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ABSTRACT

Attempts were made to develop a radioimmunoassay for the measurement of alpha
tocopherol in plasma. The immunogen, alpha tocopheryl succinate-BSA-conjugate, was
synthesised; rabbits were immunised with this immunogen and their gamma globulins formed
precipitins with the conjugate. Antiserum curves were constructed with the IgG of immunised
rabbits and with IgG of a non-immunised rabbit as a control. Specific binding of 3H alpha
tocophero! to immunised rabbit 1gG could not be demonstrated since the control rabbit IgG
produced a binding curve similar to those of immunised rabbit igG. Hence attempts were made to
establish a competitive protein binding (CPB) assay using a) rat liver cytoso! alpha tocopherol
binding protein and b) human erythrocyte membrane alpha tocopherol binding sites. Binding
agents were isolated from both these sources. However the binding of 3H alpha tocopherol to rat
liver cytosol binding sites was insufficient for the development of a CPB assay, and, using
erythrocyte membrane alpha tocopherol binding sites, specifically bound tritiated alpha
tocopherol could not be separated from non-specifically bound tracer.

Therefore to study the alpha tocopherol status in human reproductive disorders, a
spectrophotometric method for plasma vitamin E determination, a high performance liquid
chromatography procedure for alpha tocopherol assay and a colorimetric method for total lipid
measurement were used. No significant differences were found in the levels of alpha tocopherol
or alpha tocopherolfotal lipid ratios between normal men and male patients with oligospermia,
impotence or sperm agglutination, or between normal women and females with premenstrual
syndrome.

Using equilibrium dialysis it was found that approximately 0.6% of the total plasma alpha
tocopherol concentration was unbound and the mean unbound alpha tocopherol was calculated
to be 0.12umol/l in the normal subjects. Similar results were obtained for all the patient groups.
Negative correlations were observed between the percentage unbound alpha tocopherol and
both total alpha tocopherol and lipid levels suggesting that a mechanism may exist which
regulates the concentration of unbound alpha tocopherol in plasma.

Since disorders of the human reproductive system are commonly associated with abnormal
testosterone production and since there is evidence to suggest that alpha tocopherol may have
a functional role in steroidogenesis, the relationship between plasma alpha tocopherol and
plasma testosterone was explored in a) normal men and women (normal alpha tocopherol and
testosterone levels), b) females with hirsutism (normal alpha tocopherol and testosterone in
excess) and c) hypogonadal males with beta thalassaemia major (deficient in both alpha
tocopherol and testosterone). No correlations were found between the two parameters in any of
the above groups. Testicular stimulation with human chorionic gonadotrophin significantly
increased plasma testosterone concentrations in the thalassaemics despite their markedly
deficient alpha tocopherol levels but the response was sub-optimal. Hence in these subjects

vitamin E deficiency may be partially responsible for reduced testicular function.

Additionally, unprocessed and freeze dried/hexane extracted whole
sera from immunised rabbits were used to investigate specific
binding characteristics to alpha tocopherol by radioimmunoassay,
electrophoresis and enzyme linked immunosorbent techniques.
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CHAPTER 1

Introduction

1.1 Purpose of the study

There is increasing concern that oxidative damage may
be an important component of the pathological processes of
many diseases and that nutrition may play a role through
alterations in antioxidant levels (Logani and Davies, 1979,
Walton and Packer, 1980 and Wilson, 1983). Alpha
tocopherol, the most active form of vitamin E (Century and
Horwitt, 1965), is the major <circulating antioxidant
(Burton et al., 1983) and is known to be an effective
scavenger of peroxyl radicals (Tappel, 1972). For these
reasons plasma alpha tocopherol status has been assessed in
several pathological <conditions including neurological
disorders, (Elias et al., 1981, Nelson, 1983, Kayden and
Traber, 1989), cardiovascular disease and carcinoma (Gey et
al., 1987). There is a dearth of information on alpha
tocopherol levels in reproductive disorders in man.
Although vitamin E deficiency is rare (Molenaar et al.,
1973, Bieri and Farrell, 1976) and although 1little
alteration in reproductive capacity has been observed even
with induced nutritional deficiency (Calloway, 1983),
vitamin E has been used in certain reproductive disorders,
with some degree of success (Swyer, 1948, Wolpowitz and
Barnard, 1978, London et al., 1983, Havens, 1985 and

Reziciner et al., 1987). The objective of the present study

-18 -



Purpose of the study

was therefore to assess the plasma alpha tocopherol status
in patients with disorders of their reproductive glands,
some of which disorders have been previously reported to

improve upon vitamin E supplementation.
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1.2 Design of the study

The study was designed to be executed in 3 parts.
Part I

Because it was anticipated that a 1large number of
samples would be processed and because the initial
developmental costs of establishing gas liquid
chromatography (GLC) or high performance liquid
chromatography (HPLC), both of which methods are routinely
used to assay vitamin E, would have been high, attempts
were to be made to develop an assay based on saturation

analysis.
Section 1

As an initial step, a traditional spectrophotometric
method for vitamin E assay was to be established to measure
plasma vitamin E concentrations in a group of normal male
and female subjects. It was envisaged that alpha tocopherol
concentrations would be assayed in the same samples by
saturation analysis and the results compared with the
vitamin E levels determined by the spectrophotometric

method.
Section 2

An attempt would then be made to develop a
radioimmunoassay (RIA) using sera from rabbits immunised
with alpha tocopheryl succinate-BSA conjugate or a

competitive protein binding assay (CPB) using the naturally

-20 -



Design of the study

occurring alpha tocopherol binding sites in rat 1liver
cytosol (Catignani, 1975) or human red blood cell membrane

alpha tocopherol binding sites (Wimalasena et al., 1982).

Part 11

It is well established that tocopherols circulate in
blood bound to lipoproteins, the major carriers being low
density lipoproteins (LDL) and high density 1lipoproteins
(HDL) (Davies et al., 1969, Kayden, 1978, Beherens et al.,
1982, Lambert and Mourot, 1984 and Bjorneboe et al., 1990).
Surprisingly, no one has attempted to determine whether an
unbound moiety of alpha tocopherol is present in plasma. It
has long been recognised that many hormones (Briggs and
Brotherton, 1970, Hammond et al., 1980) and certain drugs
(Koch-Wesser and Sellers, 1976) are transported in blood
plasma partially bound to binding proteins. It has also
been the conventionally held view that the unbound, free
moiety of such substances crosses the cell wall and
permeates the intracellular environment where it effects
its biological actions (Gray and James, 1983 and Shami,
1985). Thus the unbound moiety is routinely measured for

certain hormones such as thyroxine and testosterone since

it reflects the biological activity of the hormone more
closely than total plasma concentrations (Ekins, 1980).
This part of the thesis seeks to estimate the unbound

fraction of alpha tocopherol in the plasma of normal

-21 -



Design of the study

subjects and in patients with disorders which have been
purported to respond to vitamin E treatment. The hypothesis
that the estimation of unbound alpha tocopherol might be a
more sensitive indicator of marginal alpha tocopherol
deficiency than total alpha tocopherol per se or the alpha

tocopherol/total lipid ratio was then to be examined.

Part III

Certain investigators have reported that vitamin E may
be involved in steroidogenesis (Solomon et al., 1972,
Kitabchi et al., 1973, Nathans and Kitabchi, 1975).
Experimentally induced vitamin E deficiency in male rats
has been reported to decrease plasma testosterone (Lees, et
al., 1982, Akazawa et al., 1986 and 1987). However this
finding has not been confirmed by other investigators
(Cooper et al., 1987). The relationship between alpha
tocopherol and testosterone in the human has not been
explored in any depth so this part of the thesis was

designed to determine whether such an association exists.

Thus, a) Correlations were sought between alpha
tocopherol and testosterone in normal male and female
subjects. b) Plasma levels of alpha tocopherol and

testosterone were measured in female patients with
hirsutism, a disorder associated with increased androgen
secretion (Vermeulen, 1983, Morris, 1985, Franks et al.,

1985 and Franks, 1989), in order to establish whether alpha

-22 -



Design of the study

tocopherol concentrations were altered in such patients. c)
The testicular capacity to secrete testosterone in a milieu
deficient in alpha tocopherol was examined by measuring
plasma testosterone before and after gonadal stimulation
with human chorionic gonadotrophin (HCG) in male
hypogonadal, homozygous beta thalassaemic patients whose
vitamin E 1levels are generally considered to be 1low
(Zannos-Mariolea et al., 1974, Rachmilewitz et al., 1979

and Modell and Berdoukas, 1984).

-23-



1.3 Historical background

The existence of vitamin E was revealed when Evans and
Bishop (1922) found that a dietary factor present in wheat
germ and lettuce leaves prevented foetal resorption in rats
fed on semi-purified diets. They called this substance
factor X, for which Sure (1924) proposed the letter E. By
1925 the term vitamin E was adopted since it was the next
serial alphabetical designation, following the then newly

designated antirachitic vitamin known as vitamin D.

Vitamin E deficiency was observed to affect
reproductive organs and hormonal systems of both male and
female rats. In the male, vitamin E deficiency was shown to
result in testicular atrophy due to degeneration of the
germinal epithelium (Evans, 1925) and was later shown to be
associated with a concomitant increase in gonadotrophic
activity in the anterior pituitary (Nelson, 1933 and
Drummond et al., 1939). Pituitary glands removed from
vitamin E deficient female rats with resorption-gestations
were shown to have twice the normal activity of
gonadotrophins (McQueen-Williams, 1934) although this
observation was not confirmed in a later study (Drummond et

1., 1939).

Vitamin E deprivation was shown to lead to disturbances

of structure and function of many tissues other than those
in the reproductive <cycle. Evans and Burr (1928)

demonstrated the occurrence of paralysis in suckling rats

-24 -



Historical background

whose mothers had been fed on vitamin E deficient diets.
Pappenheimer and Goettsch (1931) observed symptoms of
encephalomalacia in chicks fed on semipurified diets and
the occurrence of muscular dystrophy in guinea-pigs and
rabbits fed on normal diets treated with ferric chloride in
ether, a procedure which had been shown to destroy vitamin
E (Waddell and Steenbock, 1928). Shortly after, 0Olcott and
Mattill (1931) observed that part of the function of
vitamin E depended upon its antioxidant qualities, a
property subsequently regarded as one of the most important

biological functions of the vitamin.

The diverse nature of vitamin E was disclosed when
Evans et al., (1936) isolated from wheat germ oil two
compounds with the biological activity of vitamin E, which
they named alpha and beta tocopherol, from the Greek
meaning 'alcohol of birth/fertility'. Subsequently gamma
tocopherol was isolated from cotton seed oil (Emerson et
al., 1937) and delta tocopherol from soya bean oil (Stern
et al., 1947) followed by alpha, beta, gamma and delta
tocotrienols from several vegetable o0ils (Green and

Marcinkiewicz, 1956 and Pennock et al., 1964).

The complex inter-relationships between the tocopherols

and other nutrients also became evident when rats given a
diet low in vitamin E and sulphur-containing amino acids,
died from necrotic degeneration of the liver. Selenium was

later identified as the anti-necrotic factor (Schwarz and
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Folz, 1957) while a 500 times higher (or more depending on
the 1level of polyunsaturated fatty acids present in the
diet) dose of vitamin E could also provide the same

protection.

The development of a colorimetric method for the
measurement of vitamin E in blood was another turning point
in the history of vitamin E (Emmerie and Engel, 1938 and
1939). The original method suffered from 1lack of
sensitivity, high blanks and variable time taken for colour
development by the different tocopherols, but several steps
were subsequently taken to improve the assay (Tsen, 1961).
With the advent of gas liquid chromatography (GLC) and high
performance 1iquid chromatography (HPLC) however, the
individual tocopherol 1levels in body fluids and tissues
could be estimated rapidly, accurately and more sensitively
(Lehmann and Slover, 1971, Rudy et al., 1972, Sheppard and
Hubbard, 1979 and Slover and Thompson, 1981) and these
techniques became the most commonly used for the estimation

of tocopherols.
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1.4 Chemistry and nomenclature

Naturally occurring tocopherols belong to two
chemically different series of compounds, but all are
derivatives of chromanol-6-0l. One group possesses a
saturated isoprenoid side chain (tocopherols) while the
other has three unsaturated bonds in the side chain

(tocotrienols) (Penncock et al., 1964).

The basic tocol structure (Fig. 1.1), the 4 naturally
occurring tocopherols and their biological activities

relative to RRR-alpha tocopherol are given below.

R3

CH3 CHS3 CH3

CH3

OH .
Fig. 1.1 Tocol structure
R1

Compound R1 R2 R3  Relative biological
activity

Alpha Tocopherol CHj CHj CHs 1.0

Beta Tocopherol CHs H CH3 0.4

Gamma Tocopherol H CHq CHs 0.1-0.3

Delta Tocopherol H H CH3 0.01
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Chemistry and nomenclature

Naturally occurring tocopherols have been shown to have
2R 4'R and 8'R configuration but several stereo isomers of
the tocopherol can be synthetically produced (Horwitt,
1986). The International Union of Pure and Applied
Chemistry-International Union of Biochemistry Commission on
Biochemical Nomenclature recommended that compounds with 2-
methyl1-2-(4',8',12'trimethyltridecyl)-6-chromanol structure
should be regarded as tocols and the term tocopherol should
be used as the generic description for mono-, di- and tri-
methyl tocols (IUPAC-IUB, 1974). Similarly compounds with
2-methyl1-2-(4',8',12'trimethyl trideca-3',7',11' trienyl)-
6-chromanol structure were to be regarded as tocotrienols.
The term alpha tocopherol unless otherwise stated was to be
used to mean 2R,4'R,8'R alpha tocopherol (RRR-alpha
tocopherol). It was recommended that the term vitamin E
should be used as the generic descriptor of all tocol and
tocotrienol derivatives, exhibiting the biological activity
of the naturally occurring isomer, RRR-alpha tocopherol.
The old terminologies d- and dl-tocopherol if still used

were to be replaced by [d] and [d1].

In the present study the term alpha tocopherol is used
for 2R,4'R,8'R alpha tocopherol and the term vitamin E is

used for compounds exhibiting alpha tocopherol activity.
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1.5 Free radicals and functions of alpha tocopherol

Many cellular reactions of normal metabolism and energy
production produce potentially toxic free radicals as
unwanted byproducts. Most types of biological membranes are
rich in polyunsaturated fats and are especially susceptible
to free radical mediated peroxidative damage (Tappel, 1972).
Two systems have evolved to defend membrane structure and
subcellular organelles against free radicals. The first
system suppresses the production of free radicals. This form
of inhibition is the function of primary or preventative
antioxidants which act by removing precursors of free
radicals or by inactivating catalysts such as glutathione
peroxidase or metal ion sequestering agents. The second
system acts by quenching or 'scavenging' the free radicals
already produced. This type of secondary or chain-breaking
antioxidant inhibits peroxidation by reacting directly with

peroxyl radicals.

In vitro studies have established that alpha tocopherol
is the major chain-breaking antioxidant in plasma (Burton et
al., 1983). It has excellent properties for trapping peroxyl
radicals. Alpha tocopherol does this by donating the active
phenolic hydrogen atom at the 6th position of the chromanol
ring, to the oxygen radical. The resulting tocopheroxyl
radical may scavenge another peroxyl radical or react with
another tocopheroxyl radical to give a dimer or it may be

regenerated back to alpha tocopherol by the reducing action
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of ascorbic acid thus preventing a free radical induced

chain reaction.

Apart from its well established function as an
antioxidant, alpha tocopherol 1is also thought to have a
structural function in biological membranes. Lucy (1972) and
Diplock and Lucy (1973) provided evidence that vitamin E may
control membrane permeability and stability by specific
physico-chemical interactions between its phytyl side chain
and fatty acyl chains of polyunsaturated phospholipids, thus
providing a mechanism for anchoring of vitamin E in

membranes.

Therefore it is generally accepted that in its dual role
as an integral part of membrane structure and as a scavenger
of free radicals, alpha tocopherol serves to protect against
the damaging effects of unsaturated fat and phospholipid

peroxidation.

In addition evidence has been presented for a role of
vitamin E in haem protein synthesis (Murty et al., 1970,
Nair, 1972 and Caasi et al., 1972). Since cytochrome P-450
is one of the haem proteins and since it also plays a
crucial role in steroidogenesis, vitamin E may modulate the

synthesis of corticosteroids and androgens (Nair, 1972).
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1.6 Physiological aspects

Tocopherols are widely distributed in vegetables, the
major dietary sources for humans are cereal and vegetable
oils (Slover, 1970 and Chow, 1976), while animal tissues
and products are poor sources of vitamin E and are
influenced by the consumption of tocopherol by the animal

(Bauernfeind, 1980).

The intestinal absorption and transport of tocopherols
depend mainly on the individual's ability to digest and
absorb fat although there is evidence to suggest that a
specific factor not associated with general fat absorption
is also involved (Nut. Rev., 1988a). Bile salts and
pancreatic juices are necessary for optimal absorption of
tocopherols (Gallo-Torres, 1980). The absorption of
tocopherols is more efficient when medium chain
triglycerides are included in the diet (Gallo-Torres et
al., 1971) while retinoic acid is reported to reduce the
absorption of alpha tocopherol (Bieri et al., 1981).
Certain polyunsaturated fatty acids may enhance the
breakdown of tocopherol and thus reduce its absorption from
the intestine (Bjorneboe et al., 1987). Esters of
tocopherol are cleaved to the free form before absorption
(Burton et al., 1988). The efficiency of absorption varies
according to the amount ingested (Bieri and Farrell, 1976);
from 50-70% for dietary levels of alpha tocopherol (1mg) to
10% with pharmacological doses (200mg) (Farrell, 1988).
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Once absorbed, alpha tocopherol is secreted into the
intestinal 1lymph where most of it is associated with
chylomicrons (Traber et al., 1988). The endothelial bound
enzyme lipoprotein lipase acts on the chylomicrons to form
chylomicron remnants which are then taken up by the Tliver
parenchymal cells (Bjorneboe et al., 1987). The 1liver
secretes vitamin E in association with very 1low density
lipoproteins (VLDL) into the blood stream where they are
metabolised by lipoprotein lipase and the vitamin becomes
rapidly equilibrated between the lipoproteins, low density
lipoproteins (LDL) and high density 1lipoproteins (HDL)
(Meydani, 1989). There is no evidence for the existence of
a specific transport protein for alpha tocopherol in blood

(Gallo-Torres, 1980 and Bjorneboe et al., 1987).

Alpha tocopherol is taken up by most tissues although
there is no single storage organ for tocopherol. Adipose
tissue, Tiver and skeletal muscle account for most of the
body's store of vitamin E. The adrenal glands, testes,
lungs and spleen also have relatively high concentrations
of alpha tocopherol (Kaplan et al., 1987 and Bjorneboe et
al., 1990). An early study on the dynamics of tissue
distribution of alpha tocopherol in rats showed that the
uptake of 3H-a]pha tocopherol 48-96 hours after
administration was 1low in skeletal muscle and slightly

higher in the heart, adipose tissue and kidneys (Gallo-

Torres et al., 1971). The spleen, ovaries and the adrenal
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glands had the highest uptake, the uptake by the adrenals
being 500 times higher than that of skeletal muscle. In
another similar study plasma and liver uptake was reported
to peak at 12 hours and at 48 hours respectively; levels in
the lungs, ovary and adrenal gland were higher than liver

concentrations (Kaseki et al., 1986).

The rate of depletion of alpha tocopherol varies from
species to species and from tissue to tissue. In mature
rats, plasma, heart and Tliver 1levels decline to half of
initial values within a week while the depletion in
skeletal and adipose tissue is much slower (Bieri, 1972).
In guinea pigs the mobilisation of alpha tocopherol from
adipose tissue is so slow that acute depletion of skeletal
muscle alpha tocopherol can be achieved with 1ittle loss of

vitamin E from adipose tissue (Gallo-Torres, 1980).

The major route of elimination of tocopherol
metabolites is via the faeces, the main excretion products
being glucuronide conjugates of tocopherol hydroquinone
(Chow et al., 1967). Tocopherols are also excreted in urine
as glucuronide conjugates of alpha tocopheronic acid and
alpha tocopheronolactone although only about 1% of a given

dose is excreted this way (Draper and Csallany, 1969).
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1.7 Clinical assessment of vitamin E status in the human

Much of the earlier work on vitamin E in the human
relied solely on the measurement of total vitamin E
concentrations in plasma. The results of these tests
depended upon the sensitivity and specificity of the chosen
analytical method and the values were also affected by the
lipid content in the specimens. When it was established
that plasma tocopherol levels were related to plasma lipids
(Davies et al., 1969, and Horwitt et al., 1972), Horwitt et
al., (1972) proposed that plasma estimations of tocopherols
should always be accompanied by total 1ipid measurements.
The measurement of plasma alpha tocopherol/total 1lipid
ratio has since become a commonly used parameter in the
assessment of the vitamin E status in humans (Horwitt, 1986

and Laryea et al., 1989).

A further issue regarding the assessment of vitamin E
status in plasma relates to the contribution to the total
vitamin E activity of the individual isomers of tocopherol.
Although alpha tocopherol is biologically the most active
form of tocopherol present in plasma (Farrell, 1979),
another isomer, gamma tocopherol, has become increasingly
important since it is the most abundant form of tocopherol
in the typical Western diet (Bauernfeind, 1980). However,
since it is only 6-16% as active as alpha tocopherol (Bieri

and Evarts, 1974) and also since there may be an inverse
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relationship between the intake of alpha tocopherol and the
plasma level of gamma tocopherol (Baker et al., 1986 and
Behrens and Madere, 1987), the measurement of the gamma
tocopherol/alpha tocopherol ratio has been recommended by
some investigators as an index of alpha tocopherol

ingestion (Baker et al., 1986).

Other methods of estimating the vitamin E status in
humans include the measurement of erythrocyte (Mino et al.,
1985) and platelet (Lehmann et al., 1988 and Tatsumi et
al., 1988) alpha tocopherol levels. Vitamin E status has
also been assessed by measuring alpha tocopherol levels in
adipose tissue (Handelman et al., 1988) and buccal mucosal
cells (Tamai et al., 1988) although these estimations have

not been widely used.

In addition to the measurement of tocopherol levels in
various tissues and body fluids, tests that measure the
degree of functional impairment due to vitamin E deficiency
have also been devised. A commonly used test of function is
the peroxide haemolysis test (Gyorgy and Rose, 1949 and
Gordon et al., 1955) which gives the antioxidant potential
of vitamin E. However, this test 1is 1limited in its
usefulness since the results can be affected by various
anaemias (Melhorn et al., 1971). Technical problems with
standardisation and variability of results obtained under
different assay conditions are additional drawbacks (Nut.

Rev., 1988b). Other  functional tests include the
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measurement of malondialdehyde generated from 1lipid
peroxidation (Cynamon and Isenberg, 1987) and the
measurement of breath pentane also produced by the
peroxidation of various polyunsaturated fatty acids

(Lemoyne et al., 1987 and 1988).

In the present study the status of plasma alpha
tocopherol in 7 <clinical groups was assessed by the
measurement of plasma total and unbound alpha tocopherol

levels in relation to total lipids.
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1.8 Therapeutic use of vitamin E in man

The conditions for which vitamin E therapy have been
used can be divided into two broad categories. The first of
these include conditions associated with frank vitamin E
deficiency. The second category includes conditions in
which no biochemical evidence of vitamin E deficiency has
been found but for which beneficial effects have been
claimed after treatment with pharmacological doses of
vitamin E. It 1is conceivable that a relatively small,
difficult to measure, deficiency of vitamin E may exist in

these latter conditions.

Pathological <conditions in which frank vitamin E
deficiency may be present include malabsorption disorders
associated with various types of gastrointestinal,
digestive and absorptive disturbances. Thus patients with
pancreatic insufficiency (Harries and Muller, 1971),
congenital biliary atresia (Bieri et al., 1983) and chronic
liver disease (Sokol et al., 1985) are prone to vitamin E
deficiency. Such patients are at risk of developing
neurological defects resulting from damage to their
peripheral neurons (Traber et al., 1987) and the oral
administration of water miscible vitamin E preparations has
been used therapeutically (Traber et al., 1988). Patients

with cystic fibrosis, one of the commonest causes of

pancreatic insufficiency, also have low levels of vitamin E
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(Congden et al.,1981, Bui, 1988 and Sokol et al., 1989) and
some improvement in haemoglobin 1levels have been reported
after vitamin E therapy (Kelleher et al., 1987). In
patients with abetalipoproteinaemia, a disorder resulting
from the genetic absence of apoprotein for chylomicron and
LDL, vitamin E 1levels are undetectable by conventional
assay procedures (Muller et al., 1974). Neurological
lesions and retinopathies are common in this disorder and
vitamin E supplementation has been reported to improve the
clinical condition of affected patients (Muller et al.,

1983).

Low 1levels of vitamin E are also found 1in beta
thalassaemia major, a haematological disorder characterised
by defective beta chain synthesis (Weatherall and Clegg,
1981). Treatment with vitamin E has not been shown to
reduce transfusion frequency (Rachmilewitz, 1979), though
it leads to a significant reduction in peroxide formation
with less damage to the red blood cells (Rachmilewitz et
al., 1979 and 1985). Some improvement of the clinical
condition of patients with sickle-cell anaemia has also
been reported following vitamin E supplementation (Natta

and Machlin, 1979 and Natta et al., 1982).

The haemolytic anaemia observed 1in some premature
infants is also associated with vitamin E deficiency (Oski
and Barness, 1967). Vitamin E supplementation is beneficial
in this condition (Farrell, 1979 and Bell, 1987). Vitamin E

is reputed to have a protective effect against the
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development of retrolental fibroplasia in premature infants
(Owens and Owens, 1949, Finer et al., 1983 and Hittner et
al., 1984). This condition affects low birth weight infants
(<1.5Kg) whose retinal vessels have been exposed to a
hyperoxic environment during neonatal oxygen therapy. The
effects of vitamin E therapy have also been studied in
neonates with bronchopulmonary dysplasia (Ehrenkranz et
al., 1978 and Saldana et al., 1982) and with
intraventricular haemorrhage (Chiswick et al., 1983) but
the benefits of such vitamin supplementation in these
conditions are as yet unclear (Karp and Robertson, 1986).
Other disorders associated with vitamin E deficiency and in
which improvements have been recorded following vitamin E
supplementation are glutathione synthetase deficiency
(Spielberg et al., 1979 and Corash, 1980) and glucose-6
phosphate dehydrogenase deficiency (Eldamhougy et al.,
1988).

In addition to the pathological conditions associated
with frank deficiency of vitamin E described above, there
is a variety of unrelated disorders ranging from ulceration
(Marks, 1974) to lack of hair growth (Lake Pharmaceuticals,
1991) which are claimed to be ameliorated by vitamin E
therapy. Several factors may explain the beneficial effects
observed when vitamin E is administered at several times
the normal nutritional requirement. Firstly, they could be

due to a placebo effect. Secondly, in certain susceptible
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individuals with marginal vitamin E levels, the
administration of the vitamin could produce a sufficient
increase in vitamin E concentration to correct a deficiency
which may exist at the cellular level. Thirdly, improvement
could be due to a pharmacological effect of vitamin E
acting as a "tonic" through a biological mechanism which is

as yet unknown.

It is widely agreed that alpha tocopherol is the major
antioxidant in plasma (Burton et al., 1983) and that, as a
free radical scavenger in biological systems, it protects
cellular membranes from oxidative destruction (Packer and
Landvik, 1989). Several pathological <conditions are
associated with inadequately controlled free radical
reactions (Halliwell, 1989 and Sinclair et al., 1990),
including two of the major causes of death in man,
carcinoma (Gey et al., 1987) and ischaemic heart disease
(Duthi et al., 1989). Although there is growing evidence
for a protective role of vitamin E in these pathological
conditions (Jefferies, 1989), definite proof of its

effectiveness has not been forthcoming.

Vitamin E has also been used in a number of disorders
relating to the human reproductive system. In the male it
has been used to enhance the number and quality of sperm
with conflicting results (Swyer, 1948); and it has been
used to treat impotence (Wolpowitz and Barnard, 1978). In

the female vitamin E has been used in the treatment of the
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premenstrual syndrome, threatened abortion, premature
labour and eclamptic states although there is no
indisputable evidence of therapeutic benefits of vitamin E
supplementation in these conditions (Mason and Horwitt,
1972, Marks, 1962 and 1974, Bieri et al., 1983, and Goodwin
et al., 1988).

Vitamin E has been called the ‘'vitamin in search of a
disease' (Editorial, JAMA, 1971). It is a vitamin that is
surrounded by controversy. This is partly due to the fact
that deficiency of this vitamin causes different
abnormalities in different species, sometimes in different
tissues within the same species. Controversy exists over
its biological role. Is vitamin E only an antioxidant or
does it have other functions? Identifying pathological
conditions in which vitamin E deficiency may exist is
therefore important, not only for therapeutic purposes but
also to elucidate the biochemical interactions by which the

vitamin may be expressing its role in biological systems.
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CHAPTER 2
Section 1

Determination of plasma vitamin E by a spectrophotometric

method

2.1 Introduction

In the past, spectrophotometric assays based on the
Emmerie-Engel reaction (Emmérie and Engel, 1938) were most
frequently used for the measurement of vitamin E (Bunnell,
1967 and 1971). Although this procedure has a number of
drawbacks such as its susceptibility to non-specific action
by other reducing substances, its inability to
differentiate between the tocopherol isomers and the need
for a high sample volume (De Lenheer et al., 1978 and Desai
1980), spectrophotometric assay is relatively easy and it
is cheaper to establish than gas 1liquid chromatography
(GLC) or high performance 1liquid chromatography (HPLC)

methods.

At this stage of the study, there was a need to have
specimens with known vitamin E levels with which to compare
the alpha tocopherol results that would be obtained by the
proposed radioligand binding assay. Since GLC or HPLC
equipment was not initially = available, the
spectrophotometric method originally described by Quaif and
Harris (1944) and subsequently modified by Tsen (1961) and
Hashim and Schuttringer (1966) was established and plasma
vitamin E measurements were undertaken in a group of normal

men and women.
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General principle of the assay procedure

The determination is based on the ability of
tocopherols to reduce ferric ions of ferric chloride to
ferrous 1ions which then form a red complex with the
indicator bathophenanthroline, the absorbance of which is
measured spectrophotometrically at 534nm. Photoreduction of
residual ferric ions to ferrous ions 1is prevented by
chelation with orthophosphoric acid. A mathematical
correction 1is wused to minimise the absorbance due to

carotene.

2.2 Experimental

2.2.1 Reagents and Materials

Alpha tocopherol, ferric chloride, orthophosphoric acid
and bathophenanthroline were purchased from Sigma Chemicals
Ltd, Poole, Dorset. The stock alpha tocopherol standard
(1.0mmol1/1) was prepared in petroleum ether (boiling range
120°C-160°C) which was further diluted to give a working
standard of 5umol/1. Both standards were stored at -40°C in
aluminium foil wrapped glass bottles. Tritiated alpha
tocopherol (34 Ci/mmol) was purchased from the Amersham
Radiochemical Centre. Prior to use this was purified by
thin layer chromatography on silica gel G plates using n-
heptane-absolute ethanol 99:1 v/v. A1l solvents (absolute

ethanol, petroleum ether, n-heptane, and propan-1-01) were

- 43 -



Determination of vitamin E

purchased from British Drug House and were of analytical

grade.

A1l water used in the reactions was double distilled
and deionised. A1l glassware was soaked overnight in 2-7%
Decon 75 and rinsed 5 times in tap water and washed in 10%
HC1 for at least 2 hours and finally rinsed 4-5 times in
distilled, deionised water and dried at 300-400°C for 2

hours.

Automatic pipettes (Finnpipettes) with volume ranges of
50-200ul and 200-1000ul were used, with disposable tips,
for dispensing biological fluids, buffers and water.
Precision glass pipettes (E-MIL Gold line) were used for
dispensing solvents and standards using a bulb type pipette

filler.

A MSE Mistral 6L MK3 centrifuge, with a swing out head,

was used for centrifugation.

Scintillation fluid (Ultima Gold) was purchased from
Packard Instruments, Chemical Division, Berks. A
scintillation fluid volume of 2.5ml in disposable plastic
vials was used for counting using a Packard Tri-Carb Minaxi
Model 4450, with a scintillation efficiency of 60% for
tritium. The termination of sample measurement was set for
5 minutes or for 2% statistical precision, which ever

occurred first.
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2.2.2 Methods

The steps taken in this section are listed below.
i) Validation of the assay
a) Recovery of the extraction procedure
b) Precision
c) Accuracy and parallelism
d) Sensitivity
e) Effect of storage temperature
f) Effect of duration of storage

ii) Plasma measurements

A1l assays and procedures were replicated.

Briefly, the method was as follows. To a 1.0ml aliquot
of plasma 4.0m1 of 75% ethanol were added and the mixture
was vortexed thoroughly. Petroleum ether (5.0m1) was then
added, mixed for 30 seconds and centrifuged at 1800g for 15
minutes. The supernatant was divided into four 1.0ml
aliquots and pipetted into tubes, to which 100ul of 6x10~3M
bathophenanthroline had previously been added, and mixed.
Blanks were prepared with 1ml of petroleum ether and 100ul
bathophenanthroline. Standard tubes were constructed with
tml aliquots of the working tocopherol standard and 100ul
of bathophenanthroline. To estimate the interference from

beta-carotene the absorbance at 450nm was measured in one
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of each of the solutions of blank and samples. To the
remaining tubes, 100ul of ferric chloride (1x10'3M) was
added and mixed for exactly 15 seconds. Orthophosphoric
acid ((4x10°2M, 100ul) was then added to terminate the
reaction, the solution was mixed and the absorbance read at
534nm. Precautions were taken to protect the test tubes

from light.

Calculations:
Absorbance due to carotene (C)= Absorbance reading at 450nm
x 0.47*
The absorbance due to alpha tocopherol(T)=Absorbance
reading at 534nm

- C

When a standard tocopherol solution of 5umol/1, 1.0ml of
plasma and 5.0m1 of petroleum ether were used for the
extraction, the concentration of tocopherol (umol/1) =

25 x T)/Absorbance reading of the standard

The carotene correction factor (0.47) was previously
established by Dr D.P.R. Muller, the Institute of Child
Health, Guilford Street, London.
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i) Validation of the assay

a) Recovery of the extraction procedure

Approximately 200,000cpm of 34 alpha tocopherol was
added to a 20ml1 pool of plasma and incubated overnight at
4°C, One millilitre aliquots of the pool were mixed with
4.0m1 of ethanol and 5.0 ml of petroleum ether and
extracted for different lengths of time (10 estimations
each at 30 and 60 seconds). The tubes were then centrifuged
for 15 minutes at 1800g, 1.0m1 of each of the supernatants
was pipetted into fresh tubes, and the petroleum ether was
evaporated under nitrogen. The residues were mixed with
2.5m1 of scintillation fluid and the radioactivity was

counted.

b) Precision

Intra-assay variation was evaluated by calculating the
variation between the duplicates of 20 different samples in
8 different assays. The values of the duplicates were
chosen at random from each batch and covered the range of
low, medium and high tocopherol 1levels. The intra-assay

variation was calculated using the formula, Edz
2n

where d= percentage difference between the duplicates and

n= number of pairs (Fraser and Wilde, 1986).

- 47 -



Determination of vitamin E

Inter-assay variation was evaluated using 3 pools

measured in duplicate in 20 different assays.

c) Accuracy and parallelism

Aliquots from 6 pools were assayed by gas Tliquid
chromatography at the Institute of Child Health, (Dr D.
P.R. Muller). Using these pools as internal controls, 20
other pools of plasma were assayed and used as controls in
subsequent studies. Parallelism was assessed by measuring
the tocopherol level in dilutions of serum samples. Sera
from 8 pools were assayed at 1 in 2 and 1 in 4 dilutions
and the results were compared to levels obtained using 1ml

of plasma.

d) Sensitivity

Sensitivity or the detection limit of an assay can be
defined as the smallest result which can be distinguished
from the blank. Statistically this can be calculated as the
apparent concentration which is 2 standard deviations (SD)
(95% confidence 1imit) below the absorbance given by the
zero standard. To evaluate this, 20 tubes containing 1ml of
water were processed in a single assay along with a
standard curve and controls. The mean and SD were
calculated for the absorbance given by the 20 blank tubes

and the apparent vitamin E concentrations were determined.
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e) Effect of storage temperature

Triplicate samples from 3 pools were left at room
temperature (protected from day 1ight), at 4°C and at -40°C

for 2 days. The specimens were then assayed for vitamin E.

f) Effect of duration of storage

Three pools were tested to determine if tocopherol
levels deteriorated with 1long term storage. Tocopherol
levels were measured periodically over 4 months in several

aliquots stored at -40°C.

ii) Plasma measurements

Plasma vitamin E 1levels were measured in 30 normal
males aged 23-27 years and 28 female subjects aged 25-31
years (see Chapter 4). A1l subjects were fasting at the
time of blood sampling and none was on any special diet or

treatment.

Twenty millilitres of Dblood were <collected in
heparinised containers which were centrifuged at 2000g for
15 minutes to obtain plasma. The specimens were stored in
2.0m1 aliquots at =-40°C and were protected from light by
covering them with aluminium foil. Repeated freezing and

thawing of specimens was avoided.
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Statistics

A1l calculations and statistical procedures were
performed on an Apple Mac SE computer using the statistical
programme, Multistat. Student's unpaired t-test was used
for data comparison for statistical significance. P<0.05

was considered significant.
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2.3 Results

The spectrophotometric method was validated by
establishing its reproducibility, accuracy and sensitivity.
There was no significant difference between the 3K alpha
tocopherol counts recovered after 30 second extraction and
60 second extraction (p=0.9). The mean recovery was 86%.
The intra-assay variation at low concentration of vitamin E
(<5.0umo1/1) was found to be high (%¥CV=26.9%) but at medium
(10-20umo1/1) and high (22-34umol/1) concentrations the %CV
was less than 10% (Table 2.1). The infer-assay %CV was less
than 15% at all 3 levels.

As expected, alpha tocopherol levels obtained by the
GLC procedure were generally lower than the vitamin E
levels obtained by the spectrophotometric method (Table
2.2 A). However the difference between results was not
greater than 10% indicating acceptable accuracy of the
measurements obtained by the spectrophotometric procedure.
Parallelism studies revealed that 0.25m1 (1 in 4 dilution)
gave significantly different results (p<0.001) to those
obtained using 0.5m1 (1 in 2 dilution) and 1.0m1 of plasma
(Table 2.2 B) but there was no difference in the results

obtained using 0.5m1 and 1.0m1 of plasma (p=0.7).
The sensitivity of the assay was 0.8ug of vitamin E.

The effect of daylight on vitamin E is well documented.
The effect of storage temperature was investigated in the

present study. Vitamin E Tlevels were shown not to be
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adversely affected by storing at different temperatures for

up to 2 days (Table 2.3 A).

To establish whether vitamin E deteriorated upon 1long
term storage at -40°C, several samples from 3 pools were
analysed over a 4 month period. No diminution in the
vitamin E levels was found over that period of time (Table

2.3 B).

The plasma vitamin E concentrations of 30 normal men

and 28 normal women are depicted in Table 2.4.

The plasma vitamin E concentrations in normal men
followed a normal distribution and ranged from 10.4-
36.6umol/1 with a mean of 22.6umol/1. The plasma vitamin E
concentration in normal women ranged from 12.5-32.6umol/1
with a mean of 23.7umol/1. No significant differences were
found in the plasma vitamin E levels between normal men and

women (p=0.5).
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TABLE 2.1

Spectrophotometric method: Intra-assay variation

Vitamin E
pmol/l
Low range Medium range High range
23,24 10.8,10.0 24.8,26.3
1.1,1.2 15.1,16.0 26.5,27.3
1.8,1.0 17.4,17.9 28.3,275
26,29 18.1,19.0 26.5,26.9
36,29 10.1,9.00 25.3,24.0
41,38 18.8,17.0 27.4 ,28.3
1.8,1.0 17.3,19.3 28.0,27.4
32,28 17.6,16.4 245,27.6
16,20 11.0,10.2 29.4,28.9
17,20 13.4,12.8 23.4,20.6
21,26 17.2,17.0 27.0,26.8
45,40 14.9,13.6 30.3, 33.7
16,13 13.7 ,13.7 25.5,25.0
45,38 14.9,16.2 22.8,23.2
39,35 10.8,9.20 31.2,33.8
2.6,3.0 11.3,14.0 24.8,255
15,19 14.3,12.4 28.1,27.0
41,36 19.3,19.6 26.7,29.5
46,49 16.6,15.4 22.3,25.8
31,27 13.9,15.3 29.1,28.2
%CV 16.9 7.0 4.6

The %CV was calculated using the formula ¥ € dz/z n

d= % difference between duplicates
n= number of pairs
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TABLE 2.2 A

Accuracy of the spectrophotometric method

Spectrophotometric GLC
method method
Vitamin E Alpha tocopherol
pmol/| pmol/l
9.4 9.0
10.3 9.7
15.8 14.3
17.4 17.0
25.0 25.2
25.1 24.3
TABLE 2.2 B

Effect of dilution on vitamin E measurements

Vitamin E
pmol/l

Undiluted 1/2 dilution 1/4 dilution
8.3 8.2 9.3
9.4 10.8 10.4
10.4 10.6 11.2
12.8 13.8 13.9
13.6 12.3 14.2
18.6 18.3 19.7
27.0 26.2 29.4
27.1 28.0 - 29.2
Mean 15.9 16.0 17.2*
SD 7.6 7.5 8.1

~*Significant difference between undiluted and 1/4 dilution (p<0.001)
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TABLE 23 A

Effect of storage temperature on the vitamin E measurements

Mean vitamin E

pmol/l
Temperature Pool A Pool B
Room temp. 10.6 16.0
4’c 10.8 15.8
-40°C 10.0 15.5

TABLE 2.3 B

Effect of duration of storage on vitamin E measurements

Mean vitamin E

pmol/l

Time (weeks) Pool A Pool B Pool C
0 11.2 17.4 25.8

2 10.4 15.8 26.7

4 10.3 16.3 25.9

6 9.8 15.7 25.1

8 10.8 16.6 25.0

12 9.9 16.3 255

16 11.0 16.9 26.4
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TABLE 2.4

Plasma vitamin E concentrations in normal maie (n=30)
and normal female (n=28) subjects

Male Female

Vitamin E Vitamin E

umol/l umol/l

36.6 25.2

26.2 28.6

28.5 21.3

15.7 19.5

17.4 32.6

26.1 29.5

13.0 16.3

18.9 17.8

12.2 21.3

31.3 19.6

23.9 26.4

13.3 15.8

26.5 31.0

21.8 12.5

17.5 21.1

19.2 23.6

29.0 30.8

30.7 19.9

24.0 26.3

12.5 24 .1

33.9 23.9

10.4 25.3

19.8 19.2

22.6 26.0

27.5 28.5

15.7 19.7

11.6 24.6

27.2 22.2
22.7
33.0

Mean 22.6 23.7

Range 10.4-36.6 12.5-32.6

SD 7.4 5.0
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2.4 Discussion

The spectrophotometric method described here fulfilled
the criteria of reproducibility and accuracy required for
the measurement of vitamin E in plasma. The high inter-
assay variation at low vitamin E concentrations (%CV=16.9%)
however, indicated that the assay was not suitable for the

accurate measurement of low concentrations of the vitamin.

The specificity of the method for tocopherol was not
evaluated in the present study. Other reducing substances
such as carotene and bilirubin at high concentrations are
known to interfere non-specifically with the Emmerie-Engel
reaction (Desai and Martinez, 1986). A carotene correction

was therefore used to minimise this effect.

In parallelism studies it was established that 0.25ml
of plasma was insufficient for accurate vitamin E
measurement by this method as there was a significant
difference between the results obtained when 0.25ml1 and
0.5m1 of plasma were used. This non-parallelism could have
been due to the dilutions being prepared with distilled
water rather than stripped plasma, exerting a matrix effect
on the results. There was however no significant difference
between the results obtained using 0.5m1 and 1.0ml1 of
plasma. In the assay procedure 1.0m1 plasma volumes were

used.

No significant reduction in vitamin E levels occurred

over 4 months and all the specimens in the study were
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assayed within that time. The effect of storing specimens
at various temperatures was also investigated. Vitamin E
levels were not affected by storing at the different
temperatures investigated in the study. This was relevant,
as occasionally, specimens were left in the refrigerator

for a day or two before being aliquoted and stored at

-40°C.

The plasma vitamin E levels obtained here were similar
to levels reported by other investigators using
spectrophotometric assay procedures (Martinek, 1964 and
Fabianek et al., 1968). Neither these investigators nor the
current study demonstrated any difference between vitamin E

concentrations in normal male and female subjects.
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Section 2

Measurement of alpha tocopherol by saturation analysis?

Problems and potential

Introduction

The advent of GLC and HPLC techniques has made it
possible to measure alpha tocopherol more specifically,
sensitively, accurately and reliably (Chow and Omaye, 1983,
Smidt et al., 1988, Celardo et al., 1989 and Cham et al.,
1989) than any of the previously used techniques. However,
the developmental expenses of GLC and HPLC are high and may
not be within the financial means of some 1laboratories
wishing to set up an alpha tocopherol assay. There is
therefore a place for a more economic assay which
nevertheless retains all the advantages of the existing
techniques and so an attempt was made to establish an assay

for alpha tocopherol by competitive saturation analysis.

Competitive saturation binding assays are generally of
two types. These are the competitive protein binding assays
(CPB) and the radioimmunoassays (RIA). In both CPB assays
and RIAs there is competition between a radiolabelled and
unlabelled ligand to bind to specific sites on a binding
protein. The main difference is that the binding proteins
in CPB assays are naturally occurring binding sites whereas

in RIAs they are antibodies. The use of CPB assays
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preceded that of RIAs for a number of hormones including
cortisol (Murphy, 1968) and progesterone (Johansson, 1970)
where naturally occurring plasma binding proteins were
available. The advantages of using naturally occurring
binding sites are uniformity 1in characteristics from
preparation to preparation and the fact that they are in
some cases easier to prepare than antibodies. However, such
binding proteins are only available for a limited number of
substances and they tend to be 1less specific than
antibodies (Chambers, 1974). There are several references
to the existence of naturally occurring cellular binding
sites for alpha tocopherol in the 1literature (Rajaram et
al., 1973, Patnaik and Nair, 1975, Catignani, 1975 and
Kitabchi and Wimalasena, 1982) but no attempts appear to
have been made to wuse these binding sites for the

measurement of alpha tocopherol by saturation analysis.

The first report of the application of saturation
analysis to RIA was published by Berson and Yalow (1960)
who used it for the measurement of insulin. Since then RIAs
have been used for the measurement of many groups of
biological substances. Radioimmunoassays are renowned for
their sensitivity, specificity, reproducibility and cost
effectiveness and are now routine in many laboratories.
They are commercially available in kit form which makes
both batch and single analysis easier. These assays are

also amenable to in-house development within hospital
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laboratories where sensitive methods are needed and they

are ideal when monitoring small changes in concentration.

The first part of this section describes the principles
of RIA and then reports on the steps taken to raise an
antibody against a conjugate of alpha tocopherol for the
development of a RIA. The second part describes the efforts
taken to develop a competitive protein binding assay for
alpha tocopherol wusing firstly the naturally occurring
binding sites in rat liver cytosol (Catignani, 1975) and

then those on human erythrocyte membranes (Wimalasena et

al., 1982).
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2.5 General introduction to RIA

Radioimmunoassays consist primarily of four components,
the radiolabelled ligand (antigen), the unlabelled antigen,
the antibody and the separation system. All except the
unlabelled antigen are considered constant. Increasing
concentrations of the unlabelled antigen compete with the
radiolabelled antigen to bind to the antibody. A suitable
separation system which does not disturb the equilibrium of
this reaction is then used to quantitatively separate the
bound antigen from the unbound. The radioactivity can be
measured in either the bound or the unbound fraction using
a suitable radioactive counter such as a scintillation
counter for tritiated 1labels or a gamma counter for

jodinated labels.

2.5.1 Radiolabelled antigen

The <choice of the radionuclide depends on the
availability of the radiolabelled antigen and the
appropriate counter. Among the most widely used labels are
tritium (3H) and Todine 125 ('251)., The 3H 1abel s
available for a number of compounds and has a long half
life (12.5 years) so radioactive decay is rarely a problem.
Compounds labelled with 1251 have specific activities up to
2,200 Ci/mmol so the counting times are correspondingly
shorter. But with a half life of 60 days, decay must be

allowed for and due to their large size, iodine atoms may
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also affect the binding between the antibody and the

antigen.

In the present study tritiated alpha tocopherol was

used.

2.5.2 Antiserum

The second component of an immunoassay system is the
antibody. Antibodies are proteins and a large number of
antibodies have been shown to be gamma globulins identical
in molecular weight and physico-chemical properties to

other gamma globulins (Kabat and Mayer, 1961).

Antiserum production can be divided into three stages;
preparation of the immunogen, immunisation and the
assessment of antisera. An immunogen is a substance that
provokes an immune response and elicits antibody production
when injected into an animal. Peptides with a molecular
weight greater than 1000 normally act as immunogens and one
of the smallest compounds which has been shown to be
immunogenic is antidiuretic hormone, with a molecular
weight of 1080 (Roth et al., 1966). Compounds with lower
molecular weights such as alpha tocopherol (MW 430) do not
usually provoke an immune response but antibodies can be
raised against them by covalently coupling them to larger
immunogenic molecules such as bovine serum albumin (BSA).

To achieve this, a free amino or carboxyl group is required
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which is wused to attach the carrier protein to the
compound. Derivatives of the original compound are
generally made to provide these groupings for this purpose.
Commonly wused derivatives include carboxymethyloximes,

hemisuccinates and chlorocarbonates (Abraham, 1974).

The conjugation of the derivative to the carrier
protein is usually achieved by the mixed anhydride or the
carbodiimide reaction which forms a stable peptide bond
between the carboxylic group of the hapten molecule and the
amino groups of the 1lysine molecules in the carrier
protein. Bovine serum albumin is used extensively for this
purpose because it is readily available and has proved

effective in the production of conjugates.

In the present study alpha tocopheryl succinate was
attached to BSA by using the mixed anhydride reaction. This
was carried out in two stages; first the formation of the
mixed acid anhydride and then decomposition of the mixed

acid anhydride by the amino groups of the lysine residues

in BSA. O 0
V4 V/4
ROCCHCHCOOH  + (CHa)ZCHCH2COCI
Alpha%ooo;?hem isobutyl
succinate chloroformate

(removal of HCI)

O
AL g
ROCCI-LCI;—C \O + BSA

O=COCH CH(QQ

Mixed anhydride

O
4 /4
FiOC-CH2 Cl-2| éNH-BSA

Alpha tocopheryl succinate/BSA conjugate
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