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ABSTRACT
Objective: The aim of this investigation was to determine the circulating levels of amyloid
beta (Aβ) peptides using the Porphyromonas gingivalis (Pg) lipopolysaccharide (LPS)
model to induce periodontitis.
Methods: Experimental periodontitis was induced in 6 male Sprague-Dawley rats.
Alveolar bone loss was measure by micro computed tomography. Serum concentrations of
Aβ1–40 and Aβ1–42 prior to periodontal induction, at 24 h, 7, 14, and 21 days the last
injection of Pg-LPS.
Results: The distance between the cemento-enamel junction and the bone crest (i.e.,
alveolar bone loss) was significantly higher at the end of periodontal induction compared to
baseline (2.92 ± 0.29 mm vs. 3.8 ± 0.28 mm, P < 0.001). Periodontitis evoked a slight acute
elevation of Aβ1–40 serum levels that were maintained during the whole experiment. Aβ1–
42 peptide levels peak at the end of the study. A positive strong correlation was observed
between alveolar bone loss and Aβ1–40 serum levels at 7 days (r = 0.695, P = 0.012) and as
well as with serum Aβ1–42 concentrations at 21 days (r = 0.968, P = 0.002).
Conclusions: Periodontitis induced Pg-LPS produced increased serum levels of Aβ
peptides. Further studies are needed to confirm our results and to investigate the
mechanisms by which periodontitis could be associated with an overexpression of Aβ.

Abbreviations: Aβ, amyloid beta; AD, Alzheimer’s disease; AAP, amyloid precursor
protein; BBB, blood-brain barrier; CEJ, cemento-enamel junction; CV, coefficient of
variation; LPS, lipopolysaccharide; NF-κB, nuclear factor kappa B; µCT, micro-CT; Pg,
Porphyromonas gingivalis; TLR, toll-like receptor

1. Introduction
Amyloid-beta (Aβ) is a 38-to 43 amino-acid peptide that is produced by proteolytic
cleavage of amyloid precursor protein (APP). Plasma Aβ includes among others Aβ1–40
and Aβ1–42. Whereas early parenchymal Aβ deposition is considered to play a pivotal role
in neuronal loss and cognitive impairment in Alzheimer ́s disease (AD) (Hardy & Allsop,
1991), progressive Aβ accumulation within the walls of cortical and leptomeningeal small
arterioles is the pathological hallmark of cerebral amyloid angiopathy (Charidimou, Gang,
& Werring, 2012). Thus, senile plaque amyloid is primarily comprised of Aβ1–42 and
amyloid of vascular origin consists of Aβ1–40 species. AD is one of the leading causes of
primary degenerative dementia affecting the elderly (Querfurth & LaFerla, 2010). The
prevalence of AD is age dependent affecting almost 50% of individuals aged 85 years or
above (Ferri et al., 2005) and it has become a major health issue, especially in developed
countries (Ballard et al., 2011). Periodontitis, a chronic infection within the gingiva
associated with systemic in- flammation has been related to an increased risk for having
AD (Kamer, Dasanayake et al., 2008, Kamer, Craig et al., 2008). Indeed, a recent metaanalysis showed that patients with periodontitis had 1.69-fold increased odds for
developing AD compared with those without periodontitis (Leira et al., 2017). It has been
postulated that periodontitis could be involved in the synthesis and accumulation of Aβ in
the brain. By means of positron emission tomography imaging techniques, periodontitis
was associated with Aβ deposition in brain areas known to be susceptible to AD (Kamer et
al., 2015). Periodontally affected tissues from healthy patients also demonstrated
overexpression of APP, therefore, giving insight on the potential relationship between
periodontitis and Aβ accumulation (Kubota et al., 2014). Recently, it was found that serum
Aβ1–42 levels from patients diagnosed with cognitive impairment who had severe
periodontitis were significantly higher than those without cognitive decline or those with
lower levels of periodontitis (Gil-Montoya et al., 2017). On the other hand, experimental
data suggested that chronic systemic exposure to lipopolysaccharides (LPS) from oral
bacteria such as Porphyromonas gingivalis (Pg) could contribute to Aβ formation and
neuroinflammation through cathepsin B (Wu et al., 2017), which is involved in the
processing of APP (Hook, Kindy, & Hook, 2008; Hook, Kindy, Reinheckel, Peters, &
Hook, 2009).

To the best of our knowledge, there is scarce evidence regarding the potential effect of
periodontitis on circulating levels of Aβ peptides. Hence, the goal of this experiment was to
evaluate changes of Aβ1–40 and Aβ1–42 serum levels induced by Pg-LPS.
2. Materials and methods
2.1. Experimental design
Prior to periodontitis induction, micro-CT (µCT) examination along with blood extraction
(i.e., baseline) was carried out in all animals. In order to induce periodontitis, Pg-LPS
injections were performed 3 days per weeks (i.e., Mondays, Wednesdays, and Fridays)
during 2 weeks. After the last couple of injections, µCT scan was done to confirm alveolar
bone loss. A set of blood extractions was carried out 1 day, 1, 2, and 3 weeks after the last
couple of injections. Once all serum samples were stored, determinations of Aβ peptides
were done (Fig. 1).
The experimental in vivo investigation was performed in the Clinical Neurosciences
Research Laboratory of the University Clinical Hospital of Santiago de Compostela (REGA
ES 15078 029 2801). The experimental protocol was approved by the Research
Commission of the University Clinical Hospital of Santiago de Compostela (ID 15010/
14/006). All experimental procedures were carried out according to the Animal Care
Committee European Union rules and the Spanish regulation (86/609/CEE, 2003/65/CE,
2010/63/EU, RD1201/2005 and RD53/2013). The Animal Research Reporting of In Vivo
Experiments guidelines were followed in this study (Kilkenny et al., 2010).
2.2. Animals and anaesthesia
Male Sprague-Dawley rats of 7 weeks of age and weighted between 300 and 350g were
used in this experiment (N=6). Animals were housed individually, in stable environmental
conditions (environmental temperature of 23 °C), relative humidity of 40% and a light-dark
cycle of 12 h, as well as free access to food and water.
Each animal was initially placed into an induction chamber attached to a sevoflurane
anaesthetic vaporizer and anaesthesia was induced with 6% sevoflurane in a NO2/O2
(70/30) mixture, followed by the application of a nose cone with 4% sevoflurane in the
same pro- portion of the aforementioned gases to maintain anaesthesia during the
experimental procedures. During periodontitis induction, all animals were subjected to
temperature control, maintaining temperature at 37 ± 0.5 °C by a thermostat-controlled

electric pad (NeoBiotect, Spain).
2.3. Periodontal induction procedure
The palatal gingiva between the first and second maxillary molars in both sides (i.e., right
and left side) was injected with 10 µL of a saline solution containing 1 mg/mL LPS from
Pg (tlrl-pglps, InvivoGen, San Diego, CA) using a Hamilton microsyringe (Agilent, Santa
Clara, CA, USA) equipped with a blunted edge 30-gauge needle. This injection was
followed by two additional injections at 48-hour intervals as described previously (Kador,
O’Meara, Blessing, Marx, & Reinhardt, 2011). This protocol was repeated the following
week (Elburki et al., 2014). Periodontitis induction, hence, lasted 14 days with a total of 6
injections of Pg-LPS per side. In order to have a good access to perform the injections, the
animals were placed facing up and the mouth was maintained open with a special
microsurgical separator.
All experiments were performed by a single surgeon/periodontist (YL).

Fig. 1. Experiment outline.

Fig. 2. The distance from the CEJ to the alveolar bone crest was measured at the sagittal plane intersecting the
interproximal molars. Red lines depict the measurement that was taken for the distal of 1st molar and mesial
of 2nd molar (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article).

2.4. Hard tissues analysis
To quantify de amount of alveolar bone loss, the bone level was measured bilaterally at the
sagittal plane of each animal using a µCT scanner (Bruker BioSpin, Woodbridge,
Connecticut, USA) with a voxel size of 0.045 mm (isotropic voxel) and X-ray energy of 45
kV and 400µA. Crossing the interproximal contact point of the 1st and 2nd molars crown,
the distance between de cemento-enamel junction (CEJ) and the alveolar bone crest were
measured for the distal surface of the 1st molar and the mesial surface of the 2nd molar just
below the contact point and 0.2 mm palatal to the contact point (Hiyari et al., 2015) at
baseline and 14 days (i.e., end of periodontitis induction) (Fig. 2).
All µCT analyses were performed by a single biologist (NG-L). 2.5. Serum collection and
laboratory tests
2.5 Laboratory analysis
Prior to periodontal induction (baseline) and 24 h, 7, 14 and 21 days after the last couple of
injections, 1800 µL of venous blood were collected from the tail of each animal by
venepuncture using a 22-gauge needle with a 1 mL syringe. Blood samples were allowed to
clot at room temperature and after 1 h, serum was separated from blood by centrifugation (7
min. at 3000 g) and 700 µL of extracted serum was immediately transferred to 1.5 mL
aliquots. Each aliquot was stored at –80 °C until the time of analysis. Serum levels of Aβ
peptides were measured by ELISA technique following manufacturer instructions. Aβ1–40
ELISA kit (Fine Test, Wuhan Fine Biotech, Wuhan, China) minimum assay sensitivity was

46.875pg/ml, with an intra-assay coefficient of variation (CV) of 3.2%; and Aβ1–42 ELISA
kit (Fine Test, Wuhan Fine Biotech, Wuhan, China) minimum assay sensitivity was
9.375pg/ml, with an intra-assay CV of 2.5%. Determinations were performed in the
Clinical Neurosciences Research Laboratory.
2.6. Statistical analysis
Mean and standard deviation was calculated for continuous variables, after the method of
Shapiro-Wilk was applied to confirm that the data were sampled from a normal
distribution. Paired t test and analysis of variance for repeated measures were used to
compare differences over time. Additionally, post hoc comparisons were carried out using
Bonferroni corrections. Pearson correlation coefficient (r) was used to assess potential
correlations between serum Aβ peptides levels and alveolar bone loss. All data analyses
were performed with IBM SPSS Statistics 20.0 software for Mac (SPSS Inc., Chicago, IL,
USA) and all tests were performed at a significance level of α = 0.05.
3. Results
The distance between CEJ-alveolar bone crest was significantly higher at 14 days in the
right side of the maxillae compared to baseline (1.55 ± 0.15 mm vs. 2.02 ± 0.14 mm, P =
0.001). Similarly, this distance was also significantly different in the left side of the upper
jaw between baseline and 14 days (1.37 ± 0.17 mm vs. 1.85 ± 0.15 mm, P < 0.001). When
we combined the measurements of both sides, differences between pre- and postperiodontitis induction in terms of alveolar bone loss were also statistically significant (2.92
± 0.29 mm vs. 3.8 ± 0.28 mm, P < 0.001).
Periodontitis evoked a slight acute elevation of Aβ1–40 serum levels that reached statistical
significance compared to baseline and was maintained during the following two weeks.
However, at day 21, a reduction in the levels of this biomarker was observed (Fig. 3a).
Following experimental periodontitis, Aβ1–42 peptide levels peak much latter than the
other Aβ peptide (i.e., 21 days), confirming its nature of cognitive decline molecule rather
than disrupting the vascular endothelial function (Fig. 3b).
While a positive strong correlation was observed between alveolar bone loss and Aβ1–40
serum levels at 7 days (Fig. 4a) and as well as with serum Aβ1–42 concentrations at 21
days (Fig. 4b), no significant correlations were found with the remaining time points for
both Aβ peptides and loss of maxillary bone (data not shown).

Fig. 3. Changes in serum levels of: a) Aβ1–40 (pg/mL); b) Aβ1–42 (pg/mL) at 24 h, 7, 14, 21 days after
periodontal induction. #P < 0.001 compared to baseline.

Fig. 4. Correlation between alveolar bone loss and: a) Aβ1–40 levels at 7 days; b) Aβ1–42 levels at 21 days.

4. Discussion
The findings of the present study demonstrated that Pg-LPS induced periodontitis produced
an acute increase of circulating levels of Aβ1–40 that were maintained up to day 21, at the
moment in which Aβ1–42 was significantly overexpressed.
Toxic Aβ peptides are involved in brain ischemia. Using the middle cerebral artery
occlusion animal model, transgenic mice expressing AAP showed a more pronounced
reduction of the cerebral blood flow
than control animals and vasodilation in AAP trangenics was reduced by an 82%, thus,
demonstrating that AAP overexpression increased the susceptibility of the brain to ischemic
injury (Zhang, Eckman, Younkin, Hsiao, & Iadecola, 1997). More experimental data
demonstrated that circulating Aβ1–40 is sufficient to induce cerebrovascular dysfunction
(Park et al., 2013). Aβ1–40 can cross the blood-brain barrier (BBB) (Zlokovic, 2008) and
administration of exogenous Aβ1–40 into the circulation could conceivably enter the brain
especially if the BBB is altered (Clifford et al., 2007). In the current experiment, we
observed a significant increase in serum levels of Aβ1–40 followed by periodontitis, which
is closely related with vascular endothelial dysfunction in the brain. Indeed, circulating
levels of Aβ1–40 correlated positively with bone loss at 7 days after periodontal induction,
confirming the relationship between periodontal infection and increased systemic levels of
this peptide. It has been demonstrated that Aβ1–40 impairs the ability of cerebral
endothelial cells to produce vasodilation and such impairment may be mediated by the
production of reactive oxygen species (Niwa, Carlson, & Iadecola, 2000). Accordingly,
Aβ1–40 could be a key mediator in the cerebrovascular alterations resulting from APP
over- expression in transgenic mice. In our experiment, however, we did not measure any
biomarker of vascular endothelial activation/injury to link periodontitis, Aβ1–40 and
endothelial dysfunction.
A pathogenic model has been proposed where LPS from gram-negative bacteria such as Pg
binds to toll-like receptors (TLR)-4/CD14 receptors on peripheral monocytes/macrophages,
neutrophils and on brain microglia (Zhan, Stamova, & Sharp, 2018). TLR-4/CD14
activation by LPS leads to nuclear factor (NF)-κB mediated induction of cytokines in
monocytes/neutrophils in blood and from microglia in brain. Since LPS does not enter
normal brain when given alone (Banks & Erickson, 2010; Banks et al., 2015), it is likely

that other factors con- tribute to LPS entry into ageing brain including cerebral ischemia or
hypoxia. Disrupted BBB might aid LPS to enter into the brain. Indeed, LPS from Pg was
detected in brains of post-mortem patients diagnosed with AD (Poole, Singhrao, Kesavalu,
Curtis, & Crean, 2013). Once LPS entered brain it would bind TLR-4/CD14 receptors on
microglia that would activate NF-κB mediated increases of intracerebral cytokines. LPS
induction of cytokines can increase APP and Aβ accumulation, which in turn can act on
TLR-4 creating a positive feedback loop to increase Aβ (Zhan et al., 2018). In addition,
LPS can also acts on the BBB to decrease Aβ exit from brain (Banks et al., 2015).
Aβ1–42 accumulation within the neurons is associated with AD-like phenotypes in mice
brains. Intracellular Aβ1–42 deposition together with the chronic burden posed by Aβ is
toxic to degenerated neurons (Billings, Oddo, Green, McGaugh, & LaFerla, 2005; Cataldo
et al., 2004). In this sense, experimental data showed that systemic chronic systemic
exposure to Pg-LPS was associated with learning and memory deficits, intracellular
accumulation in neurons and microglia-mediated neuroinflammation within hippocampus
(Wu et al., 2017). Our results are supported with clinical data in which it was found that
severe periodontal patients had significantly higher Aβ1–42 plasma levels compared to
those without periodontitis (Gil-Montoya et al., 2017). In the present experiment, there was
a positive correlation between alveolar bone loss and increased levels of Aβ1–42 at 21
days. Periodontally affected tissues of otherwise healthy subjects overexpressed AAP
(Kubota et al., 2014) and patients with periodontitis showed high amyloid accumulation
compared to those without periodontitis (Kamer et al., 2015). However, it has to be
highlighted that accumulation of Aβ peptides was not measured in the brain of our group of
animals. Even though this fact limits our findings, experimental data showed that Aβ is also
generated outside the brain. In addition, APP and certain enzymes required for Aβ
generation are also overexpressed in peripheral non-neural tissues for example gingiva
(Kubota et al., 2014). Hence, Aβ overproduction is widespread in the peripheral organs and
tissues in AD patients, which suggest that peripherally born Aβ would also contribute to the
pathogenesis of AD (Eisele et al., 2014).
Our experiment has several limitations. First of all, our results are based on a modest
sample of animals and therefore differences in bone loss and levels of Aβ peptides might
simply be occasional. Although the lack of a control group and a sham-operated group

could be one of the major criticism, we considered the biomarker levels at baseline of each
animal as a control per se owing to our main objective was to analyse the influence of
periodontitis in each Aβ peptide over time. The animal model that we used in the present
study has some shortcomings. The LPS-injections model has a lack of bacterial
colonization and the need for constant injections throughout the experiment. However, LPS
model is considered to be an direct and easy method for the induction of controlled
periodontitis bone loss is localized, the stimulus is constant, and the bone resorption occurs
within the first week after the start of the bacterial LPS injections (Dumitrescu, Abd-ElAleem, Morales-Aza, & Donaldson, 2004). Furthermore, this model of periodontal
induction is useful to investigate the host-bacteria interaction and the activation of
signalling pathways, pro-inflammatory and vascular dysfunction mediators as well as
performance of specific cells or molecules in the pathogenic process of periodontitis
(Graves, Fine, Teng, Van Dyke, & Hajishengallis, 2008). Therefore, we considered this
model as the ideal method to carry out our experiment. Lastly, biomarkers of vascular
endothelial activation or injury would be of interest to correlate our findings with the
function of the endothelium as well as to measure brain accumulation of Aβ peptides.
5. Conclusions
Experimental periodontitis is associated with increased levels Aβ of peptides. Studies
including larger number of animals should be carried out to confirm our preliminary
findings. Further evidence supporting the potential role of periodontitis on endothelial
dysfunction and cognitive decline in neurological diseases is also warranted.
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