapse with neurons 

containing hypocretin (Stanley et al., 1993; (Schwartz et al., 2000). 

Additionally, the locus coeruleus is densely innervated by hypocretin-secreting 

neurons, which increase its noradrenergic output as well as arousal and 

locomotor activity in rats (Hagan et al., 1999a). Pharmacogenetic activation of 

Hcrt neurons increases food intake but also locomotor activity and energy 

expenditure (Inutsuka et al., 2014). Additionally, both hypocretins are 

orexigenic when administered intracerebroventricularly in rats (Sakurai et al., 

1998). Similarly, Hcrt expression is upregulated by fasting and reduced by 

insulin (Sakurai et al., 1998; (Silva et al., 2009). In humans, plasma hypocretin 

1 is negatively associated with BMI (Adam et al., 2002b). 

 

However, the overall effect of the hypocretin system on appetite is far from 

straightforward, with other experiments demonstrating varying and 

occasionally opposing effects. Increased Hcrt signalling results in resistance 

to high-fat diet-induced obesity in the presence of a reduced food intake and 

increased energy expenditure, an effect largely mediated via Hcrtr2 (Funato et 

al., 2009; (Perez-Leighton et al., 2012). The same mice involved in these 

experiments were also resistant to age-related weight gain, an effect thought 

to be due to the loss of hypocretin neurons over time in animal models 

(Kessler et al., 2011; (Zink et al., 2014). Some authors have suggested that 

these differences in the effects of hypocretins may be related to the 

environment they are studied in, as other signalling molecules secreted by 
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Hcrt neurons may also be impaired in experiments involving neuronal 

destruction rather than those using more targeted genetic knockout 

techniques (Hara et al., 2005).  

 

1.2.3.3 Other appetite-regulating peptides 

Several other peptides have been described in the literature, particularly in 

animal models, to be involved in appetite regulation. However, their role in 

humans has yet to be fully elucidated, and to date no clear human 

phenotypes of equivalent animal models have been described. Amongst 

these are melanin-concentrating hormone (MCH; gene PMCH on 

chromosome 12q23.2, 19 amino acids), which has been shown in rodent 

models to be present in neurons in the LHA alongside Hcrt-expressing cells, 

acting on MCH receptors (encoded by MCHR1 and MCHR2) throughout the 

nervous system (Vaughan et al., 1989; (Schwartz et al., 2000; (Bittencourt, 

2011). Evidence from rodent knockout models of Promch and Mchr1, as well 

as overexpressing Promch transgenic mice, suggest that MCH acts as an 

orexigen, stimulating feeding and weight gain (Macneil, 2013). To date, 

however, only genetic variants of unknown significance (VUS) and single 

nucleotide polymorphisms (SNPs) have been identified in PMCH, MCHR1 

and MCHR2 to be associated with obesity in humans, although two 

inactivating MCHR1 mutations have been identified in underweight individuals 

(Goldstein et al., 2010; (Macneil, 2013). 

 

Similarly, adiponectin (gene ADIPOQ on chromosome 3q27.3, 244 amino 

acids), is produced by adipocytes (Maeda et al., 1996). Unlike leptin, 

however, plasma adiponectin is negatively correlated with BMI, and is 

increased after bariatric surgery (Arita et al., 1999; (Yang et al., 2001). 

Despite this, adiponectin (Acrp30) knockout mice do not demonstrate 

differences in weight compared to their wild-type counterparts, and animal 

models suggest that the role of adiponectin is largely in the mediation of 

insulin sensitivity, lipid clearance, vascular remodelling, and inflammation 

(Maeda et al., 2002; (Matsuda et al., 2002). The effects of 

intracerebroventricular adiponectin on appetite and weight are conflicting (Qi 

et al., 2004; (Kubota et al., 2007), and to date, no human phenotypes 
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involving disordered energy homeostasis and adiponectin mutations have 

been described. 

 

Other peptides such as CRH, GHRH, TRH, SS, resistin, interleukin-1β and 5-

HT have also been described in the literature as having appetite- and/ or 

weight-regulating effects but will not be discussed here (Kow and Pfaff, 1991; 

(Luheshi et al., 1999; (Schwartz et al., 2000; (Hochberg and Hochberg, 

2010b; (Hochberg and Hochberg, 2010a; (Bereket et al., 2012). The role of 

OXT in the regulation of appetite and weight will be discussed in more detail 

in Chapter 2. 
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1.2.3.4 Current understanding of appetite and weight homeostasis in man 

(Figure  2) 

 

Figure 2: Schematic illustrating the complexity of currently elucidated major anorexigenic 
(red) and orexigenic (green) appetite- and weight-regulating circuitry. Solid arrows signify 

afferent pathways, dashed arrows signify efferent pathways. (a) In the fed state, peripheral 
anorexigenic pathways signal via the NTS and directly to the VMN/ ARC to ultimately 
increased α-MSH/CART agonism on MC4R and reduce appetite. This then signals via 

efferent pathways, largely via the sympathetic nervous system to increase various 
compensatory catabolic pathways, including glycogenolysis, lipolysis, thermogenesis and 

suppression of insulin secretion. (b) In the fasted state, the anorexigenic “brakes” are 
released, leaving the main peripheral orexigen, ghrelin to increase AgRP/ NPY antagonism of 

MC4R and increase appetite. Efferent pathways, largely acting via the vagus nerve, then 
increase various compensatory anabolic pathways, including lipogenesis, peristalsis and 

postprandial insulin secretion, partly via GLP-1. α-MSH, α-melanocyte-stimulating hormone; 
AgRP, agouti-related peptide; ARC, arcuate nucleus; BDNF, brain-derived neurotrophic 

factor; CART, cocaine- and amphetamine-regulated transcript; CCK, cholecystokinin; CN X, 
vagus nerve; DMN, dorsomedial nucleus; GLP-1, glucagon-like peptide 1; LC, locus 
coeruleus; LHA, lateral hypothalamic area; MC4R, melanocortin receptor 4; NPY, 

neuropeptide Y; NTS, nucleus tractus solitarious; POMC, pro-opiomelanocortin; PVN, 
paraventricular nucleus; PYY, peptide YY; VMN, ventromedial nucleus. 

 

The regulation of appetite and weight in humans is therefore governed by a 

balance between anorexigenic and orexigenic signalling pathways, with 

obesity being the result of an imbalance between energy intake and 

expenditure. In the fed state, there is an increase in leptin secretion from 

adipocytes, activating its receptors in the hypothalamus, particularly in the 

VMN and ARC, to signal an increase in adiposity (Kolaczynski et al., 1996b; 
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(Mercer et al., 1996). Concurrently, insulin is released by pancreatic β-cells in 

response to an increase in blood glucose concentration. Both leptin and 

insulin act in concert via the PI3K/ PKM/ FOXO1 signalling pathway to 

stimulate POMC/ CART and inhibit AgRP/ NPY neurons in the ARC, with 

leptin additionally increasing POMC synthesis via the JAK/ STAT pathway 

(Schwartz et al., 1992; (Spanswick et al., 1997; (Spanswick et al., 2000; 

(Munzberg et al., 2003; (Niswender et al., 2004; (Kim et al., 2006; (Kitamura 

et al., 2006; (Varela and Horvath, 2012; (Kwon et al., 2016).  

 

Simultaneously, other peripheral peptides are secreted along the 

gastrointestinal tract in response to feeding. GLP-1 is secreted by 

enteroendocrine L cells in response to the presence of glucose, potentiating 

insulin secretion, delaying gastric emptying and suppressing orexigenic 

pathways in the hypothalamus and NTS (Schmidt et al., 1985; (Willms et al., 

1996; (Naslund et al., 1999; (Tang-Christensen et al., 2001; (Jang et al., 

2007). CCK, produced by the small intestine, acts on CCKAR in the stomach 

(where it delays gastric emptying) and the NTS, the latter sending its own 

CCK- and POMC-mediated signals to the hypothalamus to promote 

anorexigenic signalling via MC4R (Scarpignato et al., 1993; (Appleyard et al., 

2005; (D'Agostino et al., 2016). PYY and PPY, secreted by enteroendocrine L 

cells and pancreatic PP cells respectively, both cause delayed gastric 

emptying, with PYY activating POMC and inhibiting NPY neurons, whilst PPY 

increases BDNF and reduces HCRT synthesis, thereby inducing an overall 

anorexigenic effect (Batterham et al., 2002; (Sainsbury et al., 2010).  

 

Centrally, activation of POMC/ CART neurons in the ARC and NTS, and the 

subsequent generation of α-MSH to act on MC3R and MC4R in the ARC, 

PVN, DMN and LHA of the hypothalamus, as well as CART, leads to a 

suppression of food intake and an increase in energy expenditure (Huszar et 

al., 1997; (Hagan et al., 1999b; (Fekete et al., 2000a; (Fekete et al., 2000b; 

(Schwartz et al., 2000; (do Carmo et al., 2013). Concurrently, whilst the role of 

BDNF in promoting anorexia is still being fully elucidated, it appears that its 

signalling is both promoted by and responsible for promoting POMC 

secretion, whilst also increasing energy expenditure through increased 
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physical activity (Rios et al., 2001; (Xu et al., 2003; (Gray et al., 2006). 

Additionally, the orexigenic AgRP/ NPY pathway is suppressed by leptin and 

insulin, and by the lack of the main peripheral orexigenic hormone, ghrelin 

(Schwartz et al., 1992; (Ahima et al., 1996; (Nakazato et al., 2001).  

 

Increased central anorexigenic signalling then increases output through its 

efferent arm, which is largely mediated by the sympathetic nervous system via 

the locus coeruleus (Muntzel et al., 1994; (Vollenweider et al., 1995; 

(Rahmouni et al., 2003). The sympathetic nervous system is then responsible, 

via β-adrenoceptors, for increasing various catabolic processes such as 

mitochondrial biogenesis, glycogenolysis, lipolysis, thermogenesis and 

increased activity, supported by an increase in TRH signalling (Lustig, 2002; 

(Lustig, 2011), Concurrently, insulin secretion is suppressed via α-

adrenoceptors, thus closing the feedback loop (Sharp, 1996). The PVN is also 

responsible for secreting TRH, CRH, and OXT, all of which are able to 

suppress food intake and/ or increase energy expenditure (Kow and Pfaff, 

1991; (Dallman et al., 1993; (Fekete et al., 2000a; (Fekete et al., 2000b; 

(Schwartz et al., 2000; (Woods and D'Alessio, 2008; (Hochberg and 

Hochberg, 2010b). 

 

Conversely, in the fasted state, leptin and insulin signalling is suppressed 

alongside other peripheral anorexigens (due to a lack of calories within the 

gastrointestinal tract), therefore removing the “brakes” on the appetite-

regulating circuitry (Kolaczynski et al., 1996a). Additionally, gastric ghrelin 

secretion is increased (Tschop et al., 2000). A consequent reduction in 

POMC/ CART signalling leaves the orexigenic AgRP/ NPY pathway 

unopposed, MC3R and MC4R occupancy free to be antagonised by AgRP, 

and for NPY secretion to increase (White and Kershaw, 1990; (Kalra et al., 

1991; (Wilding et al., 1993; (Graham et al., 1997; (Ollmann et al., 1997; 

(Kitamura et al., 2006). The lack of opposition to the orexigenic drive also 

increases the effects of the hypocretins, particularly in the LHA, which are 

also stimulated by fasting (Sakurai et al., 1998; (Silva et al., 2009). The overall 

effect is therefore one of a reduction in sympathetic nervous system activity, 

and, via the PVN and LHA, an increase in vagal nerve firing via projections to 
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the medial longitudinal fasciculus (Powley and Laughton, 1981). This 

subsequently reduces energy expenditure and increases various anabolic 

processes, including lipogenesis (eventually increasing leptin secretion), 

peristalsis and nutrient absorption, and postprandial insulin secretion, thereby 

closing the feedback loop (D'Alessio et al., 2001; (Gilon and Henquin, 2001; 

(Boden and Hoeldtke, 2003; (Lustig, 2011). Part of this latter response is 

additionally mediated by GLP-1, which in itself is an anorexigen. 

 

1.2.4 The pathophysiology of HyOb 

The complexity and redundancy of the various hypothalamic-gut-brainstem 

appetite-regulating pathways has therefore made elucidating the “final 

common pathway” that could help identify novel targets for the treatment of 

both obesity and HyOb difficult. To date, only monogenic HyOb disorders 

resulting in deficiencies of anorexigens have been described in humans; the 

lack of equivalent mutations resulting in overexpression of orexigens has 

meant that this arm of appetite regulation is less well understood. Additionally, 

limits in the resolution of current magnetic resonance imaging (MRI) 

techniques has meant that the neuroanatomical and functional study of the 

hypothalamus and its widely projecting connections is not yet possible, not 

just in healthy subjects, but even less so in diseased states where its normal 

neuroanatomical structure can be distorted. Patients with HyOb have 

classically been described as hyperphagic, and this is supported by the 

phenotype demonstrated in the majority of the monogenic obesity syndromes 

involving mutations of genes participating in the leptin/ POMC/ CART/ MCR 

signalling pathway (see Section 1.2.4.1).  

 

Studies of the pathophysiology and management of HyOb were initially largely 

dominated by two major hypotheses – firstly, that hypothalamic (VMN) 

damage leads to impaired satiety, hyperphagia, obesity and eventual 

hyperinsulinaemia (i.e. predominantly afferent pathway driven); and secondly, 

that VMN damage leads to disinhibited vagal innervation of pancreatic β-cells, 

hyperinsulinaemia, and obesity. After the early work on the roles of different 

hypothalamic centres in energy homeostasis by Smith (1927) and 

Hetherington and Ranson (1940), studies in the 1980s began to recognise the 
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role of the efferent pathway, stemming from studies  (Inoue et al., 1977) which 

demonstrated that hyperphagia, obesity and hyperinsulinaemia was 

attenuated in streptozotocin-induced diabetic rats with VMN lesions who 

additionally had foetal pancreatic tissue transplanted under their renal 

capsules, indicating that an intact vagus nerve was necessary for their 

development. Subsequent experiments in rats with VMN lesions showed that 

subdiaphragmatic vagotomy reversed the HyOb and hyperinsulinaemia 

usually observed, primarily by reducing food intake (Inoue and Bray, 1977). 

These studies then led to attempts to curb hyperinsulinaemia in HyOb, but 

with only marginal success at weight loss, indicating that the lipogenic and 

anabolic effects of insulin were not the sole drivers of weight gain (see 

Section 1.3.2).  

 

In humans, several lines of evidence suggest that the role of a reduction in 

energy expenditure cannot be underestimated as a predominant mechanism 

resulting in weight gain. This hypothesis is supported by studies of Prader-

Willi syndrome patients, the archetypal syndromic form of HyOb (see Section 

1.2.4.2.1). In this disorder, infants present with feeding difficulties from birth 

(phase 1a) but severe hyperphagia in later life (phases 3-4) (Miller et al., 

2011). Prior to the onset of hyperphagia in early to mid-childhood (phase 2b), 

however, weight gain is observed with no observable abnormalities in appetite 

and a normal caloric intake for age (phase 2a). This is associated with a 

concomitant reduction in resting energy expenditure (REE).  

 

In studies of acquired causes of HyOb, paediatric patients with 

craniopharyngiomas have been shown to consume less calories compared to 

BMI-matched controls with common obesity, mainly by a reduction in fat 

intake (Harz et al., 2003). Concurrently, through accelerometry, the same 

authors demonstrated that the amount of physical activity undertaken by 

HyOb patients was reduced compared to their counterparts with common 

obesity. Whilst it could equally be postulated that food intake diaries are 

inaccurate at measuring true caloric intake and instead reflect the perception 

of participants, in this paediatric study, it would have been hard not to imagine 

that at least a proportion of these diaries had been completed by the parents 
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of the participants rather than the participants themselves. Additionally, ad 

libitum food intake studies, widely regarded as the gold standard for studying 

appetite and satiety, are difficult to ethically perform in the paediatric setting 

(Venti et al., 2010). Similarly, another study of paediatric patients with HyOb 

due to various causes also demonstrated that basal metabolic rate (BMR) in 

these patients was significantly reduced compared to participants with 

common obesity (Shaikh et al., 2008b). These authors however found that 

there were no significant differences in caloric intake between the groups.  

 

The mechanisms underlying this reduction of energy expenditure largely 

remain to be elucidated. Whilst the idea that a decrease in sympathetic 

nervous system output via efferent appetite-regulating pathways would seem 

obvious, the evidence supporting this is conflicting. In one study comparing 

plasma catecholamine responses to insulin-induced hypoglycaemia in 

children with craniopharyngioma to short normal age-matched controls, the 

peak plasma adrenaline was lower, whilst the peak plasma noradrenaline was 

higher in the former group, with a lower 24-hour urinary excretion of 

adrenaline, dopamine and vanillylmandelic acid (VMA) (Coutant et al., 2003). 

A similar study of adult craniopharyngioma patients had previously reported 

similar findings (Schofl et al., 2002). It is worth noting, however, that the 

median and mean BMIs of craniopharyngioma participants in this latter study 

were 0.5 (interquartile range (IQR) 0.1-1.8) SDS and 28.3 ± 5.1 kg/m2 

respectively, i.e. not all obese. Similarly, a study comparing spot urinary 

catecholamines in survivors of paediatric-onset craniopharyngiomas 

demonstrated that urinary homovanillic acid (HVA) and VMA concentrations 

were significantly lower in obese craniopharyngioma patients compared to 

those with a normal BMI (who had comparable values to controls), and this 

was related to hypothalamic involvement of the tumour rather than irradiation 

or degree of tumour resection (Roth et al., 2007). However, a further study of 

adolescents and young adults with craniopharyngiomas and HyOb showed 

that heart rate variability (a measure of autonomic nervous system activity) 

and 24-hour urinary adrenaline, noradrenaline, metanephrine, 

normetanephrine and VMA output was not significantly different to that of age, 
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sex- and BMI-matched controls, despite a lower REE and increased Epworth 

sleepiness scale scores (Johns, 1991; (Cohen et al., 2013).  

 

Taken together, these data suggest that a possible mechanism is that an 

early reduction in sympathetic nervous system output, and consequently a 

reduction in BMR and REE, leads to weight accumulation and eventual HyOb 

over time in patients at risk. Comparatively, it also suggests that once 

common obesity is attained through a chronic increase in caloric intake, the 

biochemical and endocrine processes observed are virtually identical to that 

of HyOb. 

 

1.2.4.1 Monogenic “non-syndromic” hypothalamic obesity syndromes   

As discussed above, the advent of the molecular genetic era has led not just 

to the discovery of a wide range of appetite- and weight-regulating peptides 

involved in the hypothalamic-gut-adipose tissue neuroendocrine circuitry 

controlling energy homeostasis, but also their associated monogenic HyOb 

syndromes involving mutations in their genes (Table 2). All of these 

syndromes are associated with hyperphagia, particularly those involving the 

leptin – POMC/ CART – MC4R and BDNF – TRKB pathways. Replacement 

therapy of some of these deficient peptides, or their downstream effectors, 

has already proven successful in some of these disorders.  

 

Although these forms of HyOb are often classified as “non-syndromic” 

disorders, additional phenotypic features are often observed, alluding to the 

interconnectivity of these pathways with other aspects of neuroendocrine 

function. For instance, congenital leptin deficiency and leptin receptor 

mutations both result additionally in hypogonadotrophic hypogonadism (in 

contrast to common obesity where puberty is often early)  (Montague et al., 

1997; (Clement et al., 1998; (Ozata et al., 1999; (Farooqi et al., 2002). This is 

due to the fact that leptin acts as a “metabolic gate” signalling the fed state, 

with a permissive effect on the onset of puberty by modulating GnRH 

secretion (Cheung et al., 1997b; (Watanobe, 2002; (Reynoso et al., 2003). 

Recombinant human leptin replacement therapy has been found to reverse 

this clinical finding (Farooqi et al., 2002). Similarly POMC deficiency can result 
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in a clinical phenotype not just easily attributable to deficits in the secretion of 

all its constituent peptides (HyOb (α-MSH), central hypoadrenalism (ACTH), 

red hair and pale skin (α-MSH)), but also consisting of other hypothalamo-

pituitary hormone deficiencies due to interactions between the POMC system 

and these axes (Veldhuis et al., 2006; (Clement et al., 2008). Mutations in the 

BDNF/ TRKB pathway, due to its role in supporting neuronal survival, are 

predictably associated with neurocognitive defects (Yeo et al., 2004; (Gray et 

al., 2006). Finally, mutations in genes affecting hypothalamic development 

(SIM1), post-translational processing of appetite-regulating hormones 

(PCSK1), or common downstream signalling pathways (SH2B1) lead to HyOb 

through their impact on multiple appetite- and weight-regulating hormones 

(O'Rahilly et al., 1995; (Holder et al., 2000; (Bochukova et al., 2010).
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Table 2: Monogenic non-syndromic causes of hypothalamic obesity and currently available targeted treatments in humans. 

Protein (gene) Inheritance Primary mechanism Other phenotypic features Available targeted 

treatments for human 

obesity 

Leptin (LEP) 

(Montague et al., 

1997; (Ozata et 

al., 1999) 

Autosomal 

recessive 

Leptin deficiency Hypogonadotrophic hypogonadism, immune system 

dysfunction (CD4+ T cell lymphophenia), postural 

hypotension 

Recombinant leptin (Farooqi 

et al., 2002) 

Leptin receptor 

(LEPR) (Clement 

et al., 1998) 

Autosomal 

recessive 

Leptin resistance GH deficiency, central hypothyroidism, hypogonadotrophic 

hypogonadism 

Setmelanotide (MC4R 

agonist) (Clement et al., 

2018) 

Pro-

opiomelanocortin 

(POMC) 

(O'Rahilly et al., 

1995; (Clement et 

al., 2008) 

Autosomal 

recessive 

POMC (α-MSH 

precursor) deficiency  

ACTH deficiency, red hair, pale skin (GH deficiency, central 

hypothyroidism, hypogonadotrophic hypogonadism) 

Setmelanotide (Kuhnen et 

al., 2016) 

Melanocortin 3 

receptor (MC3R) 

(Lee et al., 2002) 

De novo 

heterozygous) 

α-MSH resistance None described None 

Melanocortin 4 

receptor (MC4R) 

(Vaisse et al., 

Autosomal 

dominant 

α-MSH resistance None described Setmelanotide (Collet et al., 

2017) 
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1998; (Yeo et al., 

1998) 

Cocaine- and 

amphetamine-

regulated 

transcript 

(CARTPT) (del 

Giudice et al., 

2001) 

Autosomal 

dominant 

CART deficiency None described None 

Brain-derived 

neurotrophic 

factor (BDNF) 

(Gray et al., 

2006; (Han et al., 

2008) 

De novo 

heterozygous 

BDNF deficiency Cognitive impairment, hyperactivity; or as part of the 11p13-

14 contiguous gene deletion WAGRO syndrome (Wilms’ 

tumour, aniridia, genitourinary abnormalities, mental 

retardation, obesity) 

None 

Tyrosine receptor 

kinase B 

(NTRK2) (Yeo et 

al., 2004) 

De novo 

heterozygous 

BDNF resistance Global developmental delay, short-term memory 

impairment, behavioural stereotypies, impaired nociception 

None 

Prohormone 

convertase 1/ 3 

(PCSK1) 

(O'Rahilly et al., 

Autosomal 

recessive 

Failure of cleavage of 

proinsulin to insulin, 

proglucagon to 

glucagon/ GLP-1/ GLP-

GH, LH, FSH, ACTH, AVP deficiencies, impaired glucose 

tolerance/ diabetes mellitus, postprandial hypoglycaemia, 

malabsorptive diarrhoea 

None  
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1995; (Farooqi et 

al., 2007; (Martin 

et al., 2013) 

2, pro-CCK to CCK-8, 

POMC to α-MSH/ 

ACTH, pro-CART to 

CART, pro-ghrelin to 

ghrelin, pro-AgRP to 

AgRP, pro-GHRH to 

GHRH, pro-GnRH to 

GnRH, pro-AVP to AVP 

Single-minded 

homolog 1 (SIM1) 

(Holder et al., 

2000; (Tolson et 

al., 2010; 

(Bonnefond et al., 

2013) 

De novo 

heterozygous 

Disrupted hypothalamic 

development 

(particularly of the SON 

and PVN, with reduced 

MC4R expression and 

OXT, AVP, TRH, CRH 

and SS neurons) 

Hypogonadotrophic hypogonadism, facial dysmorphism, 

behavioural difficulties, “Prader-Willi syndrome-like” 

phenotype 

None 

SH2B adaptor 

protein 1 

(SH2B1) 

(Bochukova et 

al., 2010) 

Autosomal 

dominant/ de 

novo 

heterozygous) 

Disrupted leptin and 

insulin signalling (via 

JAK/ STAT pathway) 

As part of the 16p11.2 contiguous gene deletion syndrome, 

mild developmental delay 

None 
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1.2.4.2 Syndromic forms of obesity  

Syndromic obesity is defined as the presence of obesity along with 

characteristic additional pleiotropic clinical features such as developmental 

delay, dysmorphisms and other congenital anomalies. In comparison to 

monogenic HyOb syndromes with “non-syndromic” additional clinical features, 

the biological link between these disorders and obesity largely remains 

unknown, or is not attributable to a single gene defect. Whilst only a handful of 

monogenic HyOb syndromes have been identified, a recent systematic review 

identified 79 unique obesity syndromes in the literature, of which only 19 had 

been fully genetically elucidated (Kaur et al., 2017). However, it is worth 

noting that with the current advancements in molecular genetics, over time, 

the genetic pathways linking some of these disorders with obesity may be 

discovered, leading to their reclassification as a monogenic HyOb syndrome. 

Whilst it is beyond the scope of this chapter to discuss all of these disorders, 

the commonest genetic form of syndromic HyOb, Prader-Willi syndrome, will 

be reviewed here. 

 

1.2.4.2.1 Prader-Willi syndrome 

Prader-Willi syndrome is, in effect, a contiguous gene deletion syndrome of 

the paternal copies of several imprinted genes in the 15q11-13 region 

(SNRPN, NDN, MAGEL2, MKRN3, SNORD116), with a birth incidence of 1 in 

20000 and an overall population prevalence of 1 in 52000 (Whittington et al., 

2001). The deletion of the paternally expressed genes can either arise directly 

(75%), or through maternal uniparental disomy (22%), imprinting errors (3%) 

or paternal chromosomal translocation (<1%) (Goldstone, 2004; (Horsthemke 

and Wagstaff, 2008). The major diagnostic criteria include neonatal and 

infantile hypotonia, feeding difficulties with a poor suck and poor weight gain 

in infancy (usually requiring nutritional support), followed by rapid onset 

weight gain and hyperphagia in childhood, characteristic facial dysmorphisms, 

hypogonadism, developmental delay or learning difficulties, and one of the 

genetic defects described above (Holm et al., 1993). More recently, the 

nutritional phases observed have been described in greater detail. As detailed 

above, weight gain and a reduction in REE (phase 2a) precedes the 

hyperphagia observed in childhood (phase 2b) (Miller et al., 2011). 
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Hypothalamo-pituitary dysfunction is a recognised component of this disorder, 

and apart from the severe HyOb and hyperphagia observed (leading to 

parents often needing to lock fridges and cupboards at night), deficiencies in 

GH, LH, FSH and ACTH have been described (Hoybye, 2004; (de Lind van 

Wijngaarden et al., 2008). 

 

From an appetite-regulation perspective, the most notable finding observed in 

Prader-Willi syndrome is an increase in circulating ghrelin preceding the onset 

of hyperphagia (DelParigi et al., 2002; (Haqq et al., 2003; (Hoybye et al., 

2003; (Hoybye, 2004; (Feigerlova et al., 2008). Importantly, the plasma 

acylated to unacylated ghrelin ratio is increased, due to an overall increase in 

acylated ghrelin (Kuppens et al., 2015). Contrastingly, in common obesity, 

both forms of circulating plasma ghrelin were decreased as an expected 

compensatory response to a positive energy balance. The mechanism behind 

this difference remains unclear. Additionally, post-prandial PPY secretion is 

impaired (Zipf et al., 1983; (Tomita et al., 1989). The literature surrounding 

measurement of plasma OXT concentrations in Prader-Willi syndrome is 

conflicting, with some authors finding it is decreased relative to the degree of 

obesity, whilst others have reported that both plasma and cerebrospinal fluid 

(CSF) OXT is increased (Martin et al., 1998; (Hoybye et al., 2003; (Johnson et 

al., 2016). Confusingly, postmortem studies suggest that the number of OXT 

neurons in the PVN is reduced in these patients (Swaab et al., 1995). To date, 

the only evidence-based endocrine therapy for this disorder is GH, which 

results in an improvement in body composition, REE, bone mineral density 

(BMD) and muscle strength on top of linear growth (Carrel et al., 2002; 

(Goldstone, 2004). Other treatment trials, including SS analogues, PPY and 

OXT have failed to yield long-term results in terms of a reduction in food 

intake or weight gain, although OXT may improve the feeding difficulties in 

infancy and behavioural difficulties in childhood and later life (Berntson et al., 

1993; (Haqq et al., 2003; (Tauber et al., 2011; (Kuppens et al., 2016; (Miller et 

al., 2017a; (Tauber et al., 2017). 
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1.2.4.3 Hypothalamic obesity in congenital and acquired structural 

hypothalamic disorders 

Unlike monogenic HyOb syndromes, the pathophysiology of HyOb in 

congenital (e.g. SOD) and acquired (e.g. suprasellar tumours, traumatic brain 

injury, hypophysitis) structural disorders of the hypothalamo-pituitary region is 

less clear. The size of the hypothalamus precludes detailed anatomical study 

using current MRI techniques (in clinical practice this is usually 1.5 – 3T), 

although higher strength scanners (up to 7T) may help resolve the issue 

(Stucht et al., 2015). However, to date, there are few data on the correlation 

between hypothalamic structure and function, particularly in mapping out its 

connectivity with other regions within the CNS. Moreover, when normal 

neuroanatomy is distorted by congenital malformations or disrupted by 

acquired diseases such as suprasellar tumours, interpretation becomes even 

more difficult. Lastly, it is likely that the hypothalamic injury represented by 

these disorders is widely heterogenous, and the degree of damage or 

disruption to the individual nuclei is highly variable. 

 

1.2.4.3.1 Septo-optic dysplasia (SOD) 

SOD is a rare developmental disorder of the forebrain, optic pathway and 

pituitary gland, with an incidence of about 1 in every 10000 births (Patel et al., 

2006). Formal diagnosis requires the presence of at least two of three 

components of the triad of optic nerve hypoplasia, midline forebrain defects 

(e.g. agenesis of the corpus callosum, absent septum pellucidum) or 

hypopituitarism (Webb and Dattani, 2010). Whilst SOD is a congenital 

malformation disorder, its aetiology is multifactorial, with both genetic and 

environmental factors being implicated. For instance, the incidence of SOD is 

correlated with indices of deprivation such as unemployment and teenage 

pregnancies (Patel et al., 2006). Variants in a wide range of hypothalamo-

pituitary developmental transcription factors have also been described in 

association with SOD (e.g. HESX1, PROKR2, KAL1, FGF8, TCF7L1), but in 

the majority (99%), the underlying aetiology is not identifiable (Dattani et al., 

1998; (Webb and Dattani, 2010; (McCabe et al., 2011; (McCabe et al., 2013; 

(McCabe et al., 2015; (Gaston-Massuet et al., 2016). Many of these genes 

also show variable expressivity, with an overlap with other disorders such as 
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Kallmann syndrome (KAL1, FGF8, FGFR1) or combined pituitary hormone 

deficiency (HESX1, PROKR2, SOX2) (Kelberman et al., 2006; (Corneli et al., 

2008; (Raivio et al., 2012; (Gregory and Dattani, 2019) 

 

Although hypopituitarism is not always present as a component of SOD, 

abnormal pituitary imaging (e.g. anterior pituitary hypoplasia, ectopic posterior 

pituitary, absent infundibulum) increases its risk, and given the fact that 

endocrine dysfunction may evolve over time (GH deficiency being commonest 

and earliest), long-term follow-up is necessary in any patient with an abnormal 

pituitary MRI even if no endocrinopathy is present at diagnosis (Mehta et al., 

2009). HyOb develops in 26% of patients with SOD, and can occur even in 

the presence of optic nerve hypoplasia with no other features of hypothalamo-

pituitary dysfunction (Güemes et al., 2014). Associated neurological features 

are frequent (57% with bilateral optic nerve hypoplasia), ranging from focal 

neuro-ophthalmological deficits to developmental delay (Haddad and Eugster, 

2005; (Garcia et al., 2006). Additionally, social communication, and repetitive 

or restrictive behavioural difficulties can occur in a third of patients (Parr et al., 

2010). The combination of visual impairment, behavioural difficulties, 

hyperphagia and weight gain seen in this condition can often be extremely 

difficult to manage.  

 

1.2.4.3.2 CNS tumours 

CNS tumours are the second commonest childhood malignancy and account 

for 25% of cancers in children <15 years with an annual incidence of 35 

cases/ million/ year, which is rising each year due to improvements in 

diagnosis (Hjalmars et al., 1999; (Steliarova-Foucher et al., 2005; (Ward et al., 

2006; (Stiller, 2007; (Baade et al., 2010; (Childhood Cancer Research Group, 

2012). More than 80% of childhood CNS tumour survivors develop at least 

one endocrine deficit, GH deficiency being most frequent (Brignardello et al., 

2013). The aetiology of these endocrinopathies is multifactorial, particularly 

with suprasellar tumours which lie in close proximity to the hypothalamus and 

pituitary gland, accounting for 5-16% of all CNS tumours in childhood and 

young adulthood (Arora et al., 2009). In this scenario, hypothalamo-pituitary 

dysfunction and HyOb can be secondary to tumour- (location, histology) or 
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treatment-related (neurosurgery, radiotherapy) factors (Lustig et al., 2003b). 

The risk of HyOb has been shown to be increased with the extent of 

neurosurgical resection, and therefore more conservative surgical approaches 

are increasingly being advocated (de Vile et al., 1996; (Tan et al., 2017; (van 

Iersel et al., 2018). However, although much of HyOb has often been blamed 

on iatrogenic damage from surgical interventions or radiotherapy, one 

longitudinal study of craniopharyngiomas showed that increases in BMI SDS 

often occurred months to years preceding the diagnosis, with hypothalamic 

tumour involvement being a significant risk factor (Muller et al., 2004). 

 

It is worth noting that five-year survival for this subgroup of paediatric CNS 

tumours is high, particularly as the two commonest histologies found in this 

region are benign (craniopharyngiomas 95%, low-grade gliomas (LGGs) 96% 

(Karavitaki et al., 2005; (Gan et al., 2015)). Despite this, HyOb is significantly 

over-represented in this subcohort (see Section 1.2.2), and, like SOD, this is 

often coupled with visual deficits and neurobehavioural dysfunction (Abrams 

and Repka, 1997; (Mulhern et al., 2004; (Avery et al., 2012; (Limond et al., 

2015), making management of these patients, who have already survived one 

life-threatening disorder, complex. 

 

1.3 Current management strategies for childhood obesity 

1.3.1 Overview of current management strategies for common obesity 

The complexity of managing a rare disorder such as HyOb must be 

understood in the context of the difficulties in treating common obesity in 

childhood. To date, no single lifestyle or medical intervention has been 

identified which is able to produce sustained weight loss. Several systematic 

reviews have been conducted examining the efficacy of diet, physical activity 

and behavioural (lifestyle) interventions, pharmacological treatments, and 

surgical procedures on obesity in children and young people (Table 3). In 

terms of lifestyle interventions, three meta-analyses of randomised controlled 

trials (RCTs) have been conducted, stratified by age, all of which show 

marginal reductions in BMI over relatively short periods of follow-up ranging 

from a mean difference in long-term BMI SDS reduction of -0.01 in 6- to 11-
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year-olds (p=0.56) to -0.25 in under 6-year-olds (p=0.0013) (Colquitt et al., 

2016; (Al-Khudairy et al., 2017; (Mead et al., 2017). The interventions 

examined were widely heterogeneous, and included dietary and lifestyle 

counselling, physical activity training programmes, sponsored gym 

memberships, and behavioural therapy, targeted at individuals, families or 

groups. Interestingly, the effects were more sustained in the pre-school and 

adolescent age groups but none of these studies examined outcomes in 

adulthood.  

 

Pharmaceutical agents have also been trialled in the treatment of paediatric 

obesity, including sibutramine (a 5-HT and noradrenaline reuptake inhibitor), 

orlistat (a lipase inhibitor) and metformin (a biguanide capable of activating 

adenosine monophosphate-activated protein kinase (AMPK), which increases 

insulin sensitivity). Of these a meta-analysis demonstrated that sibutramine 

showed the biggest overall effect on BMI reduction (mean difference -1.70 

kg/m2 (95% CI -2.89 to -0.51), p<0.00001), but this drug has been withdrawn 

from both European and US markets due to adverse cardiovascular events 

(James et al., 2010; (Mead et al., 2016). The use of metformin outside the 

setting of type 2 diabetes was shown in the same analysis to lead to a 

significant reduction in BMI as well (mean difference -1.35 kg/m2 (95% CI -

2.00 to -0.69), p<0.0001)) at up to nearly 2 years follow-up, but concordance 

is often hampered by gastrointestinal side effects. 

 

Bariatric surgical interventions are now commonplace in the treatment of adult 

common obesity, but their use in the paediatric setting has not been subject to 

sufficient trials and may not be ethically justifiable. The most recent Cochrane 

meta-analysis only included one RCT of laparoscopic adjustable gastric 

banding (LAGB) in patients <18 years old, which recorded a BMI SDS 

reduction of -1.08 (95% CI -1.31 to -0.86) in the LAGB group vs. -0.23 (95% 

CI -0.05 to 0.39) in the control group receiving lifestyle intervention alone 

(ΔBMI -12.7 kg/m2 (95% CI -14.3 to -11.3) vs. -1.3 kg/m2 (95% CI -0.4 to -

2.9)) (O'Brien et al., 2010; (Ells et al., 2015). Additionally, all participants in the 

former group had complete reversal of their metabolic syndrome at 24 

months’ follow-up. A more recent review confirmed the efficacy of bariatric 
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surgery in adolescents, with mean BMI reductions ranging from -15.0 kg/m2 

(95% CI -16.5 to -13.5) with gastric bypass surgery to -10.3 kg/m2 (95% CI -

13.7 to 7.0) with gastric banding at 3 years’ follow-up (Pedroso et al., 2018).  

 

Bariatric surgery has long demonstrated excellent results for adult obesity, 

with a meta-analysis showing sustained weight loss (mean ΔBMI ranging from 

-7.4 to -33.31 kg/m2 vs. -0.5 to -4.73 kg/m2 with lifestyle and/ or medical 

management) over a period of up to 10 years (Colquitt et al., 2014). 

Importantly, this was associated with a reduction in type 2 diabetes, 

hypertension, hyperlipidaemia, the metabolic syndrome, and cardiovascular 

events (Sjostrom et al., 2012; (Colquitt et al., 2014). Unlike lifestyle and 

medical interventions, bariatric surgery resets the energy balance via several 

endocrine mechanisms, including an increase in insulin secretion and 

sensitivity (by increasing adiponectin and GLP-1 secretion and INSR 

expression), as well as an increase in the anorexigenic pathway (by 

increasing GLP-1 and PYY secretion) with a concomitant reduction in 

orexigenic pathway signalling (by reducing ghrelin secretion) (Thaler and 

Cummings, 2009; (Cummings and Rubino, 2018). This would be in keeping 

with evidence from several meta-analyses demonstrating that its efficacy is 

positively correlated with the degree of surgical irreversibility (mean difference 

in BMI at follow-up, laparoscopic gastric bypass vs. LAGB -5.21 kg/m2 (95% 

CI -6.39 to -4.03), Figure 3) (Chang et al., 2014; (Colquitt et al., 2014; (Kang 

and Le, 2017). Some studies, however, demonstrate a waning of efficacy over 

time, and this “rebound” may occur more quickly in adolescents (Pedroso et 

al., 2018). 
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 Figure 3: %weight change from the non-randomised Swedish Obese Subjects (SOS) study after 
various bariatric surgical interventions vs. controls receiving standard obesity care (Reproduced with 

permission from Sjostrom et al., 2012, Copyright Massachusetts Medical Society).  
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Table 3: Summary of Cochrane meta-analyses of interventions for treating childhood obesity. *GRADE, Grading of Recommendations, Assessment, 
Development and Evaluations (Atkins et al., 2004); §unclear how duration of follow-up relates to end of intervention. 

Intervention Number 

of RCTs  

Number of 

participants, 

n  

Mean difference 

in ΔBMI, kg/m2 

(95% CI, n) 

Mean difference 

in ΔBMI SDS 

(95% CI, n) 

Duration of 

intervention 

Duration of 

follow-up 

post-

intervention 

Longer-term 

outcomes 

Quality of 

evidence 

(GRADE*) 

Diet/ physical 

activity/ behaviour 

(0-6 years) 

(Colquitt et al., 

2016) 

7  923  -0.40 (-0.85 to 

0.05, n=64) 

-0.26 (-0.37 to -

0.16, n=210) 

6 – 12 

months 

6 – 12 

months 

Mean difference 

BMI -1.00 kg/m2 

(-1.79 to -0.21) 

Mean difference 

BMI SDS -0.25 (-

0.40 to -0.10) 

Low to very low 

Diet/ physical 

activity/ behaviour 

(6-11 years) 

(Mead et al., 

2017) 

70 8461 -0.53 (-0.82 to -

0.24, n=2785) 

-0.06 (-0.10 to -

0.02, n=4019) 

10 days – 2 

years 

1 month – 2 

years 

Mean difference 

BMI -0.07 kg/m2 

(-0.34 to 0.20) 

Mean difference 

BMI SDS -0.01 (-

0.06 to 0.03) 

Low to very low 

Diet/ physical 

activity/ behaviour 

(12-17 years) (Al-

Khudairy et al., 

44 4781 -1.18 (-1.67 to -

0.69, n=2774) 

-0.13 (-0.21 to -

0.05, n=2399) 

6 weeks – 2 

years 

6 months – 

2 years§ 

Mean difference 

BMI -1.49 kg/m2 

(-3.95 to 0.96) 

Mean difference 

Moderate to low 
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2017) BMI SDS -0.15 (-

0.21 to -0.09) 

Sibutramine 

(Mead et al., 

2016) 

5 568 -1.70 (-2.89 to -

0.51, n=568) 

Not reported 3 – 12 

months 

6 – 13 

months§ 

Not reported Low 

Metformin (Mead 

et al., 2016) 

8 543 -1.35 (-2.00 to -

0.69, n=543) 

Not reported 3 – 6 months 6 months – 

100 weeks§ 

Not reported Low 

Orlistat (Mead et 

al., 2016) 

3 773 -0.79 (-1.08 to -

0.51, n=773 

Not reported 6 – 12 

months 

5 – 15 

months§ 

Not reported Low 

Laparoscopic 

adjustable gastric 

band (O'Brien et 

al., 2010; (Ells et 

al., 2015) 

1 50 -11.4 (not 

reported) 

-0.85 (not 

reported) 

N/A 24 months Not reported Low 
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1.3.2 Current management strategies for HyOb 

Given the current relative lack of efficacious lifestyle interventions and medical 

treatments for common obesity, it is therefore not surprising that the vast 

majority of treatment options that have been trialled in HyOb demonstrate only 

a maintenance of BMI or insignificant, non-sustained weight loss (Table 4). 

Furthermore, the vast majority of these interventional studies have been 

limited to case reports, small case series, or uncontrolled cohorts with 

relatively short durations of follow-up.  

 

The first interventional trial for HyOb in humans was based on the theory of 

hyperinsulinaemia being the primary driver of weight gain, where a young 

adult with a craniopharyngioma, panhypopituitarism and HyOb underwent a 

truncal vagotomy, which led to a degree of sustained weight loss, but with the 

side effect of delayed gastric emptying (Smith et al., 1983). More than 10 

years later, similar studies of medical treatment for hyperinsulinaemia using 

octreotide (a SS analogue) in children with HyOb resulted in a minimal 

reduction in BMI in some patients (mean BMI reduction of -0.2 kg/m2 in an 

RCT setting), but with the side effects of diarrhoea, abdominal discomfort, 

cholelithiasis, diabetes mellitus and impairment of the GH and TSH 

hypothalamo-pituitary axes (Lustig et al., 1999; (Haqq et al., 2003; (Lustig et 

al., 2003a). A similar strategy, using a combination of diazoxide  (to reduce 

hyperinsulinaemia) and metformin (to increase insulin sensitivity) also 

achieved relatively minimal results, but with the side effects of oedema and 

liver dysfunction (Hamilton et al., 2011). It is important to note that none of 

these groups reported further success in larger cohorts with longer durations 

of follow-up beyond 6 months. Dysregulation of other appetite-regulating 

hormones is also a potential side effect of some of these therapies, thereby 

making their effects more unpredictable (gut hormones with pancreatic 

vagotomy; GH, TSH, CCK, glucagon, GLP-1, PPY, ghrelin and gastrin with 

octreotide). 

 

Numerous other medical therapies have been tried in HyOb, none of which 

have yet demonstrated long-term sustainable weight loss. Of note, several 

authors have trialled GLP-1 agonists (exenatide and liraglutide) in individual 
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or small groups of patients with apparently impressive results (maximum BMI 

reduction -10.2 kg/m2 at 2.5 years follow-up), but a RCT is sorely needed to 

confirm these findings, particularly as tolerability is variable due to nausea and 

vomiting being common side effects (Simmons et al., 2012; (Thondam et al., 

2012; (Zoicas et al., 2013; (Ando et al., 2014; (Lomenick et al., 2016). Other 

medications such as CCK-8 (Boosalis et al., 1992), liothyronine (Fernandes et 

al., 2002), fluoxetine and fenfluramine (Jordaan et al., 1996), 

dextroamphetamine (Mason et al., 2002), sibutramine (Danielsson et al., 

2007), caffeine with ephedrine (Greenway and Bray, 2008), and beloranib 

(Shoemaker et al., 2017) have been tried, with no major breakthroughs, or 

unacceptable side effects (both sibutramine and beloranib have been 

withdrawn from use). Modification of lifestyle behaviours only achieved a 

slowing weight gain rather than weight loss per se (Rakhshani et al., 2010). 

 

As with common obesity, the most impressive weight reductions have been 

achieved with bariatric surgery (maximum BMI reduction -22 kg/m2 at 4 years) 

(Rottembourg et al., 2009). However, the effects of bariatric surgery are more 

unpredictable, and it is apparent that patients with HyOb can be more 

resistant, particularly to less radical procedures such as LAGB or sleeve 

gastrectomies (Muller et al., 2011; (Weismann et al., 2013; (Wijnen et al., 

2017). Experience with bariatric surgery in HyOb has also been more limited 

and not subject to the same durations of follow-up as in common obesity – the 

most longstanding procedure, LAGB, has shown no effect on weight, or 

indeed, even weight gain, over a period of 9 years (Muller et al., 2011; 

(Weismann et al., 2013). Additionally, on top of the cardiorespiratory risks of 

administering general anaesthesia in obesity, patients with HyOb usually have 

substantial comorbidities such as hypopituitarism (particularly adrenal 

insufficiency and central diabetes insipidus (CDI). Several groups have 

reported an association with changing requirements of hormone 

supplementation as well as impaired absorption of crucial medications such 

as desmopressin postoperatively (Weismann et al., 2013; (Trotta et al., 2017; 

(Wijnen et al., 2017). 
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Table 4: Interventional studies of HyOb in humans. IV, intravenous; SC, subcutaneous; PO, oral. 

Intervention Design Aetiology of HyOb Dose Number of 

participants, 

n 

Weight 

parameter 

change 

Follow-up 

duration 

Adverse events/ 

comments 

Truncal vagotomy (Smith et 

al., 1983) 

Case report Craniopharyngioma - 1 Δweight -7 kg 3 years Delayed gastric 

emptying 

CCK-8 (Boosalis et al., 

1992) 

Cohort 

(uncontrolled) 

Hypothalamic 

tumour and/ or 

hypothalamic 

neurosurgery 

69 ng/kg IV 

over 15 

minutes 

5 Not reported 

(reduced 

appetite) 

1 day Gastrointestinal 

symptoms 

Fluoxetine & fenfluramine 

(Jordaan et al., 1996) 

Case report Optic pathway 

glioma 

Fluoxetine 20 

mg/day for 1 

week, 60 

mg/day for 3 

months 

Fenfluramine 

60 mg/ day for 

6 weeks 

1 Fluoxetine: 

Δweight +3 

kg 

Fenfluramine: 

Δweight 0 kg 

 

Fluoxetine: 3 

months 

Fenfluramine: 

6 weeks 

None reported 

Octreotide (Lustig et al., 

1999) 

Cohort 

(uncontrolled) 

Hypothalamic 

tumour and/ or 

hypothalamic 

neurosurgery/ 

radiotherapy 

5-15 μg/kg/day 

SC 

9  Mean ΔBMI -

2.0 ± 0.7 

kg/m2 

6 months Abdominal 

discomfort, diarrhoea, 

gallstones, reduced 

GH and free T4 
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Liothyronine (T3) 

(Fernandes et al., 2002) 

Case series Hypothalamic 

tumour and/ or 

hypothalamic 

neurosurgery/ 

radiotherapy 

20-60 μg/day  3 ΔBMI range -

6.4 to -5 

kg/m2 

11-27 months Biochemical 

hyperthyroidism 

Dextroamphetamine 

(Mason et al., 2002) 

Case series Craniopharyngioma 12.5-20 

mg/day 

5 ΔBMI -3 to 

+0.3 kg/m2 

2 years Headaches; note 

increased physical 

activity, reduced 

hyperactivity and 

improved sleep 

Octreotide (Lustig et al., 

2003a) 

RCT Hypothalamic 

tumour and/ or 

hypothalamic 

neurosurgery/ 

radiotherapy 

5-15 μg/kg/day 

SC 

9 (9 placebo) Mean ΔBMI -

0.2 ± 0.2 

kg/m2 (vs. 

placebo +2.2 

± 0.5 kg/m2) 

6 months Abdominal 

discomfort, diarrhoea, 

gallstones, diabetes 

mellitus 

Octreotide (Haqq et al., 

2003) 

Cohort 

(uncontrolled) 

Prader-Willi 

syndrome 

5 μg/kg/day SC 4 No change 5-7 days Diarrhoea 

Octreotide & 

laparoscopic gastric bypass 

surgery + truncal vagotomy 

(Inge et al., 2007) 

Case report Craniopharyngioma 5 μg/kg – 1000 

μg/day SC 

1 Octreotide: 

Δweight no 

change 

Gastric 

bypass: 

Δweight -49 

Octreotide 19 

months 

 

Gastric 

bypass: 2.5 

years 

Iron deficiency 

anaemia 
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kg  

Sibutramine (Danielsson et 

al., 2007) 

RCT Mixed group, 

including post-

neurosurgery for 

hypothalamic 

tumour, Prader-Willi 

syndrome, Bardet-

Biedl syndrome, 

MC4R mutation 

10-15 mg/ day 

PO 

19 (26 

common 

obesity 

controls) 

Whole group 

mean ΔBMI 

SDS -0.7 

(after 20 

weeks) 

Whole group 

total mean 

ΔBMI SDS 

(for continous 

48 week 

sibutramine 

group) -1.0 

20 RCT + 28 

open-label 

weeks 

None; note HyOb 

patients were more 

resistant to effects 

(estimated ΔBMI 

SDS -0.2) 

Caffeine + ephedrine 

(Greenway and Bray, 2008) 

Case series Hypothalamic 

tumour and 

hypothalamic 

neurosurgery 

Caffeine 600-

1200 mg/day 

PO + 

ephedrine 75-

150 mg/day 

PO 

3 Δweight 

range -18.8% 

to -8%  

6 months – 6 

years 

Shakiness; note in 

addition to caloric 

restriction 

Gastric bypass surgery 

(Schultes et al., 2009) 

Case report Craniopharyngioma - 1 ΔBMI -16.6 

kg/m2 

18 months None; note started on 

vitamin and mineral 

supplementation 

prophylactically 
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Gastric bypass surgery 

(Rottembourg et al., 2009) 

Case report Suprasellar mass - 1 ΔBMI -22 

kg/m2 

4 years Fibromyalgia, 

diarrhoea, non-

hypoglycaemic 

dumping syndrome, 

hyperuricaemia, 

acute gallstone 

pancreatitis 

Biliopancreatic diversion 

with duodenal switch 

procedure (Rottembourg et 

al., 2009) 

Case report Suprasellar mass - 1 ΔBMI -8 

kg/m2 

2 years Bradycardia, 

intestinal stenosis 

Lifestyle modification 

(comprehensive care clinic 

model involving dietary and 

physical activity advice, 

behavioural therapy and 

metformin) (Rakhshani et 

al., 2010) 

Cohort Hypothalamic 

tumour and/ or 

hypothalamic 

neurosurgery/ 

radiotherapy 

- 39 Median ΔBMI 

rate +4.5 

kg/m2/year 

(range -17.8 

to +8.4)   

Median ΔBMI 

SDS rate 

0.0/year (-5.2 

to 0.5) 

3-41 months None; note median 

ΔBMI rate was 

significantly lower 

than prior to 

comprehensive care 

clinic (median +8.4 

kg/m2/year (range -

3.1 to 28.1)) 

LAGB (Muller et al., 2011) Case series Craniopharyngioma - 4 ΔBMI +1.7 to 

+8.7 kg/m2 

ΔBMI SDS -

5.3-9.1 years None 
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1.2 to +3.5 

Diazoxide and metformin 

(Hamilton et al., 2011) 

Cohort 

(uncontrolled) 

Craniopharyngioma Diazoxide 2 

mg/kg/day PO 

Metformin 2 

g/day PO 

9 Mean ΔBMI -

0.3 ± 2.3 

kg/m2 

Mean ΔBMI 

SDS -0.04 ± 

0.15 

 

6 months Oedema, deranged 

liver enzymes, 

vomiting 

Gastric bypass surgery 

(Page-Wilson et al., 2012) 

Case report Craniopharyngioma - 1 ΔBMI -12.6 

kg/m2 

19 months None 

Exenatide/ liraglutide 

(Thondam et al., 2012) 

Case report Hypothalamic 

tumour and 

radiotherapy 

Not reported 1 Δweight -

10kg (-6.7%) 

4 years Nausea; note in 

combination with 

insulin and gliclazide 

Exenatide (Simmons et al., 

2012) 

Case report Germ cell tumour 10 μg/day SC 1 ΔBMI -10.2 

kg/m2 

 

2.5 years None; note in 

combination with 

metformin 

LAGB/ sleeve gastrectomy/ 

gastric bypass surgery 

(Weismann et al., 2013) 

Case-control Craniopharyngioma - 9 (143 

common 

obesity 

controls) 

LAGB (n=6): 

No change  

Sleeve 

gastrectomy 

(n=4): No 

change 

Gastric 

LAGB: 1-9 

years 

Sleeve 

gastrectomy: 

0.5-4 years 

 

Gastric 

Abdominal pain, 

vomiting, gastro-

oesophageal reflux, 

impaired absorption 

of desmopressin, 

adrenal crisis; note 

HyOb patients more 
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bypass (n=2): 

Similar to 

controls 

mean 

Δweight -30%  

bypass: 2-4 

years 

resistant to LAGB 

and sleeve 

gastrectomy 

compared to common 

obesity controls 

Sleeve gastrectomy/ gastric 

bypass surgery (Gatta et 

al., 2013) 

Case series Hypothalamic 

tumour and/ or 

hypothalamic 

neurosurgery +/- 

radiotherapy 

- 4 Sleeve 

gastrectomy 

(n=2): ΔBMI 

range -10 to -

3.6 kg/m2 

Gastric 

bypass (n=2): 

ΔBMI range -

6.2 to +11.3 

kg/m2  

Sleeve 

gastrectomy: 

2.5 years 

 

 

Gastric 

bypass: 2-5.5 

years 

None; note in 

combination with 

metformin, sitagliptin, 

insulin, GLP-1 

agonists, and/ or 

sulfonylureas 

Vertical ring gastroplasty 

(Le Beyec et al., 2013) 

Case report LEPR mutation - 1 LAGB: 

Δweight -46 

kg (-28%) 

Vertical ring 

gastroplasty: 

Δweight -40 

kg (-20%) 

LAGB: 1 year 

 

 

Vertical ring 

gastroplasty: 

8 years 

LAGB: Gastric band 

slippage 

 

Vertical ring 

gastroplasty: None 

Exenatide/ liraglutide Case series Hypothalamic Exenatide 5-10 9 ΔBMI -6.1 to - 6-51 months Nausea, vomiting 



 75 

(Zoicas et al., 2013) tumour and/ or 

hypothalamic 

neurosurgery/ 

radiotherapy 

μg/day SC 

Liraglutide 0.6 

mg/day SC 

2.8 kg/m2 

Δweight -22 

to -9 kg 

Liraglutide (Ando et al., 

2014) 

Case series Traumatic brain 

injury, meningitis 

0.3-0.9 mg/day 

SC 

2 Δweight -11 

to -3 kg  

18 months – 

2 years 

None 

Liothyronine (T3) (van 

Santen et al., 2015) 

Case report Craniopharyngioma 37.5 μg/day 

PO 

1 No change 2 months Biochemical 

hyperthyroidism 

Exenatide (Lomenick et al., 

2016) 

Cohort 

(uncontrolled) 

Hypothalamic 

tumour and/ or 

hypothalamic 

neurosurgery/ 

radiotherapy 

10-20 μg/day 

SC 

8 Mean 

Δweight  -1.4 

kg 

50 weeks Nausea, vomiting, 

joint pain, injection 

site reactions; note 

change in weight not 

statistically significant 

Bilateral nucleus 

accumbens deep brain 

stimulation  (DBS) (Harat et 

al., 2016) 

Case report Craniopharyngioma - 1 ΔBMI -5.2 

kg/m2 

14 months Accidental switching 

off of pacemaker 

Sleeve gastrectomy/ gastric 

bypass surgery (Wijnen et 

al., 2017) 

Case-control Craniopharyngioma - 8 (75 

common 

obesity 

controls) 

Sleeve 

gastrectomy 

(n=3): mean 

Δweight -10% 

Gastric 

bypass (n=5): 

2 years Increased GH and 

desmopressin 

requirements; note 

sleeve gastrectomy 

not efficacious in 

HyOb, gastric bypass 
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mean 

Δweight -25% 

outcomes 

comparable to 

common obesity 

Sleeve gastrectomy (Trotta 

et al., 2017) 

Case series Craniopharyngioma - 3 Mean ΔBMI -

13.9 kg/m2 

Δweight -

17.6% to -

41.1% 

2 years Increased GH 

requirements; note 

reduction in 

levothyroxine and 

desmopressin 

requirement 

Beloranib (Shoemaker et 

al., 2017) 

RCT Craniopharyngioma, 

pituitary 

macroadenoma 

1.8 mg twice 

weekly SC 

8 (6 placebo) Mean 

Δweight -6.2 

kg (-3.4 kg 

vs. placebo -

0.3 kg at 4 

weeks) 

4 RCT + 4 

open label 

weeks 

Urticaria, dizziness, 

gastroenteritis, 

neutropenia; note 

placebo group 

achieved similar 

degree of weight loss 

in 4-week open label 

phase 

OXT and naltrexone (Hsu 

et al., 2018) 

Case report Craniopharyngioma OXT 6 IU every 

3 days – daily 

IN 

Naltrexone 100 

mg/day PO 

1 OXT: ΔBMI 

SDS -0.28 

OXT + 

naltrexone: 

ΔBMI SDS -

0.67 

10 weeks 

 

38 weeks 

None 
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1.4 Conclusion 

Against a background of a rising prevalence in childhood obesity, there is an 

accruing cohort of patients with various congenital and acquired hypothalamic 

conditions who are at risk of developing HyOb. To date, our understanding of 

the pathophysiology of both common obesity and HyOb remains incomplete, 

but the advent of newer molecular genetic techniques has permitted the 

discovery of the complex and often redundant network of peptides governing 

energy homeostasis between the gastrointestinal tract, adipose tissue and 

hypothalamus. Crucially, elucidation of the disrupted pathways causing HyOb 

may provide further clues pointing to novel targets for therapy of common 

obesity as well. Despite this, effective medical treatments for both forms of 

obesity have yet to be identified, with the most effective management strategy 

being bariatric surgery. However, utilisation of this intervention in paediatric 

HyOb, not just in light of its clinical risks and side effects, but also ethically in 

patients who may not have the capacity to consent for themselves and have 

significant life-threatening comorbidities, requires careful consideration. 
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CHAPTER 2: THE CLASSICAL AND NON-

CLASSICAL ROLES OF OXYTOCIN (OXT) 

2.1. OXT – a primitive oligopeptide with multiple functions 

OXT is a nine amino acid-neuropeptide (molecular weight 1007.19 Da), 

which, like its counterpart AVP, is primarily produced in magnocellular 

neurons of the SON, and the magnocellular and parvocellular neurons of the 

PVN (Sofroniew, 1983b; (Ludwig, 1998). It is coded for by the OXT gene on 

chromosome 20p13, lying adjacent to the AVP gene with an intervening 12 kb 

linking the two but transcribed in opposite directions (Sausville et al., 1985). 

The similarity in structure of these two genes, and indeed, the similarity in 

structure of the encoded nonapeptides (which only differ by two amino acids) 

supports the hypothesis that they arose through a gene duplication event 

during evolution (Figure 4) (Du Vigneaud et al., 1953a; (Du Vigneaud et al., 

1953b; (Walter et al., 1967). Their exomic sequences additionally code for 

their carrier proteins neurophysins I and II (NPI and NPII), and, in the case of 

AVP a C-terminal glycoprotein residue known as copeptin, such that they are 

synthesized as preproOXT-NPI and preproAVP-NPII-copeptin respectively 

(Sausville et al., 1985). These preprohormones are proteolytically cleaved by 

PC1/3 or PC2 during axonal transport from the hypothalamus to the posterior 

pituitary, where they are stored as dimeric complexes in neurosecretory 

granules prior to secretion, at which point they dissociate into their free 

peptides (Brownstein et al., 1980; (Renaud and Bourque, 1991; (Rose et al., 

1996; (Coates and Birch, 1998; (Gimpl and Fahrenholz, 2001; (Hardiman et 

al., 2005; (Pan et al., 2005; (Stijnen et al., 2016). 
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From an evolutionary perspective, both OXT and AVP are ancient hormones 

present in some form in virtually all vertebrates, including the most primitive 

fish (Acher et al., 1995). The divergence in these two groups of hormones 

arises from the difference in the 2nd amino acid of the nonapeptide – AVP-

related hormones contain a basic amino acid and OXT-related hormones 

contain a neutral one (Gimpl and Fahrenholz, 2001). Additionally, in order to 

produce OXT-like effects, the 7th amino acid of the chain needs to be 

isoleucine, resulting in a different polarity of the two peptides (Barberis et al., 

1998). The conservation of a large proportion of its remaining residues 

(particularly amino acids 1, 3, 4, 5, and 9) and the similarity in gene structure 

(i.e. OXT and AVP-related genes located on the same chromosome locus) 

across species, alludes to the importance of both neurohypophyseal peptides 

in a wide range of physiological roles. 

 

COOH	–	Cys	–	Tyr	–	Ile	–	Gln	–	Asn	–	Cys	–	Pro	–	Leu	–	Gly	–	NH2				

S	–	S	

OXT	

COOH	–	Cys	–	Tyr	–	Phe	–	Gln	–	Asn	–	Cys	–	Pro	–	Arg	–	Gly	–	NH2				

S	–	S	

AVP	

OXT	NP1	COOH	 NH2	

AVP	NP2	COOH	 NH2	CP	

Figure 4: Structural similarity between OXT and AVP. Amino acid residues in black are 
hydrophilic, whilst amino acid residues in grey are hydrophobic. Note the difference in amino 
acid residues at positions 3 and 8 between the two peptides, and the differences in structure 

between their preprohormones. 
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Whilst the predominant projection of magnocellular neurons (the main site of 

OXT secretion in the hypothalamus) is to the posterior pituitary, outside of the 

SON and PVN, OXT expression is widespread. From the PVN, OXT neurons 

also project across the CNS, including to the medulla oblongata (where they 

synapse in the dorsal nucleus of the vagus nerve), locus coeruleus, NTS, 

amygdala, pineal gland, dorsal raphe nucleus, reticular formation, 

parabrachial nucleus, Edinger-Westphal nucleus, central grey, olfactory bulbs, 

and intermediolateral nucleus of the spinal cord (Sofroniew and Schrell, 1981; 

(Sofroniew et al., 1981; (Sawchenko and Swanson, 1982; (Sofroniew, 1983b; 

(Swanson and Sawchenko, 1983). Additionally, neurons expressing OXT (as 

opposed to projections from the PVN) have also been found in the 

hippocampus, amgydala, thalamus, substantia nigra, locus coeruleus, NTS, 

dorsal nucleus of the vagus, stria terminalis, intermediolateral nucleus, septal 

region and spinal cord (Sofroniew, 1983b; (Sofroniew, 1983a). Outside of the 

CNS, OXT expression has been found in the human gravid uterus, placenta, 

amnion, chorion, ovary, prostate gland, testes, and thymus (Geenen et al., 

1986; (Chibbar et al., 1993; (Furuya et al., 1995; (Frayne and Nicholson, 

1998; (Gimpl and Fahrenholz, 2001). In other tissues, such as the pancreas 

and adrenal gland, OXT has been found at higher concentrations than in 

plasma, suggesting local synthesis as well (Ang and Jenkins, 1984; (Amico et 

al., 1988). OXT secretion is thought to be regulated by CD38, a 

transmembrane glycoprotein with ADP-ribosyl cyclase activity which 

increases intracellular Ca2+,  and CD38 polymorphisms have been found to 

correlate with different baseline concentrations of plasma OXT (Jin et al., 

2007; (Kiss et al., 2011; (Feldman et al., 2012; (Feldman et al., 2013). 

Peripheral OXT concentrations have been reported to be sex- and age-

dependent, but these results have not always been consistent (Doom et al., 

2017; (Imamura et al., 2017). 

 

OXT has long held traditional roles in human parturition, lactation, and 

ejaculation (Soloff et al., 1979; (Ludwig, 1998; (Gimpl and Fahrenholz, 2001; 

(Blanks and Thornton, 2003). All of its physiological functions are executed 

via a single G protein-coupled receptor, encoded by the OXTR gene on 
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chromosome 3p25.3, which also contains binding sites for various regulatory 

factors, including three half-palindromic oestrogen-responsive element motifs, 

and elements which are responsive to interleukin-6 (IL-6) and other acute 

phase reactants (Kimura et al., 1992b; (Inoue et al., 1994; (Simmons et al., 

1995). OXTR expression is widespread, and apart from being present in 

breast, ovarian, endometrial and myometrial tissue, it can also be found 

throughout the brain (e.g. in the hypothalamus, basal ganglia, lateral septal 

nucleus, basal nucleus of Meynert, substantia nigra, NTS, substantia 

gelatinosa and hypoglossal nucleus), and in adipose tissue, the kidneys, 

blood vessels, thymus, pancreas, adrenal glands, and osteoblasts (Kimura et 

al., 1992b; (Fuchs et al., 1995; (Gimpl and Fahrenholz, 2001). The diversity in 

the role of OXT within and between species (see Section 2.2) is therefore 

regulated at a receptor expression or sensitivity level, rather than through a 

diversity of receptors. In fact, the sequence of OXTR, like OXT, is highly 

conserved between species (Gimpl and Fahrenholz, 2001). OXTR expression 

in the male and female genital tract and breast are postulated to be gonadal 

steroid-dependent, particularly to oestrogen and progesterone (Soloff and 

Wieder, 1983; (Fuchs et al., 1995; (Larcher et al., 1995; (Zingg et al., 1995; 

(Gimpl and Fahrenholz, 2001). Contrastingly, whilst CNS expression itself is 

not regulated by oestrogen, experiments in mice have shown that OXTR 

binding in some parts of the brain is dependent on the presence of an intact 

oestrogen receptor (Young et al., 1998b). It is also important to note that 

rodent OXT secretion in the CNS is subject to an autoregulatory positive 

feedback loop – i.e. it induces its own expression and release (Neumann et 

al., 1994; (Neumann et al., 1996; (Deblon et al., 2011). Lastly, the OXTR is 

not highly selective for OXT, as the affinity of OXT for OXTR is only 

approximately 10 times more than that of AVP (Postina et al., 1996).  
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2.2. The roles of OXT in humans 

2.2.1. OXT and reproduction (see Appendix A, Supplemental Tables 1 & 

2) 

2.2.1.1. Parturition 

The role of OXT in uterine contractions during delivery of the fetus is well-

known, and both synthetic OXT and OXT antagonists have been used in 

obstetric practice for decades in the promotion of childbirth and prevention of 

premature delivery respectively (Blanks and Thornton, 2003). In pregnant 

rats, local uterine OXT mRNA expression has been shown to increase 70 

times above that of the hypothalamus at term (Lefebvre et al., 1992). Some 

studies in humans suggest that plasma OXT concentrations increase acutely 

during parturition, rising acutely between the first and second stages, and 

then falling by the third stage (Gibbens et al., 1972a; (Kumaresan et al., 1975; 

(Sende et al., 1976; (Dawood et al., 1978a; (Dawood et al., 1978b). Some of 

these authors also showed that OXT probably does not contribute to the 

actual initiation of parturition at term, as plasma concentrations do not rise 

significantly throughout gestation (Dawood et al., 1978b; (Levine et al., 2007). 

Women undergoing elective Caesarean sections have lower plasma OXT 

concentrations compared to those who delivered vaginally or by emergency 

Caesarean section (Dawood et al., 1978a; (Kuwabara et al., 1987). However, 

these findings have not been consistent, as other authors have found a 

positive correlation between plasma OXT and week of gestation, with 

increasing OXT pulses, but no change during the different stages of 

parturition, and no differences between plasma OXT concentration in vaginal 

deliveries vs. elective Caesarean sections (Sellers et al., 1981; (Mizutani et 

al., 1982; (Makino et al., 1983; (Otsuki et al., 1983a; (Otsuki et al., 1983b; 

(Kuwabara et al., 1987; (Marchini et al., 1988; (Padayachi et al., 1988; 

(Thornton et al., 1992). The differences between these results are probably 

due to the differences in extraction and assay techniques used in the 

measurement of OXT (see Section 2.4). Additionally, the frequency of 

sampling may also contribute, as OXT pulsatility increases during parturition 

(Chard, 1989). 
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Several studies also demonstrate that umbilical arterial OXT concentrations 

are higher than umbilical venous concentrations during labour, indicating that 

the fetus is responsible for some OXT secretion, although its contribution to 

parturition is unclear, and may simply be a response to stress (Kumaresan et 

al., 1975; (Dawood et al., 1978a; (Dawood et al., 1978b; (Dawood et al., 

1978c; (Pochard and Lutz-Bucher, 1986; (Patient et al., 1999). Plasma OXT 

concentrations in pregnancy are consistently higher than in men and non-

pregnant women (Bossuyt-Piron et al., 1978; (Takeda et al., 1985; (Altemus et 

al., 2004). Studies analysing both plasma and CSF OXT in pregnancy have 

shown that whilst plasma OXT is significantly raised in pregnancy, CSF OXT 

only increases at the point of labour, supporting the idea that pregnancy-

associated hyperoxytocinaemia is the result of peripheral rather than central 

synthesis, whilst parturition is at least partially driven by hypothalamic 

secretion, a component of a positive feedback loop (Takeda et al., 1985; 

(Altemus et al., 2004).  

 

Importantly, human myometrial OXTR mRNA expression and OXTR 

concentrations have been found to dramatically increase towards term, 

therefore increasing uterine sensitivity to OXT without necessarily needing a 

dramatic rise in its circulating concentration (Fuchs et al., 1982; (Fuchs and 

Fuchs, 1984; (Fuchs et al., 1984; (Kimura et al., 1992a; (Kimura et al., 

1992b). This finding has been replicated in other species, where rat 

experiments have also shown that downregulation of Oxtr occurs within the 

first 24 hours after delivery (Fuchs et al., 1995; (Zingg et al., 1995; (Parry et 

al., 1997). The importance of increased uterine OXT sensitivity and peripheral 

OXT synthesis over neurohypophyseal OXT secretion in parturition is also 

suggested by studies showing that plasma OXT concentrations are normal in 

pregnant women with CDI, with no evidence that delivery is abnormal 

(Hawker et al., 1967; (Sende et al., 1976; (Shangold et al., 1983; (Chard, 

1989). 

 

2.2.1.2. Lactation 

The second classical role for OXT in mammals is in the milk ejection (“let-

down”) reflex. Unlike parturition, lactation is generally more consistently 
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associated with a rise in mean OXT (but not PRL) concentration and 

pulsatility, with this rise occasionally occurring in anticipation of breastfeeding 

rather than during the feed itself (Drewett et al., 1982; (Leake et al., 1983; 

(McNeilly et al., 1983; (Uvnas-Moberg et al., 1990; (Niwayama et al., 2017). 

The pulsatility of OXT is higher after vaginal deliveries compared to 

Caesarean sections, with a positive correlation between pulsatility and the 

volume of milk produced (Nissen et al., 1996; (Nissen et al., 1998). Mothers 

who are breastfeeding additionally show higher baseline plasma OXT 

concentrations compared to mothers who are not  (Silber et al., 1991; 

(Grewen et al., 2010), although this finding is not always consistent (Feldman 

et al., 2011). The importance of OXT in lactation in mammals is demonstrated 

by the failure of female Oxt-/- knockout mice to nurse their offspring (leading to 

postnatal lethality), despite being able to carry a pregnancy to term and 

deliver normally (Nishimori et al., 1996). Unlike other animals, however, 

OXTR expression in mammary tissues has not been convincingly 

demonstrated to increase throughout gestation in humans, suggesting that 

lactation is driven primarily by an increase in circulating OXT concentration, 

whereas parturition is driven by an increase in uterine sensitivity to OXT 

(Soloff and Wieder, 1983; (Lundin-Schiller et al., 1996; (Kimura et al., 1998). 

 

The rise in plasma OXT is presumably hypothalamic in origin, particularly as 

breast tissue does not express the OXT gene. Indeed, rodent experiments 

have demonstrated the ability of magnocellular OXT neurons in the SON and 

PVN to dramatically increase the frequency of their firing rate during lactation 

(Wakerley and Lincoln, 1971; (Renaud and Bourque, 1991). Concurrently, 

plasma ACTH and cortisol concentrations have been found to decrease 

(Chiodera et al., 1991a). Conversely, alcohol consumption is associated with 

a reduction in plasma OXT, with a longer latency to the milk ejection reflex 

and reduced milk production in lactating mothers (Mennella et al., 2005; 

(Mennella and Pepino, 2006). Plasma OXT concentrations also increase with 

tactile stimuli even in the absence of infant suckling, or indeed even in non-

pregnant women, indicating that a somatosensory-hypothalamic feedback 

loop must exist between the nipple and the brain (Leake et al., 1983; (Amico 

and Finley, 1986; (Finley et al., 1986; (Christensson et al., 1989; (Hatjis et al., 
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1989; (Yokoyama et al., 1994; (Matthiesen et al., 2001). However, the 

anticipatory OXT response is absent in this scenario, suggesting that OXT 

secretion is additionally governed by higher cognitive centres involved in 

social bonding (see Section 2.2.3) (Zinaman et al., 1992).  

 

2.2.1.3. Reproduction and sexual function 

Both OXT and OXTR are expressed in the human ovary in cumulus cells 

surrounding oocytes (Furuya et al., 1995). Concentrations of plasma OXT 

have been shown to be highest a few days before and after the mid-cycle LH 

peak triggering ovulation (Mitchell et al., 1981; (Kumaresan et al., 1983; 

(Stock et al., 1991). Similarly, plasma OXT concentrations are higher in men 

with azoospermia, oligozoospermia, or asthenozoospermia (Lui et al., 2010). 

Indeed, both OXT and OXTR have been found to be expressed throughout 

the human male reproductive tract (Frayne and Nicholson, 1998). This 

suggests that OXT is involved in various human reproductive processes, but 

the pathways by which it does this remain unclear. Intravenous OXT infusion 

does not affect LH, FSH or oestradiol responses to GnRH stimulation, or LH 

pulsatility in both sexes, indicating that its role in facilitating reproduction is not 

directly connected with that of the gonadotrophin axis (Amico et al., 1989; 

(Page et al., 1990; (Chiodera et al., 2003; (Vanakara et al., 2007). Some 

studies have shown that women on the oral contraceptive pill (where 

gonadotrophins are suppressed) have increased plasma OXT concentrations 

(Yoshida et al., 1982; (Silber et al., 1987; (Uvnas-Moberg et al., 1989), but 

this finding is not consistent (Graugaard-Jensen et al., 2017). Administration 

of oestradiol and progesterone hormone replacement therapy (HRT) has been 

shown to increase plasma OXT concentrations in post-menopausal women 

(Bossmar et al., 1995; (Taylor et al., 2006; (Kocoska-Maras et al., 2013), 

whilst oestradiol HRT reduced plasma OXT concentrations in women who had 

bilateral oophorectomies and a hysterectomy (Forsling et al., 1996). OXT may 

also modulate the nitric oxide stimulatory effect on LH and FSH responses to 

GnRH (Chiodera et al., 2003). In animal models, oestradiol increases 

hypothalamic OXT pulsatility, which in turn induces uterine prostaglandin F2α 

(PGF2α), which then induces local luteal OXT secretion (McCracken et al., 

1999). Similarly, infusion of PGF2α in men and women has been shown to 
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increase OXT pulsatility (Gillespie et al., 1972). In male rats, OXT appears to 

be under the control of LH, where it induces testosterone production (and its 

conversion to dihydrotestosterone) as well as regulates seminiferous tubule 

contractility (Nicholson and Hardy, 1992; (Frayne and Nicholson, 1995; 

(Nicholson and Jenkin, 1995). 

 

OXT has also been shown to rise and fall rapidly during male and female 

orgasm in humans, correlating with increases in blood pressure and muscle 

contractions (Ogawa et al., 1980; (Murphy et al., 1987; (Carmichael et al., 

1994; (Blaicher et al., 1999; (Kruger et al., 2003; (Caruso et al., 2018). This 

pathway has been shown to be opioid-mediated and is antagonised by 

naloxone (Murphy et al., 1990). In other species, intracerebroventricular OXT 

administration has been shown to induce reproductive behaviour; in female 

rats, this appears to be oestrogen-dependent and is reduced in the presence 

of an OXT antagonist (Caldwell et al., 1986; (Caldwell, 1992; (Insel, 1992; 

(Benelli et al., 1994). In male animals of various species, including the rat, 

OXT induces penile erections, and reduces the time to ejaculation and the 

post-ejaculatory latent interval; these findings have not been replicated in 

humans (Argiolas, 1992; (Gimpl and Fahrenholz, 2001). One study in humans 

showed that both systemic and local (corpus cavernosal) plasma OXT 

increased with penile erections (Uckert et al., 2003). As central OXT 

administration is not easily achievable in humans, interventional studies have 

been limited to intranasal OXT trials. In these studies, intranasal OXT has 

been shown to contrastingly prolong the time to ejaculation, whilst having no 

effect on female sexual function (Burri et al., 2008; (Muin et al., 2015; (Muin et 

al., 2017; (Kruger et al., 2018). Other authors, however, have described 

subjective improvements in various aspects of sexual function in both men 

and women after intranasal OXT (Anderson-Hunt and Dennerstein, 1994; 

(MacDonald and Feifel, 2012; (Behnia et al., 2014). 

 

2.2.2. OXT and other endocrine functions (Appendix A, Supplemental 

Tables 1 & 2)  

The role of OXT in energy homeostasis is covered in more detail in Section 

2.3.  Attempts at elucidating the nature of baseline OXT secretion in humans 
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have led to contradictory results. Some authors report that there is a diurnal 

increase in plasma OXT concentrations in pregnancy and in men (Lindow et 

al., 1996; (Forsling et al., 1998), whilst others have reported no circadian 

rhythm in normally menstruating women or in men (Graugaard-Jensen et al., 

2008; (Blagrove et al., 2012; (Graugaard-Jensen et al., 2014; (Graugaard-

Jensen et al., 2017). In all of these studies, the frequency of sampling was 

variable, with intervals between samples being hours rather than minutes, 

therefore potentially missing differences in the pulsatility of OXT secretion, if, 

indeed, baseline OXT is secreted in this manner.  

 

Due to the homology in amino acid sequences between OXT and AVP, OXT 

has been postulated to have a role in salt and water homeostasis. Certainly, 

in rats, both AVP and OXT increase in response to an increase in osmolality 

(Verbalis and Dohanics, 1991). OXT, unlike AVP, has been shown to have a 

primarily volume-independent natriuretic rather than antidiuretic effect, 

particularly in supraphysiological doses (Verbalis et al., 1991; (Conrad et al., 

1993; (Huang et al., 1996). However, these findings have never been 

consistently replicated in humans, where plasma OXT concentrations are not 

generally correlated with urine output, plasma or urine osmolality (Chiodera et 

al., 1984b; (Goldman et al., 2008; (Graugaard-Jensen et al., 2014). 

Hypertonic or isotonic saline infusion studies are ambivalent – some studies 

have not demonstrated significant increases in plasma OXT (Williams et al., 

1986; (Chiodera et al., 1995; (Rasmussen et al., 2003); one study reported an 

increase (Steinwall et al., 1998), whilst one study a small decrease was 

detected (Seckl et al., 1989). OXT has also been suggested to increase AVP 

secretion (Weisman et al., 2013b; (Wellmann et al., 2016). These differences 

in effect may have to do with the timing of infusions in relation to the sleep-

wake cycle, as melatonin has also been shown to modulate the responses of 

OXT to hypertonic saline (Forsling and Williams, 2002). Unlike rats, plasma 

OXT concentrations are not consistently associated with a self-reported 

subjective sense of thirst in humans (James et al., 1995). 

 

Intravenous OXT has been repeatedly shown not to affect GH, LH, FSH, TSH 

axes or catecholamine secretion (Chiodera et al., 1984a; (Nussey et al., 
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1988c; (Paolisso et al., 1988; (Paolisso et al., 1989; (Page et al., 1990; (Coiro 

et al., 2011a). Contrastingly, several studies have demonstrated an interaction 

between OXT secretion and the hypothalamopituitary-adrenal axis. Bilateral 

inferior petrosal sinus sampling (BIPSS) studies have demonstrated that 

instillation of CRH stimulates sinus OXT concentrations without affecting 

peripheral OXT (Nussey et al., 1991). Plasma OXT was also found to be 

higher in patients with Addison’s disease, particularly when not adequately 

controlled, suggesting that this relationship is mediated via CRH and ACTH 

(Grenback et al., 2007). Plasma OXT has additionally been shown to increase 

in response to administration of hydrocortisone and is positively correlated 

with baseline plasma cortisol concentrations in healthy women (Tops et al., 

2007b; (Tops et al., 2007c), but these results have not always been consistent 

(Tops et al., 2007a). 

 

Conversely, low doses of intravenous (1 IU) OXT have been shown to 

increase plasma cortisol concentrations, whilst higher intravenous doses (2 

IU), continuous infusions or intranasal OXT (24 IU) decrease baseline, AVP-, 

CRH-, hypoglycaemia-, food- and exercise-induced ACTH and cortisol 

secretion (Coiro et al., 1985; (Petraglia et al., 1986; (Suh et al., 1986; (Legros 

et al., 1987; (Coiro et al., 1988a; (Legros et al., 1988; (Paolisso et al., 1989; 

(Page et al., 1990; (Paolisso et al., 1990; (Cardoso et al., 2013a; (Ott et al., 

2013; (Quintana et al., 2015; (Leppanen et al., 2017a). In studies of 

inflammatory responses to lipopolysaccharide in men, OXT has additionally 

been shown to delay the increases in ACTH and cortisol, whilst attenuating 

the rise in temperature, cytokine and chemokine concentrations (Clodi et al., 

2008). However, studies in breastfeeding mothers have shown that salivary α-

amylase and cortisol concentrations were not correlated with plasma OXT 

concentrations (Ferreira et al., 1998). The vast proportion of these studies 

have utilised intravenous OXT; it is worth noting that studies examining the 

effects of intranasal OXT on ACTH and cortisol responses have occasionally 

demonstrated no change (Norman et al., 2011b; (de Oliveira et al., 2012a; (de 

Oliveira et al., 2012b; (Wirth et al., 2015). 
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Lastly, serum OXT is lower in post-menopausal women with osteoporosis, 

where it is also negatively correlated with bone turnover markers but not 

fracture rate (Breuil et al., 2011; (Breuil et al., 2014). Contrastingly, no such 

correlation has been demonstrated in men, although a positive correlation has 

been found with oestradiol, testosterone, leptin and BMI (Breuil et al., 2015). 

Nocturnal serum OXT has been found to be lower in female athletes and in 

women with anorexia nervosa, independent of oestradiol concentrations or 

the presence of amenorrhoea, accounting for a significant variation in bone 

microarchitecture (Lawson et al., 2011; (Lawson et al., 2013a). These findings 

suggest that OXT signalling is involved in bone remodeling, although the 

mechanisms behind this have yet to be fully elucidated. 

 

2.2.3. OXT and behaviour (Appendix A, Supplemental Tables 3 & 4) 

OXT has long been described to increase social bonding between mother and 

infant, with functional MRI (fMRI) studies showing a positive correlation with 

activation of dopamine-associated brain reward and emotion-processing 

areas such as the midbrain, striatum, forebrain, nucleus accumbens, 

amygdala and hypothalamus, caudate nucleus and prefrontal cortex, and a 

negative correlation with activation in the superior temporal gyrus (Strathearn 

et al., 2009; (Atzil et al., 2011; (Atzil et al., 2012; (Abraham et al., 2014; 

(Elmadih et al., 2016; (Abraham et al., 2017; (Atzil et al., 2017), although 

these responses have not been consistently replicated in fathers (Abraham et 

al., 2014; (Mascaro et al., 2014a; (Li et al., 2017). Plasma, urinary and 

salivary OXT concentrations have been positively correlated with parental 

contact in both mothers and fathers with their infants and children, particularly 

when parent and child demonstrate “synchrony”, i.e. a matching of behaviour, 

emotional state or gaze (Feldman et al., 2010a; (Feldman et al., 2010b; 

(Gordon et al., 2010c; (Gordon et al., 2010a; (Gordon et al., 2010b; (Seltzer et 

al., 2010; (Atzil et al., 2011; (Feldman et al., 2011; (Feldman et al., 2012; 

(Strathearn et al., 2012; (Bick et al., 2013; (Feldman et al., 2013; (Weisman et 

al., 2013a; (Apter-Levi et al., 2014; (Feldman et al., 2014; (Kim et al., 2014a; 

(Cong et al., 2015; (Pratt et al., 2015; (Abraham et al., 2016; (Kohlhoff et al., 

2017; (Kommers et al., 2017; (Lebowitz et al., 2017; (Vittner et al., 2018; 

(Weber et al., 2018). Even in neonates, CSF OXT concentrations have been 
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shown to be associated with behaviours aimed at soliciting parental soothing, 

as well as predicting social engagement behaviours at the age of six months 

(Clark et al., 2013). Intranasal OXT studies have similarly supported the 

hypothesis that OXT improves parent-child bonding (Naber et al., 2010; (Riem 

et al., 2011; (Weisman et al., 2012b; (Wittfoth-Schardt et al., 2012; (Naber et 

al., 2013; (Weisman et al., 2014; (Mah et al., 2015). However, as with many 

behavioural studies involving OXT, results can be conflicting, with some 

studies showing the opposite or no effect (Mah et al., 2013; (Cohen-

Bendahan et al., 2015; (Weber et al., 2017b). 

 

Since the early 2000s, there has been additionally an explosion in the number 

of studies examining the role of OXT in a wide variety of other social and 

behavioural circumstances (Supplemental Table 1). Research in this area can 

be broadly categorised into observational (examining the relationship between 

OXT concentrations and behaviour) and interventional (examining the effect 

of OXT administration on behaviour) studies. Both types of studies have been 

conducted in healthy participants as well as patients with a variety of 

neuropsychiatric disorders. Peripheral and central OXT concentrations have 

been shown to vary with a variety of these disorders and various aspects of 

human behaviour, although results arising from these studies have been 

extremely inconsistent. Similarly, the literature on the effects of intranasal 

OXT on stress, emotion and behaviour in humans is also conflicting. Some of 

these studies additionally attempt to correlate clinical outcomes with fMRI 

findings, but again results are inconsistent. Many of these studies appear to 

suffer from over-analysis, with reported associations between the 

concentration of OXT in various biological fluids and clinical features not 

always being part of the a priori hypothesis. The variability in results suggests 

that if OXT does indeed play a role in many of these outcome measures, it 

has a small effect size that is unlikely to be clinically significant. 

 

OXT may modulate social attachment, empathy and trust, but published data 

are conflicting, with positive (Uvnas-Moberg et al., 1991b; (Zak et al., 2004; 

(Zak et al., 2005; (Barraza and Zak, 2009; (Gouin et al., 2010; (Keri and Kiss, 

2011; (Kiss et al., 2011), negative (Uvnas-Moberg et al., 1993; (Fujiwara et 
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al., 2012), or no correlation (Zhong et al., 2012; (Christensen et al., 2014) 

demonstrated between these measures and plasma OXT concentrations. 

Administration of OXT has been purported to increase the degree of positive 

relationship behaviours such as trust, empathy, compassion, cooperation, 

socialisation, social learning and altruism, as well as fMRI activation of the 

caudate nucleus, thalamus and inferior temporal gyrus, whilst reducing 

conflict, hostility, and fMRI amygdala responses to threatening stimuli and 

facial emotion (Kirsch et al., 2005; (Kosfeld et al., 2005; (Domes et al., 2007a; 

(Zak et al., 2007; (Baumgartner et al., 2008; (Jonas et al., 2008; (Ditzen et al., 

2009; (Theodoridou et al., 2009; (Andari et al., 2010; (Bartz et al., 2010a; 

(Hurlemann et al., 2010; (Labuschagne et al., 2010; (Mikolajczak et al., 

2010a; (Mikolajczak et al., 2010b; (Barraza et al., 2011; (Israel et al., 2012; 

(Rilling et al., 2012; (Arueti et al., 2013; (Campbell and Hausmann, 2013; (Lin 

et al., 2013; (Shamay-Tsoory et al., 2013; (Declerck et al., 2014a; (Israel et 

al., 2014; (Abu-Akel et al., 2015; (Brune et al., 2015; (Edelson et al., 2015; 

(Marsh et al., 2015; (Goodyear et al., 2016; (Hu et al., 2016; (Palgi et al., 

2016; (Bernaerts et al., 2017; (de Visser et al., 2017; (Strang et al., 2017). 

However, outcomes are not consistent and highly dependent on the cohort 

studied (Domes et al., 2010; (De Dreu, 2012; (Huffmeijer et al., 2012; (Lischke 

et al., 2012b; (Liu et al., 2012; (Ebert et al., 2013; (Rilling et al., 2014; 

(Scheele et al., 2014b; (Thienel et al., 2014; (Yao et al., 2014; (Alcorn et al., 

2015; (Bos et al., 2015; (Feng et al., 2015b; (Feng et al., 2015c; (Lane et al., 

2015; (Palgi et al., 2015; (Tabak et al., 2015; (Ne'eman et al., 2016; (Zheng et 

al., 2016; (Kret and De Dreu, 2017; (Luo et al., 2017b; (Palgi et al., 2017). 

Studies on the role of romantic and non-romantic attachment in influencing 

OXT concentrations have been equally variable – plasma, urinary and salivary 

OXT concentrations have been shown to both be positively correlated with 

partner support, romantic love and the strength of attachment (Grewen et al., 

2005; (Gonzaga et al., 2006; (Schneiderman et al., 2012; (Schneiderman et 

al., 2014; (Samuel et al., 2015a; (Ulmer-Yaniv et al., 2016; (Algoe et al., 2017; 

(Bomann et al., 2017; (Grebe et al., 2017), as well as negatively correlated 

with relationship quality, separation anxiety and attachment (Tops et al., 

2007c; (Smith et al., 2013; (Lebowitz et al., 2016; (Baskaran et al., 2017). 

Similar to the relationship between OXT and mother-infant bonding, salivary 
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OXT also positively correlated with synchronicity in social interactions 

between unrelated adult pairs (Gebauer et al., 2016; (Mu et al., 2016; 

(Spengler et al., 2017a), Interventions such as massage, physical contact, 

hydrotherapy, or exposure to music also demonstrate variable effects on 

circulating OXT (Turner et al., 1999; (Turner et al., 2002; (Grape et al., 2003; 

(Odendaal and Meintjes, 2003; (Wikstrom et al., 2003; (Light et al., 2005a; 

(Ditzen et al., 2007; (Bello et al., 2008; (Billhult et al., 2008; (Henricson et al., 

2008; (Holt-Lunstad et al., 2008; (Nagasawa et al., 2009; (Nilsson, 2009; 

(Benfield et al., 2010; (Rapaport et al., 2010; (Holt-Lunstad et al., 2011; 

(Morhenn et al., 2012; (Rapaport et al., 2012; (Ooishi et al., 2017; (Riem et 

al., 2017). In group-based tasks, peripheral OXT concentrations positively 

correlate with in-group bias, and intranasal OXT can increase in-group trust, 

bias and conformity (Sheng et al., 2013; (Ten Velden et al., 2014; (Huang et 

al., 2015; (Ma et al., 2015; (Hertz et al., 2016; (Aydogan et al., 2017b; 

(Daughters et al., 2017b; (Ten Velden et al., 2017) with variable effects on 

responses to members outside the group (De Dreu et al., 2010; (De Dreu et 

al., 2011; (De Dreu et al., 2012b; (Stallen et al., 2012; (Abu-Akel et al., 2014; 

(Shalvi and De Dreu, 2014; (Huang et al., 2015; (Fujii et al., 2016; (Levy et al., 

2016; (Marsh et al., 2017); but even these effects are inconsistent (De Wilde 

et al., 2017). 

. 

Plasma OXT concentrations have been shown to increase  (Sanders et al., 

1990; (Pierrehumbert et al., 2010; (Pierrehumbert et al., 2012; (Jezova et al., 

2013; (Jong et al., 2015; (Engert et al., 2016), decrease  (Ueda et al., 1994; 

(Light et al., 2004; (Emeny et al., 2015) or even show no change (Altemus et 

al., 2001a; (Jansen et al., 2006; (Ditzen et al., 2007; (Spratt et al., 2016) in 

response to social and non-social stress. Similarly, plasma OXT has been 

shown to be negatively correlated with stress-induced changes in blood 

pressure but positively correlated with heart rate and a positive affect (Light et 

al., 2000; (Light et al., 2005a; (Moons et al., 2014; (Sack et al., 2017). 

Intranasal OXT inconsistently attenuates fMRI, cortisol and emotional 

responses to stress (Heinrichs et al., 2003; (Meinlschmidt and Heim, 2007; 

(Quirin et al., 2011; (Simeon et al., 2011; (Cardoso et al., 2012b; (de Oliveira 

et al., 2012b; (Linnen et al., 2012; (Eckstein et al., 2014; (Grimm et al., 2014; 



 93 

(Flanagan et al., 2015; (Frijling et al., 2016b; (Levy et al., 2016; (Flanagan et 

al., 2018) but enhances cardiovascular responses (Gamer and Buchel, 2012; 

(Kubzansky et al., 2012). There is some evidence that intranasal OXT inhibits 

serotonergic signalling in humans (Mottolese et al., 2014), and serotonin 

conversely increases plasma OXT in some (but not all) studies (Bagdy and 

Arato, 1998; (Cleare et al., 1998; (Newman et al., 1999; (Hocherl et al., 2000). 

Cognitively, plasma OXT has been shown to correlate with performance 

during facial emotion recognition tasks and measures of emotional 

intelligence (Rubin et al., 2011; (Koven and Max, 2014; (MacKinnon et al., 

2014; (Daughters et al., 2017a; (Rubin et al., 2017), and intranasal OXT has 

been shown to improve this, although the specificity of improvement in 

performance between studies does vary with different emotions, experimental 

conditions, and subcohorts of patients (Domes et al., 2007b; (Guastella et al., 

2008b; (Savaskan et al., 2008; (Di Simplicio et al., 2009; (Rimmele et al., 

2009; (Fischer-Shofty et al., 2010; (Guastella et al., 2010; (Marsh et al., 2010; 

(Goldman et al., 2011; (Jesso et al., 2011; (Luminet et al., 2011; (Schulze et 

al., 2011; (Ellenbogen et al., 2012; (Lischke et al., 2012a; (Ellenbogen et al., 

2013; (Fischer-Shofty et al., 2013b; (Leknes et al., 2013; (Prehn et al., 2013; 

(Bhandari et al., 2014b; (Campbell et al., 2014; (Cardoso et al., 2014a; 

(Domes et al., 2014; (Feeser et al., 2014; (Horta de Macedo et al., 2014; 

(Lambert et al., 2014; (Riem et al., 2014a; (Voorthuis et al., 2014; (Chen et al., 

2015a; (Gorka et al., 2015; (Hirosawa et al., 2015; (Kanat et al., 2015a; (Kim 

et al., 2015; (Kovacs and Keri, 2015; (Radke and de Bruijn, 2015; (Xu et al., 

2015; (Bernaerts et al., 2016; (Mitchell et al., 2016; (Fukai et al., 2017; 

(Hubble et al., 2017a; (Hubble et al., 2017b; (Leppanen et al., 2017b; 

(Spengler et al., 2017b; (Timmermann et al., 2017). Other studies have 

examined preferences for and recognition of various facial expressions or 

appearances in the presence of intranasal OXT, but results have been highly 

variable (Theodoridou et al., 2011; (Marsh et al., 2012; (Bertsch et al., 2013a; 

(Brune et al., 2013; (Colonnello et al., 2013; (Domes et al., 2013b; (Domes et 

al., 2013c; (Huffmeijer et al., 2013; (Liu et al., 2013a; (Perry et al., 2013; 

(Radke et al., 2013; (Scheele et al., 2013; (Theodoridou et al., 2013; 

(Tollenaar et al., 2013; (Bate et al., 2014; (Blandon-Gitlin et al., 2014; (Clark-

Elford et al., 2014a; (Clark-Elford et al., 2014b; (Ellingsen et al., 2014; (Hoge 



 94 

et al., 2014; (Kim et al., 2014c; (Striepens et al., 2014; (Althaus et al., 2015; 

(Bate et al., 2015; (Kanat et al., 2015b; (Quintana et al., 2015; (Shin et al., 

2015; (Domes et al., 2016; (Frijling et al., 2016a; (Koch et al., 2016a; 

(Quintana et al., 2016; (Scheele et al., 2016).  

 

Plasma OXT is not correlated with memory performance, but is negatively 

correlated with visuospatial ability and verbal fluency (Silber et al., 1990; 

(Kocoska-Maras et al., 2013). Some intranasal OXT studies have suggested a 

memory-impairing effect (Ferrier et al., 1980; (Kennett et al., 1982; (Fehm-

Wolfsdorf et al., 1984; (Geenen et al., 1986; (Heinrichs et al., 2004; (Striepens 

et al., 2012; (Cardoso et al., 2016a; (Tabak et al., 2016), but others report 

improvement in memory-based tasks (Bruins et al., 1992; (Di Simplicio et al., 

2009; (Feifel et al., 2012; (Herzmann et al., 2013; (Cardoso et al., 2014b; 

(Michalopoulou et al., 2015). Intranasal OXT has also been shown to be 

associated with improved social feedback-based learning with an increase in 

fMRI activity in memory circuitry involving the amygdala, insula, hippocampus, 

parahippocampal gyrus and putamen (Hu et al., 2015). Peripheral OXT 

concentrations have also been associated with reward mechanisms, 

increasing on exposure to advertising (Furst et al., 2015), whilst intranasal 

OXT modulates fMRI responses to reward (Wittfoth-Schardt et al., 2012; 

(Groppe et al., 2013; (Scheele et al., 2013; (Rilling et al., 2014; (Mickey et al., 

2016; (Nawijn et al., 2016; (Scheele et al., 2016; (Lambert et al., 2017; 

(Nawijn et al., 2017). Contrastingly, intranasal OXT also increases risk 

aversion (Patel et al., 2015). 

. 

Central and peripheral OXT concentrations have been described to vary in a 

range of psychiatric disorders such as schizophrenia (Glovinsky et al., 1994; 

(Goldman et al., 2008; (Keri et al., 2009; (Rubin et al., 2010; (Sasayama et al., 

2012; (Rubin et al., 2013; (Walss-Bass et al., 2013; (Jobst et al., 2014b; 

(Rubin et al., 2014; (Strauss et al., 2015a; (Strauss et al., 2015b; (Strauss et 

al., 2015c; (Lee et al., 2016), depression (Pitts et al., 1995; (van Londen et al., 

1997; (Van Londen et al., 1998a; (van Londen et al., 1998b; (Bell et al., 2006; 

(Scantamburlo et al., 2007; (Cyranowski et al., 2008; (Ozsoy et al., 2009; 

(Parker et al., 2010; (Holt-Lunstad et al., 2011; (Lawson et al., 2013b; (Rubin 
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et al., 2014; (Yuen et al., 2014; (Bendix et al., 2015; (Jobst et al., 2015; 

(Massey et al., 2016; (Sasaki et al., 2016; (Jobst et al., 2018; (Thomas and 

Larkin, 2018), bipolar disorder (Ozsoy et al., 2009; (Turan et al., 2013; (Rubin 

et al., 2014; (Yuen et al., 2014; (Lien et al., 2017), obsessive compulsive 

disorder (OCD) (Altemus et al., 1999; (Humble et al., 2013; (Marazziti et al., 

2015), generalised social anxiety disorder (Hoge et al., 2008; (Hoge et al., 

2012; (Bendix et al., 2015), postpartum mood disorders (Skrundz et al., 2011; 

(Apter-Levy et al., 2013; (Stuebe et al., 2013; (Eapen et al., 2014; (Zelkowitz 

et al., 2014; (Cox et al., 2015; (Garfield et al., 2015; (Samuel et al., 2015b; 

(Jobst et al., 2016), post-traumatic stress disorder (Munro et al., 2013; (Seng 

et al., 2013; (Frijling et al., 2015; (Reijnen et al., 2017), and personality 

disorders (Bertsch et al., 2013b; (Bendix et al., 2015; (Bomann et al., 2017; 

(Ebert et al., 2018), but once again these results sorely lack consistency. If 

OXT were truly a significant predictor of these psychiatric disorders, one 

would expect a consistent change in concentration upon successful treatment, 

but data supporting this are also variable. OXT has been shown to increase 

after treatment of schizophrenia (Beckmann et al., 1985), bipolar disorder  

(Turan et al., 2013; (Lien et al., 2017), but in depression and OCD, OXT has 

been shown to both increase and decrease after treatment (Smith et al., 1990; 

(Riddle et al., 1993; (Smith et al., 1994; (Devanand et al., 1998; (Ozsoy et al., 

2009; (Humble et al., 2013; (Keating et al., 2013; (Lien et al., 2017; (Zilcha-

Mano et al., 2018). Intranasal OXT interventional studies have also 

documented variable effects on mood, anxiety, obsessive-compulsive 

tendencies or schizophrenic symptomatology (Ansseau et al., 1987; (den 

Boer and Westenberg, 1992; (Salzberg and Swedo, 1992; (Epperson et al., 

1996a; (Feifel et al., 2010; (Labuschagne et al., 2010; (Pedersen et al., 2011; 

(Scantamburlo et al., 2011; (Averbeck et al., 2012; (Feifel et al., 2012; (Davis 

et al., 2013; (Fischer-Shofty et al., 2013a; (Lee et al., 2013; (MacDonald et al., 

2013; (Modabbernia et al., 2013; (Davis et al., 2014; (Dodhia et al., 2014; 

(Gibson et al., 2014; (Woolley et al., 2014; (Cacciotti-Saija et al., 2015; 

(Guastella et al., 2015b; (Scantamburlo et al., 2015; (Woolley et al., 2015; 

(Brambilla et al., 2016; (Dagani et al., 2016; (Koch et al., 2016b; (Lee et al., 

2016; (Singh et al., 2016; (Buchanan et al., 2017; (Jarskog et al., 2017; 

(Woolley et al., 2017; (Ota et al., 2018). 
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Similarly, data on the relationship between autism and OXT concentrations 

are conflicting, although some studies have suggested that this may be due to 

the measurement of an increased proportion of OXT precursors rather than 

free OXT (Modahl et al., 1998; (Green et al., 2001; (Jansen et al., 2006; 

(Andari et al., 2010; (Higashida et al., 2012; (Miller et al., 2013; (Xu et al., 

2013; (Alabdali et al., 2014; (Feldman et al., 2014; (Jacobson et al., 2014; 

(Parker et al., 2014; (Taurines et al., 2014; (Tomova et al., 2015; (Abdulamir 

et al., 2016; (Althaus et al., 2016; (Zhang et al., 2016). Intravenous OXT has 

been shown to reduce repetitive behaviours in patients with autism, whilst 

intranasal OXT improves visual and auditory emotion recognition, gaze, face 

and non-verbal cue processing, empathy, trust, and social communication 

(Hollander et al., 2003; (Hollander et al., 2007; (Andari et al., 2010; (Bartz et 

al., 2010a; (Guastella et al., 2010; (Kosaka et al., 2012; (Sauer et al., 2012; 

(Domes et al., 2013a; (Tachibana et al., 2013; (Anagnostou et al., 2014; (Aoki 

et al., 2014; (Domes et al., 2014; (Watanabe et al., 2014; (Aoki et al., 2015; 

(Auyeung et al., 2015; (Watanabe et al., 2015; (Gordon et al., 2016; 

(Yatawara et al., 2016; (Kanat et al., 2017; (Parker et al., 2017; (Strathearn et 

al., 2018), but these findings may be gender-specific (Dadds et al., 2014a). 

Other studies have found no change in mood, anxiety or global functioning in 

adults with autism (Kosaka et al., 2016). In Prader-Willi syndrome, intranasal 

OXT has been found to increase trust and improve behaviour (Tauber et al., 

2011), although other authors have also found that higher doses increases 

the propensity for temper outbursts (Einfeld et al., 2014). In younger infants 

with Prader-Willi syndrome, one single-arm study suggested that intranasal 

OXT improved alertness, tone and reversed social withdrawal (Viaux-Savelon 

et al., 2016). Similar behavioural and cognitive changes have been 

documented after intranasal OXT was administered to craniopharyngioma 

survivors (Cook et al., 2016; (Hoffmann et al., 2017). Lastly, intranasal OXT 

has also been shown to improve clinical symptoms of frontotemporal 

dementia (Finger et al., 2015). 

  

Central and peripheral OXT concentrations have also been described to vary 

with a history of stressful life experiences. Previous emotional and sexual 
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abuse in women has been shown to be both positively and negatively 

correlated with CSF, plasma and salivary OXT measurements (Heim et al., 

2009; (Bertsch et al., 2013b; (Bhandari et al., 2014a; (Crowley et al., 2015). In 

children with a history of physical and emotional abuse, studies demonstrating 

both an increase and decrease in plasma and urinary OXT concentrations 

have been published (Wismer Fries et al., 2005; (Jobst et al., 2014a; (Seltzer 

et al., 2014). Intranasal OXT has been shown to moderate stress-induced 

changes in connectivity between the amygdala and hippocampus in 

participants with a history of emotional abuse (Fan et al., 2015). Childhood 

cancer survivors have been shown to have high baseline plasma OXT 

concentrations (Pierrehumbert et al., 2010), although a negative correlation 

has also been shown with stressful experiences in childhood and adulthood 

(Opacka-Juffry and Mohiyeddini, 2012; (Mohiyeddini et al., 2014; (Emeny et 

al., 2015; (Samuel et al., 2015a). In cancer survivors, salivary OXT 

concentrations negatively correlate with depression but positively correlate 

with quality of life measures (Lipschitz et al., 2015). 

 

2.2.4. OXT and other miscellaneous effects (Appendix A, Supplemental 

Tables 5 and 6) 

Several studies have suggested a link between OXT secretion and opioid 

pathways in the CNS. Intravenous, intrathecal and epidural opioids decrease 

OXT secretion during parturition and breastfeeding, but spontaneous OXT 

secretion is not conversely augmented by naloxone (Honer et al., 1986; 

(Johnson et al., 1990a; (Lindow et al., 1992; (Behrens et al., 1993; (Lindow et 

al., 1999; (Stocche et al., 2001; (Rahm et al., 2002). However, nicotine has 

been shown to increase plasma OXT concentrations only in the presence of 

naloxone, again supporting the hypothesis that opioids suppress OXT 

secretion (Seckl et al., 1988b; (Chiodera et al., 1993). Similarly, angiotensin II 

also increases plasma OXT concentrations, and this is also potentiated by 

naloxone (Chiodera and Coiro, 1991; (Coiro and Chiodera, 1991; (Chiodera et 

al., 1998a). Plasma OXT concentrations have been shown to be lower in 

some organic and non-organic pain disorders such as functional abdominal 

pain, inflammatory bowel disease and chronic fatigue syndrome (Alfven et al., 

1994; (Anderberg and Uvnas-Moberg, 2000; (Alfven, 2004), but higher in 
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patients with headaches and those with higher pain thresholds (Grewen et al., 

2008; (Wang et al., 2013b). In other studies, no correlation was found 

between plasma OXT and pain (Frolich et al., 2016). Conversely, intrathecal, 

intravenous and intranasal OXT administration have all been shown to have 

an analgesic effect in some studies (Yang, 1994; (Phillips et al., 2006; (Wang 

et al., 2013b; (Rash and Campbell, 2014; (Zunhammer et al., 2015; (Colloca 

et al., 2016; (Paloyelis et al., 2016b), although other trials have demonstrated 

no effect (Mameli et al., 2014; (Eisenach et al., 2015) or an increased 

perception of pain (Tracy et al., 2017). However, similar to the results of 

behavioural studies, it is unclear if many of these contradictory findings are 

secondary to a placebo effect, as intranasal OXT has been shown to promote 

this, and the placebo effect appears to be modulated through increases in 

endogenous plasma OXT (Kessner et al., 2013; (Parker et al., 2017; (Yan et 

al., 2018). 

 

OXT has also shown various associations with recreational drug and alcohol 

use. Plasma OXT was negatively correlated with cocaine use (Light et al., 

2004) but positively correlated with 3,4-methylenedioxymethamphetamine 

(MDMA) (Wolff et al., 2006; (Hysek et al., 2014; (Schmid et al., 2014; (Schmid 

et al., 2015b; (Francis et al., 2016) and lysergic acid diethylamide (LSD) use 

(Schmid et al., 2015a). No correlations have been described with 

methamphetamine or gamma-hydroxybutyrate (GHB) (Bershad et al., 2015; 

(Bosch et al., 2015). Intranasal OXT has been shown to reduce craving to 

marijuana, cocaine and tobacco (McRae-Clark et al., 2013; (Lee et al., 2014; 

(Miller et al., 2016; (Sherman et al., 2017), but not opioids (Woolley et al., 

2016). Ethanol has been shown to abolish plasma OXT responses to 

breastfeeding (Coiro et al., 1992), but does not affect OXT concentrations in 

non-breastfeeding women or men (Bershad et al., 2015; (Dolder et al., 2017). 

Baseline plasma OXT concentrations have however been shown to be higher 

in alcoholic patients (Marchesi et al., 1997). Intranasal OXT administration is 

associated with a reduced cumulative benzodiazepine dose required for 

alcohol withdrawal and alcohol craving (Pedersen et al., 2013; (Mitchell et al., 

2016).   

 



 99 

Lastly, a whole multitude of other studies have been conducted showing 

various miscellaneous associations between plasma OXT and various 

biological parameters or disorders, or examining the effects of exogenous 

OXT administration. Plasma OXT has been shown to be positively correlated 

with hyperemesis gravidarum, William syndrome, allergic rhinitis, generalised 

tonic-clonic seizures, exercise, gut manipulation during hemicolectomies, 

spinal manipulation, chemotherapy, CD4+ T-lymphocyte counts and viral load 

in human immunodeficiency virus (HIV)-positive women, and telomere length 

in women (Nussey et al., 1988b; (Meierkord et al., 1994; (Hursti et al., 2005; 

(Fekete et al., 2011; (Dai et al., 2012; (Seng et al., 2013; (Plaza-Manzano et 

al., 2014; (Jong et al., 2015; (Boeck et al., 2018; (Gotovina et al., 2018), but 

was lower after electrical acupoint stimulation and in professional athletes 

(Chicharro et al., 2001; (Zhang et al., 2012). Administration of intravenous 

OXT has been shown to modulate colonic sensitivity to distension and colonic 

peristalsis (Louvel et al., 1996; (Ohlsson et al., 2004b), whilst intranasal OXT 

increases heart rate variability (Norman et al., 2011b; (Kemp et al., 2012; 

(Jain et al., 2017; (Ooishi et al., 2017). The majority of these studies have not 

been replicated. 
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2.3. OXT and energy homeostasis (Figure 5) 

2.3.1. Animal models 

 

Figure 5: Currently elucidated OXT-related appetite- and weight-regulating pathways from 
animal models. The afferent inputs stimulating OXT secretion include gastric distension, 
leptin, serotonin (5-HT), CCK/ GLP-1 (acting via the NTS), as well as possibly peripheral 
OXT. Centrally, OXT neurons in the paraventricular (PVN) and supraoptic nuclei (SON) 

project to the brain’s reward centre, the nucleus accumbens (NA), the VMN and ARC where 
they modulate the MC4R, back to the NTS (stimulated by nesfatin-1), as well as the 

sympathetic and parasympathetic nervous system outputs where they are able to increase 
energy expenditure without reducing food intake as well as modulate insulin/ glucagon 

secretion. 

 

Several animal experiments support the hypothesis that OXT plays a role in 

regulating appetite and metabolism, with the majority of work having been 

conducted in rats and mice. It is hypothesised that given the role of OXT in 

reproduction, there is a reciprocal relationship with the role of OXT in 

regulating feeding and energy balance (Leng et al., 2008). Oxytocinergic 
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appetite-suppressing pathways are suppressed in pregnancy and lactation in 

rats, allowing for increased calorie intake during these periods of high demand 

(Ladyman et al., 2016; (Sladek et al., 2016). 

 

Plasma OXT rises in response to or in anticipation of feeding in dogs, pigs, 

rats and cows (Uvnas-Moberg et al., 1985; (Verbalis et al., 1986; 

(Svennersten et al., 1990; (Svennersten et al., 1995). OXT neurons in the 

SON and PVN of rats express c-fos in response to feeding (Johnstone et al., 

2006). One of the earliest interventional studies by Arletti et al. (1989) 

demonstrated that both central (intracerebroventricular) and peripheral 

(intraperitoneal) administration of OXT resulted in an anorexigenic effect in 

rats, with reduced food consumption, latency to first meal, and frequency and 

total duration of feeding, with these effects being cancelled out by pre-

treatment with an OXT antagonist. These findings have subsequently been 

replicated by several other authors, including via the subcutaneous route 

(Olson et al., 1991a; (Maejima et al., 2011), and in other species (e.g. 

chickens (Jonaidi et al., 2003; (Masunari et al., 2013; (Mirnaghizadeh et al., 

2017) and rhesus monkeys (Blevins et al., 2015)). It appears that one major 

site of action for OXT is the VMN (Noble et al., 2014), but OXT also can cause 

suppression of food intake by acting on the nucleus accumbens, part of the 

brain’s reward circuitry (Ross et al., 2009; (Herisson et al., 2016). OXT has 

been shown to modulate the circadian pattern of feeding in mice (Zhang and 

Cai, 2011), and increase gastric motility in rats and guinea pigs (Qin et al., 

2009; (Yu et al., 2011).  

 

In fasted (but not non-fasted) rats, central OXT administration transiently 

suppresses glucose intake (Lokrantz et al., 1997). Conversely, acute 

consumption of a sucrose- and glucose-sweetened diet results in an 

increased expression of Oxt in the rat hypothalamus, even without a change 

in calorie content; this effect is reversed by an OXT antagonist (Olszewski et 

al., 2009; (Herisson et al., 2014). Interestingly, however, chronic consumption 

of a high-sucrose diet (>3 weeks), reverses this trend, suggesting that this 

effect is downregulated over time (Mitra et al., 2010). It is additionally 

apparent that the influence of OXT on appetite is carbohydrate-specific, and 
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does not influence fat intake (Olszewski et al., 2010). This is further supported 

by the fact that OXT neurons in the SON of rats co-express Insr and 

glucokinase (Gck) with glucose and insulin concurrently stimulating OXT 

release, thereby acting as metabolic “sensors” (Song et al., 2014). 

 

Oxt-/- knockout mice also demonstrate a sustained preference for sweet 

tasting and carbohydrate-containing solutions over that of lipid-containing 

emulsions (Amico et al., 2005; (Billings et al., 2006; (Miedlar et al., 2007; 

(Sclafani et al., 2007), whilst both Oxt-/- and Oxtr-/- knockout mice demonstrate 

long-term weight gain with hyperleptinaemia, hyperinsulinaemia, glucose 

intolerance, and increased white and brown adipose tissue deposition, but 

with reduced adrenaline production and aberrant thermogenesis on exposure 

to cold despite no significant differences in food intake (Mantella et al., 2003; 

(Kasahara et al., 2007; (Leng et al., 2008; (Nishimori et al., 2008; (Takayanagi 

et al., 2008; (Camerino, 2009; (Kasahara et al., 2013). Contrastingly, genetic 

ablation of OXT neurons in mature adult mice does not lead to changes in 

body weight, food intake or energy expenditure, unless these mice were fed a 

high fat diet, resulting solely in reduced energy expenditure in this scenario 

(Wu et al., 2012). These findings support the hypothesis that OXT has a 

greater role in determining energy expenditure rather than suppressing 

appetite. Dampening of central OXT signalling has been implicated in the 

increase in food intake in pregnancy in rats (Douglas et al., 2007). In rats, 

central OXT also appears to play a role in salt-water homeostasis, by 

inhibiting both sodium appetite and water intake and stimulating natriuresis in 

the hyperosmolar hypovolaemic state, resulting in a net negative sodium 

balance (Stricker et al., 1987; (Stricker and Verbalis, 1987; (Arletti et al., 1990; 

(Benelli et al., 1991; (Verbalis et al., 1991; (Blackburn et al., 1992a; 

(Blackburn et al., 1992b; (Blackburn et al., 1993; (Blackburn et al., 1995; 

(Verbalis et al., 1995; (Stricker and Verbalis, 1996; (Sato et al., 1997; (Amico 

et al., 2001; (Puryear et al., 2001). Dehydration has been shown to induce 

anorexia in rats, but in Oxt-/- mice, and rats treated with an OXT antagonist, 

this response is attenuated (Olson et al., 1991b; (Rinaman et al., 2005). 

 



 103 

Other studies clarify how OXT-secreting neurons are integrated within various 

appetite-regulating pathways in the CNS. The afferent arm for central OXT 

secretion has consistently been shown to involve NTS neurons in the 

hindbrain. The ability of peripherally administered OXT to suppress central 

appetite-regulating pathways has recently been clarified, as vagal afferents in 

the NTS appear to be able to transmit this signal centrally (Iwasaki et al., 

2015; (Ong et al., 2015). Intraperitoneal administration of OXT in rats has 

been shown to have widespread central effects, with increased c-fos 

expression in the PVN, ARC, locus coeruleus, NTS, dorsal nucleus of the 

vagus and area postrema, all of which are known to mediate energy 

homeostasis (Maejima et al., 2011). Administration of peripheral CCK (as well 

as gastric distension) stimulates central OXT secretion, and this effect is 

potentiated by naloxone and attenuated by leptin, gastric vagotomy and OXT 

antagonists, also suggesting that this effect is dependent on central, vagally-

mediated pathways in the brainstem (Verbalis et al., 1986; (Renaud et al., 

1987; (Flanagan et al., 1988; (McCann et al., 1989; (Kutlu et al., 2010; 

(Motojima et al., 2016). Indeed, gastric distension has been shown to increase 

the OXT content of the dorsal vagal complex and plasma in rats (Nelson et 

al., 1998; (Ong et al., 2015). A similar effect is seen with gastric electrical 

stimulation, which causes delayed gastric emptying, on hypothalamic Ôxt 

expression (Zhang et al., 2008; (Yan et al., 2016). Conditional knockdown of 

NTS Oxtr in rats resulted in a lack of satiety resulting from gastric distension 

(Ong et al., 2017). In the NTS, neurons responsive to CCK additionally 

received dense innervation from descending OXT-containing axonal 

projections from the PVN, which mediate leptin signalling to the brainstem and 

increase the sensitivity of the NTS to the anorexigenic effects of CCK, 

particularly in limiting meal size (Blevins et al., 2003; (Blevins et al., 2004; 

(Blevins et al., 2016). Interestingly, this effect does not occur in newborn rats, 

suggesting that this circuitry only develops later in life (Rinaman et al., 1994).  

 

Intracerebroventricular leptin, CART, NPY and ghrelin administration increase 

plasma OXT and c-fos expression in OXT neurons of the SON and PVN 

(Vrang et al., 2000; (Blevins et al., 2004; (Brunton et al., 2006; (Olszewski et 

al., 2007), whilst intracerebroventricular AgRP (an MC4R antagonist) 
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administration does not  (Zheng et al., 2002). Magnocellular OXT neurons of 

the SON and PVN show LEPR immunoreactivity in immunohistochemistry 

studies (Hakansson et al., 1998; (Yarnell et al., 1998; (Ur et al., 2002), and in 

mice, intraperitoneal leptin leads to increased expression of Oxt mRNA in the 

PVN (Tung et al., 2008). In the rat, guinea pig and vole hypothalamus, the 

VMN is one of the areas where Oxtr is most highly expressed (Tribollet et al., 

1992; (Yoshimura et al., 1993; (Kremarik et al., 1995; (Young et al., 1996; 

(Bale et al., 2001). Similarly, POMC neurons in the rat ARC have been shown 

to express Oxtr and are physically in contact with OXT axon terminals 

(Maejima et al., 2014). Many of the effects of OXT have, however been shown 

to be leptin-independent, and OXT administration has been shown to reduce 

food intake and weight gain in leptin-deficient  (Altirriba et al., 2014), leptin 

receptor-deficient  (Morton et al., 2012; (Iwasaki et al., 2015), and diet-

induced obese rodents, the latter being a leptin-resistant state (Deblon et al., 

2011; (Maejima et al., 2011), suggesting that OXT lies downstream to leptin in 

the appetite-signalling pathway. A significant proportion of OXT neurons in the 

PVN and SON have also been shown to co-express nesfatin-1, which has 

anorexigenic, leptin-independent effects mediated by OXT, particularly on 

POMC neurons within the NTS (Foo et al., 2008; (Kohno et al., 2008; 

(Maejima et al., 2009; (Shimizu et al., 2009; (Yosten and Samson, 2010). 

Conditional knockdown mouse models of Nucb2 in the PVN demonstrate 

reductions in plasma OXT and increased feeding (Nakata et al., 2016). 

Conversely, intraperitoneal OXT administration increases Nucb2 expression 

in the PVN, ARC and NTS, whilst antisense nesfatin-1 attenuates the 

anorexigenic effect of OXT (Saito et al., 2017). 

 

Concurrently, intracerebroventricular OXT administration also activates 

POMC and AgRP neurons in the ARC, with the net effect of reducing food 

intake (Maejima et al., 2014). However, the anorexigenic effects of OXT are 

not solely mediated by the POMC/ αMSH/ MC4R system in the ARC, as 

intracerebroventricular administration of OXT after pre-treatment with 

monosodium glutamate in the neonatal period (which damages the arcuate 

nucleus and diminishes POMC) still causes inhibition of feeding in rats (Eskay 

et al., 1979; (Krieger et al., 1979; (Arletti et al., 1993). Activation of MC4R in 
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the PVN by α-MSH or MC4R agonists induces c-fos expression in SON and 

PVN OXT neurons and phosphorylation of mitogen-activated protein kinase 

(MAPK), with the latter only occurring in neurons not containing OXT (Daniels 

et al., 2003; (Sabatier, 2006; (Kublaoui et al., 2008). The former mechanism is 

associated with inhibition of OXT release from axon terminals in the posterior 

pituitary and thereby the peripheral circulation, but stimulation of OXT 

secretion from dendrites independent of electrical activity, with no resultant 

change in plasma OXT concentration (Ludwig, 1998; (Ludwig et al., 2002; 

(Sabatier et al., 2003). In chicks, intracerebroventricular administration of 

αMSH is associated with increased OXTR mRNA concentration in the ARC 

(Delp et al., 2017). 

 

Various other anorexigenic molecules such as leucine and 

oleoylethanolamide have been shown to mediate their effects via OXT 

neurons in the PVN and SON which signal to the NTS (Blouet et al., 2009; 

(Gaetani et al., 2010; (Romano et al., 2013a; (Romano et al., 2013b; 

(Umehara et al., 2016). Similarly, administration of 5-HT and its agonists or 

reuptake inhibitors (D-fenfluramine, sertraline), which act as appetite 

suppressants, also leads to increased excitability of OXT neurons and OXT 

secretion in the PVN (Max et al., 1994; (Javed et al., 1999; (de Magalhaes-

Nunes et al., 2007; (Ho et al., 2007). The role of OXT in mediating the 

anorexigenic effects of CCK and 5-HT, is however permissive, rather than 

necessary, as both molecules still cause appetite suppression in Oxt-/- mice 

(Mantella et al., 2003). Central administration of GLP-1 does not increase 

peripheral plasma OXT concentrations but induces c-fos expression in the 

magnocellular OXT-secreting cells of the PVN and SON (Larsen et al., 1997b; 

(Bojanowska and Stempniak, 2003). Similarly, GLP-1 neurons in the NTS 

project to the PVN where they stimulate OXT neurons, alongside neurons 

expressing CRH and nesfatin-1 (Katsurada et al., 2014). Lastly, the appetite 

suppression seen in adrenal insufficiency is potentially mediated by OXT 

acting downstream of CRH, as Oxt mRNA and c-fos expression in the PVN 

and NTS is increased in adrenalectomised rats, with this effect being reversed 

by a CRH antagonist (Uchoa et al., 2009; (Uchoa et al., 2013; (Uchoa et al., 

2015). 
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In rats and mice, OXT neurons of the PVN have been shown to project to both 

sympathetic and parasympathetic arms of the autonomic nervous system, 

which innervate the pancreas and brown adipose tissue (Buijs et al., 2001; 

(Oldfield et al., 2002; (Sutton et al., 2014). The effect of OXT on energy 

homeostasis extends beyond the regulation of food intake, as demonstrated 

in a series of elegant experiments by Deblon et al. (2011) where both lean 

and diet-induced obese rats demonstrated greater weight loss after 

subcutaneous OXT compared to their pair-fed controls. Indeed, OXT 

administration resulted in catabolic processes such as lipolysis and fatty acid 

oxidation, as well as increased insulin sensitivity. Similar experiments by 

Maejima et al. (2011) and Roberts et al. (2017) demonstrated a reduction in 

visceral fat mass, adipocyte size and respiratory quotient and an increase in 

thermogenesis after peripherally and centrally administered OXT. In one 

study, activation of OXT neurons increased energy expenditure in mice 

without reducing food intake (Sutton et al., 2014). Importantly, OXT appears 

to be able to maintain weight loss by preventing a reduction in energy 

expenditure during weight loss in diet-induce obese rats (Morton et al., 2012; 

(Blevins et al., 2016), as well as improve insulin secretion and insulin 

sensitivity even in the absence of weight loss (Zhang et al., 2013). Similar 

findings on energy expenditure and lipolysis have been replicated in rhesus 

monkeys (Blevins et al., 2015). Intravenous, subcutaneous and 

intracerebroventricular administration of OXT in dogs and rats additionally 

cause an increase in insulin, glucagon, and glucose (Stock and Uvnas-

Moberg, 1989; (Bjorkstrand et al., 1996), although in rats, insulin-induced 

hypoglycaemia does not stimulate OXT secretion (Cato et al., 1990). It 

appears that the effect of OXT on insulin and glucagon secretion in rodents is 

via a direct effect on pancreatic islets, either through the endocrine effect of 

circulating plasma OXT or a direct innervation of the vagus nerve on β cells 

utilising OXT as a neurotransmitter (Dunning et al., 1984; (Gao et al., 1991; 

(Bjorkstrand et al., 1996). Antagonism of OXTR attenuates the anorexigenic 

effect of peptides such as intraperitoneal CCK and intracerebroventricular 

CRH, and potentiates the orexigenic effect of peptides such as ghrelin, 

indicating that their effects are mediated at least partially by OXT (Olson et al., 
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1991b; (Olson et al., 1991c; (Olszewski et al., 2007). In line with other studies 

demonstrating the link between oxytocinergic and opioid pathways within the 

CNS, peripheral administration of OXT attenuates the hyperphagic response 

to intraperitoneal morphine in rats (Gulati et al., 1991).  

 

Other lines of evidence from animal studies support the hypothesis that OXT 

has a role in appetite and weight regulation. Haploinsufficiency of Sim1, as 

discussed in Section 1.2.4.1, is responsible for maldevelopment of various 

hypothalamic nuclei, including the PVN, leading to hyperphagic obesity. 

Sim1+/- mice demonstrate reduced Oxt expression in the PVN, and are more 

sensitive to the effects of exogenous OXT and OXT antagonist administration 

on food intake and weight compared to wild type mice (Kublaoui et al., 2008; 

(Tolson et al., 2010; (Xi et al., 2012). Similarly, in mice deficient in Magel2, 

one of the imprinted genes deleted as part of Prader-Willi syndrome, Oxt-

expressing neurons are reduced in the hypothalamus, and a single injection of 

OXT shortly after birth rescues what is usually a lethal phenotype due to 

difficulties in feeding (Schaller et al., 2010). In mice, the vast majority of Oxt-

expressing neurons also co-express Fto, the human homolog of which is 

associated with the vast majority of human obesity; and upregulation of Fto 

increases Oxt expression in the hypothalamus (Olszewski et al., 2011). 

 

2.3.2. Observational studies of OXT concentrations in various human 

biological fluids in relation to appetite, weight and metabolism 

(Table 5) 

Due to the difficulties in measuring endogenous CNS OXT secretion and gene 

expression in humans, observational studies on the role of OXT in energy 

homeostasis have been far more difficult to conduct. To date, no known 

pathogenic human mutations in OXT or OXTR have been reported, and 

therefore the phenotypes of the human analogue of the Oxt-/- and Oxtr-/- 

knockout mice have never been described. Studies on baseline plasma OXT 

concentrations in relation to human obesity have produced mixed results, with 

some studies showing that peripheral concentrations are higher in obese 

subjects (Stock et al., 1989a; (Kujath et al., 2015; (Szulc et al., 2016; (Schorr 

et al., 2017), whilst others demonstrate the opposite (Qian et al., 2014; (Yuan 
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et al., 2016; (Binay et al., 2017; (Eisenberg et al., 2018). In amenorrhoeic 

female athletes, serum OXT concentrations have been shown to be positively 

correlated with weight, BMI and resting energy expenditure, but only the 

lattermost association was found in eumenorrhoeic female athletes, and no 

association between these parameters was found in healthy controls (Lawson 

et al., 2014). Some authors have shown that plasma and CSF OXT 

concentrations are higher in patients with Prader-Willi syndrome (Martin et al., 

1998; (Johnson et al., 2016), but another showed that the reverse was true for 

plasma OXT (Hoybye et al., 2003). Similarly, plasma OXT has not been 

shown to respond to feeding in humans (Stock et al., 1989b), although it may 

rise in response to fat intake (Ohlsson et al., 2002; (Borg et al., 2009). Results 

in specific cohorts have also been variable - one study has shown that plasma 

OXT does not rise in response to a mixed meal tolerance test in pregnant 

women (Stock et al., 1993), whilst another showed that salivary OXT 

responses to eating were reduced in obese craniopharyngioma survivors 

compared to those with normal BMIs (Daubenbuchel et al., 2016). Similar to 

the evidence from rodent experiments, however, OXT secretion in humans 

appears to be linked to that of CCK, with intravenous CCK stimulating an 

increase in plasma OXT concentrations (Le Melledo et al., 2001; (Ohlsson et 

al., 2002; (Ohlsson et al., 2004a). However, unlike experiments in rodents, 

delayed gastric emptying is associated with a reduction in plasma OXT 

response (Borg et al., 2009). In patients with Prader-Willi syndrome, plasma 

OXT concentrations have been shown to be negatively correlated with serum 

leptin but not NPY or ghrelin (Hoybye et al., 2003; (Hoybye, 2004). The 

significance of this finding is difficult to interpret, as the data on OXT 

concentrations are in themselves conflicting (Section 2.3.2). 

 

Several studies have suggested that plasma OXT rises in response to insulin-

induced hypoglycaemia, with this response being attenuated in obese 

participants and by somatostatin, melatonin and sodium valproate, and 

augmented by naloxone, α-adrenergic antagonists, nitric oxide synthase 

inhibition and ethinyloestradiol (Nussey et al., 1986; (Fisher et al., 1987; 

(Coiro et al., 1988b; (Seckl et al., 1988a; (Chiodera et al., 1989; (Chiodera et 

al., 1991b; (Fisher et al., 1991; (Chiodera et al., 1992; (Chiodera et al., 1994a; 
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(Chiodera et al., 1994b; (Chiodera et al., 1996; (Chiodera et al., 1998c). Other 

studies, have, however found no effect from hypoglycaemia or naloxone 

(Johnson et al., 1990b). In the presence of a deficiency in insulin action such 

as in type 1 and type 2 diabetes, plasma OXT concentrations are lower 

(Kujath et al., 2015; (Akour et al., 2017; (Al-Rawashdeh et al., 2017; 

(Eisenberg et al., 2018). Interestingly, one study demonstrated that the 

plasma OXT response to hypoglycaemia was augmented in patients with low 

C-peptide concentrations and T1DM (Volpi et al., 1998a). Contrastingly, 

serum OXT concentrations have been shown to be negatively correlated with 

plasma glucose and insulin concentrations in response to an oral glucose 

tolerance test (Qian et al., 2014). 

 

Another group of studies supporting the hypothesis that OXT plays a role in 

energy homeostasis in humans has been in the field of eating disorders. 

Plasma OXT has been shown to be reduced in anorexia nervosa but not 

bulimia nervosa (Lawson et al., 2011; (Monteleone et al., 2016; (Schorr et al., 

2017), and patients with the former show an impaired response to insulin-

induced hypoglycaemia (Chiodera et al., 1991b). Contrastingly, postprandial 

serum OXT concentration was higher in patients with anorexia nervosa, but 

lower in those who had recovered a normal weight compared to healthy 

controls (Lawson et al., 2012; (Lawson et al., 2013b; (Afinogenova et al., 

2016; (Schmelkin et al., 2017). CSF OXT has also been shown to increase in 

response to the recovery of weight in anorexia nervosa or resolution of 

bulimia (Demitrack et al., 1990), although once again results are conflicting 

(Frank et al., 2000). 
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Table 5: Observational studies on the role of OXT in energy homeostasis and metabolism in humans. 

Study Biological 
fluid 

Method of 
analysis 

Sample 
extraction 
utilised? 

Validation of 
recovery of 
extraction 
technique 

Normal 
ranges 

Comments 

 (Eisenberg et al., 
2018) 

Urine EIA Yes – reverse 
phase 
chromatography  

No Not reported OXT was lower in African American men 
with type 2 diabetes, and was negatively 
correlated with weight, BMI and HbA1c, and 
positively correlated with eGFR. OXT was 
also correlated with smoking and psychiatric 
medication use. 

 (Schmelkin et al., 
2017) 

Serum EIA No No Female mean 
1501 pg/ml 

Serum OXT was lower in anorexia nervosa 
weight recovered women compared to 
controls. 

 (Schorr et al., 
2017) 

Serum EIA No No Female 
(overnight) 
mean 446.73 
pg/ml 

Overnight 20-minute sampling but samples 
pooled for analysis. Serum OXT was lower in 
women with anorexia nervosa and higher in 
obese/ overweight women compared to 
healthy controls. OXT was positively 
correlated with BMI, total, visceral and 
subcutaneous fat, spine and hip bone 
mineral density Z-scores, and buckling ratio 
at the hip. Subanalysis of only obese and 
healthy participants indicated that the 
relationship with bone parameters were not 
significant. 

 (Binay et al., 2017) Serum  EIA No No Children mean 
12.05 pg/ml 

Serum OXT was decreased in obese 
children compared to controls, and was 
lower in those with metabolic syndrome. 

 (Akour et al., 
2017) 

Plasma EIA No No Obese non-
diabetic 
controls 
median 2180.1 
pg/ml 

Plasma OXT was decreased in obese 
patients with pre-diabetes or type 2 diabetes 
mellitus compared to obese controls. 
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 (Al-Rawashdeh et 
al., 2017) 

Plasma EIA No No Obese non-
diabetic 
controls mean 
2323.42 pg/ml 

Plasma OXT was decreased in obese 
patients with pre-diabetes or type 2 diabetes 
mellitus compared to obese controls. OXT 
was negatively correlated with plasma 
betatrophin. 

 (Afinogenova et 
al., 2016) 

Serum  EIA No No Female mean 
1501 pg/ml 

Serum OXT was decreased in women with 
partially recovered anorexia nervosa, where 
OXT was also negatively associated with 
disordered eating psychopathology and 
anxiety symptoms. This group also had 
lower serum OXT compared to women with 
minimal or no symptoms. 

 (Szulc et al., 2016) Serum RIA Yes – reverse 
phase 
chromatography 

No Not reported Serum OXT was increased in men with 
metabolic syndrome compared to controls 
and was independently associated with an 
increased risk of metabolic syndrome. 

 (Daubenbuchel et 
al., 2016) 

Saliva EIA Yes – 
ultrafiltration 
(Amicon 3 kDa 
filter) 

68.4% spike 
recovery 

Control 
(fasting) 
median 3.35 
pg/ml 

Salivary OXT was lower in patients who had 
undergone surgical resection of grade 1 
(anterior hypothalamic) craniopharyngiomas 
vs. grade 0 and grade 2 lesions. Salivary 
OXT changes pre- and post-breakfast were 
lower in craniopharyngioma patients who 
were obese compared to those with normal 
BMIs, thereby showing less variation in 
relation to eating. 

 (Kuppens et al., 
2016) 

Serum EIA No No No controls No significant differences in serum OXT after 
intranasal OXT. Part of interventional study 
(see Table 6). 

 (Yuan et al., 2016) Serum EIA No No Mean 9.07 
pg/ml 

Serum OXT (and adiponectin) was lower in 
subjects with metabolic syndrome compared 
to matched controls. 

 (Johnson et al., 
2016) 

Plasma EIA No No Male (child) 
mean 64.3 
pg/ml 
Female (child) 

Plasma OXT was significantly increased in 
children with Prader-Willi syndrome. 
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mean 65.3 
pg/ml 

 (Monteleone et al., 
2016) 

Plasma EIA No No Not reported Plasma OXT was significantly reduced in 
anorexia nervosa but not bulimia nervosa. 

 (Striepens et al., 
2016)  

Saliva RIA No No 0-7.4 pg/ml Part of interventional study (see Table 6) 

 (Ahmed et al., 
2015) 

Plasma EIA No No Not reported Plasma OXT was not significantly different in 
patients with frontotemporal dementia. 

 (Lawson et al., 
2015b) 

Plasma  EIA No No Male mean 
965 pg/ml 

Part of interventional study (see Table 6). 
Note that plasma OXT did not increase with 
OXT administration. 

 (Kujath et al., 
2015) 

Plasma EIA No No Female mean 
251.19 pg/ml 

Plasma OXT was lower in women with type 
1 diabetes compared to healthy controls 
when controlling for caffeine and alcohol 
intake. Plasma OXT was also negatively 
correlated with lifetime hormonal 
contraceptive use in women with diabetes 
but positively correlated in controls. Plasma 
OXT was positively correlated with adiposity 
in women with diabetes and negatively 
correlated in controls. Plasma OXT was 
positively correlated with caffeine intake and 
negatively correlated with alcohol intake. 

 (Lawson et al., 
2014) 

Serum EIA No No Normal female 
mean 322 
pg/ml 

Serum OXT was positively correlated with 
weight, BMI and resting energy expenditure 
(REE) in amenorrhoeic female athletes, and 
with REE in eumenorrhoeic athletes but not 
controls. 

 (Qian et al., 2014) Serum  EIA No No Median 9.86 
pg/ml 

Serum OXT was lower in participants with 
type 2 diabetes vs those with normal glucose 
tolerance, and was lower in participants who 
were obese vs. those who were of normal 
weight. Serum OXT was negatively 
correlated with BMI, waist circumference, 
waist-to-hip ratio, HbA1c, fasting plasma 
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glucose, 2-hour plasma glucose, fasting 
insulin, 2-hour insulin, total cholesterol, 
triglycerides, LDL cholesterol, HOMA-IR, 
high-sensitivity CRP and positively 
correlated with HOMA-β, with independent 
associations between 2-hour plasma 
glucose, BMI and total cholesterol, and type 
2 diabetes. 

 (Lawson et al., 
2013b) 

Serum  EIA Yes – reverse 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Female mean: 
Fasted 16.4 
pg/ml 
Post-prandial 
peak 18.9 
pg/ml 

Mean postprandial serum OXT nadir was 
higher in women with anorexia nervosa than 
controls or anorexia nervosa-weight 
recovered women, whilst the mean 
postprandial serum OXT peak was lower in 
anorexia nervosa- weight recovered women. 
Leptin AUC and OXT AUC were negatively 
correlated in women with anorexia nervosa 
(whether weight-recovered or not). 

 (Lawson et al., 
2012) 

Serum EIA Yes – reverse 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

91% spike 
recovery 

Normal female 
(fasting) mean 
16.4 pg/ml 

Serum OXT was higher in patients with 
anorexia after a standardised mixed meal, 
but lower in weight-recovered patients. OXT 
was positively correlated with severity of 
disordered eating psychopathology and 
correlated with variance in fMRI activation of 
food motivation brain regions (hypothalamus, 
amygdala, hippocampus, orbitofrontal cortex, 
insula). 

 (Hoffman et al., 
2012) 

Plasma (with 
trasylol)/ urine/ 
saliva 

EIA Yes – reverse 
phase 
chromatography 
(80% 
acetonitrile/ 
Strata-X) 

93% spike 
recovery 

No controls Plasma and salivary OXT were positively 
correlated but plasma and urinary OXT were 
not in patients with anorexia nervosa. Recent 
self-induced vomiting weakened this 
correlation. 

 (Lawson et al., 
2011) 

Serum EIA Yes No Normal female 
mean 31.8 
pg/ml 

Nocturnal serum OXT lower in anorexia 
nervosa and were positively correlated with 
bone mineral density, %fat, fat mass, truncal 
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and extremity fat and fasting leptin 
concentrations, regardless of oestradiol 
levels. 

 (Borg et al., 2011) Plasma EIA No No Not reported Part of interventional study (see Table 6) 

 (Borg et al., 2009) Plasma EIA No No Not reported 
(range 50-550 
pg/ml) 

Plasma OXT rose after fatty meal in subjects 
with normal gastric emptying, but not if 
gastric emptying delayed.  

 (Hew-Butler et al., 
2008) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Normal 
baseline mean 
1.1-1.5 pg/ml 

Plasma OXT rose after prolonged endurance 
(ultramarathon) running. 

 (Ohlsson et al., 
2004a) 

Plasma RIA Yes – reverse 
phase 
chromatography 
(C-18) 

No Normal female 
mean 1.31 
pg/ml 

Intravenous cholecystokinin resulted in an 
increased In plasma OXT in women with and 
without a colectomy. 

 (Hoybye, 2004) Plasma RIA Yes – reverse 
phase 
chromatography 
(C-18) 

No No controls Similar conclusions as  (Hoybye et al., 2003) 
but no correlation between plasma OXT and 
any other appetite-regulating hormone 
found. 

 (Lee et al., 2003) Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Not reported Plasma OXT increased in response to 
serotonergic agent D-fenfluramine.  

 (Hoybye et al., 
2003) 

Plasma RIA Yes – reverse 
phase 
chromatography 
(C-18) 

No No controls Plasma OXT inappropriately “within the 
normal range” in adult Prader-Willi syndrome 
patients but no controls presented. A 
negative correlation was found between 
serum leptin and plasma OXT. 

 (Ohlsson et al., 
2002) 

Plasma RIA Yes – reverse 
phase 
chromatography 
(C-18) 

No Fasting female 
mean 1.01-
1.11 pg/ml 

Fatty meal and intravenous cholecystokinin 
increased plasma OXT.  

 (Le Melledo et al., 
2001) 

Plasma RIA Yes – normal 
phase 
chromatography 
(Florisil/ 70% 
acetone) 

No Follicular 
phase mean 
1.36-1.61 
pg/ml 
Luteal phase 

Cholecystokinin tetrapeptide (CCK-4) 
injections led to increase in plasma OXT 
(and AVP) concentrations, with no difference 
in phase of menstrual cycle.  
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mean 1.28-
1.80 pg/ml 

 (Frank et al., 
2000) 

CSF RIA Yes  - reverse 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Normal 
controls 6.31 
pg/ml 

No difference in CSF OXT between women 
recovering from bulimia nervosa/ anorexia 
nervosa with binge eating/ purging (CSF 
AVP higher in women recovering from 
anorexia nervosa with binge eating/ purging).  

 (Volpi et al., 
1998a) 

Plasma RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No Not reported C-peptide negative insulin-dependent 
diabetic patients have a higher plasma OXT 
response to insulin-induced hypoglycaemia 
compared to C-peptide positive patients, 
which is in turn higher than that of healthy 
controls. 

 (Martin et al., 
1998) 

CSF RIA Unclear No Normal female 
mean 5.14 
pg/ml 

CSF OXT was significantly higher in Prader-
Willi syndrome patients (whilst CSF AVP 
was lower), especially in females but 
controls had a lower ideal body weight %. 

 (Volpi et al., 
1998b) 

Plasma RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No Not reported Ondansetron (5-HT3 antagonist) reduces 
plasma AVP increase to insulin-induced 
hypoglycaemia but not plasma OXT. 

 (Chiodera et al., 
1998c) 

Plasma RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No Not reported Melatonin does not affect plasma OXT 
concentrations or plasma OXT rise in 
response to angiotensin II, but reduces the 
rise in plasma OXT to insulin-induced 
hypoglycaemia. 

 (Chiodera et al., 
1996) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No Not reported Plasma OXT (and AVP) responses to 
insulin-induced hypoglycaemia were 
significantly increased in the presence of a 
nitric oxide synthase inhibitor, the effect of 
which was reversed by sodium valproate 
(therefore the inhibitory effect of nitric oxide 
on OXT/ AVP responses is mediated via 
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GABA). 

 (Chiodera et al., 
1994b) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No Not reported Nitric oxide synthase inhibitor potentiated the 
increase in plasma OXT and AVP to insulin-
induced hypoglycaemia. 

 (Chiodera et al., 
1994a) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No Not reported Plasma OXT rose in response to insulin-
induced hypoglycaemia, angiotensin II 
infusion and subcutaneous apomorphine, but 
the response to apomorphine was reduced 
with age.  

 (Stock et al., 1993) Plasma RIA Yes – reverse 
phase 
chromatography 
(C-18) 

95.3% spike 
recovery 

Not reported Plasma OXT not affected by mixed meal 
tolerance test, with no difference in pregnant 
women (29-38 weeks) with and without 
gestational diabetes. No correlation between 
plasma OXT, maternal weight gain or infant 
birth weight. Tendency to correlation 
between baseline plasma OXT and maternal 
BMI (but non-significant). 

 (Chiodera et al., 
1992) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No None reported Plasma OXT (and AVP) rose in response to 
insulin-induced hypoglycaemia; this 
response was abolished by concomitant 
intravenous glucose (which crosses the 
blood-brain barrier) infusion but not 
intravenous fructose (which does not). 

 (Chiodera et al., 
1991b) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No None reported OXT increased in response to insulin-
induced hypoglycaemia and exogenous 
ethinyloestradiol in normal weight controls 
and bulimic subjects, but not in anorectic 
subjects until weight recovered to that of 
controls. 

 (Fisher et al., 
1991) 

Plasma 125I RIA Yes – normal 
phase 
chromatography 
(Florisil/ 70% 

No Fasting 
baseline mean 
2.01 pg/ml 

OXT increased in response to insulin-
induced hypoglycaemia, the effect of which 
was potentiated significantly by α-adrenergic 
blockade with phentolamine (similar AVP 
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acetone) response as well). 

 (Demitrack et al., 
1990) 

CSF (with 
trasylol) 

RIA Yes  - reverse 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

>95% spike 
recovery 

Normal fasting 
mean 8.01 
pg/ml 
Anorexia 
nervosa mean 
4.90 pg/ml 
Bulimia 
nervosa mean 
6.67 pg/ml 

On longitudinal study, CSF oxytocin 
increased with recovery of weight in anorexia 
nervosa or recovery of bulimia 

 (Johnson et al., 
1990b) 

Plasma RIA Yes – reverse 
phase 
chromatography 
(C-18) 

>90% spike 
recovery 

Follicular 
phase mean 
0.81-1.01 
pg/ml 
Luteal phase 
mean 1.01-
1.51 pg/ml 

No change in OXT to insulin-induced 
hypoglycaemia, whilst AVP rose. No effect 
from concurrent naloxone infusion. 

 (Chiodera et al., 
1989) 

Plasma RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

Yes  (Chiodera 
et al., 1984b) 

Not reported OXT response to insulin-induced 
hypoglycaemia enhanced by naloxone and 
inhibited by somatostatin 

 (Stock et al., 
1989b) 

Plasma (with 
trasylol) 

RIA Yes – reverse 
phase 
chromatography 
(C-18) 

No Normal female 
mean 10.07 
pg/ml 
Women on 
COCP 15.11 
pg/ml 

No difference in OXT concentrations pre- 
and post-breakfast 

 (Stock et al., 
1989a) 

Plasma RIA Yes Unclear N/A OXT concentrations are 4x higher in obese 
subjects (weight 130 kg) compared to lean 
controls, and decreased post-gastric banding 
but remained higher than controls 

 (Seckl et al., 
1988a) 

Plasma RIA Yes – reverse 
phase 
chromatography 

>90% spike 
recovery 

Normal male 
mean 1.51 
pg/ml 

OXT concentrations only increased to 
insulin-induced hypoglycaemia in the 
presence of naloxone, unlike AVP which 
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(C-18) increased regardless of the presence of 
naloxone 

 (Coiro et al., 
1988b) 

Plasma RIA Unclear No No absolute 
values 
reported 

Basal OXT concentrations not different 
between obese and lean subjects but OXT 
response to insulin-induced hypoglycaemia 
significantly lower in obese subjects, with 
recovery post-weight loss 

 (Paolisso et al., 
1988) 

Plasma RIA No No Normal male 
mean 4.008 
pg/ml 

Part of interventional study (see 
Supplemental Table 2) 

 (Fisher et al., 
1987) 

Plasma RIA Yes – normal 
phase 
chromatography 
(Florisil) 

No Normal male 
mean 7.05 
pg/ml 

OXT increased to mean of 15.11 pg/ml with 
insulin-induced hypoglycaemia 

 (Nussey et al., 
1986) 

Plasma RIA Yes – reverse 
phase 
chromatography 
(acetonitrile/ 4% 
acetic acid/ C-
18) 

82-89% spike 
recovery 
(Jenkins et al., 
1984) 

No absolute 
values 
reported 

Suggestion of increase in OXT 
concentrations to severe insulin-induced 
hypoglycaemia, but no response to 
hypertonic saline challenge 
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2.3.3. Interventional human studies of OXT in appetite, weight and 

metabolism (Table 6) 

Early studies examining the metabolic effects of intravenous OXT suggested 

that OXT resulted in hypoglycaemia and mobilisation of non-esterified fatty 

acids (NEFA) in peripartum and postpartum women (Burt and Leae, 1962; 

(Burt et al., 1963b; (Burt et al., 1963a; (Fairweather, 1965). One study 

additionally demonstrated that intravenous OXT augmented the insulin 

response to an intravenous glucose load, with a resulting lack of subsequent 

change in plasma glucose concentrations (Chiodera et al., 1984a). Later 

studies have shown that intranasal OXT attenuates the plasma glucose peak 

to an oral glucose tolerance test (OGTT), whilst having similar effects on 

serum insulin as OXT administered intravenously, particularly in the early 

phase response to a glucose load (Klement et al., 2017). Conversely, 

intravenous administration of the OXT antagonist atosiban appears to be 

associated with a transient peak in plasma glucose (Eriksson et al., 1990). 

This is in contrast to observational studies which have shown that 

hypoglycaemia can potentially stimulate an increase in plasma OXT 

concentrations (see Section 2.3.2). Indeed, the effects of intravenous OXT do 

not appear to be consistent, with other authors demonstrating no change or 

even an increase in plasma glucose and/ or insulin, and a reduction in serum 

NEFA concentrations in response to intravenous OXT (Spellacy et al., 1966; 

(Kashyap et al., 1976; (Chiodera et al., 1984a; (Holst et al., 1988; (Paolisso et 

al., 1988; (Paolisso et al., 1989; (Paolisso et al., 1990; (Vila et al., 2009). 

Others have shown that the mobilisation of NEFA in response to OXT 

administration is gender-specific, occurring particularly in women who were 

obese (Yano et al., 1972). Similarly, the effect of OXT on plasma glucagon 

concentrations is variable, with some authors reporting no change (Chiodera 

et al., 1984a), whilst others report an increase (Paolisso et al., 1988; (Paolisso 

et al., 1989; (Paolisso et al., 1990).  

 

Intravenous OXT administration has, however been shown to affect the 

secretion of other appetite-regulating hormones in humans. OXT has been 

shown to suppress the rise in serum leptin in response to dexamethasone 

administration in normal weight but not obese subjects (Chiodera et al., 2000). 
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Additionally it has been shown to suppress the orexigenic pathway by 

reducing ghrelin responses to fasting (Vila et al., 2009), baseline NPY 

secretion in men (Chiodera et al., 2001), and NPY responses to ghrelin and 

insulin-induced hypoglycaemia (Coiro et al., 2008; (Coiro et al., 2011b). 

Similar to the negative correlation between gastric emptying times and 

endogenous OXT secretion, intravenous OXT is associated with increased 

gastric emptying (Petring, 1989; (Borg and Ohlsson, 2012), although this 

finding is also variable (Borg et al., 2011).  

 

Overall, the effect of OXT on appetite and weight is likely to be anorexigenic. 

More recently the widespread use of the intranasal route for OXT 

administration has led to several studies analysing its effects on appetite and 

weight. Intranasal OXT has been shown to reduce food intake and BMI in 

men with common obesity, whilst in healthy men, it reduced caloric intake and 

post-meal snack consumption but with no change in subjective appetite or 

energy expenditure (Ott et al., 2013; (Zhang et al., 2013; (Lawson et al., 

2015b; (Thienel et al., 2016). A similar reduction in calorie consumption has 

been observed after intranasal OXT administration in patients with bulimia 

(but not anorexia) nervosa (Kim et al., 2015). However, one study involving 

intravenous OXT administration showed that OXT reduced satiety scores 

(Borg et al., 2011) whilst another showed no effect (Borg and Ohlsson, 2012). 

Intranasal OXT also appears to modulate higher cortical responses to food – 

in cohorts of patients with anorexia nervosa, OXT reduced attentional biases 

to eating-related stimuli (Kim et al., 2014b; (Leppanen et al., 2017a). Similarly, 

in healthy women, intranasal OXT was associated with a reduction in food 

craving, correlating with increased activity in the middle and superior frontal 

gyrus, precuneus and cingulate cortex (Striepens et al., 2016).
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Table 6: Interventional studies on the role of OXT in energy homeostasis and metabolism in humans. 

Study Route of 
administration 

OXT dose Outcome measure Comments 

 (Hsu et al., 2018) Intranasal 6 IU every 3 
days 
increasing 
to 6 IU daily 

Case report OXT resulted in weight loss in a male patient with 
craniopharyngioma and hypothalamic obesity, with 
improved satiety, decreased urgency to eat and 
decreased food preoccupation. Increasing OXT to 9 
IU per day worsened food seeking behaviours. 
Addition of naltrexone after 10 weeks had an 
additive effect. 

 (Russell et al., 
2018) 

Intranasal 18 IU twice 
daily for 4-6 
weeks 

Eating Disorders Examination (EDE) scale, 
Brixton Activation and Stroop Tasks, AN 
Stages of Change Questionnairs (ANSOCQ), 
Liebowitz Social Anxiety Scale (LSAS), 
Obsessive-Compulsive Inventory – Revised 
(OCI-R), Autism Spectrum Quotient (AQ), 
Reading the Mind in the Eyes Test (RMET), 
Wisconsin Card Sorting Test (WCST), State-
Trait Anxiety Inventory (STAI), after eating a 
high-energy snack, salivary OXT and cortisol 

OXT did not affect weight gain in women with 
anorexia nervosa, but reduced the EDE eating 
concern subscale and cognitive rigidity scores, and 
reduced salivary cortisol in anticipation of an 
afternoon snack. Baseline plasma OXT 
concentrations did not change after intranasal OXT 
(but peaked 35 minutes immediately after dose). 

 (Miller et al., 2017a) Intranasal 16 IU daily 
for 5 days 

24 hour dietary recall, weight, plasma 
acylated/ unacylated ghrelin, cortisol, insulin, 
leptin, orexin-A, OXT, Aberrant Behaviour 
Checklist (ABC), Repetitive Behaviour Scale- 
Revised (RBS-R), Social Responsiveness 
Scale (SRS), Dykens Hyperphagia 
Questionnaire (HQ), Clinical Global 
Impression (CGI) scale 

OXT was associated with a non-significant trend in 
improvement in all scales assessed (including HQ 
scores), but with no significant change in weight or 
dietary intake (trend towards reduced carbohydrate 
intake).  

 (Leppanen et al., 
2017a) 

Intranasal 40 IU Smoothie intake, salivary cortisol, visual probe 
task for food stimuli, visual analog scale for 
anxiety 

OXT reduced salivary cortisol and altered anomalies 
in attentional avoidance towards food in patients 
with anorexia nervosa but not controls, with no 
change in feelings of anxiety, with no impact on 
smoothie intake. 

 (Tauber et al., Intranasal 4 IU every Neonatal Oral-Motor Assessment Scale Note no placebo control group (phase 2 dose-
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2017) other day to 
twice daily 
for 7 days 

(NOMAS), dynamic videofluoroscopy, Clinical 
Global Impression (CGI) scale of feeding 
behaviour, Alarm Distress Baby (ADB) scale, 
Coding Interactive Behaviour (CIB) scale, 
resting state fMRI, fasted plasma acylated & 
unacylated ghrelin 

escalation study) for infant Prader-Willi syndrome 
study. OXT improved NOMAS across the whole 
group with improvements on video fluoroscopy. OXT 
also improved total CGI, total ADB and CIB 
subscores for parental sensitivity, dyadic reciprocity, 
child social engagement and child state. OXT 
increased connectivity in the right superior 
orbitofrontal cortex. OXT did not change auxological 
parameters (height, weight, BMI), but increased 
acylated ghrelin with no change in unacylated 
ghrelin. 

 (Klement et al., 
2017) 

Intranasal 24 IU Glucose, insulin, C-peptide, ACTH, cortisol, 
glucagon in response to oral glucose 
tolerance test (OGTT) 

OXT attenuated peak plasma glucose to OGTT and 
augmented the early rise in insulin and C-peptide 
but dampened their peak, resulting in increased 
beta-cell responsivity, and improved glucose 
tolerance. 

 (Thienel et al., 
2016) 

Intranasal 24 IU Ad libitum food intake over 30 minutes with 
casual snack intake 95 minutes after, olfactory 
function, serum insulin, C-peptide, cortisol, 
GH, plasma glucose, lactate, ACTH, non-
esterified fatty acids 

OXT reduced hunger-driven food intake in the 
fasted state in obese but not normal weight men, 
with a reduction in snack intake, blunting of the 
hypothalamo-pituitary-adrenal axis and postprandial 
glucose peak, with no change in energy expenditure 
in both groups. 

 (Kuppens et al., 
2016) 

Intranasal 12-24 IU 
twice daily 
for 4 weeks 

Dykens Hyperphagia Questionnaire, OXT 
Study Questionnaire, serum thyroid function 
tests, plasma OXT 

OXT was associated with lower reported anger, 
sadness, conflicts and food-related behaviour and 
improvements in social behaviour in children <11 
years with Prader-Willi syndrome, whilst it was 
associated with reduced happiness and sadness in 
children >11 years, but with no change in actual 
food intake. 

 (Striepens et al., 
2016)  

Intranasal 24 IU Food craving Visual Analogue Scale 
fMRI changes 
 

OXT reduced craving score in relation to thinking 
about long-term consequences of food, correlating 
with increased activity in middle/ superior frontal 
gyrus, precuneus and cingulate cortex. 

 (Kim et al., 2015) Intranasal 40 IU Food intake by food diary OXT decreased calorie consumption in patients with 
bulimia nervosa but not anorexia nervosa. 



 123 

 (Lawson et al., 
2015b) 

Intranasal 24 IU Caloric intake, visual analogue scales of 
appetite, plasma glucose, serum triglycerides, 
OXT, cholecystokinin, insulin, leptin, PYY, 
plasma ghrelin, resting energy expenditure 
(REE) 

OXT reduced caloric intake in healthy men and 
increased cholecystokinin without affecting appetite 
or REE. OXT also shifted metabolism to fat 
utilisation and increased sensitivity. 

 (Kim et al., 2014b) Intranasal 40 IU Attentional biases towards modified dot probe 
task 

OXT reduced attentional biases to eating-related 
stimuli and negative shape stimuli in participants 
with anorexia nervosa, with responses correlating 
with autistic traits. 

 (Ott et al., 2013) Intranasal 24 IU Calorimetry, visual analogue scale of hunger, 
thirst and mood, ad libitum food intake, 
olfactory function, snack test, serum insulin, 
C-peptide, cortisol, GH, leptin, glucose, total 
ghrelin, GLP-1 

OXT reduced snack consumption after a meal, and 
attenuated rise in postprandial ACTH, cortisol and 
glucose, with no change in energy expenditure, 
hunger-driven food intake, or olfactory function. 

 (Zhang et al., 2013) Intranasal 24 IU four 
times daily 
for 8 weeks 

Body weight, BMI, waist & hip circumference, 
liver and renal function tests, lipid profiles 

OXT reduced body weight, BMI, waist and hip 
circumferences, and improved liver and lipid profiles 
in obese participants. 

 (Borg and Ohlsson, 
2012) 

Intravenous 40-80 
mU/min 
throughout 
test 

Gastric emptying scintigraphy and visual 
analogue score (VAS) for satiety. 

OXT prolonged gastric emptying in patients with 
diabetes mellitus and gastroparesis, with no change 
in VAS for satiety. (although note not all patients 
had gastroparesis at the time of the infusions). 

 (Coiro et al., 2011b) Intravenous 2 mU/min 
for 45 
minutes 

Plasma NPY, glucose OXT reduced the NPY increase to insulin-induced 
hypoglycaemia with no change in blood glucose 
response. 

 (Borg et al., 2011) Intravenous 20-160 mU/ 
min 
throughout 
test 

Visual Analogue Scale of satiety during slow 
satiety drinking test, gastric emptying test 

OXT reduced satiety scores up to infusion rates of 
40 mU/min without any difference in volume of liquid 
nutrient intake or gastric emptying times.  

 (Vila et al., 2009) Intravenous 0.6 
mIU/kg/min 
for 90 
minutes 

Plasma total ghrelin, glucose, free fatty acids 
(FFAs) 

OXT abolished the physiological increase in total 
ghrelin to fasting and attenuated the response to 
lipopolysaccharide (LPS) administration with a 
delayed peak. OXT also increased the surge in 
FFAs in response to fasting and attenuated the 
response to LPS. Lastly, OXT increased plasma 
glucose slightly in response to fasting and LPS. 
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 (Coiro et al., 2008) Intravenous 2 mIU/min 
for 105 
minutes 

Ghrelin-stimulated plasma NPY  OXT abolished the stimulatory effect of ghrelin on 
NPY. 

 (Chiodera et al., 
2001) 

Intravenous 0.5-2 IU 
over 30 
minutes 

Plasma neuropeptide Y (NPY) OXT at a dose of 1-2 IU/30 minutes suppressed 
plasma NPY in men. 

 (Chiodera et al., 
2000) 

Intravenous 1-4 mIU/min 
for 10 hours 

Serum leptin, insulin and plasma glucose OXT at a dose of 2-4 mIU/min suppressed the 
dexamethasone-induced rise in serum leptin in 
normal weight but not obese subjects. 

 (Paolisso et al., 
1990) 

Intravenous 0.2 IU/min 
for 4 hours 

Plasma glucose, insulin, glucagon, C-peptide 
(using glucose clamp studies) 

OXT increased plasma glucose in a dose-response 
manner between doses of 0.1-0.2 IU/min. OXT at a 
rate of 0.2 IU/min caused an early significant 
increase in plasma glucagon, and a delayed 
increase in plasma insulin, as well as an increase in 
endogenous hepatic glucose production and a 
transient increase in plasma glucose. During 
euglycaemic glucose clamp, OXT only transiently 
increased plasma glucose with no change in plasma 
insulin, glucagon or C-peptide vs controls. 

 (Eriksson et al., 
1990) 

Intravenous 10 nmol/kg 
atosiban 
over 1 
minute 

Plasma glucose, glycerol Non-significant transient peak in glucose and 
glycerol concentrations in response to atosiban 

 (Petring, 1989) Intravenous 0.33 IU/min 
for 30 
minutes 

Gastric emptying (by 99Tc activity) OXT increased gastric emptying compared to 
placebo, but this is not opioid-mediated as 
pethidine-induced delayed gastric emptying not 
affected by OXT 

 (Paolisso et al., 
1989) 

Intravenous 0.2 IU/min 
for 1 hour 

Plasma glucose, glucagon, adrenaline, 
noradrenaline, GH, cortisol, C-peptide 

OXT increased glucagon, adrenaline and glucose 
and suppressed cortisol concentrations, and 
potentiated these responses in response to insulin-
induced hypoglycaemia in patients with type 1 
diabetes, with a lesser potentiation in patients with 
impaired counter-regualation. GH and noradrenaline 
did not respond to OXT.  

 (Nussey et al., Intravenous 2 IU then Plasma glucose, cortisol, GH, ACTH, prolactin OXT did not affect responses of cortisol/ GH/ ACTH 
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1988c) 111 mU/min 
for 2 hours 

to insulin-induced hypoglycaemia 

 (Holst et al., 1988) Intravenous 10 
IU/kg/min 

Plasma VIP, insulin, secretin, somatostatin, 
motilin, pancreatic polypeptide, gastric 
inhibitory polypeptide 

OXT increased plasma VIP (with milder increase in 
motilin and pancreatic polypeptide) and decreased 
plasma secretin with no effect on plasma 
somatostatin, insulin, GIP and glucose 

 (Chiodera et al., 
1984a) 

Intravenous 1 IU then 2 
IU/hr 
infusion or  
2 IU then 4 
IU/hr 
infusion 

Plasma glucose, insulin, glucagon and 
cortisol, serum GH 

No change in basal glucose, insulin, glucagon, 
cortisol or GH concentrations; no change in post-
IVGTT glucose, glucagon, cortisol or GH 
concentrations but significantly increased insulin 
response to IVGTT on higher dose of OXT  

 (Kashyap et al., 
1976) 

Intravenous Not stated Blood glucose, serum insulin, serum NEFA, 
plasma lactate 

Serum NEFA was significantly lower and serum 
insulin significantly higher in OXT-induced vs. 
spontaneous labour, with no different in glucose or 
lactate 

 (Yano et al., 1972) Buccal/ 
intramuscular 

Single dose 
100 IU 
buccal/ 5 IU 
IM 

Plasma NEFA Plasma NEFA and triglycerides decrease in men 60 
minutes after OXT administration, but increase in 
women. Same effect observed when administered 
intramuscularly. The increase in NEFA was more 
marked in patients with obesity. 

 (Spellacy et al., 
1966) 

Intravenous Single dose 
10 IU  

Blood glucose, plasma insulin OXT did not cause any change in glucose or insulin 
concentrations in postpartum women 

 (Fairweather, 1965) Intravenous Continuous 
infusion 0.3-
12 IU 

Blood glucose, NEFA OXT tended to cause glucose concentrations to 
slightly fall in induced vs. spontaneous labour, no 
difference in NEFA concentrations between induced 
vs. spontaneous labour. However another patient 
receiving 83 IU of OXT had marked increase of 
NEFA and hypoglycaemia after administration. 

 (Burt and Leae, 
1962; (Burt et al., 
1963b; (Burt et al., 
1963a) 

Intravenous Single dose 
0.01-0.4 
IU/kg  

Blood glucose, phosphate, NEFA OXT caused hypoglycaemia and mobilisation of 
NEFA (?due to hypoglycaemia) in post-partum 
women (but not in controls), and caused reduction in 
phosphate in controls 
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Disappointingly, in patients with defined HyOb syndromes, the effect of 

intranasal OXT has, however, been underwhelming. In infants and children 

with Prader-Willi syndrome, intranasal OXT was associated with a reduction in 

food-related behaviour but with no significant reduction in food intake, weight 

or BMI (Kuppens et al., 2016; (Miller et al., 2017a; (Tauber et al., 2017). 

Similarly, intranasal OXT demonstrated no effect on appetite in a 

craniopharyngioma survivor (Cook et al., 2016). Arguably, this may be related 

to the dose of OXT administered, as one group of authors showed that in a 

patient with craniopharyngioma and HyOb, intranasal OXT at a dose of up to 

6 IU daily resulted in weight loss and an improvement in satiety, but the 

reverse effect occurred when the dose was increased to 9 IU daily (Russell et 

al., 2018). 

 

2.4. Pharmacokinetics of peripheral vs. CNS OXT (Table 7) 

Many of the difficulties in interpreting OXT-related studies stem from the fact 

that the differentiation of its peripheral versus CNS effects is poorly 

understood. The relationship between endogenous peripheral and CSF OXT 

concentrations is firstly unclear, with conflicting evidence between studies, 

which may be related to the techniques used in measuring OXT in various 

biological fluids (see Section 3.1). Carson et al. (2015) demonstrated a strong 

positive correlation between plasma and CSF OXT in adults and children, 

although some of the patients in this study had diagnoses which would 

potentially increase the permeability of the blood-brain barrier such as 

meningitis and leukaemia. In another study of adult patients with headache 

undergoing lumbar puncture by Wang et al. (2013b), a positive correlation 

was also found. A similar study analysing relationships between plasma and 

CSF AVP (the other neurohypophyseal nonapeptide) in neonates undergoing 

lumbar punctures for suspected sepsis also showed a positive relationship, 

but no similar study has been published on OXT in this specific cohort 

(Carson et al., 2014). However, several other studies have equally 

demonstrated no correlation between plasma and CSF OXT in different 

cohorts of adult participants (Takeda et al., 1985; (Altemus et al., 2004; 

(Jokinen et al., 2012; (Kagerbauer et al., 2013; (Martin et al., 2014). The study 
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of the relationships between plasma OXT and concentrations in other 

peripheral biological fluids have also been examined. Studies have shown 

variable correlations between serum or plasma and salivary OXT 

concentrations (Feldman et al., 2010a; (Grewen et al., 2010; (Feldman et al., 

2011; (Hoffman et al., 2012; (Behr et al., 2017). Contrastingly, plasma and 

urinary OXT concentrations have been shown not to correlate (Hoffman et al., 

2012; (Weber et al., 2017a). 

 

Coupled with this, the pharmacokinetics of peripherally administered OXT 

being transported across the blood-brain barrier to act centrally are also not 

fully elucidated. Several lines of evidence in mice and rats suggest that 

central secretion of OXT is under a positive feedback loop from the peripheral 

circulation. Intraperitoneal administration of OXT is able to stimulate central 

OXT secretion and c-fos expression in the OXT neurons of the PVN, SON 

and NTS; one of the few situations where a hormone positively feeds back on 

itself (Carson et al., 2010; (Maejima et al., 2011; (Zhang and Cai, 2011; 

(Morton et al., 2012; (Ho and Blevins, 2013), emulating what occurs centrally 

with intracerebroventricular OXT (Deblon et al., 2011). There is additionally 

some suggestion that OXT can cross the blood-brain barrier when present in 

high enough concentrations in rats, particularly in areas where the barrier is 

leaky (Mens et al., 1983; (Ermisch et al., 1985). 

 

Despite this, similar results have not been emulated in humans. Human CSF 

pharmacokinetic studies after peripherally administered OXT are obviously 

difficult to conduct, in view of the need for repeated lumbar punctures, and 

only one study has ever been performed examining this very issue, showing 

that 24 IU of intranasal OXT resulted in a rise in CSF OXT at 75 minutes post-

administration, but this was in a very small study of only 11 subjects 

(Striepens et al., 2013). It remains unclear, however, whether the OXT 

detected in the CSF in this study originated from exogenous administration, or 

arose as a result of the positive feedback loop described in rodent models. To 

date, no studies have been conducted examining the CSF pharmacokinetics 

of peripherally administered, labelled OXT to determine whether and how it 

crosses the blood-brain barrier. Contrastingly, several authors have 
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demonstrated a rise in plasma and salivary OXT concentrations after 

intranasal OXT administration at doses of 12-40 IU, with peak concentrations 

occurring at about 15-60 minutes and 15-30 minutes post-administration 

respectively (Gossen et al., 2012; (Weisman et al., 2012a; (Striepens et al., 

2013; (Kirkpatrick et al., 2014; (Daughters et al., 2015; (Spengler et al., 

2017b). Doses below 12 IU have not been shown to cause a significant rise in 

plasma OXT concentration (Quintana et al., 2017). Other studies have, 

however, shown that plasma OXT does not increase after intranasal OXT 

administration, although as these were not primarily pharmacokinetic studies, 

the timing of plasma sampling may have been an issue (Rilling et al., 2012; 

(Lawson et al., 2015b; (Kuppens et al., 2016; (Lee et al., 2016; (Quintana et 

al., 2017).  
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Table 7: Pharmacokinetic studies of exogenously administered OXT in humans. 

Study Route of 
administration 

OXT dose Outcome measure Comments 

 (Fernando et al., 
2017) 

Inhaled/ 
intramuscular 

30-360 IU 
INH/ 10 IU 
IM 

Plasma OXT at 0, 3, 5, 10, 20, 30, 45, 60, 90, 
120, 150, 180, 240, 480 minutes 

Peak OXT from intramuscular injection occurred at 
0.09-0.34 hours post injection, whilst with the 
inhaled route peak OXT was achieved at 0.05-0.50 
hours, with 240 IU INH being equivalent to 10 IU IM. 
Plasma OXT was detectable up to 4 hours after IM 
administration and after 2.5-4 hours after INH 
administration with doses between 120-360 IU. 

 (Nielsen et al., 
2017) 

Per-vaginal 
and 
intravenous 

100-400 IU 
PV daily for 
15 days – 7 
weeks 
10 IU IV 

Study 1: Plasma OXT on day 1 (400 IU PV 
daily for 15 days), day 15 and day 22 (10 IU 
IV) (at -60, -30, 0, 15, 30, 60, 90, 120, 180, 
210, 270, 300, 360 and 480 minutes) as well 
as single measurements on day 5, 8, 12, 16, 
19, 23 and 26 
Study 2: Plasma OXT on day 1 (100/ 400 IU 
PV daily for 7 weeks) and day 14 (at 0, 30, 60 
and 120 minutes) 

Double peak profile following PV administration (2-
compartment model). Half-life of PV route was 5.5 
minutes with only 2.5% bioavailability.  

 (Spengler et al., 
2017b) 

Intranasal 12-48 IU  Plasma/ salivary OXT at 0, 15, 45, 80 and 105 
minutes 

12 IU OXT led to lower peak concentrations 
compared to 24 and 48 IU doses which were 
comparable. Peak concentrations were achieved 
between 20-40 minutes post-administration. Part of 
interventional study (see below). 

 (Quintana et al., 
2017) 

Intranasal 8-24 IU  Plasma OXT at 40 minutes Only 24 IU OXT (but not 8 IU) was associated with 
an increase in peripheral plasma OXT 
concentrations. Part of interventional study (see 
below). 

 (Hoffmann et al., 
2017) 

Intranasal 24 IU  Salivary OXT at 45 minutes, urinary OXT at 
90 minutes 

Both salivary and urinary OXT increased after 
intranasal OXT in patients with craniopharyngioma. 
Part of interventional study (see below). 

 (Busnelli et al., 
2016) 

Intranasal 40 IU daily 
for 4 
months 

Plasma OXT at 0 and 4 months Plasma OXT (and AVP) did not change after 4 
months of chronic intranasal OXT in patients with 
schizophrenia. 
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 (Eisenach et al., 
2015) 

Intrathecal 8.98-89.82 
IU  

CSF OXT at 0 and 60 minutes post-
administration 

CSF OXT increased in a dose-dependent manner to 
intrathecal injection. 

 (Daughters et al., 
2015)  

Intranasal 24 IU  Salivary OXT concentrations at 0, 30, 60, 90, 
105, 108 minutes post-administration 

Peak salivary OXT 30 minutes after administration 
with salivary concentrations of 999.5±814.0 pg/ml 

 (Kirkpatrick et al., 
2014) 

Intranasal 20-40 IU  Plasma OXT concentrations at 0, 30, 60, 90, 
210 minutes post-administration 

Peak plasma OXT 30-60 minutes after 
administration with peak concentrations of 48 pg/ml. 

 (Striepens et al., 
2013) 

Intranasal 24 IU  Plasma OXT concentrations at -5, 15, 30, 45, 
60, 75 and 90 minutes & CSF OXT at 45, 60 
and 75 minutes post-administration 

Peak plasma OXT 15 minutes after administration 
with decrease at 75 minutes and peak CSF OXT 75 
minutes after administration.  

 (Gossen et al., 
2012) 

Intranasal 26 IU  Plasma OXT concentrations at 0, 30, 90, 150, 
210 minutes after administration 

Peak OXT 30 minutes after administration with 
plasma concentrations of 5.51±1.26 pg/ml, and 
returning to baseline after 90 minutes in most 
participants apart from one which had persistent 
raised OXT at 210 minutes. 

 (Weisman et al., 
2012a) 

Intranasal 24 IU I Salivary OXT concentrations at 0, 15, 30, 45, 
60, 80, 100, 120, 180, 240 minutes post-
administration 

Peak OXT 15 minutes after administration with 
salivary concentrations of 1265.46±466.99 pg/ml, 
and persistently higher levels at 240 minutes. 

 (Yamaguchi et al., 
2011) 

Intravenous 10 IU/ 30 
min; 10 IU/ 
3 min, 80 
IU/ 30 min  

OXT concentrations at 0, 5, 30, 60 minutes 
after administration and cord clamping 

OXT concentration significantly higher after 80 IU 
infusion at 30 minutes compared to both lower 
infusion rates, and higher at 5 minutes compared to 
lowest infusion rate. 

 (De Groot et al., 
1995) 

Intravenous, 
sublingual 

1 IU IV/ 400 
IU SL 

OXT concentrations at -10, -5, 0, 10, 20, 30, 
40, 50, 60, 90, 180, 240, 270, 300 (also 3 & 5 
for IV) minutes post-administration 

Two-compartment model for IV OXT vs. one-
compartment model for SL OXT. Peak OXT for SL 
OXT 0.48-1.34 hours post-administration with 
plasma concentrations of 3090-7860 pg/ml. 
T1/2 0.11-0.74 hours (IV) vs. 0.43-2.91 hours (SL) 

 (Vankrieken et al., 
1983) 

Intravenous 2 IU  OXT concentrations at 0, 30, 60, 120, 180, 
240, 300, 420, 600, 720, 900, 1200, 1500, 
1800 minutes post-administration 

Peak OXT 30-60 seconds after administration with 
peak plasma concentrations of 226.2±66.6 pg/ml 
(males) and 181.2±22.0 pg/ml (females), and a 
return to baseline after 25-30 minutes. 
T1/2 6 min 22 secs (males); 6 min 53 secs (females) 
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2.5. Conclusion 

Our understanding of the role of OXT has been vastly extended beyond its 

traditional functions in human parturition, lactation and reproduction since its 

identification in the 1950s. Immunohistochemistry studies demonstrating the 

wide expression of both OXT and OXTR genes across the CNS and in 

various tissues strongly suggest that OXT plays a role in a multitude of 

functions in humans, with numerous studies supporting its function in 

regulating the hypothalamopituitary-adrenal axis, modulating human 

behaviour and a wide variety of psychiatric disorders, as well as in pain 

perception. Animal models have also additionally strongly suggested that OXT 

plays a role in regulating appetite, metabolism and energy homeostasis, 

where it predominantly appears to act as an anorexigen and to increase 

energy expenditure. Despite this, however, we are only beginning to elucidate 

how OXT integrates with appetite-regulating pathways which have previously 

been identified, but it seems likely that it acts downstream and independently 

of leptin. These findings have proven much more difficult to translate to 

humans, where similar studies have not been emulated consistently. Studies 

which have been published do suggest a predominantly anorexigenic (rather 

than energy expending) effect. Disappointingly, the results of OXT 

administration on appetite and weight in humans has been mixed, but this 

may be due to the fact all these studies utilise intranasal OXT, which has an 

as yet unquantified ability to cross the blood-brain barrier and/ or influence 

CSF OXT concentrations. As shall be seen in Chapter 4, all of the 

observational OXT data discussed above are further confounded by the lack 

of a consensus on what constitutes an optimal OXT immunoassay, and 

therefore the findings of several of these studies need to be interpreted 

conservatively. 
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RESEARCH AIMS & OBJECTIVES 

 

To date, no previous studies comparing the plasma physiology of appetite-

regulating hormones involved in the hypothalamic-gut-adipose tissue circuit in 

obese and lean children with and without hypothalamic structural disorders, 

where deficiencies in some of these hormones would be predicted, have ever 

been published. The overarching hypothesis being tested by this research 

was that children with HyOb exhibited more severe dysregulation of eating 

behaviours and appetite-/ weight-regulating endocrine physiology compared 

to common obesity. More specifically, it set out to establish any differences in 

the appetite-regulating endocrine biochemistry in these different cohorts, their 

relationship with the HyOb phenotype and other features of the hypothalamic 

syndrome, and to elucidate whether and how OXT is involved in these 

neuroendocrine circuits, in order to identify potential therapeutic targets for the 

management of HyOb, or even common obesity.  

 

To this end, the objectives of this thesis were therefore threefold: 

 To develop and optimise a reliable and valid EIA-based technique for 

measurement of plasma OXT (Chapter 4) 

 To recruit and phenotype a cohort of obese and lean children with and 

without hypothalamic structural disorders with reference to their 

appetite, auxology, and the presence of other features of the 

hypothalamic syndrome (Chapter 5) 

 To correlate the clinical phenotype of these children with the plasma 

and serum concentrations of various appetite-regulating hormones, 

including OXT (Chapter 5).  
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CHAPTER 3: OPTIMISATION OF A PLASMA OXT 

IMMUNOASSAY 

3.1 Background 

As a nonapeptide present in concentrations 100 million to ten billion times 

lower (pg/ml vs. g/l) than albumin, the most abundant protein in human 

plasma, measuring plasma OXT concentrations accurately has proven 

difficult, and there is a lack of consensus in the literature as to the optimum 

assay conditions that should be used (Lawson, 2017). The large variability in 

the relationships between measured OXT concentrations in biological fluids 

and various aspects of human physiology and behaviour reported in the 

observational studies described in Chapter 2 probably arises from this, and 

therefore any research attempting to measure such associations should 

perform validation work on the assay techniques used to ensure at least 

internal consistency. Early attempts at measuring OXT were based on 

bioassays, i.e. applying the biological fluid of interest on rat or guinea pig 

uterine or mammary gland tissue to determine its efficacy in causing 

contractions (Croxatto et al., 1948; (Dicker and Tyler, 1956; (Hawker, 1956; 

(Ryden, 1966; (Mathur and Walker, 1968; (Kumaresan et al., 1969; (Frandsen 

and Jensen, 1971; (Robinson and Walker, 1979). However, such assay 

techniques were limited in their ability to measure the actual quantity of OXT 

in the sample, being by nature only able to detect its biological activity.  

 

The discovery of antibodies and development of radio- (RIA) and 

subsequently enzyme-based immunoassays (EIA) has subsequently led to 

the development of numerous, relatively cheap, commercially-available kits 

which have been utilised in a wide variety of studies. A summary of RIA and 

EIA-based studies reporting plasma or serum concentrations in healthy 

humans is outlined in Table 8. These assays, however, come with their own 

limitations, and are variable in sensitivity and specificity, meaning that results 

obtained cannot always be compared across studies (see Section 3.1.3). A 

review of the literature also reveals that the plasma and serum samples 

analysed in these reports have undergone widely varying methods in pre-
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analytical sample processing, including the addition of acid and/ or protease 

inhibitors at the point of collection (see Section 3.1.1), and/ or various sample 

extraction processes (see Section 3.1.2). Importantly, not all of these studies 

report whether internal validation of these techniques have been carried out to 

ensure at least internal consistency of the results reported.  

 

3.1.1 Stability of OXT in human plasma/ serum 

OXT has a short half-life in human plasma, due to the presence of 

oxytocinase (a leucine/ cysteine aminopeptidase), which cleaves the N-

terminal cysteine from the adjacent tyrosine residue in human OXT (Tsujimoto 

and Hattori, 2005). Several studies have utilised a variety of protease 

inhibitors to increase the stability of OXT in plasma, but once again there has 

been no consensus as to which cocktail of protease inhibitors should be used, 

or indeed if any should be used at all. To date, only one study by Burd et al. 

(1987) has attempted a head-to-head comparison of different protease 

inhibitors on OXT concentrations in humans, using heparinised plasma from 

pregnant women in the first stage of labour for analysis. In this study, 

iodinated (125I) synthetic OXT was added to plasma in the presence of the 

inhibitors aprotinin (Trasylol® a serine protease inhibitor), bacitracin (a non-

specific protein disulfide isomerase inhibitor), glutathione (a metalloproteinase 

inhibitor), phenanthroline (a metalloproteinase inhibitor), 

ethylenediaminetetraacetic acid (EDTA, a metalloproteinase, leucine 

aminopeptidase and carboxypeptidase inhibitor), or hydrochloric acid (HCl, via 

non-specific enzyme denaturation), revealing that near complete oxytocinase 

inhibition was achieved with 1M HCl (10% degradation at 1 hour)  or 2.5M 

phenanthroline (11% degradation at 1 hour). Without elaborating further, 

however, the authors describe that both of these inhibitors “interfered 

substantially in the OXT RIA” and performed further experiments to show that 

a combination of 1M EDTA and 0.125M phenanthroline achieved similar 

results (7% degradation at 1 hour) with less interference. Plasma OXT 

concentrations with this combination were relatively stable at -20°C for up to 

seven weeks, exhibiting only 16% degradation. This study has, however, 

never been replicated, and it is therefore difficult to ascertain whether the 

same issues with assay interference would be observed in today’s RIAs and 
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EIAs. The commonest protease inhibitor in use in many studies analysing 

plasma OXT is aprotinin (see Table 8). 

 

3.1.2 Issues around plasma/ serum extraction of OXT 

Sample extraction is a commonly used pre-analytical process to eliminate or 

reduce the concentration of entities which may interfere with the assay of 

interest. This technique is often combined with a sample concentration step, 

aimed at conversely increasing the concentration of the analyte of interest in 

the sample, in order to improve the accuracy of measurement, particularly in 

situations where the analyte is found in low concentrations. In the case of 

OXT, numerous efforts have been made to try to reduce the interference of 

other larger, more abundant proteins and the effect of plasma protein binding, 

but these processes have neither been validated for consistency across 

studies nor standardised, and the necessity of this process is widely debated 

(Szeto et al., 2011; (McCullough et al., 2013; (Brandtzaeg et al., 2016; 

(Lawson, 2017). Commonly used techniques in the literature include plasma 

chromatography (also known as solid phase extraction (SPE)), liquid-liquid 

extraction or ultrafiltration.  

 

The commonest technique used, SPE, is defined by the presence of a mobile 

phase (usually a liquid), being passed through a stationary solid phase which 

has differing affinities to either the analyte of interest or the impurities to be 

removed (Krishnan and Ibraham, 1994; (Supelco Inc., 1998). “Normal phase” 

SPE is defined by the presence of a relatively more polar, hydrophilic 

stationary phase (e.g. Oasis HLB, silicates such as Florisil, Fuller’s earth, 

Vycor and LiChroprep Si60), and is generally used to capture polar analytes 

of interest from a relatively non-polar matrix, which is then eluted using a polar 

solvent (e.g. acetone, ether, methanol). Conversely, “reversed phase” SPE is 

defined by a non-polar, hydrophobic stationary phase (e.g. C-18, C-8), where 

the non-polar analyte of interest is extracted from a polar matrix and then 

eluted by a relatively less polar solvent (e.g. acetonitrile). A hybrid version of 

the two techniques, known as hydrophilic interaction liquid chromatography 

(HILIC), utilises a polar stationary phase with a non-polar solvent (Johnsen et 

al., 2015).  
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Other SPE techniques include ion exchange chromatography (where the 

stationary phase (e.g. diethylaminoethyl (DEAE) Sephadex) and analyte of 

interest interact through oppositely charged groups, and elution occurs 

through alteration of the pH of the surrounding mobile phase leading to an 

alteration in charge), affinity chromatography (where the stationary phase and 

analyte of interest interact much more specifically, e.g. through the use of 

antibodies) (Torok et al., 1994), and gel filtration chromatography (where the 

stationary phase consists of pores permitting the trapping of molecules of 

different sizes which can then be eluted). High performance liquid 

chromatography (HPLC) is a SPE technique involving passing the mobile 

phase through the stationary phase at high pressure, thereby speeding the 

process up, usually in combination with other analytical techniques such as 

mass spectrometry (Dixon and Stoll, 1976).  

 

Other plasma extraction techniques which have been used to purify OXT from 

human plasma include liquid-liquid extraction, where two non-miscible liquids 

with different degrees of hydrophilicity/ polarity (e.g. acetone/ petroleum ether, 

acetone/ petroleum benzene) are used to extract the analyte of interest based 

on its increased solubility in one of the liquids. Some authors have 

successfully used ultrafiltration using 3 kDa filters to remove higher molecular 

weight molecules from plasma prior to analysis for OXT (Pequeux et al., 2001; 

(Andari et al., 2010; (Andari et al., 2014; (Daubenbuchel et al., 2016), but 

others have found that these simple filtration techniques do not lead to 

consistent recovery rates (Brandtzaeg et al., 2016). 

 

However, similar to the use of protease inhibitors, the multitude of techniques 

used have rarely ever been analysed in a head-to-head fashion. The 

commonest method of analysing the efficiency of extraction techniques, spike 

recovery, involves the addition of a known quantity of the analyte (e.g. pure 

synthetic OXT) to the sample, and then analysing the sample which should 

ideally provide a spike recovery between 80-120%. Szeto et al. (2011) 

compared reversed phase chromatography (C-18/ 60% acetonitrile), liquid-

liquid extraction (acetone/ petroleum ether), HPLC (20-100% acetonitrile) and 
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gel filtration chromatography, resulting in spike recovery rates of 81-92%, 

72% and 87-95% for the first three techniques respectively, finding that there 

was no correlation between extracted and unextracted plasma measurements 

analysed by EIA and RIA. Similarly, Cool and DeBrosse (2003) compared 

reversed phase chromatography (C-18/ 80% acetonitrile) with liquid-liquid 

extraction (acetone/ petroleum ether) and found recovery rates of 65-80% and 

61-143% respectively.  

 

The literature describing measurement of plasma or serum OXT 

concentrations is neatly divided into two camps – studies which perform an 

extraction step in their analysis and studies which do not. Generally, 

extraction results in plasma OXT measurements in the <1-100 pg/ml range in 

healthy humans, whilst unextracted plasma OXT concentrations are in the 10-

1000 pg/ml range (see Table 8). One group has additionally suggested that 

plasma extraction leads to less variable results, particularly in EIAs compared 

to RIAs (Christensen et al., 2014). There are, however, exceptions to this rule, 

with some studies reporting plasma OXT concentrations of <10 pg/ml without 

extraction (Blackett et al., 1983; (Peskind et al., 1987; (Paolisso et al., 1988; 

(Hatjis et al., 1989; (Chiodera et al., 1995; (Grenback et al., 2007; (Ozsoy et 

al., 2009; (Domes et al., 2010; (Jokinen et al., 2012; (Moons et al., 2014; 

(Qian et al., 2014; (Bershad et al., 2015; (Yuan et al., 2016; (Caruso et al., 

2018; (Ebert et al., 2018), whilst others reporting plasma OXT measurements 

of >100 pg/ml post-extraction (Marchini et al., 1988; (Tops et al., 2007a; 

(Benfield et al., 2010; (Feldman et al., 2011; (Elmadih et al., 2016; (Sasaki et 

al., 2016). Lastly, it is worth noting that recent studies utilising an additional 

reduction-alkylation step through the addition of dithiotreitol and 

iodoacetamide to reduce plasma protein binding prior to extraction by HPLC, 

followed by analysis by mass spectrometry report total (vs. free) plasma OXT 

concentrations in the 500-2000 pg/ml range (Brandtzaeg et al., 2016; (Semba 

et al., 2017). The utility of measuring total vs. free plasma OXT remains 

unknown. 
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3.1.3 Issues around immunoassays 

Lastly, the immunoassays used in many of these studies themselves are not 

usually subject to robust validation processes prior to their utilisation. Few 

studies use more than one assay technique to analyse the same samples to 

thereby provide a degree of cross-validation. As suggested by Christensen et 

al. (2014), OXT concentrations measured by RIA appear less dependent on 

the need for extraction. Similarly, Szeto et al. (2011) demonstrated that whilst 

extraction resulted in hundredfold lower plasma OXT concentrations 

measured by EIA (mean 358 pg/ml vs. 1.8 pg/ml), it did not have the same 

effect on measurements obtained by RIA (76% vs. 88% of samples were 

below the detection limit of 0.1-1.0 pg/ml). The reasons for this remain 

unclear, but must be related to the specificity of the antibodies used in the 

various immunoassays. Indeed, Amico et al. (1986) demonstrated that by 

using two different antibodies in a RIA, the concentration of OXT measured 

could differ by as much as a hundredfold. This variability is further supported 

by the fact that studies utilising RIAs without extraction report normal plasma 

OXT concentrations widely ranging from 1.5-134.7 pg/ml (up to 245.7 pg/ml in 

pregnant women) (Kumaresan et al., 1975; (Bossuyt-Piron et al., 1978; 

(Mizutani et al., 1982; (Yoshida et al., 1982; (Blackett et al., 1983; (Makino et 

al., 1983; (Otsuki et al., 1983a; (Otsuki et al., 1983b; (Vankrieken et al., 1983; 

(Peskind et al., 1987; (Paolisso et al., 1988; (Hatjis et al., 1989; (Yang, 1994; 

(Chiodera et al., 1995; (Perry et al., 1996; (Lindow et al., 1998b; (Ozsoy et al., 

2009; (Domes et al., 2010; (Lui et al., 2010; (Skrundz et al., 2011; (Jokinen et 

al., 2012; (Rilling et al., 2012; (Bertsch et al., 2013b; (Mascaro et al., 2014a; 

(Strauss et al., 2015b; (Ebert et al., 2018). A similar wide-ranging distribution 

in normal plasma OXT values is reported in studies using EIAs without 

describing an extraction step (range 2.1-1501 pg/ml)  (Kujath et al., 2015; 

(Lawson et al., 2015a; (Muin et al., 2015; (Abdulamir et al., 2016; 

(Afinogenova et al., 2016; (Demirci et al., 2016; (Frolich et al., 2016; (Gamliel 

et al., 2016; (Johnson et al., 2016; (Massey et al., 2016; (Ulmer-Yaniv et al., 

2016; (Yuan et al., 2016; (Atzil et al., 2017; (Binay et al., 2017; (Bomann et 

al., 2017; (Gerra et al., 2017; (Imamura et al., 2017; (Lien et al., 2017; (Rubin 

et al., 2017; (Schmelkin et al., 2017; (Schorr et al., 2017; (Caruso et al., 2018; 

(Thomas and Larkin, 2018). 
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Table 8: Studies documenting normal plasma or serum OXT concentrations in healthy humans. 

Study Cohort Protease 
inhibitor  

Method of extraction Validation of extraction 
recovery 

Normal range (plasma/ 
serum) 

EIA studies 

 (Caruso et 
al., 2018) 

Healthy adult 
women 

None None No Female mean 2.1 pg/ml 

 (Thomas 
and Larkin, 
2018) 

Healthy adult 
participants 

Trasylol None No Mean 261.7 pg/ml 

 (Schmelkin 
et al., 2017) 

Healthy adult 
women 

None None No Female mean 1501 pg/ml 

 (Schorr et 
al., 2017) 

Healthy adult 
women 

None None No Female mean 446.7 pg/ml 

 (Binay et al., 
2017) 

Healthy children None None No Children mean 12.1 pg/ml 

 (Lien et al., 
2017) 

Healthy adult 
participants 

None None No Mean 28.5 pg/ml 

 (Baskaran 
et al., 2017) 

Healthy adult men None Reversed phase chromatography (C-18/ 
acetonitrile) 

No Male mean 9.1 pg/ml 

 (Reijnen et 
al., 2017) 

Healthy adult men None Reversed phase chromatography (C-18/ 
95% acetonitrile) 

No Male mean 13.4 pg/ml 

 (Bomann et 
al., 2017) 

Healthy adult 
women 

None None No Female mean 411 pg/ml 

 (Atzil et al., 
2017) 

Healthy mothers 
(4-24 months 
postpartum) 

None None No Female range 43-370 
pg/ml 

 (Gerra et 
al., 2017) 

Healthy adult men Trasylol None No Male mean 252.7 pg/ml 
(note results confirmed by 
LC-MS) 

 (Rubin et 
al., 2017) 

Healthy adult 
participants 

None None No Male mean 445.9 pg/ml 
Female mean 468.7 pg/ml 

 (Imamura et Healthy adult None None No Male mean 50 pg/ml 
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al., 2017) participants (age 
>65 years) 

Female mean 140 pg/ml 

 
(Afinogenov
a et al., 
2016) 

Healthy adult 
women 

None None No Female mean 1501 pg/ml 

 (Yuan et al., 
2016) 

Healthy adult 
participants 

None None No Mean 9.1 pg/ml 

 (Johnson et 
al., 2016) 

Healthy children None None No Male child mean 64.3 
pg/ml 
Female child mean 65.3 
pg/ml 

 (Gamliel et 
al., 2016) 

Pregnant women 
in third trimester 
Neonates 

Trasylol None No Pregnant women mean 
406.4 pg/ml 
Neonatal cord mean 49.3 
pg/ml 

 (Demirci et 
al., 2016) 

Healthy boys (age 
7-18 years) 

None None No Male child mean 87.7 
pg/ml 

 (Elmadih et 
al., 2016) 

Healthy mothers 
(4-6 months 
postpartum) 

Trasylol Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Female mean 235.1-
301.9 pg/ml 

 (Sasaki et 
al., 2016) 

Healthy children  None Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Mean 117.4 pg/ml 

 (Massey et 
al., 2016) 

Pregnant women 
in third trimester 

None None No Female mean 780.7 pg/ml 

 (Ulmer-
Yaniv et al., 
2016) 

Healthy adult 
participants, 
healthy parents 
(4-6 months 
postpartum) 

Trasylol None No Mean 280.6-529.4 pg/ml 
New parents mean 431.0 
pg/ml 

 (Abdulamir 
et al., 2016) 

Healthy adult men None None No Male mean 102.1 pg/ml 

 (Frolich et 
al., 2016) 

Pregnant (term) 
and postpartum 
(4-8 weeks) 

None None No Pregnant women at term 
mean 104.2 pg/ml 
Postpartum women mean 
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women 78.6 pg/ml 

 (Carson et 
al., 2015) 

Adults/ children 
undergoing 
lumbar punctures 

None Reversed phase chromatography (C-18/ 
80% acetonitrile) 

No Mean 6.7 pg/ml 

 (Lawson et 
al., 2015b) 

Healthy adult men None None No Male mean 965 pg/ml 

 (Kujath et 
al., 2015) 

Healthy adult 
women 

None None No Female mean 251.2 pg/ml 

 
(Mohiyeddini 
and Opacka-
Juffry, 2015) 

Healthy adult men None Unclear method No Male range 88.8-831.8 
pg/ml 

 (Muin et al., 
2015) 

Healthy adult 
women 

None None No Female mean 20.8 pg/ml 

 (Sasaki et 
al., 2015) 

Healthy adult 
participants 

None Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Mean 99.9 pg/ml 

 (Rubin et 
al., 2015) 

Healthy adult 
women 

None None No Female early follicular 
phase mean 327.8 pg/ml 
Female midluteal phase 
mean 316.2 pg/ml 

 (Emeny et 
al., 2015) 

Healthy adult 
participants 

None None No Mean 198 pg/ml 

 (Garfield et 
al., 2015) 

Pregnant women 
15-22 weeks 

None None No Female range 170-2056 
pg/ml 

 (Bershad et 
al., 2015) 

Healthy adult 
women 

None None No Female range 4.3-590 
pg/ml 

 
(Christensen 
et al., 2014) 

Healthy adult 
participants 

None Normal phase chromatography (Oasis HLB 
plates) 

69% of samples showed 
<100% spike recovery 

Mean 1.1 pg/ml 

 (Lawson et 
al., 2014) 

Healthy adult 
women 

None None No Female mean 322 pg/ml 

 (Qian et al., 
2014) 

Healthy adult 
participants 

None None No Median 9.9 pg/ml 

 (Jobst et al., 
2014b) 

Healthy adult men Trasylol None No Male median 292.6 pg/ml 
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 (MacKinnon 
et al., 2014) 

Healthy pregnant 
(12-34 weeks) 
and postpartum 
(7-9 weeks) 
women 

None None No Pregnant women 12-14 
weeks range 58.4-1913.3 
pg/ml 
Pregnant women 32-34 
weeks range 32.3-2297.6 
pg/ml 
Week 7-9 postpartum 
range 32.3-2029.6 pg/ml 

 (Moons et 
al., 2014) 

Healthy adult 
participants 

Trasylol None No Mean 5.3-5.4 pg/ml 

 
(Schneiderm
an et al., 
2014) 

Healthy adult 
participants 

None None No Range 114.1-1255.0 
pg/ml 

 (Tseng et 
al., 2014) 

Healthy adult 
participants 

None None No Male mean 26.1 pg/ml 
Female mean 25.4 pg/ml 

 (Elmadih et 
al., 2014) 

Mothers 7-9 
months 
postpartum 

Trasylol None No Female mean 235.1-
301.9 pg/ml 

 (Alabdali et 
al., 2014) 

Healthy male 
children (mean 
age 7.2 years) 

None None No Male mean 232.5 pg/ml 

 (Apter-Levi 
et al., 2014) 

Healthy adult 
participants 

Trasylol None No Male mean 391.2 pg/ml 
Female mean 388.1 pg/ml 

 (Lawson et 
al., 2013a) 

Healthy adult 
women 

None None No Female mean 2300-0700 
hours 446 pg/ml, 2400 
hours 350 pg/ml, 0700 
hours 322 pg/ml 

 (Lawson et 
al., 2013b) 
 

Healthy adult 
women 

None Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Female fasted mean 16.4 
pg/ml 
Female postprandial peak 
mean 18.9 pg/ml 

 (Turan et 
al., 2013) 

Healthy adult 
participants 

None None No Mean 108.8 pg/ml 

 (Xu et al., Healthy adult Trasylol Liquid-liquid extraction (acetone/ ether) No Female median 20.2 
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2013) women pg/ml 

 (Munro et 
al., 2013) 

Healthy adult 
women 

Trasylol None No Female mean 183.6 pg/ml 

 (Walss-
Bass et al., 
2013) 

Healthy adult 
participants 

None None No Mean 199.3 pg/ml 

 (Rubin et 
al., 2013) 

Healthy adult 
participants 

None None No Male mean 427.3 pg/ml 
Female mean 343.0 pg/ml 

 (Feldman et 
al., 2013) 

Healthy parents 
(1-6 months 
postpartum) 

Trasylol None No Mothers: 1 month 
postpartum mean 337.4 
pg/ml, 6 months 
postpartum mean 357.8 
pg/ml 
Fathers: 1 month 
postpartum 402.0 pg/ml, 6 
months postpartum 434.1 
pg/ml 

 (Miller et al., 
2013) 

Healthy adult 
participants 

None None No Male mean 361.5 pg/ml 
Female mean 434.3 pg/ml 

 (Weisman 
et al., 2013d) 

Healthy adult 
participants 

Trasylol None No Range 51.4-2752.30 
pg/ml 

 (Kocoska-
Maras et al., 
2013) 

Heatlhy adult 
women 
(postmenopausal) 

None Reversed phase chromatography (C-18) No Female median 13.2 
pg/ml 

 (Zhong et 
al., 2012) 

Healthy adult 
participants 

Trasylol None No Mean 214 pg/ml 

 (Lawson et 
al., 2012) 

Healthy adult 
women 

None Reversed phase chromatography (C-18/ 
60% acetonitrile)  

91% spike recovery Female mean 16.4 pg/ml 

 (Gossen et 
al., 2012) 

Healthy adult men None Reversed phase chromatography (C-18/ 
acetonitrile) 

>80% spike recovery Male mean 1.7 pg/ml 

 (Morhenn et 
al., 2012) 

Healthy adult 
participants 

None None No Mean 190.4-239.9 pg/ml 

 (Hoge et al., 
2012) 

Heatlhy adult 
participants 

None None No Mean 354 pg/ml 

 (Rapaport et Healthy adult None None No Mean 179.3-273.7 pg/ml 



 146 

al., 2012) participants 

 (Feldman et 
al., 2012) 

Healthy adult 
participants 

Trasylol None No Male mean 378.2 pg/ml 
Female mean 359.3 pg/ml 

 
(Schneiderm
an et al., 
2012) 

Healthy adult 
participants 

Trasylol None No Male range 124.3-1413.5 
pg/ml 
Female range 81.5-
1620.0 pg/ml 

 (Opacka-
Juffry and 
Mohiyeddini, 
2012) 

Healthy adult men None None No Male range 78.6-1198 
pg/ml 

 (Dai et al., 
2012) 

Healthy adult 
participants 

Trasylol None No Median 181 pg/ml 

 (Lawson et 
al., 2011) 

Healthy adult 
women 

None None No Female mean 31.8 pg/ml 

 (Szeto et 
al., 2011) 

Healthy adult 
participants 

None Reversed phase chromatography (C-18/ 
60% acetonitrile)  
Liquid-liquid extraction (acetone/ ether) 
High pressure liquid chromatography (20-
100% acetonitrile) 
Gel filtration chromatography (ammonium 
acetate) 

81-92% spike recovery 
 
72% spike recovery 
87->95% spike recovery 

Extracted mean 1.8 pg/ml 
Unextracted mean 358 
pg/ml 

 (Feldman et 
al., 2011) 

Healthy parents 
(children age 4-6 
months) 

Trasylol Reversed phase chromatography (HBL/ 
80% acetonitrile) 

No Female mean 365.6 pg/ml 
Male mean 405.1 pg/ml 

 (Grewen et 
al., 2010) 

Mothers <3 
months 
postpartum 

Trasylol Reversed phase chromatography (Strata-X/ 
80% acetonitrile) 

96% spike recovery Female mean 4.8 pg/ml 

 (Rubin et 
al., 2010) 

Health adult 
participants 

None None No Male mean 302.0 pg/ml 
Female (early follicular) 
mean 327.8 pg/ml 
Female (midluteal) mean 
316.2 pg/ml 

 (Rapaport et 
al., 2010) 

Healthy adult 
participants 

None None No Mean 188.4-218.3 pg/ml 
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 (Feldman et 
al., 2010a) 

Parents (4-6 
months 
postpartum) 

Trasylol None No Male mean 405.1 pg/ml 
Female mean 365.6 pg/ml 

 (Feldman et 
al., 2010b) 

Parents (4-6 
months 
postpartum) 

Trasylol None No Mean 356.1 pg/ml 

 (Benfield et 
al., 2010) 

Pregnant 
peripartum 
women 

Trasylol Reversed phase chromatography (C-18) No Female active labour 
mean 192.5 pg/ml 

 (Gordon et 
al., 2010a) 

Parents 1 weeks 
and 6 months 
postpartum 

Trasylol None No Fathers: mean 1 week 
postpartum 402.0 pg/ml, 6 
months postpartum 434.1 
pg/ml 
Mothers: mean 1 week 
postpartum 337.4 pg/ml, 6 
months postpartum 357.8 
pg/ml 

 (Gordon et 
al., 2010b) 

Parents 2 and 6 
months 
postpartum 

Trasylol None No Fathers: mean 2 months 
postpartum 306.0 pg/ml, 6 
months postpartum 329.7 
pg/ml 
Mothers: mean 2 months 
postpartum 291.2 pg/ml, 6 
months postpartum 325.8 
pg/ml 

 (Taylor et 
al., 2010) 

Healthy adult 
participants 

Trasylol None No Male mean 273.5 pg/ml 
Female mean 248.8 pg/ml 

 (Andari et 
al., 2010) 

Healthy adult 
participants 

None Ultrafiltration (3 kDa) No Mean 7.3 pg/ml 

 (Jonas et 
al., 2009) 

Mothers day 2 
postpartum 

Trasylol None No Female median 119.7 
pg/ml 

 (Barraza 
and Zak, 
2009) 

Healthy adult 
participants 

None None No Mean 465.0-474.9 pg/ml 

 (Liedman et Healthy adult Hydrochloric Reversed phase chromatography (C-18) No Female menstrual cycle 
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al., 2008) women acid day 1 mean 4.9 pg/ml 
Female ovulation day 
mean 9.1 pg/ml 

 (Holt-
Lunstad et 
al., 2008) 

Healthy adult 
participants 

None Reversed phase chromatography (80% 
acetonitrile) 

101.6% spike recovery Mean 7.5-9.9 pg/ml 

 (Hoge et al., 
2008) 

Healthy adult 
participants 

None None No Mean 145 pg/ml 

 (Bello et al., 
2008) 

Healthy adult men None None No Male range 96.0-420.6 
pg/ml 

 (Gordon et 
al., 2008) 

Healthy adult 
participants 

Trasylol None No Range 114.1-1255.0 
pg/ml 

 (Goldman et 
al., 2008) 

Healthy adult 
participants 

None None No Male range 81-725 pg/ml 
Female range 132-704 
pg/ml 

 (Grenback 
et al., 2007) 

Healthy adult 
participants 

None None No Female range 3.9-26.2 
pg/ml 
Male range 7.6-20.1 pg/ml 

 (Levine et 
al., 2007) 

Pregnant to 
postpartum 
women 

Trasylol None No Early pregnancy range 
45-400 pg/ml 
Third trimester range 60-
450 pg/ml 
Early postpartum range 
50-550 pg/ml 

 (Taylor et 
al., 2006) 

Postmenopausal 
women 

None None No Female mean 199.9 pg/ml 

 (Grape et 
al., 2003) 

Healthy adult 
participants 

None None No Mean 469-620 pg/ml 

 (Pequeux et 
al., 2001) 

Healthy adult 
participants 

None Ultrafiltration (3 kDa filter) 91.8% spike recovery Male mean 6.8 pg/ml 
Female mean 7.8 pg/ml 

RIA studies 

 (Ebert et al., 
2018) 

Healthy adult 
women 

Trasylol None No Female mean 2.5 pg/ml 

 (Boeck et 
al., 2018) 

Healthy adult 
women 

None Normal phase chromatography (LiChroprep 
Si60/ 60% acetone) 

No Mean 0.8 pg/ml 



 149 

 (Nielsen et 
al., 2017) 

Postmenopausal 
women 

None Normal phase chromatography (Oasis HLB 
plates) 

No Range 9.1-25.2 pg/ml 

 (Kohlhoff et 
al., 2017) 

Healthy mothers None Normal phase chromatography (LiChroprep 
Si60/ 60% acetone) 

No Female range 0.3-36.5 
pg/ml 

 (Althaus et 
al., 2016) 

Healthy adult men None Normal phase chromatography (Oasis HLB/ 
100% methanol) 

78% spike recovery Male mean 0.7 pg/ml 

 (Marazziti et 
al., 2015) 

Healthy adult 
participants 

Trasylol Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Male mean 2.1 pg/ml 
Female mean 2.9 pg/ml 

 (Breuil et 
al., 2015) 

Healthy adult men 
>50 years 

None Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Male median 0.7 pg/ml 

 (Strauss et 
al., 2015b) 

Heatlhy adult 
participants 

None None No Mean 19.7 pg/ml 

 (Breuil et 
al., 2014) 

Postmenopausal 
women 

None Reversed phase chromatography (C-18) 95% spike recovery Female median 0.4 pg/ml 

 (Martin et 
al., 2014) 

Healthy adult 
participants 
(voluntary lumbar 
punctures) 

None Normal phase chromatography  
(LiChroprep Si60/ 60% acetone) 

No Median 6.0 pg/ml 

 
(Christensen 
et al., 2014) 

Healthy adult 
participants 

None Normal phase chromatography (Oasis HLB 
plates) 

69% of samples showed 
>100% spike recovery 

Mean 1.1 pg/ml 

 (Taurines et 
al., 2014) 

Healthy male 
children (mean 
age 13.6 years) 

None Normal phase chromatography (LiChroPrep 
Si60/ 60% acetone) 

No Male mean 14.4 pg/ml 

 (Mascaro et 
al., 2014a) 

Healthy fathers 
(children age 1-2 
years) 

None None No Male mean 4.6-33.4 pg/m 

 (Mascaro et 
al., 2014b) 

Healthy adult men None Reversed phase chromatography No Fathers mean 8.8 pg/ml 
Non-fathers mean 6.6 
pg/ml 

 (Kim et al., 
2014a) 

Healthy mothers 
(children age 7 
months) 

None Liquid-liquid extraction (acetone/ ether) No Female mean 0.5-4.8 
pg/ml 

 (Striepens 
et al., 2013) 

Healthy adult 
participants 

Trasylol Normal phase chromatography (LiChroprep 
Si60/ 60% acetone) 

No Mean 5.9-8.0 pg/ml 
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(voluntary lumbar 
punctures) 

 (Kagerbauer 
et al., 2013) 

Adults undergoing 
elective spinal 
anaesthesia 

None Normal phase chromatography (LiChroprep 
Si60/ 60% acetone) 

85-90% spike recovery Mean 11.2 pg/ml 

 (Bertsch et 
al., 2013b) 

Healthy adult 
women 

None None No Female mean 30.7 pg/ml 

 (Smith et 
al., 2013) 

Healthy adult 
participants 

None Liquid-liquid extraction (acetone/ ether) No Male mean 1.9-2.0 pg/ml 
Female mean 1.8-1.9 
pg/ml 

 (Marazziti et 
al., 2012) 

Healthy adult 
participants 

Trasylol Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Male mean 0.9 pg/ml 
Female mean 1.2 pg/ml 

 (Rilling et 
al., 2012) 

Healthy adult men None None No Male mean 120.6-134.7 
pg/ml 

 (Jokinen et 
al., 2012) 

Healthy adult 
participants 

Trasylol None No Range 1.0-16.1 pg/ml 

 (Szeto et 
al., 2011) 

Healthy adult 
participants 

None Reversed phase chromatography (C-18/ 
60% acetonitrile)  
Liquid-liquid extraction (acetone/ ether) 
High pressure liquid chromatography (20-
100% acetonitrile) 
Gel filtration chromatography (ammonium 
acetate) 

81-92% spike recovery 
 
72% spike recovery 
87->95% spike recovery 

Extracted 88% of samples 
below lower limit of 
detection 
Unextracted 76% of 
samples below lower limit 
of detection 

 (Skrundz et 
al., 2011) 

Pregnant women 
(30-34 weeks’ 
gestation) 

None None No Female range 14.4-245.7 
pg/ml 

 (Lui et al., 
2010) 

Healthy adult men Trasylol None No Male mean 79.3 pg/ml 

 (Domes et 
al., 2010) 

Healthy adult 
women 

None None No Female mid-luteal mean 
3.4-5.7 pg/ml 

 (Ozsoy et 
al., 2009) 

Healthy adult 
participants 

None None No Male mean 9.8 pg/ml 
Female mean 15.1 pg/ml 

 (Hew-Butler 
et al., 2008) 

Endurance 
runners 

None Liquid-liquid extraction (acetone/ ether) No Mean 1.1-1.5 pg/ml 

 (Grewen et Healthy adult None Unclear method No Female mean 3.9-7.1 
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al., 2008) women pg/ml 

 (Tops et al., 
2007a) 

Heatlhy adult 
participants 

None Liquid-liquid extraction (acetone/ petroleum 
benzene) 

92% spike recovery Mean 54690.4 pg/ml 

 (Wolff et al., 
2006) 

Healthy adult 
participants 

None Reversed phase chromatography (C-18) No Range 0.1-4.4 pg/ml 

 (Grewen et 
al., 2005) 

Healthy adult 
participants 

None Liquid-liquid extraction (acetone/ ether) No Male mean 1.5 pg/ml 
Female mean 1.7 pg/ml 

 (Light et al., 
2005b) 

Postmenopausal 
women 

None Liquid-liquid extraction (acetone/ ether) 75% spike recovery Female mean 1.4-2.2 
pg/ml 

 (Altemus et 
al., 2004) 

Healthy pregnant 
and non-pregnant 
women 

None Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Pregnant female mean 
1.5 pg/ml 
Non-pregnant female 
mean 1.0 pg/ml 

 
(Rasmussen 
et al., 2004) 

Healthy adult men Trasylol Reversed phase chromatography (C-18) No Male mean 1.4-2.1 pg/ml 

 (Ohlsson et 
al., 2004a) 

Healthy adult 
women 

None Reversed phase chromatography (C-18) No Female mean 1.3 pg/ml 

 (Light et al., 
2004) 

Healthy mothers 
(1-11 months 
postpartum) 

None Liquid-liquid extraction (acetone/ ether) 75% spike recovery Female mean 2.0 pg/ml 

 (Alfven, 
2004) 

Healthy children 
(age 6-15 years) 

Trasylol Reversed phase chromatography (C-18) No Mean 45.3 pg/ml 

 (Uckert et 
al., 2003) 

Healthy adult men Trasylol Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Male mean 71.1 pg/ml 

 
(Rasmussen 
et al., 2003) 

Healthy adult men Trasylol Reversed phase chromatography (C-18) No Male mean 2.1-2.7 pg/ml 

 (Wikstrom 
et al., 2003) 

Healthy adult 
participants 

None Reversed phase chromatography (C-18) No Male mean 1.8 pg/ml 
Female mean 2.9 pg/ml 

 (Forsling 
and 
Williams, 
2002) 

Healthy adult men None Reversed phase chromatography (C-18) No Male mean 2.5 pg/ml 

 (Ohlsson et Healthy adult None Reversed phase chromatography (C-18) No Female mean 1.0-1.1 
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al., 2002) women pg/ml 

 (Turner et 
al., 2002) 

Healthy adult 
women 

Trasylol  + 
trypsin inhibitor 

Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Female mean 3.2-3.5 
pg/ml 

 (Rahm et 
al., 2002) 

Pregnant 
peripartum 
women (37-41 
weeks gestation) 

Trasylol Reversed phase chromatography (C-18) No Female mean 36.4-42.3 
pg/ml 

 (Altemus et 
al., 2001a) 

Healthy mothers 
(6-24 weeks 
postpartum) and 
adult women 

None Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Breastfeeding mothers 
mean 1.8 pg/ml 
Non-breastfeeding 
mothers mean 1.6 pg/ml 
Non-mothers mean 1.4 
pg/ml 

 (Altemus et 
al., 2001b) 

Healthy adult 
women 

None Reversed phase chromatography (C-18/ 
60% acetonitrile) 

No Female follicular phase 
mean 1.7 pg/ml 
Female midluteal phase 
mean 2.0 pg/ml 

 (Matthiesen 
et al., 2001) 

Breastfeeding 
mothers 
immediately 
postpartum 

Trasylol Reversed phase chromatography (C-18) No Female mean 57.0 pg/ml 

 (Heinrichs 
et al., 2001) 

Breastfeeding 
mothers 6-11 
weeks postpartum 

None Unclear method No Pre-breastfeeding female 
mean 6.6-9.6 pg/ml 

 (Le Melledo 
et al., 2001) 

Healthy adult 
women 

None Normal phase chromatography (Florisil/ 
70% acetone) 

No Female follicular phase 
mean 1.4-1.6 pg/ml 
Female luteal phase 
mean 1.3-1.8 pg/ml 

 (Stocche et 
al., 2001) 

Pregnant 
peripartum 
women (term) 

None Normal phase chromatography (Florisil) No 1st stage labour mean 6.6-
7.2 pg/ml 

 (Shibli et al., 
2001) 

Pregnant women 
(term) 

Phenanthroline Reversed phase chromatography (C-18) No Female range 1.8-34.2 
pg/ml 

 (Dorn et al., 
1999) 

Healthy adult 
women 

None Liquid-liquid extraction (acetone/ ether) No Female mean 0-7.8 pg/ml 
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 (Patient et 
al., 1999) 

Newborn post-
delivery 

None Normal phase chromatography (Florisil/ 
70% acetone) 

No Vaginal delivery: umbilical 
artery mean 14.9 pg/ml, 
umbilical vein mean 7.9 
pg/ml 

 (Blaicher et 
al., 1999) 

Healthy adult 
women 

Trasylol Reversed phase chromatography (C-18/ 
60% acetonitrile) 

>90% spike recovery Female range 4.9-23.6 
pg/ml 

 (Newman et 
al., 1999) 

Healthy adult 
participants 

None Liquid-liquid extraction (acetone/ ether) No Male mean 5.9-10.8 pg/ml 
Female mean 10.1-13.3 
pg/ml 

 (Laczi et al., 
1998) 

Healthy adult 
women 

None Unclear method No Female mean 2.7-5.2 
pg/ml 

 (Ferreira et 
al., 1998) 

Healthy adult 
women 

Trasylol Reversed phase chromatography (C-18) 95% spike recovery Female mean 10.4-12.2 
pg/ml 

 (Kostoglou-
Athanassiou 
et al., 1998) 

Healthy adult 
women 

None Reversed phase chromatography (C-18) No Female follicular phase 
mean 4.2 pg/ml 
Female luteal phase 
mean 5.4 pg/ml 

 (Steinwall et 
al., 1998) 

Healthy adult 
women 

None Reversed phase chromatography (C-18) No Female mean 2.6 pg/ml 

 (Lindow et 
al., 1998b) 

Pregnant 
peripartum 
women and 
newborns post-
delivery 

Phenanthroline None No Vaginal delivery: maternal 
2nd stage mean 5.7 pg/ml, 
umbilical vein mean 6.4 
pg/ml, umbilical artery 
mean 22.3 pg/ml 

 (Forsling et 
al., 1998) 

Healthy adult 
participants 

None Unclear method No Mean 1.9-4.7 pg/ml 

 (Nissen et 
al., 1998) 

Breastfeeding 
mothers 2 days 
postpartum 

Trasylol Reversed phase chromatography (C-18) No Post-vaginal delivery 
median 18.1 pg/ml 

 (Modahl et 
al., 1998) 

Healthy adult 
participants 

None Liquid-liquid extraction (acetone/ ether) No Mean 1.2 pg/ml 

 (Marchesi et 
al., 1997) 

Healthy adult 
participants 

Trasylol Ion exchange chromatography (DEAE 
Sephadex A-25) 

No Mean 2.2 pg/ml 

 (Lindow et 
al., 1996) 

Pregnant women Phenanthroline Reversed phase chromatography (C-18/ 
tetrahydrofuran) 

No 2nd trimester mean 5.4 
pg/ml 



 154 

3rd trimester mean 6.7 
pg/ml 

 (van Londen 
et al., 1997) 

Healthy adult 
participants 

None Reversed phase chromatography (C-8) No Mean 1.5-1.6 pg/ml 

 (Perry et al., 
1996) 

Pregnant women 
at term 

None None No Pregnant women at term 
mean 21.2 pg/ml 

 (Forsling et 
al., 1996) 

Healthy adult 
women 

None Reversed phase chromatography (C-18) No Female mean 2.4-2.8 
pg/ml 

 (Bossmar et 
al., 1995) 

Postmenopausal 
women 

None Reversed phase chromatography (C-18) No Female mean 2.5 pg/ml 

 (Mueller-
Heubach et 
al., 1995) 

Newborns post-
delivery 

Phenanthroline Liquid-liquid extraction (acetone/ ether) >80% spike recovery Umbilical artery mean 7.8 
pg/ml 
Umbilical vein mean 4.7 
p/gml 

 (James et 
al., 1995) 

Breastfeeding 
mothers 28-52 
days postpartum 

Phenanthroline Normal phase chromatography (Florisil/ 
70% acetone) 

No Pre-breastfeeding mean 
3.2-4.7 pg/ml 
During breastfeeding 
mean 13.6 pg/ml 

 (Chiodera et 
al., 1995) 

Healthy adult 
participants 

None None No Male mean 2.2-2.5 pg/ml 

 (Nissen et 
al., 1995) 

Pregnant 
peripartum 
women 

Trasylol Reversed phase chromatography (C-18) No Pre-delivery median 20.2 
pg/ml 
Post-delivery median 
34.2-47.3 pg/ml 

 (Yokoyama 
et al., 1994) 

Breastfeeding 
women 3-5 days 
postpartum 

Trasylol Reversed phase chromatography (C-18) No Pre-breastfeeding mean 
1.9-8.6 pg/ml 

 (Ueda et al., 
1994) 

Breastfeeding 
women 5 days 
postpartum 

Phenanthroline Reversed phase chromatography (C-18/ 
methanol) 

>95% spike recovery Pre-breastfeeding mean 
1.7-2.3 pg/ml 

 (Yang, 
1994) 

Healthy adult 
participants 

Phenanthroline None No Mean 28.1 pg/ml 

 (Thornton et 
al., 1993) 

Newborns post-
delivery 

Phenanthroline Normal phase chromatography (Florisil/ 
70% acetone) 

No Umbilical artery mean 
11.3 pg/ml 
Umbilical vein mean 5.7 
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pg/ml 

 (Behrens et 
al., 1993) 

Pregnant women 
in labour 

Unspecified acid Normal phase chromatography (Florisil/ 
90% acetone) 

Not reported Active phase of labour 
range 0.92-0.97 pg/ml 

 (Riddle et 
al., 1993) 

Healthy adult 
participants 

Trasylol Liquid-liquid extraction (acetone/ ether) 83% spike recovery Mean 5.9-6.3 pg/ml 

 (Hermann et 
al., 1993) 

Heatlhy adult 
participants 

Phenanthroline Liquid-liquid extraction (ethanol) and high 
pressure liquid chromatography (C-4/ 74% 
acetonitrlle/ 25% methanol) 

No Mean 26.2 pg/ml 

 (Thornton et 
al., 1992) 

Pregnant women 
in labour 

Phenanthroline Normal phase chromatography (Florisil/ 
70% acetone) 

76-77% spike recovery Latent phase of labour 
range 0-6.2 pg/ml 
Active phase of labour 
range 0-4.8 pg/ml 

 (Stock et al., 
1991) 

Pregnant women  Trasylol Reversed phase chromatography (C-18) 95% spike recovery Pregnant women week 20 
mean 22.2 pg/ml 
Pregnant women week 40 
mean 30.2 pg/ml 
Day 4 postpartum mean 
18.1 pg/ml 

 (Fisher et 
al., 1991) 

Healthy adult 
participants 

None Normal phase chromatography (Florisil/ 
70% acetone) 

No Mean 2.0 pg/ml 

 (Silber et 
al., 1991)  

Healthy mothers 3 
months 
postpartum 

Trasylol Reversed phase chromatography (C-18) No Breastfeeding mothers 
mean 39.2 pg/ml 
Non-breastfeeding 
mothers mean 20.4 pg/ml 

 (Uvnas-
Moberg et 
al., 1991a) 

Healthy adult 
participants 

Trasylol Reversed phase chromatography (C-18) No Mean 16.4-23.0 pg/ml 

 (Thornton et 
al., 1990) 

Pregnant women 
(term and 
postpartum) 

Phenanthroline Normal phase chromatography (Florisil/ 
70% acetone) 

70-77% spike recovery Pregnant women at term 
mean 1.5 pg/ml 
Postpartum women mean 
1.7 pg/ml 

 (Johnson et 
al., 1990a) 

Breastfeeding 
mothers (<4 
weeks 
postpartum) 

None Reversed phase chromatography (C-18) >90% spike recovery Mean 1.1-1.4 pg/ml 
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 (Johnson et 
al., 1990b) 

Healthy adult 
women 

None Reversed phase chromatography (C-18) >90% spike recovery Female follicular phase 
mean 0.8-1.0 pg/ml 
Female luteal phase 
mean 1.0-1.5 pg/ml 

 (Page et al., 
1990) 

Healthy adult men None Reversed phase chromatography (C-18/ 
acetonitrile/ 4% acetic acid) 

No Male mean 2.7 pg/ml 

 (Uvnas-
Moberg et 
al., 1990) 

Healthy mothers 
postpartum 

Trasylol Reversed phase chromatography (C-18) No Day 4 mean 3.2 pg/ml 
Months 3-4 mean 1.6 
pg/ml 
2 months post-weaning 
mean 1.2 pg/ml 

 (Stock et al., 
1989b) 

Healthy adult 
women 

None Reversed phase chromatography (C-18) No Female mean 10.1 pg/ml 

 (Amico et 
al., 1989) 

Health adult 
participants 

None Liquid-liquid extraction (acetone/ ether) No Range 0.001-0.003 pg/ml 

 (Thornton et 
al., 1989) 

Pregnant women 
in 3rd trimester 

Phenanthroline Normal phase chromatography (Florisil/ 
acetone) 

No Female range 1.4-4.8 
pg/ml 

 (Oosterbaan 
and Swaab, 
1989) 

Pregnant 
peripartum 
women 

None Normal phase chromatography (Vycor 
powder) 

No 3rd stage vaginal delivery: 
maternal mean 65 pg/ml, 
umbilical artery mean 40 
pg/ml, umbilical vein 
mean 17 pg/ml 

 (Hatjis et al., 
1989) 

Pregnant women 
37-42 weeks 
gestation 

None None No Female mean 1.5 pg/ml 
Post-nipple stimulation 
peak mean 3.8 pg/ml 

 (Uvnas-
Moberg et 
al., 1989) 

Healthy adult 
women 

Trasylol Reversed phase chromatography (C-18) No Female mean 6.0 pg/ml 

 
(Christensso
n et al., 
1989) 

Pregnant women 
38-39 weeks 
gestation 

Trasylol Reversed phase chromatography (C-18/ 
methanol) 

95% spike recovery Female mean 13.1-104.8 
pg/ml 

 (Marchini et 
al., 1988) 

Pregnant 
peripartum 
women 

Trasylol Reversed phase chromatography (C-18) No 2nd stage vaginal delivery: 
maternal range 13.1-
159.1 pg/ml, umbilical 
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artery range 20.1-317.3 
pg/ml 

 (Thornton et 
al., 1988) 

Pregnant 
peripartum 
women 

Phenanthroline Reversed phase chromatography 
(magnesium silicate/ acetone) 

No 3rd stage vaginal delivery 
2.7  11.7 pg/ml 

 (Padayachi 
et al., 1988) 

Pregnant and 
peripartum 
women 

None Reversed phase chromatography (C-18) 106-108% spike recovery 1st trimester mean 4.2 
pg/ml 
2nd trimester mean 3.9 
pg/ml 
3rd trimester mean 6.4 
pg/ml 
During labour to delivery 
6.89.2 pg/ml 

 (Seckl et al., 
1988a) 

Healthy adult men None Reversed phase chromatography (C-18) >90% spike recovery Male mean 1.5 pg/ml 

 (Seckl et al., 
1988b) 

Healthy adult men None Reversed phase chromatography (C-18) >90% spike recovery Male mean 1.9 pg/ml 

 (Paolisso et 
al., 1988) 

Healthy adult men None None No Male mean 4.0 pg/ml 

 (Nussey et 
al., 1988a) 

Heatlhy adult 
participants 

None Reversed phase chromatography (C-18/ 
acetonitrile) 

No Mean 1.6 pg/ml 

 (Silber et 
al., 1987) 

Healthy adult 
women 

None Reversed phase chromatography (C-18) 95% spike recovery Luteal phase mean 1.0 
pg/ml 

 (Fisher et 
al., 1987) 

Healthy adult men None Normal phase chromatography (Florisil) No Male mean 7.1 pg/ml 

 (Seckl et al., 
1987a) 

Healthy 
participants 
(?children) 

None Reversed phase chromatography (C-18) >90% spike recovery Range 0.8-3.5 pg/ml 

 (Kuwabara 
et al., 1987) 

Healthy adult 
women, pregnant 
women and 
newborns 

Phenanthroline Normal phase chromatography (Florisil/ 
acetone/ ether) 

91% spike recovery Female mean 6.9 pg/ml 
Vaginal delivery: maternal 
peripartum mean 51.1 
pg/ml, umbilical artery 
mean 54.8 pg/ml, 
umbilical vein mean 54.1 
pg/ml 
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Neonate day 2 mean 40.2 
pg/ml 
Neonate day 7 mean 25.9 
pg/ml 

 (Burd et al., 
1987) 

Pregnant women 
in labour 

Phenanthroline, 
trasylol, 
hydrochloric 
acid, bacitracin, 
glutathione 

Normal phase chromatography (Florisil/ 
70% acetone) 

80-100% spike recovery Pregnant women in labour 
range 1.21-9.67 pg/ml 

 (Peskind et 
al., 1987) 

Healthy adult men None None No Male mean 2.2 pg/ml 

 (Amico and 
Finley, 1986) 

Healthy adult 
women and 
pregnant women 
(3rd trimester) 

None Liquid-liquid extraction (acetone/ ether) 75% spike recovery Healthy female: range 
0.8-1.8 pg/ml, post-breast 
stimulation range 1.5-47.3 
pg/ml 
Pregnant female: mean 
1.0 pg/ml, post-breast 
stimulation mean 1.7 
pg/ml 

 (Amico et 
al., 1986) 

Pregnant women 
(>36 weeks’ 
gestation) 

None Liquid-liquid extraction (acetone/ ether) 75% spike recovery Antibody 1: range 4.7 – 
25.2 pg/ml 
Antibody 2: range 0.3-4.8 
pg/ml 

 (Williams et 
al., 1986) 

Healthy adult men No Reversed phase chromatography (C-18) No Male mean 1.6 pg/ml 

 (Honer et 
al., 1986) 

Healthy adult men Unspecified acid Reversed phase chromatography (C-18) No Male mean 1.4 pg/ml 

 (Takeda et 
al., 1985) 

Healthy adult 
participants, 
pregnant women 
(7-41 weeks 
gestation, 
peripartum) 

Phenanthroline Normal phase chromatography (Florisil/ 
80% acetone) 

75-85% spike recovery Male mean 6.4 pg/ml 
Female mean 8.0 pg/ml 
Pregnant female mean 
26.9 pg/ml 
Pregnant womein in 
labour mean 32.9 pg/ml 

 (Chiodera et 
al., 1984b) 

Healthy adult 
participants 

None Ion exchange chromatography (DEAE 
Sephadex A-25) 

65% spike recovery Male mean 5.1 pg/ml 
Female mean 5.4 pg/ml 
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 (Leake et 
al., 1983) 

Breastfeeding 
mothers 10 days-
1 year postpartum 

None Unclear method No Pre- and post-
breastfeeding: 
10-90 days 2.24.7 
pg/ml 
90-180 days 1.83.2 
pg/ml 
180 days-1 year 1.73.7 
pg/ml 

 (Goodfellow 
et al., 1983) 

Pregnant 
peripartum 
women 

None Normal phase chromatography (Vycor 
powder) 

No Early 2nd stage range 7.2-
46.0 pg/ml 
Late 2nd stage range 2.3-
85.0 pg/ml 

 (Makino et 
al., 1983) 

Pregnant women 
(7-40 weeks 
gestation) 

None None No 7-14 weeks mean 84.1 
pg/ml 
15-27 weeks mean 101.9 
pg/ml 
28-40 weeks mean 119.2 
pg/ml 

 (Blackett et 
al., 1983) 

Healthy adult 
participants 

None None No Mean 3.0 pg/ml 

 (Swaab and 
Oosterbaan, 
1983) 

Pregnant women 
(32-37 weeks 
gestation) 

None Normal phase chromatography (Vycor 
powder) 

No Female range 0-27 pg/ml 

 (McNeilly et 
al., 1983) 

Breastfeeding 
mothers 4 days – 
11 weeks 
postpartum 

None Reversed phase chromatography (C-18/ 
60% acetonitrile) 

74% spike recovery Female range 0-59 pg/ml 

 (Vankrieken 
et al., 1983) 

Healthy adult 
participants 

Phenanthroline None No Male range 12-34 pg/ml 
Female range 0-36 pg/ml 

 (Otsuki et 
al., 1983b) 

Pregnant and 
peripartum 
women 

Phenanthroline/ 
citrate 

None No Mid-gestation range 4.8-
5.8 pg/ml 
>36 weeks gestation 
mean 20.9 pg/ml 
1st stage labour range 
10.9-34.1 pg/ml 
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 (Otsuki et 
al., 1983a) 

Pregnant and 
peripartum 
women, newborns 
post-delivery 

Phenanthroline/ 
citrate 

None No 36-41 weeks gestation 
mean 20.7 pg/ml 
Vaginal delivery: Maternal 
2nd stage mean 29.4 
pg/ml, umbilical artery 
mean 30.4 pg/ml, 
umbilical vein mean 20.4 
pg/ml 
 

 (Mizutani et 
al., 1982) 

Healthy adult 
women and 
pregnant women 
(5-40 weeks 
gestation) 

Unspecified acid None No Non-pregnant female 
mean 0 pg/ml 
Pregnant female mean 
31.7-96.0 pg/ml 

 (Drewett et 
al., 1982) 

Healthy adult 
women and 
breastfeeding 
mothers (41-140 
days postpartum) 

None Normal phase chromatography (Vycor 
powder) 

55.8% spike recovery Female range 1.0-14.6 
pg/ml 
Breastfeeding mothers 
mean 13.7 pg/ml 

 (Yoshida et 
al., 1982) 

Healthy adult 
women 

Phenanthroline/ 
citrate 

None No Female mean 5.8 pg/ml 

 (Dawood 
and Fuchs, 
1981) 

Pregnant and 
peripartum 
woman, newborn 
post-delivery 

None Normal phase chromatography (Fuller’s 
earth/ 80% acetone) 

39-43% spike recovery 36 weeks gestation 4.2 
pg/ml 
1st stage labour maximum 
12.1 pg/ml 
Late 2nd stage labour 38 
pg/ml 
Umbilical artery 73 pg/ml 
Umbilical vein 5.2 pg/ml 

 (Sellers et 
al., 1981) 

Pregnant women 
(7-41 weeks 
gestation) and 
peripartum 
women 

Unspecified acid Normal phase chromatography (Vycor 
powder/ 60% acetone) 

74% spike recovery Pregnant women range 0-
27 pg/ml 
Early labour mean 7.4 
pg/ml 
Late labour mean 9.3 
pg/ml 
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2nd stage labour mean 8.6 
pg/ml 

 (Leake et 
al., 1981) 

Newborn post-
delivery 

None Liquid-liquid extraction (acetone/ ether) 72% spike recovery Vaginal delivery: umbilical 
artery mean 13.5 pg/ml, 
umbilical vein mean 10.7 
pg/ml 
Neonatal peripheral 
venous day 1-4 mean 5.3 
pg/ml 

 (Leake et 
al., 1980) 

Healthy adult 
participants 
Pregnant women 
in labour 

None Liquid-liquid extraction (acetone/ ether) 72% spike recovery Male mean 1.3 pg/ml 
Female mean 1.3 pg/ml 
Pregnant women in labour 
mean 1.0 pg/ml 

 (Ogawa et 
al., 1980) 

Healthy adult men None Normal phase chromatography (Florisil/ 
acetone) 

86% spike recovery Male mean 3.1 pg/ml 

 (Dawood et 
al., 1978c) 

Newborns post-
delivery 

Unspecified acid Normal phase chromatography (Fuller’s 
earth/ 80% acetone) 

40% spike recovery Vaginal delivery: umbilical 
artery mean 116 pg/ml, 
umbilical vein mean 38 
pg/ml 

 (Dawood et 
al., 1978b) 

Pregnant women 
(7-40 weeks 
gestation) and 
peripartum 
women, newborns 
post-delivery 

Unspecified acid Normal phase chromatography (Fuller’s 
earth/ 80% acetone) 

39-43% spike recovery 7-20 weeks gestation 
range 0-16.2 pg/ml 
21-40 weeks gestation 
range 4.7-24.9 pg/ml 
1st stage labour range 0-
72.5 pg/ml 
2nd stage labour range 
18.8-240 pg/ml 
3rd stage labour range 
3.9-117.5 pg/ml 
Umbilical artery range 
14.0-350.0 pg/ml 
Umbilical vein ranges 6.3-
107.5 pg/ml 

 (Dawood et 
al., 1978a) 

Pregnant women 
(7-40 weeks 

Unspecified acid Normal phase chromatography (Fuller’s 
earth/ 80% acetone) 

39-43% spike recovery Pregnant women range 0-
69.0 pg/ml 
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gestation) and 
peripartum 
women, newborns 
post-delivery 

1st stage labour mean 
40.3 pg/ml 
2nd stage labour mean 
123.9 pg/ml 
3rd stage labour mean 
64.5 pg/ml 
Umbilical artery mean 
111.3 pg/ml 
Umbilical venous mean 
38.0 pg/ml 

 (Bossuyt-
Piron et al., 
1978) 

Healthy adult 
participants, 
pregnant 
peripartum 
women, newborns 
post-delivery 

None None No Male and female range 0 
pg/ml 
Late pregnancy and 
labour 40.1-157.0 pg/ml 
Umbilical cord 
(unspecified) 25.1-167 
pg/ml 

 (Sende et 
al., 1976) 

Pregnant 
peripartum 
women 

Unspecified acid Unclear  No Prelabour range 0 pg/ml 
During labour range 0-10 
pg/ml 
Postpartum range 0-6 
pg/ml 

 (Kumaresan 
et al., 1975) 

Pregnant 
peripartum 
women, newborns 
post-delivery 

None None No Late 2nd stage labour 
mean 150.3 pg/ml 
At delivery range 8.4-
372.4 pg/ml 
Umbilical artery range 
16.7-384.1 pg/ml 
Umbilical vein range 8.4-
355.7 pg/ml 
Postpartum day 1 mean 
110.2 pg/ml 
Postpartum day 2 mean 
83.5 pg/ml 
Postpartum day 3 mean 
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90.2 pg/ml 

 (Kato and 
Torigoe, 
1974) 

Pregnant 
peripartum 
women, newborns 
post-delivery 

None Normal phase chromatography (Fuller’s 
earth) 

57.1% spike recovery Late 2nd stage labour 
mean 66.8 pg/ml 
Umbilical vein mean 
140.3 pg/ml 

 (Gibbens et 
al., 1972b) 

Pregnant 
peripartum 
women 

Unspecified acid Normal phase chromatography (Fuller’s 
earth/ 90% acetone) 

No 3rd stage labour 0 pg/ml 

 (Gibbens et 
al., 1972a) 

Pregnant 
peripartum 
women 

Unspecified acid Normal phase chromatography (Fuller’s 
earth/ 90% acetone) 

No 1st stage labour range 2-
25 pg/ml 
2nd stage labour range 5-
20 pg/ml 
3rd stage labour 0 pg/ml 

 (Chard et 
al., 1971) 

Pregnant 
peripartum 
women, newborns 
post-delivery 

Unspecified acid Normal phase chromatography (Fuller’s 
earth/ 90% acetone) 

No Female mean 0-30.1 
pg/ml 
Umbilical artery mean 
45.1 pg/ml 
Umbilical vein mean 25.1 
pg/ml 

 (Chard et 
al., 1969; 
(Chard et al., 
1970a; 
(Chard et al., 
1970b) 

Newborns post-
delivery 

Unspecified acid Normal phase chromatography (Fuller’s 
earth/ 90% acetone) 

60% spike recovery Umbilical artery range 0-
290 pg/ml 
Umbilical vein range 0-40 
pg/ml 
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Most recently, mass spectrometry (MS) techniques, widely regarded as the 

“gold standard” for biochemical analysis, have started to be developed, but 

these are more expensive to run, requiring equipment that is not widely 

available (Zhang et al., 2011a; (Johnsen et al., 2015; (Brandtzaeg et al., 2016; 

(Semba et al., 2017). Unlike immunoassays, however, MS techniques rely on 

resolving the mass of various ionised fragments of a given molecule which are 

generated in a specific pattern along a spectrum and are therefore less 

subject to interference as a result (Matthiesen and Bunkenborg, 2013). 

However, as discussed in Section 3.1.2, these techniques are still reliant on 

plasma extraction processes. For instance, without the reduction-alkylation 

step described by Brandtzaeg et al. (2016) and Semba et al. (2017), plasma 

OXT concentrations measured by MS techniques after 2-dimensional HPLC 

are in a similar range to those measured by RIA and EIA post-extraction (0-

3.67 pg/ml) (Zhang et al., 2011a). 

 

3.2 Objectives 

Given the lack of consensus as to the optimal method of measuring OXT in 

human plasma or serum, and the lack of consistent data on the validity of 

current MS techniques, this study aimed to optimise a commercially available 

EIA-based method for quantifying plasma OXT. The following steps were 

planned as part of this study: 

 To ascertain the reliability and validity of pre-analysis plasma extraction 

processes, examining both solid phase extraction and ultrafiltration 

techniques, and to optimise these processes if deemed necessary 

 To determine whether the use of a protease inhibitor (aprotinin) is 

necessary in order to achieve stable, accurate plasma OXT 

measurements 

 To determine the reliability and validity of commercially available 

plasma OXT EIAs to identify the kit performing with the highest degree 

of accuracy. 
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3.3 Methods  

3.3.1 Reagent preparation 

OXT peptide from four commercially available sources (500 IU/ 0.835 mg, 

Sigma-Aldrich, St. Louis, Missouri, USΑ; 5 mg of acetate salt hydrate, Sigma-

Aldrich, St. Louis, Missouri, USA; 25 mg, Abcam, Cambridge, UK; and 1 mg, 

Tocris Bioscience, Bristol, UK) were diluted in 1 ml ultrapure water and 

divided into 5 μl aliquots for storage. These aliquots were evaporated to 

dryness in a centrifugal concentrator under vacuum and stored at -20°C until 

analysis. When ready for use, the aliquots were brought to room temperature 

and reconstituted in 1 ml of ultrapure water and diluted to the desired 

concentration with ultrapure water or EIA buffer as needed.  

 

In order to test the cross-reactivity of the OXT EIA, 19 of the most abundant 

proteins in human plasma, as well as AVP (Tocris Bioscience, Bristol, UK), 

were used. These were 20% human serum albumin (HSA, Zenalb® 20,  Bio 

Products Laboratory Ltd., Borehamwood, UK), 10% intravenous 

immunoglobulin (IVIG, consisting of >98% IgG, Kiovig®, Baxter AG, Vienna, 

Austria), IgA, 0.09% IgM, transferrin, caeruloplasmin and C4 (all from Sigma-

Aldrich, St. Louis, Missouri, USA), fibrinogen, α2-macroglobulin (α2M), α1-

antitrypsin (α1AT), haptoglobin and α1-acid glycoprotein (α1AG, all from 

Cayman Chemical Company, Ann Arbor, Michigan, USA), the apolipoproteins 

A-I (ApoAI), A-II (ApoAII) and B (ApoB), C1q and C3 (all from Source 

Bioscience, Nottingham, UK), plasminogen (R&D Systems, Minneapolis, 

Minnesota, USA), and prealbumin (Bio-Rad Laboratories, Hercules, 

California, USA). Lyophilised peptides were reconstituted in ultrapure water 

apart from IgA (in 0.45% sodium chloride), fibrinogen (in 0.9% sodium 

chloride), ApoAII, C1q and prealbumin (in phosphate-buffered saline (PBS)) 

and plasminogen (in 25 mM Tris buffer/ 150 mM sodium chloride), as per 

manufacturer’s instructions. All reconstituted peptides were aliquoted and 

stored at -20°C apart from albumin, IgG and IgM (4°C), and fibrinogen and C4 

(-80°C).  
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Horseradish peroxidase (HRP)-conjugated polyclonal goat anti-rabbit IgG and 

monoclonal mouse anti-rabbit IgG (Sigma-Aldrich, St. Louis, Missouri, USA) 

were dissolved in ultrapure water as per the manufacturer’s instructions, 

aliquoted and stored at -20°C until use.  

 

3.3.2 Sample preparation 

Blood samples obtained from healthy volunteers were drawn into chilled 

EDTA tubes containing 400 kIU/ml aprotinin (Trasylol®, Nordic Pharma Ltd, 

Reading, UK) and centrifuged at 1600g for 15 minutes at 4°C. The plasma 

supernatant was saved and frozen at -80°C until analysis.  

 

3.3.3 SPE protocol 

The SPE method used in these experiments was a modification of that 

recommended by Enzo Life Sciences for its commercially available OXT EIA 

(Enzo Life Sciences, 2013). 3 ml (200 mg) Sep-Pak® C18-bonded silica 

columns (Waters Corporation, Milford, Massachusetts, USA) were 

equilibrated with 1 ml of 100% acetonitrile (ACN), followed by 10 ml of 0.1% 

trifluoroacetic acid (TFA) in ultrapure water (TFA-H2O). 1 ml of the sample of 

interest (pure OXT solution or plasma) were diluted 1:1 with 0.1%-0.5% TFA-

H2O binding buffer and centrifuged at 17000g for 15 minutes at 4°C. The 

supernatant was then loaded onto the C-18 columns by gravity-feeding. The 

columns were then washed with 10 ml of 0.1% TFA-H2O) and then eluted by 

applying 1-3 ml of 15-95% ACN in 0.1-0.5% TFA-H2O. Aliquots of the load, 

wash and elute fractions were evaporated to dryness in a centrifugal 

concentrator under vacuum and stored at -20°C until analysis, when they 

were reconstituted in assay buffer and used for EIA immediately. 

 

3.3.4 Ultrafiltration protocol 

The ultrafiltration method was based on the method described by Pequeux et 

al. (2001). 2 ml of sample was loaded onto Amicon® Ultra centrifugal filters 

with nominal molecular weight limits of 3 and 10 kDa (Merck Millipore, 

Billerica, Massachusetts, USA) and then centrifuged at 4000g for 60 minutes 

at 4°C. The ultrafiltrate was collected and the device inverted as per 
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manufacturer’s instructions and centrifuged at 1000g for 2 minutes at 4°C to 

obtain the retentate. Aliquots of both the ultrafiltrate and retentate were 

evaporated to dryness in a centrifugal concentrator under vacuum and stored 

at -20°C until analysis, when they were reconstituted in assay buffer and used 

for EIA immediately. 

 

3.3.5 Validation of EIAs 

Two commercially available EIA kits were chosen for assessment of reliability 

and validity. These assays were selected not only due to their frequent use in 

the literature, but also due to significant differences in the nature of the 

competitive EIA involved. Both kits utilise a polyclonal rabbit anti-OXT primary 

antibody but kit 1 (Enzo Life Sciences, Farmingdale, New York, USA) has a 

polyclonal goat anti-rabbit secondary antibody (Enzo Life Sciences, 2013), 

whilst kit 2 (Cayman Chemical Company, Ann Arbor, Michigan, USA) uses a 

monoclonal mouse anti-rabbit secondary antibody (Cayman Chemical 

Company, 2013). Additionally, kit 1 uses an alkaline phosphatase-bound OXT 

conjugate and p-nitrophenylphosphate (pNPP) as a substrate, whilst kit 2 

uses an acetylcholinesterase (AChE)-bound OXT conjugate and an 

acetylthiocholine/ 5,5’-dithio-bis-(2-nitrobenzoic acid) substrate, otherwise 

known as Ellman’s reagent. The hydrolysis of pNPP by alkaline phosphatase 

produces p-nitrophenol, whilst hydrolysis of acetylthiocholine by AChE 

releases thiocholine, which reacts non-enzymatically with 5,5’-dithio-bis-(2-

nitrobenzoic acid) to produce 5-thio-2-nitrobenzoic acid; both substrates are 

yellow and can be read at an absorbance of 405 nm (Lorenz, 2011; (Cayman 

Chemical Company, 2013). The published IC50 (50% B/B0) for kit 1 was 228 

pg/ml with a detection limit (80% B/B0) of 43 pg/ml, whilst for kit 2 these 

parameters were 50-100 pg/ml (mean 80 pg/ml) and 15-25 pg/ml (mean 18 

pg/ml). Unless otherwise stated, all standards and samples were assayed in 

triplicate, whilst blank, total activity, non-specific binding and B0 wells were 

assayed in duplicate as per manufacturer’s instructions. Calculation of OXT 

concentrations was performed using BioTek Gen5 data analysis software 

(BioTek Instruments, Inc., Winooski, Vermont, USA) with a four-parameter 

logistic fit. Other commercially available EIA kits closely resemble kit 1 and 

were therefore not compared (Arbor Assays, 2013; (Abcam, 2014). 
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3.3.5.1 Cross-reactivity experiments 

Both EIAs were subject to cross-reactivity validity testing using the 19 most 

abundant proteins in human plasma, AVP and aprotinin as detailed above. As 

the IC50 for kit 1 and kit 2 were 228 pg/ml and 80 pg/ml respectively, the target 

concentration of cross-reacting proteins that would suggest a cross-reactivity 

(IC50(OXT)/IC50(interfering protein)) of <0.01% if not detected by the EIA was 

set at 3 μg/ml and 1 μg/ml respectively. Protein solutions were therefore 

diluted in the relevant EIA buffer to the desired concentration prior to analysis. 

Cross-reacting proteins which resulted in detectable readings on the OXT EIA 

were the subject to further analysis using 10-fold dilutions between 100 ng/ml 

to 1 mg/ml to determine their IC50 on the OXT EIA and the exact degree of 

cross-reactivity as per the above formula. 

 

3.3.5.2 Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-

PAGE) and Western blotting experiments 

SDS-PAGE analyses were conducted on 15-well Novex® Tricine 16% 

polyacrylamide gels (Life Technologies, Carlsbad, California, USA). Samples 

containing 20 μg of protein were made up to 15 μl with 1:2 Novex® Tricine 

SDS sample buffer (2X) (Life Technologies, Carlsbad, California, USA) with or 

without 50 mM dithiotreitol (DTT) as a reducing agent, with the remaining 

volume made up with ultrapure water as per the manufacturer’s instructions. 

Protein denaturation was performed by heating samples at 85°C for 2 or 10 

minutes prior to loading samples onto the gel. SDS-PAGE was performed 

using the XCell SureLock® Mini-Cell system (Thermo Fisher Scientific, 

Waltham, Massachusetts, USA) in Novex® Tricine running buffer (Life 

Technologies, Carlsbad, California, USA) at 125V for 60 minutes. Gels were 

stained using Coomassie dye (Life Technologies, Carlsbad, California, USA) 

overnight and destained with ultrapure water. 

 

Protein transfer to polyvinylidene fluoride (PVDF) membranes was performed 

over five minutes using iBlot® Transfer Stacks (Life Technologies, Carlsbad, 

California, USA) for Western blotting. The membranes were then blocked in a 

solution containing 150 mM sodium chloride, 10 mM phosphate, 0.1% Tween-
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20 (PBS-Tween) and 5% skimmed milk for one hour prior to incubation 

overnight either in polyclonal rabbit anti-OXT from kits 1 and 2 respectively 

diluted to 1:100 in blocking solution or antibody-free blocking solution at 4°C 

on an orbital plate shaker. The membranes were washed seven times with 

PBS-Tween and incubated at room temperature for one hour with either HRP-

conjugated polyclonal goat anti-rabbit (1:80000) or monoclonal mouse anti-

rabbit (1:320000) antibody in blocking solution. Membranes were washed 

seven times once again with PBS-Tween prior to application of PierceTM ECL 

Substrate (Thermo Fisher Scientific, Waltham, Massachusetts, USA) before 

being exposed to an X-ray film.  

 

3.3.5.3 Spike recovery experiments 

Spike recovery was assessed by adding small volumes of neat EIA standard 

solution to an expected concentration of 200 (low concentration) and 400 

(high concentration) pg/ml to human plasma samples from four healthy 

controls (two female, two male) and assay buffer. Both spiked and unspiked 

samples were analysed in triplicate on the same EIA plate in one experiment. 

Spike recovery was calculated as: 

 

[(Spiked plasma OXT – unspiked plasma OXT)/ (spiked buffer OXT)] x 100% 

 

3.3.5.4 Dilutional linearity experiments 

Dilutional linearity was assessed by adding small volumes of neat EIA 

standard solution to an expected concentration of 700 pg/ml to plasma from a 

healthy human male control, and serially performing 1:2 dilutions with EIA 

buffer to a final dilution of 1:16. All samples were analysed in triplicate on the 

same EIA plate in one experiment. Dilutional linearity was assessed by 

plotting the observed concentrations against the dilution factor and calculating 

the Pearson’s correlation coefficient of the slope of the regression line, as well 

as calculating the %dilutional linearity as follows: 

 

[(Diluted plasma OXT x dilution factor)/ neat spiked plasma OXT] x 100% 
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3.3.5.5 Reliability testing 

3.3.5.5.1 Effect of aprotinin on OXT concentrations 

All current commercially available EIAs recommend the use of a protease 

inhibitor (usually aprotinin) in plasma and serum samples to reduce 

degradation of OXT during storage prior to analysis. As such, the effect of  

aprotinin on the stability of OXT in human plasma was assessed by 

comparing daily OXT concentrations in a single plasma sample from a healthy 

human male volunteer. The volume of plasma was divided into two, and 400 

kIU/ml aprotinin was added to half of the sample. Each of the volumes was 

then divided into 10 aliquots, with one sample being frozen immediately at -

80°C. The rest of the samples were kept at room temperature and one aliquot 

was sequentially frozen at the same time of each day for nine further days. 

 

3.3.5.5.2 Intra-assay precision/ reliability 

Intra-assay precision was tested by assaying 19 replicates of unextracted 

plasma from three healthy human controls (two female, one male) on the 

same EIA plate. The minimum sample size required for an estimated 

intraclass correlation coefficient (ICC) of 0.9±0.2 for 19 replicates in a one-

way random effects model was 2.7. 

 

3.3.5.5.3 Inter-assay precision/ reliability 

Inter-assay precision was tested by assaying unextracted plasma from four 

healthy human controls (2 female, 2 male) on three EIA plates on separate 

days in triplicate. The minimum sample size required for an estimated ICC of 

0.9±0.2 for three separate assays in a two-way random effects model was 

3.6. 

 

3.3.6 Statistical analysis 

Plasma OXT measurements obtained by EIA were expressed as mean±SD. 

Coefficients of variation (CV) were calculated as SD/ mean. Comparisons 

between different OXT measurements using different pre-analytical and EIA 

techniques were analysed using the student’s t-test, or a one-way analysis of 

variance (ANOVA). ICCs were calculated using a one-way random effects 

model for intra-assay precision and a two-way random effects model for inter-
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assay precision. All statistical analyses were performed using SPSS version 

25.0 (IBM, Armonk, New York, USA).  

 

3.4 Results 

3.4.1 Selection of synthetic OXT peptide for use in validation 

experiments (Table 9) 

The four commercially available synthetic OXT stock peptides were 

reconstituted into stock solutions containing 4.175 μg/ml (Sigma-Aldrich), 25 

μg/ml (Sigma-Aldrich, acetate salt hydrate), 125 μg/ml (Abcam) and 5 μg/ml 

(Tocris Bioscience) respectively, and then diluted to concentrations of 900, 

500 and 20 pg/ml using ultrapure water, and 800, 500, 200 and 20 pg/ml 

using EIA buffer prior to analysis with kit 1, to determine the accuracy of the 

supplied peptides. OXT peptides supplied by Sigma-Aldrich and Abcam both 

resulted in higher measured OXT concentrations than that predicted, and 

therefore the OXT peptide supplied by Tocris Bioscience was selected for use 

in further EIA validation experiments with a %accuracy of 83.6-122.3%.  

 



 172 

Table 9: Comparison of accuracy of four commercially available OXT peptides using kit 1. 

Synthetic 
OXT 

Diluent Predicted 
concentration 
(pg/ml) 

Measured 
concentration 
(pg/ml) 

%Accuracy 
(Measured/ 
Predicted) 

Mean 
%accuracy 

Sigma-
Aldrich 

Ultrapure 
water 

900 401.2 44.6% 1673.4% 

500 342.3 68.5% 

20 981.5 4907.3% 

Sigma-
Aldrich 
(acetate salt 
hydrate) 

900 >1049.2 N/A 676.4% 

500 >1049.2 N/A 

20 135.3 676.4% 

Abcam 900 >1049.2 N/A 2313.9% 

500 >1049.2 N/A 

20 462.8 2313.9% 

Tocris 
Bioscience 

900 666.3 74.0% 83.6% 

500 418.3 83.7% 

20 18.6 93.0% 

Sigma-
Aldrich 

EIA 
buffer 

800 >1049.2 N/A 150.7% 

500 705.3 141.1% 

200 316.3 158.1% 

20 30.6 152.9% 

Sigma-
Aldrich 
(acetate salt 
hydrate) 

800 759.7 95.0% 124.4% 

500 578.5 115.7% 

200 281.0 140.5% 

20 29.3 146.6% 

Abcam 800 936.5 117.1% 151.1% 

500 708.9 141.8% 

200 338.4 169.2% 

20 35.3 176.5% 

Tocris 
Bioscience 

800 677.8 84.7% 122.3% 

500 477.3 95.5% 

200 208.1 104.0% 

20 41.0 204.8% 

 

3.4.2 Experiments in optimisation of SPE 

3.4.2.1 Determination of optimum TFA-H2O/ ACN concentrations for C-18 

SPE by gradient elution (Figure 6) 

Optimisation of the SPE process was conducted with pure OXT peptide 

solutions to determine the behaviour of OXT in the absence of other 

interfering substances present in human plasma. The optimum ACN 

concentration for elution of 200 pg of pure OXT peptide was determined by 

gradient elution. Stock solution (Tocris Bioscience, Bristol, UK) was diluted to 

a concentration of 200 pg/ml, and 1 ml of this solution was loaded onto the C-

18 columns as per protocol, using either 0.1% of 0.5% TFA-H2O as binding 

buffer. Elution was performed with a gradient of 1 ml of 0.1-0.5% TFA/ 15-

95% ACN, in 5% ACN increments. All load, wash and elute fractions were 

collected, evaporated and reconstituted in 1 ml of EIA buffer prior to analysis 
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with kit 1.  Comparison of the two concentrations of TFA-H2O showed that 

using 0.5% TFA-H2O resulted in unusually high OXT concentrations in the 

eluate fractions, such that the total measured OXT in all fractions far 

exceeded that of the original loaded sample (1131.3 pg), suggesting an 

element of assay interference. There were no significant differences in the 

amount of OXT recovered in the load and wash fractions using 0.1% vs. 0.5% 

TFA-H2O, meaning that the change in concentration of TFA-H2O primarily 

affected the OXT concentration in the eluate. Using 0.1% TFA-H2O, the total 

OXT present in all fractions was 79.1 pg, with 41.4 pg of OXT not binding 

sufficiently to the column and being washed out in the load and wash fractions 

prior to elution, and the remaining 37.7 pg being eluted out entirely between 

ACN concentrations of 15-40%. This resulted in an overall recovery efficiency 

of only 18.9% in the eluate fractions.  

 

 

Figure 6: SPE of 200 pg of pure OXT using a gradient elution of 15-95% ACN/ 0.1-0.5% 
TFA-H2O, using load and wash concentrations of 0.1-0.5% TFA-H2O. Orange bars denote the 
total amount of OXT in load, wash and all elution fractions. Results are mean ±SD of triplicate 
readings and results are compared by the student’s t-test for independent samples. NS, non-

significant. *Note that elution at 30% ACN/ 0.5% TFA-H2O resulted in readings above the 
upper limit of detection for the EIA, i.e. >1049.2 pg/ml (vs. 30% ACN/ 0.1% TFA-H2O, 

p<0.0001). 
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3.4.2.2 Determination of optimum ACN concentrations for C-18 SPE by 

single column elution with 0.1% TFA-H2O/ 15-40% ACN  (Figure 7) 

Further experiments were thus performed to determine the concentration of 

ACN required to extract OXT with maximum efficiency in a single fraction 

using kit 1 for analysis. Separate C-18 column SPEs were performed using a 

stock solution of 200 pg/ml with 0.1% TFA-H2O and ACN concentrations of 

15, 20, 25, 30, 35 and 40%. This showed that maximum OXT recovery was 

obtained with 0.1% TFA-H2O/ 40% ACN, however, only 95.6 pg (47.8%) of 

OXT was recovered in the eluate, with a total recovery of only 109.9 pg 

(55.0%). This indicated that significant proportions of OXT remained on the C-

18 columns without appearing in any extraction fraction. Repeat experiments 

showed markedly variable extraction efficiencies within this range of %ACN, 

with maximum recovery of OXT in the eluate ranging from 10.1-49.1%, but 

always occurring between 30-40% ACN (results not shown). Total OXT 

recovery across all fractions also varied significantly between 37.1-92.2% 

between experiments. 

 

Figure 7: SPE of 200 pg of pure OXT using 0.1% TFA-H2O/ 15-40% ACN in separate C-18 
columns, using load and wash concentrations of 0.1% TFA-H2O. Results are mean ±SD of 

triplicate readings.  
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3.4.2.3 Determination of optimum C-18 SPE conditions by partial gradient 

elution (total 3 ml) with 0.01-0.1% TFA-H2O/ 30-40% ACN (Figure 

8) 

Given that the majority of OXT was recovered from pure solution in the 30-

40% ACN range, further optimisation of the C-18 SPE process by 

cumulatively collecting the eluate from a partial gradient elution with 1 ml each 

of 30, 35 and 40% ACN was carried out to see if this improved the recovery of 

a load of 600 pg of pure OXT, compared to a single elution using 3 ml of each 

individual ACN concentration, still using kit 1. Additionally, given that 

experiment 4.4.2.1 demonstrated that using 0.1% TFA-H2O still resulted in 

excess OXT losses prior to elution, further comparisons were made utilising 

0.01 and 0.05% TFA-H2O during the load and wash steps. This experiment 

firstly showed that concentrations of 0.01 and 0.05% TFA-H2O resulted in 

significantly greater losses of OXT compared to 0.1% TFA-H2O, with greater 

variability (mean load OXT: 0.01% TFA-H2O 12.1±9.9 pg, 0.05% TFA-H2O 

36.1±20.5 pg, 0.1%  TFA-H2O 4.5±5.5 pg, one-way ANOVA p=0.02, 

Bonferroni post-hoc correction 0.05% TFA-H2O vs. 0.1% TFA-H2O p=0.03; 

mean wash OXT: 0.01% TFA-H2O 122.0±101.6 pg, 0.05% TFA-H2O 

114.4±57.5 pg, 0.1% TFA-H2O 46.8±31.6 pg, one-way ANOVA p=0.3). 

Secondly, a partial gradient elution with 30-40% ACN was significantly less 

efficient at recovery of OXT compared to a single 3 ml elution of 35% ACN 

(mean elute OXT: 30% ACN 287.6±21.3 pg, 35% ACN 348.9±35.8 pg, 40% 

ACN 140.9±27.9 pg, 30-40% ACN 152.2±43.6 pg, one-way ANOVA 

p=0.0001, Bonferroni post-hoc correction 35% ACN vs. 30-40% ACN 

p=0.0005). Despite this however, the recovery of OXT was still only 58.1% at 

best. 
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Figure 8: SPE of 600 pg of pure OXT using 30%, 35%, 40% or a partial gradient elution of 
30-40% ACN (1 ml per step), using load and wash concentrations of 0.01-0.1% TFA-H2O. 

Results are mean ±SD of triplicate readings. **p<0.01, ***p<0.001.  
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concentration of 600 pg/ml to determine whether this extraction process would 

sufficiently recover a known concentration of OXT from human plasma.  

 

Several observations could be made from this experiment. Firstly, recycling of 

the wash fractions did not significantly improve the retention of OXT from pure 

OXT solutions on the C-18 SPE columns, but appeared to conversely improve 

retention of OXT from human plasma (pure OXT solution: wash 1 4.1±1.3 vs. 

wash 2 3.7±0.9 vs. wash 3 5.3±3.1 pg/ml, one-way ANOVA p=0.7; human 

plasma: wash 1 51.3±2.8 vs. wash 2 42.4±6.1 vs. wash 3 37.7±1.8 pg/ml, one 

way ANOVA p=0.006, Bonferonni post-hoc correction wash 1 vs. wash 3 

p=0.006). However, on calculating the recovery of OXT, it became apparent 

that whilst there was significant under-recovery of OXT in the eluate from pure 

solution by this method (133.3±17.2 pg, 22.2%), the recovery of OXT from 

spiked human plasma did not differ significantly from unspiked plasma 

(338.9±52.3 pg, p=0.6). This discrepancy in results would suggest that kit 1 

was also measuring an interfering substance in human plasma, which was 

being recovered inconsistently and non-specifically by the SPE extraction 

process. Indeed, initial experiments with loading 0.1% TFA directly onto the 

EIA plate of kit 1 resulted in readings of 6.5±1.1 pg/ml, suggesting that 

reagents from the SPE process itself interfered directly with kit 1. 

 



 178 

 

Figure 9: SPE of OXT from 600 pg of pure OXT solution, human plasma, and human plasma 
spiked with OXT to a concentration of 600 pg/ml, using a partial gradient elution of 30-40% 

ACN (3 ml per step), using load and wash concentrations of 0.1% TFA-H2O, and recycling of 
wash fractions three times. Results are mean ±SD of triplicate readings. NS, non-significant; 

**p<0.01).  

 

3.4.3 Experiments in ultrafiltration (Figure 10) 
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Figure 10: Ultrafiltration of pure OXT using a Amicon® Ultra centrifugal filters with (a) 400 pg 
vs. 1600 pg of OXT loaded onto filters with 3 kDa pore sizes and (b) 100 pg of OXT loaded 

onto filters with 3 kDa vs. 10 kDa pore sizes. Note the significant under-recovery of OXT in all 
experiments.  
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regards to the extraction of human plasma, it was unclear whether the SPE 

process itself added or removed interfering substances to the final eluate, 

such that the total recovery of OXT was higher than that of unextracted 

plasma for both kits (kit 1: extracted plasma total recovery 1514.7 pg vs. 

unextracted plasma 767.86 pg; kit 2: extracted plasma total recovery 784.6 pg 

vs. unextracted plasma 43.7 pg). Importantly, whilst the OXT readings for 

extracted vs. unextracted plasma were significantly different for kit 1 (54.6±1.0 

pg vs. 767.9±39.9 pg, p=0.00006), contrastingly, there was no significant 

difference with kit 2 (53.8±8.9 pg vs. 43.7±23.0 pg, p=0.7), or indeed in 

comparison to the extracted plasma OXT readings for kit 1 (p=0.5). Given the 

difficulties in optimising a pre-analytical purification process for plasma OXT 

(whether by SPE or ultrafiltration), and given the marked variability in the SPE 

process, with the possibility of it introducing interference to the EIA in itself, a 

decision was made to use kit 2 for all further experiments, particularly in 

translating it for the clinical phase of this study (Chapter 5).  

 

 

Figure 11: Comparison of the performance of kit 1 (a, Enzo Life Sciences) vs. kit 2 (b, 
Cayman Chemical Company) in the analysis of extracted and unextracted samples of pure 

OXT (600 pg)  and human plasma. SPE of OXT was carried out using load and wash 
concentrations of 0.1% TFA-H2O, with one recycling step of the wash fraction, and a partial 

gradient elution of 30-40% ACN (2 ml per step). Results are mean ±SD of triplicate readings. 
***p<0.001; NS, non-significant. 
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3.4.4.1.2 Comparison of polyclonal goat secondary anti-rabbit antibody 

(kit 1) vs. monoclonal mouse secondary anti-rabbit antibody (kit 

2) in SDS-PAGE/ Western blotting experiments (Figure 12) 

Experiments were then conducted to determine the nature of the suspected 

interference in the EIAs. Apart from the colorimetric reaction involved in the 

two assays, the major difference between kit 1 and kit 2 was the clonality of 

the secondary antibody used. An initial hypothesis was made that the 

postulated interference involved in the measurement of OXT in unextracted 

plasma in kit 1 leading to the significant difference in readings compared to kit 

2 was due at least partially to interactions with one of the two most abundant 

proteins in human plasma – IgG and HSA, possibly mediated by this 

difference in antibodies. SDS-PAGE and Western blotting experiments were 

thus conducted by loading human plasma, IVIG and HSA as above. Indeed, 

the polyclonal goat anti-rabbit antibody exhibited interactions directly (i.e. in 

the absence of a primary polyclonal rabbit anti-OXT antibody) with a high 

molecular weight fraction of human plasma (62-198 kDa), corresponding to 

IgG (Figure 12b). This interaction was intensified by the presence of rabbit 

polyclonal anti-OXT antibody (Figure 12a), and only abolished by prolonged 

heating (10 minutes) of samples at 85°C, demonstrating the strength of the 

interaction. Contrastingly, the monoclonal mouse anti-rabbit antibody 

exhibited no such interaction (Figures 12c-d), suggesting that the interference 

seen in kit 1 may be due to non-specific binding by the secondary antibody, 

augmented by the presence of the primary antibody.  
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Figure 12: Western blot results of human plasma, IgG (IVIG) and human serum albumin 
(HSA) in the presence of (a-b) polyclonal goat anti-rabbit antibody and (c-d) monoclonal 

mouse anti-rabbit antibody, (a,c) with and (b,d) without the presence of polyclonal rabbit anti-
OXT antibody, performed under various reducing/ denaturing conditions. DTT, dithiotreitol. 

 

3.4.4.1.3 Cross-reactivity experiments 

Given that the secondary antibodies used in experiment 4.4.4.1.2 were not 

identical to those used in the EIAs themselves, further experiments on the 

degree of interference observed in both EIAs were then conducted, utilising 

the 19 most abundant proteins in human plasma, AVP and aprotinin. Results 

confirmed that kit 1 cross-reacted to some degree with the vast majority of 

non-OXT peptides in human plasma compared to kit 2 (Table 10). It is worth 

noting that despite the manufacturer’s instructions not to use aprotinin when 

performing analyses using kit 2, this EIA did not suffer from any interference 

from this reagent. 
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Table 10: Cross reactivity readings using 3 μg/ml (kit 1) and 1 μg/ml (kit 2) concentrations of 
the 19 most abundant proteins in human plasma, AVP and aprotinin in an OXT EIA. The 
difference in concentrations used between the two EIAs was due to the difference IC50 of the 
two kits. Results are mean ±SD of triplicate readings. *Only one reading was obtained, the 
rest of the measurements in triplicate were undetectable. 

Peptide Kit 1 reading (Enzo Life 
Sciences, pg/ml) 

Kit 2 reading (Cayman 
Chemical Company, pg/ml) 

Albumin (HSA) 1.5±2.1 3.4±0.2 

IgG 10.1±7.4 1.2* 

IgA 1.8±0.2 Undetectable 

IgM 1.9±1.4 0.8* 

Transferrin 10.7±7.9 0.05* 

Fibrinogen 5.5±4.5 Undetectable 

α2-macroglobulin (α2M) 2.1±1.1 Undetectable 

α1-antitrypsin (α1AT) 0.5±0.4 Undetectable 

Haptoglobin 1.5±1.4 Undetectable 

α1-acid glycoprotein (α1AG) 3.9±2.3 Undetectable 

Caeruloplasmin 2.2±0.5 Undetectable 

Apolipoprotein A-I (ApoAI) 3.3±2.4 Undetectable 

Apolipoprotein A-II (ApoAII) 14.7±3.0 Undetectable 

Apolipoprotein B (ApoB) 3.5±0.8 Undetectable 

C1q 23.1±3.2 Undetectable 

C3 4.4±2.3 Undetectable 

C4 Undetectable Undetectable 

Plasminogen 1.6±1.1 Undetectable 

Prealbumin 1.8±2.4 Undetectable 

AVP 25.2±2.9 Undetectable 

Aprotinin 0.9±0.4 Undetectable 

 

Compared to kit 1, kit 2 only interacted to some degree with HSA, IgG, IgM, 

and transferrin. A further experiment was carried out using 10-fold dilutions 

between 100 ng/ml to 1 mg/ml to determine the degree of cross-reactivity of 

these proteins and their respective IC50 (Figure 13). The IC50 of all four of 

these proteins was >1000000 pg/ml, resulting in a cross-reactivity of 

<0.01%.These experiments confirmed the higher specificity of kit 2 for plasma 

OXT compared to kit 1.  
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Figure 13: Calibration curves for (a) OXT, (b) HSA, (c) IgG, (d) IgM and (e) transferrin, using kit 2. Note that even at the highest 
sampled concentration of 1 μg/ml, IC50 was not achieved for any of the interfering peptides, resulting in a cross-reactivity of 

<0.01%.  
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3.4.4.1.4 Spike recovery experiments (Table 11) 

Mean spike recovery was 131.3±15.9% for 200 pg/ml OXT (low spike) and 

95.0±23.9% for 400 pg/ml OXT (high spike) when spiked into the unextracted 

plasma from four healthy human controls. This was generally around the 

acceptable limits of 80-120%. 

 

Table 11: %spike recovery of 200 pg/ml and 400 pg/ml OXT in four unextracted healthy 
human control plasma samples, using kit 2. Values reported are for spiked control samples 
after subtraction for endogenous plasma OXT based on unspiked plasma concentrations. All 
spikes were prepared in the same buffer as that used for the EIA. 

Sample Unspiked 
plasma (pg/ml) 

Low spike (200 
pg/ml) 

High spike (400 
pg/ml) 

Pure OXT N/A 164.7 437.1 

Control 1, male 50.7 198.8 319.1 

Control 2, female 184.1 207.0 336.0 

Control 3, female 91.3 209.9 534.0 

Control 4, male 54.2 254.0 471.4 

Mean spike recovery ±SD  N/A 131.3±15.9% 95.0±23.9% 

 

3.4.4.1.5 Dilutional linearity experiments (Figure 14) 

Dilutional linearity ranged between 112-202%, with the %linearity increasingly 

falling outside the target range of 80-120% with increasing dilutions. 

Unfortunately, the initial 700 pg/ml OXT spike resulted in OXT concentrations 

above the upper limit of measurement for kit 2 (>787.207 pg/ml), and as such 

dilutional linearity had to be calculated based on the 1:2 dilution. However, 

there was a strong positive correlation between OXT concentration and 

dilution (R2=0.99954, p=0.0002). 
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Figure 14: Dilutional linearity of a spike of 700 pg/ml OXT into unextracted plasma from a 
healthy human male control. The undiluted 700 pg/ml spike generated readings above the 

upper limit of detection for the assay (>787.207 pg/ml) and therefore is not depicted. 
***p<0.001. 

 

3.4.4.2 Reliability testing  

3.4.4.2.1 Effect of aprotinin on OXT stability (Figure 15) 

Aprotinin significantly reduced the rate of OXT degradation, but only within the 

first 24 hours. From days 1-9, plasma OXT concentrations otherwise 

remained relatively stable and largely did not differ significantly between 

samples with and without aprotinin added. 

 

 

Figure 15: Stability of OXT in human plasma, with and without the presence of 400 kIU/ml 
aprotinin. After the first 24 hours at room temperature, OXT concentrations did not decrease 

significantly further. *p<0.05, **p<0.01, ***p<0.001. 
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3.4.4.2.2 intra-assay and inter-assay precision 

The intra-assay ICC for 19 replicate plasma readings from 3 healthy controls 

was 0.999 (95% CI 0.998-1.000, F(2,54)=1595.742, p<0.000001, Figure 16a), 

whilst the inter-assay ICC for three separate readings on different EIA plates 

of the same plasma samples from 4 healthy controls was 0.980 (95% CI 

0.896-0.999, F(3,6)=140.234, p=0.000006, Figure 16b). These results 

demonstrated the excellent reliability of kit 2 on repeated measurements. 

 

 

Figure 16: (a) Intra- and (b)inter-assay reliability of repeated OXT measurements using kit 2. 
(a) Intra-assay reliability was assessed by measuring 19 replicates of the same plasma 

samples from three healthy human controls on one EIA plate, whilst (b) inter-assay reliability 
was assessed by measuring three replicates of the same plasma from 4 healthy human 

controls on three separate EIA plates on different days. ***p<0.001. 

 

3.5 Discussion 

Despite the vast amount of literature on the role of OXT in various aspects of 

human physiology and behaviour, little work has been done in the majority of 

these studies on the validity and reliability of the pre-analytical and assay 

techniques used prior to translation into clinical studies. As has been 

demonstrated in this series of experiments, many of these techniques used to 

measure OXT in human biological fluids, particularly plasma or serum, may 

not be valid, and therefore results are not comparable across studies. In many 

instances, the marked variability in measurements as shown here, particularly 

when plasma extraction processes are used, also means that in the absence 

of reliability testing, the internal validity of some of these studies should also 

be called into question. It can therefore be hypothesised that the marked 
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inconsistencies in the reported associations of OXT, as outlined in Chapter 2, 

are largely down to systematic differences in laboratory measurement 

techniques.  

 

Where present, previous studies reporting the efficiency of pre-analytical 

plasma purification processes, whether by chromatographic processes or 

liquid-liquid extraction, based these calculations on spiking a known 

concentration of OXT into the biological sample and then measuring the 

concentration of OXT post-extraction. This method of calculating spike 

recovery makes the assumption that whatever extraction process is used, 

interfering substances are only removed, not added, by the process itself. As 

a result, reported plasma and serum spike recovery rates from previous 

studies have been generally higher than those revealed by these 

experiments, ranging between 39-100% for normal phase chromatography 

(Dawood and Fuchs, 1981; (Christensen et al., 2014), 74-108% for reversed 

phase chromatography (McNeilly et al., 1983; (Padayachi et al., 1988), 72-

103% for liquid-liquid extraction (Nilsson, 2009; (Szeto et al., 2011), 65% for 

ion exchange chromatography (Chiodera et al., 1984b), 87-95% for HPLC 

(Gray et al., 2007; (Szeto et al., 2011), and 68-92% for ultrafiltration (Pequeux 

et al., 2001). 

 

Contrastingly, examining the efficiency of the SPE process in particular by 

utilising pure OXT solutions to determine the behaviour of OXT on the SPE 

columns removes the possibility that any interference has arisen from other 

substances in the plasma. Initial attempts to optimise the pre-analytical 

plasma purification process to remove higher molecular weight interfering 

substances, and to concentrate the amount of OXT present, resulted in poor 

recovery of OXT with significant losses in the load and wash fractions. The 

recovery of OXT in the eluate achieved by this series of experiments ranged 

from only 10.1-58.1%, and even this was highly variable. Attempts to reduce 

these losses and maximise the efficiency of recovery by recycling the wash 

fractions through the SPE columns and by performing a partial gradient 

elution with ACN concentrations of 30-40% at larger volumes were 

unsuccessful. Additionally, the optimum concentration of ACN for reversed 
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phase SPE of plasma OXT was much lower than that recommended by EIA 

kit manufacturers (95%) (Enzo Life Sciences, 2013) and described in the 

literature (60-95%) (Blaicher et al., 1999; (Altemus et al., 2001a; (Altemus et 

al., 2001b; (Turner et al., 2002; (Uckert et al., 2003; (Altemus et al., 2004; 

(Szeto et al., 2011; (Lawson et al., 2012; (Marazziti et al., 2012; (Breuil et al., 

2015; (Marazziti et al., 2015; (Sasaki et al., 2015; (Elmadih et al., 2016; 

(Sasaki et al., 2016; (Reijnen et al., 2017). An examination of the chemical 

structure of OXT may provide an explanation for this, as four of its nine amino 

acid residues (isoleucine, proline, leucine and glycine) are hydrophobic, whilst 

the remaining five (cysteine, tyrosine, glutamine, asparagine) are hydrophilic 

(Figure 4) (Gimpl and Fahrenholz, 2001). Both SPE and liquid-liquid 

extraction processes are highly dependent on the relative hydrophobicity/ 

hydrophilicity of the substance of interest in different solvents, and as such it 

is unsurprising the extraction of OXT, which is neither predominantly 

hydrophobic nor hydrophilic, is so variable in efficiency. 

 

Unfortunately, however, further attempts to attain a more optimal plasma 

purification process by using ultrafiltration were also unsuccessful. Recovery 

of OXT by both 3 kDa and 10 kDa filters was <1%, and examining of the 

retentate suggested that significant amounts of OXT remained on the 

ultrafiltration membrane. These findings are in marked contrast to the only two 

other studies documenting OXT recovery rates of 91.8% from plasma 

(Pequeux et al., 2001) and 68.4% from saliva (Daubenbuchel et al., 2016) 

with this technique (utilising the same ultrafiltration columns).  The poor 

recovery of molecules through ultrafiltration has been previously described, 

and has been attributed to non-specific binding of the protein of interest with 

the membrane, or variability in the purported membrane pore size (Loun et al., 

1996). Additionally, ultrafiltration columns are often designed with the aim of 

removing smaller molecular weight molecules from the biological fluid of 

interest, to purify and concentrate substances above the molecular weight cut-

off of the device rather than below it (and therefore remaining in the retentate 

rather than the filtrate) (Merck Millipore, 2012).  
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Given the difficulties in optimising a pre-analytical plasma purification process 

for OXT, further validation work was subsequently carried out with a second 

commercially available EIA kit which utilised a monoclonal secondary 

antibody as part of a competitive assay. Comparison of the OXT 

concentrations measured in extracted and unextracted pure OXT solution and 

human plasma revealed the possibility that the extraction process itself 

introduced (rather than purely removed) interference to the plasma, as the 

summed totals of measured OXT in the load, wash and eluate fractions far 

exceeded those of unextracted plasma. Coupled with the findings from 

Western blot and cross-reactivity experiments, this study also showed that the 

polyclonal primary and secondary antibodies present in EIA kit 1 cross-

reacted significantly with a wide range of higher molecular weight peptides in 

human plasma, such as IgG, compared to kit 2.  

 

It is also of course possible that a significant proportion of OXT in human 

plasma is bound to carrier proteins. Other peptides have been known to 

exhibit artefactually high readings on EIAs as a result of such protein binding 

– the classic example of this is prolactin being bound to IgG to generate 

macroprolactin, where the IgG-prolactin complex is detected by some assay 

platforms (Schlechte, 2002). Indeed, recent studies utilising MS for analysis – 

widely regarded as the gold standard for analysis of many substances as it 

does not depend on an antibody-mediated interaction – have shown that by 

incorporating a reduction/ alkylation step using both dithiotreitol (DTT) and 

iodoacetamide, OXT could be liberated from plasma protein binding, 

generating concentrations that ranged between 500-1900 pg/ml, much more 

in keeping with unextracted plasma (Brandtzaeg et al., 2016; (Semba et al., 

2017), whilst MS studies not including this step report OXT concentrations 

more in keeping with extracted plasma (0-3.67 pg/ml) (Zhang et al., 2011a). In 

the Western blot experiments in this study, the non-specific interaction 

between the EIA antibodies and IgG were only abolished by heating the 

samples for a prolonged period, and not by DTT, suggesting that if IgG were 

responsible for binding OXT in plasma, this interaction is not easily disrupted. 

It can therefore be postulated that plasma purification processes such as SPE 

do not just inconsistently affect assay interference, but they also lead to the 
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removal of significant amounts of protein-bound OXT, leaving only free, 

unbound OXT to be analysed. Further studies examining the effects of 

reduction, alkylation and heating steps on unextracted plasma in both EIAs 

need to be performed to determine the effect of plasma protein binding on 

their OXT readings. The nature of this protein binding, and the clinical 

relevance of total and free OXT concentrations is also not something which 

has ever been studied (Lawson, 2017), and should be the subject of further 

research. 

 

Further validation work on the reliability and specificity of kit 2 for measuring 

human plasma OXT, however, confirmed its superior consistency and 

comparative accuracy. No previous published studies have made direct 

comparisons of the accuracies of different EIAs for measuring human OXT, 

although other studies looking at the comparative accuracies of various EIAs 

for other proteins have demonstrated variable correlations between the 

different assays employed depending on whether monoclonal or polyclonal 

antibodies were used (Anborgh et al., 2009; (Denburg et al., 2016; (Nasser et 

al., 2018). It is worth noting that the OXT measurements obtained using kit 2 

were intermediate between those reported for extracted vs. unextracted 

plasma. Further work needs to be done with OXT-free plasma to determine if 

the measurements obtained by using kit 2 are still subject to residual 

interference from other peptides not tested here. 

 

Lastly, validation of the use of aprotinin to prevent the degradation of OXT in 

human plasma was examined. Aprotinin is traditionally classed as a reversibly 

competitive serine protease inhibitor, and therefore inhibits the activity of 

proteases such as trypsin, chymotrypsin kallikrein and plasmin (Amris, 1966; 

(Morgan et al., 1968; (Nagaoka and Katori, 1975). Contrastingly, OXT is 

classically degraded by oxytocinase, which is a zinc-dependent leucine/ 

cysteine aminopeptidase (Rogi et al., 1996; (Tsujimoto and Hattori, 2005).  

Surprisingly, however, in this study, aprotinin appeared to still be able to 

prevent some degradation of OXT from the point of collection up to the first 24 

hours. There are three possible reasons for this. Firstly, aprotinin may have 

non-specific effects on oxytocinase, despite the fact that it is not a serine 
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protease. This seems unlikely, especially as experiments by Burd et al. (1987) 

have shown that aprotinin has little effect on the rate of degradation of OXT in 

the first 60 minutes. Studies in insect species have also demonstrated little 

activity of aprotinin against leucine aminopeptidases (Josephrajkumar et al., 

2006). Secondly, the EIA in use during the OXT degradation experiments (kit 

2) may still be subject to some interference, and as such the apparent serial 

OXT concentrations measured may not in fact be truly those of OXT. Again, 

this hypothesis seems unlikely given the extensive cross-reactivity work 

performed with the EIAs used in this series of experiments, but should be 

confirmed using OXT-free plasma. 

 

Finally, it is possible that OXT is subject to degradation by other proteases in 

human plasma. The structure of OXT includes several amino acid residues 

which are targets of serine proteases, such as glycine and tyrosine. Indeed, 

very early studies suggested that oxytocinase activity was significantly lower 

(or even negligible) in infants, men and non-pregnant women, whilst there 

was increased activity over the course of pregnancy (Dicker and Tyler, 1956; 

(Hawker, 1956; (Fylling, 1963; (Ryden, 1966; (Floyd et al., 1973; (Watkins et 

al., 1976; (Leake et al., 1980; (Thornton et al., 1993). This theory would be 

supported by the fact that OXT concentrations declined more rapidly from the 

point of collection to the first 24 hours in the absence of aprotinin (putatively 

serine protease-mediated), after which it remained largely stable. The ongoing 

stability of OXT concentrations in plasma for up to nine days is then 

subsequently most likely due to the use of EDTA-containing collection tubes, 

as EDTA is a broad-spectrum reversible metalloprotease inhibitor, and 

therefore inhibits oxytocinase (Lalu et al., 1986). Further work needs to be 

done to replicate the work by Burd et al. (1987) with more up-to-date 

immunoassays to clarify the process of OXT degradation, and the role of 

other protease inhibitors such as phenanthroline. 

 

However, despite the majority of human studies in the literature focussing on 

the measurement of plasma OXT, the contribution of neurohypophyseal OXT 

secretion to overall plasma and peripheral OXT concentrations remains 

debatable, with contradictory evidence (see Section 2.4). Martin et al. (2014) 
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demonstrated that plasma and CSF OXT concentrations were not correlated 

in patients with subarachnoid haemorrhage and healthy controls. Similarly, 

plasma and CSF OXT have been found not to be correlated in pregnant and 

non-pregnant women (Takeda et al., 1985; (Altemus et al., 2004). Several 

authors have reported that plasma OXT concentrations are normal in patients 

with acquired CDI, and as discussed above, do not result in abnormalities in 

parturition (Hawker et al., 1967; (Sende et al., 1976; (Shangold et al., 1983). 

In patients undergoing neurosurgery, plasma OXT concentrations do not 

change in association with the development of CDI (i.e. AVP deficiency) 

(Seckl et al., 1987a). Similarly, in a BIPSS study of patients with suspected 

pituitary-dependent Cushing’s syndrome, intravenous CRH increased 

ipsilateral sinus plasma OXT concentrations without affecting peripheral OXT 

(Nussey et al., 1991). Contrastingly, positive correlations have been found in 

adult and paediatric patients undergoing elective lumbar punctures for various 

medical indications (including chemotherapy and meningitis), and adult 

patients with headache  (Wang et al., 2013a; (Wang et al., 2013b; (Carson et 

al., 2015). One study of 20 patients with CDI and 15 patients with anterior 

hypopituitarism also showed that salivary OXT concentrations are lower in 

both of these groups compared to healthy controls (Daughters et al., 2017a). 

More research also needs to be done in this area, particularly in comparing 

plasma and CSF OXT concentrations in healthy cohorts of different age 

groups, although this will foreseeably be ethically difficult to conduct in view of 

the invasive nature of lumbar punctures. 

 

3.6 Conclusion 

In conclusion, measurements of plasma OXT concentrations described in the 

human literature are subject to significant bias, particularly as many studies 

do not extensively internally validate their pre-analytical processes, if used, or 

indeed their assays. One cannot be therefore certain of the internal 

consistency, and much less the accuracy of the techniques utilised. As has 

been demonstrated here, the most common plasma purification technique, as 

well as one of the most common EIAs in use in the literature are both subject 

to wide variation and significant cross-reactivity respectively. It is possible that 
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the commonly used SPE process causes or reduces assay interference, and 

further work needs to be done in this area. Further work also needs to be 

done to examine the nature and effect of plasma protein binding, the role of 

various proteases in OXT degradation (and by extension the use of various 

protease inhibitors), and the relationship between plasma and CSF OXT 

concentrations. The above experiments have however validated a monoclonal 

secondary antibody-based EIA which has shown high internal reliability, and 

little cross-reactivity for a number of proteins, without the need for plasma 

extraction. The next chapter will therefore deal with translating this assay into 

a clinical research study to understand the pathophysiology of HyOb. 
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CHAPTER 4: QUANTIFICATION OF APPETITE-

REGULATING HORMONES IN CHILDREN WITH 

HYPOTHALAMIC AND COMMON OBESITY 

4.1 Background 

Surprisingly, despite our current poor understanding of the intricacies of the 

multiple redundant networks of appetite- and metabolism-regulating hormones 

in the hypothalamo-gut-adipose tissue circuitry and, consequently, the 

pathophysiology of HyOb (section 1.2.4), as well as a lack of long-term 

treatment strategies outside of surgical intervention for both common obesity 

and HyOb (section 1.3), little observational research has been performed to 

attempt to elucidate the physiological differences between patients with HyOb 

and common obesity and healthy individuals with normal BMIs. Contrastingly, 

much research has been focussed on trialling various therapies, including 

bariatric surgery, without necessarily a clear a priori understanding of the 

mechanisms by which such treatments would be expected to act in patients 

with HyOb (see Table 4). Unsurprisingly therefore, the success rates of these 

management strategies have either been poor (Lustig et al., 1999; (Haqq et 

al., 2003; (Lustig et al., 2003a; (Rakhshani et al., 2010; (Hamilton et al., 2011; 

(Muller et al., 2011; (Weismann et al., 2013), variable (Fernandes et al., 2002; 

(Muller et al., 2011; (Le Beyec et al., 2013; (Weismann et al., 2013; (van 

Santen et al., 2015), lacking in long-term efficacy (Boosalis et al., 1992; 

(Jordaan et al., 1996; (Lustig et al., 1999; (Haqq et al., 2003; (Lustig et al., 

2003a; (Hamilton et al., 2011; (van Santen et al., 2015; (Shoemaker et al., 

2017), or resulting in not insignificant side-effects (Lustig et al., 1999; (Lustig 

et al., 2003a; (Danielsson et al., 2007; (Hamilton et al., 2011; (Weismann et 

al., 2013; (Shoemaker et al., 2017; (Trotta et al., 2017; (Wijnen et al., 2017).  

 

To date, few studies have attempted to compare the plasma appetite-

regulating endocrine milieu between HyOb, common obesity, and healthy 

controls. Shaikh et al. (2008a) examined a cohort of children with obesity after 

a hypothalamic tumour or iatrogenic insult such as radiotherapy, as well as 
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children with congenital hypopituitarism and common obesity. The authors of 

this study found that whilst the degree of insulin insensitivity did not differ 

between the groups, the degree of hyperleptinaemia, hyperadiponectinaemia 

and hyperresistinaemia was higher whilst plasma glucose concentrations 

were lower in patients with HyOb vs. common obesity. The hyperleptinaemia 

persisted even after adjusting for fat mass, and the authors postulated that the 

increased leptin resistance may be due to saturated blood-brain barrier 

transport or defective leptin signalling. Similarly, the hyperadiponectinaemia 

and hyperresistinaemia were also thought to be secondary to damage to 

hypothalamic receptors. Other authors have similarly found hyperleptinaemia 

that was not commensurate with the degree of weight gain in patients with 

HyOb, and that even lean subjects with hypothalamic damage exhibit 

increased serum leptin concentrations (Roth et al., 1998; (Patel et al., 2002). 

 

Aside from this, however, little has been done in trying to elucidate whether 

there are any further differences in the neuroendocrine pathways regulating 

energy homeostasis in patients who have had various hypothalamic insults in 

comparison to common obesity, and whether HyOb is indeed distinguishable 

as a clinical entity.  The relative rarity of patients with HyOb, and even more 

so patients with various hypothalamic disorders who have normal BMIs, 

makes this syndrome particularly difficult to study. Understanding these inter-

group differences, however, will help identify therapeutic targets which are 

potentially amenable to hormonal supplementation or suppression.  

 

4.2 Objectives 

The objective of this study was to therefore recruit and clinically phenotype a 

cohort of obese and lean children with and without congenital (i.e. SOD) and 

acquired (i.e. suprasellar tumour) hypothalamic structural disorders, where 

hypothalamo-pituitary endocrinopathies are predicted, from the point of view 

of appetite and other features of the hypothalamic syndrome (sleep 

disturbances, temperature dysregulation, autistic spectrum disorder). 

Following this, this study then aimed to compare the plasma concentrations of 

several central and peripherally secreted appetite-regulating hormones from 
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both the anorexigenic and orexigenic arms of the hypothalamo-gut-adipose 

tissue circuit, including plasma OXT, by translating the assay developed in 

Chapter 4 into clinical use, to provide the first-in-humans detailed comparative 

physiological data on HyOb and common obesity. Several a priori hypotheses 

were defined to be tested: 

 Hyperphagia is more frequent in children with HyOb compared to 

common obesity (henceforth designated as the “Ob” group) 

 The degree of hyperphagia is positively correlated with plasma 

orexigen concentrations, and negatively correlated with plasma 

anorexigens 

 Other clinical features of the hypothalamic syndrome are more frequent 

in children with HyOb than children with hypothalamic structural lesions 

with normal BMIs (henceforth designated as the “HyLean” group) 

 Plasma OXT concentrations are decreased in HyOb compared to Ob 

and HyLean controls, as well as lean controls without hypothalamic 

structural lesions (henceforth designated as the “Lean” group) 

 Plasma OXT concentrations act as glucose-responsive anorexigens 

and are stimulated by an oral glucose load 

 Fasting plasma concentrations of anorexigenic and orexigenic 

hormones are similar between patients with congenital and acquired 

causes of HyOb 

 Fasting plasma concentrations of anorexigenic hormones are 

decreased, and orexigenic hormones increased in patients with HyOb 

and Ob compared to the other lean groups, with patients with HyOb 

exhibiting greater derangement compared to the Ob group. 

 

4.3 Methods 

4.3.1 Recruitment of patients and controls 

Patients 2-19 years of age were recruited from the outpatient departments of 

Great Ormond Street Hospital for Children and University College London 

Hospital between January 2014 – January 2017. Cases (“HyOb”) were 

defined as obese children (BMI >+2 SDS by UK-WHO 1990 data (Freeman et 

al., 1995)) with SOD (the “congenital” group, defined by the criteria set out by 
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Webb and Dattani (2010)) or any hypothalamic tumour (the “acquired” group, 

who had survived ≥6 months from end of treatment). Positive controls were 

patients with common obesity (“Ob”, defined as BMI >+2 SDS without a 

known cause), or patients with SOD or hypothalamic tumours with BMI ≤+2 

SDS (“HyLean”). Negative controls were patients with BMI ≤+2 SDS with no 

known hypothalamic structural disorder, who were attending the endocrine 

daycase investigation unit with other diagnoses, e.g. previously known well-

controlled congenital adrenal hyperplasia (CAH) admitted for 24-hour cortisol 

profiles, patients with non-suprasellar brain tumours who had not undergone 

radiotherapy (“Lean”). All controls were age- and BMI-matched and recruited 

from the same outpatient department at both hospitals. Patients were 

excluded if they had non-SOD- or tumour-related hypothalamic damage (e.g. 

from radiotherapy exposure), or known genetic, syndromic or other endocrine-

related causes of obesity (e.g. LEP, LEPR and MC4R mutations, Prader-Willi 

syndrome, poorly controlled CAH), inadequately treated hormone deficiencies 

or who were on insulin-sensitising medications such as metformin.  

  

4.3.2 Phenotyping of patients and controls 

A retrospective case note, laboratory and radiology data review was carried 

out and details regarding the patients’ and controls’ overarching diagnoses, 

age at diagnosis (for tumour survivors), age at assessment, ethnicity, 

auxology (height, corrected height (height – midparental height), weight, BMI 

and their respective SDS (Freeman et al., 1995)), pubertal stage (based on 

Tanner and Whitehouse (1976), the presence of features of the hypothalamic 

syndrome (autism, learning difficulties, sleep and temperature dysregulation) 

and oncological therapies were recorded. The Dykens’ hyperphagia parental 

questionnaire (Dykens et al., 2007) was used to quantitatively assess the 

degree of hyperphagia (Figure 15, see also Appendix E). This parental 

observation-based questionnaire has been validated for use in Prader-Willi 

syndrome, and assesses hyperphagia in three domains using Likert scales – 

Behaviour (out of 25), Drive (out of 20) and Severity (out of 10) – providing a 

total Dykens Hyperphagia Questionnaire Score (DHQS) of 55. In Prader-Willi 

syndrome, the DHQS was positively correlated with BMI, particularly the 

Hyperphagic Drive subscore. For a proportion of patients, auxological 
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outcomes were also collected at 1 year follow-up to determine the ΔBMI, 

ΔBMI SDS, and the rate of change in both of these measures. 

 

The number of hypothalamo-pituitary endocrine deficits present at the time of 

assessment was termed the endocrine morbidity score (EMS), previously 

defined by Gan et al. (2015) (Table 12). Under this scoring system, 

panhypopituitarism (deficiencies in GH, LH/FSH, TSH, ACTH, PRL and AVP) 

would score 6.  

The Dykens’ Hyperphagia Parental Questionnaire 
Hyperphagic Behaviour 

 How clever or fast in obtaining food (Question 10) 

 How often bargains, manipulates for more food (Question 2) 

 How often tries to steal food (Question 8) 

 How often gets up at night to seek food (Question 5) 

 How often forages through trash for food (Question 4) 
Hyperphagic Drive 

 How upset when denied food (Question 1) 

 Once food on mind, how easy to redirect away from food (Question 3) 

 How persistent in asking or looking for food when told no (Question 6) 

 Level of distress when others stop food talk or behaviours (Question 9) 
Hyperphagic Severity  

 Time spent talking about food or engaged in food behaviour (Question 7) 

 Extent that food interferes with functioning, daily routines (Question 11) 

Figure 17: The Dykens’ Hyperphagia Parental Questionnaire (Dykens et al., 2007). The 
questions (each out of 5, with 5 being the most severe) contributing to each sub-score are 

indicated (see Appendix E), giving a score range of 5-55. 
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Table 12: Diagnostic criteria for hypothalamo-pituitary endocrinopathies contributing to the EMS (modified from  (Gan et al., 2015) 

Endocrine event Definition 

GH deficiency Serum GH peak concentration <7 ng/ml on an insulin tolerance (ITT, 0.05-0.15 IU/kg insulin) OR glucagon stimulation (GST, 0.1 mg/kg 
glucagon) test 
 

Gonadotrophin 
deficiency 

Boys: Testicular volume <4 ml at age 14 years OR failure to progress through puberty after normal onset (pubertal arrest) 
Girls: Tanner breast stage B1 at age 13 years OR pubertal arrest OR primary amenorrhoea at age 16 years 
±Delayed bone age, undetectable serum concentrations of gonadal steroids (testosterone/ oestradiol) AND/OR poor or absent serum 
gonadotropin responses to GnRH stimulation testing 
 

ACTH deficiency Serum cortisol peak concentration <500 nmol/l on an ITT OR short synacthen (SST, 62.5-250 μg synacthen) OR low-dose synacthen 
(LDST, 500 ng/1.73 m2 synacthen) test 
 

TSH deficiency Low serum free thyroxine (fT4) concentrations in the presence of an inappropriately normal/ low TSH, based on age-appropriate 
reference ranges 
 

Central DI 
 

Random OR water deprived-stimulated plasma osmolality >295 mOsm/kg with a paired urine osmolality of <450 mOsm/kg 
(urine:plasma osmolality <1.5), with clinical evidence for dilute polyuria and reversibility with administration of DDAVP  
 

Hypoprolactinemia Decrease random serum prolactin concentration, based on age-appropriate reference range 
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4.3.3 Sample collection and the OGTT 

Recruited patients were consented to undergo a modified OGTT as per 

departmental protocols. Briefly, patients were fasted overnight and admitted to 

the ward in the morning. An intravenous cannula was inserted prior to 

administering a 1.75 g/kg (maximum dose 75 g) oral glucose load. Blood 

samples were withdrawn at 0, 30, 60, 90 and 120 minutes for plasma glucose, 

serum insulin and plasma OXT. At time 0, fasting blood samples were also 

withdrawn for analysis of other appetite-regulating hormones as per Section 

5.3.4 into chilled EDTA, lithium heparin and plain serum tubes on ice. The 

EDTA and lithium heparin tubes both contained 400 kIU/ml aprotinin 

(Trasylol®, Nordic Pharma Ltd, Reading, UK). EDTA plasma for acylated 

ghrelin analysis was additionally acidified with 0.05M HCl. All tubes were 

centrifuged at 1600g for 15 minutes at 4°C, following which the plasma 

supernatant was divided into 2 ml aliquots and saved at -80°C until analysis. 

Samples for plasma glucose analysis were collected into fluoride oxalate 

tubes. 

  

4.3.4 Plasma assays 

4.3.4.1 Glucose 

Plasma glucose was measured using a clinically validated colorimetric 

glucose oxidase/ peroxidase method on the VITROS® 5600 platform (Ortho 

Clinical Diagnostics, Raritan, New Jersey, USA), with plasma in sodium 

fluoride/ potassium oxalate. The range of this assay was 1.11-34.69 mmol/l, 

and there was a strong positive correlation between this method and the 

hexokinase method (R2=1.000) (Neese et al., 1976). The intra-assay SD was 

0.07 mmol/l (CV 1.3%) and the interassay SD was 0.21 mmol/l, with a 

measurement of uncertainty of 0.16-0.35% with quality controls. There was no 

cross-reactivity with ascorbic acid, bilirubin, cholesterol, creatinine, fructose, 

galactose, insulin, maltose, sodium, triglycerides or uric acid. 

 

4.3.4.2 Insulin 

Serum insulin was measured using a clinically validated chemiluminescent 

sandwich ALP-based EIA on the IMMULITE® 2000 platform (Siemens 

Healthcare GmbH, Erlangen, Germany). The range of this assay was 2-300 
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mU/l, with an intra-assay CV of 3.3-5.5% and an interassay CV of 4.1-7.3%. 

Spike recovery was 82-100%, whilst dilutional linearity was 83-110% with no 

cross-reactivity with C-peptide and glucagon, and 8% cross-reactivity with 

pro-insulin. There was a measurement of uncertainty of 1.4-5.4% with quality 

control samples. 

 

4.3.4.3 OXT 

Plasma OXT was measured using the EIA validated in Chapter 4 (Cayman 

Chemical Company, Ann Arbor, Michigan, USA) on unextracted plasma in 

EDTA. The range of standards used in this assay was 5.9 – 750 pg/ml, with 

an IC50 (50% B/B0) of 50-100 pg/ml (mean 80 pg/ml) (Cayman Chemical 

Company, 2013). As demonstrated in Chapter 4, this assay showed low 

cross-reactivity against the 19 most abundant proteins in human plasma, AVP 

and aprotinin (all <0.01%), acceptable spike recovery (95.0-131.3%) and 

dilution linearity (112-202%, R2=0.99954, p=0.0002) and excellent intra-assay 

(ICC 0.999 (95% CI 0.998-1.000), F(2,54)=1595.742, p<0.000001) and inter-

assay (ICC 0.980 (95% CI 0.896-0.999), F(3,6)=140.234, p=0.000006) 

reliability.  

 

4.3.4.4 αMSH 

Plasma αMSH was measured by a HRP/ 3,3’,5,5’-tetramethylbenzidine 

(TMB)-based EIA (Elabscience Biotechnology Inc., Houston, Texas, USA) 

using plasma in lithium heparin. The range of standards used in this assay 

was 0.16-10 ng/ml, with the manufacturers reporting no cross-reactivity with 

any analogue of human αMSH. Internal validation of this assay using control 

plasma showed there were significant matrix interference effects on spike 

recovery experiments, with experiments with undiluted plasma resulting in 

measured αMSH concentrations above the upper limit of detection of the 

assay. Serial experiments with diluted plasma showed that a plasma dilution 

of 1:4 resulted in spike recoveries a bit closer to the acceptable range at 

144.8-216.5% (Table 13). Further dilutions resulted in less optimal spike 

recoveries (1:8 dilution spike recovery 154.1-233.8%, data not shown). 

Dilution linearity experiments further confirmed this finding, with dilution 

linearity ranging from 93.1-150.1% (R2=0.99445, p=0.0005) but improving to 
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106.0-112.6% (R2=0.99990, p=0.009) when examining increasing serial 

dilutions from 1:4 to 1:16 only (Figure 18). The assay also demonstrated 

acceptable intra-assay (20 replicate readings from 3 healthy controls; ICC 

0.999 (95% CI 0.997-1.000, F(2,57)=1206.927, p<0.000001) and inter-assay 

(3 replicate readings on different EIA plates from 4 healthy controls; ICC 

0.860 (95% CI 0.077-0.991, F(3,6)=7.151, p=0.02) reliability (Figure 19). 

Given the above findings, patient and control plasma samples were diluted 

1:4 in assay buffer prior to analysis. 

 

 

Table 13: %spike recovery of 0.3125 ng/ml and 0.625 ng/ml αMSH in three healthy human 
control plasma samples diluted 1:4 by EIA. Values reported are for spiked control samples 
after subtraction for endogenous plasma OXT based on unspiked plasma concentrations. All 
spikes were prepared in the same buffer as that used or the EIA. 

Sample Unspiked 
plasma (ng/ml) 

Low spike 
(0.3125 ng/ml) 

High spike 
(0.625 ng/ml) 

Pure αMSH N/A 0.210 0.571 

Control 1, female, 1:4 dilution 0.608 0.301 0.612 

Control 2, male, 1:4 dilution 0.368 0.453 0.612 

Control 3, female, 1:4 dilution 1.8 0.610 1.256 

Mean spike recovery ±SD  N/A 144.8±65.1% 216.5±73.6% 

 

 

Figure 18: Dilution linearity of plasma αMSH from a healthy human female control by EIA, 
***p<0.001. 
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Figure 19: (a) Intra- and (b) inter-assay reliability of repeated plasma αΜSH measurements 

by EIA. (a) Intra-assay reliability was assessed by measuring 20 replciates of the same 
plasma samples from three healthy human controls on one EIA plate, whilst (b) inter-assay 
reliability was assessed by measuring three replicates of the same plasma from four healthy 

human controls on three separate EIA plates on different days. *p<0.05, ***p<0.001.  

 
 

4.3.4.5 Acylated ghrelin 

Plasma acylated ghrelin (the active form of ghrelin) was measured by a HRP/ 

TMB-based EIA (Merck Millipore, Billerica, Massachusetts, USA) using 

acidified plasma in EDTA. The range of standards used in this assay was 

31.25-2000 pg/ml, with the manufacturers reporting no cross-reactivity with 

NPY, PYY3-36, PPY, insulin, leptin, GLP-1, C-peptide, amylin or glucagon. 

Internal validation of this assay using control plasma from three healthy 

human controls showed an acceptable spike recovery of 79.8-80.3% (Table 

13) and dilution linearity of 128.9-177.8% (Figure 20, R2=0.98304, p=0.003). 

The assay also demonstrated excellent intra-assay (20 replicate readings 

from 3 healthy controls; ICC 1.000 (95% CI 0.998-1.000), F(2,57)=2088.249, 

p<0.000001) and inter-assay (3 replicate readings on different EIA plates from 

4 healthy controls; ICC 0.974 (95% CI 0.830-0.998), F(3,6)=38.713, 

p=0.0003) reliability (Figure 21). 
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Table 14: %spike recovery of 62.5 pg/ml and 250 pg/ml acylated ghrelin in three healthy 
human control plasma samples by EIA. Values reported are for spiked control samples after 
subtraction for endogenous plasma OXT based on unspiked plasma concentrations. All 
spikes were prepared in the same buffer as that used for the EIA. 

Sample Unspiked 
plasma (pg/ml) 

Low spike (62.5 
pg/ml) 

High spike (250 
pg/ml) 

Pure acylated ghrelin N/A 113.2 291.4 

Control 1, male 734.5 89.2 209.5 

Control 2, female 118.0 85.7 225.8 

Control 3, female 401.3 95.9 266.3 

Mean spike recovery ±SD  N/A 80.3±10.0% 79.8±4.6% 

 

 

Figure 20: Dilution linearity of plasma acylated ghrelin from a healthy human male control by 
EIA. **p<0.01. 

 
Figure 21: (a) Intra- and (b) inter-assay reliability of repeated plasma acylated ghrelin 

measurements by EIA. (a) Intra-assay reliability was assessed by measuring 20 replicates of 
the same plasma samples from three healthy human controls on one EIA plate, whilst (b) 

inter-assay reliability was assessed by measuring three replicates of the same plasma from 
four healthy human controls on three separate EIA plates on different days. ***p<0.001. 
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4.3.4.6 Other appetite-regulating hormones 

Serum leptin, plasma AgRP and BDNF were measured by collaborators at the 

University of Cambridge Institute of Metabolic Science and Cambridge 

University Hospitals NHS Foundation Trust. Briefly, serum leptin was 

measured using an in-house fluorescence sandwich immunoassay, using the 

dissociation-enhanced lanthanide fluorescence immunoassay (DELFIA) 

platform (PerkinElmer Inc., Waltham, Massachusetts, USA), and reagents 

(monoclonal mouse anti-leptin capture antibody, biotinylated polyclonal 

mouse anti-leptin detection antibody, recombinant human leptin standards) 

obtained separately (R&D Systems, Minneapolis, Minnesota, USA). The 

range of this assay was 0.1-95 ng/ml,  with an interassay CV ranging from 

3.9-7.1% and adequate dilutional linearity. No spike recovery or cross-

reactivity data were available for this assay. 

 

Plasma BDNF was measured using an in-house electrochemiluminescence 

sandwich immunoassay, using the MesoScale Discovery platform (MesoScale 

Diagnostics, Rockville, Maryland, USA), and reagents (mouse anti-BDNF 

capture antibody, biotinylated mouse anti-BDNF detection antibody, 

recombinant human BDNF standards) obtained separately (R&D Systems, 

Minneapolis, Minnesota, USA). The range of this assay was 0.02-42.5 ng/ml, 

with an interassay CV of 8.0-10.1%, adequate dilutional linearity, and no 

cross-reactivity with rheumatoid factor, heterophilic antibodies, bilirubin, IgG 

and triglycerides. No spike recovery data were available for this assay.  

 

Plasma AgRP was measured using an in-house electrochemiluminescence 

sandwich immunoassay, using the Mesoscale Discovery platform (MesoScale 

Diagnostics, Rockville, Maryland, USA) and reagents (mouse anti-AgRP 

capture antibody, biotinylated goat anti-AgRP detection antibody, recombinant 

human AgRP standards) obtained separately (R&D Systems, Minneapolis, 

Minnesota, USA). The range of this assay was 5.5-1200 pg/ml, with an 

interassay CV of 19.0-29.6%, a spike recovery of 90-93%, and adequate 

dilutional linearity. No cross-reactivity data for other human peptides were 

available for this assay. 
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Plasma copeptin (as a surrogate marker of AVP secretion) was measured on 

using a fluorometric sandwich Time-Resolved Amplified Cryptate Emission 

(TRACE)-based immunoassay on the clinically validated B.R.A.H.M.S Kryptor 

platform at the Newcastle upon Tyne Hospitals NHS Foundation Trust 

(Thermo Fisher Scientific, Hennigsdorf, Germany). The range of this assay is 

1.2-2000 pmol/l, with an interassay CV of 1.8-5.9%, spike recovery and 

dilutional linearity of 80-120%. Given that this assay was originally developed 

for the diagnosis of myocardial infarction and heart failure, cross-reactivity 

experiments have largely focussed on excluding interactions with a wide 

range of cardiovascular medications rather than endogenous substances 

(Reinstadler et al., 2015). However, insignificant cross-reactivity has been 

found with ascorbic acid, dopamine and heparin. 

 

4.3.5 Statistical analysis 

Given that the initial aim of this thesis was to determine the relationships 

between plasma OXT concentrations and various aspects of appetite 

regulation and obesity, the power calculation for this study was based on 

available data for OXT. However, as discussed extensively in Chapter 3, the 

lack of consistent normative data on plasma OXT in children prevents 

accurate calculations of sample size. Based on data from Johnson et al. 

(2016) comparing unextracted plasma OXT concentrations in children with 

Prader-Willi syndrome with age-matched healthy controls (167 ± 121 pg/ml 

vs. 64.8 ± 83.8 pg/ml), a minimum sample size of 66 (11 per subgroup) was 

calculated to detect a between-group difference of 102.2 pg/ml (power 80%, 

p<0.05). Given the uncertainly around this data, a sample size of 120 (20 per 

subgroup) was pragmatically chosen, giving a power of 97%. Data were 

summarised as means ± SDs for parametric data, and medians and IQRs for 

non-parametric data. Prior to statistical analysis, non-parametric, positively 

skewed data were log-transformed to achieve a normal distribution to allow for 

parametric testing. For the total DHQS and the Hyperphagic Behaviour, Drive 

and Severity subcores, the positively skewed data were transformed using the 

negative inverse square root (-1/√x) to achieve normality. For serum insulin, 

the Homeostatic Model of Assessment for Insulin resistance (HOMA-IR) and 

Matsuda Insulin Sensitivity Index (Matsuda-ISI) were also calculated as per 
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Matthews et al. (1985) and Matsuda and DeFronzo (1999) respectively. For 

plasma glucose and OXT, and serum insulin concentrations, the areas under 

the curve (AUC) during the OGTT were also calculated. 

 

Categorical variables were compared between the different subcohorts by the 

χ2-test (with the Fisher’s exact test where necessary), whilst continuous 

variables were compared by the Student’s t-test for independent samples, or 

by a one-way ANOVA, with post-hoc adjustments to make comparisons 

between individual subcohorts (Bonferroni correction where the Levene 

statistic p>0.05; Tamhane T2 correction where the Levene statistic p<0.05). 

Correlations between continuous variables were explored by calculating the 

Pearson’s r correlation coefficient. Regression coefficients with 95% CIs were 

estimated by univariate and multivariate linear regression using BMI SDS at 

testing, and, at one year follow-up, BMI SDS, ΔBMI SDS and the rate of 

change of BMI SDS as dependent variables. Predictors entered were the 

presence/ absence of a hypothalamic lesion, age at testing, Tanner stage at 

testing, the presence/ absence of autism, learning difficulties, sleep 

disturbance or temperature dysregulation, total DHQS, EMS, serum insulin 

and leptin, plasma αMSH, BDNF, OXT, acylated ghrelin, AgRP and copeptin 

concentrations. For the BMI outcomes at one year follow-up, the baseline BMI 

SDS was also entered as an additional independent variable into the model. 

All statistical analyses were performed with SPSS version 25.0 (IBM, Armonk, 

New York, USA).  

 

4.3.6 Ethical approval 

Ethical approval was obtained for this study from the London Bloomsbury  

National Research Ethics Committee on 6 December 2013 (Appendix B, REC 

reference 13/LO/1611). 

 

4.4 Results 

4.4.1 Recruitment of cases and controls 

140 patients (cases and controls) were approached for this study, of whom 

122 consented and were recruited. Of the remaining patients, 12 declined to 
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participate (3 HyOb, 4 HyLean, 1 Ob, 4 Lean), 4 were not brought to their 

appointments for blood testing (all HyLean) and 2 were not able to undergo an 

OGTT due to being inadequately fasted at the time of testing (1 HyLean, 1 

Lean). Of the patients with SOD (n=45), 6 had other CNS structural 

abnormalities (microcephaly, non-specific cerebellar abnormalities, 

porencephalic cyst and bilateral ventricular dilatation secondary to an 

intrauterine cerebral infarction, hypothalamic hamartoma with gelastic 

seizures, sagittal venous thrombosis, and polymicrogyria with 

schizencephaly), whilst 6 others had concurrent global developmental delay 

and/ or epilepsy. Of the patients with hypothalamic tumours (n=34), 9 had 

craniopharyngiomas, 5 pilocytic astrocytomas, 5 pituitary adenomas (4 

prolactinomas, 1 Cushing disease), 4 germinomas, 4 hamartomas, 3 

unspecified thickenings of the pituitary stalk, 2 gangliogliomas, 1 pilomyxoid 

astrocytoma and 1 lipoma/ dermoid cyst. Of the Ob controls (n=24), 10 had 

concurrent non-hypothalamic endocrine diagnoses: 8 had hypopituitarism 

(without a hypothalamic structural lesion on MRI), 1 had 21-hydroxylase 

deficient CAH, and 1 had 45X/46XY gonadal dysgenesis. Of the Lean controls 

(n=19), 15 had non-hypothalamic endocrine diagnoses: 9 had 21-hydroxylase 

deficient CAH, 6 had hypopituitarism (without a hypothalamic structural lesion 

on MRI), 1 had congenital adrenal hypoplasia. 

 

The mean age at testing was 11.3±3.9 years, with 49.2% (60/122) of the 

cohort being female and 33.6% (41/122) being of non-White ethnicity. The 

median Tanner stage at diagnosis was 2 (1-4), and in boys, the median 

testicular volume was 3 (2-6.5) ml. Autistic spectrum disorder, learning 

difficulties, sleep disturbances and temperature dysregulation were present in 

21.3%, 44.3%, 28.7% and 3.3% of the entire cohort respectively. Of the 

patients with hypothalamic tumours, the mean age at tumour diagnosis was 

7.6±5.1 years and the median time from diagnosis was 3.6 (1.8-7.6) years. In 

this subcohort, 67.6% (23/34) had undergone surgical resection, 44.1% 

(15/34) had received radiotherapy, and 35.3% (12/34) had received 

chemotherapy. In the obese subcohort, the mean BMI and BMI SDS at testing 

were 28.2±4.9 kg/m2 and 2.8±0.6 respectively, whilst in the lean subcohort, 

these were 18.7±3.7 kg/m2 and 0.4±1.4 respectively. The mean EMS was 
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2±2, with deficiencies in GH, TSH, ACTH, AVP, LH/FSH and PRL being 

present in 64.8%, 52.5%, 47.5%, 22.1%, 15.6%, 13.1% of the entire cohort, 

whilst central precocious puberty (CPP) was observed in 7.4%. In patients on 

hormone supplementation, the mean GH, hydrocortisone, levothyroxine and 

DDAVP doses were 0.7±0.2 mg/m2/day, 10.5±3.2 mg/m2/day, 1.7±0.6 

μg/kg/day and 5.3±3.9 μg/kg/day respectively.  

 

4.4.2 Comparison of clinical phenotypes between cases and controls 

(Table  15) 

4.4.2.1 Auxology and other baseline characteristics 

There were no significant differences in the age at testing, % of female or 

non-White patients, height or corrected height SDS, Tanner stage or mean 

testicular volume (male patients only) in the various subcohorts recruited at 

baseline. Given that the patients were subdivided based on their BMI SDS at 

testing, the cases and controls differed auxologically only by weight SDS, BMI 

and BMI SDS (post-hoc analysis SOD HyOb vs. SOD HyLean, p<0.000001; 

tumour HyOb vs. tumour HyLean, p<0.000001; SOD HyOb vs. Lean, 

p<0.000001, tumour HyOb vs. Lean, p<0.000001). In the subcohort of 

patients with hypothalamic tumours, whilst there were no significant 

differences in the age at tumour diagnosis (p=0.05), or the proportion of 

patients undergoing surgery (p=0.2), radiotherapy (p=0.5) or chemotherapy 

(p=0.1), patients with HyOb had been followed-up for a longer period post-

diagnosis compared to those in the HyLean group (p=0.004).  

 

Comparisons were also made within the HyOb and HyLean groups between 

patients with SOD and those with hypothalamic tumours. In the HyOb group, 

patients did not differ significantly by age (p=0.2), sex (p=0.1) or ethnicity 

(p=0.05) distribution, height SDS (p=0.9), corrected height SDS (p=0.8), 

weight SDS (p=0.6), BMI SDS (p=0.2) or mean testicular volume (p=0.1) at 

testing; although patients with SOD had a significantly lower Tanner stage 

compared to patients in the tumour subgroup (p=0.02). Similarly, in the 

HyLean group, patients did not differ significantly in any of these variables 

between the SOD and tumour subgroups (age, p=0.3; sex, p=0.9; ethnicity, 
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p=0.2; height SDS, p=0.5; corrected height SDS, p=0.1; weight SDS, p=0.1; 

BMI SDS, p=0.2; Tanner stage, p=0.4; mean testicular volume, p=0.6).  

 

Table 15: Baseline characteristics of cohort. Data are summarised as means ± SD for 
parametric data, and medians (IQR) for non-parametric data. Continuous variables were 
compared by the Student’s t-test or a one-way ANOVA, whilst categorical variables were 
compared by the χ2-test (with Fisher’s exact correction for small values). *Comparisons made 
only between Tumour Obese and Tumour Lean subgroups. 

Group HyOb HyLean Ob Lean ANOVA/ 
χ2-test 
p-value 

SOD Tumour SOD Tumour 

n 30 20 15 14 24 19  

Age at testing 
(years) 

11.4±4.4 13.0±4.2 10.6±3.5 12.0±4.0 11.6±2.8 9.2±3.7 0.07 

%Female  (n) 46.7% 
(14) 

70.0% 
(14) 

53.3% 
(8) 

42.9% 
(6) 

45.8% 
(11) 

36.8% 
(7) 

0.4 

%Non-White 
ethnicity (n) 

23.3% 
(7) 

50.0% 
(10) 

20.0% 
(3) 

50.0% 
(7) 

33.3% 
(8) 

31.6% 
(6) 

0.3 

Age at diagnosis 
(years) 

N/A 6.0±5.5 N/A 9.5±4.0 N/A N/A 0.05* 

Time from 
diagnosis (years) 

N/A 7.2±5.1 N/A 2.8±2.8 N/A N/A 0.004* 

Height SDS at 
testing  

-0.4±1.4 -0.4±1.8 -1.2±1.2 -0.9±0.9 0.4±2.1 -0.6±2.1 0.1 

Corrected height 
SDS at testing 

-0.3±1.5 -0.5±1.6 -1.1±1.5 -0.2±1.5 0.6±1.7 0.2±1.7 0.05 

Weight SDS at 
testing 

2.2±1.2 2.1±0.9 -0.5±1.4 0.2±0.8 2.4±0.9 -0.3±1.6 <0.0001 

BMI SDS at testing 2.9±0.8 2.6±0.4 0.1±1.7 0.9±0.8 2.8±0.5 0.1±1.5 <0.0001 

Tanner stage at 
testing 

1 (1-4) 3 (2-5) 1 (1-3) 2 (1-5) 2 (1-4) 1 (1-3) 0.08 

Testicular volume 
at testing (ml, male 
patients only) 

6.5 (2-
15) 

3 (2-4) 2 (1-12) 3 (2-10) 3.5 (2-
6.5) 

2 (2-2.5) 0.1 

%Surgery 3.3% (1) 75.0% 
(15) 

0.0% (0) 50.0% 
(7) 

0.0% (0) 0.0% (0) 0.1* 

%Radiotherapy 0.0% (0) 50.0% 
(10) 

0.0% (0) 35.7% 
(5) 

0.0% (0) 0.0% (0) 0.5* 

%Chemotherapy 0.0% (0) 40.0% 
(8) 

0.0% (0) 14.3% 
(2) 

4.2% (1) 5.3% (1) 0.1* 

%Autism (n) 43.3% 
(13) 

5.0% (1) 60.0% 
(9) 

7.1% (1) 4.2% (1) 5.3% (1) <0.0001 

%Learning 
difficulties (n) 

66.7% 
(20) 

50.0% 
(10) 

80.0% 
(12) 

28.6% 
(4) 

16.7% 
(4) 

21.1!% 
(4) 

<0.0001 

%Education, health 
and care plan 
(EHCP, n) 

63.3% 
(19) 

45.0% 
(9) 

80.0% 
(12) 

35.7% 
(5) 

12.5% 
(3) 

10.5% 
(2) 

<0.0001 

%Special needs 
school (n) 

46.7% 
(14) 

25.0% 
(5) 

66.7% 
(10) 

14.3% 
(2) 

8.3% (2) 5.3% (1) 0.0001 

%Sleep disturbance 
(n) 

53.3% 
(16) 

25.0% 
(5) 

60.0% 
(9) 

14.3% 
(2) 

8.3% (2) 5.3% (1) <0.0001 

%Temperature 
dysregulation 

0.0% (0) 0.0% (0) 6.7% (1) 0.0% (0) 4.2% (1) 10.5% 
(2) 

0.2 

%GH deficiency 90.0% 
(27) 

90.0% 
(18) 

86.7% 
(13) 

50.0% 
(7) 

29.2% 
(7) 

36.8% 
(7) 

<0.0001 

%TSH deficiency 80.0% 65.0% 66.7% 50.0% 20.8% 26.3% <0.0001 
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(24) (13) (10) (7) (5) (5) 

%ACTH deficiency 80.0% 
(24) 

50.0% 
(10) 

73.3% 
(11) 

35.7% 
(5) 

20.8% 
(5) 

15.8% 
(3) 

<0.0001 

%CDI 23.3% 
(7) 

50.0% 
(10) 

26.7% 
(4) 

35.7% 
(5) 

0.0% (0) 5.3% (1) 0.0002 

%LH/ FSH 
deficiency 

13.3% 
(4) 

35.0% 
(7) 

0.0% (0) 28.6% 
(4) 

8.3% (2) 10.5% 
(2) 

0.06 

%PRL deficiency 16.7% 
(5) 

30.0% 
(6) 

0.0% (0) 7.1% (1) 4.2% (1) 15.8% 
(3) 

0.09 

%CPP 6.7% (2) 25.0% 
(5) 

6.7% (1) 7.1% (1) 0.0% (0) 0.0% (0) 0.01 

EMS 3±1 3±2 2±1 2±2 1±1 1±2 <0.0001 

 

4.4.2.2 Features of the hypothalamic syndrome 

The prevalence of autism was significantly higher in patients with SOD 

compared to non-SOD patients (51.2% vs. 5.1%, p<0.000001), whilst learning 

difficulties and sleep disturbances were more common in patients with 

hypothalamic disorders compared to those without (learning difficulties 85.2% 

vs. 14.8%, p=0.00003; sleep disturbances 40.5% vs. 7.0%, p=0.00009). 

There were no significant differences between the subgroups in the 

prevalence of temperature dysregulation. The mean EMS was also 

significantly higher in patients with hypothalamic disorders (3±2 vs. 1±2, 

p<0.000001), although ANOVA post-hoc analyses revealed that this was 

mainly true for patients in the HyOb group (SOD HyOb vs. Ob, p=0.00001, 

SOD HyOb vs. Lean, p=0.003; Tumour HyOb vs. Ob, p=0.001, Tumour HyOb 

vs. Lean, p=0.01; SOD HyLean vs. Ob, p=0.03; SOD HyLean vs. Lean, p=0.2; 

Tumour HyLean vs. Ob, p=0.5; Tumour HyLean vs. Lean, p=0.8). 

Concomitantly, the prevalence of individual deficiencies in GH (82.3% vs. 

32.6%, p<0.0001), TSH (68.4% vs. 23.3%, p<0.0001), ACTH (63.3% vs. 

18.6%, p<0.0001), AVP (32.9% vs. 2.3%, p<0.0001) and CPP (11.4% vs. 

0.0%, p=0.03) were also significantly higher in the hypothalamic group, whilst 

there were no differences in the prevalence of hypogonadotrophic 

hypogonadism (19.0% vs. 9.3%, p=0.2) or PRL deficiency (15.2% vs. 9.3%, 

p=0.4).  

 

In the HyOb group, the presence of autism, sleep disturbances and ACTH 

deficiency were significantly higher in the SOD subgroup (p=0.003, p=0.047 

and p=0.03 respectively), whilst there were no significant differences in the 

prevalence of learning difficulties or temperature dysregulation compared to 
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the tumour subgroup (p=0.2 and p=1.0 respectively). The prevalence of 

deficiencies in GH (p=1.0), TSH (0.2),  AVP (p=0.05), PRL (p=0.3), LH/ FSH 

(p=0.09), and CPP (p=0.1) were similar between obese SOD and tumour 

subgroups, with no difference in the overall EMS (p=0.7). Similarly, in the 

HyLean group, the presence of autism, learning difficulties and sleep 

disturbances were significantly higher in the presence of SOD (p=0.002, 

p=0.01 and p=0.04 respectively), with no significant differences in the 

prevalence of temperature dysregulation (p=0.5). The prevalence of 

deficiencies in GH (p=0.1), TSH (p=0.5), ACTH (p=0.09), CDI (p=0.4), PRL 

(p=1.0), LH/ FSH (p=0.1) and CPP (p=0.4), were similar between lean SOD 

and tumour subgroups, again with no difference in overall EMS (p=0.7). Given 

the large similarities observed at baseline between the tumour and SOD 

subgroups, outcome data in both of these subgroups were analysed together 

as part of the HyOb and HyLean groupings.  

 

4.4.2.3 DHQS 

 

Figure 22: Comparison of DHQS subscores for Behaviour, Drive and Severity, and Total 
DHQS between the four different patient groups. Values shown are median, IQR and ranges 

for each parameter. As the data were positively skewed, values were transformed using –1/√x 
prior to analysis by one-way ANOVA. p-values for the overall ANOVA are shown under the x-
axis, whilst statistically significant post-hoc comparisons (using the Bonferroni correction for 

values with equal variances, and the Tamhane T2 correction for values with unequal 
variances) are indicated above the boxplot. *p<0.05, **p<0.01. 

**	 **	 *	 **	

*	
*	

*	 *	
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DHQS data were available for 105/122 (86.1%) of cases and controls. 

Comparison of the DHQS subscores for Behaviour, Drive and Severity, as 

well as the total DHQS, by one-way ANOVA between the HyOb, HyLean, Ob 

and Lean groups showed statistically significant differences, with post-hoc 

analyses showing that these differences were due to the HyOb group 

demonstrating significantly higher median Hyperphagic Behaviour and 

Severity subscores compared with the Lean (10 (7-13) vs. 6 (5-9), p=0.01) 

and HyLean (4 (3-6) vs. 2 (2-4), p=0.03) groups respectively (Figure 20). 

Additionally, the median total DHQS was significantly higher in the HyOb 

group compared to both the HyLean and Lean groups (24 (17-34) vs. 16 (12-

26), p=0.04; vs. 17 (12-21), p=0.03 respectively). Importantly, there were no 

significant differences between the HyOb and Ob groups in any of the DHQS 

subscores or the total DHQS, with the scores being virtually identical 

(Hyperphagic Behaviour 10 (7-13) vs. 9 (6-13); Hyperphagic Drive 11 (7-15) 

vs. 11 (8-15); Hyperphagic Severity 4 (3-6) vs. 4 (2-6); total DHQS 24 (17-34) 

vs. 24 (18-31); p=1.0 for all post-hoc comparisons).  

 

Further analysis showed that there was a positive correlation between all of 

the DHQS subscores and total DHQS with BMI SDS (Hyperphagic Behaviour 

R2=0.3, p=0.003; Hyperphagic Drive R2=0.3, p=0.004; Hyperphagic Severity 

R2=0.3, p=0.001, total DHQS R2=0.3, p=0.002; Figure 23). Subgroup analysis 

revealed that this relationship was only true for the group with hypothalamic 

lesions (HyOb and HyLean), regardless of BMI SDS, despite there being no 

difference in DHQS between the HyOb and Ob groups (Table 16). 
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Figure 23: Scatterplots illustrating the relationship between the Hyperphagic Behaviour, Drive and Severity subscores, and total DHQS, with BMI SDS in the 
four patient groups. As the data for DHQS were positively skewed, the values were transformed as -1/√x prior to Pearson’s correlation analysis. p-values for 

the correlation coefficiencts are shown. *p<0.05, **p<0.01. 

*	 *	

**	 *	

a	 b	

c	 d	
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Table 16: Pearson’s correlation coefficients (R2) for the relationships between Hyperphagic Behaviour, Drive and Severity subscores, and total DHQS, with 
BMI SDS, stratified either by the presence of obesity or by the presence of a hypothalamic lesion. As the data for DHQS were positively skewed, the values 
were transformed as -1/√x prior to analysis. 

 
 

All obese  
(HyOb + Ob) 

p-value All lean 
(HyLean + Lean) 

p-
value 

Hypothalamic 
(HyOb + 
HyLean) 

p-value Non-
hypothalamic 
(Ob + Lean) 

p-value 

n 64 
 

 41  68  37  

-1/√(DHQS Behaviour) 0.04 
 

0.7 0.12 0.5 0.27 0.03 0.31 0.06 

-1/√(DHQS Drive) 0.06 
 

0.6 0.01 0.9 0.27 0.02 0.29 0.09 

-1/√(DHQS Severity) 0.09 
 

0.4 0.21 0.2 0.34 0.005 0.30 0.07 

-1/√(Total DHQS) 0.06 
 

0.6 0.07 0.7 0.29 0.02 0.32 0.05 
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4.4.3 Comparison of blood appetite-regulating hormone concentrations 

between cases and controls 

Due to difficulties with venous access, complete hormonal profiles were only 

obtained in 105 patients (42 HyOb, 25 HyLean, 23 Ob, 16 Lean). Insufficient 

plasma/ serum samples were obtained from 5 patients (4 HyOb, 1 Ob), such 

that only a partial profile of appetite-regulating hormones was obtained, whilst 

for 6 patients (3 HyOb, 1 HyLean, 2 Lean), only sufficient plasma/ serum 

sample was obtained to perform an analysis of glucose and insulin 

concentrations. For the remaining 6 patients (3 HyOb, 3 HyLean), only fasting 

plasma/ serum samples were obtained. Overall, peripheral concentrations of 

anorexigens (insulin, leptin) were increased, whilst peripheral (acylated 

ghrelin) and central (AgRP) orexigens were decreased in all forms of obesity, 

regardless of the presence or absence of hypothalamic disorders. 

 

4.4.3.1 Plasma glucose (Figure 24) 

 

Figure 24: Plasma glucose concentrations in response to an OGTT using 1.75 g/kg (max 
75g) oral glucose load. Values shown are mean±, and only significant p-values for a one-way 

ANOVA between groups are shown. *p<0.05. 

 

Fasting plasma glucose concentrations differed significantly between the four 

groups (HyOb 4.2±0.4 mmol/l, HyLean 4.2±0.6 mmol/l, Ob 4.3±0.6 mmol/l, 

Lean 3.9±0.5 mmol/l, p=0.047). Post-hoc analysis revealed that the only 

*	
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significant difference was between the Ob and Lean group (p=0.03). 

Interestingly, fasting plasma glucose was not significantly different between 

the HyOb and HyLean groups (p=1.0), and plasma glucose concentrations at 

all the other time points were not significantly different between groups. Whilst 

none of the patients had impaired fasting glucose(fasting plasma glucose 6.1-

6.9 mmol/l (Phillips, 2012)), 7/114 patients with available 2-hour plasma 

glucose concentrations were diagnosed with impaired glucose tolerance (2-

hour plasma glucose between 7.8-11.1 mmol/l (Phillips, 2012); 2 HyOb, 1 

HyLean, 3 Ob, 1 Lean), whilst 1 HyOb patient was diagnosed with type 2 

diabetes (2-hour plasma glucose of 11.4 mmol/l) as a result of being part of 

this study. Given the small numbers, however, there were no statistically 

significant differences between the groups. 

 

4.4.3.2 Serum insulin (Figure 25 and Table 17) 

 

Figure 25: Serum insulin concentrations in response to an OGTT using 1.75 g/kg (max 75g) 
oral glucose load. As the data for serum insulin were positively skewed, values were 

transformed as log10x prior to analysis. Values shown are mean±2SE, and only significant p-
values for a one-way ANOVA between groups are shown. *p<0.05, ***p<0.001. 

***	 *	 ***	***	***	
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Table 17: Results of one-way ANOVA for other serum insulin parameters. Data shown are mean±SD. Non-parametric data were transformed as log10x prior 
to analysis. Post-hoc analysis p-values are for the Bonferroni correction for values with equal variances, and the Tamhane T2 correction for values with 
unequal variances. 

 HyOb  HyLean Ob Lean ANOVA p-
value 

Post-hoc analysis 

HyOb vs. 
HyLean 

HyOb vs. 
Lean 

Ob vs. 
HyLean 

Ob vs. Lean 

Log10 (Fasting 
insulin (mU/l)) 

1.2±0.3 0.8±0.3 1.2±0.3 0.8±0.3 0.000002 0.0001 0.0008 0.001 0.003 

Log10 (2-hour 
insulin (mU/l)) 

1.9±0.4 1.7±0.3 2.0±0.3 1.5±0.4 0.000007 0.04 0.0006 0.003 0.00004 

Peak insulin 
(mU/l) 

165.3±94.5 117.3±86.5 173.0±82.1 88.3±74.8 0.002 0.1 0.009 0.1 0.01 

Time to peak 
(minutes) 

56.2±27.7 62.2±28.7 55.0±22.8 49.0±26.9 0.4 1.0 1.0 1.0 1.0 

Log10 (Insulin 
AUC (mU/l)) 

4.0±0.3 3.8±0.3 4.1±0.3 3.7±0.4 0.00009 0.1 0.005 0.007 0.0004 

Log10 (HOMA-
IR)) 

0.4±0.3 0.1±0.3 0.4±0.3 0.0±0.2 0.000004 0.0003 0.0007 0.002 0.002 

Log10 
(Matsuda-ISi)) 

0.5±0.4 0.1±0.4 0.4±0.3 1.1±0.6 <0.000001 0.002 0.006 0.0001 0.001 

Log10 (Fasting 
insulin/ BMI 
(mU m2/ l kg)) 

-0.3±0.3 -0.5±0.3 -0.3±0.3 -0.5±0.2 0.02 0.09 0.1 0.4 0.4 

Log10 (Peak 
insulin/ BMI 
(mU m2/ l kg)) 

0.7±0.3 0.7±0.3 0.7±0.3 0.5±0.4 0.2 1.0 0.4 1.0 0.2 

Log10 (Insulin 
AUC/ BMI (mU 
m2/ l kg )) 

2.6±0.3 2.5±0.3 2.6±0.3 2.4±0.3 0.1 1.0 0.6 1.0 0.2 
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Serum insulin concentrations differed between the groups throughout the 

OGTT. Importantly, there were no significant differences between the HyOb 

and Ob groups. Interestingly, whilst post-hoc analyses revealed that the 

differences in fasting and 2-hour serum insulin concentrations, HOMA-IR and 

Matsuda-ISI were due to both HyOb and Ob patients having higher 

concentrations compared to the HyLean and Lean groups, peak serum insulin 

only differed between the HyOb and Ob patients and the Lean group, with the 

HyLean group not exhibiting significantly lower serum insulin concentrations. 

Similarly, there was no significant difference in the insulin AUC between the 

HyOb and HyLean groups, suggesting that serum insulin concentration in 

response to glucose was mildly abnormal compared to Lean controls. Insulin 

secretion appeared to be largely a function of BMI, as correction of fasting 

insulin, peak insulin and insulin AUC for BMI resulted in no significant 

differences between the groups. Similarly, there was a positive correlation 

between serum insulin concentrations and BMI SDS in all groups (fasting 

insulin R2=0.4, p=0.00001), but when corrected for BMI, this relationship 

disappeared (R2=0.2, p=0.1). 

 

4.4.3.3 Plasma OXT (Figure 26 and Table 18) 

 

Figure 26: Plasma OXT concentrations in response to an OGTT using 1.75 g/kg (max 75g) of 
oral glucose load. Values shown are mean±2SE, and there were no significant differences 

between the groups throughout the OGTT.
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Table 18: Results of one-way ANOVA for other plasma OXT parameters. Data shown are mean±SD. Post-hoc analysis p-values are for the Bonferroni 
correction for values with equal variances, and the Tamhane T2 correction for values with unequal variances. 

 HyOb  HyLean Ob Lean ANOVA p-
value 

Post-hoc analysis 

HyOb vs. 
HyLean 

HyOb vs. 
Lean 

Ob vs. 
HyLean 

Ob vs. Lean 

Fasting OXT 
(pg/ml) 

117.4±71.0 120.2±144.7
7 

110.2±38.5 109.9±54.3 1.0 1.0 1.0 1.0 1.0 

2-hour OXT 
(pg/ml) 

119.6±60.4 105.5±95.7 115.8±40.2 118.4±59.4 0.9 1.0 1.0 1.0 1.0 

Peak OXT 
(pg/ml) 

131.6±70.6 131.8±151.8 120.4±39.8 129.2±58.1 1.0 1.0 1.0 1.0 1.0 

Time to peak 
(minutes) 

79.0±41.8 56.3±46.2 63.8±47.9 67.5±45.8 0.2 0.4 1.0 1.0 1.0 

OXT AUC 
(pg/ml) 

13978.1 
±7690.3 

13979.3 
±16224.5 

13454.9 
±5056.5 

13607.4 
±6305.2 

1.0 1.0 1.0 1.0 1.0 

 

 

 

 

 



 222 

There were no significant differences in plasma OXT concentrations between 

the groups throughout the OGTT. Similarly, there were no significant 

differences in the peak OXT concentration, OXT AUC, or the time to OXT 

peak between any of the groups, and fasting plasma OXT concentrations 

were not correlated with BMI SDS across the cohort (R2=0.1, p=0.5). 

Importantly, plasma OXT concentrations did not appear responsive to an oral 

glucose load, with the data showing no discernible peak throughout the 

OGTT. 

  

4.4.3.4 Serum leptin (Figure 27) 

 

Figure 27: Fasting serum leptin concentrations in the four study groups. As the data for 
serum leptin were positively skewed, values were transformed as log10x prior to analysis. 

Values shown are mean±2SE, and only significant p-values for a one-way ANOVA between 
groups are shown. ***p<0.001. 

 
Fasting serum leptin concentrations were significantly different between the 

four groups (HyOb 35.6 (20.2-56.8) ng/ml, HyLean 9.0 (2.7-20.2) ng/ml, Ob 

43.2 (23.7-59.5) ng/ml, Lean 4.2 (1.7-8.0) ng/ml, p<0.000001) and post-hoc 

analyses revealed that these differences were due to differences between the 

obese and lean groups (HyOb vs. HyLean p=0.00007, HyOb vs. Lean 

p=0.000003, Ob vs. HyLean p=0.00003, Ob vs. Lean p=0.000001). However, 

serum leptin concentrations were not significantly higher in the HyOb vs. Ob 

***	

***	 ***	

***	
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groups. Unlike insulin, the raised fasting serum leptin concentrations in the 

obese groups were disproportionate to the degree of raised BMI, as even 

after correcting for BMI this finding remained (one-way ANOVA p<0.000001, 

HyOb vs. HyLean p=0.001, HyOb vs. Lean p=0.00002, Ob vs. HyLean 

p=0.0006, Ob vs. Lean p=0.00001).  Similarly, fasting serum leptin 

concentrations were strongly positively correlated with BMI SDS across the 

entire cohort (R2=0.8, p<0.000001), and this relationship remained even after 

correcting for BMI (R2=0.7, p<0.000001). 

 

4.4.3.5 Plasma αMSH (Figure 28) 

 

Figure 28: Fasting plasma αMSH concentrations in the four study groups. Values shown are 
mean±2SE, and there were no significant differences between groups. 

 

There were no significant differences in fasting plasma αMSH concentrations 

between the groups, although there appeared to be a non-significant trend for 

Lean controls to have lower plasma concentrations compared to the other 

groups (HyOb 2.0±1.3 ng/ml, HyLean 2.2±1.4 ng/ml, Ob 2.2±1.4 ng/ml, Lean 

1.5±1.1 ng/ml, p=0.5). Fasting plasma αMSH concentrations were not 

correlated with BMI SDS across the cohort (R2=-0.02, p=0.9). 
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4.4.3.6 Plasma BDNF (Figure 29) 

 

Figure 29: Fasting plasma BDNF concentrations in the four study groups. As the data for 
plasma BDNF were positively skewed, values were transformed as log10x prior to analysis. 
Values shown are mean±2SE, and there were no significant differences between groups. 

There were no significant differences in fasting plasma BDNF concentrations 

between the groups (HyOb 2.0 (1.2-3.8) ng/ml, HyLean 2.2 (1.5-6.1) ng/ml, 

Ob 2.0 (1.3-4.1) ng/ml, Lean 1.9 (1.4-3.9) ng/ml, p=0.5). Fasting plasma 

BDNF concentrations were not correlated with BMI SDS across the cohort 

(R2=-0.1, p=0.2). 
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4.4.3.7 Plasma acylated ghrelin (Figure 30) 

 

Figure 30: Fasting plasma acylated ghrelin concentrations in the four study groups. Values 
shown are mean±2SE, and although the overall one-way ANOVA was significant (p=0.01), 

there were no significant differences on post-hoc analysis between groups. 

Fasting plasma acylated ghrelin concentrations appeared to be significantly 

different between groups in the overall one-way ANOVA, with lean patients 

having higher concentrations overall (HyOb 57.9±110.1 pg/ml, HyLean 

163.6±240.1 pg/ml, Ob 41.9±66.3 pg/ml, Lean 128.8±148.5 pg/ml, p=0.01). 

However, on post-hoc analyses, there were no significant differences in 

plasma concentrations between the individual groups, largely due to the large 

variability observed in HyLean and Lean patients. Fasting plasma acylated 

ghrelin concentrations were also negatively correlated with BMI SDS across 

the entire cohort (R2=-0.2, p=0.01). 
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4.4.3.8 Plasma AgRP (Figure 31) 

 

Figure 31: Fasting plasma AgRP concentrations in the four study groups. Values shown are 
mean±SE, and only significant p-values for a one-way ANOVA between groups are shown. 

*p<0.05. 

 
Fasting plasma AgRP concentrations were significantly different between the 

four groups (HyOb 80.3±32.4 pg/ml, HyLean 99.9±30.3 pg/ml, Ob 89.3±21.9 

pg/ml, Lean 96.6±31.5 pg/ml, p=0.04), and post-hoc analyses revealed that 

this was due to HyOb patients having significantly lower concentrations 

compared to the HyLean group (p=0.0497). Fasting plasma AgRP 

concentrations were also negatively correlated with BMI SDS across the 

entire cohort (R2=-0.3, p=0.002). 

 

 

 

 

 

 

 

 

 

 

*	
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4.4.3.9 Plasma copeptin (Figure 32) 

 

Figure 32: Fasting plasma copeptin concentrations in the fours tudy groups. As the data for 
plasma copeptin were positively skewed, values were transformed as log10x prior to analysis. 
Values shown are mean ±2SE, and there were no significant differences between groups. 

 

There were no significant differences in fasting plasma copeptin 

concentrations between the groups (HyOb 2.8 (1.8-4.7) pmol/l, HyLean 3.8 

(2.5-6.2) pmol/l, Ob 5.3 (4.0-7.7) pmol/l, Lean 3.6 (3.0-5.5) pmol/l, p=0.4). 

Fasting plasma copeptin concentrations were not correlated with BMI SDS 

across the entire cohort (R2=-0.2, p=0.1). However, fasting plasma copeptin 

was lower in patients with CDI (CDI 1.4 (1.2-1.9) pmol/l vs. no CDI 4.5 (3.0-

7.1) pmol/l; p<0.000001), with a negative correlation between plasma 

copeptin concentrations and DDAVP dose (in μg/kg) in patients on DDAVP 

(n=16, R2=-0.3, p=0.0008). This is unsurprising given that treatment with 

exogenous DDAVP would be expected to suppress endogenous copeptin 

secretion. 
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4.4.4 Correlation between blood appetite-regulating hormone 

concentrations and DHQS 

4.4.4.1 Serum insulin (Figure 33) 

 

Figure 33: Scatterplot illustrating the relationship between total DHQS and fasting serum 
insulin concentrations (p<0.05). As the data for both total DHQS and fasting serum insulin 
were positively skewed, values were transformed as -1/√x and log10x respectively prior to 

Pearson’s correlation analysis 

 

Hyperphagic Drive and Severity subscores, as well as total DHQS, were 

positively correlated with fasting and 2-hour serum insulin concentrations in 

response to an OGTT, but this was not the case for the Hyperphagic 

Behaviour subscore (fasting serum insulin: Hyperphagic Behaviour R2=0.2, 

p=0.08; Hyperphagic Drive R2=0.3, p=0.01; Hyperphagic Severity R2=0.2, 

p=0.03, Total DHQS R2=0.3, p=0.1; 2-hour serum insulin: Hyperphagic 

Behaviour R2=0.1, p=0.1; Hyperphagic Drive R2=0.2, p=0.02; Hyperphagic 

Severity R2=0.3, p=0.008; Total DHQS R2=0.2, p=0.02). Similarly, HOMA-IR 

and insulin AUC were positively correlated, whilst the Matsuda-ISI was 

negatively correlated, with total DHQS and its subscores (Total DHQS vs. 

HOMA-IR R2=0.3, p=0.007; vs. Matsuda-ISI R2=-0.3, p=0.0009; vs. insulin 

AUC R2=0.2, p=0.03).  
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4.4.4.2 Plasma OXT (Figure 34) 

 

Figure 34: Scatterplot illustrating the relationship between total DHQS and fasting plasma 
OXT concentrations. As the data for total DHQS were positively skewed, values were 
transformed as -1/√x prior to Pearson’s correlation analysis. The correlation was non-

significant. 

 
There was no relationship between plasma OXT concentrations throughout 

the OGTT and total DHQS or any of its subscores (fasting plasma OXT: 

Hyperphagic Behaviour R2=-0.003, p=1.0; Hyperphagic Drive R2=-0.09, 

p=0.4; Hyperphagic Severity R2=-0.04, p=0.7; Total DHQS R2=-0.06, p=0.6).  
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4.4.4.3 Serum leptin (Figure 35) 

 

Figure 35: Scatterplot illustrating the relationship between total DHQS and fasting serum 
leptin concentrations (p<0.01). As the data for both total DHQS and fasting serum leptin were 

positively skewed, values were transformed as -1/√x and log10x respectively prior to 
Pearson’s correlation analysis. 

Fasting serum leptin concentrations were positively correlated with Total 

DHQS and all its subscores (Hyperphagic Behaviour R2=0.3, p=0.01; 

Hyperphagic Drive R2=0.3, p=0.005; Hyperphagic Severity R2=0.3, p=0.006; 

Total DHQS R2=0.3, p=0.005).  
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4.4.4.4 Plasma αMSH (Figure 36) 

 

Figure 36: Scatterplot illustrating the relationship between total DHQS and fasting plasma 
αMSH concentrations. As the data for total DHQS were positively skewed, values were 
transformed as -1/√x prior to Pearson’s correlation analysis. The correlation was non-

significant. 

 

There was no correlation between fasting plasma αMSH concentrations and 

total DHQS or any of its subscores (Hyperphagic Behaviour R2=-0.02, p=0.9; 

Hyperphagic Drive R2=0.03, p=0.8; Hyperphagic Severity R2=0.03, p=0.8; 

Total DHQS R2=0.008, p=0.9).  
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4.4.4.5 Plasma BDNF (Figure 37) 

 

Figure 37: Scatterplot illustrating the relationship between total DHQS and fasting plasma 
BDNF concentrations. As the data for both the total DHQS and fasting plasma BDNF were 

positively skewed, values were transformed as -1/√x and log10x respectively prior to 
Pearson’s correlation analysis. The correlation was non-significant. 

 

There was no correlation between fasting plasma BDNF concentrations and 

total DHQS or any of its subscores (Hyperphagic Behaviour R2=-0.1, p=0.3; 

Hyperphagic Drive R2=0.05, p=0.6; Hyperphagic Severity R2=-0.03, p=0.8; 

Total DHQS R2=0.004, p=1.0).  
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4.4.4.6 Plasma acylated ghrelin (Figure 38) 

 

Figure 38: Scatterplot illustrating the relationship between total DHQS and fasting plasma 
acylated ghrelin concentrations. As the data for total DHQS were positively skewed, values 
were transformed as -1/√x prior to Pearson’s correlation analysis. The correlation was non-

significant. 

 

There was no correlation between fasting plasma acylated ghrelin 

concentrations and Hyperphagic Behaviour and Severity subscores, or total 

DHQS, although a weakly negative correlation was found with the 

Hyperphagic Drive subscore (Hyperphagic Behaviour R2=-0.1, p=0.4; 

Hyperphagic Drive R2=-0.2, p=0.04; Hyperphagic Severity R2=-0.1, p=0.4; 

Total DHQS R2=-0.2, p=0.1).  
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4.4.4.7 Plasma AgRP (Figure 39) 

 

Figure 39: Scatterplot illustrating the relationship between total DHQS and fasting plasma 
AgRP concentrations. As the data for total DHQS were positively skewed, values were 
transformed as -1/√x prior to Pearson’s correlation analysis. The correlation was non-

significant. 

 

There was no correlation between fasting plasma AgRP concentrations and 

total DHQS or any of its subscores (Hyperphagic Behaviour R2=-0.1, p=0.2; 

Hyperphagic Drive R2=-0.1, p=0.1; Hyperphagic Severity R2=-0.06, p=0.5; 

Total DHQS R2=-0.1, p=0.1).  
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4.4.4.8 Plasma copeptin (Figure 40) 

 

Figure 40: Scatterplot illustrating the relationship between total DHQS and fasting plasma 
copeptin concentrations. As the data for both the total DHQS and fasting plasma copeptin 
were positively skewed, values were transformed as -1/√x and log10x respectively prior to 

Pearson’s correlation analysis. The correlation was non-significant. 

There was no correlation between fasting plasma copeptin concentrations and 

total DHQS or any of its subscores (Hyperphagic Behaviour R2=-0.1, p=1.0; 

Hyperphagic Drive R2=0.1, p=0.3; Hyperphagic Severity R2=-0.03, p=0.8; 

Total DHQS R2=0.05, p=0.6).  

 

4.4.5 Regression analyses of predictors of BMI and change in BMI 

Linear regression analyses were performed to determine whether there were 

independent predictors of BMI SDS at testing and at 1-year follow-up. 

Exploratory analyses were carried out incorporating the various independent 

variables of interest – presence of a hypothalamic structural lesion, age, 

Tanner stage, the presence of autism, learning difficulties, sleep disturbances 

or temperature dysregulation, DHQS, EMS, and plasma/ serum 

concentrations of insulin (either fasting insulin, peak insulin, insulin AUC, 

HOMA-IR or Matsuda-ISI), OXT (either fasting OXT or OXT AUC), leptin, 

αMSH, BDNF, acylated ghrelin, AgRP and copeptin – were carried out to 

determine the best model of fit. 1-year follow-up data were available for 96 

patients.  
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4.4.5.1 Predictors of BMI SDS at testing (Table 19) 

Table 19: Univariate and multivariate linear regression coefficients β and 95% Cis for BMI 
SDS at testing as the dependent variable. Data for Tanner stage, DHQS, Matsuda-ISI, and 
fasting leptin, BDNF and copeptin concentrations were positively skewed and transformed 
prior to regression analyses. Significant coefficients are highlighted in bold. *Temperature 
dysregulation was not included in the final multivariate model as it was not present in the final 
57 patients used for multivariate analysis. 

Independent variable Univariate β 
(95% CI) 

p-value Multivariate β 
(95% CI) 

p-value 

Hypothalamic lesion 0.34 
(-0.24 – 0.93) 

0.2 -1.56  
(-4.16 – 1.04) 

0.2 

Age at testing (years) 0.05  
(-0.02 – 0.13) 

0.1 0.30 
(-0.15 – 0.74) 

0.2 

Log10(Tanner stage) 0.67  
(-0.32 – 1.66) 

0.2 2.34  
(-3.67 – 8.34) 

0.4 

Autism -0.34 
(-1.03 – 0.34) 

0.3 -1.54 
(-4.58 – 1.51) 

0.3 

Learning difficulties 0.07 
(-0.50 – 0.63) 

0.8 0.28 
(-1.91 – 2.47) 

0.8 

Sleep disturbances -0.14 
(-0.76 – 0.48) 

0.7 -0.09 
(-2.82 – 2.65) 

1.0 

Temperature dysregulation -2.13 
(-3.67 – -0.6) 

0.007 Not included* N/A* 

-1/√(Total DHQS) 20.99  
(8.03 – 33.94) 

0.002 -11.31 
(-63.19–40.56) 

0.7 

EMS 0.19  
(0.05 – 0.34) 

0.01 0.23  
(-0.61 – 1.08) 

0.6 

Log10(Matsuda-ISI) -1.66 
(-2.22 – -1.10) 

<0.000001 -3.50 
(-6.45 – -0.55) 

0.02 

OXT AUC (pg/ml) 0.00  
(0.00 – 0.00) 

0.5 0.00  
(0.00 – 0.00) 

0.4 

Log10(fasting leptin (ng/ml)) 2.17 
(1.81 – 2.52) 

<0.000001 6.62 
(3.60 – 9.65) 

0.00007 

Fasting αMSH (ng/ml) -0.02 
(-0.24 – 0.21) 

0.9 -0.14 
(-0.87 – 0.59) 

0.1 

Log10(fasting BDNF (ng/ml)) -0.57 
(-1.43 – 0.30) 

0.2 -2.43  
(-5.57 – 0.70) 

0.1 

Fasting acylated ghrelin (pg/ml) -0.002 
(-0.004 – -0.001) 

0.01 -0.01 
(-0.02 – 0.01) 

0.5 

Fasting AgRP (pg/ml) -0.02 
(-0.03 – -0.01) 

0.002 0.01 
(-0.03 – 0.05) 

0.6 

Log10(fasting copeptin (pmol/l) -0.69 
(-1.60 – 0.21) 

0.1 -1.86 
(-5.93 – 2.21) 

0.4 

 

In keeping with previous correlation analyses, univariate linear regression 

analysis revealed that a raised BMI SDS at testing was significantly predicted 

by an increased DHQS and EMS. Surprisingly, an increased incidence in 

temperature dysregulation was associated with a decrease in BMI SDS. BMI 

SDS was also significantly predicted by increased peripheral anorexigen 

concentrations (insulin (and therefore a decreased Matsuda-ISI) and leptin), 



 237 

and decreased peripheral (acylated ghrelin) and central (AgRP) orexigen 

concentrations. Multivariate regression analysis of 57 cases and controls with 

complete datasets (R2=0.78, F(16,40)=8.951, p<0.000001),  revealed that 

only increased insulin and leptin concentrations were independently 

associated with an increased BMI SDS at testing. 

 

4.4.5.2 Predictors of BMI SDS at 1 year follow-up (Table 20) 

Table 20: Univariate and multivariate linear regression coefficients β and 95% Cis for BMI 
SDS at 1 year follow-up as the dependent variable. Data for Tanner stage, DHQS, insulin 
AUC, and fasting leptin, BDNF and copeptin concentrations were positively skewed and 
transformed prior to regression analyses. Significant coefficients are highlighted in bold. 
*Temperature dysregulation was not included in the final multivariate model as it was not 
present in the final 53 patients used for multivariate analysis. 

Independent variable Univariate β 
(95% CI) 

p-value Multivariate β 
(95% CI) 

p-value 

Hypothalamic lesion 0.31 
(-0.21 – 0.84) 

0.2 -0.33  
(-0.79 – 0.13) 

0.2 

Age at testing (years) 0.02 
(-0.05 – 0.09) 

0.6 -0.05 
(-0.14 – 0.03) 

0.2 

Log10(Tanner stage) -0.04 
(-0.96 – 0.89) 

0.9 0.23 
(-0.82 – 1.27) 

0.7 

BMI SDS at testing 
 

0.83 
(0.75 – 0.91) 

<0.000001 0.94 
(0.73 – 1.14) 

<0.000001 

Autism -0.15 
(-0.79 – 0.50) 

0.7 -0.10 
(-0.64 – 0.44) 

0.7 

Learning difficulties 0.06  
(-0.37 – 0.68) 

0.6 -0.13 
(-0.52 – 0.26) 

0.5 

Sleep disturbances -0.25 
(-0.82 – 0.33) 

0.4 -0.13 
(-0.62 – 0.37) 

0.6 

Temperature dysregulation -1.98 
(-3.40 – 0.56) 

0.007 Not included* N/A* 
 

-1/√(Total DHQS) 19.00 
(6.62 – 31.39) 

0.003 3.70  
(-4.80 – 12.21) 

0.4 

EMS 0.11 
(-0.03 – 0.24) 

0.1 0.15 
(0.00 – 0.29) 

0.05 

Log10(insulin AUC (mU/l)) 1.08 
(0.31 – 1.84) 

0.007 -0.54 
(-1.22 – 0.14) 

0.1 

OXT AUC (pg/ml) 0.00 
(0.00 – 0.00) 

1.0 0.00 
(0.00 – 0.00) 

0.4 

Log10(fasting leptin (ng/ml)) 1.61  
(1.23 – 1.99) 

<0.000001 0.04 
(-0.67 – 0.75) 

0.9 

Fasting αMSH (ng/ml) 0.06 
(-0.32 – 0.20) 

0.6 -0.09 
(-0.24 – 0.06) 

0.2 

Log10(fasting BDNF (ng/ml)) -0.17 
(-1.02 – 0.67) 

0.7 -0.12 
(-0.71 – 0.48) 

0.7 

Fasting acylated ghrelin (pg/ml) -0.003 
(-0.01 – -0.00) 

0.01 -0.003 
(-0.01 – 0.00) 

0.005 

Fasting AgRP (pg/ml) -0.01 
(-0.2 – -0.00) 

0.03 0.00 
(0.00 – 0.01) 

0.3 

Log10(fasting copeptin (pmol/l) -0.66 
(-1.71 – 0.39) 

0.2 0.09 
(-0.62 – 0.79) 

0.8 
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Univariate linear regression analysis revealed that BMI SDS at 1-year follow-

up was also predicted by a higher total DHQS, increased peripheral 

anorexigen concentrations (leptin and insulin), and reduced peripheral 

(acylated ghrelin) and central (AgRP) orexigen concentrations. Similar to the 

association with BMI SDS at testing, temperature dysregulation was 

associated with a lower BMI SDS at 1-year follow-up. The strongest predictor 

of BMI SDS at 1-year follow-up was, however, the initial BMI SDS, and this 

remained an independent association on multivariate regression analysis of 

53 patients with complete datasets (R2=0.90, F(17,35)=17.766, p<0.000001), 

along with a weaker effect from lower fasting plasma acylated ghrelin 

concentrations. 
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4.4.5.3 Predictors of ΔBMI SDS at 1 year follow-up (Table 21) 

Table 21: Univariate and multivariate linear regression coefficients β and 95% Cis for ΔBMI 
SDS at 1 year follow-up as the dependent variable. Data for Tanner stage, DHQS, HOMA-IR, 
and fasting leptin, BDNF and copeptin concentrations were positively skewed and 
transformed prior to regression analyses. Significant coefficients are highlighted in bold. 
*Temperature dysregulation was not included in the final multivariate model as it was not 
present in the final 51 patients used for multivariate analysis. 

Independent variable Univariate β 
(95% CI) 

p-value Multivariate β 
(95% CI) 

p-value 

Hypothalamic lesion -0.15 
(-0.40 – 0.10) 

0.2 -0.32 
(-0.74 – 0.11) 

0.1 

Age at testing (years) -0.04 
(-0.07 – -0.01) 

0.01 -0.07 
(-0.13 – 0.00) 

0.06 

Log10(Tanner stage) -0.49 
(-0.92 – -0.06) 

0.03 0.09 
(-0.80 – 0.97) 

0.8 

BMI SDS at testing -0.17 
(-0.26 – -0.09) 

0.0001 0.06 
(-0.18 – 0.30) 

0.6 

Autism -0.09 
(-0.41 – 0.21) 

0.5 0.06 
(-0.43 – 0.55) 

0.8 

Learning difficulties -0.07 
(-0.32 – 0.18) 

0.6 -0.37 
(-0.79 – 0.06) 

0.09 

Sleep disturbances -0.16 
(-0.43 – 0.11) 

0.2 -0.21 
(-0.66 – 0.24) 

0.4 

Temperature dysregulation 0.05 
(-0.65 – 0.76) 

0.9 Not included* N/A 

-1/√(Total DHQS) -2.31 
(-8.14 – 3.53) 

0.4 0.53 
(-7.46 – 8.51) 

0.9 

EMS 0.002 
(-0.6 – 0.07) 

0.06 0.22 
(0.09 – 0.36) 

0.002 

Log10(fasting insulin (mU/l)) -0.49 
(-0.80 – -0.17) 

0.003 -0.26 
(-0.81 – 0.30) 

0.4 

Fasting OXT (pg/ml) 0.00 
(0.00 – 0.00) 

0.5 -0.002 
(-0.01 – 0.00) 

0.08 

Log10(fasting leptin (ng/ml)) -0.36 
(-0.59 – -0.14) 

0.002 -0.17 
(-0.78 – 0.44) 

0.6 

Fasting αMSH (ng/ml) -0.06 
(-0.17 – 0.06) 

0.3 -0.18 
(-0.32 – -0.05) 

0.009 

Log10(fasting BDNF (ng/ml)) 0.05 
(-0.34 – 0.45) 

0.8 -0.09 
(-0.57 – 0.38) 

0.7 

Fasting acylated ghrelin (pg/ml) -0.04 
(-0.79 – -0.02) 

0.04 -0.004 
(-0.01 - 0.00) 

0.0008 

Fasting AgRP (pg/ml) 0.00 
(-0.003 – 0.01) 

0.4 0.01 
(0.00 – 0.02) 

0.05 

Log10(fasting copeptin (pmol/l) -0.05 
(-0.53 – 0.44) 

0.8 -0.01 
(-0.65 – 0.64) 

1.0 

 

Given that the baseline BMI SDS of the different groups were different, 

predictors for ΔBMI SDS were also calculated, with BMI SDS at testing 

included as an additionally independent variable in linear regression analysis. 

Univariate analysis showed that a younger age at testing, a lower Tanner 

stage, and, interestingly, a lower BMI SDS at baseline were all predictive of a 

bigger change in BMI SDS at 1 year. Additionally, it appeared that lower 
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concentrations of peripheral anorexigen concentrations (leptin and insulin), as 

well as peripheral orexigen concentrations (acylated ghrelin) were negative 

predictors of ΔBMI SDS. On multivariate analysis of 51 patients (R2=0.52, 

F(17,33)=2.092, p=0.03), a higher EMS and lower αMSH were associated 

with a bigger change in BMI SDS, with a lower acylated ghrelin having a 

weaker independent effect. 
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4.4.5.4 Predictors of rate of change in BMI SDS at 1 year follow-up (Table 

22) 

Table 22: Univariate and multivariate linear regression coefficients β and 95% Cis for ΔBMI 
SDS at 1 year follow-up as the dependent variable. Data for Tanner stage, DHQS, HOMA-IR, 
and fasting leptin, BDNF and copeptin concentrations were positively skewed and 
transformed prior to regression analyses. Significant coefficients are highlighted in bold. 
*Temperature dysregulation was not included in the final multivariate model as it was not 
present in the final 51 patients used for multivariate analysis. 

Independent variable Univariate β 
(95% CI) 

p-value Multivariate β 
(95% CI) 

p-value 

Hypothalamic lesion -0.20 
(-0.52 – 0.12) 

0.2 -0.31 
(-0.79 – 0.17) 

0.2 

Age at testing (years) -0.05 
(-0.09 – -0.01) 

0.01 -0.08 
(-0.16 – 0.00) 

0.04 

Log10(Tanner stage) -0.57 
(-1.12 – -0.02) 

0.04 0.02 
(-0.93 – 0.98) 

1.0 

BMI SDS at testing -0.23 
(-0.34 – -0.13) 

0.00004 -0.02 
(-0.26 – 0.23) 

0.9 

Autism -0.08 
(-0.47 – 0.32) 

0.7 0.19 
(-0.33 – 0.7) 

0.5 

Learning difficulties -0.14 
(-0.46 – 0.18) 

0.4 -0.43 
(-0.86 – 0.01) 

0.05 

Sleep disturbances -0.24 
(-0.58 – 0.11) 

0.2 -0.31 
(-0.77 – 0.15) 

0.2 

Temperature dysregulation 0.22 
(-0.68 – 1.13) 

0.6 Not included* N/A 

-1/√(Total DHQS) -4.66 
(-11.50 – 2.19) 

0.2 -1.76  
(-10.47 – 6.95) 

0.7 

EMS 0.01 
(-0.7 – 0.10) 

0.8 -0.002 
(-0.01 – 0.00) 

0.1 

Log10(HOMA-IR) -0.52  
(-0.88 – -0.15) 

0.006 -0.29 
(-0.83 – 0.24) 

0.3 

Fasting OXT (pg/ml) 0.00 
(0.00 – 0.00) 

0.6 0.00 
(-0.01-0.00) 

0.1 

Log10(fasting leptin (ng/ml)) -0.49 
(-0.79 – -0.20) 

0.001 0.06 
(-0.58 – 0.70) 

0.9 

Fasting αMSH (ng/ml) -0.15 
(-0.27 – -0.02) 

0.03 -0.23 
(-0.36 – 0.11) 

0.0007 

Log10(fasting BDNF (ng/ml)) 0.09  
(-0.42 – 0.60) 

0.7 0.03 
(-0.50 – 0.55) 

0.9 

Fasting acylated ghrelin (pg/ml) -0.001 
(0.00 – 0.00) 

0.1 -0.004 
(-0.01 – 0.00) 

0.001 

Fasting AgRP (pg/ml) 0.00 
(0.00 – 0.01) 

0.3 0.01 
(0.00-0.01) 

0.009 

Log10(fasting copeptin (pmol/l) -0.14 
(-0.78 – 0.51) 

0.7 -0.01 
(-0.05 – 0.03) 

0.6 

 
Due to the slight variation in the duration of follow-up between patients 

(0.9±0.2 years), the rate of change in BMI SDS was also analysed as a 

dependent variable. Similar to the analysis for ΔBMI SDS, a younger age at 

testing, a lower Tanner stage and a lower baseline BMI SDS were all 

associated with a greater rate of BMI SDS gain at 1 year. This analysis 
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however only showed that lower peripheral (leptin and insulin) and central 

(αMSH) concentrations were associated with more rapid BMI SDS gain, with 

no significant effect from the orexigens. Multivariate analysis of 55 patients 

(R2=0.585, F(17,37)=3.066, p=0.002) showed that a younger age at testing 

and lower fasting αMSH were independently associated with a greater rate of 

BMI SDS gain, with a lower acylated ghrelin, and a higher fasting AgRP 

having weaker independent effects. 

 

4.5 Discussion 

This is the largest study comparing the clinical features, food-directed 

behaviour, and appetite-regulating endocrine physiology in a cohort of 

children with congenital or acquired hypothalamic structural disorders, with 

controls with either common obesity or no hypothalamic lesions and no 

problems with weight gain. The similarities in the baseline characteristics of 

the SOD and tumour subgroups, particularly with regards to their BMI SDS, 

pubertal stage, and number of hypothalamo-pituitary hormone deficiencies 

alludes to the common pathogenesis in both of these subcohorts, i.e. 

hypothalamic damage. As previously suggested by other authors, the 

similarity in the prevalence of individual hormone deficiencies also points to 

the hierarchical vulnerability of these hormone-producing cells to any form of 

damage or maldevelopment (Darzy and Shalet, 2009; (Bancalari et al., 2012; 

(Gan et al., 2015; (Cerbone and Dattani, 2017). Interestingly, the prevalence 

of other neurobehavioural features of the hypothalamic syndrome, such as 

autism, learning difficulties and sleep disturbances was increased in patients 

with SOD compared to those with hypothalamic tumours regardless of BMI, 

and higher in the hypothalamic group (HyOb and HyLean) overall. This finding 

was present despite the trend for SOD patients to be younger than those with 

hypothalamic tumours, and statistically significantly less pubertally developed 

at the time of testing (and by extension having less time for the above 

features to develop), suggesting that the aetiology of these features, unlike 

appetite and weight, is associated with the very early (even in utero) stages of 

neurodevelopment. In this study, the few differences between the SOD and 

tumour subgroups led to the decision to analyse these in the bigger HyOb and 
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HyLean groups instead, with final outcome analyses accounting for these 

smaller differences by including them in multivariate linear regression. 

 

The first major finding of this study is that unlike previous descriptions of 

hyperphagia being a classical feature of HyOb (Bray and Gallagher, 1975; 

(Farooqi et al., 2003; (Goldstone, 2004; (Hochberg and Hochberg, 2010b; 

(Hochberg and Hochberg, 2010a), these abnormalities in appetite are in fact 

not unique to HyOb, being also present in common obesity, as evidenced in 

this study by the virtual similarity of the total DHQS and its subscores between 

the HyOb and Ob groups. However, in the HyOb group, the dysregulated 

appetite presented with more disordered food-related behaviour and to a 

greater severity compared to Lean and HyLean controls. Interestingly, the 

magnitude of hyperphagia (indicated by the absolute scores of DHQS and its 

subscores) contrastingly was only positively correlated with BMI SDS in 

patients with hypothalamic disorders. This is in keeping with the original 

intention of the Dykens’ Hyperphagia Questionnaire for the assessment of 

appetite in Prader-Willi syndrome, where a similar correlation was found 

(Dykens et al., 2007), suggesting that the absolute values on the DHQS can 

only be used to accurately assess hyperphagia in this cohort of patients. 

 

The second important finding was that none of the appetite-regulating 

hormones studied differed significantly in plasma/ serum concentration 

between the HyOb and Ob groups. In both obese categories, concentrations 

of the peripheral anorexigens leptin and insulin were increased, whilst 

concentrations of the peripheral orexigen acylated ghrelin and central 

orexigen AgRP were decreased, with these hormones all being positively and 

negatively correlated with BMI SDS respectively regardless of aetiology. 

Similar to the relationship with BMI, the degree of hyperphagia observed was 

also positively correlated with serum leptin and insulin, and negatively 

correlated with plasma acylated ghrelin. 

 

These changes in hormone concentrations are in keeping with compensatory 

homeostatic responses to increased weight gain and have been previously 

described (Weigle et al., 1997; (Roth et al., 1998; (Tschop et al., 2001; (Patel 
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et al., 2002; (Monti et al., 2006; (Shaikh et al., 2008a; (Prado et al., 2011) 

However, unlike findings by Roth et al. (1998) and Shaikh et al. (2008a) there 

were no differences in serum leptin concentrations between the HyOb and Ob 

groups, even after correcting for BMI SDS, suggesting that the degree of 

leptin insensitivity seen in this cohort was the same regardless of the 

aetiology of obesity. The relationship between BMI SDS and serum leptin is 

also logarithmic as previously described (Falorni et al., 1997; (Patel et al., 

2002), although other authors have suggested a linear relationship previously 

(Weigle et al., 1997). Similarly, unlike patients with Prader-Willi syndrome, the 

archetypal genetic HyOb disorder (DelParigi et al., 2002; (Kuppens et al., 

2015), plasma acylated ghrelin was decreased in obesity associated with 

structural lesions of the hypothalamus, indicating that in this latter situation the 

obesity is not primarily driven by an orexigenic, ghrelin-induced hyperphagic 

response.  

 

Although AgRP is thought to be an orexigen largely synthesised centrally by 

the hypothalamic ARC, peripheral plasma AgRP concentrations were also 

shown to be negatively correlated with BMI SDS in this cohort. Previous 

studies have shown that peripheral AgRP concentrations increase in 

response to caloric restriction-induced weight loss or fasting, and decrease in 

response to refeeding with no relationship to subjective measures of hunger 

or satiety (Shen et al., 2002; (Hazell et al., 2016; (Page-Wilson et al., 2017). 

Previous studies on the association between plasma AgRP and BMI have 

however been more mixed – one study in children showed no significant 

correlation (Vehapoglu et al., 2016), whilst other studies in adults showed 

both negative (Page-Wilson et al., 2015; (Page-Wilson et al., 2017) and 

positive (Katsuki et al., 2001; (Hoggard et al., 2004) relationships. The above 

findings suggest that AgRP is more consistently a transient marker of change 

in energy status (fasting vs. fed), rather than of long-term weight gain or loss. 

 

Of the other appetite-regulating hormones studied, no correlation could be 

found between their plasma concentrations and BMI SDS in this cohort. As 

discussed in Chapter 2, the association between plasma OXT concentrations 

and BMI is variable (Qian et al., 2014; (Kujath et al., 2015; (Szulc et al., 2016; 
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(Yuan et al., 2016; (Binay et al., 2017; (Schorr et al., 2017; (Eisenberg et al., 

2018), but this is the first study to report a lack of association. No previous 

human studies have looked at plasma OXT responses to an oral glucose 

load, and in this cohort, no response was demonstrated to hyperglycaemia. 

This is in contrast to animal studies where acute glucose consumption 

increased rat hypothalamic Oxt expression (Olszewski et al., 2009). It is worth 

noting that previous observations of glucose-responsive changes in plasma 

OXT concentrations have all been in the context of insulin-induced 

hypoglycaemia, where OXT increased  (Nussey et al., 1986; (Fisher et al., 

1987; (Coiro et al., 1988b; (Seckl et al., 1988a; (Chiodera et al., 1989; 

(Chiodera et al., 1991b; (Fisher et al., 1991; (Chiodera et al., 1992; (Chiodera 

et al., 1994a; (Chiodera et al., 1994b; (Chiodera et al., 1996; (Chiodera et al., 

1998c). Other possible reasons for this lack of observed changes in plasma 

OXT concentrations may be because OXT secretion is in fact responsive to 

fat rather than glucose (Ohlsson et al., 2002; (Borg et al., 2009). 

 

Similarly, previous studies have shown positive (Katsuki et al., 2000; 

(Hoggard et al., 2004), negative (Vehapoglu et al., 2016) or no (Nam et al., 

2001; (Donahoo et al., 2009) correlations between plasma αMSH and BMI, 

whilst caloric restriction has been shown to increase plasma αMSH 

concentrations in adolescents (Prado et al., 2011). The lack of association 

with baseline plasma BDNF concentrations is in keeping with a recent meta-

analysis by  (Sandrini et al., 2018), although other studies not included in this 

review found a negative correlation (Corripio et al., 2012; (Araki et al., 2014; 

(Zamani et al., 2019). This finding is likely due to the fact that plasma BDNF 

concentrations are, like AgRP, responsive to changes in energy homeostasis, 

increasing in response to exercise (Pedersen et al., 2009; (Slusher et al., 

2015) and decreasing to an oral glucose load (Araki et al., 2017).  

 

In this study, plasma copeptin concentrations were measured as a surrogate 

marker for AVP secretion, and no relationship with BMI SDS could be found. 

Contrastingly, other authors have consistently described a positive correlation 

with BMI, the metabolic syndrome and increased cardiovascular risk 

(Enhorning et al., 2013; (Asferg et al., 2014; (Tenderenda-Banasiuk et al., 
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2014; (Enhorning et al., 2015; (Taskin et al., 2015; (Then et al., 2015; 

(Rothermel et al., 2016; (Vintila et al., 2016). The lack of this finding being 

replicated in this study may be due to the high numbers of patients with CDI in 

this cohort (>20%), who have significantly lower plasma copeptin 

concentrations, probably as a result of concurrent DDAVP treatment, 

compared to the general population. 

 

Perhaps the most interesting finding in this study were the observations made 

in the HyLean cohort. Despite having normal BMIs, HyLean patients exhibited 

peak serum insulin concentrations in response to the OGTT which were not 

significantly different to those of the obese (HyOb and Ob) groups, and fasting 

plasma glucose and insulin AUC measurements which were not significantly 

lower than the HyOb group. Additionally, whilst plasma AgRP concentrations 

did not differ between the HyLean group and the controls (Ob + Lean), they 

were significantly higher than that of the HyOb patients. Lastly, although not 

statistically significant, there appeared to be a trend for plasma BDNF to be 

higher in the HyLean cohort compared to the other groups. All of these 

findings suggest that the HyLean group exhibit early dysregulation of their 

hypothalamic-gut circuity which needs to be elucidated further. 

 

Given the difficulties in determining the contribution of various baseline clinical 

features on BMI SDS and its change over time, a series of linear regression 

analyses were performed. As expected, on multivariate analysis, BMI SDS at 

the time of testing was strongly predicted by serum insulin and leptin 

concentrations. Importantly, baseline BMI SDS was not independently 

predicted by the presence of a hypothalamic lesion, or of the presence of any 

other features of classically described as being part of the hypothalamic 

syndrome, including autism and sleep disturbances, or a higher EMS. 

Contrastingly, BMI SDS at 1-year follow-up was most strongly independently 

predicted by the BMI SDS at baseline, with a much weaker negative 

relationship with plasma acylated ghrelin. This finding is in keeping with the 

known association between childhood and adult obesity, where both the 

absolute BMI in childhood and its rate of increase are predictive of future 

weight gain (Williams et al., 2001; (Mamun et al., 2009; (Li et al., 2013). 
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Due to the effect of BMI SDS at baseline, and the differences in the exact 

duration of 1-year follow-up, predictors of ΔBMI SDS and the rate of BMI SDS 

change were also examined. ΔBMI SDS was independently predicted by an 

increased EMS, and a lower plasma acylated ghrelin, and a surprisingly lower 

plasma αMSH. Whilst the positive association with EMS as a marker of 

increased hypothalamo-pituitary dysfunction, and the negative association 

with the orexigen acylated ghrelin as a marker of increased compensation to a 

net positive energy balance are to be expected, the negative association with 

the anorexigen αMSH suggests that this may be a factor contributing to 

increasing weight over time. Similar findings were obtained from the 

multivariate linear regression analysis using the rate of ΔBMI SDS change 

over time, with additional weaker negative correlations with age at testing and 

plasma AgRP concentrations. These findings suggest that replacement of 

αMSH may hold therapeutic potential in reducing weight gain in both HyOb 

and Ob, and trials of the MC4R agonist setmelanotide have already been 

successfully conducted in the treatment of LEPR (Clement et al., 2018), 

POMC (Kuhnen et al., 2016) and MC4R (Collet et al., 2017) deficiencies, as 

well as syndromic HyOb conditions such as Bardet-Biedl (Haws et al., 2018) 

and Alstrom (Han et al., 2018) syndromes. Further trials are planned for its 

use in Prader-Willi syndrome (Rhythm Pharmaceuticals Inc., 2017). Indeed, a 

randomised controlled trial of setmelanotide in adults with common obesity 

showed an increase in resting energy expenditure over a 3-day continuous 

infusion (Chen et al., 2015c). 

 

An unexpected finding arising from this study as a result of performing OGTTs 

in large numbers of children was the frequency of IGT (6.1%) and type 2 

diabetes (0.9%) in this cohort. Although type 2 diabetes only occurred in 1 

patient with HyOb with a metastatic hypothalamochiasmatic pilocytic 

astrocytoma, the frequency of impaired glucose tolerance spanned all four 

groups, including 1 HyLean patient with SOD, once again confirming the need 

to follow HyLean patients up closely for the early development of obesity and  

features of the metabolic syndrome. A further Lean patient who had a 

concurrent diagnoses of hypopituitarism with a small anterior pituitary and 
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previous congenital hyperinsulinism was also found to have impaired glucose 

tolerance. This latter patient was subsequently found to have a mutation in 

EIF2S3, a RNA translation factor expressed in both the pituitary and the 

pancreas, causing increased cell death and a novel phenotype of glucose 

dysregulation leading to both hyperinsulinaemic hypoglycaemia and 

postprandial hyperglycaemia (Gregory et al., 2019). 

 

This study is limited slightly by the methods used to quantify hyperphagia in 

this cohort, as well as the secretion of various appetite-regulating hormones. 

Whilst the DHQS has been validated for use in Prader-Willi syndrome, it has 

the inherent limitations of a questionnaire, including recall bias, although the 

DHQS is administered to parents rather than to the patients themselves. 

However, whilst the gold standard for quantifying appetite has been widely 

regarded to be ad libitum food intake studies due to its reproducibility (Arvaniti 

et al., 2000; (Gregersen et al., 2008; (Venti et al., 2010), the logistics and 

ethics of carrying this out in a cohort of children with a significant degree of 

autism, learning difficulties and visual impairment would have rendered it 

inappropriate.  

 

Secondly the measurement of plasma hormones as a marker of hormone 

secretion, particularly for more centrally secreted hormones such as αMSH, 

BDNF, OXT, AgRP and copeptin, is debatable. Secretion of some of these 

hormones from areas such as the nucleus tractus solitarius (αMSH), ARC 

(αMSH and AgRP) and posterior pituitary (OXT), areas which are both close 

to blood-brain barrier-permeable organs such as the area postrema and 

median eminence respectively, suggest that measurement of plasma 

hormone concentrations may reflect secretion within the CNS. However, as 

previously discussed in Chapter 2, evidence for the correlation between CSF 

and plasma OXT and AVP are conflicting, with some studies showing a 

positive correlation (Wang et al., 2013b; (Carson et al., 2014; (Carson et al., 

2015), and others showing no correlation (Takeda et al., 1985; (Altemus et al., 

2004; (Jokinen et al., 2012; (Kagerbauer et al., 2013; (Martin et al., 2014).  A 

positive correlation has been demonstrated between plasma and CSF BDNF 

concentrations only in psychotic, depressed or female patients (Pillai et al., 
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2010; (Pillai et al., 2012), but not in children with meningoencephalitis or CNS 

tumours (Chiaretti et al., 2004a; (Chiaretti et al., 2004b). Similarly, no 

correlation has been found between plasma and CSF AgRP concentrations in 

healthy controls or common obesity (Page-Wilson et al., 2015). No similar 

studies could be found specifically describing the relationship between plasma 

and CSF αMSH concentrations.  

 

Studies examining the relationship between appetite, weight and CSF 

hormone concentrations have shown that BMI is positively correlated with 

leptin, negatively correlated with POMC, and not correlated with AgRP or 

αMSH CSF concentrations (Nam et al., 2001; (Page-Wilson et al., 2015), 

which is in contrast to some of the plasma findings from this study. CSF OXT 

has also been shown to be increased in Prader-Willi syndrome (Martin et al., 

1998), and to increase on weight recovery of patients with anorexia nervosa  

(Demitrack et al., 1990). Ideally, measurement of the CSF appetite-regulating 

hormone milieu would provide a better picture of the dysregulation leading to 

obesity, but this would be difficult to perform in this cohort of children.  

 

Other limitations of this study include the fact that the controls used in this 

study were not healthy children. This was due to the intensive protocol 

required to be part of this study, including fasting on the morning of the OGTT, 

insertion of a cannula, and multiple blood draws during the test. All of the 

controls taking part in this study had other non-hypothalamic diagnoses, 

consisting largely of well-controlled congenital adrenal hyperplasia. Although 

the hydrocortisone doses being used to treat these patients were 5.8-20.2 

mg/m2/day (i.e. not out of the usual therapeutic range of 6-20 mg/m2/day), it is 

possible that the impact of glucocorticoid replacement on the hypothalamic-

gut circuitry should not have been underestimated. Additionally, out of the 122 

patients recruited to the study, auxological follow-up data were only available 

for 96 patients, and only at 1 year. Further research is required to determine 

what factors predict changes in weight and BMI over a longer period. Lastly, 

the responses to an oral glucose load were only examined for insulin and 

OXT, and a vast number of other appetite-regulating hormones including 

NPY, CCK, nesfatin and GLP-1 were not determined. 
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4.6 Conclusion 

In conclusion, this study has shown firstly that hyperphagia is not a unique 

feature of HyOb, and if sought for, appetite dysregulation is also present in 

common obesity. Additionally, the plasma endocrine milieu in HyOb and 

common obesity is virtually identical, with both conditions resulting in a 

homeostatic increase in peripheral anorexigens, and a reduction in peripheral 

and central orexigens. The increase in appetite observed with increasing 

weight gain was not driven by anorexigen deficiency or orexigen 

overproduction, and instead the same homeostatic responses were observed 

in relation to the degree of hyperphagia. It is possible that the relationships 

observed in this study were the result of long-term decompensation resulting 

in obesity, and perhaps further longitudinal research needs to be done 

examining the changes in this endocrine milieu over time. 

 

Although this research originally set out to elucidate the relationship between 

plasma OXT concentrations and appetite regulation, this study could find no 

role for OXT, and by extension its use as a therapeutic agent, for appetite 

suppression and/ or weight loss. Importantly, patients with structural 

hypothalamic disorders but normal BMIs still showed very early signs of 

glucose and insulin dysregulation, suggesting that they need very careful 

follow-up. Lastly, the role of αMSH in predicting future weight gain needs to be 

examined more carefully, particularly given the existence of an MC4R agonist 

which is being trialled in other genetic and syndromic HyOb disorders. 

However, the method of stratifying patients who are likely to benefit most from 

such a treatment remains to be determined. 
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CHAPTER 5: CONCLUSIONS & FUTURE 

DIRECTIONS 

The original premise of this thesis was to firstly clarify the issues surrounding 

current commercially available OXT EIAs which have been used in a wide 

variety of studies in the fields of reproductive medicine, endocrinology, 

psychiatry, psychology and metabolism, particularly given the large variability 

and conflict in the results obtained from both observational and interventional 

research, particularly in humans. Many of the published observational studies 

on the various assocations between OXT concentrations in various biological 

fluids and various aspects of human physiology and behaviour do not detail 

any internal validation of the laboratory techniques used to quantify OXT. 

Contrastingly, OXT is now being used in numerous interventional studies, 

including studies on human obesity, particularly via the intranasal route, 

without a complete understanding of how (or if) intranasal OXT crosses the 

blood-brain barrier to influence CNS circuitry, or, in the latter case, the role of 

OXT in regulating human appetite and metabolism. 

 

Detailed study of both the commonest plasma purification process used – 

SPE with reversed phase chromatography – as well as one of the most 

commonly used commercially available EIA kits demonstrated that both of 

these techniques were subject to marked variation and significant cross-

reactivity. The unanticipated finding that SPE can in itself result in increased 

assay interference is significant, particularly as much of the literature assumes 

that this technique is infallible without further validation, focussing instead 

(where present) on validation of the EIA. The 10-fold difference in unextracted 

plasma OXT measurements obtained using the kit utilising a secondary 

polyclonal antibody as part of its EIA compared to one using a secondary 

monoclonal antibody suggests that much of the observational data reported in 

literature (which generally used the former) may not be accurate. This finding 

was further confirmed by Western blot and cross-reactivity experiments. More 

recent research with MS techniques suggests that much of human plasma 

OXT is protein bound, and true plasma OXT concentrations are therefore 
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much more in keeping with unextracted plasma concentrations measured 

using EIA (10-1000 pg/ml vs. 1-100 pg/ml in extracted plasma).  

 

The second aim of this research was to attempt to expand our current 

understanding of the neuroendocrine circuitry governing human appetite, 

weight and metabolism, and to determine if the clinical and biochemical 

features of HyOb were uniquely diferent to that of common obesity, in order to 

identify whether there were any novel potential therapeutic targets. It firstly 

clarified that hyperphagia was not a unique finding in HyOb, and therefore 

could not be (as previously thought) the primary driving force for weight gain. 

It also clarified that the hypothalamic syndrome was not as much a 

constellation of clinical features as previously thought – other features such as 

autism, disordered sleep and temperature dysregulation were not necessarily 

more frequent in the presence of HyOb, and instead were individual features 

of hypothalamic dysfunction.  

 

As part of this aim, I also sought to elucidate whether OXT had a role in 

regulating appetite, weight or metabolism, and to clarify if and how it was 

related to other known appetite-regulating hormones in the context of our 

current understanding of common obesity and HyOb. Unlike other published 

studies, plasma OXT concentrations were not found to differ in obese 

patients, even in HyOb where a lower OXT concentration might be expected 

due to the inherent hypothalamic dysfunction. This is also the first study to 

clarify that plasma OXT concentrations are not sensitive to hyperglycaemia.  

 

Instead, analysis of other appetite-regulating hormones suggested that whilst 

peripheral anorexigens such as leptin and insulin were increased, and the 

orexigens ghrelin (peripheral) and AgRP (central) were decreased with 

obesity, there were no significant differences in plasma/ serum concentrations 

of any of the hormones measured between subjects with HyOb and common 

obesity. However, at follow-up, a lower plasma αMSH was additionally 

associated with a greater and more rapid weight gain. This suggests that in 

both HyOb and common obesity, the use of MC4R agonists such as 

setmelanotide may be a useful therapeutic option. Currently, setmelanotide is 
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being trialled for very specific genetic obesity syndromes, but our data 

suggest that it may be useful in the wider context of childhood obesity.  

 

Further research, does, however still need to be performed to address some 

of the remaining questions thrown up by this series of studies. Questions that 

remain to be addressed include the following: 

 What is the best protease inhibitor to maintain OXT stability in human 

plasma prior to analysis? 

 What is the reliability and validity of using MS techniques to quantify 

OXT in human plasma? How does this compare to the more commonly 

used RIAs and EIAs in currently published literature? 

 Can the accuracy of current immunoassays be further improved by 

using both a primary and secondary monoclonal antibody as 

components of an EIA? 

 What is the role of protein binding in the measurement of human 

plasma OXT, and what is the physiological role of bound vs. unbound 

OXT? 

 Can the measurement of plasma neurophysin I be used as a surrogate 

marker for OXT secretion, given its higher molecular weight and longer 

half-life (Burford and Pickering, 1973)? 

 Are there any differences in the responses of the other appetite-

regulating hormones measured here (leptin, αMSH, BDNF, ghrelin, 

AgRP, copeptin) to oral glucose-induced hyperglycaemia? 

 Are there any differences in the plasma/ serum concentrations of other 

appetite-regulating hormones (CART, GLP-1, CCK, PYY, PPY, 

nesfatin-1, NPY) in HyOb and common obesity? 

 Are there any differences in the CSF concentrations of any of these 

hormones in HyOb and common obesity? What is their correlation with 

plasma/ serum concentrations? 

 How does the plasma and/ or CSF endocrine milieu change in the 

long-term in patients with HyOb and common obesity in relation to their 

BMI? Similarly, what determines which patients with normal BMIs and 
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hypothalamic disorders (the HyLean group) subsequently go on to 

develop HyOb? 

 Is there truly no difference in hyperphagia between patients with HyOb 

and common obesity, studied using ad libitum food intake in adults? 

 Is there a role for MC4R agonists in the treatment of all forms of 

obesity, including HyOb secondary to non-genetic causes? 

Given the increasing prevalence of obesity in childhood, including HyOb, 

further work aimed at understanding its pathophysiology needs to be 

conducted to derive more effective medical therapeutic options. The use of 

bariatric surgery in all cases is certainly neither feasible nor ethical, 

particularly in children. As shown here, understanding of the neuroendocrine 

dysfunction present in HyOb may serve as a model for all forms of obesity 

where changes in hypothalamic function (such as leptin resistance) are 

already known to be present. Lastly, many patients with HyOb present in 

childhood with weight gain, and have several years of potential metabolic and 

cardiovascular decompensation ahead if weight loss is not achieved rapidly. A 

focus on discovering potential therapeutic targets is particularly needed in this 

cohort to allow them to achieve their full potential and an acceptable long-term 

quality of life. 
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APPENDIX A: SUPPLEMENTAL TABLES 

Supplemental Table 1: Observational studies on the role of OXT in various endocrine processes in humans (excluding energy homeostasis). 

Study Biological 
sample 

Method of 
analysis 

Sample 
extraction 
utilised? 

Validation of 
recovery of 
extraction 
technique 

Normal ranges Comments 

 (Takahata et al., 
2018) 

Saliva EIA No No Term pregnant 
female 25.6-
648.8 pg/ml  

Salivary OXT increased after three days of 
breast stimulation, particularly at 30 minutes 
after stimulus. 

 (Caruso et al., 
2018) 

Serum EIA No No Female mean 
2.1 pg/ml 

Anorgasmic women had a lower baseline 
and post-coital serum OXT compared to 
orgasmic women.  

 (Graugaard-
Jensen et al., 
2017) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported Plasma OXT did not show circadian rhythm 
with no differences between women with or 
without the oral contraceptive pill. 

 (Daughters et al., 
2017a) 

Saliva EIA No No 29.74-372.07 
pg/ml 

Patients with hypopituitarism had lower 
salivary OXT compared to controls. 

 (Gamliel et al., 
2016) 

Plasma (with 
trasylol) 

EIA No No Pregnant female 
(third trimester) 
mean 406.43 
pg/ml 
Neonatal cord 
mean 49.34 
pg/ml 

Positive correlation between maternal 
plasma and neonatal cord plasma OXT, with 
maternal plasma OXT being 8x higher. 

 (Gu et al., 2016) Plasma EIA No No Not reported Intrapartum synthetic OXT dose was 
positively correlated with endogenous 
plasma OXT 2 months postpartum. 

 (Jong et al., 2015) Saliva RIA No No Not reported OXT did not increase in response to 
breastfeeding. 

 (Quintana et al., 
2015) 

Plasma EIA Yes No Not reported AVP was significantly decreased after 24 IU 
OXT vs. placebo and after 8 IU OXT vs. 1 IU 
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IV OXT. Cortisol was significantly increased 
after 1 IU IV OXT and 24 IU OXT vs. 
placebo. 

 (Breuil et al., 
2015) 

Serum  RIA Yes – reversed 
phase 
chromatography 

No Normal male 
>50 years 
median 0.74 
pg/ml 

Serum OXT was not associated with bone 
mineral density, born turnover markers, or 
current/ previous fractures in men. OXT was 
positively correlated with BMI, 17β-
oestradiol, testosterone and leptin. Weak 
negative relationship between OXT and 
incident fracture after adjusting for prevalent 
fracture and femoral neck bone mineral 
density. 

 (Jaeggi et al., 
2015) 

Saliva EIA Yes – Liquid-
liquid extraction 
(ethanol) 

No Not reported OXT was secreted in a contra-normal 
diurnal rhythm with the increase in baseline 
being positively correlated to duration of the 
hunt and change in testosterone in returning 
Tsimane hunters. 

 (Graugaard-
Jensen et al., 
2014) 

Plasma EIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported Plasma OXT showed no circadian rhythm 
and no correlation to diuresis, urine 
osmolality or aquaporin-2 excretion. 

 (Lawson et al., 
2013a) 

Serum EIA No No Normal female: 
Mean 2300-
0700 446 pg/ml 
Mean 2400 350 
pg/ml 
Mean 0700 322 
pg/ml 

Nocturnal serum OXT lower in athletes 
(whether amenorrhoeic or not) than controls, 
and remained significant after controlling for 
oestradiol levels. Serum OXT accounted for 
significant variation in bone 
microarchitecture in amenorrhoeic female 
athletes. 
 

 (Breuil et al., 
2014) 

Serum RIA Yes – reversed 
phase 
chromatography 
(C-18) 

95% spike 
recovery 

Postmenopausal 
women median 
0.4 pg/ml 

Serum OXT in postmenopausal women 
positively correlated with spine and total hip 
bone mineral density and negatively 
correlated with bone turnover markers 
(procollagen type 1 N-terminal propeptide, 
bone alkaline phosphatase, C-telopeptide of 
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type 1 collagen), with the relationship with 
bone mineral density being independent of 
born turnover markers. No correlation 
between OXT and fractures.  

 (Grewen and 
Light, 2011) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Not reported Plasma OXT did not respond to stress 
(speech task/ cold pressor stimulus), but 
was inversely correlated to plasma 
noradrenaline. No significant differences in 
plasma OXT between breast and formula 
feeding mothers. Plasma OXT also inversely 
correlated with increases in stress-induced 
vascular resistance and positively correlated 
with increases in stroke volume and 
decreases in heart rate. 

 (Breuil et al., 
2011) 

Serum EIA No No Not reported Serum OXT significantly lower in post-
menopausal women with osteoporosis 
compared to healthy post-menopausal 
women and were positively correlated with 
lumbar spine and femoral neck bone mineral 
density, but not with serum leptin, 
gonadotrophins, TSH, oestradiol or 
testosterone. 

 (Lui et al., 2010) Serum (with 
trasylol) 

RIA No No Normal male 
mean 79.3 pg/ml 

Serum OXT significantly higher in male 
participants with azoospermia, 
oligozoospermia and asthenozoospermia, 
with no correlation with LH, FSH or 
testosterone concentrations. 

 (Grewen et al., 
2010) 

Plasma (with 
trasylol)/ saliva 

EIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ 
Strata-X) 

96% plasma 
spike recovery/ 
93% saliva 
spike recovery 

All new mothers 
(<3 months 
postpartum) 
baseline plasma 
mean 4.82 
pg/ml, baseline 
salivary mean 
4.67 pg/ml 

Plasma and salivary OXT higher in 
breastfeeding vs. formula feeding mothers 
throughout all stages of interaction with 
infant. Positive correlation between plasma 
and salivary OXT.  
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 (Risberg et al., 
2009) 

Plasma (with 
trasylol) 

125I RIA Yes – Liquid-
liquid extraction 
(acetone/ 
petroleum 
benzene) 

No Not reported  Plasma OXT increased in women through 
pregnancy, with no significant change in 
plasma AVP. 

 (White-Traut et al., 
2009) 

Saliva EIA No No Breastfeeding 
women 6.44-
61.05 pg/ml 

Salivary OXT increased just prior to 
breastfeeding, decreased on feeding and 
then increased to lower levels 30 minutes 
after completing a feed.  

 (Jonas et al., 
2009) 

Plasma (with 
trasylol) 

EIA No No Median 
postpartum 
119.7 pg/ml 

Plasma OXT lower in women who had 
received epidural analgesia and intravenous 
OXT during delivery, with a negative 
correlation between the dose of intravenous 
OXT and median plasma OXT on day 2 
postpartum.  

 (Hill et al., 2009) Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported No significant differences in plasma OXT of 
mothers of preterm infants who were 
expressing breastmilk vs. mothers of term 
infants who were breastfeeding over 6 
weeks.  

 (Graugaard-
Jensen et al., 
2008) 

Plasma  RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported Plasma OXT does not display a circadian 
rhythm in normal menstruating women.  

 (Liedman et al., 
2008) 

Plasma 
(acidified) 

EIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Normal 
menstrual cycle 
day 1 mean 4.90 
pg/ml 
Ovulation mean 
9.12 pg/ml 

Plasma OXT higher in dysmenorrhoeic 
patients during menstruation vs. controls 
(plasma AVP lower during ovulation).  

 (Grenback et al., 
2007) 

Plasma EIA No No Normal female 
3.93-26.19 
pg/ml 
Normal male 
7.55-20.14 

Trend for plasma OXT to be higher in 
patients with Addison’s disease compared to 
controls, particularly with high ACTH. No 
correlation between plasma galanin and 
OXT.  
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pg/ml 

 (Levine et al., 
2007) 

Plasma (with 
trasylol) 

EIA No No Early pregnancy 
45-400 pg/ml 
Early third 
trimester 60-450 
pg/ml 
Early 
postpartum 50-
550 pg/ml 

No correlation between plasma OXT and 
week of gestation, although small time-shift 
to higher values. Women with rising plasma 
OXT between early pregnancy and third 
trimester had higher scores on the maternal-
fetal attachment scale.  

 (Kruger et al., 
2006) 

Plasma (with 
trasylol)/ CSF 

RIA No No Normal male 
CSF mean 7.71-
9.21 pg/ml 

No change in plasma OXT (or AVP) with 
various phases of the sexual response 
cycle. 

 (Mennella and 
Pepino, 2006) 

Plasma RIA No No Not reported Plasma OXT showed decreased responses 
to breast stimulation after alcohol 
consumption in nulliparous women, with 
bigger decrements being associated with 
feeling more drunk. 

 (Taylor et al., 
2006) 

Plasma EIA No No Normal 
postmenopausal 
women mean 
199.92 pg/ml 

Hormone replacement therapy (particularly 
oestrogen monotherapy) associated with 
higher plasma OXT. Plasma OXT higher in 
postmenopausal women with lower quality 
of social interactions, more gaps in social 
contacts, and absence of positive partner 
relations, but did not respond to stress. 

 (Light et al., 
2005b) 

Plasma 125I RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

75% spike 
recovery 

Normal 
postmenopausal 
female mean 
1.36-2.22 pg/ml 

Plasma OXT not different between 
postmenopausal women treated with 
oestrogen or oestrogen/ progesterone  vs. 
placebo (but HRT led to increased 
neurophysin I concentrations with greater 
decreases in BP in response to stress). 

 (Salonia et al., 
2005) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported Plasma OXT was significantly lower in the 
luteal vs. follicular and ovulatory phase of 
the menstrual cycle, but did not fluctuate in 
women taking the oral contraceptive pill. 

 (Mennella et al., Plasma RIA No No Not reported Alcohol consumption associated with 
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2005) significant reduction in plasma OXT (and a 
rise in plasma PRL and cortisol), with a 
longer latency to milk ejection and reduced 
milk yield in lactating mothers. 

 (Altemus et al., 
2004) 

Plasma/ CSF 125I RIA Yes  - reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Pregnant female  
Plasma mean 
1.48 pg/ml 
CSF mean 
12.29 pg/ml 
 
Non-pregnant 
female 
Plasma mean 
0.95 pg/ml 
CSF mean 
10.68 pg/ml 

Significantly raised plasma OXT (and non-
significantly raised CSF OXT) in pregnant 
vs. non-pregnant women. No correlation 
between plasma and CSF OXT in pregnant 
and non-pregnant women. 

 (Rasmussen et al., 
2004) 

Plasma (with 
trasylol) 

125I RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Normal male 
mean 1.4-2.1 
pg/ml 

Part of interventional study (see 
Supplemental Table 2) 

 (Uckert et al., 
2003) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Normal male 
mean 71.1 pg/ml 

Plasma and corpus cavernosum OXT 
increased with increasing penile 
tumescence. 

 (Kruger et al., 
2003) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Not reported 
(but note 
baseline normal 
male 50-100 
pg/ml) 

Plasma OXT showed a non-significant 
increase after male orgasm but with large 
interindividual variation. 

 (Rasmussen et al., 
2003) 

Plasma (with 
trasylol) 

125I RIA Yes – reversed 
phase 
chromatography 

No Normal male 
mean 2.1-2.7 
pg/ml 

Plasma OXT did not change in response to 
saline infusion. 
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 (Forsling and 
Williams, 2002) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Fasting male 
mean 2.52 pg/ml 

Plasma OXT response to hypertonic saline 
was increased in the presence of low dose 
melatonin, but not significantly suppressed 
by high dose melatonin (significant for both 
for plasma AVP). 

 (Heinrichs et al., 
2001) 

Plasma RIA Yes No Breastfeeding 
mothers pre-
breastfeeding 
mean 6.6-9.6 
pg/ml 

No significant differences in plasma OXT 
after breastfeeding or holding an infant 
without breastfeeding, with no change in 
response to stress.  

 (Altemus et al., 
2001b) 

Plasma RIA Yes  - reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Normal female: 
Follicular phase 
mean 1.67 pg/ml 
Midluteal phase 
1.96 pg/ml 

No significant change in plasma OXT in 
response to exercise, or with different 
phases of the menstrual cycle (unlike 
plasma AVP).  

 (Matthiesen et al., 
2001) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Breastfeeding 
mothers mean 
57.01 pg/ml 

Infant hand massaging movements on the 
breast associated with increase in maternal 
plasma OXT. 

 (Chatterton et al., 
2000) 

Plasma 125I RIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Not reported No significant change in plasma OXT during 
breast-milk expression in mothers of 
premature infants <30 weeks’ gestation over 
6 weeks. Salivary α-amylase and cortisol 
(markers of sympathetic activity) were not 
correlated with plasma OXT.  

 (Dorn et al., 1999) Serum RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Females 0-7.8 
pg/ml 

Cervical tenaculum application led to a 
marked increase in serum OXT.  

 (Patient et al., 
1999) 

Plasma RIA Yes – normal 
phase 
chromatography 
(Florisil/ 70% 
acetone) 

No Vaginal delivery 
Umbilical artery 
mean 14.91 
pg/ml 
Umbilical vein 
mean 7.86 pg/ml 

Umbilical artery had higher plasma OXT 
concentrations than umbilical vein in all 
groups suggesting fetal production of OXT. 
Fetal OXT not affected by maternal 
pethidine or GA, and emergency vs. elective 
Caesarean section not associated with 
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Vaginal delivery 
with pethidine 
Umbilical artery 
mean 39.40 
pg/ml 
Umbilical vein 
mean 15.41 
pg/ml 
 
Vaginal delivery 
with OXT 
infusion 
Umbilical artery 
mean 17.83 
pg/ml 
Umbilical vein 
mean 7.35 pg/ml 
 
Elective 
Caesarean 
section 
Umbilical artery 
mean 7.86 pg/ml 
Umbilical vein 
mean 3.93 pg/ml 
 
Emergency 
Caesarean 
section 
Umbilical artery 
mean 3.42 pg/ml 
Umbilical vein 
mean 1.51 pg/ml 

difference in plasma OXT. Maternal OXT 
infusion not correlated with umbilical artery/ 
venous OXT concentrations and therefore 
does not cross placenta. 

 (Ferreira et al., Plasma (with 125I RIA Yes – reversed 95% spike Normal female Note significant proportion of women in 
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1998) trasylol) phase 
chromatography 
(C-18) 

recovery mean 10.37-
12.19 pg/ml 

rapid weight gain group had 
hyperprolactinaemia and galactorrhoea.  

 (Blaicher et al., 
1999) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

>90% spike 
recovery 

Normal female 
4.9-23.6 pg/ml 
1 minute post-
orgasm 6.3-42.9 
pg/ml 
5 minutes post-
orgasm 5.2-28.2 
pg/ml 

Plasma OXT significantly rose 1 minute 
post-orgasm then started to decrease at 5 
minutes. 

 (Laczi et al., 1998) Plasma 125I RIA Yes but unclear 
method 

No Normal female 
mean 2.70-5.20 
pg/ml 

Oral water load leads to significant 
decreases in plasma OXT (and AVP & 
cortisol) in healthy women, but a paradoxical 
increase (with AVP) in hyperprolactinaemia. 
Histamine also induced and increase in 
plasma OXT (and AVP & cortisol).  

 (Kostoglou-
Athanassiou et al., 
1998) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Follicular phase 
mean 4.23 pg/ml 
Luteal phase 
mean 5.44 pg/ml 

No significant differences in plasma OXT in 
normally cycling women between different 
phases of the menstrual cycle. However in 
women on the combine oral contraceptive 
pill plasma OXT was significantly higher in 
the first half vs. the second half of the cycle 
(plasma AVP was higher in the follicular 
phase of spontaneously cycling women).  

 (Steinwall et al., 
1998) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Normal female 
mean 2.63 pg/ml 

Plasma OXT rose in response to hypertonic 
saline infusion, with no change with 
oestradiol/ progesterone hormone 
replacement (vs. plasma AVP where the 
response was attenuated).  

 (Lindow et al., 
1998b) 

Plasma (with 
phenanthroline) 

RIA No No Vaginal delivery 
Maternal post-
2nd stage mean 
5.74 pg/ml 
Umbilical 

No correlation between umbilical arterial-
venous  difference in plasma OXT 
regardless of mode of delivery or morphine 
administration. 
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venous mean 
6.35 pg/ml 
Umbilical arterial 
mean 22.26 
pg/ml 
 
Emergency 
Caesarean 
section 
Maternal post-
2nd stage mean 
6.04 pg/ml 
Umbilical 
venous mean 
8.06 pg/ml 
Umbilical arterial 
mean 22.26 
pg/ml 
 
Elective 
Caesarean 
section 
Maternal post-
2nd stage mean 
4.73 pg/ml 
Umbilical 
venous mean 
5.44 pg/ml 
Umbilical arterial 
mean 15.21 
pg/ml  

 (Forsling et al., 
1998) 

Plasma RIA Unclear  No Mean plasma 
OXT 1.92-4.66 
pg/ml 

Diurnal variation in plasma OXT with peak at 
2 am and no difference between age groups 
(vs. plasma AVP which had lower secretion 
in 60-75 year olds vs. 22-40 year olds). 
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 (Nissen et al., 
1998) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Breastfeeding 
post-Caesarean 
section median 
15.11 pg/ml 
Breastfeeding 
post-vaginal 
delivery median 
18.13 pg/ml 

Increased number of plasma OXT pulses 
during breastfeeding in women delivered 
vaginally vs. by Caesarean section, with 
positive correlation with volume of milk 
consumed during breastfeeding, but with no 
differences in basal plasma OXT. Negative 
correlation between plasma OXT and 
anxiety in Caesarean section group, with 
positive correlation with impulsivity and 
social desirability in vaginal delivery group. 

 (van der Post et 
al., 1997) 

Plasma (with 
phenanthroline) 

RIA Yes – reversed 
phase 
chromatography 
(methanol/ C-
18) 

76-80% spike 
recovery 

Not reported Plasma OXT stable throughout pregnancy 
but increased post-partum (with no effect 
from dietary sodium restriction, urinary AVP 
decreased with sodium restriction in 
pregnancy, with correlation with urine 
osmolality).  

 (Lindow et al., 
1996) 

Plasma (with 
phenanthroline) 

RIA Yes – reversed 
phase 
chromatography 
(tetrahydrofuran/ 
C-18) 

No Pregnant 
mothers:  
2nd trimester 
mean 5.44 pg/ml 
3rd trimester 
mean 6.65 pg/ml 

Plasma OXT rose in pregnancy between 
2000 and 2400 hours in a diurnal fashion. 
Note blood samples taken 4-hourly for 24 
hours. 

 (Nissen et al., 
1996) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported More pulsatile OXT release post-partum in 
breastfeeding mothers after vaginal delivery 
compared to Caesarean section, with the 
number of pulses correlating with the 
duration of breastfeeding post-vaginal 
delivery. 

 (Perry et al., 1996) Plasma RIA No No Pregnant 
mothers mean 
21.2 pg/ml 

 

 (Forsling et al., 
1996) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Normal female 
mean 2.42-2.75 
pg/ml 
Post-

Oestradiol supplementation post-
oophorectomy reduced plasma OXT back to 
normal levels by 12 months 



 463 

oophorectomy 
mean 4.17 pg/ml 

 (Bossmar et al., 
1995) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Normal non-
fasted post-
menopausal 
female 2.52 
pg/ml 

Plasma OXT increased with both oestradiol 
and progesterone treatment (although note 
that analysis of graphs does not reveal a 
clear association and may in fact be normal 
pulsatility) 

 (Mueller-Heubach 
et al., 1995) 

Plasma (with 
phenanthroline) 

RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

>80% spike 
recovery 

Post-delivery 
(both vaginal 
and Caesarean 
section 
deliveries) 
umbilical artery 
mean 7.8 pg/ml, 
umbilical venous 
mean 4.7 pg/ml 

Reversed relationship for (pre-pro)OXT, with 
a higher concentration compared to OXT in 
umbilical circulation overall, and a stronger 
relationship to the presence of labour.  

 (James et al., 
1995) 

Plasma (with 
phenanthroline) 

RIA Yes – normal 
phase 
chromatography 
(Florisil/ 70% 
acetone) 

No Baseline 
breastfeeding 
mothers mean 
3.22-4.73 pg/ml 
During 
breastfeeding 
mean 13.60 
pg/ml 

Variable correlation between subjective 
sense of thirst and plasma OXT during 
breastfeeding, with no change in plasma 
AVP or osmolality despite thirst. 

 (Chiodera et al., 
1995) 

Plasma RIA No No Normal fasting 
male mean 
2.22-2.52 pg/ml 

PACAP and normal saline infusion did not 
increase plasma OXT (compared to AVP). 

 (Nissen et al., 
1995) 

Plasma (with 
trasylol) 

RIA Yes – reversedd 
phase 
chromatography 
(C-18) 

No Up to 15 
minutes pre-
delivery median 
20.15 pg/ml 
Up to 45 
minutes post-
delivery median 
34.24-47.33 

OXT peaks up to 45 minutes post-partum 
with some women experiencing multiple 
peaks 
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pg/ml 

 (Carmichael et al., 
1994) 

Plasma RIA Yes No Not reported Plasma OXT increased in both men and 
women throughout orgasm, correlating with 
systolic blood pressure and anal EMG 
activity 

 (Yokoyama et al., 
1994) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Breastfeeding 
women baseline 
mean 1.90-8.61 
pg/ml 
 

Significant increase in plasma OXT by 
breast massage > direct suckling but this 
was less pulsatile. 

 (Thornton et al., 
1993) 

Plasma RIA Yes – normal 
phase 
chromatography 
(Florisil/ 70% 
acetone) 

No Postpartum, no 
analgesia: 
Umbilical artery 
mean 11.3 pg/ml 
Umbilical vein 
mean 5.7 pg/ml 
 
Postpartum with 
pethidine: 
Umbilical artery 
mean 8.1 pg/ml 
Umbilical vein 
mean 4.2 pg/ml 
 
Postpartum with 
epidural 
analgesia: 
Umbilical artery 
mean 19.2 pg/ml 
Umbilical vein 
mean 4.7 pg/ml 
 
Post-elective 
Caesarean 
section: 

Umbilical artery plasma OXT higher than 
umbilical vein regardless of mode of 
delivery, but biggest difference with epidural 
analgesia.  
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Umbilical artery 
mean 8.3 pg/ml 
Umbilical vein 
mean 1.5 pg/ml 
 
Post-emergency 
Caesarean 
section: 
Umbilical artery 
mean 4.8 pg/ml 
Umbilical vein 
mean 1.2 pg/ml 

 (Behrens et al., 
1993) 

Plasma 
(acidified) 

RIA Yes – normal 
phase 
chromatography 
(Florisil/ 90% 
acetone) 

Yes but not 
reported 

Active labour 
0.92-0.97 pg/ml 

Non-significant increase in plasma OXT in 
normal labour vs. labour with epidural 
analgesia. 

 (Vavra et al., 
1993) 

Plasma 
(acidified) 

RIA Yes No Preterm labour 
0-8.4 pg/ml 

Plasma OXT correlated with the width of the 
internal os but not cervical length in preterm 
labour 

 (Lindow et al., 
1992) 

Plasma (with 
phenanthroline) 

RIA Yes – reversed 
phase 
chromatography 
(C-18/ 
tetrahydrofuran) 

92.3% Spike 
recovery  

Not reported Morphine decreased plasma OXT 
concentrations. in women in the first stage 
of labour, whilst naloxone did not cause a 
significant change. 

 (Thornton et al., 
1992) 

Plasma (with 
phenanthroline) 

125I RIA Yes – normal 
phase 
chromatography 
(Florisil/ 70% 
acetone) 

Spike recovery 
76-77% 

Early 1st stage 
of labour 0-6.24 
pg/ml 
Late 1st stage of 
labour 0-4.83 
pg/ml 

No significant difference in OXT 
concentration between groups needing and 
not needing OXT augmentation and no 
association with contractions during 1st and 
2nd stages of labour. No consistent increase 
in OXT concentrations between 1st and 2nd 
stages of labour. 

 (Zinaman et al., 
1992) 

Plasma RIA Unclear No None reported No significant differences in OXT response 
to breastfeeding and breast pump 
stimulation, although breastfeeding resulted 
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in OXT response prior to actual feed 
occurring. 

 (Stock et al., 
1991) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

95.3% spike 
recovery 

Pregnancy week 
20 mean 22.16 
pg/ml 
Pregnancy week 
40 mean 30.22 
pg/ml 
Day 4 
postpartum 
mean 18.13 
pg/ml 

Slight decrease in OXT concentrations in 
mid-menstrual cycle vs. follicular/ luteal 
phases. Oxytocin increased after oestradiol 
(and only if oestradiol rose) post-ovulation 
induction with HMG. 

 (Behrens et al., 
1991) 

Plasma 
(acidified) 

RIA Yes – normal 
phase 
chromatography 
(Florisil) 

Yes – data not 
reported 

Pregnant 
women with 
cervical 
incompetence: 
Preterm delivery 
mean 2.51 pg/ml 
Term delivery 
mean 1.50 pg/ml 
(Control mean  
1.50 pg/ml) 
 

Women experiencing uterine contractions 
pre-/post-cerclage also had significantly 
higher OXT than those who had not 

 (Nussey et al., 
1991) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(acetonitrile/ 4% 
acetic acid/ C-
18) 

No No controls 
 

CRH stimulated OXT on the side of ACTH-
secreting pituitary adenoma in Cushing 
disease, with no effect on the contralateral 
side/ peripheral concentrations 

 (Chiodera et al., 
1991a) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No Not reported Breast suckling induced significant rise in 
oxytocin with a decline in ACTH and cortisol 
in both breastfeeding and normally cycling 
women, and a negative correlation between 
oxytocin and ACTH concentrations 

 (Silber et al., Plasma (with RIA Yes – reversed No 3 months Significantly higher oxytocin concentrations 
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1991) trasylol) phase 
chromatography 
(C-18) 

postpartum: 
Breastfeeding 
mothers mean 
39.18 pg/ml 
Non-
breastfeeding 
mothers mean 
20.35 pg/ml 

up to 3 months post-partum compared to 
non-pregnant controls, and higher oxytocin 
concentrations in breastfeeding mothers vs. 
non-breastfeeding mothers at 3 months. 
Oxytocin concentrations also higher in 
women on oral contraceptive. 

 (Page et al., 1990) Plasma RIA Yes – reversed 
phase 
chromatography 
(acetonitrile/ 4% 
acetic acid/ C-
18) (Jenkins et 
al., 1984) 

No Fasting male 
2.72 pg/ml 

Part of interventional study (see 
Supplemental Table 2) 

 (Uvnas-Moberg et 
al., 1990) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Day 4 post-
partum mean 
3.22 pg/ml 
3-4 months 
post-partum 
mean 1.61 pg/ml 
2 months post-
weaning 1.21 
pg/ml 

Pulsatile secretion of OXT during 
breastfeeding, with increasing 
concentrations with duration of 
breastfeeding. No correlation with breastmilk 
yield but positive correlation with infant 
weight at 3-4 months. Prolactin falls before 
OXT after complete weaning. 

 (Amico et al., 
1989) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Normal male/ 
female 0.001-
0.003 pg/ml 

Part of interventional study (see 
Supplemental Table 2) 

 (Thornton et al., 
1989) 

Plasma (with 
phenanthroline) 

RIA Yes – normal 
phase 
chromatography 
(Florisil/ 
acetone) 

No Pregnancy (3rd 
trimester) 1.41-
4.83 pg/ml 
During artificial 
rupture of 
membranes 
1.41-4.93 pg/ml 
During normal 

Clear pulsatile secretion of OXT during 
labour. No difference in OXT concentrations 
between those underoing artificial rupture of 
membranes and those who did not 
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labour without 
artificial rupture 
of membranes 
1.41-2.22 pg/ml 

 (Oosterbaan and 
Swaab, 1989) 

Plasma/ 
amniotic fluid 

RIA Yes – normal 
phase 
chromatography 
(Vycor powder) 

No Third stage of 
labour: 
Maternal plasma 
65 pg/ml 
Mixed cord 
blood mean 27 
pg/ml 
Umbilical arterial 
mean 40 pg/ml 
Umbilical 
venous mean 17 
pg/ml 
Amniotic fluid 
mean 15 pg/ml 
 
Elective 
Caesarean 
section: 
Maternal plasma 
mean 12 pg/ml 
Umbilical arterial 
mean 34 pg/ml 
Umbilical 
venous man 9 
pg/ml 
Amniotic fluid 
mean 11 pg/ml 

Maternal plasma OXT concentrations 
showed positive correlation with amniotic 
fluid concentrations. Umbilical arterial 
concentrations consistently higher than 
umbilical venous concentrations suggesting 
fetal production. 

 (Seckl et al., 1989) Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported OXT concentrations fell slightly in response 
to hypertonic saline infusion (AVP rose), 
with no effect from naloxone infusion 
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 (Hatjis et al., 
1989) 

Plasma RIA No No Pregnancy (37-
42 weeks’ 
gestation) mean 
1.45 pg/ml 
Pregnancy post-
nipple 
stimulation peak 
mean 3.75 pg/ml 

No difference in prolactin or vasopressin 
responses post-nipple stimulation  

 (Uvnas-Moberg et 
al., 1989) 

Plasma (with 
trasylol) 

125I RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Normal female 
mean 6.04 pg/ml 
Women on 
COCP 21.15 
pg/ml 

No change in OXT concentrations 
throughout normal menstrual cycle but 
reduced OXT concentrations during period 
for women on COCP 

 (Christensson et 
al., 1989) 

Plasma (with 
trasylol) 

125I RIA Yes – reversed 
phase 
chromatography 
(methanol/ C-
18) 

95.3% spike 
recovery 

Pregnancy (38-
39 weeks’ 
gestation) 
13.09-104.75 
pg/ml 

OXT concentrations increased with nipple 
stimulation but not cervical examination 

 (Seckl and 
Lightman, 1988) 

CSF RIA Yes – reversed 
phase 
chromatography 
(C-18) 

>90% spike 
recovery 

Normal mean 
8.86 pg/ml 
Benign 
intracranial 
hypertension 
mean 9.37 pg/ml 

 

 (Marchini et al., 
1988) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Spontaneous 
vaginal delivery 
Maternal plasma 
13.09-159.14 
pg/ml 
Umbilical arterial 
20.14-317.26 
pg/ml 
 
Elective 
Caesarean 

No significant difference between umbilical 
arterial maternal plasma OXT 
concentrations regardless of mode of 
delivery, but OXT concentrations were 
higher in umbilical arterial plasma after 
vaginal delivery vs. elective Caesarean 
section. 
Inverse correlation between fetal pH and 
umbilical arterial OXT concentrations. 
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section 
Maternal plasma 
13.09-58.41 
pg/ml 
Umbilical arterial 
9.06-196.40 
pg/ml 

 (Thornton et al., 
1988) 

Plasma (with 
phenanthroline) 

RIA Yes – reversed 
phase 
chromatography 
(acetone/ 
magnesium 
silicate) 

No Third stage of 
labour 
Without 
syntometrine 
2.72 pg/ml  
11.68 pg/ml 
With 
syntometrine 
mean 3.12 pg/ml 
 30.72 pg/ml 

Women who had an abnormal third stage of 
labour were more likely to not demonstrate a 
rise in plasma OXT following delivery of the 
anterior shoulder 

 (Padayachi et al., 
1988) 

Plasma/ 
amniotic fluid 

125I RIA Yes – reversed 
phase 
chromatography 
(C-18) 

106-108% 
spike recovery 

Pregnancy (7-44 
weeks’ 
gestation) 
1st trimester 
mean 4.175 
pg/ml 
2nd trimester 
mean 3.991 
pg/ml 
3rd trimester 
mean 6.35 pg/ml 
 
Normal vaginal 
delivery (onset 
of labour to 
delivery)  
Maternal plasma 
mean 6.76  

Significant increase in OXT concentrations 
in 3rd trimester, and only in syntocinon-
induced deliveries from onset of labour to 
delivery, with no change in amniotic fluid 
OXT. 
No significant differences in umbilical 
venous OXT concentrations, but umbilical 
arterial OXT concentrations significantly 
lower in prostaglandin-induced deliveries, 
where no arteriovenous difference was 
found 
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9.15 pg/ml 
Amniotic fluid 
mean 13.43  
12.98 pg/ml 
 
Induced delivery 
(syntocinon, 
onset of labour 
to delivery) 
Maternal plasma 
mean 5.93  
10.14 pg/ml 
Amniotic fluid 
mean 14.03  
15.93 pg/ml 
 
Induced delivery 
(prostaglandin, 
onset of labour 
to delivery) 
Maternal plasma 
mean 5.90  
6.23 pg/ml 
Amniotic fluid 
mean 12.26  
17.20 pg/ml 
 
Elective 
Caesarean 
section 
Amniotic fluid 
mean 14.76 
pg/ml 

 (Silber et al., 
1987) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 

95.3% spike 
recovery 

Normal female 
(luteal phase) 

No difference in plasma OXT concentrations 
on COCP 
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chromatography 
(C-18) 

mean 1.03 pg/ml 
Normal female 
on COCP mean 
1.58 pg/ml 

No correlation between OXT concentrations 
and psychometric testing 

 (Seckl et al., 
1987a) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

>90% spike 
recovery 

Normal controls 
0.81-3.53 pg/ml 

No change in plasma OXT concentrations in 
development of central DI post-
neurosurgery regardless of whether triple 
response present or not 

 (Kuwabara et al., 
1987) 

Plasma/ urine/ 
amniotic fluid 
(with 
phenanthroline) 

125I RIA Yes – normal 
phase  
chromatography 
(Florisil/ 
acetone/ ether) 

90.7% spike 
recovery 

Normal female 
mean 6.847 
pg/ml 
Normal neonate 
day 2 mean 
40.247 pg/ml 
Normal neonate 
day 7 mean 
25.885 pg/ml 
Normal neonatal 
urine mean 
22.211 pg/ml 
 
Spontaneous 
vaginal delivery: 
Maternal mean 
51.102 pg/ml 
Umbilical 
venous mean 
54.108 pg/ml 
Umbilical arterial 
mean  
54.776 pg/ml 
Amniotic fluid 
15.531 pg/ml 
 
Elective 

Increase in OXT concentrations with 
increasing gestation 
Significantly higher OXT concentrations in 
maternal plasma and umbilical venous/ 
artery in spontaneous vaginal deliveries 
versus all other modes of delivery 
Significantly higher OXT concentrations in 
maternal plasma than umbilical artery 
No diurnal variation in maternal OXT 
concentrations through day 
Lower OXT concentrations in postnatal 
women 
No difference in amniotic fluid OXT 
concentrations regardless of gestation/ 
mode of delivery 
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Caesarean 
section: 
Maternal mean 
37.742 pg/ml 
Umbilical 
venous mean 
26.052 pg/ml 
Umbilical arterial 
mean 29.559 
pg/ml 
Amniotic fluid 
13.36 pg/ml 
 
Emergency 
Caesarean 
section: 
Maternal mean 
56.112 pg/ml 
Umbilical 
venous mean 
46.76 pg/ml 
Umbilical arterial 
mean 39.078 
pg/ml 

 (Amico and Finley, 
1986) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

75% spike 
recovery 

Normal female: 
Baseline 0.835-
1.837 pg/ml 
Post-breast 
stimulation 
1.503-47.261 
pg/ml 
 
Pregnant female 
(3rd trimester) 
Baseline mean 

Significant increases in OXT concentrations 
in pregnant and non-pregnant women on 
nipple stimulation 
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1.002 pg/ml 
Post-breast 
stimulation 
mean 1.67 pg/ml 

 (Pochard and 
Lutz-Bucher, 1986) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No No absolute 
values reported 

Umbilical arterial > umbilical venous > 
maternal venous OXT concentrations 
regardless of mode of delivery/ presence of 
fetal distress 

 (Finley et al., 
1986) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No No absolute 
values reported 

Nipple stimulation in pregnant women led to 
significant increase in OXT concentration 

 (Williams et al., 
1986) 

Plasma/ urine RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Normal male 
mean 1.6 pmol/l 
Normal urine 
mean excretion 
28 fmol/min 

Small rise in OXT concentrations in 
response to hypertonic saline but not 
significant, no change in response to water 
deprivation or chronic sodium load 

 (Takeda et al., 
1985) 

Plasma/ CSF 
(with 
phenanthroline) 

125I RIA Yes – normal 
phase 
chromatography 
(Florisil/ 80% 
acetone/ ether) 

75-85% spike 
recovery 

Normal male: 
Plasma mean 
6.35 pg/ml 
CSF mean 
13.026 pg/ml 
 
Normal female: 
Plasma mean 
8.016 pg/ml 
CSF mean 
16.867 pg/ml 
 
Pregnant female 
(7-41 weeks’ 
gestation) 
Plasma mean 
26.887 pg/ml 
CSF mean 
16.199 pg/ml 

Significantly higher CSF vs. plasma OXT 
concentrations 
Significantly higher plasma OXT 
concentrations in pregnancy and labour 
compared to non-pregnant controls, but only 
CSF OXT concentrations were higher than 
controls in labour 
No correlation between plasma and CSF 
OXT concentrations in women  
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Labour 
Plasma mean 
32.899 pg/ml 
CSF mean 
31.062 pg/ml 

 (Chiodera et al., 
1984b) 

Plasma RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

65.4% spike 
recovery 

Normal male 
mean 5.1 pg/ml 
Normal female 
mean 5.4 pg/ml 

OXT concentrations not affected by plasma 
osmolality 

 (Swaab and 
Oosterbaan, 1983) 

Plasma/ 
amniotic fluid 

RIA Yes – normal 
phase 
chromatography 
(Vycor powder) 

No Anencephalic 
deliveries 
Maternal venous 
0-69 pg/ml 
Mixed umbilical 
cord 0-51 pg/ml 
Amniotic fluid 0-
71 pg/ml 
 
Anencephalic 
pregnancies 
Amniocentesis 
fluid 0-26 pg/ml 
 
Normal 
pregnancies 
(32-37 weeks’ 
gestation) 
0-27 pg/ml 

Maternal plasma OXT concentrations not 
influenced by fetal brain production 

 (Fuchs et al., 
1983) 

Acidified 
plasma 

RIA Yes No` No absolute 
values reported 

Cervical PGE2 gel application led to 
increased and persistently raised OXT 
concentrations throughout labour compared 
to placebo group 

 (Blackett et al., Plasma RIA Not reported No Normal adult Subnormal baseline OXT concentrations in 
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1983) mean 3.006 
pg/ml 
Autosomal 
dominant central 
DI 0.7515-
0.7849 pg/ml 

familial autosomal dominant central DI 

 (Leake et al., 
1983) 

Plasma RIA Yes No Breastfeeding 
mothers (pre & 
post-
breastfeeding): 
10-90 days 
postpartum 
mean 2.17 
4.676 pg/ml 
90-180 days 
postpartum 
mean 1.837  
3.173 pg/ml 
180 days – 1 
year postpartum 
mean 1.67  
3.674 pg/ml 

OXT concentrations return to baseline within 
6 minutes andariof breast stimulation 

 (Kumaresan et al., 
1983) 

Plasma (with 
phenanthroline) 

125I RIA No No No absolute 
values reported, 
but highest 
mean on day 10 
of 33.4 pg/ml 

Highest mean plasma OXT on day 10 of 
cycle, prior to LH peak  

 (Shangold et al., 
1983) 

Plasma (with 
phenanthroline) 

RIA No 72-108% spike 
recovery 

Pregnancy in 
presence of 
central DI: 
37-42 weeks’ 
gestation 0-
121.91 pg/ml 
During labour 
55.11-126.92 

Normal OXT concentrations during labour in 
the presence of known central diabetes 
insipidus (although cause for DI not 
reported, plasma vasopressin undetectable) 
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pg/ml 

 (Goodfellow et al., 
1983) 

Plasma RIA Yes – normal 
phase 
chromatography 
(Vycor powder) 

No Onset of 2nd 
stage: 7.2-46.0 
pg/ml 
End of 2nd 
stage: 2.29-85.0 
pg/ml 

OXT concentrations only rose in 50% of 
patients with epidural analgesia vs. 90% of 
controls in 2nd stage of labour 

 (Makino et al., 
1983) 

Plasma 125I RIA No No Pregnancy: 
7-14 weeks’ 
gestation mean 
84.1 pg/ml 
15-27 weeks’ 
gestation mean 
101.9 pg/ml 
28-40 weeks’ 
gestation mean 
119.2 pg/ml 

Neurophysin I concentrations also increased 
through pregnancy, whilst neurophysin II 
concentrations did not 

 (McNeilly et al., 
1983) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

74% spike 
recovery 

Breastfeeding 
mothers 0-59 
pg/ml 

OXT secreted in pulsatile fashion during 
breastfeeding, with release occasionally 
occurring in anticipation of a feed (e.g. baby 
crying) rather than during the feed itself 

 (Otsuki et al., 
1983b) 
 

Plasma (with 
phenanthroline/ 
citrate) 

RIA No No Pregnant female 
mid-gestation 
mean 4.843 and 
5.845 pg/ml 
Pregnant female 
(>36 weeks’ 
gestation) mean 
20.875 pg/ml 
Spontaneous 
vaginal delivery 
mean 10.855-
34.068 pg/ml 

Gradual rise in OXT concentrations through 
pregnancy to term with increasing 
fluctuation within subjects/ spurt release 
No relationship between OXT 
concentrations/ spurts with contractions 
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 (Otsuki et al., 
1983a) 

Plasma (with 
phenanthroline/ 
citrate) 

RIA No No Pregnant female 
(36-41 weeks’ 
gestation) mean 
20.708 pg/ml 
Deliveries with 
spontaneous 
labour-onset 
mean 21.042 
pg/ml 
OXT-induced 
labour 40.748 
pg/ml 
Spontaneous 
vaginal delivery: 
Maternal plasma 
(2nd stage) mean 
29.392 pg/ml 
Umbilical arterial 
mean 30.394 
pg/ml 
Umbilical 
venous mean 
20.374 pg/ml 
Induced vaginal 
delivery: 
Maternal plasma 
(2nd stage) mean 
63.126 pg/ml 
Umbilical arterial 
mean 25.384 
pg/ml  
Umbilical 
venous mean 
22.211 pg/ml  
Elective 
Caesarean 

OXT detected in fetus from previous studies 
is largely endogenous and not through 
transplacental transfer 
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section: 
Maternal plasma 
mean 24.883 
pg/ml 
Umbilical arterial 
mean 21.877 
pg/ml 
Umbilical 
venous mean 
14.696 pg/ml 
Anencephalic 
induced 
deliveries (no 
exogenous 
OXT): 
Maternal plasma 
mean 22.378 
pg/ml 
Umbilical arterial 
mean 0 pg/ml 
Umbilical 
venous mean 0 
pg/ml 

 (Mizutani et al., 
1982) 

Acidified 
plasma 

125I RIA No 96.4-124% 
spike recovery 

Non-pregnant 
female 0 pg/ml 
Pregnant female 
(5-40 weeks’ 
gestation) 
31.73-96.025 
pg/ml 

Increase in OXT concentrations through 
pregnancy especially in last 2 months 

 (Drewett et al., 
1982) 

Plasma RIA Yes – normal 
phase 
chromatography 
(Vycor powder) 

55.8% spike 
recovery 

Non-lactating 
female 1.0-14.6 
pg/ml (mean 4.4 
pg/ml) 
Lactating female 

Rise in OXT concentrations during lactation 
but with rapid swings from minute to minute 
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mean 13.7 pg/ml 

 (Yoshida et al., 
1982) 

Serum (with 
phenanthroline/ 
citrate) 

RIA Unclear Unclear Non-pregnant 
female 5.845 
pg/ml 
Women on oral 
contraceptive pill 
33.4 pg/ml 

Study on women receiving combined 
ethinyloestradiol/ norethisterone for 
endometriosis demonstrating role of female 
sex steroids on OXT concentrations 

 (Mitchell et al., 
1981) 

Plasma 125I RIA Yes – normal 
phase 
chromatography 
(Vycor powder/ 
60% acetone) 

93% spike 
recovery  
(Mitchell et al., 
1980) 

N/A OXT concentrations rise mid-cycle 2-3 days 
before and after the LH peak in the 
menstrual cycle 

 (Dawood and 
Fuchs, 1981) 

Plasma 125I RIA Yes – normal 
phase 
chromatography 
(Fuller’s earth/ 
80% acetone)) 

Yes  (Dawood 
et al., 1978a) 

Maternal plasma 
(36 weeks’ 
gestation) 4.2 
pg/ml 
First stage of 
labour maximum 
12.1 pg/ml 
Late second 
stage of labour 
38 pg/ml 
Umbilical arterial 
73 pg/ml 
Umbilical 
venous 5.2 
pg/ml 

OXT still detectable in the plasma of a 
paraplegic woman during pregnancy and 
labour although lower than previously 
described in normal pregnancies, but with 
an increased umbilical arteriovenous  
gradient indicating fetal contribution.  

 (Sellers et al., 
1981) 

Acidified 
plasma 

RIA Yes – normal 
phase 
chromatography 
(Vycor powder/ 
60% acetone) 

Yes  (Mitchell 
et al., 1980) 

Pregnant 
women (7-41 
weeks’ 
gestation) 0-27 
pg/ml 
Late pregnancy 
mean 10.3 pg/ml 
Labour 1-40 

Significant correlation (ρ=0.31) between 
week of gestation and OXT concentrations, 
but no significant change with stage of 
labour. 
Significantly higher umbilical arterial OXT 
concentrations vs. umbilical venous and 
maternal concentrations, with umbilical 
arterial and venous OXT concentrations 
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pg/ml: 
Early labour 
mean 7.4 pg/ml 
Late labour 
mean 9.3 pg/ml 
Second stage 
8.6 pg/ml 

being significantly higher in vaginal 
deliveries vs. elective Caesarean sections. 

 (Leake et al., 
1981) 

Plasma (with 
acetone) 

RIA Yes – acetone/ 
petroleum ether 

Yes  (Leake et 
al., 1980) 

Vaginal delivery: 
Umbilical arterial 
mean 13.5 pg/ml 
Umbilical 
venous mean 
10.688 pg/ml 
 
Elective 
Caesarean 
section: 
Umbilical arterial 
mean 17.702 
pg/ml 
Umbilical 
venous mean 
3.74 pg/ml 
 
Neonatal 
peripheral 
venous (up to 
day 4) 5.344 
pg/ml 
Breast milk (up 
to day 4) 4.008 
pg/ml – 29.559 
pg/ml 

Significant difference in umbilical arterial vs. 
umbilical venous OXT concentrations in 
elective Caesarean sections.  
Significant difference in neonatal peripheral 
venous vs. adult (unclear if matched 
maternal samples) OXT concentrations up 
to day 4 of life. 
No significant difference in peripheral 
venous OXT samples in newborns born by 
vaginal delivery vs. Caesarean section, or 
between breast vs. bottle fed infants. 

 (Ogawa et al., 
1980) 

Plasma 125I RIA Yes – normal 
phase 

85.7% spike 
recovery  

Normal male 
mean 3.1 pg/ml 

No correlations with sperm count/ motility/ 
morphology 
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chromatography 
(Florisil/ 
acetone) 

Post-ejaculation 
mean 7.0 pg/ml 
Normal male 
0900 mean 3.7 
pg/ml 

 (Mitchell et al., 
1980) 

Plasma 125I RIA Yes – normal 
phase 
chromatography 
(Vycor powder/ 
60% acetone) 

74% spike 
recovery  

No absolute 
values recorded 

OXT rises at ovulation with a secondary 
peak in the luteal phase of the menstrual 
cycle 

 (Lucas et al., 
1980) 

Plasma 125I RIA Yes – normal 
phase 
chromatography 
(Vycor powder/ 
60% acetone) 

74% spike 
recovery  

No absolute 
values recorded 

No relationship between OXT response and 
volume of feeding or parity, but multiparous 
mothers had higher OXT response 
compared to primiparous mothers 

 (Dawood et al., 
1978c) 

Acidified 
plasma/ 
amniotic fluid/ 
urine 

125I RIA Yes – normal 
phase 
chromatography 
(plasma only: 
Fuller’s earth/ 
80% acetone) 

40.3% spike 
recovery 

Spontaneous 
vaginal delivery: 
Umbilical arterial 
mean 116 pg/ml 
Umbilical 
venous mean 
38.0 pg/ml 
Umbilical 
arteriovenous 
difference mean 
73.3 pg/ml 
Amniotic fluid 
mean 110.8 
pg/ml 
Newborn urine 
53.8 pg/ml 
 
Emergency 
Caesarean 
section: 

Confirms previous findings that fetus 
produces own OXT which enters maternal 
bloodstream during normal labour 
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Umbilical arterial 
mean 118.4 
pg/ml 
Umbilical 
venous mean 
34.9 pg/ml 
Umbilical 
arteriovenous 
difference mean 
81.0 pg/ml 
Amniotic fluid 
mean 48.1 pg/ml 
 
Elective 
Caesarean 
section: 
Umbilical arterial 
mean 29.8 pg/ml 
Umbilical 
venous mean 
16.1 pg/ml 
Umbilical 
arteriovenous 
difference mean 
13.8 pg/ml 
Amniotic fluid 
mean 13.6 pg/ml 
 
Induced vaginal 
deliveries (with 
Syntocinon): 
Umbilical arterial 
mean 24.6 pg/ml 
Umbilical 
venous mean 
69.9 pg/ml 
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Umbilical 
arteriovenous 
difference mean 
-46.1 pg/ml 

 (Dawood et al., 
1978b) 

Acidified 
plasma/ 
amniotic fluid 

125I RIA Yes –  normal 
phase 
chromatography 
(Fuller’s earth/ 
80% acetone) 

39-43% spike 
recovery 

Pregnancy 7-20 
weeks 0-16.2 
pg/ml 
Pregnancy 21-
40 weeks 4.7-
24.9 pg/ml 
Spontaneous 
vaginal delivery: 
First stage of 
labour 0-72.5 
pg/ml 
Second stage of 
labour 18.8-240 
pg/ml 
Third stage of 
labour mean 
3.9-117.5 pg/ml 
Umbilical arterial 
14.0-350.0 
pg/ml 
Umbilical 
venous 6.3-
107.5 pg/ml 
 
Emergency 
Caesarean 
section: 
Maternal venous 
45.5-151.7 
pg/ml 
Umbilical arterial 

Mean umbilical arterial-venous OXT 
gradient higher in spontaneous vaginal 
delivery and emergency Caesarean section 
vs. elective Caesarean section 
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34.0-344.8 
pg/ml 
Umbilical 
venous 11.0-
125.0 pg/ml 
Amniotic fluid 1-
90.6 pg/ml 
 
Elective 
Caesarean 
section: 
Maternal venous 
0-63.4 pg/ml 
Umbilical arterial 
1.2-77.5 pg/ml 
Umbilical 
venous 0-60.3 
pg/ml 
Amniotic fluid 
4.6-60.0 pg/ml 

 (Dawood et al., 
1978a) 

Acidified 
plasma 

125I RIA Yes – normal 
phase 
chromatography 
(Fuller’s earth/ 
80% acetone) 

39-43% spike 
recovery 

Pregnancy 0-
69.0 pg/ml 
First stage of 
labour mean 
40.3 pg/ml 
Second stage of 
labour mean 
123.9 pg/ml 
Third stage of 
labour 64.5 
pg/ml 
Spontaneous 
vaginal delivery 
umbilical arterial 
mean 111.3 

Fetus responsible for secreting some of 
OXT during labour 
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pg/ml vs. 
venous mean 
38.0 pg/ml 
Emergency 
Caesarean 
section umbilical 
arterial mean 
114.4 pg/ml vs. 
venous mean 
38.9 pg/ml 
Elective 
Caesarean 
section umbilical 
arterial mean 
32.2 pg/ml vs. 
venous mean 
17.9 pg/ml 

 (Bossuyt-Piron et 
al., 1978) 

Plasma 125I RIA No 86-90% spike 
recovery 

Men & non-
pregnant women 
0 pg/ml 
Late pregnancy 
and labour 
40.08-156.98 
pg/ml 
Umbilical cord 
25.05-167 pg/ml 

 

 (Sende et al., 
1976) 

Acidified 
plasma 

RIA Unclear No Prelabour 
undetectable 
During labour 0-
10 pg/ml 
Post partum 0-6 
pg/ml 

OXT release still possible even in the 
presence of idiopathic central diabetes 
insipidus. OXT release was suggested to be 
pulsatile during labour. 

 (Kumaresan et al., 
1975) 

Plasma RIA No No 10 minutes prior 
to delivery mean 
150.3 pg/ml 

Maternal venous > umbilical arterial > 
umbilical venous OXT concentrations, 
indicating fetus secretes OXT separately 
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At delivery 8.35-
372.41 pg/ml 
Umbilical artery 
16.7-384.1 
pg/ml 
Umbilical vein 
8.35-355.71 
pg/ml 
Postpartum day 
1 mean 110.22 
pg/ml 
Postpartum day 
2 mean 83.5 
pg/ml 
Postpartum day 
3 mean 90.18 
pg/ml 

from mother 

 (Kato and Torigoe, 
1974) 

Plasma 125I RIA Yes – normal 
phase 
chromatography 
(Fuller’s earth 

57.1% spike 
recovery (vs. 
61.5% by 
assay of 
unextracted 
plasma) 

End of second 
stage of labour 
mean 66.8 pg/ml 
Umbilical 
venous mean 
140.28 pg/ml 
 

Correlation between maternal venous and 
umbilical venous OXT concentrations; no 
correlation with contractions during labour 

 (Gibbens et al., 
1972b) 

Acidified 
plasma 

131I RIA Yes – normal 
phase 
chromatography 
(Fuller’s earth/ 
90% acetone) 

No Third stage of 
labour: 0 pg/ml 

Syntometrine causes a peak of OXT 
secretion then a bi-exponential decay in 
concentrations with none detected after 60 
minutes for intravenous administration, but 
prolonged decay for intramuscular 
administration 

 (Gibbens et al., 
1972a) 

Acidified 
plasma 

131I RIA Yes – normal 
phase 
chromatography 
(Fuller’s earth/ 
90% acetone) 

No First stage of 
labour: 2-25 
pg/ml 
Second stage of 
labour: 5-20 

Note not all samples positive – suggestive of 
pulsatile OXT release even during labour 
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pg/ml 
Third stage of 
labour: 0 pg/ml 

 (Gillespie et al., 
1972) 

Acidified 
plasma/ urine 

131I RIA Yes – normal 
phase 
chromatography 
(urine: 80% 
acetone/ ether/ 
glass beads; 
plasma: Fuller’s 
earth/ 90% 
acetone) 

No Not reported Prostaglandins E2 and F2α both capable of 
stimulating endogenous pulsatile OXT 
production in both men and women 

 (Chard et al., 
1971) 

Acidified 
plasma 

131I RIA Yes – normal 
phase 
chromatography 
(Fuller’s earth/ 
90% acetone) 

Yes  (Chard et 
al., 1969; 
(Chard et al., 
1970a; (Chard 
et al., 1970b; 
(Chard et al., 
1970c) 

Women in 
labour 0-30.06 
pg/ml (81% 
undetectable) 
Women 
undergoing C-
section mean 
20.04 pg/ml 
Umbilical arterial 
mean 45.09 
pg/ml 
Umbilical 
venous mean 
25.05 pg/ml 

Anencephalic foetus has no detectable OXT 
in umbilical artery/ vein. 
Umbilical artery/ vein difference suggests 
foetus also generates own OXT during 
labour 

 (Chard et al., 
1969; (Chard et al., 
1970a; (Chard et 
al., 1970b; (Chard 
et al., 1970c) 

Acidified 
plasma 

131I RIA Yes – normal 
phase 
chromatography 
(Fuller’s earth/ 
90% acetone) 

60% spike 
recovery 

Cord venous 0-
40 pg/ml 
Cord arterial 0-
290 pg/ml 

Note no OXT detected in 1st or 2nd stages of 
labour 

 (Fox and Knaggs, 
1969) 

Plasma Bioassay Yes – gel 
filtration 
chromatography 

77-96% spike 
recovery 

Up to 203.74 
pg/ml during 
lactation 

OXT also detectable in women post-coitally 

 (Coch et al., 1968) Plasma Bioassay Yes – reversed 33% spike 20.04-41.75 4 post-partum patients during suckling 
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phase 
chromatography 
with 7.5% 
trichloroacetic 
acid/ 30% 
aqueous 
pyridine/ 0.25% 
acetic acid 

recovery pg/ml 

 (Warren and 
Hawker, 1967) 

Whole blood Bioassay Yes – 80% acid-
alcohol 

N/A Dysmenorrhoeic 
33.4-133.6 
pg/ml 
Controls 167-
442.55 pg/ml 

Dysmenorrhoea associated with lower OXT 
concentrations 

 (Hawker et al., 
1967) 

Whole blood Bioassay Yes – 80% acid-
alcohol 

80% spike 
recovery 

251 – 2505 
pg/ml 

2 pregnant patients with history of known 
central diabetes insipidus 
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Supplemental Table 2: Interventional studies on the role of OXT in various endocrine processes in humans (excluding energy homeostasis). 

Study Route of 
administration 

OXT dose Outcome measure Comments 

 (Kruger et al., 
2018) 

Intranasal 24 IU  Arizona Sexual Experience Scale (ASEX), 
Acute Sexual Experience Scale (ASES), 
vaginal plethysmography in response to 
watching erotic video and masturbation 

OXT did not affect subjective or physiological sexual 
parameters during study.  

 (Wellmann et al., 
2016) 

Intravenous 
(maternal) 

0.12 
IU/hour, 
doubled 
every 10 
minutes until 
3 uterine 
contractions/ 
10 minutes 

Arterial cord plasma copeptin Maternal OXT increased plasma copeptin in 
neonates. 

 (Wirth et al., 2015) Intranasal 24 IU  Salivary cortisol, progesterone, testosterone OXT did not affect salivary cortisol, progesterone or 
testosterone concentrations in women or men. 

 (Behnia et al., 
2014) 

Intranasal 24 IU  Acute Sexual Experience Scale (ASES), 
Arizona Sexual Experience Scale (ASEX), 
salivary cortisol, salivary alpha-amylase, 
cardiovascular measurements 

OXT did not alter classical parameters of sexual 
function e.g. sexual drive, arousal, penile erection or 
lubrication, but increased orgasm intensity and post-
intercourse contentment especially in men. 

 (Weisman et al., 
2014) 

Intranasal 24 IU  Salivary testosterone, father-infant interaction OXT increased salivary testosterone and correlated 
with parent-child prosocial behaviours e.g. positive 
affect, social gaze, touch and vocal synchrony.  

 (Weisman et al., 
2013b) 

Intranasal 24 IU  Salivary AVP OXT associated with rise in salivary AVP in first 
hour after administration. 

 (Cardoso et al., 
2013a) 

Intranasal 24-48 IU  Salivary cortisol and mood (Visual Analogue 
Scale) in response to physical exercise 

24 IU OXT attenuated the cortisol response to 
physical stress (but not 48 IU), with no change in 
mood. 

 (de Oliveira et al., 
2012a) 

Intranasal 24 IU  Visual Analogue Mood Scale (VAMS), 
cardiovascular parameters, skin conductance, 
salivary cortisol in response to 7.5% CO2 
inhalation 

OXT reduced the anxiety VAMS score in response 
to CO2 inhalation, with no change in any of the other 
parameters measured. 

 (de Oliveira et al., Intranasal 24 IU  Serum cortisol, plasma ACTH, Visual OXT reduced anxiety and the degree of skin 
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2012b) Analogue Mood Scale (VAMS), Bodily 
Symptoms Scale (BSS), State Version of the 
Self Statements of Public Speaking (SSPS) 
Scale, blood pressure, heart rate, skin 
conductance in Simulated Public Speaking 
Test  

conductance, and increased the perceived level of 
sedation related to public speaking with no change 
in any other physiological or endocrine measure. 

 (Norman et al., 
2011b) 

Intranasal 20 IU  Positive And Negative Affect Schedule 
(PANAS), State Trait Anxiety Scale, UCLA 
Loneliness Scale, High Frequency Heart Rate 
Variability (HF HRV, parasympathetic 
measure), Pre-Ejection Period (PEP, 
sympathetic measure), serum ACTH, cortisol, 
adrenaline, noradrenaline, dopamine, TNFα, 
CRP and IL-6 

OXT significantly increased HF HRV and decreased 
PEP with no change in State Anxiety or PANAS, or 
change in hormones or inflammatory markers 
measured. Increased loneliness predicted changes 
in  HF HRV in the presence of OXT. 

 (Coiro et al., 2011a) Intravenous 2 IU then 
0.07 IU/min 
for 90 
minutes 

Serum GH, PRL, cortisol and plasma ACTH OXT does not affect GH, PRL, ACTH or cortisol 
responses to ghrelin stimulation. 

 (Clodi et al., 2008) Intravenous 0.6 
mIU/kg/min 
for 90 
minutes 

Lipopolysaccharide (LPS)-induced plasma 
OXT, ACTH, procalcitonin, TNFα, IL-1 
receptor antagonist, IL-4, IL-6, interferon-
inducible protein-10, monocyte 
chemoattractant protein-1, macrophage 
inflammatory proteins-1α and β, VEGF  

OXT reduced febrile response, and delayed 
increases in ACTH, cortisol and attenuated 
increases of procalcitonin, cytokines and 
chemokines to LPS. 

 (Burri et al., 2008) Intranasal Single dose 
24 IU 

Plasma catecholamines, prolactin, cortisol, 
OXT, heart rate, Acute Sexual Experience 
Scale (ASES), arousal Visual Analogue Scale 

OXT associated with increased plasma adrenaline, 
a longer ejaculation time, but with no change in 
cortisol, prolactin, or ASES scores. 

 (Vanakara et al., 
2007) 

Intravenous 167 mIU/min 
for 3 hours   

LH, FSH, oestradiol responses to GnRH No effect of OXT (or its antagonist atosiban) to 
responses of LH/ FSH/ oestradiol to GnRH in 
normally cycling women. 

 (Rasmussen et al., 
2004) 

Intravenous 0.6 
mIU/kg/min 
for 4 hours 

Plasma osmolality, electrolytes, protein, 
angiotensin II, ANP, AVP, OXT, aldosterone, 
renin, GFR, urine flow rate, urine electrolytes, 
urine osmolality, urine nitric oxide metabolites, 
blood pressure 

OXT did not result in significant changes in blood 
pressure or GFR. However in low (but not high) 
sodium conditions, OXT reduced renal sodium, 
potassium and nitric oxide metabolite excretion 
compared to controls. OXT also reduced urine flow 
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in both low and high sodium conditions, with a 
corresponding decrease in free water clearance, 
reduced activation of the renin-angiotensin-
aldosterone system, and a corresponding decrease 
in plasma osmolality and protein concentration (but 
not sodium). There were no differences in ANP or 
AVP. OXT therefore does not have a natriuretic 
effect in humans (and may in fact be anti-
natriuretic). 

 (Chiodera et al., 
2003) 

Intravenous 2 IU then 
0.08 IU/min 
for 1 hour 

Plasma LH and FSH OXT did not stimulate/ suppress the LH/ FSH 
response to LHRH stimulation, but negated the 
inhibitory response of L-NAME (nitric oxide 
synthase inhibitor) on LH/ FSH responses.  

 (Chiodera et al., 
1998b) 

Intravenous 0.2 IU then 
0.07 IU/min 
for 1 hour 

Serum PRL OXT increased the PRL response to vasoactive 
intestinal polypeptide infusion. 

 (Page et al., 1990) Intravenous 0.111 IU/min 
for 4 hours 

Plasma GH, TSH, LH, FSH, PRL, ACTH OXT inhibited ACTH response to CRH, but effect 
was cancelled out by concurrent presence of AVP. 
No effect on GH/ TSH/ LH/ FSH/ PRL to GHRH/ 
TRH/ GnRH 

 (Paolisso et al., 
1989) 

Intravenous 0.2IU/min 
for 1 hour 

Plasma glucose, glucagon, adrenaline, 
noradrenaline, GH, cortisol, C-peptide 

OXT increased glucagon, adrenaline and glucose 
and suppressed cortisol concentrations, and 
potentiated these responses in response to insulin-
induced hypoglycaemia in patients with type 1 
diabetes, with a lesser potentiation in patients with 
impaired counter-regualation. GH and noradrenaline 
did not respond to OXT.  

 (Amico et al., 1989) Intravenous 0.001 IU/min 
increasing 
by 0.001 
IU/min every 
40 min to 
0.012 IU/min 

Plasma LH OXT did not influence LH pulsatility in men or 
women 

 (Coiro et al., 1988a) Intravenous 2IU then 
0.032 IU/min 

Plasma ACTH, cortisol, PRL, GH OXT reduced exercise-induced ACTH & cortisol 
response, the effect of which is inhibited by 
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for 30 
minutes 

naloxone 

 (Legros et al., 
1988) 

Intravenous 2IU then 
2IU/hr for 2 
hours 

Plasma cortisol, ACTH OXT reduced the cortisol response to standard 
synacthen test 

 (Nussey et al., 
1988c) 

Intravenous 2IU then 
111 mU/min 
for 2 hours 

Plasma glucose, cortisol, GH, ACTH, prolactin OXT did not affect responses of cortisol/ GH/ ACTH 
to insulin-induced hypoglycaemia 

 (Paolisso et al., 
1988) 

Intravenous 0.2 IU/min Plasma glucose, glucagon, C-peptide, insulin, 
cortisol, GH, catecholamines 

OXT increased plasma glucose, glucagon (early), 
insulin, adrenaline (late) and suppressed cortisol, 
with no effect on GH and noradrenaline.  
Increase in plasma glucose partially potentiated by 
increase in glucagon and adrenaline, but also 
possibly due to increased liver glycogenolysis 

 (Legros et al., 
1987) 

Intravenous 0.032 IU/min 
over 1 hour 

Plasma ACTH, cortisol, NPI, NPII OXT decreased ACTH/ cortisol secretion, with slight 
fluctuations in NPI>NPII concentrations 

 (Petraglia et al., 
1986) 

Intravenous 0.2 IU/min 
infusion for 
2 hours 

Plasma β-endorphin, β-lipotrophin and cortisol OXT blunted the increase in β-endorphin, β-
lipotrophin and cortisol in response to insulin-
induced hypoglycaemia, with no difference in blood 
glucose compared to controls 

 (Suh et al., 1986) Intravenous 2 IU then 
6.66 IU/hr 
infusion over 
3 hours 

Plasma ACTH, serum cortisol OXT attenuates AVP-induced ACTH/ cortisol 
secretion, but does not suppress this directly 

 (Coiro et al., 1985) Intravenous Single dose 
2 IU 

Plasma cortisol OXT reduces cortisol secretion, but this effect is 
attenuated by naloxone which stimulates cortisol 
secretion 

 (Chiodera et al., 
1984a) 

Intravenous 1 IU then 2 
IU/hr 
infusion or  
2 IU then 4 
IU/hr 
infusion 

Plasma glucose, insulin, glucagon and 
cortisol, serum GH 

No change in basal glucose, insulin, glucagon, 
cortisol or GH concentrations; no change in post-
IVGTT glucose, glucagon, cortisol or GH 
concentrations but significantly increased insulin 
response to IVGTT on higher dose of OXT  
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Supplemental Table 3: Observational studies on the role of OXT in human behaviour and psychiatric disorders. 

Study  Biological 
sample 

Method of 
analysis 

Sample 
extraction 
utilised? 

Validation of 
recovery of 
extraction 
technique 

Normal ranges Comments 

 (Lin et al., 2018) Plasma EIA No No No controls Plasma OXT was negatively correlated with 
craving score for heroin, even after 
adjusting for social support and low-density 
lipoprotein concentrations, particularly in 
participants with a lower level of novelty-
seeking behaviour. 

 (Zilcha-Mano et 
al., 2018) 

Saliva RIA No No Not reported Salivary OXT increased during 
psychotherapy for major depressive 
disorder, especially with more instances of 
conflict and rupture in the alliance with the 
therapist. 

 (Weber et al., 
2018) 

Plasma EIA No No Neonatal: 
corrected 
gestational age 
(CGA): 
27 weeks 24.53 
pg/ml 
28 weeks 35.07-
80.87 pg/ml 
29 weeks 7.02-
156.91 pg/ml 
30 weeks 19.19-
392.22 pg/ml 
31 weeks 29.05-
194.47 pg/ml 
32 weeks 20.45-
178.36 pg/ml 
33 weeks 7.32-
93.33 pg/ml 

Same day nurse-provided skin-to-skin 
contact was positively correlated with 
plasma OXT at 27 weeks’ CGA but also to 
the decline in plasma OXT over time.  
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34 weeks 18.88-
100.86 pg/ml 

 (Thomas and 
Larkin, 2018) 

Plasma (with 
trasylol) 

EIA  No No Mean 261.7 
pg/ml 

Plasma OXT was positively correlated with 
help-seeking intentions from informal 
sources in depressed participants. 

 (Jobst et al., 2018) Plasma (with 
trasylol) 

EIA No No No controls Lower plasma OXT at baseline in chronic 
depression correlated with smaller changes 
in the Beck Depression Inventory-II after 
psychotherapy. 

 (Ebert et al., 2018) Plasma (with 
trasylol) 

RIA Yes No Female mean 
2.45 pg/ml 

OXT was lower in women with borderline 
personality disorder (BPD) vs. healthy 
controls. Scores on the fears of compassion 
(FOC) scale from others in women with BPD 
was negatively correlated with plasma OXT, 
and recalled emotional warmth from parents 
was positively correlated with plasma OXT. 

 (Vittner et al., 
2018) 

Saliva EIA Yes No Mothers mean 
161.97 pg/ml 
Fathers mean 
142.99 pg/ml 
Infants mean 
130.71-134.71 
pg/ml 

Salivary OXT increased after skin-to-skin 
contact for fathers, mothers and infants. 
Parents with higher salivary OXT showed 
more synchrony and responsiveness in their 
infant interactions. 

 (Ooishi et al., 
2017) 

Saliva (with 
protease 
inhibitor) 

EIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Not reported OXT increased in response to slow tempo 
music. The ratio of change in salivary OXT 
was correlated with change in the high 
frequency component of heart rate 
variability (HRV), low frequency to high 
frequency HRV ratio, and heart rate. 
Salivary OXT did not correlate with any 
change in self-reported emotions. 

 (Schmelkin et al., 
2017) 

Serum EIA No No Female mean 
1501 pg/ml 

Low serum OXT was correlated with 
difficulty identifying feelings and overall 
alexithymia in women. 

 (Algoe et al., Urine (24-hour) EIA Yes – reversed No 1.03-16.88 OXT was positive correlated with greater 
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2017) phase 
chromatography 
(80% 
acetonitrile/ C-
18) 

pg/mg creatinine perception of partner expressing gratitude’s 
responsiveness and level of gratitude, and 
experienced love. OXT attenuated effect of 
partner’s behaviourally coded expressive 
behaviour on perceptions of the expresser’s 
responsiveness. 

 (Tse et al., 2017) Saliva EIA No No Not reported Maternal OXT responsiveness after free-
play was associated with reduced mental 
health issues and touch frequency but not 
independently associated with children’s 
mental health issues. 

 (Riem et al., 2017) Saliva EIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ 
Strata-X) 

94% spike 
recovery 

Not reported Massage attenuated the decline in OXT 
release in women over time (i.e. stimulated 
OXT release). In men, massage also 
stimulated OXT release but only in the 
absence of emotional maltreatment. High 
plasma OXT post-massage were related to 
reduced handgrip force after exposure to 
infant crying and laughter. 

 (Lien et al., 2017) Plasma EIA No No Mean 28.45 
pg/ml 

Plasma OXT was higher in patients with 
bipolar disorder type II than in patients with 
major depressive disorder or healthy 
controls, and this increased further with 
treatment, whilst it decreased after 
treatment for major depressive disorder. 

 (Baskaran et al., 
2017) 

Plasma EIA Yes – reversed 
phase 
chromatography 
(acetonitrile/ C-
18) 

No Male mean 9.1 
pg/ml (mean 
pulse interval 27 
minutes, mean 
pulse frequency 
22 pulses/ 10 
hours, mean 
pulse height 
1.81 pg/ml) 

OXT pulse height and mass negatively 
correlated with State Adult Attachment 
Measure. OXT AUC and average OXT were 
positively correlated with the Interpersonal 
Support Evaluation List (ISEL) Belonging 
score, with average OXT also being 
positively correlated with average OXT. 
OXT pulse height was positively correlated 
with the ISEL Appraisal score. OXT pulse 
height was negatively correlated with the 
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Toronto Alexithymia Scale  (TAS-20) 
Difficulty Describing Feelings subscore, 
whilst there was a negative correlation 
between TAS-20 total score and OXT pulse 
height and mass. 

 (Lara-Cinisomo et 
al., 2017) 

Plasma EIA Yes No Not reported Women who had stopped breastfeeding and 
depressed at 8 weeks postpartum had lower 
plasma OXT, but those who were still 
breastfeeding and depressed at 8 weeks 
had no change in plasma OXT.  

 (Reijnen et al., 
2017) 

Plasma EIA Yes – reversed 
phase 
chromatography 
(95% 
acetonitrile/ C-
18) 

No Male mean 
13.37 pg/ml 

Plasma OXT (and AVP) were not 
significantly related to the likelihood of 
developing post-traumatic stress disorder in 
military personnel over time. 

 (Parker et al., 
2017) 

Plasma EIA Yes – reversed 
phase 
chromatography 
(Strata-X) 

No No controls Part of interventional study (see 
Supplemental Table 4). Improvements in 
Social Responsiveness Scale (SRS) scores 
in children with autistic spectrum disorder in 
the placebo treatment group were 
associated with increases in endogenous 
plasma OXT. 

 (Daughters et al., 
2017a) 

Saliva EIA No No 29.74-372.07 
pg/ml 

OXT predicted performance on easy items 
of the Reading the Mind in the Eyes Task in 
patients with central diabetes insipidus and 
hypopituitarism. 

 (Levy et al., 2017) Saliva EIA No No No controls OXT was negatively correlated with the 
Inventory of Callous-Unemotional Traits 
Self-Report scores in adolescents with 
conduct disorder. 

 (McInnis et al., 
2017) 

Plasma (with 
trasylol) 

EIA No No Not reported Plasma OXT was associated with problem-
solving, humour, cognitive distraction, self-
blame and support-seeking coping 
strategies in response to psychosocial 
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stress in women, but these relationships 
were modulated by the presence/ absence 
of social support. 

 (Gordon et al., 
2017) 

Plasma (with 
trasylol) 

EIA No No Not reported Among fathers, high testosterone was 
associated with a negative relationship 
between OXT and father affectionate touch. 
Among mothers, high testosterone was 
associated with a positive relationship 
between OXT and mother affectionate 
touch. 

 (Weber et al., 
2017b) 

Plasma EIA No No Mean ex-
premature (born 
25-28 weeks’ 
gestation) 
neonates, day 
14-34 of life 
mean 62.26 
pg/ml 

Higher infant plasma OXT was associated 
with lower infant social engagement but did 
not affect maternal social engagement. 

 (Procyshyn et al., 
2017) 

Saliva EIA No No Not reported OXT reactivity to an empathy-inducing video 
varied between individuals with differing 
GTF2I polymorphisms, which are 
associated with high prosociality and 
reduced social anxiety in Williams 
syndrome. 

 (Kohlhoff et al., 
2017) 

Plasma RIA Yes – normal 
phase 
chromatography 
(LiChroprep 
Si60/ 60% 
acetone) 

No Mothers 0.28-
36.50 pg/ml 

Baseline plasma OXT and OXT response 
predicted sensitive maternal caregiving 
during free play after a period of separation 
from their infant. Baseline plasma OXT 
mediated the negative correlation between 
maternal adult attachment avoidance and 
sensitive maternal caregiving during infant 
reunion.  

 (Nikolaou et al., 
2017) 

Plasma (with 
trasylol) 

EIA Yes No No controls Plasma OXT was higher in heroin users 
who dropped out of a detoxification program 
vs. those who completed it. Plasma OXT 
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positively correlated with Clinical Opioid 
Withdrawal Scale and Hamilton Anxiety 
scales, and also with higher stress levels 
during withdrawal.  

 (Spengler et al., 
2017a) 

Saliva RIA Yes – reversed 
phase 
chromatography 
(60% acetone/ 
LiChlroprep) 

No Not reported OXT release in dyadic partners was 
heightened after synchronous social 
interactions. Part of interventional study 
(see Supplemental Table 4). 

 (Isgett et al., 2017) Urine EIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ 
Strata-X) 

91% spike 
recovery 

Mean 8.66 
pg/mg creatinine 

Urinary OXT independently moderated the 
association between perceived event 
sociality and positive emotions. 

 (Bomann et al., 
2017) 

Serum  EIA No No Females mean 
411 pg/ml 

Serum OXT did not differ between women 
with borderline personality disorder and 
healthy control, but post hoc analysis 
revealed that OXT was higher in women 
who were in a romantic relationship. 

 (Abraham et al., 
2017) 

Saliva EIA No No Not reported OXT was correlated with stronger caudate-
ventromedial prefrontal cortex connectivity 
and more collaborative coparenting. 

 (Grebe et al., 
2017) 

Saliva EIA No No Not reported OXT change during thought-writing task 
positively correlated with multiple 
dimensions of high relationship involvement 
in participants, but also with partners of 
participants reporting low relationship 
involvement. 

 (Atzil et al., 2017) Plasma EIA No No Mothers 43-370 
pg/ml 

Plasma OXT was negatively correlated with 
medial amygdala network connectivity in 
response to watching videos of infants. 
Plasma OXT was positively correlated with 
vocalisation synchrony. 

 (Sack et al., 2017) Serum EIA No No Not reported OXT was positively correlated with heart 
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rate both before and after a Trier Social 
Stress Task. 

 (Brondino et al., 
2017) 

Saliva EIA No No Female mean 
6.52-7.92 pg/ml 

OXT increased after a conversation 
involving gossip vs. emotional non-gossip 
conversation in women.  

 (Niwayama et al., 
2017) 

Saliva EIA No No Not reported OXT increased during breastfeeding and 
after feeding, and was negatively associated 
with Profile of Mood States scores for 
Tension-Anxiety and Fatigue after a feed. 

 (Barhale et al., 
2017) 

Serum EIA No No No controls No significant change in serum OXT after 
electroconvulsive therapy in the whole 
cohort, although there was a significant 
trend to rise in men when compared to 
falling concentrations in women. 

 (Gerra et al., 
2017) 

Serum (with 
trasylol) 

EIA/ LC-MS No No Males mean 
252.7 pg/ml 

OXT was higher in patients who had been 
abstinent from heroin vs. controls and 
positively correlated with psychiatric 
symptoms, aggressiveness and maternal 
neglect (NB EIA results confirmed by LC-
MS). 

 (Doi et al., 2017) Saliva EIA No No Not reported Activation of the left caudate nucleus to 
babyish adult faces was correlated with 
salivary OXT. 

 (Lebowitz et al., 
2017) 

Saliva EIA No No No controls High affective touch between mother and 
youth positively predicted OXT response, 
along with maternal sensitivity, maternal 
intrusiveness,  youth engagement and youth 
initiative. OXT response was associated 
with the presence of separation anxiety 
disorder and child ratings of separation 
anxiety. 

 (Rubin et al., 
2017) 

Serum EIA No No Normal male 
mean 445.86 
pg/ml 
Normal female 

Higher serum OXT was associated with 
lower nodal degree in the left inferior frontal 
gyrus (pars orbitalis) and increased emotion 
recognition in women but not men. 
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468 .72 pg/ml 

 (Kommers et al., 
2017) 

Saliva EIA Yes – normal 
phase 
chromatography 
(LiChroPrep 
Si60) 

No Neonatal pooled 
mean 3.99-4.32 
pg/ml 

Duration of kangaroo care and interaction 
intensity between mother and infant were 
most important predictors of neonatal 
salivary OXT. 

 (Imamura et al., 
2017) 

Serum EIA No No Males >65 mean 
50 pg/ml 
Females >65 
mean 140 pg/ml 

Serum OXT was higher in women vs. men, 
and were negatively correlated with strength 
of belief in life after death. 

 (Doom et al., 
2017) 

Urine EIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ C-
18) 

No Not reported OXT was decreased in adolescents vs. 
children and in males vs. females. In boys, 
OXT decreased across the Trier Social 
Stress Task session if preparation was done 
with a friend vs. parent. 

 (Fujii et al., 2016) Saliva EIA Yes – reversed 
phase 
chromatography 

No Preschool boys 
0.94-6.31 pg/ml 
Preschool girls 
0.80-6.09 pg/ml 

OXT was negatively correlated to 
allocations made by boys to both ingroup 
and outgroup members in a Dictator Game, 
but positively correlated to allocations made 
by girls to ingroup members only. 

 (Mehta et al., 
2016) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(60% acetone/ 
LiChlroPrep) 

No Not reported OXTR SNP rs968389 was associated with 
maternal plasma OXT response to a 
challenging mother-infant interaction task 
(Still Face Paradigm) and maternal 
separation anxiety from the infant. 

 (Levy et al., 2016) Saliva EIA No No Not reported OXT was positively correlated with the 
extent of ingroup bias in Jewish-Israeli 
participants but not in Arab-Palestinian 
participants. 

 (Demirci et al., 
2016) 

Serum  EIA No No Controls boys 
87.68 pg/ml 

OXT was lower in paediatric and adolescent 
patients with ADHD compared to controls. 
OXT was negatively correlated with 
aggression scores and positively correlated 
with empathy scores in ADHD. 
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 (Engert et al., 
2016) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(LiChlroPrep) 

No Not reported OXT increased with psychosocial stress 
(Trier Social Stress Test) but this did not 
reduce stress reactivity, with higher OXT 
being associated with higher cortisol 
reactivity and peaks, but also with faster 
vagal recovery. 

 (Elmadih et al., 
2016) 

Plasma (with 
trasylol) 

EIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No High sensitivity 
mothers mean 
235.09 pg/ml 
Low sensitivity 
mothers mean 
301.87 pg/ml 

Plasma OXT was negatively correlated with 
greater brain activation in the right superior 
temporal gyrus to high sensitivity mothers’ 
own infants, particularly when happy. 

 (Sasaki et al., 
2016) 

Serum  EIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Adolescent 
control mean 
117.38 pg/ml 

Serum OXT was increased in adolescents 
with treatment-resistant depression vs. 
those with non-treatment-resistant 
depression and healthy controls. 

 (Zhang et al., 
2016) 

Plasma (with 
trasylol) 

EIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

Not reported Not reported Plasma OXT was lower in autistic boys (but 
not girls) compared to controls (no 
difference in AVP). In children with autistic 
spectrum disorder, a higher plasma OXT 
was associated with less verbal 
communication impairment. 

 (Spratt et al., 
2016) 

Serum Not reported Not reported Not reported Mothers of 1 
month old 
infants median 
248.73 pg/ml 

No relationship between maternal/ infant 
salivary cortisol (as a marker of stress) and 
baseline serum OXT. 

 (Jobst et al., 2016) 
 
 

Plasma (with 
trasylol) 

EIA No No Not reported Plasma OXT decreased in group with 
postpartum depression from 38 weeks’ 
gestation to 2 weeks postpartum (continue 
increased in controls). 

 (Althaus et al., 
2016) 

Plasma RIA Yes – normal 
phase 
chromatography 

78% spike 
recovery 

Control male 
mean 0.67 pg/ml 

Note that baseline plasma OXT was higher 
in male patients with autistic spectrum 
disorder vs. controls. Part of interventional 
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(Oasis HLB/ 
100% methanol) 

study (see Supplemental Table 4). 

 (Milrod et al., 
2016) 

Saliva EIA No No No controls OXT decreased after 12 week 
psychotherapy session for separation 
anxiety disorder. 

 (Massey et al., 
2016) 

Plasma EIA No No Third trimester 
mean 780.7 
pg/ml 

Plasma OXT did not differ between women 
with and without a history of major 
depressive disorder, and was not correlated 
with postpartum depression symptom 
severity. However higher OXT predicted 
greater postpartum symptom severity in 
women with a history of major depressive 
disorder. 

 (Lee et al., 2016) Plasma RIA Yes – Liquid-
liquid extraction 
(acetone-ether) 

No No controls  No significant associations between plasma 
OXT and symptom measures in 
schizophrenia. Part of interventional study 
(see Supplemental Table 4). 

 (Ulmer-Yaniv et 
al., 2016) 

Plasma (with 
trasylol) 

EIA No No Single 
participants 
mean 280.58 
pg/ml 
New lover 
participants 
mean 529.41 
pg/ml 
New parent 
participants 
mean 431.04 
pg/ml 

OXT was significantly higher in participants 
who were new lovers or new parents, with 
the effects of IL-6 and β-endorphin on social 
synchrony being mediated by OXT. 

 (Abdulamir et al., 
2016) 

Serum EIA No No Male mean 
102.1 pg/ml 

Serum OXT (and melatonin) was lower in 
male patients with autistic spectrum disorder 
compared to controls, with a negative 
correlation with severity. 

 (Lebowitz et al., 
2016) 

Saliva EIA No No No controls Salivary OXT was lower in youth with 
separation anxiety disorder, and 
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concentrations were negatively correlated 
with symptoms of separation anxiety. Lower 
salivary OXT was also associated with more 
anxious behaviours during interaction with 
mothers. 

 (Hogenelst et al., 
2016) 

Plasma RIA Yes 78% spike 
recovery 

Not reported Acute tryptophan depletion (reducing brain 
serotonin) was associated with reduced 
plasma OXT.  

 (Monteleone et al., 
2016) 

Plasma EIA Yes No Not reported Plasma OXT was significantly reduced in 
anorexia nervosa but not bulimia nervosa. 
Attachment subscale scores of the reward 
dependence temperament and harm 
avoidance scores explained most of the 
variability in plasma OXT. Plasma OXT was 
negatively correlated with harm avoidance 
in bulimia nervosa. 

 (Abraham et al., 
2016) 

Saliva EIA  Not mentioned No Not reported “Network integrity” of parental core limbic 
system correlates with social outcomes in 
preschool-aged children, with parental OXT 
concentrations modulating childhood OXT 
concentrations. 

 (Marazziti et al., 
2015) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Male controls 
mean 2.07 pg/ml 
Female controls 
mean 2.92 pg/ml 

Plasma OXT was increased in patients with 
obsessive-compulsive disorder (OCD) and 
negatively related to severity of symptoms. 
Plasma OXT was positively correlated with 
fearful-avoidant and dismissing styles of 
romantic attachment in male patients with 
OCD. 

 (Levy et al., 2015) Saliva EIA No No No controls OXT was negatively correlated with severity 
of conduct problems on the Strength and 
Difficulties Questionnaire in males with 
conduct disorders, but was not associated 
with a history of previous antisocial acts. 
Low OXT was associated with an increased 
risk of callous-unemotional traits. 
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 (Furst et al., 2015) Saliva RIA Yes No Not reported OXT increased after exposure to favourite 
brand, with a positive correlation between 
OXT and brand relationship qualities. 

 (Jong et al., 2015) Saliva RIA No No Not reported OXT increased after the Trier Social Stress 
Task. 

 (Mohiyeddini and 
Opacka-Juffry, 
2015) 

Plasma EIA Yes No Male range 
88.8-831.8 
pg/ml 

Plasma OXT was negatively correlated with 
depressive symptoms at high rumination 
levels. 

 (Cohen-Bendahan 
et al., 2015) 

Urine EIA No No Control male 
mean 2.79 pg/ml 

Basal OXT (and AVP) were not related to 
caregiving interest in fathers-to-be and were 
not different to controls. Part of 
interventional study (see Supplemental 
Table 4) 

 (Frijling et al., 
2015) 

Saliva RIA Yes No Control mean 
3.00 pg/ml 

Salivary OXT was lower in male patients 
with post-traumatic stress disorder vs. 
trauma-exposed healthy controls (but no 
differences in AVP or women). 

 (Pratt et al., 2015) Urine EIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ 
HLB) 

No Normal maternal 
mean 8.04 pg/ml 
Normal child 
mean 9.4 pg/ml 

Baseline and post mother-child interaction 
OXT in mothers and children were 
correlated, with children of depressed 
mothers showing lower OXT and OXT 
response to interaction. Child OXT response 
was negatively predicted by maternal 
depression, child psychopathology, 
maternal expressed negative affect, and 
child social withdrawal. High maternal OXT 
was protective of the effects of depression 
on child OXT. 

 (Muin et al., 2015) Plasma EIA No No Normal female 
mean 20.8 pg/ml 

OXT increased plasma OXT with peak at 15 
minutes. Part of interventional study (see 
Supplemental Table 4) 

 (Sasaki et al., 
2015) 

Serum  EIA Yes – reversed 
phase 
chromatography 
(60% 

No Normal controls 
mean 99.876 
pg/ml 

OXT was decreased in patients with ADHD, 
with patient who had never been treated for 
ADHD have lower concentrations than those 
who had. Negative correlation between 
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acetonitrile/ 
C18) 

serum OXT and ADHD Rating Scale scores 
and inattentive subscores. 

 (Scheele et al., 
2015) 

Saliva RIA Yes No Normal female 
mean 3.88-4.98 
pg/ml 

Baseline OXT was positively associated 
with the attribution of animacy to social 
stimuli. Part of interventional study (see 
Supplemental Table 4) 

 (Cong et al., 2015) Saliva EIA Yes No Maternal mean 
50.49 pg/ml 
Paternal mean 
41.25 pg/ml 

Maternal and paternal salivary OXT were 
increased during skin-to-skin contact with 
preterm infants, with maternal salivary OXT 
decreasing post-contact but paternal 
salivary OXT being maintained. 

 (Rubin et al., 
2015) 

Plasma EIA No No Early follicular 
phase mean 
327.75 pg/ml 
Midluteal phase 
mean 316.16 
pg/ml 

Plasma OXT did not change across the 
menstrual cycle but were positive correlated 
with performance in female-dominant tasks 
in female patients with schizophrenia. 

 (Bendix et al., 
2015) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No No controls Plasma OXT was not significantly different 
in patients with personality disorders, 
depression or anxiety, but concentrations 
were predicted by the Impulsiveness and 
Negative Emotionality factors of the 
Karolinska Scale of Personality. 

 (Samuel et al., 
2015b) 

Plasma EIA No No No controls Plasma OXT did not differ between mothers 
diagnosed with postpartum mood and 
anxiety disorders and mothers with low 
levels of depression and anxiety during 
pregnancy and postpartum. Higher plasma 
OXT was associated with being less 
intrusive with infants, more positive 
interactive behaviours, and less depressive 
interactive behaviour in mothers with formal 
postpartum diagnoses.  

 (Samuel et al., 
2015a) 

Plasma EIA No No No controls Plasma OXT was lower in pregnant women 
with insecure attachment and those who 
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have experienced a serious life event over 
year prior. 

 (Crowley et al., 
2015) 

Plasma RIA Yes No No controls OXT was higher in women who had 
experienced early life sexual abuse and had 
menstrually related mood disorder. In 
women with early sexual abuse OXT was 
inversely correlated with premenstrual 
psychological and somatic symptoms. 

 (Lipschitz et al., 
2015) 

Saliva EIA Yes No No controls Weak associations between salivary OXT 
and sleep problems and depression 
(negative), and cancer-related quality of life 
and well-being (positive).  

 (Emeny et al., 
2015) 

Plasma (with 
trasylol) 

EIA No No Mean controls 
198 pg/ml 

Plasma OXT was positively correlated with 
the experience of an adverse life event, and 
in participants with secure attachments. 
OXT was associated with diminished stress 
in participants with secure attachments. 
OXT was negatively correlated with 
participants with secure attachments in 
those who had reported minimal adverse life 
events. 

 (Cox et al., 2015) Plasma (with 
trasylol) 

EIA Yes No Not reported Plasma OXT was lower in women with 
postpartum depression compared to 
controls during breastfeeding. However in 
women with postpartum depression 
undergoing the Treier Social Stress Test, 
OXT was positively correlated with cortisol. 

 (Strauss et al., 
2015a) 

Plasma RIA No No Not reported OXT was higher in patients with 
schizophrenia, with higher OXT being 
associated with better sensitivity scores for 
abstract items in controls and lower false 
positives for concrete items in patients with 
schizophrenia in the Social Cue Recognition 
Test. 

 (Strauss et al., Plasma RIA No No Not reported OXT was higher in patients with 
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2015c) schizophrenia, and higher OXT was 
associated with better body expression 
recognition in all participants, but was 
specific to women with schizophrenia. 

 (Strauss et al., 
2015b) 

Plasma RIA No No Mean 19.7 pg/ml OXT was higher in patients with 
schizophrenia. Lower OXT was associated 
with lower accuracy for identifying pleasant 
and unpleasant odours, and a higher 
asociality in patients with schizophrenia. 

 (Gregory et al., 
2015) 

Urine EIA No No Nulliparous 
women mean 
8.01 pg/ml 
Postpartum 
mothers mean 
7.25 pg/ml 

Part of interventional study (see 
Supplemental Table 4). Baseline urine OXT 
did not differ between nulliparous and 
postpartum women. 

 (Jobst et al., 2015) Plasma (with 
trasylol) 

EIA No No Not reported Plasma OXT reduced in participants with 
chronic depression after a social exclusion 
game compared to controls where it 
increased. 

 (Tomova et al., 
2015) 

Plasma (with 
trasylol) 

EIA No No Not reported Plasma OXT was significantly lower in 
children with autism and their healthy 
siblings compared to controls, with a 
positive correlation between plasma OXT 
and autism severity, but no correlation with 
faecal microbiota. 

 (Gouin et al., 
2015) 

Plasma EIA No No Not reported Changes in social functioning in recent 
migrants to a new country were not 
associated with plasma OXT. Plasma OXT 
however predicted changes in social 
relationship satisfaction, social support and 
loneliness over time.  

 (Garfield et al., 
2015) 

Plasma EIA No No Maternal 2nd 
trimester (15-22 
weeks) 170-
2056 pg/ml 

Plasma OXT was inversely correlated with 
maternal depressive symptoms and 
positively correlated with infant birth weight. 
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 (Carson et al., 
2015) 

Plasma/ CSF EIA Yes (plasma 
only) – reversed 
phase 
chromatography 
(Phenomenex/ 
80% 
acetonitrile) 

No Plasma mean 
6.73 pg/ml 
CSF mean 
23.95 pg/ml 
 

OXT concentrations significantly and 
negatively predicted Spence Children’s 
Anxiety Scale total scores in children (note 
that all participants had clinical indications 
for lumbar puncture, e.g. chemotherapy and 
possible meningitis). 

 (Christensen et al., 
2014) 

Plasma  RIA Yes- reversed 
phase 
chromatography 

69% of cases 
>100% spike 
recovery 

Mean 1.1 pg/ml No relationship between plasma OXT and 
trust/ trustworthiness behaviour in Prisoner’s 
Dilemma Task. 

 (Eapen et al., 
2014) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Not reported Lower postpartum plasma OXT was 
associated with antenatal symptoms of 
separation anxiety and depression, as well 
as maternal negative interpersonal 
representations, upbringing attributes and 
anxious attachment style. The association 
between OXT and separation anxiety was 
mediated by depressed mood.  

 (Parker et al., 
2014) 

Plasma EIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ C-
18) 

No Not reported Plasma OXT was not associated with 
autistic spectrum disorder, but positively 
predicted the theory of mind and social 
communication performance in both patients 
and controls. OXT showed significant 
heritability between siblings independent of 
presence of autistic spectrum disorder.  

 (Brown et al., 
2014) 

Plasma (with 
trasylol) 

EIA No No Not reported Higher plasma OXT was associated with 
increased avoidance of angry faces in 
patients with schizophrenia. 

 (Jobst et al., 
2014b) 

Plasma (with 
trasylol) 

EIA No No Median male 
292.60 pg/ml 

Plasma OXT (and AVP) were lower in male 
patients with schizophrenia vs. healthy 
controls. Plasma OXT was associated with 
severe life events, fewer important attached 
persons, and higher negative scores on the 
Positive and Negative Symptoms Scale. 

 (Jobst et al., Plasma EIA No No Not reported Plasma OXT significantly decreased after 
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2014a) social exclusion in participants with 
borderline personality disorder compared to 
controls, with a negative correlation 
between physical and emotional childhood 
abuse and the return of OXT concentrations 
to baseline. No correlation between OXT 
and cortisol concentrations. 

 (Taurines et al., 
2014) 

Plasma RIA Yes – normal 
phase 
chromatography 
(LiChroprep 
Si60/ 60% 
acetone) 

No Normal male 
children mean 
14.4 pg/ml 

Plasma OXT was significantly higher in 
children with autistic spectrum disorder vs. 
ADHD but not vs. controls. Plasma OXT 
was positively correlated with Autism 
Diagnostic Observation Schedule scores 

 (MacKinnon et al., 
2014) 

Plasma EIA No No Maternal 12-14 
weeks gestation 
58.45-1913.26 
pg/ml 
Maternal 32-34 
weeks gestation 
32.32-2297.64 
pg/ml 
Maternal 7-9 
weeks 
postpartum 
32.30-2029.61 
pg/ml 

OXT in late pregnancy was positively 
correlated with Reading the Mind in the 
Eyes Test scores, independently of parity, 
maternal education, prenatal psychosocial 
risk, and general anxiety but was not 
correlated at any time point with maternal 
interactive behaviour with their infants. 

 (Abraham et al., 
2014) 

Saliva EIA No No Primary 
caregiving 
mothers mean 
5.472 pg/ml 
Primary 
caregiving 
fathers mean 
7.821 pg/ml 
Secondary 

Primary caregiving mothers showed 
increased activation of emotion-processing 
structures which was positively correlated to 
salivary OXT. Secondary caregiving fathers 
showed increased activation of cortical 
circuits which was positively correlated with 
salivary OXT.  
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caregiving father 
mean 6.330 
pg/ml 

 (Zelkowitz et al., 
2014) 

Plasma EIA No No Not reported Plasma OXT was not correlated with 
maternal depressive symptoms or sensitive 
maternal behaviour apart from in women 
with high levels of psychosocial stress 
where OXT was positively correlated with 
more sensitive maternal behaviour and 
negatively correlated with depressive 
episodes. 

 (Mascaro et al., 
2014b) 

Plasma RIA Yes – reversed 
phase 
chromatography 

No Non-fathers 
mean 6.62 pg/ml 
Fathers mean 
8.78 pg/ml 

Plasma OXT was significantly higher in 
fathers vs. non-fathers, and was not 
correlated to child or sexually provocative 
visual stimuli. 

 (Feldman et al., 
2014) 

Saliva EIA No No Not reported OXT was lower in children with high-
functioning ASD, but this normalised after 
20 minutes of parent-child interaction, and 
reduced to baseline 15 minutes after 
contact. OXT was positively correlated with 
various aspects of parent-child synchrony. 

 (Koven and Max, 
2014) 

Saliva EIA Yes – reversed 
phase 
chromatography 
(Phenomenex) 

No 2.05-22.0 pg/ml OXT was positively correlated to 
performance on the Experiential EI domain 
of the Mayer-Salovey-Caruso Emotional 
Intelligence Test. 

 (Bhandari et al., 
2014a) 

Saliva EIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile, 
Phenomenex) 

94% spike 
recovery 

0.90-7.00 pg/ml Higher salivary OXT was associated with 
higher levels of self-reported past emotional 
maltreatment and a more positive evaluation 
of happy but not sad infant expressions in 
women, with no modulation by OXTR 
rs53576 polymorphism. 

 (Moons et al., 
2014) 

Plasma (with 
trasylol) 

EIA No No Means 5.257-
5.434 pg/ml 

Higher plasma OXT and the rs53576 GG 
polymorphism in OXTR was associated with 
more positive affect after a Trier Social 
Stress test in women but not men. 
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 (Rubin et al., 
2014) 

Serum EIA No No Not reported Serum OXT was not significantly different in 
participants with schizophrenia, 
schizoaffective disorder or psychotic bipolar 
disorder compared to controls (vs. AVP 
which was lower in participants with 
schizophrenia and bipolar disorder). Serum 
OXT positively correlated with better 
emotion recognition and neuropsychological 
function in healthy controls but not in 
participants or their first-degree relatives, 
and positively correlated with greater 
positive symptom severity in participants 
with schizophrenia. 

 (Schneiderman et 
al., 2014) 

Plasma EIA No No New lovers 
180.36-1053.00 
pg/ml 
Single 
participants 
114.10-1255.03 
pg/ml 

Plasma OXT higher in new lovers compared 
to single participants. Participants whose 
partners had higher plasma OXT had 
greater empathy. 

 (Mohiyeddini et al., 
2014) 

Plasma EIA No No Not reported Emotional suppression due to early life 
stress was negatively correlated with 
plasma OXT in men. 

 (Jacobson et al., 
2014) 

Plasma EIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Not reported Males with autism had higher plasma OXT 
compared to controls, with no difference in 
females. Plasma OXT correlated with c-fos 
mRNA concentrations and inversely with 
measures of social and emotional 
behaviours in controls. 

 (Yuen et al., 2014) Plasma EIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ 
Phenomenex) 

No Not reported Plasma OXT was lower in depressed female 
than male participants and healthy controls. 
Plasma OXT predictive of desirability, drug 
dependence and compulsitivity scores, 
independent of cortisol. 
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 (Tseng et al., 
2014) 

Plasma EIA No No Normal male 
mean 26.14 
pg/ml 
Normal female 
mean 25.37 
pg/ml 

Plasma OXT was correlated to total score 
and interpersonal dysfunction of the 
Schizotypal Personality Questionnaire in 
women only. 

 (Elmadih et al., 
2014) 

Plasma (with 
trasylol) 

EIA No No Mothers mean 
235.09-301.87 
pg/ml 

Plasma OXT was higher in “low sensitivity” 
mothers vs. “high sensitivity” mothers at 
baseline and after infant interaction. 

 (Alabdali et al., 
2014) 

Plasma EIA No No Mean 232.5 
pg/ml 

Plasma OXT was lower in children with 
autism compared to controls and was 
negatively correlated with the Childhood 
Autism Rating Scale (CARS) and the Social 
Responsiveness Scale (SRS). 

 (Mascaro et al., 
2014a) 

Plasma RIA No No Fathers 4.61-
33.36 pg/ml 

Plasma OXT was not correlated with 
paternal fMRI responses to infant crying. 

 (Varga and 
Kekecs, 2014) 

Saliva EIA Yes – reversed 
phase 
chromatography 
(C-18/ 
acetonitrile 

No Not reported After hypnosis, salivary OXT increased if the 
participants perceived harmony with the 
hypnotist was high, and increased in the 
hypnotist if the participant had less warm 
emotional memories of their parents. 

 (Kim et al., 2014a) Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Mothers 0.5-4.8 
pg/ml 

Maternal plasma OXT change was 
positively associated with duration of gaze 
with infant and negatively associated the 
frequency of gaze aversion. Mothers with 
low/ average plasma OXT responses 
showed a decrease in their gaze with infant 
distress. 

 (Apter-Levi et al., 
2014) 

Plasma (with 
trasylol) 

EIA No No Fathers mean 
391.18 pg/ml 
Mothers mean 
388.05 pg/ml 

Parents with high plasma OXT displayed 
more affectionate contact and constructed 
the interaction with their infant towards 
readiness for social engagement. Plasma 
OXT was independently predicted by the 
amount of affectionate contact and gaze 
synchrony. 
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 (Dadds et al., 
2014b) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone ether) 

No Not reported Lower plasma OXT was associated with 
higher callous-unemotional traits in older 
males with oppositional defiant or conduct 
disorder, and higher methylation in the CpG 
promoter region of the OXTR gene. 

 (De Dreu et al., 
2014) 

Plasma (with 
trasylol) 

EIA No No Not reported Plasma OXT was positively correlated with 
a novelty-seeking temperament. 

 (Seltzer et al., 
2014) 

Urine EIA Yes  - reversed 
phase 
chromatography 
(80% 
acetonitrile/ C-
18) 

92.1% spike 
recovery 

Normal boys 
mean 12.53 
pg/mg creatinine 
Normal girls 
mean 12.37 
pg/mg creatinine 

Urinary OXT was higher in girls with a 
history of physical abuse, with no difference 
in boys. 

 (Andari et al., 
2014) 

Plasma EIA Yes – 
ultrafiltration (3 
kDa) 

No Not reported Plasma OXT was positively correlated with 
extraversion scores on the Neuroticism-
Extraversion-Openness Personality 
Inventory (NEO-PI-R) and inversely 
correlated with the volume of the right 
amygdala and right hippocampus, which 
correlated negatively with extraversion 
scores. 

 (Humble et al., 
2013) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

95.3% spike 
recovery 

No controls Positive correlation between plasma OXT 
and the Yale-Brown Obsessive Compulsive 
Scale only amongst patients with OCD who 
responded to SSRIs, and negative 
correlation between plasma OXT and the 
age of onset of OCD. Plasma OXT 
decreased then increased in SSRI 
responders with OCD, whilst the opposite 
occurred in SSRI non-responders, so that 
responders had higher plasma OXT at the 
end of treatment. 

 (Turan et al., 
2013) 

Serum EIA No No Mean 108.80 
pg/ml 

Serum OXT was significantly higher in 
patients with bipolar disorder with a manic 
episode > depressive episode/ remission > 



 515 

controls. Serum OXT remained higher after 
treatment in both manic and depressive 
episode groups compared to controls. 

 (Xu et al., 2013) Plasma (with 
trasylol) 

EIA Yes – Liquid-
liquid extraction 
(acetone/ 
petroleum ether) 

No Mothers median 
20.22 pg/ml 

Plasma OXT (and AVP) was lower in 
mothers of autistic children compared to 
controls. Children’s autistic behaviour 
scores were negatively correlated to 
maternal plasma concentrations of OXT 
(and AVP). 

 (Munro et al., 
2013) 

Plasma (with 
trasylol) 

EIA No No Female mean 
183.6 pg/ml 

Plasma OXT positively correlated with 
measures of dissociation and somatisation 
in response to a film’s bonding scene and 
negatively correlated with measures of post-
traumatic stress disorder in response to a 
film’s abandonment scene. 

 (Jezova et al., 
2013) 

Plasma RIA No No Not reported Plasma OXT slightly increased in response 
to stress paradigm and was associated with 
increased anxiety. 

 (Lawson et al., 
2013b) 

Serum  EIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Female mean: 

Fasted 16.4 
pg/ml 
Post-prandial 
peak 18.9 pg/ml 

Serum OXT AUC and post-prandial nadir 
and peak levels were positively associated 
with State-Trait Anxiety Inventory scores 
and OXT AUC and post-prandial nadir 
levels were associated with Beck 
Depression Inventory II scores in women 
with anorexia nervosa. 

 (Apter-Levy et al., 
2013) 

Saliva EIA No No Not reported Maternal postpartum depression was 
associated with lower salivary OXT in 
mothers, fathers and their children, with the 
children exhibiting lower empathy and social 
engagement. The rs2254298 GG OXTR 
genotype was over-represented in 
depressed mothers and their families and 
correlated with a lower salivary OXT.  

 (Stuebe et al., 
2013) 

Plasma (with 
trasylol) 

EIA Yes No Not reported Plasma OXT was inversely correlated to the 
Edinburgh Postnatal Depression Score 
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(EPDS) in the third trimester. Plasma OXT 
AUC during breastfeeding was inversely 
correlated to maternal EPDS and STAI-Trait 
Anxiety Scores, and anxiety and depression 
scores. 

 (Keating et al., 
2013) 

Plasma RIA Yes - 
dichloromethane 

Yes – 93.2% 
spike recovery 

No controls SSRI treatment did not alter plasma OXT 
concentrations in patients with major 
depressive disorder. 

 (Walss-Bass et al., 
2013) 

Plasma EIA No No Mean 199.33 
pg/ml 

Plasma OXT was positively correlated with 
social cognitive bias in patients with 
schizophrenic delusions as well as healthy 
controls but not in patients with 
schizophrenia who were non-delusional. 
Plasma OXT was also negatively correlated 
with social cognitive capacity in patients with 
schizophrenic delusions, and positively 
correlated with inflammatory markers (ILs, 
TNFs) in patients with schizophrenia but no 
delusions. 

 (Clark et al., 2013) CSF EIA No No Normal neonatal 
CSF 10.25-
34.06 pg/ml 

Higher neonatal CSF OXT were associated 
with solicitation of parental soothing at term 
and interest in social engagement with 
others at 6 months. 

 (Lin et al., 2013) Plasma EIA No No Not reported Donations in response to public service 
announcements occurred when both ACTH 
and OXT rose (part of interventional study – 
see Supplemental Table 4)  

 (Rubin et al., 
2013) 

Serum EIA No No Normal female 
mean 342.98 
pg/ml 
Normal male 
mean 427.28 
pg/ml 

Serum OXT did not differ between 
participants with schizophrenia vs. controls 
and were unrelated to clinical symptoms or 
cognition (but AVP was higher and 
associated with greater positive symptoms 
and worse verbal learning). 

 (Miller et al., 2013) Plasma EIA No No Normal female 
mean 434.33 

Plasma OXT was higher in girls regardless 
of presence of autistic spectrum disorder 
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pg/ml 
Normal male 
mean 361.52 
pg/ml 

(AVP higher in boys). OXT was not 
associated with autistic spectrum disorder 
(ASD, but AVP was positively associated 
with restricted and repetitive behaviours in 
girls and negatively associated with these 
behaviours in boys with ASD).  

 (Seng et al., 2013) Plasma (with 
protease 
inhibitor) 

EIA No No No controls Plasma OXT was positively correlated with 
nausea and vomiting symptom severity 
score and dissocation symptom score in 
pregnant women with hyperemesis 
gravidarum, with those with concurrent post-
traumatic stress disorder having the highest 
plasma OXT concentrations. 

 (Feldman et al., 
2013) 

Plasma (with 
trasylol)/ saliva 

EIA No No Mothers 
Newborn period 
mean 337.35 
pg/ml 
6 months 
postpartum 
mean 357.79 
pg/ml 
3 years 
postpartum 
mean (saliva) 
7.86 pg/ml 
 
Fathers 
Newborn period 
mean 401.98 
pg/ml 
6 months 
postpartum 
mean 434.12 
pg/ml 
3 years 

Parental plasma OXT was stable over time 
and correlated with low-risk OXTR and 
CD38 alleles and predicted their children’s 
salivary OXT. Children with low salivary 
OXT were predicted by the presence of a 
maternal high-risk CD38 allele and 
diminished maternal care in infancy. 
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postpartum 
mean (saliva) 
11.00 pg/ml 
 
3 year old 
children mean 
(saliva) 7.18 
pg/ml 

 (Bick et al., 2013) Urine EIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ C-
18) 

85% spike 
recovery 

Not reported Urine OXT was positive correlated with 
expressions of behavioural delight in foster 
mother-infant interaction up to 3 months into 
relationship. 

 (Bertsch et al., 
2013b) 

Plasma RIA Yes No Normal female 
mean 30.7 pg/ml 

Women with borderline personality disorder 
had lower plasma OXT, which was also 
negatively correlated with past childhood 
trauma, especially emotional neglect/ 
abuse. 

 (Weisman et al., 
2013d) 

Plasma (with 
trasylol) 

EIA No No 51.40-2752.30 
pg/ml 

Men had higher plasma OXT than women, 
and men with higher plasma OXT had lower 
anxiety traits (but not women). Higher 
plasma OXT in women was associated with 
greater attachment anxiety.  

 (Kocoska-Maras et 
al., 2013) 

Serum  EIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Postmenopausal 
women median 
13.2 pg/ml 

Serum OXT negatively correlated with 
spatial ability in postmenopausal women 
treated with oestrogen, and negatively 
correlated with verbal fluency in those 
treated with testosterone. Serum OXT 
significantly increased after 1 month of 
oestrogen treatment. 

 (Smith et al., 
2013) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Normal male 
mean 1.90-2.02 
pg/ml 
Normal female 

Plasma OXT weakly inversely correlated 
with relationship quality, with no change in 
response to positive or negative couple 
interactions. 



 519 

mean 1.79-1.92 
pg/ml 

 (Fujiwara et al., 
2012) 

Urine 125I RIA No No No plasma 
samples  

Urine OXT was inversely associated with 
social trust and mutual aid in women but not 
in men. 

 (Zhong et al., 
2012) 

Plasma (with 
trasylol) 

EIA No No Mean 214 pg/ml U-shaped relationship between plasma OXT 
and the level of trust, especially in males. 

 (Morhenn et al., 
2012) 

Plasma EIA No No Mean 190.37-
249.93 pg/ml 

Massage associated with increased plasma 
OXT (and reduced ACTH). 

 (Kontoangelos et 
al., 2012) 

Serum  EIA No No No controls Serum OXT was positively correlated with 
the psychoticism subscale on the Eysenck 
Personality Questionnaire in patient with 
uncontrolled type 2 diabetes. Serum OXT 
was negatively correlated with somatisation 
and obsessive-compulsive subscores in 
patients with controlled type 2 diabetes. 
Serum OXT decreased on improvement in 
diabetic control. 

 (Hoge et al., 2012) Plasma EIA No No Mean 354 pg/ml Plasma OXT was lower after a Trust game 
paradigm in patients with generalized social 
anxiety disorder compared to controls. 

 (Atzil et al., 2012) Plasma (with 
trasylol) 

EIA No No Not reported Plasma OXT correlated with maternal fMRI 
amygdala responses to videos of infant 
play.  

 (Pierrehumbert et 
al., 2012) 

Plasma RIA Yes No Not reported Plasma OXT responses to Trier Social 
Stress Test was dependent on the type of 
adult attachment responses of an individual. 

 (Hammock et al., 
2012) 

Plasma 125I RIA Yes – Liquid-
liquid extraction 
(acetone/ 
petroleum ether) 

No No controls Plasma OXT was negatively correlated with 
serotonin in children with autistic spectrum 
disorder, especially under 11 years. 

 (Sasayama et al., 
2012) 

CSF EIA No No Not reported CSF OXT were negatively correlated with 
the negative subscale of the Positive and 
Negative Syndrome Scale in schizophrenia. 

 (Rapaport et al., Plasma EIA No No Mean 179.3- Twice weekly massage (as opposed to once 
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2012) 273.7 pg/ml weekly) resulted in increased plasma OXT 
(and decreased AVP). 

 (Deisenhammer et 
al., 2012) 

Plasma EIA Yes – reversed 
phase 
chromatography 
(C-18) 

No No controls Plasma OXT did not differ between patients 
who had and had not attempted suicide in 
the past year. 

 (Hammock et al., 
2012) 

Plasma 125I RIA Yes – Liquid-
liquid extraction 
(acetone/ 
petroleum ether) 

No No controls Plasma OXT did not vary with age, but were 
negatively correlated with whole blood 
serotonin, particularly in children <11 years 
old with autistic spectrum disorder. 

 (Zhang et al., 
2012) 

Plasma (with 
trasylol) 

EIA No No No controls Plasma OXT decreased less after 
transcutaneous electrical acupoint 
stimulation compared to controls in children 
with autistic spectrum disorder (whilst AVP 
increased). 

 (Higashida et al., 
2012) 

Plasma Not mentioned Not mentioned No Normal control 
mean 198.2 
pg/ml 

Plasma OXT significantly lower in patients 
with autistic spectrum disorder and the 
R140W SNP in CD38 (but note no 
significant difference in healthy subjects 
regardless of presence of SNP). 

 (Strathearn et al., 
2012) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Not reported Mothers with an increased OXT response to 
infant interaction were more sensitive of 
moods, emotions and physical sensations, 
and were less compulsive, schedule driven 
and task oriented. 

 (Marazziti et al., 
2012) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Normal male 
mean 0.94 pg/ml 
Normal female 
mean 1.15 pg/ml 

Plasma OXT was positively correlated with 
the dissociation constant for the serotonin 
transporter system. 

 (Feldman et al., 
2012) 

Plasma (with 
trasylol) 

EIA No No Normal male 
mean 378.19 
pg/ml 
Normal female 

Participants with the CD38 rs3796863 CC 
and OXTR rs2254298 GG and rs1042778 
TT homozygous SNP alleles had lower 
plasma OXT. Plasma OXT positively 
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359.26 pg/ml correlated with frequency of parental touch 
and gaze synchrony with infants. 

 (Schneiderman et 
al., 2012) 

Plasma (with 
trasylol) 

EIA No No Normal male 
124.30-1413.48 
pg/ml 
Normal female 
81.46-1620.00 
pg/ml 

Plasma OXT significantly higher in new 
lovers compared to single participants, and 
were higher in new lovers who remained 
together at 6 months compared to those 
who had separated. 

 (Rilling et al., 
2012) 

Plasma RIA No No Normal male 
mean 120.6-
134.7 pg/ml 

Part of interventional study (see 
Supplemental Table 4). Note plasma OXT 
not significantly higher after intranasal OXT 
compared to placebo. 

 (Jokinen et al., 
2012) 

Plasma (with 
trasylol)/ CSF 

RIA No No Normal CSF 
5.04-54.39 
pg/ml 
Normal plasma 
1.01-16.12 
pg/ml 

CSF and plasma OXT negatively correlated 
with suicidal intent/ planning, particularly in 
men. 

 (Opacka-Juffry 
and Mohiyeddini, 
2012) 

Plasma EIA No No Normal male 
78.6-1198 pg/ml 

Lower plasma OXT correlated with higher 
early life stressful experiences in childhood. 

 (Kiss et al., 2011) Plasma EIA No No Not reported Plasma OXT was increased in a trust-
related paradigm vs. a trust-unrelated 
paradigm, and was positively correlated with 
CD38 expression. 

 (Atzil et al., 2011) Plasma (with 
trasylol) 

EIA No No Not reported Plasma OXT correlated with mother-infant 
synchrony. In the synchronous group, 
plasma OXT correlated with left nucleus 
accumbens and right amygdala activation 
on fMRI. 

 (Feldman et al., 
2011) 

Plasma (with 
trasylol)/ urine/ 
saliva 

EIA Yes (urine only) 
– reversed 
phase 
chromatography 
(80% 

No Normal mothers 
mean plasma 
365.59 pg/ml, 
salivary 6.17 
pg/ml, urine 

Plasma and salivary OXT higher in parents 
with higher affect synchrony with 4-6-month-
old infants and also positively correlated 
with positive engagement, positive 
communication and attachment 
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acetonitrile/ 
HBL) 

10.34 pg/ml 
Normal fathers 
mean plasma 
405.10 pg/ml, 
urine 7.09 pg/ml, 
salivary 9.81 
pg/ml 

representation in parents of both sexes as 
well as their attachment relationships, and 
correlated with positive engagement in 
infants. Plasma OXT also correlated with 
parent-infant bonding. Urinary OXT 
associated with moments of interactive 
stress in mothers. Note no differences in 
OXT between breastfeeding and non-
breastfeeding mothers. Correlation between 
plasma and salivary OXT.  

 (Rubin et al., 
2011) 

Plasma EIA No No Not reported Plasma OXT correlated with increased 
perception of faces as happier in women but 
not in men. 

 (Skrundz et al., 
2011) 

Plasma RIA No No Normal maternal 
30-34 weeks’ 
gestation 14.39-
245.71 pg/ml 

Plasma OXT significantly predicted post-
partum depression symptoms (Edinburgh 
Postnatal Depression Scale). 

 (Holt-Lunstad et 
al., 2011) 

Plasma/ saliva EIA Yes – not 
described 

101.6% spike 
recovery 

Not reported Plasma and salivary OXT were higher in 
participants with higher levels of depression 
(especially women), partly mediated by 
higher levels of perceived stress. These 
concentrations reduced after a “warm touch” 
behavioural intervention programme 
between couples. 

 (Keri and Kiss, 
2011) 

Plasma EIA No No Not reported Plasma OXT were higher in interactions 
requiring trust vs. control (neutral) or 
stressful (mental arithmetic) interactions and 
were positively correlated with habituation. 

 (Tabak et al., 
2011) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported Plasma OXT reactivity to relational stress 
task was positively associated with lack of 
forgiveness and post-conflict anxiety after 
an interpersonal transgression event.  

 (Rubin et al., 
2010) 

Serum  EIA No No Normal female 
means early 
follicular 327.75 

Serum OXT negatively correlated with total 
Positive and Negative Symptom Scale 
(PANSS) score and also lower positive, 
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pg/ml, mid-luteal 
316.16 pg/ml 
Normal male 
mean 302.03 
pg/ml 

general psychopathology and prosocial 
factor subscales in female patients with 
schizophrenia. Serum OXT positively 
correlated with higher prosocial factor 
subscale scores. 

 (Rapaport et al., 
2010) 

Plasma EIA No No Normal baseline 
mean 188.39-
218.30 pg/ml 

Plasma OXT did not change after Swedish 
massage compared to light touch. 

 (Feldman et al., 
2010b) 

Plasma (with 
trasylol)/ saliva 

EIA No No Normal parent 
mean plasma 
356.13 pg/ml, 
saliva 10.46 
pg/ml 
Normal infant (4-
6 months) mean 
saliva 16.37 
pg/ml 

Salivary OXT increased pre- to post-
interaction in both parents and children of 
both sexes, with a positive correlation 
between parental and child’s salivary OXT. 
Parent and child salivary OXT correlated 
with increased infant social engagement 
and affect synchrony, and child salivary 
OXT was independently predicted by 
parental OXT and the degree of affect 
synchrony. Note maternal plasma/ salivary 
OXT unrelated to menstrual cycle, method 
of feeding or interval from prior 
breastfeeding. No differences between male 
and female parents/ infants. 
 

 (Parker et al., 
2010) 

Plasma RIA Yes No Not reported Plasma OXT significantly higher in 
depressed subjects vs. controls. 

 (Benfield et al., 
2010) 

Plasma (with 
trasylol) 

EIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Mean in active 
labour 192.5 
pg/ml 

Hydrotherapy significantly decreased 
plasma OXT in pregnant women in labour. 

 (Seltzer et al., 
2010) 

Urine EIA Yes – reversed 
phase 
chromatography 
(C-18/ 80% 
acetonitrile) 

92.1% spike 
recovery 

Not reported Urine OXT rose in response to maternal 
somatosensory comfort with a decrease in 
stress-stimulated salivary cortisol. A similar 
response was observed purely in response 
to maternal voice alone. 

 (Gordon et al., Plasma (with EIA No No Paternal Plasma OXT in both mothers and fathers 



 524 

2010b) trasylol) baseline mean 2 
months 
postpartum 
306.01 pg/ml, 6 
months 
postpoartum 
329.71 pg/ml 
Maternal 
baseline mean 2 
months 
postpartum 
291.23 pg/ml, 6 
months 
postpartum 
325.8 pg/ml 

predicted synchrony of triadic interactions 
between both parents and their infant. 

 (Gordon et al., 
2010a) 

Plasma (with 
trasylol) 

EIA No No Paternal 
baseline mean 
401.98 pg/ml 
Maternal 
baseline mean 
337.35 pg/ml 

Plasma OXT increased in both first-time 
mothers and fathers over first 6 months of 
life. Maternal plasma OXT correlated with 
time spent in affectionate parenting 
behaviour. Paternal plasma OXT correlated 
with time spent in stimulatory parenting 
behaviour. 

 (Gordon et al., 
2010c) 

Plasma (with 
trasylol) 

EIA No No Not reported Plasma OXT associated with duration of 
time father and child being in Affect 
Synchrony. 

 (Taylor et al., 
2010) 

Serum (with 
trasylol) 

EIA No No Normal male 
mean 273.45 
pg/ml 
Normal female 
mean 248.75 
pg/ml 

Serum OXT significantly associated with 
relationship distress in women (AVP in men) 

 (Feldman et al., 
2010a) 

Plasma (with 
trasylol)/ saliva 

EIA No No Maternal 
baseline mean 
plasma 365.59 
pg/ml, saliva 

Plasma OXT positively correlated with 
affectionate contact by mothers with infants, 
and stimulatory contact by fathers with 
infants, but not vice versa. Positive 
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6.17 pg/ml 
Paternal 
baseline mean 
plasma 405.10 
pg/ml, saliva 
7.09 pg/ml 

correlation between plasma and salivary 
OXT. 

 (Andari et al., 
2010) 

Plasma EIA Ultrafiltration (3 
kDa) 

No Control group 
mean 7.28 pg/ml 

Plasma OXT significantly lower in subjects 
with high functioning autistic spectrum 
disorder. 

 (Gouin et al., 
2010) 

Plasma EIA No No Not reported Plasma OXT positively correlated with more 
positive behaviours during a structured 
social support task. 

 (Pierrehumbert et 
al., 2010) 

Plasma RIA Yes (not 
detailed) 

No Not reported Plasma OXT higher at baseline in childhood 
cancer survivors than participants with a 
history of childhood abuse or controls. Mildly 
significant negative correlation between 
plasma OXT and cortisol. Tendency to 
increase plasma OXT in response to Trier 
Social Stress Test in all groups. 

 (Domes et al., 
2010) 

Plasma RIA No No Mid-luteal mean 
3.43-5.70 pg/ml 

Part of interventional study (see 
Supplemental Table 4) 

 (Strathearn et al., 
2009) 

Serum RIA No No Not reported Serum OXT significantly higher in mother-
infant interactions where mother had history 
of secure adult attachment, with fMRI 
activation of dopamine-associated brain 
reward regions (midbrain, striatum, 
forebrain) and hypothalamus being 
significantly correlated with OXT response.  

 (Ozsoy et al., 
2009) 

Serum RIA No No Normal controls 
mean: 
Male 9.79 pg/ml 
Female 15.11 
pg/ml 

Serum OXT significantly lower in patients 
with major depressive disorder or bipolar 
affective disorder with depressive episode 
compared to controls, but only in female 
patients, with no change after 
antidepressant treatment/ ECT.  

 (Barraza and Zak, Plasma/ serum EIA No No Normal controls OXT increased in participants watching an 
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2009) (unclear) mean 464.96-
474.87 pg/ml 

emotional video, and decreased in those 
watching an emotional video followed by 
playing an ultimatum game. No direct 
relationship between OXT change and 
subjective empathy or distress, but OXT 
associated with increased empathy and 
decreased distress on regression model, 
especially in women. No association 
between plasma OXT and money offered in 
ultimatum game. 

 (Nilsson, 2009) Serum (with 
trasylol) 

EIA Yes – Liquid-
liquid extraction 
(95% ethanol) 

103% spike 
recovery 

Not reported Serum OXT increased in group exposed to 
music after open heart surgery, and 
decreased in control group, but note lower 
baseline and longer duration of surgery in 
music group (no significant within subjects 
differences and final serum OXT 
concentrations not significantly different 
between groups). 

 (Lee et al., 2009) CSF 125I RIA No No Normal control 
mean 10.1 pg/ml 

CSF OXT inversely correlated with Lifetime 
History of Aggression subscale, particularly 
in both sexes with personality disorders, and 
was lower in subjects who had previously 
attempted suicide. 

 (Nagasawa et al., 
2009) 

Urine RIA No No Not reported Urinary OXT was higher after interaction of 
owners with dogs, particularly with 
prolonged gaze between dog and owner.  

 (Heim et al., 2009) Plasma/ CSF EIA No No Not reported CSF OXT lower in women exposed to 
maltreatment, especially emotional abuse. 
CSF OXT also negatively correlated with 
anxiety ratings.  

 (Keri et al., 2009) Plasma  EIA No No Not reported  Plasma OXT did not increase in trust-related 
interactions in schizophrenic patients vs. 
normal controls (range 140-320 pg/ml). 

 (Cyranowski et al., 
2008) 

Plasma RIA Yes – Liquid-
liquid extraction 

No Not reported Plasma OXT was significantly higher in 
depressed women during Guided Imagery 



 527 

(acetone/ ether) Task, with a trend to also be higher during a 
Speech Stress Task. Depressed women 
also showed greater plasma OXT variability 
compared to controls. Plasma OXT was 
lower in women taking the oral 
contraceptive pill.  

 (Henricson et al., 
2008) 

Plasma EIA No No Not reported Plasma OXT did not increase with tactile 
touch in intensive care patients compared to 
controls.  

 (Holt-Lunstad et 
al., 2008) 

Plasma/ saliva EIA Yes – reversed 
phase 
chromatography 
(SPE/ 80% 
acetonitrile) 

101.6% spike 
recovery 

Plasma mean 
7.53-9.94 pg/ml 
Salivary mean 
6.52-14.73 
pg/ml 

Plasma OXT did not increase with increased 
physical contact between couples. Salivary 
cortisol however was higher in intervention 
group (increased physical contact), althouth 
no baseline samples were obtained.  

 (Hoge et al., 2008) Plasma EIA No No Control mean 
145 pg/ml 

No differences in plasma OXT between 
patients with generalised social anxiety 
disorder and controls, but within the patient 
group higher plasma OXT associated with 
greater severity and less satisfaction in 
social relationships. 

 (Bello et al., 2008) Plasma EIA No No Normal male 
96.0-420.6 
pg/ml 

Plasma OXT increased in response to both 
massage and reading. 

 (Billhult et al., 
2008) 

Plasma EIA Yes – Liquid-
liquid extraction 
(96% ethanol) 

No Not reported Massage did not change plasma OXT in 
women with breast cancer undergoing 
radiotherapy (baseline 23-34 pg/ml).  

 (Gordon et al., 
2008) 

Plasma (with 
trasylol) 

EIA No No 114.1-1255.03 
pg/ml 

Plasma OXT in young adults was negatively 
correlated with depression and distress, 
positively correlated with parental bonding 
but not associated with anxiety. 

 (Goldman et al., 
2008) 

Plasma EIA No No Normal male 81-
725 pg/ml 
Normal female 
132-704 pg/ml 

Polydipsic hyponatraemic schizophrenic 
patients had lower plasma OXT compared 
to controls and other schizophrenic groups, 
with no response to cold pressor test.  

 (Gray et al., 2007) Urine EIA Yes – high 94.82% spike Normal male No correlation between urine OXT and 
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pressure liquid 
chromatography 

recovery mean 2.0 pg/mg 
creatinine 

fatherhood, regardless of nature of 
relationship between father and mother. 
OXT also not correlated with blood pressure 
or cortisol. 

 (Ditzen et al., 
2007) 

Plasma RIA No No Not reported Plasma OXT was not associated with stress 
responses to Trier Social Stress Test or with 
modulation by physical partner contact. 

 (Tops et al., 
2007a) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ 
petroleum 
benzene) 

92% spike 
recovery 

Normal control 
mean 54690 
pg/ml 

Treatment with hydrocortisone for burnout 
did not alter plasma OXT. Patients with 
burnout and hypoprolactinaemia also had 
low plasma OXT.  

 (Tops et al., 
2007c) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ 
petroleum 
benzene) 

92% spike 
recovery 

Not reported Anxiety, post-hydrocortisone cortisol levels 
and harm avoidance positively correlated 
and attachment negatively correlated with 
plasma OXT. Attachment mediates negative 
association between plasma OXT and 
anxiety. 

 (Scantamburlo et 
al., 2007) 

Plasma RIA No No Major 
depression 
mean 3670 
pg/ml 

Negative correlation between plasma OXT 
and Hamilton Depression Rating Scale and 
levels of anxiety in major depression. 

 (Tops et al., 
2007b) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ 
petroleum 
benzene) 

92% spike 
recovery 

Not reported Hydrocortisone increased plasma OXT in 
women, particularly in participants with 
greater emotional expression.  

 (Jansen et al., 
2006) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-8) 

No Not reported No difference in plasma OXT in response to 
public speaking stress test in autistic adults 
vs. controls. Baseline plasma OXT 
significantly higher in autistic adults. 

 (Gonzaga et al., 
2006) 

Plasma RIA Yes  - reversed 
phase 
chromatography 
(60% 

No Not reported Plasma OXT correlated with participants’ 
affiliation cues during rational-emotive 
theory emotion induction experiment. 
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acetonitrile/ C-
18) 

 (Bell et al., 2006) Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported Plasma OXT positively correlated with 
reward dependence and novelty seeking in 
patients with major depression. 

 (Wismer Fries et 
al., 2005) 

Urine 
(acidified) 

HPLC Yes – reversed 
phase 
chromatography 
(methanol/ 
Phenomenex) 

107.69% spike 
recovery 

Normal control 
mean 18.99 
μmol/mg 
creatinine 

Urinary OXT increased in non-neglected 
children after contact with mothers but not 
with unfamiliar adults or in neglected 
children, but there was no difference in 
baseline OXT (unlike AVP). 

 (Zak et al., 2005) Plasma EIA No No Not reported Higher plasma OXT associated with greater 
intention of trust (measured in 100-200 
pg/ml). 

 (Grewen et al., 
2005) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Normal female 
mean 1.65 pg/ml 
Normal male 
mean 1.53 pg/ml 

Plasma OXT associated with increased 
perceived support from partner. Plasma 
OXT also rose in women after period of 
contact with partner and was associated 
with lower BP, but not in men. 

 (Light et al., 
2005a) 

Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Not reported Lower plasma OXT associated with higher 
BP and heart rate at baseline, with higher 
plasma OXT associated with being able to 
maintain low BP levels in response to 
stressors. Plasma OXT also associated with 
increased frequency of hugs and massages 
with partner, and caring for more children at 
home. 

 (Zak et al., 2004) ?Plasma Unclear No No Not reported Social trust paradigm increases plasma 
OXT (measured in 100-500 pg/ml) 

 (Light et al., 2004) Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

75% spike 
recovery 

Mothers of 
infants <1 year 
mean 2.0 pg/ml 

Mothers with cocaine use had lower plasma 
OXT compared to non-cocaine using 
mothers. Stressful speech resulted in larger 
decreases in plasma OXT in mothers with 
cocaine use. Higher plasma OXT during 
stressful speech test associated with lower 
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BP 

 (Grape et al., 
2003) 

Serum/ plasma EIA No No Normal mean 
469-620 pg/ml 

Serum/ plasma OXT increased after a 
singing lesson in both amateur and 
professional singers. 

 (Wikstrom et al., 
2003) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Normal male 
mean 1.81 pg/ml 
Normal female 
mean 2.92 pg/ml 

No significant difference in plasma OXT 
post-massage in men or women, but in men 
OXT tended to increase whilst in women it 
tended to decrease. 

 (Odendaal and 
Meintjes, 2003) 

Plasma (with 
trasylol and 
trypsin 
inhibitor) 

HPLC No No Normal baseline 
mean 2.1 pg/ml 

Plasma OXT significantly increased on 
interaction with dogs with similar increase in 
canine plasma OXT.  

 (Turner et al., 
2002) 

Plasma RIA Yes  - reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Normal female 
mean 3.16-3.45 
pg/ml 

Plasma OXT decreased with positive 
emotion induction and remained constant 
with negative emotion induction. 

 (Green et al., 
2001) 

Plasma 125I RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Not reported Plasma OXT was significantly lower in 
autistic patients vs. controls, with a higher 
concentration of plasma OXT precursors. 

 (Altemus et al., 
2001a) 

Plasma RIA Yes  - reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Breastfeeding 
mothers mean 
1.81 pg/ml 
Bottle-feeding 
mothers mean 
1.61 pg/ml 
Female controls 
mean 1.41 pg/ml 

No change in plasma OXT in response to a 
stressful interview. 

 (Light et al., 2000) Plasma RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

75% spike 
recovery 

Not reported Systolic and diastolic BP were higher in the 
group demonstrating decreases in plasma 
OXT in response to making a stressful 
speech in mothers.  

 (Turner et al., 
1999) 

Plasma RIA Yes  - reversed 
phase 

No Not reported Plasma OXT increased in response to 
massage with borderline changes in 
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chromatography 
(60% 
acetonitrile/ C-
18) 

response to positive and negative emotion 
induction imagery, but with marked 
interindividual variation dependent on 
underlying interpersonal behaviour. Positive 
plasma OXT changes were also correlated 
with being in a relationship. 

 (Altemus et al., 
1999) 

CSF RIA Yes  - reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No Normal control 
mean 3.7 pg/ml 
Normal control 
female mean 4.3 
pg/ml 
Normal control 
male mean 3.3 
pg/ml 

Women had higher CSF OXT compared to 
men with no difference between those with 
OCD vs. controls. 

 (Devanand et al., 
1998) 

Plasma 125I RIA Yes – reversed 
phase 
chromatography 
(C-18) 

80-90% spike 
recovery 

No controls No association between ECT and plasma 
OXT (or AVP), but responders tended to 
have higher plasma OXT to non-responders 
to ECT.  

 (Lindow et al., 
1998a) 

Plasma (with 
phenanthroline) 

RIA No No Not reported Plasma OXT not affected by presence of 
supportive birth partner in 1st stage of 
labour. 

 (Modahl et al., 
1998) 

Plasma 125I RIA Yes – Liquid-
liquid extraction 
(acetone/ 
petroleum ether) 

No Normal fasting 
mean 1.16 pg/ml 

Male autistic patients had significantly lower 
plasma OXT compared to controls. In 
controls plasma OXT was also positively 
correlated with age and negatively 
correlated with time since eating (with no 
relationship seen in autistic patients), and 
negatively correlated with behavioural 
scores in autistic patients. 

 (Van Londen et 
al., 1998a) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-8) 

~100% spike 
recovery 

Not reported No significant correlation in plasma OXT 
and any neuropsychological test outcome in 
patients with major depression (vs. plasma 
AVP being positively correlated with delayed 
recall, particularly in melancholic patients, 
and the number of word intrusions). 
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 (van Londen et al., 
1998b) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-8) 

~100% spike 
recovery 

Not reported Tendency for higher plasma OXT (and 
significantly higher plasma AVP) in patients 
with major depression, with no relationship 
with motor activity when awake/ asleep 
(whereas plasma AVP was inversely related 
to motor activity when awake). 

 (van Londen et al., 
1997) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-8) 

No Normal mean 
1.51-1.62 pg/ml 

Males had higher mean plasma AVP and 
OXT compared female controls. No 
significant differences in plasma OXT 
between patients with major depression and 
controls (although there was a trend 
upwards with a wider distribution and AVP 
was significantly increased). 

 (Pitts et al., 1995) CSF 125I RIA No No Normal controls 
13.53 pg/ml 

No significant correlation between CSF OXT 
and presence of major depressive disorder 
or Hamilton Depression Rating Scale 
scores. 

 (Smith et al., 
1994) 

Plasma 
(acidified) 

RIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ C-
18) 

79% spike 
recovery 

Not reported Plasma OXT and AVP increased with ECT 
treatment but this effect was dampened with 
successive ECT episodes for plasma OXT. 
Neither predicted clinical response. 

 (Ueda et al., 1994) Plasma (with 
phenanthroline) 

125I RIA Yes – reversed 
phase 
chromatography 
(methanol/ C-
18) 

>95% spike 
recovery 

Breastfeeding 
mothers mean 
baseline 1.69-
2.31 pg/ml, post-
suckling 
amplitude 8.7-
9.1 pg/ml 

Plasma OXT pulse frequency reduced in 
breastfeeding mothers exposed to stressful 
situations, with no differences in prolactin or 
milk yield. 

 (Glovinsky et al., 
1994) 

CSF (acidified) 125I RIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ C-

90% spike 
recovery 

Normal control 
mean 8.92 pg/ml 
Schizophrenic 
patients on 
neuroleptics 

No significant differences in CSF OXT 
between schizophrenic patients or controls, 
regardless of treatment. 
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18) mean 10.58 
pg/ml 
Schizophrenic 
patients off 
neuroleptics 
mean 8.05 pg/ml 

 (Uvnas-Moberg et 
al., 1993) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported Plasma OXT showed an insignificant 
negative correlation with social dependence 
(contrary to  (Uvnas-Moberg et al., 1991b)) 

 (Riddle et al., 
1993) 

Plasma (with 
trasylol) 

RIA Yes – Liquid-
liquid extraction 
(acetone/ 
petroleum ether) 

83% spike 
recovery 

Fasting mean 
(both sexes) 
5.9-6.3 pg/ml 

Plasma OXT increased with higher ECT 
doses. 

 (Uvnas-Moberg et 
al., 1991a) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Normal fasting 
mean 16.42-
22.96 pg/ml 

Lower oxytocin concentrations in patients 
with functional gastrointestinal disorders. 

 (Uvnas-Moberg et 
al., 1991b) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No As per above Oxytocin positively correlated with 
questionnaire scores on aggression and 
guilt, as well as social dependence 

 (Smith et al., 
1990) 

Plasma RIA Unclear No Not reported OXT increases in response to ECT along 
with AVP 

 (Silber et al., 
1990) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

95.3% spike 
recovery 

Not reported No association between OXT 
concentrations and cognitive function 
(memory, learning) in pregnancy and post-
partum 

 (Sanders et al., 
1990) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(95% methanol/ 
C-18) 

>90% spike 
recovery 

Not reported Significant increase in OXT in response to 
uncontrolled noise in women but not in men, 
especially in women with high emotionality. 
No AVP response noted. 

 (Beckmann et al., 
1985) 

CSF 125I RIA No No Normal controls 
7.11 pg/ml 

CSF OXT concentrations increased in 
before-after experiment with haloperidol 
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treatment 
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Supplemental Table 4: Interventional studies examining the role of OXT in human behaviour and psychiatric disorders. 

Study Route of 
administration  

OXT dose Outcome measure Comments 

 (Yan et al., 2018) Intranasal 24 IU  Trust game, distance preference task, stop-
distance task 

Placebo treatment effects on social trust and 
approach behaviour replicated that of OXT (or OXT 
replicated effects of placebo!). 

 (Flanagan et al., 
2018) 

Intranasal 40 IU  Conflict resolution task, salivary cortisol OXT attenuated cortisol response to conflict 
resolution in women and was associated with 
increased Distress Maintaining Attributions and 
decreased Relationship Enhancing Attributions. 
OXT decreased Distress Maintaining Attributions in 
men. 

 (Schumacher et al., 
2018) 

Intranasal 24 IU  Startle paradigm Males with elevated state trait anxiety had 
increased startle magnitude especially to non-social 
pictures in the presence of OXT. 

 (Ota et al., 2018) Intranasal  12 IU twice 
daily for 12 
weeks 

Positive and Negative Symptom Scale 
(PANSS), Brief Assessment of Cognition in 
Schizophrenia (BACS), Reading the Mind in 
the Eyes Test (RMET), Autism-Spectrum 
Quotient (ASQ), Social Responsiveness 
Scale (SRS), Life Skills Profile, MRI 

OXT reduced PANSS scores and improved verbal 
fluency in patients with schizophrenia. The change 
in the negative PANSS subscore was negatively 
correlated with grey matter volumes in the right 
insula and left cingulate cortex. 

 (Labuschagne et 
al., 2018) 

Intranasal 24 IU  fMRI responses to Emotional Face Matching 
Task 

OXT increased reduced brain activity in the middle 
frontal gyrus and putamen to similar levels of 
controls in carriers of Huntington’s disease, with no 
change in subjective mood or state anxiety. 

 (Yao et al., 2018) Intranasal 40 IU  fMRI responses to heartbeat detection 
paradigm with and without neutral/ emotional 
face stimuli, dot detection task (control),  

OXT did not affect interoceptive accuracy or activity 
in the right anterior insula or dorsal anterior 
cingulate cortex. However when face stimuli were 
concurrently presented OXT decreased 
interoceptive accuracy and increased right anterior 
insula activation and connectivity with left posterior 
insula.  

 (Strathearn et al., 
2018) 

Intranasal 24 IU  Eye-tracking task OXT eliminated preference for highly systemised 
pictures in male patients with autistic spectrum 
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disorder, whilst it increased preference for highly 
systemised pictures in healthy controls.  

 (Lischke et al., 
2017) 

Intranasal 24 IU  fMRI and eye tracking responses to 
visualising complex scenes 

OXT decreased amygdala and insula activity 
borderline personality disorder participants but 
increased it in healthy controls, and normalised the 
abnormal coupling between amygdala activity and 
gaze behaviour across all scenes in the former 
group. 

 (Liu et al., 2017) Intranasal 24 IU  fMRI responses to self-referential task OXT reduced response times during encoding self-
related trait adjectives but increased recognition 
scores of self-related information during memory 
retrieval. OXT also reduced activity in the medial 
prefrontal cortex involved in encoding self-related 
trait adjectives and weakened the coupling between 
the medial prefrontal cortex and a cultural trait. OXT 
increased right superior frontal activity  during 
memory retrieval of self-related information. 

 (de Boer et al., 
2017) 

Intranasal 24 IU  Tacit Communication Game OXT drove participants to generate signals of 
higher referential quality and to rapidly adjust those 
signals to what the addressee understands. 

 (Aydogan et al., 
2017a) 

Intranasal 24 IU  Prisoners’ dilemma game with and without 
opportunities for punishment 

OXT amplified self-reported negative social 
emotions (anger towards free-riders) with higher 
magnitude and frequency of punishment towards 
free-riders.  

 (Aydogan et al., 
2017b) 

Intranasal 24 IU  Coin-tossing task (non-competitive and 
competitive lying task) 

OXT enhanced in-group conformity which had a 
detrimental effect on honesty in a competitive but 
non-competitive environment. 

 (Cavalli et al., 2017) Intranasal 24 IU  fMRI and skin conductance responses to cue 
and context fear conditioning paradigm 

OXT reduced responses in the nucleus accumbens 
during early cue and context acquisition, decreased 
responses in the anterior cingulate cortex and 
insula during early and late context acquisition, and 
increased responses in the hippocampus during 
late context acquisition. OXT also increased 
arousal during late cue and context acquisition. 

 (de Bruijn et al., Intranasal 24 IU  EEG responses to social flanker task OXT increased error-rated negativity amplitudes for 
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2017) (speeded choice reaction-time task) social (vs. individual) mistakes in males. 

 (Timmermann et al., 
2017) 

Intranasal 24 IU  Emotion classification paradigm OXT abolished deficits in recognising fearful and 
happy faces in participants with antisocial 
personality disorder. 

 (Tollenaar et al., 
2017) 

Intranasal 24 IU  Emotional working memory task OXT did not enhance interference by emotional 
information during working memory task. 

 (Rutherford et al., 
2017) 

Intranasal 24 IU Evoked-related potentials (ERP) to face 
processing task 

OXT elicited a greater P300 ERP response to infant 
vs. adult faces in women. 

 (Marsh et al., 2017) Intranasal 24 IU Incentivised donation task in context of 
refugee crisis 

OXT in combination with charitable social cues 
fosters altruisim towards refugees (“out-group”). 

 (Fukai et al., 2017) Intranasal 12 IU twice 
daily for 10 
weeks 

fMRI and PET-11C-DASB responses to Facial 
Expression Recognition task 

OXT did not change the emotional response to 
others’ faces on PET-11C-DASB in men, although 
the increased serotonin transporter level in the 
striatum was correlated with the increased negative 
emotional response to human faces after OXT. 

 (Brodmann et al., 
2017) 

Intranasal 24 IU Resting state fMRI and response to desire-
reason-dilemma decision-making task 

OXT alters connectivity in the ventral attention 
network in men, by reducing coupling to regions 
that form the default mode (introspective and self-
referential network) and increasing coupling to the 
edges of the cingulo-opercular network (salience 
processing network), i.e. directing attention from 
internal to external cues. 

 (Lambert et al., 
2017) 

Intranasal 24 IU fMRI responses to various social dilemma 
games 

OXT increased activation of the nucleus 
accumbens during an assurance (coordination) 
game rewarding mutual cooperation. OXT also 
attenuated amygdala activity in an anti-coordination 
reducing the orienting response to social cues. 

 (Parker et al., 2017) Intranasal 24 IU twice 
daily for 4 
weeks 

Social Responsiveness Score (SRS), 
Repetitive Behaviour Scale – Revised (RBS-
R), Spence Children’s Anxiety Scale, plasma 
OXT 

OXT significantly enhanced social abilities in 
children with autistic spectrum disorder and 
improved SRS, with children with the lowest pre-
treatment OXT concentrations showing the greatest 
response. There was no impact on RBS-R or 
anxiety. 

 (Fang et al., 2017) Intranasal 24 IU Effort Expenditure for Rewards Task (EEfRT) Less socially anxious participants worked harder for 
other vs own rewards with OXT. 
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 (Buchanan et al., 
2017) 

Intranasal 24 IU twice 
daily for 6 
weeks 

Scale for the Assessment of Negative 
Symptoms (SANS), Brief Psychiatric Rating 
Scale (BPRS), Calgary Depression Scale 
(CDS), Clinical Global Impression – Severity 
(CGI-S), MATRICS Consensus Cognitive 
Battery (MCCB), Rapid Visual Information 
Processing Test (RVIP), UCSD Performance-
Based Skills Assessment-2 (UPSA-2), plasma 
OXT 

OXT did not affect any of the outcomes measured 
in patients with schizophrenia or schizoaffective 
disorder. 

 (Quintana et al., 
2017) 

Intranasal 8-24 IU Emotion sensitivity task, Reading the Mind in 
the Eyes Test (RMET), emotional dot probe 
task, emotional face-morphing task 

8 IU OXT increased overt emotional salience in 
male patients with autistic spectrum disorder (with 
no change in peripheral plasma OXT 
concentrations), with no change after 24 IU OXT. 
OXT did not affect performance on the RMET, 
emotional dot probe or face-morphing tasks. 

 (Luo et al., 2017a) Intranasal 24 IU fMRI responses to backward-masking 
emotional face paradigm 

OXT suppressed inferior frontal gyrus, dorsal 
anterior cingulate and anterior insula responses in 
men but increased responses in women. OXT also 
reduced the functional connectivity between the 
amygdala, anterior cingulate and inferior frontal 
gyrus in women. 

 (Luo et al., 2017b) Intranasal 24 IU Acceptance of social advice paradigm OXT enhanced acceptance of advice given by 
female psychologists rated as the most trustworthy 
advisors, but did not alter trustworthiness or 
likeability ratings of advisors. This effect wore off 
after one week. 

 (Harari-Dahan and 
Bernstein, 2017) 

Intranasal 24 IU Key Presses Task to social and non-social 
stimuli, subjective emotion stimuli ratings, 
Anxiety Sensitivity Index (ASI), Positive and 
Negative Affect Scale (PANAS), State Anxiety  

OXT reduced behavioural avoidance of emotionally 
evocative negative social and non-social stimuli in 
participants where negative emotions are 
motivationally relevant. 

 (Bethlehem et al., 
2017) 

Intranasal 24 IU Resting state fMRI OXT increased connectivity in corticostriatal 
circuitry involved in reward, emotion, social 
communication, language and pain processing, 
particularly in individuals with higher autistic traits. 

 (Kanat et al., 2017) Intranasal 24 IU Dot probe paradigm OXT increased attention to faces in patients with 
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autistic spectrum disorder to level of controls, 
particularly in patients with high levels of social 
anxiety. 

 (Caravaggio et al., 
2017) 

Intranasal 50 IU Jumping to conclusions/ Beads Task  OXT did not change the duration taken to jump to 
conclusions in patients with schizophrenia or 
healthy controls, but was more likely to improve the 
accuracy of jumping to conclusions in patients with 
lower social functioning. 

 (Spengler et al., 
2017b) 

Intranasal 12-48 IU fMRI responses to emotional face recognition 
task 

OXT-induced inhibition of amygdala responses to 
fear was most effective at 45-70 minutes after 24 
IU, especially in subjects with higher autistic-like 
traits. OXT specifically reduced emotional bias in 
the perception of ambiguous faces. 

 (Spengler et al., 
2017a) 

Intranasal 24 IU Emotion expression task OXT enhanced facial and vocal expressiveness of 
fear and happiness. 

 (Pfundmair et al., 
2017a) 

Intranasal 24 IU Lie detection task OXT decreased the abiity to classify other-sex 
statements as truth/ lies in both sexes. 

 (Pfundmair et al., 
2017b) 

Intranasal 24 IU Eye tracking in response to minimal group 
paradigm 

OXT increased gaze duration towards social but not 
non-social stimuli. 

 (Human et al., 
2017) 

Intranasal 40 IU Emotion induction followed by social 
perception and analytical task 

OXT did not influence performance on social 
perception or analytical task, and OXT treatment 
did not interact with positive emotion inductions in 
relationship with social perception performance, but 
OXT in combination with positive emotion 
inductions resulted in worse analytical performance. 

 (Kret and De Dreu, 
2017) 

Intranasal 24 IU Pupil size in response to partners in response 
to incentivised trust game 

OXT increased the withholding of trust from 
partners with constricting pupils and the extension 
of trust towards partners with dilating pupils in male 
participants, whilst it dampened the extension of 
trust towards partners with dilating pupils in female 
participants. OXT also weakened pupil dilation 
mimicry but strengthened pupil constriction mimicry 
and dissociated the link between distrust and pupil 
constriction mimicry. 

 (Hirosawa et al., Intranasal 24 IU daily PET-11C-DASB Single arm study – OXT was associated with an 
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2017) for 10 weeks increase in the binding potential of the serotonin 
transporter in the left inferior and middle frontal 
gyrus in male patients with autistic spectrum 
disorder. 

 
(Pornpattananangkul 
et al., 2017) 

Intranasal 24 IU Social discounting task OXT enhanced amount of money foregone to total 
strangers vs. those close to participants. 

 (Radke et al., 2017) Intranasal 24 IU fMRI responses to approach-avoidance task OXT decreased amygdala activation during threat 
approach and not during threat avoidance. 

 (Eckstein et al., 
2017) 

Intranasal 24 IU Resting state fMRI OXT increased connectivity between the amygdala 
and dorsomedial prefrontal cortex regions engaged 
in emotion regulation, and enhanced amygdala- 
cerebellum coupling. OXT differentially altered 
connectivity of amygdala regions with connectivity 
to the prefrontal regions being mediated by the right 
superficial and basolateral amygdala subregions, 
and to the cerebellum being mediated by the 
centromedial and basolateral amygdala subregions. 

 (Li et al., 2017) Intranasal 24 IU fMRI responses to viewing pictures of own vs. 
other child and listening to crying stimuli 

OXT increased blood oxygen level-dependent 
responses in the caudate nucleus, dorsal anterior 
cingulate and visual cortices in fathers to viewing 
pictures of their own children. OXT given before 
placebo increased activation in reward structures 
(substantia nigra, ventral tegmental area, putamen) 
more than when given after placebo. OXT did not 
affect responses to crying. 

 (Muin et al., 2017) Intranasal 32 IU prior to 
sexual 
intercourse 
for 5 months 

Sexual quality of life questionnaire, Sexual 
Activity Record, Partner Performance 
Questionnaire, Hamilton Depression Scale, 
International Index of Erectile Function 

No significant differences in OXT vs. placebo when 
administered to women with hypoactive sexual 
desire disorder. 

 (Sack et al., 2017) Intranasal 24 IU Trauma script challenge, Trier Social Stress 
Task (TSST) 

OXT was associated with a reduction of provoked 
total post-traumatic stress disorder (PTSD) 
symptoms, increase in maximum heart rate and a 
drop in the pre-ejection period in women in women 
with PTSD. 
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 (Hoffmann et al., 
2017) 

Intranasal 24 IU Perception and identification of emotional 
expressions in voices, multidimensional mood 
questionnaire, urine/ salivary OXT 

OXT improved emotion identification in 
craniopharyngioma patients with postsurgical 
lesions limited to the anterior hypothalamus. 

 (Strang et al., 2017) Intranasal 24 IU Social discounting task Individual trait empathy only positively correlated 
with generous behaviour in participants given OXT. 

 (Bernaerts et al., 
2017) 

Intranasal 24 IU daily 
for 2 weeks 

State Adult Attachment Measure (SAAM), 
Inventory of Parent and Peer Attachment 
(IPPA), Profile of Mood States (POMS), 
Social Responsiveness Scale (SRS), WHO 
Quality of Life 

OXT was associated with reductions in attachment 
avoidance, and increases in reports of attachment 
towards peers, especially in participants with less 
secure attachment towards their peers. OXT was 
also associated with reduced feelings of tension 
and anger and an increase in social 
responsiveness and quality of life. 

 (Leppanen et al., 
2017b) 

Intranasal 40 IU Reading the Mind in the Eyes Task (RMET) OXT did not affect the expression or interpretation 
of emotions in patients with anorexia nervosa. 

 (Chen et al., 2017) Intranasal 24 IU  fMRI responses to Prisoner’s Dilemma Task, 
plasma oestradiol 

OXT attenuated ventral tegmental area response to 
reciprocated cooperation in women.  

 (de Visser et al., 
2017) 

Intranasal 40 IU  TNO Trust Task OXT increased degree of trust, compliance and 
performance with a computer-generated avatar in 
trust task. 

 (Sherman et al., 
2017) 

Intranasal 40 IU Timeline Follow-Back (TLFB) of cannabis use 
during motivational enhancement therapy 

OXT reduced the amount of cannabis use daily and 
the frequency of use.  

 (De Wilde et al., 
2017) 

Intranasal 24 IU Group decision-making task (hidden profile 
task) 

OXT did not induce conformity in groups but groups 
receiving OXT focussed more on unique 
information and repeated this information more 
often. 

 (Xu et al., 2017) Intranasal 40 IU Cyberball game OXT increased likelihood of male participants 
choosing to play with players who had previously 
excluded them 1 week prior when the dose of OXT 
was administered, and this was associated with 
independent traits. 

 (van Zuiden et al., 
2017) 

Intranasal 40 IU twice 
daily for 8 
days 

Clinician-Administered Post-traumatic Stress 
Disorder scale (CAPS) 

OXT only reduced CAPS scores in participants with 
high CAPS scores at baseline when given in the 
immediate post-trauma period to prevent post-
traumatic stress disorder. 

 (Woolley et al., Intranasal 40 IU Facial expressivity during Social Judgment OXT did not affect the ratings of facial 
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2017) Task trustworthiness but increased facial expressivity in 
patients with schizophrenia during task compared 
to healthy controls. 

 (Jarskog et al., 
2017) 

Intranasal 24 IU twice 
daily for 12 
weeks 

Emotion Recognition-40 (ER-40) task, Brune 
Theory of Mind Stories task, Reading the 
Mind in the Eyes Test (RMET), 
Trustworthiness Task, Ambiguous Intentions 
Hostility Questionnaire (AIHQ), Specific 
Levels of Functioning Scale (SLOF), Social 
Skills Performance Assessment (SSPA), 
Positive and Negative Syndrome Scale 
(PANSS) 

OXT did not improve social cognition in 
schizophrenia, but modestly improved social 
functioning and reduced PANSS negative symptom 
scores. 

 (Daughters et al., 
2017b) 

Intranasal 24 IU Third Party Punishment and Reward Trust 
Game 

Punishment and reward was higher for selfish and 
generous investments when investors and trustees 
were in-group rather than out-group, especially in 
the presence of OXT. 

 (Hecht et al., 2017) Intranasal 24 IU  fMRI responses to Dynamic Interactive Shape 
Clips (DISC) 

OXT reduced activation in the early visual cortex 
and dorsal-stream processing regions for social 
stimuli, and reduced endorsements of shapes as 
“friends” or “not friends”. Participants perceiving 
fewer social relationships at baseline were more 
likely to be influenced by OXT. 

 (Hubble et al., 
2017b) 

Intranasal 24 IU Face Processing Task, Empathy Task OXT increased time fixated on the eye region of 
faces across all emotions, and enhanced self-
reported empathy  for fear. 

 (Hubble et al., 
2017a) 

Intranasal 24 IU Facial Emotion Recognition task OXT did not affect emotion recognition accuracy or 
eye gaze patterns, but marginally increased speed 
of processing across all emotions in men.  

 (Cohen et al., 2017) Intranasal 24 IU fMRI responses to Comfortable Interpersonal 
Distance Task 

OXT was associated with an overall distancing 
effect, but was only significant for strangers vs. 
friends. OXT increased activity in the dorsomedial 
prefrontal cortex when a friend approached 
participant but not when a stranger approached. 

 (Nawijn et al., 2017) Intranasal 40 IU fMRI responses to social incentive delay task OXT increased left anterior insula and right 
putamen responses during social reward in patients 
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with post-traumatic stress disorder, thereby 
potentially increasing sensitivity for social support. 

 (Gozzi et al., 2017) Intranasal 24 IU fMRI responses to task with positive and 
negative social feedback 

OXT (and AVP) attenuated preference for negative 
social feedback in brain regions associated with 
theory of mind (temporoparietal junction), pain 
processing (anterior insula and supplementary 
motor area) and identification of emotionally 
important visual cues in social perception (right 
fusiform). 

 (Gross and De 
Dreu, 2017) 

Intranasal 24 IU Rule following task OXT increased likelihood of rule violation 
particularly in participants with a high need for 
structure and high approach sensitivity. 

 (Ye et al., 2017) Intranasal 24 IU Magnetoencephalograph (MEG) responses to 
speech comprehension task  

OXT attenuated the increase in the left inferior 
frontal, anterior temporal and medial prefrontal 
cortex MEG responses to incongruent sentences. 

 (Ten Velden et al., 
2017) 

Intranasal 24 IU Intergroup Prisoner’s Dilemma – Maximising 
Differences game with Stroop Interference 
Task 

OXT resulted in increased contributions to the in-
group pool regardless of prior cognitive taxation via 
the interference task, with no change to 
contributions between groups. 

 (Palgi et al., 2017) Intranasal 24 IU Biological Motion Task, First and Second 
Order Theory of Mind Task (Yoni Task) 

OXT did not improve empathic abilities in patients 
with post-traumatic stress disorder (PTSD), but 
enhanced the abilities of men with PTSD to 
recognise body motions of anger. 

 (Mah et al., 2017) Intranasal 24 IU Infant cry paradigm OXT increased maternal ratings of infant crying as 
urgent and the likelihood of choosing a harsh 
maternal caregiving response in women with 
postnatal depression, with no change in maternal 
sensitive interaction with their own infant. 

 (Viaux-Savelon et 
al., 2016) 

Intranasal Not reported Alarm Distress Baby Scale (ADBB), Coding 
Interactive Behaviour Infant and Feeding 
(CIB) 

OXT increased alertness, global tone and 
expressiveness, and reduced fatiguabiliy and social 
withdrawal in infants <6 months with Prader-Willi 
syndrome. Note this was a single-arm study with no 
controls/ placebo. 

 (Gebauer et al., 
2016) 

Intranasal 24 IU Interpersonal finger tapping paradigm Dyads given OXT were more synchronised where 
one participant was leading the other, with the 
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follower being less variable. OXT had no effect 
when participants were following a metronome or 
when neither participant was leading (mutual 
adaptation). 

 (Gordon et al., 
2016) 

Intranasal 12-24 IU fMRI responses to biological motion 
perception task, vocal affect perception task 
and emotion recognition tasks 

OXT increases activity in brain regions important for 
perceiving social-emotional information in children 
with autism, and enhances connectivity between 
the brain’s reward and socioemotional processing 
system in preference for social stimuli. 

 (Holtfrerich et al., 
2016) 

Intranasal 24 IU Attentional control task to infant faces OXT reduced reaction times to both infant and adult 
stimuli, but only in women with high endogenous 
testosterone. 

 (Miller et al., 2016) Intranasal 20 IU hourly 
x2 doses 

Visual Analog Scales, Profile of Mood States 
(POMS), Short Tobacco Craving 
Questionnaire (STC-Q), Brief Questionnaire 
of Smoking Urges (B-QSU) 

OXT did not reduce spontaneous craving after one 
dose, but reduced cue-induced craving. 

 (Mickey et al., 2016) Intranasal 24 IU Blood oxygen level-dependent (BOLD) fMRI 
responses to reward task 

OXT increased BOLD responses to incentive 
stimuli in the substantia nigra and ventral tegmental 
area, with a positive correlation with its effects on 
positive emotional state. OXT attenuated medial 
prefrontal cortical deactivation during anticipation of 
loss.  

 (Kosaka et al., 
2016) 

Intranasal 16-32 IU for 
24 weeks 

Clinical Global Impression (CGI), Interaction 
Rating Scale – Advanced (IRSA), Zung Self-
Rating Depression Scale, State-Trait Anxiety 
Inventory (STAI), 20-item Toronto Alexithymia 
Scale, Aberrant Behaviour Checklist (parent 
report), resting state fMRI, gaze pattern by 
eye-tracking, OXTR single nucleotide 
polymorphisms (SNPs) 

OXT did not improve any outcome, but the OXTR 
rs6791619 SNP predicted CGI-Improvement scores 
in participants receiving <21 IU OXT per day in high 
functioning autism. 

 (Mu et al., 2016) Intranasal 24 IU EEG responses to coordination/ control task OXT in male dyads improved interpersonal 
behavioural synchrony in both tasks, particularly 
enhancing alpha-band interbrain neural oscillations 
during the coordination task. 

 (Brambilla et al., Intranasal 40 IU daily Mayer-Salovey-Caruso Emotional Intelligence OXT improved performance on the MSCEIT and 
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2016) for 4 months Test (MSCEIT), Reading the Mind in the Eyes 
Task (RMET), Emotional Priming Paradigm 
(EPP) 

reduced reaction times for facial affect recognition 
on the EPP in patients with schizophrenia. 

 (Bernaerts et al., 
2016) 

Intranasal 24 IU Emotion recognition task with point light 
displays 

OXT was associated with improvements in emotion 
recognition which was not modulated by emotional 
valence 

 (Zheng et al., 2016) Intranasal 24 IU Modified Prisoner’s Dilemma Game OXT reduced cooperation in general and amplified 
the effect of fear on defection with no effect on 
greed. 

 (Pfundmair et al., 
2016) 

Intranasal 24 IU Four-ear communication questionnaire OXT was associated with participants choosing the 
dimension of appeal over other dimensions (factual, 
self-relevation, relationship). 

 (Ma et al., 2016) Intranasal 24 IU Belief Update Task of life event recall OXT augments optimistic belief updating by 
facilitating updates of desirable feedback but 
impairs updates of undesirable feedback, especially 
in individuals with high depression or anxiety traits. 
OXT also increased participants’ confidence in 
estimates after receiving desirable feedback. 

 (Korb et al., 2016) Intranasal 24 IU Offset and Intensity tasks of facial mimicry OXT increased facial mimicry, especially in 
response to angry infant faces. 

 (Van Cappellen et 
al., 2016) 

Intranasal 24 IU Single-item assessment of spirituality, 
Spiritual Transcendence Scale (STS), Implicit 
Positive and Negative Affect Test after 20 
minutes of meditation 

OXT increased self-reported spirituality up to a 
week after experiment and increased experience of 
positive emotions after meditation, with participants 
with the CD38 rs3796863 AA/AC and rs6449182 
CC, and the OXTR rs53576 AG/AA genotypes 
experiencing the biggest effects.  

 (Gao et al., 2016) Intranasal 24 IU fMRI responses to first impression task OXT increases amygdala activation in women in 
response to viewing individuals praising others 
(with an increased liking for those faces), but in 
men in response to individual criticizing others (with 
a decreased liking for those faces). 

 (Althaus et al., 
2016) 

Intranasal 24 IU Plasma OXT, ECG and EEG responses to 
International Affective Picture System (IAPS) 
Task  

Higher baseline plasma OXT was associated with 
larger treatment effects (evoked cardiac response 
and late long-lasting parietal positivity) from 
intranasal OXT, especially in males with autistic 
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spectrum disorder in response to pictures of 
humans. In controls, higher post-placebo OXT 
concentrations were associated with smaller 
treatment effects and larger orienting responses.  

 (Cook et al., 2016) Intranasal 5 IU twice 
daily for 1 
week, 
stopped, 
then 
restarted at 
1 IU twice 
daily for 1 
week, 
followed by 
2 IU twice 
daily for 14 
months 

Case report  Parents reported that OXT was associated with and 
increase in desire to socialise and an improvement 
in affection towards her family in a 
craniopharyngioma survivor, but was also 
associated with polydipsia and did not affect 
appetite or obesity. 

 (Woolley et al., 
2016) 

Intranasal 40 IU Cue-induced Opioid Craving Task, Implicit 
Association Task (IAT), Reading the Mind in 
the Eyes Task (RMET), The Awareness of 
Social Inference Task (TASIT) 

OXT had no effect on craving scores or the IAT, but 
reduced RMET and TASIT performance in subjects 
with opioid dependency. OXT also reduced 
performance on the TASIT in controls. 

 (Hertz et al., 2016) Intranasal 40 IU Collective decision-making task OXT increased collective benefit over time, with the 
more competent partner changing his mind less, 
whilst the less competent partner changing his mind 
more to conform to more competent partner. 

 (Mitchell et al., 
2016) 

Intranasal 40 IU Reading the Mind in the Eyes Task (RMET), 
Cue-induced Alcohol Craving Task, Approach 
Avoidance Task 

OXT improved recognition of easier items on the 
RMET, but only reduced alcohol craving in 
individuals in more anxiously attached individuals, 
whilst increasing craving in those with less 
anxiously attached individuals who had alcohol use 
disorder. OXT also reduced the approach bias to 
appetitive images . 

 (Quintana et al., 
2016) 

Intranasal 8-24 IU, 1 IU 
IV over 20 
minutes 

fMRI responses to social cognition task 8 IU OXT reduced right amygdala activation during 
processing of angry and happy face stimuli, with no 
impact from IV OXT. 
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 (Tabak et al., 2016) Intranasal 24 IU Social and non-social working memory task OXT impaired social working memory accuracy in 
participants with higher levels of social anxiety, with 
no impact on non-social working memory. 

 (Ebner et al., 2016) Intranasal 24 IU fMRI resting state connectivity OXT was associated with increased amygdala- 
medial prefrontal cortex connectivity, particularly in 
young women. 

 (Domes et al., 
2016) 

Intranasal 24 IU Facial dot probe task OXT reduced allocation of attention to angry faces 
and sustained attention to happy faces, especially 
under conditions of heightened awareness. 

 (Riem et al., 2016) Intranasal 16 IU fMRI, emotional, and behavioural (handgrip-
force task) responses to infant crying  

OXT decreased the use of excessive handgrip and 
amygdala reactivity response to infant crying in 
individuals with insecure attachment 
representations. 

 (Cardoso et al., 
2016b) 

Intranasal 24 IU Modified autobiographical memory retrieval 
task 

OXT reduced perceived emotional support during 
recall of negative memories in the absence of social 
contact with women who were motivated to affiliate 
with the experimenter showing a greater reduction. 
The same women were also more likely to perceive 
increased support when experimenter social 
contact was available. 

 (Cardoso et al., 
2016a) 

Intranasal 24 IU Modified autobiographical memory retrieval 
task, relationship status over 18 months 

OXT reduced the number of memories of past 
romantic partners recalled by participants in a 
current relationship, whilst participants who recalled 
more conflict memories about their current partner 
in the presence of OXT were more likely to end the 
relationship in 18 months. 

 (Zhao et al., 2016) Intranasal 40 IU fMRI responses to self-referential trait 
judgment task 

OXT reduced response times to making self and 
other judgments, but also reduced accuracy of their 
subsequent recall. OXT abolished the positive 
correlation between response and self-esteem 
scores, and reduced responses  during trait 
judgments in the dorsal and ventral medial 
prefrontal cortex. 

 (Colonnello et al., 
2016) 

Intranasal 24 IU Time-bisection task OXT induced subjective time dilation for happy 
female faces in heterosexual men, and time 
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compression for happy male faces. 

 (Andari et al., 2016) Intranasal 24 IU fMRI responses to social ball-tossing game 
and face matching task 

OXT selectively enhanced brain activity of early 
visual areas in response to faces vs. non-social 
stimuli, modulating the blood oxygen level-
dependent signals in the amygdala and 
hippocampus. OXT enhanced reactivity of the mid-
orbitofrontal cortex to a fair partner, but not to an 
unfair partner. 

 (Lee et al., 2016) Intranasal 20 IU twice 
daily for 3 
weeks 

Brief Psychiatric Rating Scale (BPRS), 
plasma OXT 

Plasma OXT did not significantly change after 
intranasal OXT, and there was no association 
between any change in symptoms scores in 
schizophrenia. 

 (Dagani et al., 
2016) 

Intranasal 40 IU daily 
for 4 months 

Positive and Negative Symptom Scale 
(PANSS), Hamilton Depression Scale (HAM-
D), State Trait Anger Expression Inventory 2 
(STAXI2), WHO Quality of Life Instrument, 
Self Esteem Rating Scale (SERS), 
Questionnaire on the Social Network (SNQ) 

OXT did not result in any change in any of the 
scores used in patients with schizophrenia. 

 (Peled-Avron et al., 
2016) 

Intranasal 24 IU Anthropomorphism for touch in pictures of 
humans and inanimate objects 

OXT increased likelihood of photos containing 
touch being included in a photo album, particularly 
with inanimate objects.  

 (Ne'eman et al., 
2016) 

Intranasal 24 IU Social Orientation Paradigm OXT increased aggressive responses to partner by 
deduction of partner’s points in paradigm. 

 (Hu et al., 2016) Intranasal 24 IU fMRI responses to third party help/ 
punishment paradigm 

OXT resulted in a trend towards altruistic decisions, 
with OXT selectively enhancing left temporoparietal 
junction activity during observations of others being 
helped by the computer algorithm.  

 (Nawijn et al., 2016) Intranasal 40 IU fMRI responses to monetary incentive delay 
task 

OXT increased neural responses in the reward 
pathways during reward and loss anticipation in 
both post-traumatic stress disorder patients and 
controls in the striatum, dorsal anterior cingulate 
cortex and insula. 

 (Koch et al., 2016b) Intranasal 40 IU Resting state fMRI OXT decreased subjective anxiety and 
nervousness in patients with post-traumatic stress 
disorder, and reinstated the reduced right 
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centromedial amygdala to left ventromedial 
prefrontal cortex connectivity in male patients but 
dampened the increased right basolateral 
amygdala to bilateral dorsal anterior cingulate 
cortex  connectivity in female patients. 

 (Scheele et al., 
2016) 

Intranasal 24 IU fMRI responses to face perception task OXT increased the perceived attractiveness of a 
male partner to women with increased responses in 
reward-associated regions of the brain (including 
nucleus accumbens), but these effects were 
cancelled out in the presence of hormonal oral 
contraceptives. 

 (Singh et al., 2016) Intranasal 24-48 IU EEG responses to viewing biological and non-
biological motion 

OXT increases sensitivity to social motion 
processing in males with schizophrenia. 

 (Palgi et al., 2016) Intranasal 24 IU Compassion task OXT enhances compassion towards women in 
patients with post-traumatic stress disorder. 

 (Yatawara et al., 
2016) 

Intranasal 3 IU twice 
daily, 
increasing 
by 3 IU 
every 2 days 
to 12 IU 
twice daily  
at 1 week, 
continued for 
4 weeks 

Caregiver-rated Social Responsiveness Scale 
(SRS), caregiver-rated Repetitive Behaviour 
Scale-Revised (RBS-R), experimenter-rated 
Autism Diagnostic Observation Schedule 
(ADOS), caregiver-rated Developmental 
Behaviour Checklist (DBC) 

OXT was associated with improvements in SRS in 
patients with autism. 

 (Koch et al., 2016a) Intranasal 40 IU fMRI responses to emotional face matching 
task 

OXT dampened amygdala reactivity towards all 
emotional faces in both male and female patients 
with post-traumatic stress disorder (PTSD) but 
enhanced amygdala reactivity in trauma-exposed 
controls without PTSD. PTSD patients with greater 
anxiety was associated with greater reduction in 
amygdala reactivity after OXT. 

 (Colloca et al., 
2016) 

Intranasal 24 IU Expectancy-induced analgesia using placebo 
electrical stimulus, salivary cortisol 

OXT did not significantly increase expectancy-
induced analgesia/ placebo effects (vs. AVP). 

 (Frijling et al., Intranasal  40 IU fMRI responses to emotional face-matching OXT increased right amygdala reactivity to fearful 
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2016a) task in recent trauma-exposed participants faces, and recent trauma-exposed women showed 
increased left amygdala reactivity to neutral faces 
after OXT. 

 (Frijling et al., 
2016b) 

Intranasal 40 IU fMRI responses to neutral and trauma script-
driven imagery 

OXT reduced amygdala – left ventrolateral 
prefrontal cortex functional connectivity after trauma 
script-driven imagery (vs. placebo where this was 
enhanced). OXT increased amygdala – insula 
functional connectivity regardless of stimulus. 

 (Eckstein et al., 
2016) 

Intranasal 24 IU fMRI and skin conductance response (SCR) 
to fear-conditioning procedure using electric 
shocks 

OXT strengthened Pavlovian conditioning with 
faster task-related responses and enhanced SCRs 
with increased cingulate cortex activity without 
changes in amygdala activity. 

 (Goodyear et al., 
2016) 

Intranasal 40 IU Moral responsibility ratings of a hypothetical 
offender 

OXT increased leniency of judgments toward 
offender’s crimes and assigned lowed moral 
responsibility.  

 (Chen et al., 2016) Intranasal 24 IU fMRI responses to Prisoner’s Dilemma Game In men, OXT attenuated amygdala and anterior 
insula fMRI responses to unreciprocated 
cooperation by human partners. In women, OXT 
attenuated amygdala and anterior insula fMRI 
responses to unreciprocated cooperation by 
computer partners. 

 (Levy et al., 2016) Intranasal 24 IU Magneto-encephalogram (MEG) responses to 
a watching videos of a social and combat 
scene 

OXT attenuated the increased response to combat 
stimuli in the posterior superotemporal sulcus and 
enhanced activation of the inferior parietal lobule to 
pleasant social scenes in combat veterans. OXT 
enhanced inferior frontal gyrus responses to 
combat stimuli in controls. OXT-enhanced mirror 
network activity was reduced in combat veterans 
with higher degrees of post-traumatic symptoms. 

 (Marsh et al., 2015) Intranasal 24 IU Donation task OXT induced a shift in altruistic behaviour away 
from pro-environmental towards pro-social 
donations without changing proportion of money 
donated. 

 (Althaus et al., 
2015) 

Intranasal 24 IU ECG and EEG responses to International 
Affective Picture System (IAPS) task 

OXT did not alter ECG/ EEG responses to IAPS 
generally, but enhanced orienting to affective 
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pictures with humans in males with autism who are 
easily distressed when seeing others in stressful 
situations, and in healthy males highly sensitive to 
anticipated punishment and criticism, or with low 
drive for goal achievement. 

 (Chen et al., 2015a) Intranasal 24 IU Emotion recognition task, non-social control 
task 

TTCGGG OXTR haplotype (SNPs rs237917-
rs2268498-rs4564970-rs237897-rs2268495-
rs53576) was associated with increased emotion 
recognition in association with OXT, whilst 
CCGAGA haplotype showed decreased emotion 
recognition. 

 (Furst et al., 2015) Intranasal 24 IU Responses to social and non-social stimuli OXT promoted the attribution of relationship 
qualities to social and non-social stimuli, including 
brands. Participants with high autistic-like traits 
showed a reversed relationship with OXT.  

 (Xu et al., 2015) Intranasal  40 IU Dual-target rapid serial visual presentation for 
emotional facial recognition task 

OXT improved recognition accuracy of neutral and 
happy faces during reduced attention capacity 
phase after an initial neutral face exposure, with no 
effect on negative expression faces or non-face 
stimuli. The effects of OXT were stronger in 
participants with higher autism spectrum quotient 
scores. 

 (Gallup and Church, 
2015) 

Intranasal 30 IU Response to video stimulus of people 
yawning 

OXT did not increase contagious yawning but 
increased likelihood of concealing yawns. 

 (Kim et al., 2015) Intranasal 40 IU Emotional recognition task (dynamic facial 
morphing task), food intake by food diary 

OXT increased emotion recognition sensitivity in 
healthy controls and patients with bulimia nervosa 
but not anorexia nervosa. 

 (Watanabe et al., 
2015) 

Intranasal 24 IU twice 
daily for 6 
weeks 

Autism Diagnostic Observation Schedule 
(ADOS), fMRI, Autism Spectrum Quotient 
(AQ), Social Responsiveness Scale (SRS), 
Repetitive Behaviour Scale (RBS), State and 
Trait Anxiety Inventory (STAI), Centre for 
Epidemiologic Studies Depression Scale 
(CESD), Quality of Life Questionnaire  

OXT reduced core symptoms specific to social 
reciprocity in males with high-functioning autistic 
spectrum disorder, which was associated with 
enhancement of functional connectivity between the 
anterior cingulate cortex and dorsomedial prefrontal 
cortex. OXT mitigated behavioural and neural 
responses to a social judgment task.  

 (Lane et al., 2015) Intranasal 32 IU Envelope Task OXT did not affect trust. 
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 (Alcorn et al., 2015) Intranasal 24 IU Point Subtraction Aggression Paradigm OXT did not affect aggressive behaviour in men. 
Aggressive responses following OXT was positively 
correlated with psychometric measures of 
interpersonal manipulation and anger. 

 (Cohen-Bendahan 
et al., 2015) 

Intranasal 24 IU Explicit and implicit caregiving interest  OXT did not alter caregiving interest of fathers-to-
be vs. controls (AVP increased interest). 

 (Flanagan et al., 
2015) 

Intranasal 40 IU Adverse Childhood Experiences (ACE) 
Survey, salivary cortisol and DHEA to Trier 
Social Stress Task (TSST) 

OXT reduced cortisol and DHEA in response to 
TSST but this trend was not significant. However 
there was a positive correlation between previous 
ACE scores and cortisol concentrations which was 
reduced in the presence of OXT. A similar non-
significant trend was observed for DHEA.  

 (Waller et al., 2015) Intranasal 24 IU Evoked-related potentials (ERP) to pictures of 
own child, familiar child and unfamiliar child 

OXT abolished the differences in ERP responses to 
own vs. familiar and unfamiliar child faces. 

 (Bartz et al., 2015) Intranasal 24 IU Extended Personality Attributes 
Questionnaire (EPAQ), Experience in Close 
Relationships Scale (ECR) 

OXT slightly increased communion (other-
orientation), with avoidantly attached participants 
being more likely to perceive themselves as more 
communal after OXT. Anxiously attached 
participants showed a decrease in agency (self-
orientation) after OXT. 

 (Radke and de 
Bruijn, 2015) 

Intranasal 24 IU Reading the Mind in the Eyes Test OXT did not affect mind-reading abilities of the 
participants, but individuals low in emotional 
empathy  showed greater improvement after OXT. 

 (Huang et al., 2015) Intranasal 24 IU Facial Attractiveness Judgment Task OXT increased conformity by male participants in 
judging attractiveness of female faces to both in-
group and out-group opinions. 

 (Muin et al., 2015) Intranasal 32 IU 50 
minutes 
before 
intercourse 
at least twice 
weekly for 8 
weeks 

Sexual Activity Record (SAR) questionnaire, 
Female Sexual Function Index (FSFI), 
Female Sexual Distress Scale (FSDS), 
Sexual Quality of Life- Female (SQOL-F), 
Sexual Interest and Desire Inventory- Female 
(SIDI-F), Hamilton Depression Scale (HDS) 

OXT did not affect sexual function in women. 

 (Quintana et al., 
2015) 

Intranasal/ 
intravenous 

8-24 IU 
(Breath-

Social cognition task (emotional ratings of 
Karolinska Directed Emotional Faces 

8 IU OXT decreased anger ratings of emotionally 
ambiguous faces compared to 24 IU OXT and 
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Powered 
device), 1 IU 
IV 

database) placebo. 

 (Scheele et al., 
2015) 

Intranasal 24 IU Anthropomorphising task OXT increased anthropomorphic descriptions of 
social stimuli. 

 (Ruissen and de 
Bruijn, 2015) 

Intranasal 24 IU Behavioural and EEG responses to Social 
Simon task 

OXT enhanced the compatibility effect of the social 
Simon task, and enhances self-other integration. 

 (Fan et al., 2015) Intranasal 24 IU fMRI responses to Montreal Imaging Stress 
Task 

Previous emotional abuse was associated with 
stress-induced changes in amygdala-hippocampal 
connectivity, but OXT moderated this relationship, 
with connectivity being negatively correlated with 
cortisol stress responses in the presence of OXT. 

 (Kanat et al., 
2015a) 

Intranasal 24 IU fMRI responses to fear detection in masked 
eyes task 

OXT attenuated amygdala responses to masked 
fearful eyes 

 (Kovacs and Keri, 
2015) 

Intranasal 14-70 IU 3-
21 times per 
week for 4-
19 weeks 
(uncontrolled 
dosage) 

Reading the Mind in the Eyes Test (RMET), 
National Institute of Health Toolbox Adult 
Social Relationship Scales (NIH-ASRS), fMRI 

OXT use did not lead to significant differences in 
the RMET or NIH-ASRS but OXT users had 
increased connectivity between the right amygdala 
and dorsal anterior cingulate cortex with a dose-
response effect. 

 (Ma et al., 2015) Intranasal 24 IU Minimal group paradigm, cognitive-style 
manipulation, public goods game 

OXT increased in-group favouritism in intuitive 
participants and decreased in-group favouritism in 
reflective participants. 

 (Bos et al., 2015) Intranasal 24 IU fMRI responses to empathic pain paradigm OXT reduced empathy-related activation of neural 
circuity (especially the left insula) to observing pain 
in others. 

 (Acheson et al., 
2015) 

Intranasal 24 IU Spider Phobia Questionnaire (SPQ), Fear of 
Spiders Questionnaire (FSQ), Behavioural 
Approach Task (BAT), Clinical Global 
Impressions scale (CGI) during exposure 
treatment for arachnophobia 

OXT impeded treatment response to exposure 
therapy for arachnophobia, but did not affect 
behavioural measures of fear. 

 (Hu et al., 2015) Intranasal  24 IU fMRI responses to Reinforcement-Association 
Learning Task (RALT) 

OXT facilitated learning with social feedback, 
particularly when feedback was provided by female 
faces. OXT increased activity in the amygdala, 
hippocampus, parahippocampal gyrus and 
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putamen during social feedback conditions, and 
functional connectivity between the amygdala, 
insula and caudate nucleus. 

 (Shin et al., 2015) Intranasal 40 IU fMRI responses to facial emotion recognition 
paradigm 

OXT decreased amygdala activity to fearful faces 
but increased activity to happy faces. OXT 
attenuated amygdala activity to emotional faces in 
patients with schizophrenia but increased activity in 
controls. OXT-associated increase in blood oxygen 
level-dependent amygdala signals in response to 
happy faces was associated with attachment style 
in control participants. 

 (Woolley et al., 
2015) 

Intranasal 40 IU Olfactory detection test to lyral and anise OXT improved olfactory detection thresholds in 
patients with schizophrenia for lyral. 

 (Feeser et al., 2015) Intranasal 24 IU Empathising Quotient in response to Reading 
the Mind in the Eyes Test (RMET) 

OXT improves mentalising of difficult but not easy 
items on the RMET, particularly in participants with 
low empathy scores. 

 (Auyeung et al., 
2015) 

Intranasal 24 IU Gaze behaviour paradigm OXT improved eye gaze in males with and without 
autism, with the most effect in autistic males with 
decreased eye contact at baseline. 

 (Hirosawa et al., 
2015) 

Intranasal 24 IU Facial expression interpretation, hostility 
detection, attentional-inhibitory control task 

OXT did not affect interpretation of facial 
expression or attentional-inhibitory control.  

 (Brune et al., 2015) Intranasal 24 IU Ethological Coding System for Interviews 
(ECSI) 

OXT increased affiliative behaviour in controls but 
not in patients with borderline personality disorder, 
and was associated with less flight behaviour in 
both groups. 

 (Finger et al., 2015) Intranasal 24-72 IU 
twice daily 
for 1 week 

Safety, tolerability, Nonpsychiatric Inventory 
Index (NPI), Interpersonal Reactivity Index 
(IRI), Frontal Behavioural Inventory (FBI), 
Frontotemporal Lobar Degeneration-modified 
Clinical Dementia Rating, Frontotemporal 
Dementia Rating Scale 

No significant safety or tolerability concerns in 
patients with frontotemporal dementia, with trends 
in improvement in NPI apathy and FBI apathy 
domains and the IRI empathic concern scale. 

 (Eckstein et al., 
2015) 

Intranasal 24 IU fMRI responses to Pavlovian fear conditioning 
paradigm 

OXT increased electrodermal and prefrontal cortex 
responses to conditioned fear in the early phase of 
extinction and enhances the decline of skin 
conductance in the late phase of extinction, whilst 
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causing non-specific inhibition of amygdala 
responses throughout. 

 (Gregory et al., 
2015) 

Intranasal 24 IU fMRI responses to infant photos, sexual 
photos and neutral photos 

OXT increased ventral tegmental area activation to 
both crying infant and sexual images but not to 
smiling infant images in both postpartum and 
nulliparous women. 

 (Michalopoulou et 
al., 2015) 

Intranasal 24 IU Digit Span (Working Memory), Digit Symbol 
Coding  

OXT improved the executive component of working 
memory in male patients with schizophrenia. 

 (Tabak et al., 2015) Intranasal 24 IU State Empathic Concern, Positive and 
Negative Affect Score (PANAS) after viewing 
distressing or uplifting videos 

OXT did not affect the level of empathic concern 
after watching videos (unlike AVP). 

 (Feng et al., 2015c) Intranasal 24 IU fMRI responses to Prisoner’s Dilemma Task OXT increased activation to reciprocated 
cooperation in the left ventral caudate nucleus in 
men and decreased activation in women, but this 
was specific to the rs53576 GG genotype. 

 (Feng et al., 2015a) Intranasal 24 IU fMRI responses to Prisoner’s Dilemma Game, 
NEO Personality Inventory 

Neuroticism did not modulate effect of OXT on fMRI 
responses to positive or negative social 
interactions. 

 (Feng et al., 2015b) Intranasal  24 IU fMRI responses to Prisoner’s Dilemma Game 
with same sex partners 

OXT increased the caudate/ putamen response 
(reward/ salience of positive interactions) in male 
but decreased this response in female participants.  

 (Bate et al., 2015) Intranasal 24 IU One-in-Ten face recognition task OXT was associated with an improved 
performance, but also increased false positive 
rates, due to an increase in liberal response bias. 

 (Patel et al., 2015) Intranasal 24 IU Computerised stunt task in a social stress 
context 

OXT (and AVP) reduced the betting rate on the 
stunt task (increased risk aversion). OXT 
specifically reduced risk taking in a negative risk-
valence context (low win probability) in the 
presence of social stress in men only (AVP reduced 
risk taking in the positive risk-valence context 
regardless of social stress or gender). 

 (Preckel et al., 
2015) 

Intranasal 24 IU fMRI responses to non-moral and moral 
dilemma vignettes and sexual/ emotional 
partner infidelity 

OXT diminished responses in the anterior cingulate 
cortex to ambivalence. Moral dilemma vignettes 
also elicited reduced activation of the orbitofrontal 
cortex in the presence of OXT, whilst imagery of 
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partner infidelity was rated as less arousing. 

 (Scantamburlo et 
al., 2015) 

Intranasal 8 IU twice 
daily for 4 
weeks 

Hamilton Depressive Rating Scale (HDRS), 
State-Trait Anxiety Inventory (STAI-A), 
Clinical Global Impressions Severity of Illness 
Scale (CGI-S), Quality of Life Enjoyment and 
Satisfaction Questionnaire (Q-LES-Q) 

OXT was associated with significant decreases in 
all of the outcome measures when used in 
conjunction with escitalopram for major depression. 

 (Edelson et al., 
2015) 

Intranasal  24 IU Social conformity paradigm OXT enhanced compliance to erroneous opinions 
of others. 

 (Chen et al., 2015b) Intranasal 24 IU Social evaluation of a strangers’ photograph OXT improved social evaluation of a strong, 
formidable-looking male in men. 

 (De Dreu et al., 
2015) 

Intranasal 24 IU fMRI responses to labelled investment task 
(predator-prey paradigm) 

OXT reduced predator investment, time to decide 
and activation in the superior frontal gyrus, but did 
not affect prey responses. 

 (Aoki et al., 2015) Intranasal 24 IU fMRI responses to friend-foe judgment task OXT induced fMRI signal changes in the 
ventromedial prefrontal cortex, leading to improved 
socio-communication difficulties in males with 
autistic spectrum disorder. 

 (Guastella et al., 
2015b) 

Intranasal 24 IU Diagnostic Analysis of Non-Verbal Accuracy 
(DANVA), Facial Expressions of Emotion 
Task (FEEST), Reading the Mind in the Eyes 
Task (RMET), False Belief Picture 
Sequencing Task (FBPST), Hinting Task, 
Faux Pas Recognition Task (FPRT) 

OXT enhanced performance on higher order social 
cognition tasks in male patients with schizophrenia 
with no effects on general neurocognition, 
particularly on tests measuring appreciation of 
indirect hints and recognition of social faux pas. 

 (Guastella et al., 
2015a) 

Intranasal 18-24 IU 
twice daily 
for 8 weeks 

Social Responsiveness Scale, Clinical Global 
Impressions-Improvement scale, caregiver 
reports 

OXT did not improve any outcome measures in 
adolescents with autistic spectrum disorder, but 
caregivers who thought their children received OXT 
reported greater improvements 

 (Abu-Akel et al., 
2015) 

Intranasal 24 IU Pain Evaluation Task OXT increased empathy when imagining others 
rather than when imagining oneself in pain 

 (Kanat et al., 
2015b) 

Intranasal 24 IU fMRI responses to Facial Emotion Detection 
Task 

OXT reduced amygdala reactivity to masked 
emotions when attending to salient facial features, 
and decreased responses in the fusiform gyrus and 
brainstem and functional coupling between the 
amygdala and fusiform gyrus for threat cues from 
the eyes. 
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 (Gorka et al., 2015) Intranasal 24 IU fMRI responses to Emotional Face Matching 
Task 

OXT enhanced functional connectivity between the 
amygdala and bilateral insula and middle/ dorsal 
anterior cingulate gyrus during the processing of 
fearful faces only in participants with generalised 
social anxiety disorder. 

 (Cacciotti-Saija et 
al., 2015) 

Intranasal 24 IU twice 
daily for 6 
weeks, 
additional 24 
IU prior to 
weekly 
assessment 

Reading the Mind in the Eyes Test (RMET), 
Scale for the Assessment of Positive and 
Negative Symptoms (SAPS/ SANS), Social 
Functionin Scale (SFS), Facial Expressions of 
Emotions Task (FEEST), False Belief Picture 
Sequencing Task, Ambiguous Intentions 
Hostility Questionnaire (AIHQ), Repeatable 
Battery for the Assessment of 
Neuropsychological Status, Depression, 
Anxiety and Stress Scale (DASS-21), Kessler 
Psychological Distress Scale, Social 
Interaction Anxiety Scale (SIAS), Social Skills 
Performance Assessment (SSPA), 
Interpersonal Competence Questionnaire 
(ICQ), Sheehan Disability Scale (SDS) in 
response to social cognition training 

No benefit of OXT on any of the measures in 
participants with early-onset psychosis on the 
schizophrenia spectrum, although post-hoc analysis 
suggested increased OXT use was associated with 
a  reduction in negative symptoms.  

 (Palgi et al., 2015) Intranasal 24 IU Compassion task OXT increased compassion towards women in both 
sexes but not towards men. 

 (Mah et al., 2015) Intranasal 24 IU Edinburgh Postnatal Depression Scale, 
maternal protectiveness towards infant in 
enthusiastic stranger paradigm 

OXT was associated with an increase in the 
protective responsiveness of mothers with postnatal 
depression towards their infant. 

 (Perry et al., 2015) Intranasal 24 IU Comfortable Interpersonal Distance Paradigm 
(CID), interpersonal distance preference in 
context of intimacy 

OXT promoted closer interpersonal distance in 
highly empathic individuals but had the opposite 
effect in individuals with low empathy. 

 (Kumar et al., 2014) Intranasal 24 IU Resting state fMRI OXT reduced the degree of centrality in the right 
precuneus and connectivity between the bilateral 
amygdalae and between the right precuneus and 
both amygdalae. 

 (Colonnello and 
Heinrichs, 2014) 

Intranasal 24 IU Single-category implicit association test OXT was associated with self-reported stronger 
positive attitudes towards self in men. 
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 (De Coster et al., 
2014) 

Intranasal 24 IU Imitation-inhibition task, Stroop task OXT was associated with a slowing down of 
reaction times when observed and own actions in 
the imitation-inhibition task did not match 
(incongruent condition). 

 (Horta de Macedo 
et al., 2014) 

Intranasal 48 IU Facial emotion matching task OXT did not improve facial affect processing in 
patients with schizophrenia and controls. 

 (Aoki et al., 2014) Intranasal 24 IU fMRI responses to the Sally-Anne Task OXT increased the correct rate of inferring others’ 
social emotions and enhanced the diminished brain 
activity in the right anterior insula during inferring 
others’ social emotions, but not in the dorsomedial 
prefrontal cortex in inferring others’ beliefs in males 
with autistic spectrum disorder. 

 (Ellenbogen et al., 
2014) 

Intranasal 24 IU Startle reflex EMG data in response to 
pictorial stimuli 

OXT did not affect the modulation of the startle eye 
blink reflex but diminished the acoustic startle reflex 
regardless of the emotional stimulus.  

 (Lee et al., 2014) Intranasal  24 IU Delayed discounting questionnaire, charitable 
donation task, urge to use Visual Analog 
Scale, social exchange task, Reading the 
Mind in the Eyes (RMET), reinforcement 
learning task 

OXT increased desire to use cocaine and cue-
induced excitability with no effect on cue-induced 
desire to use, as well as removed the effect of state 
anger on cue reactivity in patients with cocaine-
dependence. OXT also increased the response to 
monetary reward and worsened social cognition. 

 (Abu-Akel et al., 
2014) 

Intranasal 24 IU Pain Evaluation Task OXT induced an empathy bias in controls towards 
conflictual out-group members, but not in patients 
with schizophrenia.  

 (Bhandari et al., 
2014b) 

Intranasal 16-24 IU Baby Social Reward Task OXT reduced accuracy of rating infant’s faces in 
participants with more childhood emotional 
maltreatment. 

 (Kuypers et al., 
2014) 

Intranasal 40 IU + 16 
IU booster 
dose 

Reading the Mind in the Eyes Test (RMET), 
Multifaceted Empathy Test in response to 
Trust Game and Social Ball Tossing Game 

OXT did not affect outcome measures in MDMA 
users.  

 (Einfeld et al., 2014) Intranasal 18-40 IU 
twice daily 
for 8 weeks 

Developmental Behaviour Checklist, Yale-
Brown Obsessive-Compulsive Scale, Dykens 
Hyperphagia Questionnaire, Reading the 
Mind in the Eyes Test, Epworth Sleepiness 
Scale, Movie Stills 

OXT did not change any outcome apart from an 
increase in temper outbursts with high dose OXT in 
children with Prader-Willi syndrome. 
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 (Woolley et al., 
2014) 

Intranasal 40 IU Reading the Mind in the Eyes Test, The 
Awareness of Social Inference Test 

OXT improved control but not automatic social 
cognition in participants with schizophrenia. 

 (Hoge et al., 2014) Intranasal 30 IU Affective misattribution task, affective learning 
task 

OXT increased the negative ratings of faces in 
men, but increased the positive ratings in women. 

 (Mottolese et al., 
2014) 

Intranasal 24 IU PET scan OXT increased [18F]MPPF (5-HT1A antagonist) non-
displaceable binding potential in the dorsal raphe 
nucleus amygdala/ hippocampus, insula and 
orbitofrontal cortex (ie suggests inhibition of 5-HT 
signaling). 

 (Yao et al., 2014) Intranasal 24 IU Trust restoration paradigm OXT reduced trust restoration in female participants 
but not male. 

 (Feeser et al., 2014) Intranasal 24 IU Emotion Recognition Task OXT improved recognition of avoidance-related 
emotional faces vs. approach-related emotional 
faces in men, particularly in those with lower early 
life stress scores. 

 (Lynn et al., 2014) Intranasal  30 IU Emotion Perception Task OXT worsened the response bias to angry faces in 
men but not women. 

 (Campbell et al., 
2014) 

Intranasal 20 IU Emotion Recognition Task OXT improved emotion recognition only in older 
males (vs. older females or younger participants). 

 (Fan et al., 2014) Intranasal 24 IU fMRI responses to Montreal Imaging Stress 
Task 

OXT attenuated the positive correlation between 
resting state functional connectivity in the pregenual 
anterior cingulate cortex and amygdala and 
pregenual anterior cingulate cortex deactivation 
during the stress task in subjects with lower early 
life stress.  

 (Declerck et al., 
2014b) 

Intranasal 24 IU Facial health rating task, rating of disgusting 
visual scenarios 

OXT reduced health ratings of faces in men but not 
women, and reduced ratings of disgustedness in 
women but not men.  

 (Gibson et al., 
2014) 

Intranasal 24 IU Emotion Recognition-40, Theory of Mind 
Picture Stories Task, The Eyes Test, The 
Interpersonal Reactivity Index (IRI), The 
Trustworthiness Task, The Ambiguous 
Intentions Hostility Questionnaire Abbreviated 
Version (AIHQ), social skills via role play 

OXT reduced negative symptoms of schizophrenia.  

 (Shalvi and De Intranasal 24 IU Coin-toss prediction task OXT increased group-serving dishonesty. 
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Dreu, 2014) 

 (Riem et al., 2014b) Intranasal 16 IU fMRI responses to infant cry paradigm OXT significantly increased insula and inferior 
frontal gyrus responses to a sick infant crying, but 
decreased these responses to a bored infant 
crying. 

 (Eckstein et al., 
2014) 

Intranasal 24 IU fMRI responses to Montreal Imaging Stress 
Task 

OXT did not alter cortisol concentrations in 
response to stress, despite increasing the 
perception of social stress. 

 (Scheele et al., 
2014b) 

Intranasal 24 IU fMRI responses to Karolinska Directed 
Emotional Face, moral dilemma scenarios 

OXT facilitated cortical midline responses during 
self-processing of disgust and selectively promoted 
self-interest moral judgments in men. OXT 
increased the reaction time difference between 
accepted and rejected moral dilemmas and 
suppressed self-interest, thereby responding more 
altruistically in women.  

 (Scheele et al., 
2014a) 

Intranasal 24 IU fMRI responses to interpersonal touch 
paradigm 

OXT increased perceived pleasantness of female 
but not male touch in heterosexual males with 
increased responses in the insula, precuneus, 
orbitofrontal and pregenual anterior cingulate 
cortex, with a negative correlation with autistic-like 
traits. 

 (Davis et al., 2014) Intranasal 40 IU Facial affect recognition, profile of nonverbal 
sensitivity (PONS), Mayer-Salovey-Caruso 
emotional intelligence test (MSCEIT), The 
Awareness of Social Inference Test (TASIT) 
during social cognitive skills training 

OXT increased empathic accuracy in males with 
schizophrenia during social cognitive skills training. 

 (Dodhia et al., 
2014) 

Intranasal 24 IU fMRI OXT enhanced resting-state functional connectivity 
of the left and right amygdala with the rostral 
anterior cingulate cortex and medial prefrontal 
cortex in participants with generalised social anxiety 
disorder, with greater social anxiety correlating with 
greater OXT-induced connectivity. 

 (Kim et al., 2014c) Intranasal 40 IU Visual probe detection task OXT reduced the attentional bias to disgusted faces 
in both participants with anorexia nervosa and 
controls, and increased the vigilance to angry faces 
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in participants with anorexia nervosa. 

 (Grimm et al., 2014) Intranasal 24 IU Spielberger State-Trait Anxiety Inventory 
(STAI), NEO Five Factor Inventory (NEO-
FFI), fMRI and salivary cortisol to Montreal 
Imaging Stress Task 

OXT reduced salivary cortisol reactivity and fMRI 
limbic deactivation during stress in participants 
without early life stress, with opposite effects in 
those who did. 

 (Lambert et al., 
2014) 

Intranasal 24 IU Rating of trustworthiness of faces OXT did not affect rating of trustworthiness of faces 
but made participants more likely to recognise an 
untrustworthy face.  

 (Riem et al., 2014a) Intranasal 16 IU fMRI responses to Reading the Mind in the 
Eyes Test 

OXT enhanced activation of superior temporal 
gyrus and insula during task, and increased 
performance, but only in less socially proficient 
individuals who had higher levels of maternal love 
withdrawal. 

 (Anagnostou et al., 
2014) 

Intranasal 0.2-0.4 
IU/kg/dose 
twice daily 
for 12 weeks 

Diagnostic Analysis of Non-Verbal Accuracy 
(DANVA-2), Victoria/ Yale Face Processing 
Battery (VYFPB), Benton Face Recognition 
Task (BFRT), Revised Eyes Test (RET), 
Strange Stories Task, Real and Apparent 
Emotion Task, Irony and Empathy Task, 
Aberrant Behavior Checklist (ABC), Social 
Responsiveness Scale (SRS), CGI-I-Social, 
Behavioral Assessment for Children-2 (BASC-
2), Child Yale-Brown Obsessive-Compulsive 
Scale (CYBOCS), Repetitive Behaviour 
Scale-Revised (RBS-R), Child and 
Adolescent Symptom Inventory (CASI) 

OXT improved SRS, BASC-2, Irony and Empathy 
Task, Strange Stories Task, CASI, RBS-R and 
CYBOCS scores in children and adolescents with 
autistic spectrum disorder. 

 (Kirkpatrick et al., 
2014) 

Intranasal 20-40 IU Morphed Facial Expression Task, Social 
Evaluation Task, Social Choice Task 

OXT produced small significant increases in 
feelings of sociability and enhanced recognition of 
sad faces with correlation between two subjective 
measures of sociability between MDMA and OXT. 

 (Cardoso et al., 
2014b) 

Intranasal  24-48 IU Autobiographical Memory Test 24 IU of OXT increased the number of personal 
specific memories recalled, promoting recall of 
social affiliation memories rated more positively. 
There was a lack of effect of the 48 IU dose. 

 (Watanabe et al., Intranasal 24 IU fMRI responses and frequency of non-verbal OXT enabled men with highly functioning autistic 
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2014) information-based judgments to social 
psychological task (friend or foe judgment) 

spectrum disorder to make non-verbal information-
based judgments more frequently and more quickly, 
with an associated increase in the activity of the 
medial prefrontal cortex.  

 (Weisman et al., 
2014) 

Intranasal 24 IU Salivary testosterone, father-infant interaction OXT increased salivary testosterone and correlated 
with parent-child prosocial behaviours e.g. positive 
affect, social gaze, touch and vocal synchrony.  

 (Ellingsen et al., 
2014) 

Intranasal 40 IU Visual Analogue Scales of facial 
attractiveness, perceived expression, 
pleasantness with concomitant human or 
machine control touch. 

OXT sharpened the effect of gentle human touch 
on social evaluations of others, e.g. frowning faces 
rated less friendly and less attractive. 

 (Striepens et al., 
2014) 

Intranasal 24 IU [11C]raclopride PET, facial attractiveness 
rating task 

OXT increased attractiveness of female faces with 
an increase in striatal perfusion but no change to 
the dopaminergic activity of the striatum or 
pallidum. 

 (Israel et al., 2014) Intranasal 24 IU Prisoner’s Dilemma Task OXT reduced the accuracy of predicting socially 
deceptive contestants’ decisions in Prisoner’s 
Dilemma Task 

 (Rilling et al., 2014) Intranasal 24 IU Prisoner’s Dilemma Task, fMRI OXT was associated with female participants 
treating computer partners more as humans, and 
was associated with increased fMRI activity in 
reward, social bonding, arousal and memory in 
male participants. There was no effect of OXT on 
fMRI changes in women. 

 (Clark-Elford et al., 
2014a) 

Intranasal 24 IU Dot-probe paradigm OXT reduced the attentional bias for emotional 
faces in male participants who were highly socially 
anxious.  

 (Clark-Elford et al., 
2014b) 

Intranasal 24 IU Affective Reward Learning Task OXT selectively reduced performance of learning 
rewards but not losses from happy faces. 

 (Voorthuis et al., 
2014) 

Intranasal 16 IU Blood oxygenation level-dependent (BOLD) 
fMRI responses to Infant Facial Expressions 
of Emotions from Looking at Pictures (IFEEL 
Pictures) task 

OXT increased activation of inferior frontal gyrus, 
middle temporal gyrus, and superior temporal gyrus 
but decreased performance on the IFEEL Pictures 
Task. 

 (Cardoso et al., 
2014a) 

Intranasal 24 IU Mayer-Salovey-Caruso Emotional Intelligence 
Test 

OXT increased participants’ emotion rating as 
expressing greater emotional intensity, with 
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impairment of accurate emotion identification in 
faces. There was no impact on nonsocial stimuli. 

 (Thienel et al., 
2014) 

Intranasal 24 IU Face-rating task OXT decreased trustworthiness ratings for angry 
female faces in heterosexual men, whilst OXT 
increased attractiveness and approachability 
ratings of male faces regardless of expression and 
approachability ratings of happy female faces in 
homosexual men. 

 (Domes et al., 
2014) 

Intranasal 24 IU fMRI responses to facial emotion recognition 
task 

OXT improved performance in facial emotion 
recognition task in patients with Asperger syndrome 
and was associated with an increase in fMRI left 
amygdala activity  and the neural network involving 
social cognition. 

 (Bate et al., 2014) Intranasal 24 IU Cambridge Face Memory Test (CFMT), 
Cambridge Face Perception Test (CFPT) 

OXT improved the ability of patients with 
developmental prosopagnosia in both the CFMT 
and CFPT but not control, with no change in mood, 
attention or wakefulness. 

 (Blandon-Gitlin et 
al., 2014) 

Intranasal 24 IU Recognition of same-race vs. other-race faces OXT eliminated the effect of own-race bias in 
recognising faces. 

 (Dadds et al., 
2014a) 

Intranasal 12-24 IU 
once daily 
for 4 days 

Family Interaction Task OXT did not improve emotion recognition, social 
interaction skills, or general behavioural adjustment 
in male children with autistic spectrum disorder 

 (Declerck et al., 
2014a) 

Intranasal 24 IU Prisoner’s Dilemma Task OXT enhances cooperative behaviour when prior 
contact has been made with game partner, and 
exacerbates self-interested behaviour when game 
is played anonymously, but did not affect 
participants with a prosocial value orientation. 

 (Parris et al., 2014) Intranasal 24 IU Stroop task with post-hypnotic suggestion of 
word blindness 

OXT impeded effect of hypnotised word blindness 
on performance in the Stroop task (i.e. modulates 
attention). 

 (Rupp et al., 2014) Intranasal 24 IU fMRI responses and urinary cortisol to 
negatively arousing images 

Nulliparous women had higher right amygdala 
responses, with a higher urinary cortisol and photo 
arousal ratings compared to postpartum women, 
but this was ameliorated by OXT. 

 (Ten Velden et al., Intranasal 24 IU Simulated poker game with in-group and out- OXT increased likelihood of participants settling 
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2014) group antagonists and competing less with an in-group vs. out-group 
antagonist. 

 (Gordon et al., 
2013) 

Intranasal 24 IU (aged 
16-19 
years); 18 IU 
(aged 12-15 
years); 12 IU 
(aged 7-11 
years) 

fMRI responses to the Reading the Mind in 
the Eyes Test 

OXT was associated with an increase in activity of 
the striatum, middle frontal gyrus, medial prefrontal 
cortex, right orbitofrontal cortex, and the left 
superior temporal sulcus, with a specific increase in 
activity in the striatum, nucleus accumbens, left 
posterior superior temporal sulcus and left premotor 
cortex in response to social judgments but with a 
decrease in activity with non-social judgments. 

 (Scheele et al., 
2013) 

Intranasal 24 IU Passionate Love Scale (PLS) questionnaire, 
fMRI 

OXT increased attractiveness of female partner’s 
faces compared to unfamiliar women, with an 
increase in fMRI activity in the ventral tegmental 
area and nucleus accumbens (brain reward 
regions). 

 (Montag et al., 
2013) 

Intranasal 25 IU Blood oxygen level-dependent (BOLD) fMRI 
responses to on judgment of direct vs. 
averted eye gaze paradigm 

The rs401015 variant in the ÔXTR gene modulated 
BOLD fMRI activity in the right amygdala for direct 
vs averted gaze in the OXT group, with the CT 
variant showing higher activity than the TT variant. 

 (Shamay-Tsoory et 
al., 2013) 

Intranasal  24 IU Visual Analogue Scale of pain intensity 
experienced by target 

OXT increased empathy to pain of adversary out-
group members. 

 (Colonnello et al., 
2013) 

Intranasal 24 IU Time to differentiate between image of self vs. 
unfamiliar face 

OXT decreased latency to differentiate self vs. 
other and decreased the effect of rating one’s own 
face as more pleasant than others. 

 (Bertsch et al., 
2013a) 

Intranasal 26 IU Blood oxygen level dependent fMRI 
responses, number of reflexive eye 
movements, response latencies emotional 
classification task 

OXT abolished the increase in frequency and 
speed of eye fixation changes and increased 
amygdala activation to angry faces in women with 
borderline personality disorder compared to 
controls. 

 (Brune et al., 2013) Intranasal 24 IU Reaction time and accuracy scores to dot 
probe task 

OXT abolished the avoidant reaction participants 
with borderline personality disorder had to angry 
faces. 

 (Perry et al., 2013) Intranasal 24 IU Facial emotion recognition paradigm OXT emphasises the face in deciphering facial 
expressions from body context. 

 (Liu et al., 2013b) Intranasal 32 IU EEG Event-Related Potentials (ERPs) and OXT reduced differential amplitudes of frontocentral 
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Self-Construal Scale in response to self and 
celebrity personality trait judgments 

ERP positivity between self vs. valence judgments 
and the differential amplitudes of late positive ERP 
during self-judgments. OXT effects on ERPs to self 
vs. celebrity judgments were positively correlated 
with a measure of interdependence of self-
construals. 

 (Weisman et al., 
2013a) 

Intranasal 24 IU Parent-infant motion analysis during father-
infant interaction 

OXT modulates paternal proximity to their infant as 
well as the father’s head speed and head 
acceleration but not vocalisation, and infant OXT 
reactivity was positively correlated with their father’s 
head acceleration. 

 (Weisman et al., 
2013c) 

Intranasal 24 IU Salivary cortisol after father-infant interaction 
including a stress paradigm 

OXT increased salivary cortisol in fathers in 
response to stress paradigm, and altered infants’ 
physiological and behavioural response as a 
function of father-infant synchrony, with infants with 
high synchrony showing increased salivary cortisol 
and infant social gaze in response to deliberate 
non-responsiveness of the father, whilst infants with 
low synchrony showed a lower salivary cortisol 
response and reduced infant social gaze.  

 (Cardoso et al., 
2013b) 

Intranasal 24 IU Profile of Mood States (POMS), NEO-
Personality Inventory-Revised (NEO-PI-R), 
Yale Interpersonal Stressor (YIPS) 

OXT increased self-perceived trust in participants 
reporting negative mood responses to social 
rejection. 

 (Ebert et al., 2013) Intranasal 24 IU  Trust Game, Childhood Trauma 
Questionnaire (CTQ) 

Patients with borderline personality disorder 
transferred less money in the Trust Game and were 
not more likely to transfer money to attractive 
counterparts in the presence of OXT. Childhood 
emotional neglect negatively correlated with the 
amount of money transferred in patients with 
borderline personality disorder in the presence of 
OXT, and therefore OXT had a trust-lowering effect 
correlated with a history of personal childhood 
trauma.  

 (MacDonald et al., 
2013) 

Intranasal 40 IU Mini International Neuropsychiatric Interview, 
Reading the Mind in the Eyes Test (RMET), 

OXT increased anxiety during psychotherapy 
session of males with major depressive disorder, 
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Experience in Close Relationships 
Questionnaire, Beck Depression Inventory 
Fast Screen, Social Phobia Inventory, State-
Trait Anxiety Inventory, Positive and Negative 
Affect Schedule, salivary cortisol 

but did not affect salivary cortisol, eye contact, or 
behaviour. OXT decreased in non-verbal 
behaviours cutting off social contact after controlling 
for depressive symptoms, and improved social 
cognition in the RMET. 

 (Radke et al., 2013) Intranasal 24 IU Approach-avoidance task in response to 
happy/ angry faces 

OXT moderated the tendency to approach happy 
faces over angry faces. 

 (Acheson et al., 
2013) 

Intranasal 24 IU Fear-potentiated startle task of fear 
conditioning and extinction 

OXT increased fear-potentiated startle in the early 
phases of extinction training but not the end. 
Participants receiving OXT had significantly higher 
recall of extinction. 

 (Herzmann et al., 
2013) 

Intranasal 24 IU Event-related potentials (ERPs), 
attractiveness ratings, and memory of own-
race and other-race faces 

OXT increased accuracy of familiarity judgments of 
faces with ERP correlates for memory encoding 
and retrieval. In men, OXT impaired recollection 
judgments. There was no differential performance 
between own-race and other-race faces.  

 (Davis et al., 2013) Intranasal 40 IU Awareness of Social Inference Test (Part III), 
Emotional Perspective Taking Task, Half 
Profile of Nonverbal Sensitivity, facial affect 
recognition task 

OXT improved performance on higher-level social 
cognition tasks in males with schizophrenia. 

 (Prehn et al., 2013) Intranasal 24 IU Dynamic facial emotion recognition task Men exposed to OXT recognised facial emotions at 
a lower intensity, with accompanying task-related 
pupil dilation, with reduction in difference in 
responses to gender-specific stimuli. 

 (Campbell and 
Hausmann, 2013) 

Intranasal 24 IU Responses to competitive aggression game 
(point subtraction aggression paradigm) 

OXT only reduced the Attack:Earn and 
Defend:Earn ratio in women with with higher state 
anxiety.  

 (Arueti et al., 2013) Intranasal 24 IU Accuracy and reaction times in Etch-a-Sketch 
computerized drawing task  

OXT improved cooperative performance to level of 
the individual with no effect on reaction times. 

 (Bryant and Hung, 
2013) 

Intranasal 24 IU Response to socially unorthodox behavioural 
instruction under hypnosis 

OXT increased likelihood of swearing and dancing 
on instruction compared to placebo in highly 
hypnotizable participants. 

 (Tollenaar et al., 
2013) 

Intranasal 24 IU State Trait Anxiety (STAI), blood pressure, 
heart rate, salivary cortisol in response to 
emotional gaze cueing task 

OXT did not affect stress levels but increased gaze 
cueing scores for happy and fearful faces, which 
was not modified by trait anxiety or depression. 
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 (Tachibana et al., 
2013) 

Intranasal 8, 16, 24 IU 
twice daily 
for 2 months 
per dose 

Autism Diagnostic Observation Schedule - 
Generic (ADOS-G), Child Behaviour Checklist 
(CBCL) 

OXT associated with improved ADOS-G scores 
(communication and social interaction domains), 
with no improvement in CBCL with no side effects. 

 (Groppe et al., 
2013) 

Intranasal 26 IU  fMRI in response to social incentive delay 
task 

OXT enhanced ventral tegmental area activation in 
response to social reward cues or social 
punishment cues in women, but was modulated by 
increased performance in women scoring low on 
self-reported measures of agreeableness. 

 (Fischer-Shofty et 
al., 2013a) 

Intranasal 24 IU Interpersonal Perception Task OXT increased accuracy of judging intimacy and 
kinship, with the recognition of kinship increased 
particularly in patients with schizophrenia. 

 (Lin et al., 2013) Intranasal 40 IU  % of public service announcements receiving 
donations 

OXT increased likelihood of participants donating to 
charitable causes in response to public service 
announcements, with a positive correlation between 
the donation amount and concern for others and a 
negative correlation between the donation amount 
and concern for self in the OXT group. 

 (Theodoridou et al., 
2013) 

Intranasal 24 IU Reaction times to approach-avoidance to 
facial emotional expressions 

Participants given OXT approached and avoided 
faces depicting disgust faster compared to placebo 
group, indicating sailence to this facial expression. 

 (Lee et al., 2013) Intranasal 20 IU twice 
daily for 3 
weeks 

University of Pennsylvania Smell Identification 
Test (UPSIT), Brief Psychiatric Rating Scale 
(BPRS), Scale for the Assessment of 
Negative Symptoms (SANS), Clinical Global 
Impression ICGI) severity of illness 

CGI, BPRS and SANS were not improved by OXT, 
apart from inpatient group when SANS improved. 
OXT significantly improved UPSIT scores in 
patients with schizophrenia. 

 (Weigand et al., 
2013) 

Intranasal 24 IU (2 
doses) 

Emotion regulation and recognition memory 
task 

Repeated OXT administration improved memory 
certainty for negative social stimuli, especially when 
negative emotion was increased. 

 (Riem et al., 2013b) Intranasal 16 IU fMRI, maternal love withdrawal questionnaire OXT increased positive connectivity between the 
posterior cingulate cortex and brainstem, and 
between the posterior cingulate cortex, cerebellum 
and postcentral gyrus, the latter only in those with 
low levels of maternal love withdrawal in childhood. 

 (Riem et al., 2013a) Intranasal 16 IU Cyberball virtual ball-tossing game OXT increased likelihood of throwing ball to 
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excluded player in participants with lower degrees 
of maternal love withdrawal. 

 (Modabbernia et al., 
2013) 

Intranasal 20 IU twice 
daily for 1 
week then 
40 IU twice 
daily for 7 
weeks 

Positive and Negative Symptom Scale 
(PANSS)  

OXT associated with improvement in PANSS in 
patients with schizophrenia already on risperidone 
after 8 weeks of treatment. 

 (Sheng et al., 2013) Intranasal 32 IU Event-related potentials (ERP) on EEG in 
response to racial in-group/ out-group faces 
with pain or neutral expressions 

OXT increased racial in-group bias in response to 
painful facial expressions. 

 (Grillon et al., 2013) Intranasal 24 IU Startle reflex in response to predictable and 
unpredictable electric shocks 

OXT increased defensive responses to 
unpredictable shocks but not predictable shocks 
(but not AVP). 

 (Huffmeijer et al., 
2013) 

Intranasal 16 IU Event-related potentials (ERP) on EEG in 
response to a modified Eriksen flanker task 

Vertex positive potential (enhanced processing of 
emotional faces) and late positive potential 
(increased attention to feedback stimuli) ERPs were 
more positive after OXT, with heightened 
processing of happy and disgusted faces in those 
reporting less maternal love withdrawal in women. 

 (Wu et al., 2013) Intranasal 32 IU Evaluation of hypothetical self- or other-
owned objects 

OXT was associated with more negative responses 
to negatively described other-owned objects than  
positively described other-owned objects. 

 (Klackl et al., 2013) Intranasal 24 IU Degree of attribution and rumination in 
response to trust paradigm. 

OXT strengthened the relationship between angry 
rumination about betrayal of trust and non-
personalistic attribution of the behaviour, and 
weakened the link with personalistic attribution. 

 (Rupp et al., 2013) Intranasal 24 IU fMRI responses to sexually arousing pictures, 
infant pictures and neutral pictures 

Nulliparous women rated infant pictures to be as 
arousing as that of postpartum women in the 
presence of OXT. No fMRI differences were 
observed between postpartum and nulliparous 
women with or without OXT. 

 (Mah et al., 2013) Intranasal 24 IU Performance on the Five Minute Speech 
Sample, Self-Assessment Manikin, and 
Controlled Oral Word Association Test 

OXT was associated with increased sadness and 
likelihood of describing infants as “difficult” in 
postnatally depressed mothers, but was also 
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(COWAT) associated with increased perceived quality of 
mother-infant relationship. 

 (Domes et al., 
2013a) 

Intranasal 24 IU fMRI in response to face discrimination task  OXT increased right amygdala activity to facial 
stimuli in participants with autistic spectrum 
disorder (reduced in placebo group) 

 (Domes et al., 
2013c) 

Intranasal 24 IU Eye gaze in response to facial expressions OXT increased duration of eye gaze to happy facial 
expressions and decreased the duration to angry 
facial expressions in men. 

 (Domes et al., 
2013b) 

Intranasal 24 IU Overt vs. covert attention to dot-probe task 
using facial expressions 

OXT associated with shifts in covert attention for 
happy facial expressions in men. 

 (Pedersen et al., 
2013) 

Intranasal 24 IU twice 
daily for 3 
days 

Clinical Institute Withdrawal Assessment for 
Alcohol (CIWA), Alcohol Withdrawal Symptom 
Checklist (AWSC), Penn Alcohol Craving 
Scale (PACS), Alcohol Craving Visual 
Analogue Scale (ACVAS), Profile of Mood 
States (POMS) 

OXT associated with reduced total lorazepam 
required for treating alcohol withdrawal, lower mean 
CIWA, AWSC, ACVAS and POMS Tension/ Anxiety 
subscale scores.  

 (Liu et al., 2013a) Intranasal 24 IU Partner preference of simulated personae OXT increased preference for persons of both 
genders introduced under its influence, particularly 
in terms of interest in finding out more about the 
person. 

 (Ellenbogen et al., 
2013) 

Intranasal  24 IU Interference control component of inhibition 
(ability to ignore irrelevant information) in a 
negative affective priming task 

Participants with high depression scores given OXT 
were unable to inhibit processing of sad faces. 

 (Ditzen et al., 2013) Intranasal 40 IU Salivary α-amylase, Likert scale of emotional 
arousal in response to a discussion of couple 
conflict 

OXT reduced salivary α-amylase in women but 
increased it in men. In men, the increase was 
associated with increased emotional arousal and 
positive behaviour. 

 (Sripada et al., 
2013) 

Intranasal 24 IU fMRI signals at rest OXT increased connectivity between amygdala and 
rostromedial frontal cortex, important for social 
cognition and emotion regulation. 

 (Leknes et al., 
2013) 

Intranasal 40 IU Evaluation of emotions in facial expresssions, 
pupillary diameter 

OXT increased recognition of emotion in facial 
expressions particularly in participants with low 
emotional sensitivity, and enhanced pupillary 
dilation. 

 (Naber et al., 2013) Intranasal 24 IU Emotional Availability Scale (EAS) in OXT increased quality of paternal sensitive play in 
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response to play session with toddler both autistic and normal children. 

 (Lane et al., 2013) Intranasal 32 IU Social sharing paradigm of past negative 
experiences 

OXT increased willingness to share event-related 
emotions as opposed to facts. 

 (Fischer-Shofty et 
al., 2013b) 

Intranasal 24 IU Interpersonal Perception Task OXT improved the accuracy of perception of social 
interactions, with women showing improvement in 
recognition of kinship, whilst men improved in 
recognition of competition. 

 (Krueger et al., 
2013) 

Intranasal 40 IU Assessment of degree of victim harm and 
severity punishment for perpetrator in legal 
vignette task 

OXT increased the perceived degree of harm 
towards the victims but did not increase the desire 
to punish the offenders. 

 (Scheele et al., 
2012) 

Intranasal 24 IU Stop-distance paradigm and approach-
avoidance task 

OXT associated with monogamous men keeping a 
greater distance with a woman during a first 
encounter, and increased approach time to photos 
of a woman, independent of attitude or arousal by 
attractive women. 

 (Striepens et al., 
2012) 

Intranasal 24 IU Facial EMG in response to acoustic startle, 
fMRI responses and memory (free recall test) 
in response to aversive and non-aversive 
visual stimuli 

OXT potentiated acoustic startle responses to 
negative stimuli, and biased memory toward 
negative items. OXT also inhibited fMRI amygdala 
responses to negative stimuli and facilitated left 
insula responses to subsequently remembered 
items. 

 (Stallen et al., 2012) Intranasal 24 IU Attractiveness ratings of visual symbols whilst 
being aware of in-group and out-group ratings 

OXT increased likelihood of conformity to in-group 
ratings. 

 (Liu et al., 2012) Intranasal 24 IU Conversational intimacy and eye contact 
during Relationship Closeness Induction Task 

OXT increased conversational intimacy in females 
but not males, with a reduction in eye contact. 

 (Kosaka et al., 
2012) 

Intranasal 8 IU once 
daily for 6 
months 

Autistic spectrum disorder features Case report: improvement in social behaviours after 
chronic OXT administration in patient with autistic 
spectrum disorders. 

 (Weisman et al., 
2012b) 

Intranasal 24 IU Respiratory sinus arrhythmia (RSA) and 
parent-child social behaviours in a face-to-
face still-face paradigm 

OXT increased RSA and parenting behaviours 
which support parent-infant bonding. 

 (Marsh et al., 2012) Intranasal 24 IU Infant face preference OXT increased preference for infant faces over 
adult faces, but only in those homozygous for the 
rs53576G OXTR allele. 

 (Feifel et al., 2012) Intranasal 20 IU BD for California Verbal Learning Test (CVLT-II), OXT improved performance on recall in the CVLT-
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1 week, then 
40 IU BD for 
2 weeks 

Letter Number Sequence (LNS)  II, with no change in LNS performance in patients 
with schizophrenia. 

 (Alvares et al., 
2012) 

Intranasal 24 IU Subjective Units of Distress Scale (SUDS), 
Profile of Mood States (POMS) in response to 
impromptu speech delivery 

No significant difference in SUDS or POMS scores 
before and after speech delivery. High trait anxiety 
was associated with poorer perceptions of speech 
performance but OXT negated this association. 

 (Wittfoth-Schardt et 
al., 2012) 

Intranasal 24 IU fMRI responses to children’s faces OXT reduced activation and functional connectivity 
of the left globus pallidus with reward and 
attachment-related regions in response to pictures 
of fathers’ own children and an unfamiliar child. 

 (Herzmann et al., 
2012) 

Intranasal 24 IU Recollecton of social and non-social visual 
objects 

OXT reduced recollection of both social and non-
social visual objects.  

 (MacDonald and 
Feifel, 2012) 

Intranasal 20 IU BD Arizona Sexual Experience Scale Case report – improvements in sexual function in a 
male patient being treated for social anxiety with 
intranasal OXT. 

 (Israel et al., 2012) Intranasal 24 IU Nested Social Dilemma Task OXT increase contribution of endowment towards 
regional and global causes, and also increased the 
expectation that others would do the same (no 
effect from intranasal AVP). 

 (Kubzansky et al., 
2012) 

Intranasal 24 IU Cardiovascular reactivity, behaviour and self-
assessment of affective responses to Trier 
Social Stress Task 

Participants given OXT demonstrated a greater 
“challenge” response to stressful task, with greater 
increases in cardiac output and ventricular 
contractility, with greater vagal rebound post-task. 
Women given OXT also performed better on the 
math task (no effect in men) and reported more 
anger, whilst men given OXT had lower negative 
affect scores and demonstrated greater vagal 
rebound post-task. 

 (Huffmeijer et al., 
2012) 

Intranasal 15.6 IU Amount of charitable donations, EEG OXT increased charitable donations only in 
participants reporting lower levels of parental love 
withdrawal, particularly in participants with higher 
right frontal EEG activity. 

 (Sauer et al., 2012) Intranasal 25 IU fMRI responses to Face Matching Task and 
gaze processing task 

OXT improved reaction times in individuals who 
were homozygous for high-risk variant in CD38 
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gene for autistic spectrum disorder. 

 (Riem et al., 2012) Intranasal 24 IU Blood oxygenation level-dependent (BOLD) 
signal on fMRI in response to sounds of infant 
laughter or crying 

OXT reduced activation in the amygdala and 
enhanced connectivity between amygdala and 
orbitofrontal cortex, anterior cingulate, 
hippocampus, precuneus, supramarginal gyri, and 
middle temporal gyrus in response to infant 
laughter. 

 (Ellenbogen et al., 
2012) 

Intranasal 24 IU Modified Spatial Cueing Task, Awareness 
Check Task 

OXT decreased the speed of engagement with sad 
faces in all participants, and increased the speed of 
disengagement with masked angry faces in 
participants with high depression scores.  

 (Bakermans-
Kranenburg et al., 
2012) 

Intranasal 16 IU Hand grip dynamometer data in response to 
listening to infant laughter and crying 

OXT was associated with reduced hand grip force 
in response to infant crying in women who had not 
experienced harsh discipline in childhood. 

 (Linnen et al., 2012) Intranasal  24 IU Profile of Mood States (POMS), salivary 
cortisol in response to Yale Interpersonal 
Stressor task. 

OXT was associated with a reduced salivary 
cortisol in response to the Yale Interpersonal 
Stressor task (in comparison to no response in the 
placebo group).  

 (Cardoso et al., 
2012a) 

Intranasal 24 IU Revised NEO Personality Inventory  OXT increased self-ratings of extraversion and 
openness to experiences, and overall higher ratings 
of positive but not negative emotions. 

 (Cardoso et al., 
2012b) 

Intranasal 24 IU Profile of Mood States (POMS) and Coping 
Inventory for Stressful Situations (CISS) in 
response to Yale Interpersonal Stressor task. 

OXT reduced anxiety in response to task only in 
women with high emotion-oriented coping 
strategies. OXT also resulted in higher task-
oriented coping scores on the CISS scale in both 
sexes. 

 (De Dreu et al., 
2012b) 

Intranasal 24 IU Prisoner’s Dilemma Intergroup Conflict 
paradigm 

OXT was associated with increased out-group non-
cooperation when personal vulnerability was felt to 
be low. 

 (De Dreu, 2012) Intranasal 24 IU Incentivised Social Dilemma/ Cooperation 
Task 

Participants with lower attachment avoidance 
cooperated less and had less trust with OXT, whilst 
participants with higher attachment avoidance 
cooperated more, had more trust and less betrayal 
aversion with OXT.  

 (De Dreu et al., Intranasal 24 IU Choice of threatening vs. non-threatening OXT increased choice of high-threat faces as in-
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2012a) team members in Prisoner’s Dilemma Task group allies, and ratings of these faces as being 
more useful to the group. 

 (Averbeck et al., 
2012) 

Intranasal 24 IU Brief Mood Inventory Scale in Hexagon 
Emotion Discrimination Task 

OXT improved emotion recognition in male patients 
with schizophrenia. 

 (Rilling et al., 2012) Intranasal 24 IU Probabilities of cooperation and defection, 
fMRI  and Positive and Negative Affect 
Schedule (PANAS) in Prisoner’s Dilemma 
Task 

OXT associated with increased caudate nucleus 
response to reciprocated cooperation and 
increased cooperation after unreciprocated 
cooperation, and increased amygdala functional 
connectivity. 

 (Lischke et al., 
2012b) 

Intranasal 24 IU fMRI and eye-tracking responses to 
threatening and non-threatening stimuli 

OXT increased amygdala reactivity to threatening 
scenes In women. 

 (Lischke et al., 
2012a) 

Intranasal 24 IU Gaze fixation duration in response to facial 
emotion recognition task 

OXT increased facial emotion recognition at lower 
intensity levels, especially angry and fearful 
expressions, with no change in gaze fixation. 

 (Hall et al., 2012) Intranasal 24 IU/ 48 IU Eye gaze frequency, heart rate, respiratory 
sinus arrhythmia, heart rate variability, 
salivary cortisol during structured social 
challenge 

OXT improved eye gaze frequency at a dose of 24 
IU and reduced salivary cortisol at a dose of 48 IU 
males with Fragile X syndrome (only 48 IU showed 
a dose-dependent effect for salivary cortisol). 

 (Bryant et al., 2012) Intranasal 24 IU Harvard Group Hypnotisability Scale, Stanford 
Hypnotic Susceptibility Scale 

OXT increased level of hypnotic responsiveness in 
individuals with low hypnotisability. 

 (Gamer and Buchel, 
2012) 

Intranasal  24 IU Skin conductance and heart rate in response 
to facial emotion classification task 

OXT associated with increased HR acceleration 
when exposed to fearful and neutral vs. happy 
facial expressions, but was not associated with 
changes in skin conductance, suggesting this was 
modulated by phasic activity of the parasympathetic 
nervous system. 

 (de Oliveira et al., 
2012b) 

Intranasal 24 IU Serum cortisol, plasma ACTH, Visual 
Analogue Mood Scale (VAMS), Bodily 
Symptoms Scale (BSS), State Version of the 
Self Statements of Public Speaking (SSPS) 
Scale, blood pressure, heart rate, skin 
conductance in Simulated Public Speaking 
Test  

OXT reduced anxiety and the degree of skin 
conductance, and increased the perceived level of 
sedation related to public speaking with no change 
in any other physiological or endocrine measure. 

 (Pedersen et al., 
2011) 

Intranasal  24 IU twice 
daily for 2 

Brune Theory of Mind Picture Stories Task, 
Trustworthiness Task, Positive and Negative 

OXT improved identification of second order false 
beliefs, recognition of deception, and reduced 
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weeks Symptom Scale (PANSS), Paranoia Scale PANSS and Paranoia Scale scores in patients with 
schizophrenia. 

 (Jesso et al., 2011) Intranasal 24 IU Facial emotion expression recognition task, 
auditory emotion recognition task, Mind in the 
Eyes Theory of Mind Task, Neuropsychiatric 
Inventory, Frontal Behavioural Inventory 

OXT reduced visual recognition of anger, and 
reduced performance in the Mind in the Eyes task 
in patients with frontotemporal dementia, with 
improvement in Neuropsychiatric Inventory scores. 

 (Rockliff et al., 
2011) 

Intranasal 24 IU Positive & Negative Affect Schedule 
(PANAS), Types of Positive Affect Scale 
(TPAS) in Compassion Focussed Imagery 
task 

OXT enhanced the ease of imagining of 
compassionate qualities, but this was dependent on 
an individual’s degree of self-criticism, self 
reassurance, social safeness and attachment 
security. 

 (Luminet et al., 
2011) 

Intranasal 32 IU Reading the Mind in the Eyes Test OXT improved performance to recognising facial 
expressions in individuals with alexithymia but not 
in those without. 

 (Scantamburlo et 
al., 2011) 

Intranasal 16 IU for 1 
week then 
36 IU for 1 
week 

Hamilton Rating Scale for Depression, 
Spielberger State-Anxiety Inventory 

Case report as an adjunct to escitalopram – both 
scores improved post-OXT. 

 (Tauber et al., 
2011) 

Intranasal 24 IU In-house scoring of Prader-Willi syndrome 
behaviours/ tendencies by observing staff, 
Sally and Ann Test, Reading the Mind in the 
Eyes Test (RMET) 

OXT increased trust in others, reduced sadness 
tendencies, self mutilation and disruptive behaviour 
in Prader-Willi syndrome patients. 

 (Simeon et al., 
2011) 

Intranasal 40 IU Profile of Mood States (POMS) and plasma 
cortisol in response to Trier Social Stress Test 
(TSST) 

OXT reduced increase in dysphoria and plasma 
cortisol after TSST in participants with borderline 
personality disorder. 

 (Barraza et al., 
2011) 

Intranasal 40 IU Altruism paradigm OXT increased the amount of charitable giving. 

 (Riem et al., 2011) Intranasal 24 IU Blood oxygen level-dependent (BOLD) fMRI 
signal in response to infant crying paradigm 

OXT reduced activation in the right amygdala, 
bilateral insula and bilateral inferior frontal gyrus 
pars triangularis in response to infant crying (i.e. 
increased empathy and reduced aversion/ anxiety). 

 (Schulze et al., 
2011) 

Intranasal 24 IU Facial emotion recognition task OXT increased recognition of emotional faces. 

 (Theodoridou et al., 
2011) 

Intranasal 24 IU Masculinity/ Femininity Facial Attractiveness 
task 

OXT increased preference for masculinised male 
faces with no effect on female faces. 
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 (Goldman et al., 
2011) 

Intranasal 10-20 IU Facial affect discrimination task Low dose (10 IU) OXT increased perceived facial 
affect intensity and accuracy of facial affect 
recognition in polydipsic schizophrenic participants 
compared to controls, whilst high dose (20 IU) OXT 
decreased facial affect intensity and accuracy of 
facial affect recognition in polydipsic schizophrenic 
participants vs. non-polydipsic schizophrenic 
participants.  

 (Quirin et al., 2011) Intranasal 24 IU Trier Social Stress Test, salivary cortisol OXT suppressed cortisol responses to social stress 
task in participants with low emotional regulation 
abilities. 

 (De Dreu et al., 
2011) 

Intranasal 24 IU Implicit Association Test (IAT) as a measure 
of in-group favouritism and out-group 
derogation, Moral Choice Dilemma Task 

OXT increased in-group favouritism and out-group 
derogation as a proxy measure of ethnocentricism. 
and promoted intergroup bias. 

 (Bartz et al., 2011) Intranasal 40 IU Experience in Close Relationships (ECR) 
Scale, Profile of Mood States (POMS) in 
modified Prisoner’s Dilemma paradigm 

Participants with borderline personality disorder 
(and those with higher attachment anxiety) 
expected partners to be significantly less 
cooperative after OXT, whilst controls did not show 
a significant change after OXT. 

 (Norman et al., 
2011a) 

Intranasal 20 IU Positivity, negativity and arousal ratings to 
International Affective Picture System stimuli 

OXT reduced arousal ratings to threatening human 
stimuli but did not affect positivity or negativity 
ratings to any stimulus. 

 (Norman et al., 
2011b) 

Intranasal 20 IU Positive And Negative Affect Schedule 
(PANAS), State Trait Anxiety Scale, UCLA 
Loneliness Scale, High Frequency Heart Rate 
Variability (HF HRV, parasympathetic 
measure), Pre-Ejection Period (PEP, 
sympathetic measure), serum ACTH, cortisol, 
adrenaline, noradrenaline, dopamine, TNFα, 
CRP and IL-6 

OXT significantly increased HF HRV and 
decreased PEP with no change in State Anxiety or 
PANAS, or change in hormones or inflammatory 
markers measured. Increased loneliness predicted 
changes in  HF HRV in the presence of OXT. 

 (Evans et al., 2010) Intranasal 24 IU Social-financial reward feedback task OXT did not affect selection of happy vs. angry vs. 
sad faces in social-financial reward feedback task, 
but potentially decreased aversion to angry faces. 

 (Bartz et al., 2010b) Intranasal 24 IU Experience in Close Relationships (ECR) 
Scale, Profile of Mood States (POMS), 

OXT did not change ratings of maternal closeness 
or maternal care generally, but less anxious 



 576 

Parental Bonding Instrument (PBI), Inclusion 
of Other in the Self Scale (IOS) 

participants recalled increased maternal closeness 
and care with OXT, whilst more anxious 
participants recalled decreased maternal closeness 
and care. 

 (Bartz et al., 2010a) Intranasal 24 IU Empathic accuracy task OXT increased empathic accuracy in participants 
with high Autism Spectrum Quotient scores. 

 (Alvares et al., 
2010) 

Intranasal 24 IU Fundamental Needs Questionnaire in 
response to ostracism paradigm (Cyberball 
Task) 

OXT increased likelihood of repeated participation 
in game if included on initial exposure, this effect 
was cancelled out if initially ostracised. 

 (Labuschagne et 
al., 2010) 

Intranasal 24 IU Blood oxygen level-dependent (BOLD) fMRI 
signal in response to Emotional Face 
Matching Task (EFMT) 

Exaggerated bilateral amygdala fMRI response to 
fearful faces in patients with generalised social 
anxiety disorder no longer present after OXT. 

 (Feifel et al., 2010) Intranasal 20 IU twice 
daily for 1 
week, then 
40 IU twice 
daily for 2 
weeks 

Positive and Negative Syndrome Scale 
(PANSS), Clinical Global Impressions – 
Severity (CGI-S), Clinical Global Impressions 
– Improvement (CGI-I) 

OXT improved PANSS and reduced CGI-I scores in 
patients with schizophrenia. 

 (Mikolajczak et al., 
2010b) 

Intranasal 32 IU Trust paradigm OXT increased trust in experimenter handling 
confidential information about participants. 

 (Mikolajczak et al., 
2010a) 

Intranasal 32 IU Trust paradigm OXT increased trust, but effect cancelled out when 
partner in paradigm was untrustworthy. 

 (De Dreu et al., 
2010) 

Intranasal 24 IU Intergroup Prisoners’ Dilemma Maximising 
Differences Game 

OXT increased in-group love and trust without 
affecting out-group hate or distrust, and increased 
non-cooperation with other groups when fear of 
other groups was high. 

 (Naber et al., 2010) Intranasal 24 IU Emotional Availability Scales (EAS) OXT increased responsive structuring and reduced 
hostility in response to play between fathers and 
children. 

 (Hurlemann et al., 
2010) 

Intranasal 24 IU Reinforcement Associative Learning Task 
(RALT), Multfaceted Empathy Test (MET) 

OXT potentiated the effect of social reinforcement 
on learning on RALT, possibly via the amygdala, 
and reinforces the emotional empathy response to 
stimuli.  

 (Andari et al., 2010) Intranasal 24 IU Social Ball Tossing Game, degree of trust on 
seven point rating scale, facial visual 

OXT increased number of ball tosses to virtual 
“good” player vs. “bad” player, with increased trust 
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scanning task over time towards “good” player in subjects with 
high functioning autistic spectrum disorder. OXT 
also increased gaze fixation on faces, particularly in 
the eye region. 

 (Marsh et al., 2010) Intranasal 24 IU Facial expression recognition task OXT increased recognition of happy expressions 
but did not affect recognition of other expressions 
(anger, sadness).  

 (Guastella et al., 
2010) 

Intranasal 18-24 IU Reading the Mind in the Eyes Test OXT increased emotion recognition in adolescents 
with autistic spectrum disorder. 

 (Fischer-Shofty et 
al., 2010) 

Intranasal 24 IU Emotional facial expression recognition task, 
Depression Adjective Check List (DACL) 

OXT increased recognition accuracy of fearful 
expressions vs. other facial expressions, with no 
difference in DACL. 

 (Domes et al., 
2010) 

Intranasal 24 IU Blood oxygen level-dependent (BOLD) fMRI 
signal, multidimensional mood questionnaire 
(MDBF), emotional arousal ratings, eye 
fixation pattern 

BOLD signal increased in left amygdala, fusiform 
gyrus and superior temporal gyrus in response to 
fearful faces and in inferior frontal gyrus in 
response to angry/ happy faces. 

 (Shamay-Tsoory et 
al., 2009) 

Intranasal 24 IU Envy/ gloating paradigm OXT increased envy ratings in relative loss 
situations and gloating (schadenfreude) ratings in 
relative gain situations but not vice versa or in 
neutral situations. 

 (Buchheim et al., 
2009) 

Intranasal 24 IU Attachment task (Adult Attachment Projective 
Picture System) 

OXT increased the rankings of secure attachment 
phrases used to describe pictures in patients with 
insecure attachment. 

 (Theodoridou et al., 
2009) 

Intranasal 24 IU Trustworthiness and attractiveness rating of 
faces 

OXT increased the perceived trustworthiness and 
attractiveness of faces, regardless of sex.  

 (Rimmele et al., 
2009) 

Intranasal 24 IU Face and nonsocial image memory task, d2 
letter cancellation test, Multidimensional Mood 
Questionnaire wakefulness scale, Positive 
and Negative Affect Scale (PANAS) 

OXT increased facial recognition (with no change in 
recognition of non-social images) with no change in 
attention, wakefulness or mood.  

 (Ditzen et al., 2009) Intranasal 40 IU Conflict behaviour during couple conflict 
discussion, salivary cortisol 

OXT increased duration of positive behaviour 
during couple conflict, with decreased salivary 
cortisol concentrations.  

 (Guastella et al., 
2009b) 

Intranasal 24 IU Social Phobia and Anxiety Inventory (SPAI), 
Liebowitz Social Anxiety Scale (LSAS), Brief 
Fear of Negative Evaluation Scale (BFNE), 

OXT improved self assessment of appearance and 
performance during speech task with time.  
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Life Interference Scale (LIS), Likert scale of 
degree of anxiety during speech task, 
Appearance Scale, Speech Performance 
Questionnaire 

 (Guastella et al., 
2009a) 

Intranasal 24 IU Visual search task OXT had no effect in the reaction time to 
recognising angry, happy or neutral faces. 

 (Di Simplicio et al., 
2009) 

Intranasal 24 IU Facial expression recognition task, 
Cambridge face memory test, emotional 
categorisation and memory, attentional visual 
probe 

OXT had no effect on facial expression recognition, 
but with fewer misclassifications of happy/ neutral/ 
surprise expressions vs. placebo, with a longer 
reaction time for recognising fearful faces. OXT did 
not improve facial memory but improved recall of 
positive > negative words.  

 (Unkelbach et al., 
2008) 

Intranasal 24 IU Word recognition task  OXT increased the speed of recognition of positive 
relationship and sex-related words.  

 (Singer et al., 2008) Intranasal 32 IU Empathy-for-pain paradigm, fMRI OXT did not enhance empathy-relevant brain 
activation in the anteriori insula but decreased 
amygdala activation in a non-social context (i.e. 
when the participants received the pain stimulus 
themselves).  

 (Jonas et al., 2008) Intravenous/ 
intramuscular 

Variable IV – 
doses 
routine as 
per labour 
protocol/ 10 
IU IM 

Karolinska Scales of Personality Higher socialisation and lower anxiety, detachment, 
impulsivity  and aggression-hostility scores in the 
OXT group. 

 (Petrovic et al., 
2008) 

Intranasal 32 IU fMRI changes and visual analog scale of 
sympathy towards faces and mood with and 
without electric shocks (unconditioned 
stimulus)  

OXT weakened conditioning of reduced likeability to 
faces with electric shocks, with attenuation of 
activity in the anterior medial temporal and anterior 
cingulate gyrus. 

 (Baumgartner et al., 
2008) 

Intranasal 24 IU Trust and risk paradigms OXT associated with increased trust, even in the 
presence of social risk, with increased activation of 
the thalamus and inferior temporal gyrus, with 
reduced activation in the amygdala, caudate 
nucleus and midbrain. 

 (Savaskan et al., Intranasal 20 IU Facial recognition test OXT associated with improved recognition of angry 
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2008) and neutral faces but not happy faces. 

 (Guastella et al., 
2008b) 

Intranasal 24 IU Positive and Negative Affect Scale (PANAS), 
facial recognition test, facial judgment test 
(critical vs. trustworthy) 

OXT associated with improved recognition of happy 
faces but not angry or neutral faces. 

 (Guastella et al., 
2008a) 

Intranasal 24 IU Eye-gaze duration and fixation count on 
specific facial hotspots 

OXT associated with increased gaze and fixation 
frequency of the eye region of neutral faces. 

 (Zak et al., 2007) Intranasal 40 IU Generosity and altruism paradigms OXT was associated with both generosity and 
altruism. 

 (Domes et al., 
2007a) 

Intranasal  24 IU fMRI of amygdala and whole brain OXT suppressed activation of right amygdala in 
response to emotional faces, regardless of emotion 
shown, possibly by modulating prefrontal, temporal 
and brainstem signals. 

 (Domes et al., 
2007b) 

Intranasal 24 IU Performance on Reading the Mind in the 
Eyes Test (RMET) 

OXT improved performance in the RMET vs. 
placebo, particularly with subtle social cues. 

 (Meinlschmidt and 
Heim, 2007) 

Intranasal 24 IU Salivary cortisol OXT decreased salivary cortisol, but this effect was 
attenuated in male patients who had experienced 
early parental separation (however note that on 
graph rate of decrease was similar).  

 (Hollander et al., 
2007) 

Intravenous 10 IU over 4 
hours 

Comprehension of affective speech Comprehension of affective speech improved with 
OXT, with legacy effect of treatment. 

 (Kirsch et al., 2005) Intranasal 27 IU State-Trait Anger Expression Inventory 
(STAXI), Self-Assessment Manikin (SAM), 
Multidimensional Comfort Questionnaire 
(MDBF), fMRI with nonsocially and socially 
relevant threatening stimuli 

OXT decreased activation of the amygdala in 
response to threatening stimuli, particularly if 
socially relevant, with reduced brainstem 
connectivity. No change in any of the other 
questionnaire scores performed. 

 (Kosfeld et al., 
2005) 

Intranasal 24 IU Trust and risk paradigms Higher degree of trust in investor-trustee trust 
paradigm with increased amount of money 
transferred, but with no change in risk aversion. 

 (Heinrichs et al., 
2004) 

Intranasal 24 IU  Implicit perceptual test, implicit conceptual 
test, cued recall test 

Intranasal OXT resulted in poorer cued recall and 
generation of target words with associated 
reproduction relevant meaning, i.e. memory recall 
impairment is specific. 

 (Heinrichs et al., 
2003) 

Intranasal  24 IU Salivary cortisol, Self-Rating Depression 
Scale, State-Trait Anxiety Inventory and mood 
questionnaire in response to Trier Social 

Social support and OXT attenuated salivary cortisol 
responses to stress, and were associated with 
increased calmness and decreased anxiety. 
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Stress Test 

 (Hollander et al., 
2003) 

Intravenous 10 IU over 4 
hours 

Observer-rated repetitive behaviours Reduction in repetitive behaviours over time with 
intravenous OXT in autistic patients. 

 (Epperson et al., 
1996b) 

Intranasal 40 IU four 
times daily 
for 1 week 

Psychiatric Institute Trichotillomania Scale 
(PITS) 

No significant difference in PITS scores with 
intranasal OXT. 

 (Epperson et al., 
1996a) 

Intranasal  40 IU four 
times daily 
for 1 week 

Y-BOCS, Hamilton Depression Rating Scale, 
Beck Depression Inventory (BDI), Hamilton 
Anxiety Scale, Patient Rated Anxiety Scale, 
Visual Analog Scales for obsessions and 
compulsions, digit span test 

Statistically but not clinically significant decrease in 
BDI scores with intranasal OXT but with no change 
in any other outcomes measured. 

 (Pitman et al., 1993) Intranasal 20 IU Heart rate, skin conductance, left lateral 
frontalis EMG responses to mental arithmetic 
task and exposure to neutral and combative 
stimuli in male PTSD patients  

Physiologic responses to combative stimuli 
exposure (particularly EMG and skin conductance 
responses) increased significantly with intranasal 
AVP > placebo > OXT. 

 (den Boer and 
Westenberg, 1992) 

Intranasal 22 IU four 
times daily 

Obsessive-compulsive disorder inventory, 
number of compulsive behaviours, Present 
State Examination (PSE), 90-item Symptom 
Checklist (SCL-90), State-Anxiety Inventory 
(STATE), Self-Rating Depression Scale 
(SDS), Hamilton Anxiety Scale (HAS), 
Hamilton Depression Scale (HDS) 

No effect of OXT on any of the outcomes studied. 
However authors subsequently treated two patients 
with a 3-fold higher dose of OXT and the number of 
checking rituals reduced in one of these. 

 (Bruins et al., 1992) Intranasal 20 IU Mood, verbal memory, visual vigilance, facial 
recognition, attention, memory scanning (note 
only male patients given OXT) 

No effect of OXT on delayed recall, recognition, but 
poorer initial memory storage. No effect of OXT on 
vigilance, visual memory, attention, or memory 
scanning.  

 (Salzberg and 
Swedo, 1992) 

Intranasal 16 IU x2 
doses 

Visual analog scales for mood, general 
anxiety, global functioning, obsessive-
compulsive disorder symptoms, digit span 

No difference in any of the outcomes measured 
with intranasal OXT (or AVP). 

 (Pietrowsky et al., 
1991) 

Intravenous 0.5 IU over 
10 minutes 

Brainstem (BAEP) and middle latency 
auditory evoked potentials (MAEP), feelings 
of mood and activation (EWL checklist) 

OXT increased BAEP latencies of waves IIIn, V and 
Vn at slow stimulus rates, with no effect on MAEP 
(AVP had no effect).  
Less self-reported feelings of deactivation, fatigue 
and numbness, with lower level of arousal and 
anger in treated group (similar effects with AVP). 
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 (Fehm-Wolfsdorf et 
al., 1988) 

Intranasal 20 IU daily 
for 3 days 
prior to test 

Free recall, long-term memory recall, 
vigilance task, EEG output 

No change in memory tasks or EEG outputs due to 
OXT 

 (Geenen et al., 
1988) 

Intravenous 0.084 IU/min 
for 45 
minutes 

Contingent negative variation (CNV) EEG, 
Profil de Rendement Mnésique (PRM) and 30 
Figures of Rey memory test, Ansseau Mood 
Visual Analogue Scale (based on Hamilton 
Anxiety Scale), Vigilance Test 

Changes in various CNV parameters compared to 
placebo control group which persisted 1 week after 
infusion. 
Slight impairment in one component of PRM in OXT 
treated group with no other changes on any other 
scores 

 (Ansseau et al., 
1987) 

Intranasal 1.4-2.8 IU 
TDS for 4 
weeks 

Compulsive subscale on comprehensive 
psychopathological rating scale (CPRS-OC) 
Association for Methodology and 
Documentation in Psychiatry (AMDP) scale 

Randomised double-blind cross-over trial in one 
patient with improvements in CPRS-OC and AMDP 
scores during OXT trial period vs. placebo, but with 
side effects of hyponatraemia, memory deficits, and 
psychosis 

 (Fehm-Wolfsdorf et 
al., 1984) 

Intranasal 20 IU Free recall OXT treated group showed no improvement in free 
recall on repeat testing, and reported less learning 
and memory ability but increased concentration, 
whilst AVP group reported increased subjective 
arousal and showed improvement on repeat testing 
(as did placebo group) 

 (Ferrier et al., 1980; 
(Kennett et al., 
1982) 

Intranasal 15 IU/ day 
for 3 days 
0.2 IU/min IV 
over 8 hours 

Nonsense word free recall 
Face/ picture recognition 
Response latency with increasing memory set 
size 
Word pair association 
Picture matching 

OXT caused significantly increased free recall and 
picture recognition error rate as well as response 
latency (especially in females) compared to control 
group (note recruited later) 
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Supplemental Table 5: Observational studies on other miscellaneous roles of OXT. 

Study Biological fluid Method of 
analysis 

Sample 
extraction 
utilised? 

Validation of 
recovery of 
extraction 
technique 

Normal 
ranges 

Comments 

 (Gotovina et al., 
2018) 

Plasma EIA No No Not reported Patients with allergic rhinitis had higher 
baseline plasma OXT compared to controls, 
but plasma OXT was not affected by the 
Trier Social Stress Test. 

 (Barengolts et al., 
2018) 

Urine EIA No No Male mean 8.1 
pg/mg 
creatinine 

African-American men without type 2 
diabetes mellitus showed a positive 
correlation between urine OXT and higher 
amounts of Dialister in gut microbiota. 

 (Boeck et al., 
2018) 

Plasma RIA Yes – normal 
phase 
chromatography 
(LiChroprep 
Si60/ 60% 
acetone) 

No Female mean 
0.8 pg/ml 

Plasma OXT was positively correlated with 
telomere length in memory cytotoxic T cells 
in mothers. 

 (Miwa et al., 2017) Serum EIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No No controls Serum OXT was not correlated with the 
Hamilton Depression Rating Scale in 
patients with rheumatoid arthritis, and were 
not affected by disease-modifying drug 
therapy. 

 (Weber et al., 
2017a) 

Plasma/ urine EIA No No Ex-premature 
(born 25-28 
weeks’ 
gestation ) 
neonates, 
corrected 
gestational 
age 27-34 
weeks: 

Plasma OXT decreased with corrected 
gestational age, and urinary OXT did not 
correlate with plasma OXT with no trend over 
time. Higher APGAR scores were associated 
with higher plasma OXT at 27 weeks 
corrected gestational age. 
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Plasma 7.02-
392.22 pg/ml 
Urine 206.25-
50838.70 
pg/ml/ng 
creatinine 

 (Dolder et al., 
2017) 

Plasma RIA Yes No Not reported Alcohol did not alter plasma OXT. 

 (Francis et al., 
2016) 

Plasma/ urine 
 

EIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ C-
18) 

No Not reported Part of interventional study (see 
Supplemental Table 6) 

 (Frolich et al., 
2016) 

Plasma EIA No No Term pregnant 
women mean 
104.2 pg/ml 
Postpartum 
mean 78.6 
pg/ml 

No significant correlation between plasma 
OXT (which decreased postpartum) and term 
pregnancy and postpartum thermal pain 
thresholds. 

 (Jong et al., 2015) Saliva RIA No No Not reported OXT increased in response to exercise and 
sex. 

 (Bosch et al., 
2015) 

Plasma RIA Yes – normal 
phase 
chromatography 
(LiChroprep 
Si60/ 60% 
acetone) 

No Not reported Gamma-hydroxybutyrate (GHB) did not 
affect plasma OXT. 

 (Nishi et al., 2015) Serum EIA Yes – reversed 
phase 
chromatography 
(60% 
acetonitrile/ C-
18) 

No No controls In men, serum OXT was negatively 
correlated with CRP in accident survivors. In 
women, serum OXT was positively 
correlated with baseline cooperativeness and 
predicted seeking social support, positive 
reappraisal, accepting responsibility and 
planful problem-solving at 1 month follow-up. 
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OXT was not associated with post-traumatic 
stress disorder, depression or anxiety 
symptoms. 

 (Bershad et al., 
2015) 

Plasma EIA No No Women 4.3-
590 pg/ml 

Neither methamphetamine nor alcohol 
affected plasma OXT concentrations in 
women and men. 

 (Schmid et al., 
2015b) 

Plasma RIA Yes No Not reported MDMA increased plasma concentrations of 
OXT, and bupropion did not affect this 
increase. 

 (Schmid et al., 
2015a) 

Plasma RIA Yes No Not reported LSD increased plasma OXT in healthy 
participants. 

 (Eisenach et al., 
2015) 

CSF RIA No No CSF mean 9.5 
pg/ml 

Part of interventional study (see 
Supplemental Table 6) 

 (Schmid et al., 
2014) 

Plasma RIA Yes – normal 
phase 
chromatography 
(LiChroprep 
Si60/ 60% 
acetone) 

No Not reported MDMA increased plasma concentrations of 
OXT. 

 (Kirkpatrick et al., 
2014) 

Plasma EIA Yes – reversed 
phase 
chromatography 
(80% 
acetonitrile/ C-
18) 

No Not reported Part of pharmacokinetic/ interventional study 
(see Supplemental Table 6). The subjective 
and cardiovascular responses to MDMA 
were not related to its effects on increased 
OXT secretion.  

 (Martin et al., 
2014) 

Plasma/ CSF RIA Yes – reversed 
phase 
chromatography 
(60% acetone/ 
LiChlorPrep) 

No Plasma 
median 6.0 
pg/ml 
CSF median 
12.7 pg/ml 

Trend towards lower CSF OXT in patients 
with subarachnoid haemorrhage and poor 
outcome,  with no differences in plasma 
OXT. No significant correlation between 
plasma and CSF OXT (and AVP) 
concentrations. 

 (Plaza-Manzano et 
al., 2014) 

Plasma EIA No No Not reported Plasma OXT significantly increased after 
cervical and thoracic manipulation 

 (Hysek et al., 
2014) 

Plasma RIA Yes No Not reported MDMA increased plasma concentrations of 
OXT. 
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 (da Silva et al., 
2014) 

Serum Not reported Not reported Not reported Not reported OXT is downregulated in septic shock. 

 (Fekete et al., 
2014) 

Plasma EIA Yes- reversed 
phase 
chromatography 

No No controls Women with high plasma OXT showed a 
positive correlation between support from 
friends and sleep quality, whilst women with 
low plasma OXT showed a negative 
correlation. 

 (Wang et al., 
2013b) 

Plasma/ CSF 125I RIA Yes – ion 
exchange 
chromatography 
(Sephadex G-
50) 

No Not reported Part of interventional study (see 
Supplemental Table 6). Positive correlation 
between plasma and CSF OXT in headache 
patients. Plasma and CSF OXT was also 
significantly increased in headache patients 
compared to controls. 

 (Dai et al., 2012) Plasma (with 
trasylol) 

EIA No No Median 181 
pg/ml 

Plasma OXT significantly higher in William 
syndrome compared to controls (as was 
AVP), and increased more significantly in 
response to positive (music) and negative 
physical stimuli (cold).  

 (Blagrove et al., 
2012) 

Saliva EIA No No Not reported Salivary OXT remained constant throughout 
all sleep phases. 

 (Fekete et al., 
2011) 

Plasma EIA Yes – reversed 
phase 
chromatography 
(C-18) 

No No controls Plasma OXT positively correlated with CD4+ 
cell count and viral load in HIV positive low-
income ethnic minority women. In women 
with high plasma OXT, stress was positively 
correlated with CD4+ cell count, whilst the 
opposite was true in women with low plasma 
OXT. 

 (Gouin et al., 
2010) 

Plasma EIA No No Not reported Plasma OXT not associated with changes in 
IL-6 or TNF-α or the rate of wound healing 
(unlike AVP being positively correlated with 
TNF-α). 

 (Grewen et al., 
2008) 

Plasma RIA Yes No Normal African 
American 
female mean 
3.90 pg/ml 

Higher plasma OXT associated with greater 
tolerance for cold pressor and ischaemic 
pain, and accounted for a proportion of 
ethnic differences in ischaemic pain 
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Normal White 
female mean 
7.05 pg/ml 

tolerance.  

 (Yoon et al., 2008) Plasma 
(acidified) 

RIA Yes – normal 
phase 
chromatography 
(Florisil/ 90% 
acetone) 

No Pregnant 
females with 
cervical 
incompetence 
mean 0.89-
0.92 pg/ml 

Women experiencing post-cervical cerclage 
contractions had higher plasma OXT 
compared to those who did not. 

 (Wolff et al., 2006) Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No 0.11-4.38 
pg/ml 

Ecstasy (MDMA) use associated with 
increase in plasma OXT (and AVP) post-
clubbing vs. controls which exhibited 
decreases in both. 

 (Hursti et al., 
2005) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

95% spike 
recovery 

Not reported Chemotherapy for ovarian cancer associated 
with increase in plasma OXT for 2 days post-
treatment, with no relationship to nausea 
and/ or vomiting. 

 (Leach and 
Forsling, 2004) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported Plasma OXT increased with increased 
PaCO2 (vs. plasma AVP which increased 
with a PaCO2 of up to 6-8 kPa then 
decreased). 

 (Alfven, 2004) Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Normal child 
mean 45.32 
pg/ml 

Plasma OXT lower in children with functional 
abdominal pain and inflammatory bowel 
disease. Plasma OXT in children with 
functional abdominal pain also increased 
over time.  

 (Rahm et al., 
2002) 

Plasma (with 
trasylol) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Pregnant 
mothers in 
labour mean 
36.40-42.33 
pg/ml 

Plasma OXT decreased with epidural 
analgesia and increased in spontaneous 
labour without analgesia. 

 (Stocche et al., 
2001) 

Plasma RIA Yes – normal 
phase 
chromatography 
(Florisil) 

No Pregnant 
mothers in 
labour mean 
6.6-7.24 pg/ml 

Significant decrease in plasma OXT after 
intrathecal sufentanyl, with non-significant 
increase after epidural bupivacaine. 



 587 

 (Chicharro et al., 
2001) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported Plasma OXT not stimulated by exercise in 
both professional athletes and controls, but 
plasma OXT consistently lower in 
professional athletes. 

 (Shibli et al., 2001) Plasma (with 
phenanthrolene) 

RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Pregnant 
mothers 
>37/40 1.81-
34.24 pg/ml 

Spinal anaesthesia with bupivacaine +/- 
fentanyl did not affect plasma OXT 
concentrations in term pregnant women not 
in labour. 

 (Anderberg and 
Uvnas-Moberg, 
2000) 

Plasma (with 
trasylol) 

RIA Yes – Liquid-
liquid extraction 
(acetone/ ether) 

No Not reported Larger variability in plasma OXT in patients 
with fibromyalgia vs. controls, but no 
significant differences. Plasma OXT 
concentrations were lower in patients with 
higher pain, stress and depression scores. 

 (Hocherl et al., 
2000) 

Serum EIA No No Not reported No effect of 5-HT3 antagonist tropisetron on 
serum OXT concentrations. 

 (Lindow et al., 
1999) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(tetrahydrofuran/ 
C-18) 

92.7% spike 
recovery 

Not reported Morphine inhibits plasma OXT rise in 
response to breastfeeding, but naloxone 
does not augment it.  

 (Newman et al., 
1999) 

Plasma 125I RIA Yes – Liquid-
liquid extraction 
(acetone/ 
petroleum ether) 

No Normal female 
mean 10.07-
13.31 pg/ml 
Normal male 
mean 5.90-
10.78 pg/ml 

Partial 5-HT1A agonist ipsapirone did not lead 
to an increase in plasma OXT in any age/ 
gender group. 

 (Cleare et al., 
1998) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Not reported Partial 5-HT1A
 agonist ipsapirone caused a 

non-significant rise in plasma OXT. 

 (Chiodera et al., 
1998a) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No Not reported Losartan (angiotensin receptor antagonist) 
abolished angiotensin II-induced rise in 
plasma OXT and AVP.  
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 (Bagdy and Arato, 
1998) 

Plasma RIA No No Not reported m-chlorophenylpiperazine (5-HT agonist) 
significantly increased plasma OXT only in 
female subjects. 

 (Marchesi et al., 
1997) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No Normal fasting 
mean 2.24 
pg/ml 
 

Fasting plasma OXT was higher (and β-
endorphins lower) in alcoholics and declined 
with duration of abstinence. 

 (Alfven et al., 
1994) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Fasting 
children <16 
years mean 
63.45 pg/ml 
Fasting 
children with 
recurrent 
abdominal 
pain mean 
24.17 pg/ml 

Plasma OXT and cortisol concentrations 
were lower in children with recurrent 
abdominal pain than controls. 

 (Meierkord et al., 
1994) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Baseline 
female 1.26 
pg/ml 
Peak in 
generalised 
tonic-clonic 
convulsion 
85.3 pg/ml 

Plasma OXT only increased in generalised 
tonic-clonic phase of seizure, not in aura or 
partial seizure 

 (Yang, 1994) Plasma (with 
phenanthroline)/ 
CSF 

125I RIA No No Normal control 
mean plasma 
28.1 pg/ml, 
CSF 8.2 pg/ml 
Acute back 
pain mean 
plasma 18.4 
pg/ml, CSF 
10.2 pg/ml 

Part of interventional study (see 
Supplemental Table 6) 
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Chronic back 
pain mean 
plasma 8.8 
pg/ml, CSF 
33.3 pg/ml 

 (Hermann et al., 
1993) 

Plasma (with 
phenanthroline) 

RIA Yes – Liquid-
liquid extraction 
(ethanol) and 
HPLC (C-4/ 
74% acetonitrile/ 
25% methanol) 

No Mean 
anaphylactic 
patients 28.70 
pg/ml 
Mean controls 
26.24 pg/ml 

No correlation between plasma OXT (or 
AVP) and history of anaphylaxis to wasp/ 
bee venom. Approximately 22% cross-
reactivity of RIA anti-OXT with other 
peptides.   

 (Chiodera et al., 
1993) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No Not reported Nicotine alone did not increase plasma OXT, 
whilst naloxone had a permissive effect on 
nicotine stimulating OXT secretion, which 
was abolished by sodium valproate 
(GABAergic). 

 (Radant et al., 
1992) 

Plasma 125I RIA Unclear  No None reported No increase in plasma OXT in response to 
methoxamine or norepinephrine (α1-
agonists) (whilst AVP increased with the 
former). 

 (Coiro et al., 1992) Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No None reported Ethanol abolished OXT response to breast 
stimulation in non-pregnant women, this 
effect was partially rescued by naloxone 
(which had not effect alone) indicating the 
role of endogenous opioids in the effect of 
ethanol. 

 (Chiodera and 
Coiro, 1992) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No None reported OXT did not increase in response to 
substance P infusion (whilst AVP did). 

 (Coiro and 
Chiodera, 1991) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 

No Not reported Naloxone potentiated the angiotensin-II-
induced rise in OXT concentrations (and 
AVP) 
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Sephadex A-25) 

 (Chiodera and 
Coiro, 1991) 

Plasma (with 
trasylol) 

RIA Yes – ion 
exchange 
chromatography 
(DEAE 
Sephadex A-25) 

No Not reported OXT rises with angiotensin II treatment, the 
effect of which is suppressed by sodium 
valproate (presumed to be via GABAergic 
mechanisms) 

 (Johnson et al., 
1990a) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

>90% spike 
recovery 

Breastfeeding 
mothers: 
Baseline mean 
1.11-1.41 
pg/ml 
Post-
breastfeeding 
3.02-5.84 
pg/ml 

No effect of naloxone on OXT concentrations 

 (Seckl et al., 
1988b) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(C-18) 

>90% spike 
recovery 

Normal male 
mean 1.91 
pg/ml 

OXT concentrations do not respond to 
nicotine stimulation unless naloxone is 
present, i.e. endogenous opioids suppress 
OXT but not vasopressin secretion in 
response to nicotine  

 (Nussey et al., 
1988a) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(acetonitrile/ 4% 
acetic acid/ C-
18) 

No Normal mean 
1.61 pg/ml 
Post-
apomorphine 
induced 
nausea 6.24 
pg/ml 

No OXT response to apomorphine-induced 
nausea in patients with central DI 
No OXT response to ipecacuanha-induced 
nausea in all patients/ controls 

 (Nussey et al., 
1988b) 

Plasma RIA Yes – reversed 
phase 
chromatography 
(acetonitrile/ 4% 
acetic acid/ C-
18) 

No Normal mean 
5.74 pg/ml 
Post-surgery 
33.74 pg/ml 

OXT rose in response to gut manipulation 
during hemicolectomy 

 (Kuboyama et al., 
1988) 

CSF RIA Yes – reversed 
phase 

88.7% spike 
recovery 

No absolute 
values 

CSF OXT concentrations decrease at night 
with increase in day in patients undergoing 
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chromatography 
(4% acetic acid/ 
methanol/ C-18) 

reported surgical clipping of intracranial aneurysms; 
no correlation with CSF osmolality 

 (Peskind et al., 
1987) 

Plasma/ CSF 125I RIA No No Normal male 
Plasma mean 
2.22 pg/ml 
CSF mean 
10.29 pg/ml 
 
Normal male 
post-clonidine 
Plasma mean 
2.01 pg/ml 
CSF mean 9.3 
pg/ml 

Clonidine did not affect plasma/ CSF OXT 
concentrations unlike vasopressin 
 

 (Seckl et al., 
1987b) 

CSF RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Control mean 
10.7 pg/ml 

No increase in CSF OXT in motor neuron 
disease 

 (Honer et al., 
1986) 

Acidified plasma 125I RIA Yes – reversed 
phase 
chromatography 
(C-18) 

No Normal male 
mean 1.43 
pmol/l 

No response in OXT concentrations to 
naloxone 

 (Chaudhury and 
Joplin, 1960) 

Whole blood Bioassay Yes – 80% 
ethanol/ 
sulphuric acid 

No 5.0 pg/ml 
(maximum) 

4 patients undergoing yttrium pituitary 
ablation for breast cancer, OXT secretion 
stimulated with nicotine 
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Supplemental Table 6: Interventional studies on other miscellaneous roles of OXT. 

Study Route of 
administration 

OXT dose Outcome measure Comments 

 (Tracy et al., 2018) Intranasal 24 IU Heart rate variability (HRV) in response to 
paced breathing and serial sevens tasks 

OXT did not affect HRV at rest but was associated 
with small decreases in low and high frequency 
HRV during a mental arithmetic task in patients with 
chronic neck and shoulder pain and in controls. 

 (Jain et al., 2017) Intranasal 40 IU Polysomnography, heart rate variability (HRV) 
analysis 

OXT increased indices of parasympathetic activity 
e.g. HRV, total sleep time, post-polysomnogram 
sleep assessment score, self-reported sleep 
satisfaction, the duration of hypopnoeas and 
apnoeas, the frequency of hypopnoeas, and the % 
of arousal associated with hypopnoeas/ apnoeas in 
patients with obstructive sleep apnoea. 

 (Tracy et al., 2017) Intranasal 24 IU Pain ratings to thermal pain in a magnitude 
estimations task 

OXT increased the perceived intensity of noxious 
heat stimuli in women but not men with chronic neck 
and shoulder pain, and not in healthy controls. 

 (Francis et al., 
2016) 

Intranasal 40 IU Urinary and plasma OXT Plasma and urinary OXT increased after both 
MDMA and intranasal OXT administration, but 
urinary and plasma OXT only correlated after 
MDMA. 

 (Zunhammer et al., 
2016) 

Intranasal 32 IU fMRI responses to thermal pain and 
International Affective Picture System (IAPS) 

OXT significantly enhanced the influence of picture 
valence on unpleasantness ratings at noxious heat 
levels. 

 (Paloyelis et al., 
2016b) 

Intranasal 40 IU EEG and salivary cortisol responses to 
nociceptive stimulus using infrared laser 

OXT attenuated perceived pain intensity and local 
peak amplitude of N1 and N2 laser-evoked 
potentials on EEG, with increased latency of N2. 

 (Paloyelis et al., 
2016a) 

Intranasal 40 IU Pulsed-continuous arterial spin labeling 
regional cerebral blood flow (rCBF) MRI maps 

Intranasal OXT showed sustained rCBF changes 
throughout post-treatment observation period (25-78 
minutes), with peak at 39-51 minutes. OXTergic 
network included the left hemispheric limbic and 
midbrain/ brainstem regions including the amygdala, 
hippocampus, caudate nucleus, ventral striatum and 
pallidum, septal and hypothalamic nuclei, substantia 
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nigra, and pontine brainstem nuclei, the bilateral 
dorsal anterior and middle cingulate cortices, the 
inferior frontal gyrus, anterior insula, frontal and 
parietal opercula, and superior temporal gyrus, and 
the right cerebellar hemisphere. 

 (Zunhammer et al., 
2015) 

Intranasal 32 IU Thermal pain thresholds and fMRI responses 
to Quantitative Sensory Testing protocol 

OXT did not affect thermal thresholds but was 
associated with reduced heat intensity ratings 
during fMRI scanning, with no change in fMRI 
responses to thermal pain. OXT was associated 
with decreases in left and right amygdala activity 
across all temperatures. 

 (Eisenach et al., 
2015) 

Intrathecal 8.98-89.82 
IU IT 

Acute pain processing of thermal stimuli Phase I trial of IT OXT – one subject on highest 
dose with transient hypotension and bradycardia as 
well as subjective numbness. Increase in heart rate 
and BP 1-4 hours after IT OXT. No effect of IT OXT 
on pain. 

 (Rash and 
Campbell, 2014) 

Intranasal 40 IU Cardiovascular measures, Short-form McGill 
Pain Questionnaire 2 (SF-MPQ-2), visual 
analog scales of pain intensity and 
unpleasantness, pain threshold and pain 
tolerance to cold pressor stimulus 

OXT was associated with lower pain intensity, pain 
unpleasantness, SF-MPQ-2 descriptors and heart 
rate response, and a higher pain threshold 
compared to placebo. 

 (Mameli et al., 
2014) 

Intranasal  40 IU twice 
daily for 
week 1, 
then 80 IU 
twice daily 
for weeks 2-
3 

Visual Analogue Scale of Pain Intensity, 
Spielberger State Anxiety Inventory, Zung 
Self-Rating Depression Scale, SF-12 Quality 
of Life Questionnaire 

OXT did not improve any of the outcomes for 
patients with fibromyalgia compared to placebo. 

 (McRae-Clark et al., 
2013) 

Intranasal 40 IU Marijuana Craving Questionnaire (MCQ), 
salivary cortisol and DHEA, stress and anxiety 
in response to Trier Social Stress Test 

OXT reduced total MCQ score and DHEA as well as 
anxiety ratings but not stress or cortisol. 

 (Kessner et al., 
2013) 

Intranasal 40 IU Placebo analgesic response (perceived pain 
intensity by Visual Analogue Scale) 

Placebo analgesic response significantly higher in 
OXT group. 

 (Lee et al., 2013) Intranasal 20 IU twice 
daily for 3 

University of Pennsylvania Smell Identification 
Test (UPSIT), Brief Psychiatric Rating Scale 

CGI, BPRS and SANS were not improved by OXT, 
apart from inpatient group when SANS improved. 
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weeks (BPRS), Scale for the Assessment of 
Negative Symptoms (SANS), Clinical Global 
Impression ICGI) severity of illness 

OXT significantly improved UPSIT scores in patients 
with schizophrenia. 

 (Wang et al., 
2013b) 

Intranasal  60, 120, 
240 mIU 

%of patients with remission of headache OXT relieved headache in a dose-dependent 
manner. 

 (Kemp et al., 2012) Intranasal 24 IU Heart rate variability (HRV), Profile of Mood 
States 

OXT increased HRV in the absence of any change 
in mood. 

 (de Oliveira et al., 
2012a) 

Intranasal 24 IU Visual Analogue Mood Scale (VAMS), 
cardiovascular parameters, skin conductance, 
salivary cortisol in response to 7.5% CO2 
inhalation 

OXT reduced the anxiety VAMS score in response 
to CO2 inhalation, with no change in any of the other 
parameters measured. 

 (van Veen et al., 
2011) 

Intravenous 1-4 mU/min 
increasing 
by 2 
mU/min 
every 30-60 
minutes 
(“standard 
induction of 
labour 
doses”) 

Cerebral perfusion pressure, resistance index, 
resistance area product, cerebral flow index 
as measured by transcranial Doppler 

No change in cerebral blood flow parameters after 
commencing OXT infusion in pregnant women in 
labour. 

 (Perry et al., 2010) Intranasal 24 IU EEG responses to biological motion stimulus OXT enhanced suppression of 8-10 Hz and 15-25 
Hz EEG band ranges in response to biological 
motion. 

 (Keri and Benedek, 
2009) 

Intranasal 24 IU Detection of biological vs. non-biological 
motion 

OXT increased sensitivity to the perception of 
biological motion but not non-biological motion. 

 (Phillips et al., 
2006) 

Intravenous 20 IU over 
10 minutes/ 
10 IU over 
30 minutes 

Relief of migraine headache Two cases (adult and child) of relief of migraine 
headache from intravenous OXT. 

 (Ohlsson et al., 
2005) 

Intranasal 40 IU twice 
daily for 13 
weeks 

Questionnaire on bowel habits, psychological 
outcomes, gastrointestinal symptoms rating 
scale (GSRS) 

No difference in bowel habits in constipated women 
with intranasal OXT, although trend for reduced 
abdominal pain and discomfort. 

 (Ohlsson et al., 
2004b) 

Intravenous 20-40 
IU/min over 

Colonic peristalsis and colonic sensitivity Increased colonic peristalsis with no change in 
colonic sensitivity with OXT infusion. 
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90 minutes 

 (Louvel et al., 1996) Intravenous 10-50 
IU/min up to 
pain 
threshold 

Time to first sensation of colonic distension 
and time to first sensation of pain to colonic 
distension 

Dose-response effect of increasing IV OXT on 
threshold for sensation of colonic distension which 
was not affected by concurrent naloxone. 

 (Yang, 1994) Intrathecal 40-240 
IU/kg IV/ 
0.06-1 IU/kg 
IT 

Number of patients with acute and chronic 
back pain who felt pain relief 

Dose-response effect of IT OXT on acute and 
chronic low back pain, but with no response of IV 
OXT. Based on parallel rat experiments, this is 
mediated through increasing β-endorphins, L-
enkephalin and dynorphin A1-13. 
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20th November 2013  
  

TO WHOM IT MAY CONCERN 
  
Re: BSPED Award – Dr Hoong-Wei Gan   
  
Dr Hoong-Wei Gan  was recently awarded £15,000 as a BSPED Research Award. The British Society 
for Paediatric Endocrinology and Diabetes makes these awards to young endocrinologists on a  
competitive basis. Dr Gan's project was highly rated, and was one of the top projects.  Hence, he was 
awarded the money to take the research further. The BSPED anticipate that the money will be used 
exclusively for the research project looking at quantification of oxytocin and arginine-vasopressin  
concentrations in patients with hypothalamic tumours and septo-optic dysplasia. Dr Gan will be asked to 
present his data at the British Society for Paediatric Endo crinology and Diabetes in due course. I hope 
that this clarifies that this award was given in open competition and that research is expected to be 
performed as a result of this funding and presented at the British Society for Paediatric Endo crinology 
and Diabetes Annual Meeting.  
  
With best wishes 
  
  
Yours sincerely  
  
 
 
 
 
 
 
Dr Assunta Albanese 
Treasurer of the British Society for Paediatric Endocrinology and Diabetes 
 
 

Assunta 

Albanese

Digitally signed by Assunta Albanese 

DN: cn=Assunta Albanese, c=GB, o=St 

George's Hospital, ou=Paediatric 

Endocrine Unit, email=a.albanese@nhs.

net 

Date: 2013.11.20 13:01:21 Z
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PATIENT	INFORMATION	SHEET	–	CASES	

(AGE	6-10	YEARS)	
	

	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	
study	
	
What	is	research?	Why	is	this	project	being	done?	
Research	is	a	way	we	try	to	find	out	answers	to	questions.	We	want	to	see	if	two	
blood	chemicals,	oxytocin	(OXT)	and	arginine-vasopressin	(AVP)	are	different	in	
children	with	brain	problems	(like	lumps	in	their	brain)	who	are	overweight	and	
those	who	don’t	and	are	thin.	
	
Why	have	I	been	asked	to	take	part?	
You	are	being	asked	if	you	will	take	part	in	this	project	because	you	have/	have	had	a	
lump	in	your	brain	or	part	of	your	brain	hasn’t	formed	properly.		
	
What	will	happen	to	me	if	I	take	part?	
Mostly,	there	won’t	be	much	difference.	You	will	be	measured	in	clinic	to	see	how	
tall	and	heavy	you	are,	and	a	doctor	will	examine	you.		
	
You	will	then	come	to	Kingfisher	Ward	for	either	half	a	day	or	2	days.	On	the	day,	
some	“magic”	cream	will	be	put	on	the	back	of	your	hands	or	the	inside	of	your	
elbow.	A	nurse	will	then	put	in	a	plastic	straw	under	your	skin	where	the	cream	was	
for	blood	tests,	which	you	won’t	feel	because	of	the	cream.		
	
If	you	are	staying	for	half	a	day,	you	will	be	given	a	sweet	drink	and	a	nurse	will	take	
some	blood	out	of	the	straw	in	your	hand.	If	you	are	staying	for	2	days,	you	will	also	
have	another	test	on	the	second	day	where	you	will	have	an	injection	in	your	arm	at	
the	beginning	(like	having	your	school	jabs),	then	blood	tests	will	be	taken	out	of	
your	straw.	
	
Will	anything	upset	me?	
The	drink	we	give	you	at	the	beginning	is	very	sweet	–	sweeter	than	squash	or	juice!	
If	you	don’t	like	the	taste	you	can	drink	lots	of	water	afterwards.		
	
If	you	are	having	the	injection	test,	this	won’t	be	any	more	painful	than	your	school	
jabs.	It	may	also	make	you	feel	dizzy,	sick	or	sleepy,	so	let	your	mum/	dad	know	if	
this	happens.	
	
The	doctors	and	nurses	taking	care	of	you	have	done	these	tests	lots	of	times,	but	If	
you	are	worried	about	anything,	let	your	mum/	dad,	doctor	or	nurse	know.	
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Do	I	have	to	take	part?	
No.	It	is	up	to	you	and	your	mum/	dad.	If	you	and	your	mum/	dad	are	happy	we	will	
ask	your	mum/	dad	to	sign	a	form,	which	you	can	keep.	If	at	any	time	you	don’t	want	
to	take	part	anymore,	just	tell	your	mum/	dad,	doctor	or	nurse.	They	will	not	be	
cross	with	you	and	you	don’t	have	to	tell	us	why.	We	will	look	at	the	results	of	any	
blood	tests	we	have	already	taken	but	will	not	take	any	more.	
	
Will	anyone	else	know	I	am	doing	this?	
We	will	not	tell	anyone	else	that	you	are	taking	part,	unless	you	want	us	to.	If	mum/	
dad	are	happy,	we	normally	tell	your	family	doctor	that	you	are	part	of	this	study.	
	
Will	joining	in	help	me?	
We	cannot	promise	the	study	will	help	you	but	it	may	help	us	treat	children	with	the	
same	problems	as	you	with	better	medicines	in	the	future.	
	
What	happens	when	the	research	project	stops?	
When	we	have	completed	the	research	we	will	tell	your	mum/	dad	what	we	have	
discovered.	You	will	continue	taking	the	rest	of	your	medicines	and	see	the	same	
doctors.	We	may	also	call	you	back	in	the	future	for	another	study.	
	
Did	anyone	check	the	study	is	OK	to	do?	
The	research	is	funded	by	the	Great	Ormond	Street	Hospital	Children’s	Charity	
(GOSHCC),	BUPA	Cromwell	Hospital,	the	National	Institute	for	Health	Research	
(NIHR)	and	the	British	Society	for	Paediatric	Endocrinology	&	Diabetes	(BSPED).	
Before	any	research	is	allowed	to	happen,	it	has	to	be	checked	by	a	group	of	people	
called	a	Research	Ethics	Committee	who	make	sure	that	the	research	is	fair.	This	
project	has	been	checked	by	the	London	–	Bloomsbury	Research	Ethics	Committee.	
	
Contact	details	for	further	information	
If	you	want	to	ask	more	questions	about	this	study,	please	contact:	
	
Dr.	Hoong-Wei	Gan	
Clinical	Research	Fellow	in	Paediatric	Endocrinology	
Developmental	Endocrinology	Research	Group	
UCL	Institute	of	Child	Health	
30	Guilford	Street	
London	
WC1N	1EH.	
Tel:	0207	905	2353/	0778	696	1442	
Email:	hoong.gan.11@ucl.ac.uk	
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Contact	details	for	complaints	
Should	you	be	concerned	about	any	part	of	the	study,	or	wish	to	speak	to	someone	
who	is	not	part	of	the	study,	please	contact:	
	
Patient	Advice	and	Liaison	Service	(PALS)	
Great	Ormond	Street	Hospital	for	Children	NHS	Foundation	Trust	
Great	Ormond	Street	
London		
WC1N	3JH.	
Tel:	0207	829	7862	
Email:	pals@gosh.nhs.uk	
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PATIENT	INFORMATION	SHEET	–	CASES	

(AGE	11-16	YEARS)	
	

	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	
study	
	
We	are	inviting	you	to	join	in	a	research	project	to	find	the	answer	to	the	question:	
“Are	blood	hormone	concentrations	of	oxytocin	(OXT)	and	arginine-vasopressin	
(AVP)	lowered	in	children	who	are	obese	and	have	problems	with	the	structure	of	
their	hypothalamus?”	
	
Before	you	decide	if	you	want	to	join	in,	it’s	important	to	understand	why	the	
research	is	being	done	and	what	it	will	involve	for	you.	So	please	consider	the	
information	on	this	sheet	carefully	and	talk	to	your	parents,	friends,	doctor	or	nurse	
if	you	want	to.	
	
Why	are	we	doing	this	research?	
The	hypothalamus	is	a	tiny	(almond-sized)	part	at	the	bottom	of	your	brain	(Figure	1)	
which	is	extremely	important	in	controlling	lots	of	different	body	functions	–	
including	sleep,	hunger,	thirst,	temperature	and	how	you	make	friends.	It	basically	
keeps	your	whole	body	“in	balance”	by	controlling	different	chemical	“messages”	–	
some	of	which	are	known	as	hormones	sent	out	by	the	brain	to	different	parts	of	the	
body.	
	

	
	

	
	

Children	who	have	had	brain	tumours	in	the	hypothalamus	or	whose	hypothalamus	
has	not	developed	properly	(a	condition	known	as	septo-optic	dysplasia)	often	
develop	problems	particularly	with	constant	hunger	and	rapid	weight	gain,	making	
them	very	overweight	or	obese.	Unfortunately,	children	with	these	problems	cannot	
lose	weight	simply	by	cutting	down	on	the	amount	they	eat,	exercising	more	

Figure	1:	Location	of	the	hypothalamus	in	the	brain	



 613 

 

	
	
	
	

Version	1.1	19/11/2013	 	 2	

regularly,	taking	medications	or	having	surgery.	In	fact,	doctors	do	not	know	how	to	
help	these	children	lose	weight.	These	children	also	have	problems	sleeping,	
controlling	the	amount	of	water	they	drink,	and	forming	normal	relationships	–	in	its	
severest	form	this	causes	a	condition	known	as	autism.	A	combination	of	these	
features	 is	 known	 as	 hypothalamic	 syndrome	 and	 the	 obesity	 known	 as	
hypothalamic	obesity.	
	
What	are	we	testing?	
Doctors	have	recently	discovered	that	two	hormones	made	by	the	hypothalamus,	
OXT	and	AVP,	may	be	involved	in	the	process	leading	to	hypothalamic	obesity.	These	
hormones	are	not	new	-	OXT	is	a	hormone	that	helps	women	give	birth	to	babies,	
whilst	AVP	is	a	hormone	that	controls	your	thirst	and	how	much	you	wee.		However,	
we	have	recently	discovered	that	both	these	hormones	may	also	control	weight	and	
how	much	you	eat.	We	want	to	compare	the	blood	concentrations	of	these	
hormones	(and	other	known	hormones	controlling	weight)	in	children	with	and	
without	problems	in	their	hypothalamus	who	are	and	are	not	overweight.	We	also	
want	to	see	how	the	concentrations	of	these	hormones	change	when	children	are	
given	some	liquid	sugar	in	a	test	known	as	an	oral	glucose	tolerance	test	(OGTT).		
	
If	we	discover	that	OXT	and/	or	AVP	is	decreased	in	hypothalamic	obesity,	we	may	
be	able	to	help	children	with	this	problem	to	lose	weight	by	supplementing	these	
hormones	in	the	future.		
	
Why	have	I	been	invited	to	take	part?	
You	are	being	asked	if	you	will	take	part	in	this	project	either	because	you	have/	
have	had	a	brain	tumour	in	your	hypothalamus	or	you	have	septo-optic	dysplasia,	
and	you	have	problems	with	being	overweight.	We	are	hoping	to	study	120	children	
in	total.	No	study	has	ever	directly	compared	the	concentrations	of	these	hormones	
in	children	with	these	problems	before.	
	
What	will	happen	to	me	if	I	take	part?	
For	the	most	part,	nothing	different	to	what	would	have	happened	if	you	had	
decided	not	to	take	part.	You	will	already	have	had	your	height	and	weight	
measured,	and	an	assessment	of	how	far	along	you	are	in	puberty	(development	of	
your	private	parts)	done	in	clinic	today.	We	will	also	get	information	about	your	
condition	and	treatment(s)	you	may	have	had	from	your	hospital	notes.	
	
We	will	then	contact	you	with	an	appointment	to	be	admitted	to	Kingfisher	Ward	for	
either	half	a	day	or	2	days.	On	the	day,	a	numbing	cream	will	be	put	on	the	back	of	
your	hands	or	the	inside	of	your	elbow.	When	this	has	had	enough	time	to	work,	a	
nurse	will	put	in	plastic	tube	known	as	a	cannula	where	the	cream	was.	He/	she	will	
have	to	use	a	needle	to	prick	the	skin	to	do	this,	but	the	needle	is	then	removed	and	
the	plastic	tube	left	in	for	blood	tests	(samples).	This	will	then	stay	in	for	the	entire	
time	you	are	admitted.	
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If	you	are	staying	for	only	half	a	day,	we	will	perform	only	an	OGTT.	This	test	involves	
you	drinking	some	sweet	liquid	at	the	beginning,	with	blood	taken	out	of	your	
cannula	every	half	an	hour	for	2	hours.	If	you	are	staying	2	days,	you	will	have	an	
OGTT	on	the	morning	of	the	first	day,	followed	by	a	combined	pituitary	test	(CPT)	the	
following	morning.	This	second	test	involves	you	having	an	injection	into	your	arm/	
leg	(like	having	your	school	jabs),	followed	by	blood	tests	being	taken	out	of	your	
cannula	every	30	minutes	for	3	hours.	
	
Both	these	tests	are	tests	your	doctor	would	have	decided	to	do	anyway	as	part	of	
your	treatment,	even	if	you	decided	not	to	take	part.	We	may	have	to	take	some	
extra	blood	to	do	the	tests	for	this	study,	but	this	would	be	done	at	the	same	time	as	
all	your	other	blood	tests.	
	
What	will	I	be	asked	to	do?	
You	will	be	asked	not	to	eat	anything	from	midnight	the	night	before	you	are	
admitted.	You	can	drink	plain	water	up	to	the	start	of	the	test.		
	
What	if	there	is	a	problem	or	something	goes	wrong?	
The	OGTT	has	little,	if	any	side	effects.	The	main	issue	is	usually	that	the	liquid	we	
give	you	is	very	sweet!	
	
The	CPT	may	cause	your	blood	sugar	levels	to	drop,	but	we	will	monitor	this	carefully	
throughout	the	test.	If	your	blood	sugar	levels	do	drop	we	will	give	you	a	sugary	
drink	(the	same	liquid	used	in	the	OGTT)	and	let	you	have	some	food.	When	your	
blood	sugar	levels	drop	you	may	feel	shaky,	dizzy,	sick	or	sleepy,	so	please	let	the	
doctor	or	nurse	know	if	you	have	these	symptoms.	
	
Our	doctors	and	nurses	are	very	experienced	in	carrying	out	these	tests,	and	are	
used	to	handling	most	problems	that	come	up.	If	you	are	worried	about	anything,	
please	let	your	doctor	or	nurse	know.	
	
Do	I	have	to	take	part?	
No.	It	is	up	to	you.	We	will	ask	you	for	your	permission	and	then	ask	if	you	would	
sign	a	form.	Your	parent/	carer	will	also	be	asked	their	permission	and	they	will	sign	
another	form.	We	will	give	you	a	copy	of	this	information	sheet	and	your	signed	
form(s)	to	keep.	
	
You	are	free	to	stop	taking	part	at	any	time	during	the	research	without	giving	a	
reason.	If	you	decide	to	stop,	the	rest	of	your	care	will	not	change	or	be	affected	in	
any	way.	If	this	happens,	we	will	(unless	you	don’t	want	us	to)	keep	the	samples	we	
have	already	taken	and	analyse	whatever	results	we	have,	but	your	information	will	
only	be	linked	to	these	results	through	an	anonymous	database.	
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Will	anyone	else	know	I	am	doing	this?	
We	will	keep	all	your	information	in	confidence.	This	means	we	will	only	tell	those	
who	have	a	need	or	right	to	know.	If	you	agree,	we	would	routinely	let	your	GP	know	
that	you	are	part	of	this	study.		
	
What	will	happen	to	any	samples	I	give?	
The	blood	samples	you	give	will	be	analysed	in	the	laboratory	for	the	hormones	
mentioned	above.	In	order	to	do	this,	we	will	have	to	take	some	extra	blood	
compared	to	what	you	would	normally	have	taken,	but	we	will	do	this	at	exactly	the	
same	time	as	when	the	other	samples	are	taken.		
	
What	happens	if	the	research	project	stops?	
When	we	have	completed	the	research	we	will	send	you	a	summary	of	what	we	
have	discovered.	The	rest	of	your	care	will	not	change,	and	you	will	remain	with	the	
same	team	of	doctors	taking	care	of	you.	We	may	also	invite	you	back	in	the	future	
for	another	study.	Any	extra	blood	samples	we	have	collected	may	be	stored	for	
future	studies.	
	
Who	is	funding	the	research?	Who	has	reviewed	the	study?	
The	research	is	funded	by	the	Great	Ormond	Street	Hospital	Children’s	Charity	
(GOSHCC),	BUPA	Cromwell	Hospital,	the	National	Institute	for	Health	Research	
(NIHR)	and	the	British	Society	for	Paediatric	Endocrinology	&	Diabetes	(BSPED).	
Before	any	research	goes	ahead	it	has	to	be	checked	by	a	Research	Ethics	Committee	
to	make	sure	the	research	is	fair.	This	project	has	been	checked	by	the	London	-	
Bloomsbury	Research	Ethics	Committee.	
	
	
Contact	details	for	further	information	
If	you	want	to	ask	more	questions	about	this	study,	please	contact:	
	
Dr.	Hoong-Wei	Gan	
Clinical	Research	Fellow	in	Paediatric	Endocrinology	
Developmental	Endocrinology	Research	Group	
UCL	Institute	of	Child	Health	
30	Guilford	Street	
London	
WC1N	1EH.	
Tel:	0207	905	2353/ 	
Email:	hoong.gan.11@ucl.ac.uk	
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Contact	details	for	complaints	
Should	you	be	concerned	about	any	part	of	the	study,	or	wish	to	speak	to	someone	
who	is	not	part	of	the	study,	please	contact:	
	
Patient	Advice	and	Liaison	Service	(PALS)	
Great	Ormond	Street	Hospital	for	Children	NHS	Foundation	Trust	
Great	Ormond	Street	
London		
WC1N	3JH.	
Tel:	0207	829	7862	
Email:	pals@gosh.nhs.uk	
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PARENT	INFORMATION	SHEET	-	CASES	
	

	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	
study		
	
We	are	inviting	your	child	to	join	in	a	research	project	to	find	the	answer	to	the	
question:	“Are	blood	hormone	concentrations	of	oxytocin	(OXT)	and	arginine-
vasopressin	(AVP)	lowered	in	children	who	are	obese	and	have	problems	with	the	
structure	of	their	hypothalamus?”	
	
Before	you	decide	if	you	want	your	child	to	join	in,	it’s	important	to	understand	why	
the	research	is	being	done	and	what	it	will	involve.	So	please	consider	the	
information	on	this	sheet	carefully	and	talk	to	your	child’s	doctor	or	nurse	if	you	
want	to.	
	
Why	are	we	doing	this	research?	
The	hypothalamus	is	a	tiny	(almond-sized)	part	at	the	bottom	of	the	brain	(Figure	1)	
which	is	extremely	important	in	controlling	lots	of	different	body	functions	–	
including	sleep,	hunger,	thirst,	temperature	and	how	we	establish	relationships.	It	
basically	keeps	the	whole	body	“in	balance”	by	controlling	different	chemical	
“messages”	–	some	of	which	are	known	as	hormones	sent	out	by	the	brain	to	
different	parts	of	the	body.	
	

	
	

	
	

Children	who	have	had	brain	tumours	in	the	hypothalamus	or	whose	hypothalamus	
has	not	developed	properly	(a	condition	known	as	septo-optic	dysplasia)	often	
develop	problems	particularly	with	constant	hunger	and	rapid	weight	gain,	making	
them	obese.	Unfortunately,	children	with	these	problems	cannot	lose	weight	simply	
by	changing	their	diet	or	lifestyle,	taking	medications	or	having	surgery.	In	fact,	
doctors	do	not	know	how	to	help	these	children	lose	weight.	These	children	also	
have	sleep	disturbances,	constant	thirst,	and	problems	forming	normal	relationships	

Figure	1:	Location	of	the	hypothalamus	in	the	brain	
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–	in	its	severest	form	this	causes	a	condition	known	as	autism.	A	combination	of	
these	features	is	known	as	hypothalamic	syndrome	and	the	obesity	known	as	
hypothalamic	obesity.	
	
What	are	we	testing?	
Doctors	have	recently	discovered	that	two	hormones	made	by	the	hypothalamus,	
OXT	and	AVP,	may	be	involved	in	hypothalamic	obesity.	These	hormones	are	not	
new	-	OXT	helps	childbirth,	whilst	AVP	controls	our	thirst	and	water	balance.		
However,	we	have	recently	discovered	that	both	these	hormones	may	also	control	
weight	and	appetite.	We	want	to	compare	the	blood	concentrations	of	these	
hormones	(and	other	known	hormones	controlling	weight)	in	children	with	and	
without	problems	in	their	hypothalamus	who	are	and	are	not	overweight.	We	also	
want	to	see	how	their	concentrations	change	when	children	are	given	some	liquid	
sugar	in	a	test	known	as	an	oral	glucose	tolerance	test	(OGTT).		
	
If	we	discover	that	OXT	and/	or	AVP	is	decreased	in	hypothalamic	obesity,	we	may	
be	able	to	help	children	with	this	problem	to	lose	weight	by	supplementing	these	
hormones	in	the	future.		
	
Why	has	my	child	been	invited	to	take	part?	
Your	child	is	being	asked	to	take	part	in	this	project	either	because	they	have/	have	
had	a	brain	tumour	in	their	hypothalamus	or	they	have	septo-optic	dysplasia	and	
have	features	in	keeping	with	hypothalamic	obesity.	We	are	hoping	to	study	120	
children	in	total.	No	study	has	ever	directly	compared	the	concentrations	of	these	
hormones	in	children	with	these	problems	before.	
	
What	will	happen	to	my	child	if	he/	she	takes	part?	
For	the	most	part,	nothing	different	to	what	would	have	happened	if	they	had	
decided	not	to	take	part.	They	will	already	have	had	their	height	and	weight	
measured,	and	an	assessment	of	how	far	along	they	are	in	puberty	done	in	clinic	
today.	We	will	also	get	information	about	their	condition	and	treatment(s)	from	
their	hospital	notes.	
	
We	will	then	contact	you	with	an	appointment	for	your	child	to	be	admitted	to	
Kingfisher	Ward	for	either	half	a	day	or	2	days.	On	the	day,	an	anaesthetic	numbing	
cream	will	be	put	on	the	back	of	their	hands	or	the	inside	of	their	elbow.	When	this	
has	had	enough	time	to	work,	a	nurse	will	put	in	plastic	tube	known	as	a	cannulainto	
a	vein	underneath	where	the	cream	was.	He/	she	will	have	to	use	a	needle	to	prick	
the	skin	to	do	this,	but	the	needle	is	then	removed	and	the	plastic	tube	left	in	for	
blood	tests	(samples).	This	will	then	stay	in	for	the	entire	time	your	child	is	admitted.	
	
If	your	child	is	staying	only	half	a	day,	we	will	perform	only	an	OGTT.	This	test	
involves	them	drinking	some	sugary	liquid	at	the	beginning,	and	blood	will	be	taken	
out	of	their	cannula	every	half	an	hour	for	2	hours.	If	they	are	staying	for	2	days,	they	
will	have	an	OGTT	on	the	morning	of	the	first	day,	followed	by	a	combined	pituitary	
test	(CPT)	the	following	morning.	This	second	test	involves	them	having	an	injection	
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into	their	arm/	leg	(like	having	their	immunisations),	followed	by	blood	tests	being	
taken	out	of	their	cannula	every	30	minutes	for	3	hours.		
	
Both	these	tests	are	tests	their	doctor	would	have	decided	to	do	anyway	as	part	of	
their	treatment,	even	if	you	decided	they	would	not	take	part.	We	are	basically	
doing	blood	tests	on	the	same	samples	of	blood	which	would	have	been	taken	
anyway.	We	may	need	a	bit	more	in	order	to	do	the	tests	for	this	study,	but	these	
would	be	taken	at	the	same	time	as	all	their	other	blood	tests.	
	
What	will	my	child	be	asked	to	do?	
Your	child	will	be	asked	not	to	eat	anything	from	midnight	the	night	before	they	are	
admitted.	They	can	drink	plain	water	up	to	the	start	of	the	test.		
	
What	if	there	is	a	problem	or	something	goes	wrong?	
The	OGTT	has	little,	if	any	side	effects	and	can	be	performed	in	GP	practices.	The	
main	issue	is	usually	that	the	liquid	we	give	your	child	is	very	sweet!	
	
The	CPT	may	cause	their	blood	sugar	levels	to	drop,	but	we	will	monitor	this	carefully	
throughout	the	test.	If	their	blood	sugar	levels	do	drop	we	will	give	them	a	sugary	
drink	(the	same	liquid	used	in	the	OGTT)	and	let	them	have	some	food.	When	their	
blood	sugar	levels	drop	they	may	feel	shaky,	dizzy,	sick	or	sleepy,	so	please	let	the	
doctor	or	nurse	know	if	they	have	these	symptoms.	
	
Our	doctors	and	nurses	are	very	experienced	in	carrying	out	these	tests,	and	are	
used	to	handling	most	problems	that	come	up.	If	you	are	worried	about	anything,	
please	ask	your	child’s	doctor	or	nurse.	
	
Does	my	child	have	to	take	part?	
No.	It	is	up	to	you	and	your	child.	We	will	ask	for	your	consent	and	then	ask	if	you	
would	sign	a	form.	If	your	child	is	old	enough,	they	will	also	be	asked	if	they	agree	
(assent)	and	sign	another	form.	We	will	give	you	a	copy	of	this	information	sheet	and	
the	signed	form(s)	to	keep.	
	
Your	child	is	free	to	stop	taking	part	at	any	time	during	the	research	without	giving	a	
reason.	If	you	decide	to	stop,	the	rest	of	their	care	will	not	change	or	be	affected	in	
any	way.	If	this	happens,	we	will	(unless	otherwise	instructed)	keep	the	samples	we	
have	already	obtained	and	analyse	whatever	results	we	have,	and	your	child’s	
personal	and	clinical	information	will	only	be	linked	to	these	results	through	an	
anonymous	database.	
	
Will	anyone	else	know	they	are	doing	this?	
We	will	keep	all	your	information	in	confidence.	This	means	we	will	only	tell	those	
who	have	a	need	or	right	to	know.	If	you	agree,	we	would	routinely	let	your	child’s	
GP	know	that	they	are	part	of	this	study.		
	
What	will	happen	to	any	samples	my	child	gives?	
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The	blood	samples	they	give	will	be	analysed	in	a	laboratory	for	the	hormones	
mentioned	above.	In	order	to	do	this,	we	will	have	to	take	some	extra	blood	
compared	to	what	they	would	normally	have	taken,	but	we	will	do	this	at	exactly	the	
same	time	as	when	the	other	samples	are	taken.	
	
What	happens	if	the	research	project	stops?	
When	we	have	completed	the	research	we	will	send	you	a	summary	of	what	we	
have	discovered.	The	rest	of	your	child’s	care	will	not	change,	and	they	will	remain	
with	the	same	team	of	doctors	taking	care	of	them.	We	may	also	invite	them	back	in	
the	future	for	another	study.	
	
Who	is	funding	the	research?	Who	has	reviewed	the	study?	
The	research	is	funded	by	the	Great	Ormond	Street	Hospital	Children’s	Charity	
(GOSHCC),	BUPA	Cromwell	Hospital,	the	National	Institute	for	Health	Research	
(NIHR)	and	the	British	Society	for	Paediatric	Endocrinology	&	Diabetes	(BSPED).	
Before	any	research	goes	ahead	it	has	to	be	checked	by	a	Research	Ethics	Committee	
to	make	sure	the	research	is	fair.	This	project	has	been	checked	by	the	London	–	
Bloomsbury	Research	Ethics	Committee.	
	
Contact	details	for	further	information	
If	you	want	to	ask	more	questions	about	this	study,	please	contact:	
	
Dr.	Hoong-Wei	Gan	
Clinical	Research	Fellow	in	Paediatric	Endocrinology	
Developmental	Endocrinology	Research	Group	
UCL	Institute	of	Child	Health	
30	Guilford	Street	
London	
WC1N	1EH.	
Tel:	0207	905	2353/ 	
Email:	hoong.gan.11@ucl.ac.uk	
	
Contact	details	for	complaints	
Should	you	be	concerned	about	any	part	of	the	study,	or	wish	to	speak	to	someone	
who	is	not	part	of	the	study,	please	contact:	
	
Patient	Advice	and	Liaison	Service	(PALS)	
Great	Ormond	Street	Hospital	for	Children	NHS	Foundation	Trust	
Great	Ormond	Street	
London		
WC1N	3JH.	
Tel:	0207	829	7862	
Email:	pals@gosh.nhs.uk	
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PATIENT	INFORMATION	SHEET	–	NORMAL	CONTROLS	

(AGE	6-10	YEARS)	
	

	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	
study	
	
What	is	research?	Why	is	this	project	being	done?	
Research	is	a	way	we	try	to	find	out	answers	to	questions.	We	want	to	see	if	two	
blood	chemicals,	oxytocin	(OXT)	and	arginine-vasopressin	(AVP)	are	different	in	
children	with	brain	problems	(like	lumps	in	their	brain)	who	are	overweight	and	
those	who	don’t	and	are	thin.	
	
Why	have	I	been	asked	to	take	part?	
You	are	being	asked	if	you	will	take	part	in	this	project	as	a	control,	that	is,	you	don’t	
have	a	brain	problem.	We	are	also	asking	children	with	brain	problems	to	take	part,	
and	we	need	to	compare	their	blood	tests	with	normal	ones	from	people	like	you.		
	
What	will	happen	to	me	if	I	take	part?	
Mostly,	there	won’t	be	much	difference.	You	will	be	measured	in	clinic	to	see	how	
tall	and	heavy	you	are,	and	a	doctor	will	examine	you.		
	
You	will	then	come	to	Kingfisher	Ward	for	at	least	half	a	day,	at	the	same	time	as	
your	other	tests.	On	the	day,	some	“magic”	cream	will	be	put	on	the	back	of	your	
hands	or	the	inside	of	your	elbow.	A	nurse	will	then	put	in	a	plastic	straw	under	your	
skin	where	the	cream	was	for	blood	tests,	which	you	won’t	feel	because	of	the	
cream.		
	
You	will	then	be	given	a	sweet	drink	and	a	nurse	will	take	some	blood	out	of	the	
straw	in	your	hand.	You	will	be	able	to	go	home	at	around	lunchtime.		
	
Will	anything	upset	me?	
The	drink	we	give	you	at	the	beginning	is	very	sweet	–	sweeter	than	squash	or	juice!	
If	you	don’t	like	the	taste	you	can	drink	lots	of	water	afterwards.		
	
The	doctors	and	nurses	taking	care	of	you	have	done	these	tests	lots	of	times,	but	If	
you	are	worried	about	anything,	let	your	mum/	dad,	doctor	or	nurse	know.	
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Do	I	have	to	take	part?	
No.	It	is	up	to	you	and	your	mum/	dad.	If	you	and	your	mum/	dad	are	happy	we	will	
ask	your	mum/	dad	to	sign	a	form,	which	you	can	keep.	If	at	any	time	you	don’t	want	
to	take	part	anymore,	just	tell	your	mum/	dad,	doctor	or	nurse.	They	will	not	be	
cross	with	you	and	you	don’t	have	to	tell	us	why.	We	will	look	at	the	results	of	any	
blood	tests	we	have	already	taken	but	will	not	take	any	more.	
	
Will	anyone	else	know	I	am	doing	this?	
We	will	not	tell	anyone	else	that	you	are	taking	part,	unless	you	want	us	to.	If	mum/	
dad	are	happy,	we	normally	tell	your	family	doctor	that	you	are	part	of	this	study.	
	
Will	joining	in	help	me?	
We	cannot	promise	the	study	will	help	you	but	it	may	help	us	treat	children	with	
brain	problems	with	better	medicines	in	the	future.	
	
What	happens	when	the	research	project	stops?	
When	we	have	completed	the	research	we	will	tell	your	mum/	dad	what	we	have	
discovered.	You	will	continue	taking	the	rest	of	your	medicines	and	see	the	same	
doctors.	We	may	also	call	you	back	in	the	future	for	another	study.	
	
Did	anyone	check	the	study	is	OK	to	do?	
The	research	is	funded	by	the	Great	Ormond	Street	Hospital	Children’s	Charity	
(GOSHCC),	BUPA	Cromwell	Hospital,	the	National	Institute	for	Health	Research	
(NIHR)	and	the	British	Society	for	Paediatric	Endocrinology	&	Diabetes	(BSPED).		
Before	any	research	is	allowed	to	happen,	it	has	to	be	checked	by	a	group	of	people	
called	a	Research	Ethics	Committee	who	make	sure	that	the	research	is	fair.	This	
project	has	been	checked	by	the	London	–	Bloomsbury	Research	Ethics	Committee.	
	
Contact	details	for	further	information	
If	you	want	to	ask	more	questions	about	this	study,	please	contact:	
	
Dr.	Hoong-Wei	Gan	
Clinical	Research	Fellow	in	Paediatric	Endocrinology	
Developmental	Endocrinology	Research	Group	
UCL	Institute	of	Child	Health	
30	Guilford	Street	
London	
WC1N	1EH.	
Tel:	0207	905	2353/ 	
Email:	hoong.gan.11@ucl.ac.uk	
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Contact	details	for	complaints	
Should	you	be	concerned	about	any	part	of	the	study,	or	wish	to	speak	to	someone	
who	is	not	part	of	the	study,	please	contact:	
	
Patient	Advice	and	Liaison	Service	(PALS)	
Great	Ormond	Street	Hospital	for	Children	NHS	Foundation	Trust	
Great	Ormond	Street	
London		
WC1N	3JH.	
Tel:	0207	829	7862	
Email:	pals@gosh.nhs.uk	
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PATIENT	INFORMATION	SHEET	–	NORMAL	CONTROLS	

(AGE	11-16	YEARS)	
	

	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	
study	
	
We	are	inviting	you	to	join	in	a	research	project	to	find	the	answer	to	the	question:	
“Are	blood	hormone	concentrations	of	oxytocin	(OXT)	and	arginine-vasopressin	
(AVP)	lowered	in	children	who	are	obese	and	have	problems	with	the	structure	of	
their	hypothalamus?”	
	
Before	you	decide	if	you	want	to	join	in,	it’s	important	to	understand	why	the	
research	is	being	done	and	what	it	will	involve	for	you.	So	please	consider	the	
information	on	this	sheet	carefully	and	talk	to	your	parents,	friends,	doctor	or	nurse	
if	you	want	to.	
	
Why	are	we	doing	this	research?	
The	hypothalamus	is	a	tiny	(almond-sized)	part	at	the	bottom	of	your	brain	(Figure	1)	
which	is	extremely	important	in	controlling	lots	of	different	body	functions	–	
including	sleep,	hunger,	thirst,	temperature	and	how	you	make	friends.	It	basically	
keeps	your	whole	body	“in	balance”	by	controlling	different	chemical	“messages”	–	
some	of	which	are	known	as	hormones	sent	out	by	the	brain	to	different	parts	of	the	
body.	
	

	
	

	
	

Children	who	have	had	brain	tumours	in	the	hypothalamus	or	whose	hypothalamus	
has	not	developed	properly	(a	condition	known	as	septo-optic	dysplasia)	often	
develop	problems	particularly	with	constant	hunger	and	rapid	weight	gain,	making	
them	very	overweight	or	obese.	Unfortunately,	children	with	these	problems	cannot	
lose	weight	simply	by	cutting	down	on	the	amount	they	eat,	exercising	more	

Figure	1:	Location	of	the	hypothalamus	in	the	brain	
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regularly,	taking	medications	or	having	surgery.	In	fact,	doctors	do	not	know	how	to	
help	these	children	lose	weight.	These	children	also	have	problems	sleeping,	
controlling	the	amount	of	water	they	drink,	and	forming	normal	relationships	–	in	its	
severest	form	this	causes	a	condition	known	as	autism.	A	combination	of	these	
features	 is	 known	 as	 hypothalamic	 syndrome	 and	 the	 obesity	 known	 as	
hypothalamic	obesity.	
	
What	are	we	testing?	
Doctors	have	recently	discovered	that	two	hormones	made	by	the	hypothalamus,	
OXT	and	AVP,	may	be	involved	in	the	process	leading	to	hypothalamic	obesity.	These	
hormones	are	not	new	-	OXT	is	a	hormone	that	helps	women	give	birth	to	babies,	
whilst	AVP	is	a	hormone	that	controls	your	thirst	and	how	much	you	wee.		However,	
we	have	recently	discovered	that	both	these	hormones	may	also	control	weight	and	
how	much	you	eat.	We	want	to	compare	the	blood	concentrations	of	these	
hormones	(and	other	known	hormones	controlling	weight)	in	children	with	and	
without	problems	in	their	hypothalamus	who	are	and	are	not	overweight.	We	also	
want	to	see	how	the	concentrations	of	these	hormones	change	when	children	are	
given	some	liquid	sugar	in	a	test	known	as	an	oral	glucose	tolerance	test	(OGTT).		
	
If	we	discover	that	OXT	and/	or	AVP	is	decreased	in	hypothalamic	obesity,	we	may	
be	able	to	help	children	with	this	problem	to	lose	weight	by	supplementing	these	
hormones	in	the	future.		
	
Why	have	I	been	invited	to	take	part?	
You	are	being	asked	if	you	will	take	part	in	this	project	as	part	of	a	control	group,	
that	is,	you	do	not	have	a	brain	tumour	or	septo-optic	dysplasia.	When	we	do	blood	
tests,	we	are	always	asking	the	question	“how	do	these	results	compare	to	a	normal	
person’s?”	For	most	blood	tests	we	know	what	is	normal	by	using	information	from	
a	lot	of	tests	from	a	lot	of	people	over	time.	However,	for	more	unusual	tests	such	as	
OXT	and	AVP	we	are	unable	to	do	this	and	do	not	know	what	is	normal	for	children.		
	
Therefore,	in	order	to	know	whether	children	with	hypothalamic	problems	are	
different,	we	need	identical	blood	samples	from	children	without	hypothalamic	
problems	to	compare	to	at	the	same	time	(controls),	whether	or	not	you	have	
problems	with	weight	gain.	We	are	hoping	to	study	120	children	in	total.	No	study	
has	ever	directly	compared	the	concentrations	of	these	hormones	in	children	with	
these	problems	before.	
	
What	will	happen	to	me	if	I	take	part?	
For	the	most	part,	nothing	different	to	what	would	have	happened	if	you	had	
decided	not	to	take	part.	You	will	already	have	had	your	height	and	weight	
measured,	and	an	assessment	of	how	far	along	you	are	in	puberty	(development	of	
your	private	parts)	done	in	clinic	today.	We	will	also	get	information	about	other	
aspects	of	your	health	from	your	hospital	notes.	
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We	will	then	contact	you	with	an	appointment	to	be	admitted	to	Kingfisher	Ward	for	
at	least	half	a	day,	at	the	same	time	as	when	your	other	tests	are	planned.	On	the	
day,	a	numbing	cream	will	be	put	on	the	back	of	your	hands	or	the	inside	of	your	
elbow.	When	this	has	had	enough	time	to	work,	a	nurse	will	put	in	plastic	tube	
known	as	a	cannula	where	the	cream	was.	He/	she	will	have	to	use	a	needle	to	prick	
the	skin	to	do	this,	but	the	needle	is	then	removed	and	the	plastic	tube	left	in	for	
blood	tests	(samples).	This	will	then	stay	in	for	the	entire	time	you	are	admitted.	
	
After	this	we	will	then	perform	an	OGTT.	This	test	involves	you	drinking	some	sweet	
liquid	at	the	beginning,	and	blood	will	be	taken	out	of	your	cannula	every	half	an	
hour	for	2	hours.	You	will	then	be	able	to	go	home	around	lunchtime.	
	
If	you	have	problems	with	weight	gain,	the	OGTT	is	a	test	your	doctor	would	have	
decided	to	do	anyway	as	part	of	your	treatment,	even	if	you	decided	not	to	take	
part.	We	would	be	doing	blood	tests	on	the	same	blood	which	would	be	taken	as	
part	of	this	test	anyway,	but	may	have	to	take	a	little	extra	to	do	the	tests	for	this	
study.	This	would	be	done	at	the	same	time	as	all	your	other	blood	tests.	
	
If	you	do	not	have	any	problems	with	weight	gain,	the	OGTT	is	an	extra	test	that	you	
will	be	undergoing,	but	this	will	be	done	during	your	admission	for	your	other	tests,	
and	where	possible	blood	will	be	taken	at	the	same	time	as	any	other	blood	tests	
you	are	being	admitted	for.	
	
What	will	I	be	asked	to	do?	
You	will	be	asked	not	to	eat	anything	from	midnight	the	night	before	you	are	
admitted.	You	can	drink	plain	water	up	to	the	start	of	the	test.		
	
What	if	there	is	a	problem	or	something	goes	wrong?	
The	OGTT	is	a	routine	test	performed	in	children	who	are	overweight	to	see	if	certain	
medications	will	help	with	weight	loss.	It	has	little,	if	any	side	effects.	The	main	issue	
is	usually	that	the	liquid	we	give	you	is	very	sweet!	
	
Our	doctors	and	nurses	are	very	experienced	in	carrying	out	these	tests,	and	are	
used	to	handling	most	problems	that	come	up.	If	you	are	worried	about	anything,	
please	let	your	doctor	or	nurse	know.	
	
Do	I	have	to	take	part?	
No.	It	is	up	to	you.	We	will	ask	you	for	your	permission	and	then	ask	if	you	would	
sign	a	form.	Your	parent/	carer	will	also	be	asked	their	permission	and	they	will	sign	
another	form.	We	will	give	you	a	copy	of	this	information	sheet	and	your	signed	
form(s)	to	keep.	
	
You	are	free	to	stop	taking	part	at	any	time	during	the	research	without	giving	a	
reason.	If	you	decide	to	stop,	the	rest	of	your	care	will	not	change	or	be	affected	in	
any	way.	If	this	happens,	we	will	(unless	you	don’t	want	us	to)	keep	the	samples	we	
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have	already	taken	and	analyse	whatever	results	we	have,	but	your	information	will	
only	be	linked	to	these	results	through	an	anonymous	database.	
	
Will	anyone	else	know	I	am	doing	this?	
We	will	keep	all	your	information	in	confidence.	This	means	we	will	only	tell	those	
who	have	a	need	or	right	to	know.	If	you	agree,	we	would	routinely	let	your	GP	know	
that	you	are	part	of	this	study.		
	
What	will	happen	to	any	samples	I	give?	
The	blood	samples	you	give	will	be	analysed	in	the	laboratory	for	the	hormones	
mentioned	above.	In	order	to	do	this,	we	will	have	to	take	some	extra	blood	
compared	to	what	you	would	normally	have	taken,	but	we	will	do	this	at	exactly	the	
same	time	as	when	the	other	samples	are	taken.	
	
What	happens	if	the	research	project	stops?	
When	we	have	completed	the	research	we	will	send	you	a	summary	of	what	we	
have	discovered.	The	rest	of	your	care	will	not	change,	and	you	will	remain	with	the	
same	team	of	doctors	taking	care	of	you.	We	may	also	invite	you	back	in	the	future	
for	another	study.	
	
Who	is	funding	the	research?	Who	has	reviewed	the	study?	
The	 research	 is	 funded	by	Great	Ormond	 Street	Hospital	 Children’s	 Charity	
(GOSHCC),	BUPA	Cromwell	Hospital,	the	National	Institute	for	Health	Research	
(NIHR)	and	the	British	Society	for	Paediatric	Endocrinology	&	Diabetes	(BSPED).		
Before	any	research	goes	ahead	it	has	to	be	checked	by	a	Research	Ethics	Committee	
to	make	sure	the	research	is	fair.	This	project	has	been	checked	by	the	London	-	
Bloomsbury	Research	Ethics	Committee.	
	
Contact	details	for	further	information	
If	you	want	to	ask	more	questions	about	this	study,	please	contact:	
	
Dr.	Hoong-Wei	Gan	
Clinical	Research	Fellow	in	Paediatric	Endocrinology	
Developmental	Endocrinology	Research	Group	
UCL	Institute	of	Child	Health	
30	Guilford	Street	
London	
WC1N	1EH.	
Tel:	0207	905	2353/ 	
Email:	hoong.gan.11@ucl.ac.uk	
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Contact	details	for	complaints	
Should	you	be	concerned	about	any	part	of	the	study,	or	wish	to	speak	to	someone	
who	is	not	part	of	the	study,	please	contact:	
	
Patient	Advice	and	Liaison	Service	(PALS)	
Great	Ormond	Street	Hospital	for	Children	NHS	Foundation	Trust	
Great	Ormond	Street	
London		
WC1N	3JH.	
Tel:	0207	829	7862	
Email:	pals@gosh.nhs.uk	
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PARENT	INFORMATION	SHEET		-	NORMAL	CONTROLS	

	
	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	
study	
	
We	are	inviting	your	child	to	join	in	a	research	project	to	find	the	answer	to	the	
question:	“Are	blood	hormone	concentrations	of	oxytocin	(OXT)	and	arginine-
vasopressin	(AVP)	lowered	in	children	who	are	obese	and	have	problems	with	the	
structure	of	their	hypothalamus?”	
	
Before	you	decide	if	you	want	your	child	to	join	in,	it’s	important	to	understand	why	
the	research	is	being	done	and	what	it	will	involve.	So	please	consider	the	
information	on	this	sheet	carefully	and	talk	to	your	child’s	doctor	or	nurse	if	you	
want	to.	
	
Why	are	we	doing	this	research?	
The	hypothalamus	is	a	tiny	(almond-sized)	part	at	the	bottom	of	the	brain	(Figure	1)	
which	is	extremely	important	in	controlling	lots	of	different	body	functions	–	
including	sleep,	hunger,	thirst,	temperature	and	how	we	establish	relationships.	It	
basically	keeps	the	whole	body	“in	balance”	by	controlling	different	chemical	
“messages”	–	some	of	which	are	known	as	hormones	sent	out	by	the	brain	to	
different	parts	of	the	body.	
	

	
	

	
	

Children	who	have	had	brain	tumours	in	the	hypothalamus	or	whose	hypothalamus	
has	not	developed	properly	(a	condition	known	as	septo-optic	dysplasia)	often	
develop	problems	particularly	with	constant	hunger	and	rapid	weight	gain,	making	
them	obese.	Unfortunately,	children	with	these	problems	cannot	lose	weight	simply	
by	changing	their	diet	or	lifestyle,	taking	medications	or	having	surgery.	In	fact,	
doctors	do	not	know	how	to	help	these	children	lose	weight.	These	children	also	
have	sleep	disturbances,	constant	thirst,	and	problems	forming	normal	relationships	

Figure	1:	Location	of	the	hypothalamus	in	the	brain	
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–	in	its	severest	form	this	causes	a	condition	known	as	autism.	A	combination	of	
these	features	is	known	as	hypothalamic	syndrome	and	the	obesity	known	as	
hypothalamic	obesity.	
	
What	are	we	testing?	
Doctors	have	recently	discovered	that	two	hormones	made	by	the	hypothalamus,	
OXT	and	AVP,	may	be	involved	in	hypothalamic	obesity.	These	hormones	are	not	
new	-	OXT	helps	childbirth,	whilst	AVP	controls	our	thirst	and	water	balance.		
However,	we	have	recently	discovered	that	both	these	hormones	may	also	control	
weight	and	appetite.	We	want	to	compare	the	blood	concentrations	of	these	
hormones	(and	other	known	hormones	controlling	weight)	in	children	with	and	
without	problems	in	their	hypothalamus	who	are	and	are	not	overweight.	We	also	
want	to	see	how	their	concentrations	change	when	children	are	given	some	liquid	
sugar	in	a	test	known	as	an	oral	glucose	tolerance	test	(OGTT).		
	
If	we	discover	that	OXT	and/	or	AVP	is	decreased	in	hypothalamic	obesity,	we	may	
be	able	to	help	children	with	this	problem	to	lose	weight	by	supplementing	these	
hormones	in	the	future.		
	
Why	has	my	child	been	invited	to	take	part?	
Your	child	is	being	asked	to	take	part	in	this	project	as	part	of	a	control	group,	that	is,	
they	do	not	have	a	brain	tumour	or	septo-optic	dysplasia.	When	we	do	blood	tests,	
we	are	always	asking	the	question	“how	do	these	results	compare	to	a	normal	
person’s?”	For	most	blood	tests	we	know	what	is	normal	by	using	information	from	
lots	of	tests	from	a	lot	of	people	over	time.	However,	for	more	unusual	tests	such	as	
OXT	and	AVP	we	are	unable	to	do	this	and	do	now	know	what	is	normal	for	children.		
	
Therefore,	in	order	to	know	whether	children	with	hypothalamic	problems	are	
different,	we	need	identical	blood	samples	from	children	without	hypothalamic	
problems	to	compare	to	at	the	same	time	(controls),	whether	or	not	your	child	has	
problems	with	weight	gain.	We	are	hoping	to	study	120	children	in	total.	No	study	
has	ever	directly	compared	the	concentrations	of	these	hormones	in	children	with	
these	problems	before.	
	
What	will	happen	to	my	child	if	he/	she	takes	part?	
For	the	most	part,	nothing	different	to	what	would	have	happened	if	they	had	
decided	not	to	take	part.	They	will	already	have	had	their	height	and	weight	
measured,	and	an	assessment	of	how	far	along	they	are	in	puberty	done	in	clinic	
today.	We	will	also	get	information	about	any	relevant	medical	problems	they	may	
have	or	treatment(s)	they	are	receiving	from	their	hospital	notes.	
	
We	will	then	contact	you	with	an	appointment	for	your	child	to	be	admitted	to	
Kingfisher	Ward	for	at	least	half	a	day,	during	the	same	admission	when	your	child	is	
having	their	other	tests	planned.	On	the	day,	an	anaesthetic	numbing	cream	will	be	
put	on	the	back	of	their	hands	or	the	inside	of	their	elbow.	When	this	has	had	
enough	time	to	work,	a	nurse	will	put	in	a	plastic	tube	known	as	a	cannula	into	a	vein	
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underneath	where	the	cream	was.	He/	she	will	have	to	initially	use	a	needle	to	do	
this,	but	the	needle	is	then	removed	and	the	plastic	tube	left	in	for	blood	tests	
(samples).	This	will	then	stay	in	for	the	entire	time	your	child	is	admitted.	
	
After	this	we	will	then	perform	an	OGTT.	This	test	involves	them	drinking	some	
sugary	liquid	at	the	beginning,	and	blood	will	be	taken	out	of	their	cannula	every	half	
an	hour	for	2	hours.	They	will	then	be	able	to	go	home	around	lunchtime.	
	
If	your	child	is	overweight,	the	OGTT	is	a	test	their	doctor	would	have	decided	to	do	
anyway	as	part	of	their	treatment,	even	if	you	decided	they	would	not	take	part.	We	
would	be	doing	blood	tests	on	the	same	samples	of	blood	which	would	be	taken	
anyway.	We	may	need	a	bit	more	in	order	to	do	the	tests	for	this	study,	but	this	
would	be	taken	at	the	same	time	as	all	their	other	blood	tests.		
	
If	your	child	is	not	overweight,	the	OGTT	is	an	extra	test	that	your	child	will	be	
undergoing,	but	this	will	be	done	during	the	same	admission,	and	where	possible	at	
the	same	time	as	the	other	tests	your	child	is	being	admitted	for.		
	
What	will	my	child	be	asked	to	do?	
Your	child	will	be	asked	not	to	eat	anything	from	midnight	the	night	before	they	are	
admitted.	They	can	drink	plain	water	up	to	the	start	of	the	test.		
	
What	if	there	is	a	problem	or	something	goes	wrong?	
The	OGTT	is	a	routine	test	performed	in	children	who	are	overweight	to	see	if	certain	
medications	can	be	used	to	help	weight	loss.	It	has	little,	if	any	side	effects	and	can	
be	performed	in	GP	practices.	The	main	issue	is	usually	that	the	liquid	we	give	your	
child	is	very	sweet!	
	
Our	doctors	and	nurses	are	very	experienced	in	carrying	out	these	tests,	and	are	
used	to	handling	most	problems	that	come	up.	If	you	are	worried	about	anything,	
please	ask	your	child’s	doctor	or	nurse.	
	
Does	my	child	have	to	take	part?	
No.	It	is	up	to	you	and	your	child.	We	will	ask	for	your	consent	and	then	ask	if	you	
would	sign	a	form.	If	your	child	is	old	enough,	they	will	also	be	asked	if	they	agree	
(assent)	and	sign	another	form.	We	will	give	you	a	copy	of	this	information	sheet	and	
the	signed	form(s)	to	keep.		
	
Your	child	is	free	to	stop	taking	part	at	any	time	during	the	research	without	giving	a	
reason.	If	you	decide	to	stop,	the	rest	of	their	care	will	not	change	or	be	affected	in	
any	way.	If	this	happens,	we	will	(unless	otherwise	instructed)	keep	the	samples	we	
have	already	obtained	and	analyse	whatever	results	we	have,	and	your	child’s	
personal	and	clinical	information	will	only	be	linked	to	these	results	through	an	
anonymous	database.	
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Will	anyone	else	know	they	are	doing	this?	
We	will	keep	all	your	information	in	confidence.	This	means	we	will	only	tell	those	
who	have	a	need	or	right	to	know.	If	you	agree,	we	would	routinely	let	your	child’s	
GP	know	that	they	are	part	of	this	study.		
	
What	will	happen	to	any	samples	my	child	gives?	
The	blood	samples	they	give	will	be	analysed	in	a	laboratory	for	the	hormones	
mentioned	above.	In	order	to	do	this,	we	will	have	to	take	some	extra	blood	
compared	to	what	they	would	normally	have	taken,	but	we	will	do	this	at	exactly	the	
same	time	as	when	the	other	samples	are	taken.	
	
What	happens	if	the	research	project	stops?	
When	we	have	completed	the	research	we	will	send	you	a	summary	of	what	we	
have	discovered.	The	rest	of	your	child’s	care	will	not	change,	and	they	will	remain	
with	the	same	team	of	doctors	taking	care	of	them.	We	may	also	invite	them	back	in	
the	future	for	another	study.	
	
Who	is	funding	the	research?	Who	has	reviewed	the	study?	
The	research	is	funded	by	the	Great	Ormond	Street	Hospital	Children’s	Charity	
(GOSHCC),	BUPA	Cromwell	Hospital,	the	National	Institute	for	Health	Research	
(NIHR)	and	the	British	Society	for	Paediatric	Endocrinology	&	Diabetes	(BSPED).	
Before	any	research	goes	ahead	it	has	to	be	checked	by	a	Research	Ethics	Committee	
to	make	sure	the	research	is	fair.	This	project	has	been	checked	by	the	London	-	
Bloomsbury	Research	Ethics	Committee.	
	
Contact	details	for	further	information	
If	you	want	to	ask	more	questions	about	this	study,	please	contact:	
	
Dr.	Hoong-Wei	Gan	
Clinical	Research	Fellow	in	Paediatric	Endocrinology	
Developmental	Endocrinology	Research	Group	
UCL	Institute	of	Child	Health	
30	Guilford	Street	
London	
WC1N	1EH.	
Tel:	0207	905	2353/	0778	696	1442	
Email:	hoong.gan.11@ucl.ac.uk	
	
Contact	details	for	complaints	
Should	you	be	concerned	about	any	part	of	the	study,	or	wish	to	speak	to	someone	
who	is	not	part	of	the	study,	please	contact:	
	
Patient	Advice	and	Liaison	Service	(PALS)	
Great	Ormond	Street	Hospital	for	Children	NHS	Foundation	Trust	
Great	Ormond	Street	
London		
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WC1N	3JH.	
Tel:	0207	829	7862	
Email:	pals@gosh.nhs.uk	
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PATIENT	INFORMATION	SHEET	–	POSITIVE	CONTROLS	

(AGE	6-10	YEARS)	
	

	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	
study	
	
What	is	research?	Why	is	this	project	being	done?	
Research	is	a	way	we	try	to	find	out	answers	to	questions.	We	want	to	see	if	two	
blood	chemicals,	oxytocin	(OXT)	and	arginine-vasopressin	(AVP)	are	different	in	
children	with	brain	problems	(like	lumps	in	their	brain)	who	are	overweight	and	
those	who	don’t	and	are	thin.	
	
Why	have	I	been	asked	to	take	part?	
You	are	being	asked	if	you	will	take	part	in	this	project	as	a	control,	that	is,	you	have/	
have	had	a	lump	in	your	brain	or	part	of	your	brain	hasn’t	formed	properly	but	you	
don’t	have	problems	with	your	weight.	We	are	also	asking	children	with	brain	and	
weight	problems	to	take	part,	and	we	need	to	compare	their	blood	test	with	ones	
from	people	like	you.		
	
What	will	happen	to	me	if	I	take	part?	
Mostly,	there	won’t	be	much	difference.	You	will	be	measured	in	clinic	to	see	how	
tall	and	heavy	you	are,	and	a	doctor	will	examine	you.		
	
You	will	then	come	to	Kingfisher	Ward	for	either	half	a	day	or	2	days.	On	the	day,	
some	“magic”	cream	will	be	put	on	the	back	of	your	hands	or	the	inside	of	your	
elbow.	A	nurse	will	then	put	in	a	plastic	straw	under	your	skin	where	the	cream	was	
for	blood	tests,	which	you	won’t	feel	because	of	the	cream.		
	
If	you	are	staying	for	half	a	day,	you	will	be	given	a	sweet	drink	and	a	nurse	will	take	
some	blood	out	of	the	straw	in	your	hand.	If	you	are	staying	for	2	days,	you	will	also	
have	another	test	on	the	second	day	where	you	will	have	an	injection	in	your	arm	at	
the	beginning	(like	having	your	school	jabs),	then	blood	tests	will	be	taken	out	of	
your	straw.	
	
Will	anything	upset	me?	
The	drink	we	give	you	at	the	beginning	is	very	sweet	–	sweeter	than	squash	or	juice!	
If	you	don’t	like	the	taste	you	can	drink	lots	of	water	afterwards.		
	
If	you	are	having	the	injection	test,	this	won’t	be	any	more	painful	than	your	school	
jabs.	It	may	also	make	you	feel	dizzy,	sick	or	sleepy,	so	let	your	mum/	dad	know	if	
this	happens.	
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The	doctors	and	nurses	taking	care	of	you	have	done	these	tests	lots	of	times,	but	If	
you	are	worried	about	anything,	let	your	mum/	dad,	doctor	or	nurse	know.	
		
Do	I	have	to	take	part?	
No.	It	is	up	to	you	and	your	mum/	dad.	If	you	and	your	mum/	dad	are	happy	we	will	
ask	your	mum/	dad	to	sign	a	form,	which	you	can	keep.	If	at	any	time	you	don’t	want	
to	take	part	anymore,	just	tell	your	mum/	dad,	doctor	or	nurse.	They	will	not	be	
cross	with	you	and	you	don’t	have	to	tell	us	why.	We	will	look	at	the	results	of	any	
blood	tests	we	have	already	taken	but	will	not	take	any	more.	
	
Will	anyone	else	know	I	am	doing	this?	
We	will	not	tell	anyone	else	that	you	are	taking	part,	unless	you	want	us	to.	If	mum/	
dad	are	happy,	we	normally	tell	your	family	doctor	that	you	are	part	of	this	study.	
	
Will	joining	in	help	me?	
We	cannot	promise	the	study	will	help	you	but	it	may	help	us	treat	children	with	the	
same	problems	as	you	with	better	medicines	in	the	future.	
	
What	happens	when	the	research	project	stops?	
When	we	have	completed	the	research	we	will	tell	your	mum/	dad	what	we	have	
discovered.	You	will	continue	taking	the	rest	of	your	medicines	and	see	the	same	
doctors.	We	may	also	call	you	back	in	the	future	for	another	study.	
	
Did	anyone	check	the	study	is	OK	to	do?	
The	research	is	funded	by	the	Great	Ormond	Street	Hospital	Children’s	Charity	
(GOSHCC),	BUPA	Cromwell	Hospital,	the	National	Institute	for	Health	Research	
(NIHR)	and	the	British	Society	for	Paediatric	Endocrinology	&	Diabetes	(BSPED).	
Before	any	research	is	allowed	to	happen,	it	has	to	be	checked	by	a	group	of	people	
called	a	Research	Ethics	Committee	who	make	sure	that	the	research	is	fair.	This	
project	has	been	checked	by	the	London	–	Bloomsbury	Research	Ethics	Committee.	
	
Contact	details	for	further	information	
If	you	want	to	ask	more	questions	about	this	study,	please	contact:	
	
Dr.	Hoong-Wei	Gan	
Clinical	Research	Fellow	in	Paediatric	Endocrinology	
Developmental	Endocrinology	Research	Group	
UCL	Institute	of	Child	Health	
30	Guilford	Street	
London	
WC1N	1EH.	
Tel:	0207	905	2353/ 	
Email:	hoong.gan.11@ucl.ac.uk	
	
	



 636 

 

	
	
	
	

Version	1.1	19/11/2013	 3	

Contact	details	for	complaints	
Should	you	be	concerned	about	any	part	of	the	study,	or	wish	to	speak	to	someone	
who	is	not	part	of	the	study,	please	contact:	
	
Patient	Advice	and	Liaison	Service	(PALS)	
Great	Ormond	Street	Hospital	for	Children	NHS	Foundation	Trust	
Great	Ormond	Street	
London		
WC1N	3JH.	
Tel:	0207	829	7862	
Email:	pals@gosh.nhs.uk	
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PATIENT	INFORMATION	SHEET	–	POSITIVE	CONTROLS	

(AGE	11-16	YEARS)	
	

	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	
study	
	
We	are	inviting	you	to	join	in	a	research	project	to	find	the	answer	to	the	question:	
“Are	blood	hormone	concentrations	of	oxytocin	(OXT)	and	arginine-vasopressin	
(AVP)	lowered	in	children	who	are	obese	and	have	problems	with	the	structure	of	
their	hypothalamus?”	
	
Before	you	decide	if	you	want	to	join	in,	it’s	important	to	understand	why	the	
research	is	being	done	and	what	it	will	involve	for	you.	So	please	consider	the	
information	on	this	sheet	carefully	and	talk	to	your	parents,	friends,	doctor	or	nurse	
if	you	want	to.	
	
Why	are	we	doing	this	research?	
The	hypothalamus	is	a	tiny	(almond-sized)	part	at	the	bottom	of	your	brain	(Figure	1)	
which	is	extremely	important	in	controlling	lots	of	different	body	functions	–	
including	sleep,	hunger,	thirst,	temperature	and	how	you	make	friends.	It	basically	
keeps	your	whole	body	“in	balance”	by	controlling	different	chemical	“messages”	–	
some	of	which	are	known	as	hormones	sent	out	by	the	brain	to	different	parts	of	the	
body.	
	

	
	

	
	

Children	who	have	had	brain	tumours	in	the	hypothalamus	or	whose	hypothalamus	
has	not	developed	properly	(a	condition	known	as	septo-optic	dysplasia)	often	
develop	problems	particularly	with	constant	hunger	and	rapid	weight	gain,	making	

Figure	1:	Location	of	the	hypothalamus	in	the	brain	
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them	very	overweight	or	obese.	Unfortunately,	children	with	these	problems	cannot	
lose	weight	simply	by	cutting	down	on	the	amount	they	eat,	exercising	more	
regularly,	taking	medications	or	having	surgery.	In	fact,	doctors	do	not	know	how	to	
help	these	children	lose	weight.	These	children	also	have	problems	sleeping,	
controlling	the	amount	of	water	they	drink,	and	forming	normal	relationships	–	in	its	
severest	form	this	causes	a	condition	known	as	autism.	A	combination	of	these	
features	 is	 known	 as	 hypothalamic	 syndrome	 and	 the	 obesity	 known	 as	
hypothalamic	obesity.	
	
What	are	we	testing?	
Doctors	have	recently	discovered	that	two	hormones	made	by	the	hypothalamus,	
OXT	and	AVP,	may	be	involved	in	the	process	leading	to	hypothalamic	obesity.	These	
hormones	are	not	new	-	OXT	is	a	hormone	that	helps	women	give	birth	to	babies,	
whilst	AVP	is	a	hormone	that	controls	your	thirst	and	how	much	you	wee.		However,	
we	have	recently	discovered	that	both	these	hormones	may	also	control	weight	and	
how	much	you	eat.	We	want	to	compare	the	blood	concentrations	of	these	
hormones	(and	other	known	hormones	controlling	weight)	in	children	with	and	
without	problems	in	their	hypothalamus	who	are	and	are	not	overweight.	We	also	
want	to	see	how	the	concentrations	of	these	hormones	change	when	children	are	
given	some	liquid	sugar	in	a	test	known	as	an	oral	glucose	tolerance	test	(OGTT).		
	
If	we	discover	that	OXT	and/	or	AVP	is	decreased	in	hypothalamic	obesity,	we	may	
be	able	to	help	children	with	this	problem	to	lose	weight	by	supplementing	these	
hormones	in	the	future.		
	
Why	have	I	been	invited	to	take	part?	
You	are	being	asked	if	you	will	take	part	in	this	project	as	part	of	a	control	group,	
that	is,	you	have	had	a	brain	tumour	in	your	hypothalamus	or	you	have	septo-optic	
dysplasia,	but	you	do	not	have	problems	with	being	overweight.	When	we	do	blood	
tests,	we	are	always	asking	the	question	“how	do	these	results	compare	to	a	normal	
person’s?”	For	most	blood	tests	we	know	what	is	normal	by	using	information	from	
a	lot	of	tests	from	a	lot	of	people	over	time.	However,	for	more	unusual	tests	such	as	
OXT	and	AVP	we	are	unable	to	do	this	and	do	not	know	what	is	normal	for	children.		
	
Therefore,	 in	order	to	know	whether	overweight	children	with	hypothalamic	
problems	are	different,	we	need	identical	blood	samples	from	children	of	normal	
weight	with	hypothalamic	problems	to	compare	to	at	the	same	time	(controls).	We	
are	hoping	to	study	120	children	in	total.	No	study	has	ever	directly	compared	the	
concentrations	of	these	hormones	in	children	with	these	problems	before.	
	
What	will	happen	to	me	if	I	take	part?	
For	the	most	part,	nothing	different	to	what	would	have	happened	if	you	had	
decided	not	to	take	part.	You	will	already	have	had	your	height	and	weight	
measured,	and	an	assessment	of	how	far	along	you	are	in	puberty	(development	of	
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your	private	parts)	done	in	clinic	today.	We	will	also	get	information	about	your	
condition	and	treatment(s)	you	may	have	had	from	your	hospital	notes.	
	
We	will	then	contact	you	with	an	appointment	to	be	admitted	to	Kingfisher	Ward	for	
either	half	a	day	or	2	days.	On	the	day,	a	numbing	cream	will	be	put	on	the	back	of	
your	hands	or	the	inside	of	your	elbow.	When	this	has	had	enough	time	to	work,	a	
nurse	will	put	in	plastic	tube	known	as	a	cannula	where	the	cream	was.	He/	she	will	
have	to	use	a	needle	to	prick	the	skin	to	do	this,	but	the	needle	is	then	removed	and	
the	plastic	tube	left	in	for	blood	tests	(samples).	This	will	then	stay	in	for	the	entire	
time	you	are	admitted.	
	
If	you	are	staying	for	only	half	a	day,	we	will	perform	only	an	OGTT.	This	test	involves	
you	drinking	some	sweet	liquid	at	the	beginning,	with	blood	taken	out	of	your	
cannula	every	half	an	hour	for	2	hours.	If	you	are	staying	2	days,	you	will	have	an	
OGTT	on	the	morning	of	the	first	day,	followed	by	a	combined	pituitary	test	(CPT)	the	
following	morning.	This	second	test	involves	you	having	an	injection	into	your	arm/	
leg	(like	having	your	school	jabs),	followed	by	blood	tests	being	taken	out	of	your	
cannula	every	30	minutes	for	3	hours.	
	
The	CPT	is	a	test	your	doctor	would	have	decided	to	do	anyway	as	part	of	your	
treatment,	even	if	you	decided	not	to	take	part.	The	OGTT	is	an	extra	test	that	you	
will	be	undergoing,	but	this	will	be	done	during	the	same	admission	and	where	
possible	blood	will	be	taken	at	the	same	time	as	any	other	blood	tests	you	are	being	
admitted	for.	Results	from	this	test	may	help	us	look	out	for	future	problems	you	
might	have	with	weight	gain.	
	
What	will	I	be	asked	to	do?	
You	will	be	asked	not	to	eat	anything	from	midnight	the	night	before	you	are	
admitted.	You	can	drink	plain	water	up	to	the	start	of	the	test.		
	
What	if	there	is	a	problem	or	something	goes	wrong?	
The	OGTT	is	a	routine	test	performed	in	children	who	are	overweight	to	see	if	certain	
medications	will	help	with	weight	loss.	It	has	little,	if	any	side	effects.	The	main	issue	
is	usually	that	the	liquid	we	give	you	is	very	sweet!	
	
The	CPT	may	cause	your	blood	sugar	levels	to	drop,	but	we	will	monitor	this	carefully	
throughout	the	test.	If	your	blood	sugar	levels	do	drop	we	will	give	you	a	sugary	
drink	(the	same	liquid	used	in	the	OGTT)	and	let	you	have	some	food.	When	your	
blood	sugar	levels	drop	you	may	feel	shaky,	dizzy,	sick	or	sleepy,	so	please	let	the	
doctor	or	nurse	know	if	you	have	these	symptoms.	
	
Our	doctors	and	nurses	are	very	experienced	in	carrying	out	these	tests,	and	are	
used	to	handling	most	problems	that	come	up.	If	you	are	worried	about	anything,	
please	let	your	doctor	or	nurse	know.	
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Do	I	have	to	take	part?	
No.	It	is	up	to	you.	We	will	ask	you	for	your	permission	and	then	ask	if	you	would	
sign	a	form.	Your	parent/	carer	will	also	be	asked	their	permission	and	they	will	sign	
another	form.	We	will	give	you	a	copy	of	this	information	sheet	and	your	signed	
form(s)	to	keep.	
	
You	are	free	to	stop	taking	part	at	any	time	during	the	research	without	giving	a	
reason.	If	you	decide	to	stop,	the	rest	of	your	care	will	not	change	or	be	affected	in	
any	way.	If	this	happens,	we	will	(unless	you	don’t	want	us	to)	keep	the	samples	we	
have	already	taken	and	analyse	whatever	results	we	have,	but	your	information	will	
only	be	linked	to	these	results	through	an	anonymous	database.	
	
Will	anyone	else	know	I	am	doing	this?	
We	will	keep	all	your	information	in	confidence.	This	means	we	will	only	tell	those	
who	have	a	need	or	right	to	know.	If	you	agree,	we	would	routinely	let	your	GP	know	
that	you	are	part	of	this	study.		
	
What	will	happen	to	any	samples	I	give?	
The	blood	samples	you	give	will	be	analysed	in	the	laboratory	for	the	hormones	
mentioned	above.	In	order	to	do	this,	we	will	have	to	take	some	extra	blood	
compared	to	what	you	would	normally	have	taken,	but	we	will	do	this	at	exactly	the	
same	time	as	when	the	other	samples	are	taken.		
	
What	happens	if	the	research	project	stops?	
When	we	have	completed	the	research	we	will	send	you	a	summary	of	what	we	
have	discovered.	The	rest	of	your	care	will	not	change,	and	you	will	remain	with	the	
same	team	of	doctors	taking	care	of	you.	We	may	also	invite	you	back	in	the	future	
for	another	study.	Any	extra	blood	samples	we	have	collected	may	be	stored	for	
future	studies.	
	
Who	is	funding	the	research?	Who	has	reviewed	the	study?	
The	research	is	funded	by	the	Great	Ormond	Street	Hospital	Children’s	Charity	
(GOSHCC),	BUPA	Cromwell	Hospital,	the	National	Institute	for	Health	Research	
(NIHR)	and	the	British	Society	for	Paediatric	Endocrinology	&	Diabetes	(BSPED).	
Before	any	research	goes	ahead	it	has	to	be	checked	by	a	Research	Ethics	Committee	
to	make	sure	the	research	is	fair.	This	project	has	been	checked	by	the	London	-	
Bloomsbury	Research	Ethics	Committee.	
	
Contact	details	for	further	information	
If	you	want	to	ask	more	questions	about	this	study,	please	contact:	
Dr.	Hoong-Wei	Gan	
Clinical	Research	Fellow	in	Paediatric	Endocrinology	
Developmental	Endocrinology	Research	Group	
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UCL	Institute	of	Child	Health	
30	Guilford	Street	
London	
WC1N	1EH.	
Tel:	0207	905	2353/	0778	696	1442	
Email:	hoong.gan.11@ucl.ac.uk	
	
Contact	details	for	complaints	
Should	you	be	concerned	about	any	part	of	the	study,	or	wish	to	speak	to	someone	
who	is	not	part	of	the	study,	please	contact:	
	
Patient	Advice	and	Liaison	Service	(PALS)	
Great	Ormond	Street	Hospital	for	Children	NHS	Foundation	Trust	
Great	Ormond	Street	
London		
WC1N	3JH.	
Tel:	0207	829	7862	
Email:	pals@gosh.nhs.uk	
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PARENT	INFORMATION	SHEET	–	POSITIVE	CONTROLS	

	
	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	
study	
	
We	are	inviting	your	child	to	join	in	a	research	project	to	find	the	answer	to	the	
question:	“Are	blood	hormone	concentrations	of	oxytocin	(OXT)	and	arginine-
vasopressin	(AVP)	lowered	in	children	who	are	obese	and	have	problems	with	the	
structure	of	their	hypothalamus?”	
	
Before	you	decide	if	you	want	your	child	to	join	in,	it’s	important	to	understand	why	
the	research	is	being	done	and	what	it	will	involve.	So	please	consider	the	
information	on	this	sheet	carefully	and	talk	to	your	child’s	doctor	or	nurse	if	you	
want	to.	
	
Why	are	we	doing	this	research?	
The	hypothalamus	is	a	tiny	(almond-sized)	part	at	the	bottom	of	the	brain	(Figure	1)	
which	is	extremely	important	in	controlling	lots	of	different	body	functions	–	
including	sleep,	hunger,	thirst,	temperature	and	how	we	establish	relationships.	It	
basically	keeps	the	whole	body	“in	balance”	by	controlling	different	chemical	
“messages”	–	some	of	which	are	known	as	hormones	sent	out	by	the	brain	to	
different	parts	of	the	body.	
	

	
	

	
	

Children	who	have	had	brain	tumours	in	the	hypothalamus	or	whose	hypothalamus	
has	not	developed	properly	(a	condition	known	as	septo-optic	dysplasia)	often	
develop	problems	particularly	with	constant	hunger	and	rapid	weight	gain,	making	
them	obese.	Unfortunately,	children	with	these	problems	cannot	lose	weight	simply	
by	changing	their	diet	or	lifestyle,	taking	medications	or	having	surgery.	In	fact,	
doctors	do	not	know	how	to	help	these	children	lose	weight.	These	children	also	
have	sleep	disturbances,	constant	thirst,	and	problems	forming	normal	relationships	

Figure	1:	Location	of	the	hypothalamus	in	the	brain	
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–	in	its	severest	form	this	causes	a	condition	known	as	autism.	A	combination	of	
these	features	is	known	as	hypothalamic	syndrome	and	the	obesity	known	as	
hypothalamic	obesity.	
	
What	are	we	testing?	
Doctors	have	recently	discovered	that	two	hormones	made	by	the	hypothalamus,	
OXT	and	AVP,	may	be	involved	in	hypothalamic	obesity.	These	hormones	are	not	
new	-	OXT	helps	childbirth,	whilst	AVP	controls	our	thirst	and	water	balance.		
However,	we	have	recently	discovered	that	both	these	hormones	may	also	control	
weight	and	appetite.	We	want	to	compare	the	blood	concentrations	of	these	
hormones	(and	other	known	hormones	controlling	weight)	in	children	with	and	
without	problems	in	their	hypothalamus	who	are	and	are	not	overweight.	We	also	
want	to	see	how	their	concentrations	change	when	children	are	given	some	liquid	
sugar	in	a	test	known	as	an	oral	glucose	tolerance	test	(OGTT).		
	
If	we	discover	that	OXT	and/	or	AVP	is	decreased	in	hypothalamic	obesity,	we	may	
be	able	to	help	children	with	this	problem	to	lose	weight	by	supplementing	these	
hormones	in	the	future.		
	
Why	has	my	child	been	invited	to	take	part?	
Your	child	is	being	asked	to	take	part	in	this	project	as	part	of	a	control	group,	that	is,	
they	have/	have	had	a	brain	tumour	in	their	hypothalamus	or	they	have	septo-optic	
dysplasia	but	are	not	overweight.	When	we	do	blood	tests,	we	are	always	asking	the	
question	“how	do	these	results	compare	to	a	normal	person’s?”	For	most	blood	tests	
we	know	what	is	normal	by	using	information	from	lots	of	tests	from	a	lot	of	people	
over	time.	However,	for	more	unusual	tests	such	as	OXT	and	AVP	we	are	unable	to	
do	this	and	do	now	know	what	is	normal	for	children.	
	
Therefore,	 in	order	to	know	whether	overweight	children	with	hypothalamic	
problems	are	different,	we	need	identical	blood	samples	from	children	of	normal	
weight	with	hypothalamic	problems	to	compare	to	at	the	same	time	(controls).	We	
are	hoping	to	study	120	children	in	total.	No	study	has	ever	directly	compared	the	
concentrations	of	these	hormones	in	children	with	these	problems	before.	
	
What	will	happen	to	my	child	if	he/	she	takes	part?	
For	the	most	part,	nothing	different	to	what	would	have	happened	if	they	had	
decided	not	to	take	part.	They	will	already	have	had	their	height	and	weight	
measured,	and	an	assessment	of	how	far	along	they	are	in	puberty	done	in	clinic	
today.	We	will	also	get	information	about	their	condition	and	treatment(s)	from	
their	hospital	notes.	
	
We	will	then	contact	you	with	an	appointment	for	your	child	to	be	admitted	to	
Kingfisher	Ward	for	either	half	a	day	or	2	days.	On	the	day,	an	anaesthetic	numbing	
cream	will	be	put	on	the	back	of	their	hands	or	the	inside	of	their	elbow.	When	this	
has	had	enough	time	to	work,	a	nurse	will	put	in	plastic	tube	known	as	a	cannula	
into	a	vein	underneath	where	the	cream	was.	He/	she	will	have	to	use	a	needle	to	
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prick	the	skin	to	do	this,	but	the	needle	is	then	removed	and	the	plastic	tube	left	in	
for	blood	tests	(samples).	This	will	then	stay	in	for	the	entire	time	your	child	is	
admitted.	
	
If	your	child	is	staying	only	half	a	day,	we	will	perform	only	an	OGTT.	This	test	
involves	them	drinking	some	sugary	liquid	at	the	beginning,	and	blood	will	be	taken	
out	of	their	cannula	every	half	an	hour	for	2	hours.	If	they	are	staying	for	2	days,	they	
will	have	an	OGTT	on	the	morning	of	the	first	day,	followed	by	a	combined	pituitary	
test	(CPT)	the	following	morning.	This	second	test	involves	them	having	an	injection	
into	their	arm/	leg	(like	having	their	immunisations),	followed	by	blood	tests	being	
taken	out	of	their	cannula	every	30	minutes	for	3	hours.		
	
The	CPT	is	a	test	their	doctor	would	have	decided	to	do	anyway	as	part	of	their	
treatment,	even	if	you	decided	they	would	not	take	part.	The	OGTT	is	an	extra	test	
that	your	child	will	be	undergoing,	but	this	will	be	done	during	the	same	admission,	
and	where	possible	at	the	same	time	as	the	other	tests	your	child	is	being	admitted	
for.	Results	from	this	test	may	help	us	predict	the	likelihood	of	future	weight	
problems	in	your	child.	
	
What	will	my	child	be	asked	to	do?	
Your	child	will	be	asked	not	to	eat	anything	from	midnight	the	night	before	they	are	
admitted.	They	can	drink	plain	water	up	to	the	start	of	the	test.		
	
What	if	there	is	a	problem	or	something	goes	wrong?	
The	OGTT	is	a	routine	test	performed	in	children	who	are	overweight	to	see	if	certain	
medications	can	be	used	to	help	weight	loss.	It	has	little,	if	any	side	effects	and	can	
be	performed	in	GP	practices.	The	main	issue	is	usually	that	the	liquid	we	give	your	
child	is	very	sweet!	
	
The	CPT	may	cause	their	blood	sugar	levels	to	drop,	but	we	will	monitor	this	carefully	
throughout	the	test.	If	their	blood	sugar	levels	do	drop	we	will	give	them	a	sugary	
drink	(the	same	liquid	used	in	the	OGTT)	and	let	them	have	some	food.	When	their	
blood	sugar	levels	drop	they	may	feel	shaky,	dizzy,	sick	or	sleepy,	so	please	let	the	
doctor	or	nurse	know	if	they	have	these	symptoms.	
	
Our	doctors	and	nurses	are	very	experienced	in	carrying	out	these	tests,	and	are	
used	to	handling	most	problems	that	come	up.	If	you	are	worried	about	anything,	
please	ask	your	child’s	doctor	or	nurse.	
	
Does	my	child	have	to	take	part?	
No.	It	is	up	to	you	and	your	child.	We	will	ask	for	your	consent	and	then	ask	if	you	
would	sign	a	form.	If	your	child	is	old	enough,	they	will	also	be	asked	if	they	agree	
(assent)	and	sign	another	form.	We	will	give	you	a	copy	of	this	information	sheet	and	
the	signed	form(s)	to	keep.	
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Your	child	is	free	to	stop	taking	part	at	any	time	during	the	research	without	giving	a	
reason.	If	you	decide	to	stop,	the	rest	of	their	care	will	not	change	or	be	affected	in	
any	way.	If	this	happens,	we	will	(unless	otherwise	instructed)	keep	the	samples	we	
have	already	obtained	and	analyse	whatever	results	we	have,	and	your	child’s	
personal	and	clinical	information	will	only	be	linked	to	these	results	through	an	
anonymous	database.	
	
Will	anyone	else	know	they	are	doing	this?	
We	will	keep	all	your	information	in	confidence.	This	means	we	will	only	tell	those	
who	have	a	need	or	right	to	know.	If	you	agree,	we	would	routinely	let	your	child’s	
GP	know	that	they	are	part	of	this	study.		
	
What	will	happen	to	any	samples	my	child	gives?	
The	blood	samples	they	give	will	be	analysed	in	a	laboratory	for	the	hormones	
mentioned	above.	In	order	to	do	this,	we	will	have	to	take	some	extra	blood	
compared	to	what	they	would	normally	have	taken,	but	we	will	do	this	at	exactly	the	
same	time	as	when	the	other	samples	are	taken.	
	
What	happens	if	the	research	project	stops?	
When	we	have	completed	the	research	we	will	send	you	a	summary	of	what	we	
have	discovered.	The	rest	of	your	child’s	care	will	not	change,	and	they	will	remain	
with	the	same	team	of	doctors	taking	care	of	them.	We	may	also	invite	them	back	in	
the	future	for	another	study.	
	
Who	is	funding	the	research?	Who	has	reviewed	the	study?	
The	research	is	funded	by	the	Great	Ormond	Street	Hospital	Children’s	Charity	
(GOSHCC),	BUPA	Cromwell	Hospital,	the	National	Institute	for	Health	Research	
(NIHR)	and	the	British	Society	for	Paediatric	Endocrinology	&	Diabetes	(BSPED).	
Before	any	research	goes	ahead	it	has	to	be	checked	by	a	Research	Ethics	Committee	
to	make	sure	the	research	is	fair.	This	project	has	been	checked	by	the	London	–	
Bloomsbury	Research	Ethics	Committee.	
	
Contact	details	for	further	information	
If	you	want	to	ask	more	questions	about	this	study,	please	contact:	
	
Dr.	Hoong-Wei	Gan	
Clinical	Research	Fellow	in	Paediatric	Endocrinology	
Developmental	Endocrinology	Research	Group	
UCL	Institute	of	Child	Health	
30	Guilford	Street	
London	
WC1N	1EH.	
Tel:	0207	905	2353/ 	
Email:	hoong.gan.11@ucl.ac.uk	
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Contact	details	for	complaints	
Should	you	be	concerned	about	any	part	of	the	study,	or	wish	to	speak	to	someone	
who	is	not	part	of	the	study,	please	contact:	
	
Patient	Advice	and	Liaison	Service	(PALS)	
Great	Ormond	Street	Hospital	for	Children	NHS	Foundation	Trust	
Great	Ormond	Street	
London		
WC1N	3JH.	
Tel:	0207	829	7862	
Email:	pals@gosh.nhs.uk	
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CONSENT	FORM		

(to	be	completed	by	the	parent/	guardian)	
	

	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	
study	
Researcher	
Dr.	Hoong-Wei	Gan,	Clinical	Research	Fellow,	UCL	Institute	of	Child	Health	
Primary	investigator	
Prof.	Mehul	Dattani,	GOSH	Children’s	Charity	Professor	of	Paediatric	Endocrinology,	
UCL	Institute	of	Child	Health	&	Great	Ormond	Street	Hospital	for	Children	NHS	
Foundation	Trust	
Centre:	GOSH/	UCLH	
Patient	ID:	_________		
	 	

	 Please	initial	

inside	the	box	

I	confirm	that	I	have	read	and	understand	the	information	sheet	dated	

19/11/2013	(version	1.1)	for	the	above	study.	I	have	had	the	opportunity	to	

consider	 the	 information,	 ask	 questions	 and	 have	 had	 these	 answered	

satisfactorily.	

	

I	understand	that	my	child’s	participation	is	voluntary	and	that	I	am	free	to	

withdraw	at	any	time	without	giving	any	reason,	without	my	child’s	medical	

care	or	legal	rights	being	affected.	

	

If	my	child	were	to	withdraw	from	the	study,	I	confirm	that	I	would	be	happy	

for	any	samples	already	taken	to	be	used	for	the	study.	

	

I	understand	that	relevant	sections	of	my	child’s	medical	notes	and	data	

collected	during	the	study	may	be	looked	at	by	individuals	from	regulatory	

authorities	or	from	the	NHS	Trust,	where	it	is	relevant	to	my	taking	part	in	this	

research.	I	give	permission	for	these	individuals	to	have	access	to	my	child’s	

records.	

	

I	agree	to	my	child’s	GP	being	informed	of	his/	her	participation	in	the	study.	 	

I	agree	for	my	child	to	take	part	in	the	above	study.	 	
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_____________________	 _____________________	 _________________	

Parent/	guardian’s	name	 Signature	 	 	 Date	

	

	

	

_____________________	 _____________________	 _________________	

Health	professional’s			 Signature	 	 	 Date	

name	



 649 

 

	

Version	1.1	19/11/2013	

	
ASSENT	FORM		

(to	be	completed	by	the	child	with	their	parent/	guardian)	
	

	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	
study	
Researcher	
Dr.	Hoong-Wei	Gan,	Clinical	Research	Fellow,	UCL	Institute	of	Child	Health	
Primary	investigator	
Prof.	Mehul	Dattani,	GOSH	Children’s	Charity	Professor	of	Paediatric	Endocrinology,	
UCL	Institute	of	Child	Health	&	Great	Ormond	Street	Hospital	for	Children	NHS	
Foundation	Trust	
	
Centre:	GOSH/	UCLH	
Patient	ID:	_________		
	 	 Please	CIRCLE	

	 	 all	you	agree	with	

· Has	somebody	else	explained	this	project	to	you?	 Yes/	No	

· Do	you	understand	what	this	project	is	about?	 Yes/	No	

· Have	you	asked	all	the	questions	you	want?	 Yes/	No	

· Have	you	had	your	questions	answered	in	a	way	you	understand?	 Yes/	No	

· Do	you	understand	it’s	OK	to	stop	taking	part	at	any	time?	 Yes/	No	

· Are	you	happy	to	take	part?	 Yes/	No	

	
If	any	answers	are	‘no’	and	you	don’t	want	to	take	part,	don’t	sign	your	name!	
	
If	you	DO	want	to	take	part,	you	can	write	your	name	below:	
	
Your	name:		 ________________________	

Date:		 ________________________	

	

The	doctor	who	explained	this	project	to	you	needs	to	sign	too:	

Doctor’s	name:	 ________________________	

Doctor’s	signature:	 ________________________	

Date:	 ________________________	

	

Thank	you	for	your	help.	
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HYPERPHAGIA	QUESTIONNAIRE
1	

(to	be	completed	by	parent/	guardian	only)	
	

	

Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	study	
Researcher	
Dr.	Hoong-Wei	Gan,	Clinical	Research	Fellow,	UCL	Institute	of	Child	Health	
Primary	investigator	
Prof.	Mehul	Dattani,	GOSH	Children’s	Charity	Professor	of	Paediatric	Endocrinology,	
UCL	Institute	of	Child	Health	&	Great	Ormond	Street	Hospital	for	Children	NHS	
Foundation	Trust	
Centre:	GOSH/	UCLH	
Patient	ID:	_________	
	
Instructions	
For	each	question,	please	only	CIRCLE	the	ONE	BEST	answer	that	describes	your	
child.	
	
1. How	upset	does	your	child	generally	become	when	denied	a	desired	food?	

Not	
particularly	
upset	at	all	

A	little	upset	
Somewhat	

upset	
Very	upset	

Extremely	
upset	

	
2. How	often	does	your	child	try	to	bargain	or	manipulate	to	get	more	food	at	

meals?	

A	few	times	a	
year	

A	few	times	a	
month	

A	few	times	a	
week	

Several	times	
a	week	

Several	times	
a	day	

	
3. Once	your	child	has	food	on	their	mind,	how	easy	is	it	for	you	or	others	to	re-

direct	your	child	away	from	food	and	other	things?	

Extremely	
easy,	with	

minimal	effort	

Very	easy,	
with	just	a	
little	effort	

Somewhat	
hard,	it	takes	
some	effort	

Very	hard,	it	
takes	a	lot	of	

work	

Extremely	
hard,	it	takes	
sustained	and	
hard	work	

	
4. How	often	does	your	child	forage	through	the	rubbish	for	food?	

Never	
A	few	times	a	

year	
1-2	times	a	
month	

1-3	times	a	
week	

4-7	times	a	
week	

	
5. How	often	does	your	child	get	up	at	night	to	look	for	food?	

Never	
A	few	nights	a	

year	
1-2	nights	a	
month	

1-3	nights	a	
week	

4-7	nights	a	
week	
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6. How	persistent	is	your	child	in	asking	or	looking	for	food	after	being	told	“no”	or	
“no	more”?	

Lets	go	of	food	
ideas	quickly	
and	easily	

Lets	go	of	food	
ideas	pretty	
quickly	and	

easily	

Somewhat	
persistent	
with	food	
ideas	

Very	
persistent	with	
food	ideas	

Extremely	
persistent	with	
food	ideas	

	
7. Outside	of	normal	meal	times,	how	much	time	does	your	child	spend	talking	

about	food	or	engaged	in	food-related	behaviours?	

Less	than	15	
minutes	a	day	

15-30	minutes	
a	day	

30	minutes-1	
hour	a	day	

1-3	hours		a	
day	

More	than	3	
hours	a	day	

	
8. How	often	does	your	child	try	to	steal	food	(that	you	are	aware	of)?	

A	few	times	a	
year	

A	few	times	a	
month	

A	few	times	a	
week	

Several	times	
a	week	

Several	times	
a	day	

	
9. When	others	try	to	stop	your	child	from	talking	about	food	or	engaging	in	food-

related	behaviours,	it	generally	leads	to:	

No	distress	or	
upset	

Mild	distress	
or	upset	

Moderate	
distress	or	
upset	

Severe	distress	
or	upset	

Extreme	
distress,	

behaviours	
can’t	be	
stopped	

	
10. How	clever	or	fast	is	your	child	in	obtaining	food?	

Not	
particularly	
clever	or	fast	

A	little	clever	
or	fast	

Somewhat	
clever	or	fast	

Very	clever	or	
fast	

Extremely	
clever	or	fast	

	
11. To	what	extent	do	food-related	thoughts,	talk	or	behavior	interfere	with	your	

child’s	normal	daily	routines,	self-care,	school,	or	work?	

No	
interference	

Mild/	
occasional	
interference	

Moderate/	
frequent	

interference	

Severe/	
almost	daily	
interference	

Extreme	
interference	
with	inability	
to	participate	
in	hygiene	
tasks/	daily	
activities	

	
	
Many	thanks	for	your	help.	Please	return	this	questionnaire	in	the	self-addressed	
envelope	to:	
	
Dr.	Hoong-Wei	Gan	
Clinical	Research	Fellow	
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Genetics	and	Genomic	Medicine	Programme	
UCL	Institute	of	Child	Health	
30	Guilford	Street	
London	WC1N	1EH.	
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NB:	#these	samples	are	labile	and	need	to	be	processed	very	rapidly	so	send	to	lab	IMMEDIATELY	ON	ICE.	
Chemical	Pathology		–	please	refer	to	Sample	handling	sheet	for	Z318.		
Version	1.1	9/12/2013	
	

GREAT	ORMOND	STREET	HOSPITAL	FOR	CHILDREN	NHS	FOUNDATION	TRUST	
Kingfisher	Ward:	Programmed	Investigation	Unit	

Standard	Oral	Glucose	Tolerance	Test	
Oxytocin	and	vasopressin	pathophysiology	in	hypothalamic	obesity	study	

(R&D	no.	12CM36,	ChemPath	Study	no.	Z318)	

	
Patient	Details	

Study	ID	 	

Name	 	

Hospital	no.	 	

D.O.B.	 	

Diagnosis	 	

Consultant	 	

Weight	 																							kg	

Date	of	test	 	

	
Patient	Preparation/	Precautions	

The	child	should	have	water	only	after	midnight	on	the	day	of	the	test.	If	there	is	a	history	of	
hypoglycaemia,	admission	should	be	on	the	evening	prior	to	the	day	of	the	test	so	that	blood	
glucose	can	be	monitored	overnight.	The	test	should	ideally	be	commenced	before	11.00	but	in	
exceptional	circumstances	may	be	performed	in	the	afternoon.	The	child	must	remain	awake	and	
on	their	bed	throughout	the	test,	and	a	qualified	nurse	must	be	present	at	all	times.	
	

Dose	of	Glucose	Load:	1.75	g/kg	orally	(maximum	75g)	
Glucose	powder	or	Lucozade®	may	be	given:	
Glucose	powder:		 Measured	by	weight	
Lucozade®:		 	 grams	CHO	x	100	=	Volume	of	Lucozade	(in	ml)	
	 	 	 17.9	

Actual	time	 	 	 	 	 	 	

Time	(mins)	 -30	 0	 30	 60	 90	 120	

Glucometer	(mmol/l)	 	 	 	 	 	 	

Lab	glucose	(mmol/l)	 	 	 	 	 	 	

Insulin(mU/l)	 	 	 	 	 	 	

Oxytocin	(OXT)*	 	 	 	 	 	 	

Arginine-vasopressin	(AVP)*	 	 	 	 	 	 	

Leptin*	 	 	 	 	 	 	

Pro-opiomelanocortin	(POMC)*	 	 	 	 	 	 	

Ghrelin*	 	 	 	 	 	 	

Agouti-related	peptide	(AgRP)	 	 	 	 	 	 	

Neuropeptide	Y	(NPY)*	 	 	 	 	 	 	

Adiponectin*	 	 	 	 	 	 	

Somatostatin	(SS)*	 	 	 	 	 	 	

Brain-derived	 neurotrophic	
factor	(BDNF)	

	 	 	 	 	 	

Take	the	following	6	VIALS	at	EACH	SAMPLING	POINT	(T=0,30,60,90,120)	AND	SEND	IN	SEPARATE	PACKS	WITH	SEPARATE	
FORMS	AS	FOLLOWS:	

· PACK	1:	1	x	small	(2.7ml)	SERUM,	1	x	small	(1.2ml)	GLUCOSE/	FLUORIDE	(i.e.	standard	OGTT	bloods)	

· #PACK	2	(USE	PREPARED	“PACK	2”s	WITH	LAB	CODE	Z318,	SEND	ON	ICE	IMMEDIATELY):	1	x	large	(4.9ml)	EDTA,	
1	x	small	(1.2ml)	EDTA,	1	x	large	(7.5ml)	LiHep	(USE	TUBES	WITH	TRASYLOL)	and	1	x	small	(2.7ml)	SERUM	
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