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Xiili
ABSTRACT

Vitamn E and sel eniumstatus of 45 heal thy and 90
unheal thy hunman subjects were assessed. Vitamn E status was
assessed as erythrocyte henol ysis (% while seleniumas ery-
throcyte gl ut at hi one peroxi dase activity. The nean val ues
for healthy control subjects were 5.4+ 0.59 for erythrocyte
henol ysis (% and 3.8 x 10* 0.34 units for gl utathi one
peroxi dase activity. There was no significant difference
(P> 0.05) between these val ues and those for the unheal t hy
ones studied except for subjects wth heart nuscl e di seases.
Eythrocyte henol ysis (% and erythrocyte activity were signi-
ficantly lower (p<0.05) in subjects wth heart nuscle dis-
eases conpared to the controls. Eythrocyte gl utathi one and
pl asna ascorbi c acid were al so assessed in the subjects. In
the control glutathione level was 38.+ 4.03 ng per 100 m
and pl asna ascorbic acid was 0.70 £ 0.14 ng per 100 M . The
val ues were not affected significantly by vitamn E and sel e-
niumstatus of the subjects as al so by diseased status
studied. Avitamn E deficient nal e subject had a mean of
18.5 and 2.76 x 102 units as erythrocyte henol ysis (% and
gl ut at hi one peroxi dase activity respectively over a period

of 5 weeks. These val ues dropped significantly (P< 0.05)



Xi v

when the subject was given oral 60 ng d x-tocopherol per day
for 3 days. This indicated a netabolic interrel ationship of
vitamn E w th sel enoenzyne gl utat hi one peroxi dase. This
observation needs further investigations. As reported in
earlier works, glutathione peroxidase activity intherats
studi ed, was located nore with the cytosal than the mtochon-
dria. Conplete starvation for 48 hours in the rats increased
the activity of the sel enoenzyne significantly by 62. 5%in

the cytosol wthout any effect onit's mtochondrial activity.



INTRCDUCTION AND LITERATURE REVIEW

Alpha=tocophercl and Selenium are among the essential
nutrients that are needed far normal functioning of animal
cell. In-spite of the extensive literanture on these nutrients
over the past few decades, much still needed to be under—stood
about their functions and involvement in cell recactionss The
literature on the amount of these nutrients in human subjects
in this part of the world is rare. The only nation wide
nutritional survey of Nigeria carried out by ICNND, in collabo-
ration with Gavernment of Nigeria in 1965, did not include datn
on these essentialse

Ong of the important roles @{-tocopherol and selenium
together with glutathione play in the cell is the maintenance
of the intergrity of the cell membrane, especially the ery=-
throcyte membrane. They are invelved in the protection of the
membranes against oxidative damage by some physiclogical
oxidants such as hydrogen peroxide, chemical toxicants such as
ozone and oxidant stressors such as oxygen. Which are generated
from enzyme systems and other reactions in the cell.

Alpha ~-tocopherol and selenium have also been implicated in a
number of disorders invelving the vascular, muscular and

reproductive systems in the body of animals. Erythrocyle hemolysis



in man, muscular dystrophy and Testicular degencration in rats

and pigs, exudative diathesis in chickens. ticpatic necrosis in
pigs and Embrycgenesis defect in cow arc some of the diseases that
respond to treatment withﬁi-tocuphcrol cr sclenium or both (42)e
The roles played by either of the nutrients in the pathogenesis

of these diseases are discussed under scparate scction that follows.

VITAMIN E:

Vitamin E is a fat soluble vitamin which is required by
animals for normal cell differentian and function. Tt belongs to
the tocopherol group of compounds which are derivatives of
G=hydroxychroman. Members of such groups have a 13=cerbon side
chain which confers on them lipid solubility. The chemical

structure is given below:-
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Various forms of tocophercl occur depending on the degrec
of substitution of the methyl group in the tocopherol nucleus.
Alpha, Beta, Gamma and Delta tocopherols and alpha and Gamma
tocotrienols are 21l forms of tocophercls known. The d-isomer

J

of THA-tocophercl is the nmatural form and the most active phy—

siclogically, of all the tocopherols,

Blood Levelsi- Normal plasmz tocepherol level for human

subjects varies between 0.36 and 1.80 mg per 100 ml of plasma
(24)« These values, however, represent total reducing materials
including ubiquones, chroneecls and antioxidants rather than
tocopherol per se. Infact, only alpha form of tocopherol

is found in reasonable quantity in the plasma, Othcr forms
occur only in minute quantity and may not be present at all in
the red blood cell. Chow (9) in his work on distribution of

tocopherols in human plasma and red blood cell, observed that



alpha tocepherol accounts for 83 and 87 percent of all tocophcrols
in plasma and red blood cell respectively. Gamma form represent
about 41? percent in each system. His worlk Indicate that non-
alpha tocephercls except gamma form seem to contribute little to
the total tocopherols in human blocd.

The toecorherols in plasma have been shown (6) tc be assccia=
ted with 1ipid proteins and distributed according to the fat
content of each fraction of the plasma. In red blood cell the
alpha tocopherol is localised in the membrone fraction (2)e This
suggests that alpha tocopherol may play a rcle in the membrane
permeability. Plasma vitamin E level does not change significantly
between € and 17 years of life but it is known that (63) there is
a steady increase of amount of alpha tocopherol in plasma as the
age increases. The plasma level of alpha tocopherol is not
affected by Bex difference or gecographical location (63).

Dictary Sources and Recommended intake: The tocopherols occur

in olls of vegetable seeds such as wheat, coya bean, cotton and

corn. Animal fat also contain hich amount of tocopherols,
Vegetable oils contain a high amount of the less active

form of tocopherols. In animals fat, the more active alpha toco-

pherol predominates.



The requiroment for alpha tocopherel by animals depends
on a number of factors. Such factors include age and the amounts
of polyunsaturated fatty acids taken in the diet (24). Adult
require about 5 mg of alphatocophercl a day when polyunsatura-—
ted fatty acid intakce is low (43)e This value may incrcase
to 14 mg a day when polyunsaturated fatty acid intake is highe
An equivalent of about 0.6 mg of alphatocopherol is necded for
each gram of polyunsaturated fatty acid taken in the dlet by
animals and Man (43)s In rat the reguirment for vitamin E
increases with age (2) and at the rate of 7.6 percent a week
after maturity.

Functions: Alpha tocophercl has been shown to be involved in
a number of important reactions and processes in thc bodya
Successful reproduction in female albino rats is known (2) to
be enhanced by vitamin E supplementition and the vitamin E
requirment for reproduction in these rats increases markedly
with increase in age. It has also been observed (2) that
abscence of vitamin E in the dicet of rats during reproductive
stage, leads to in-ability of the rats to corry their pregnancy
to terms Instead abortion and foetal resorption occurs. 1In
male rats deficient in vitamin E, degeneration of the testds
occurs (42) indicating the involvement of vitamin E in the

devclopment of the reproductive system in rat,



Alpha tocopherol is alsco involved in the maintcnance of

the intergrity of the many system in the body. Rat and cow

fod on vitonin Boieficient diet for a long time develop a disease
called defective embryogenesis (60). Chickens on such diet
develop exudative diathesis which is a disease of the vascular
system. Re ent studics by Mustafa (36) indicate that vitamin E
may even function by protecting the lung against damage by ozonee
Mustafa observed that therc was a greater response of lung
mitochendria to exposure to ozone in rats on low vitamin E dict
when compared to those on high vitamin E diet. The work suggests
that the ability of animals to withstand oxidant stress can be
increased by dietary supplementation of vitamin E. Ozone is
the predominant oxidant of photochemical smog and exposure to
it can cause injury to lung cell by initiating a number of
reactions (36) in the bodye Such reactions include oxidation
of sulphydryl compounds and groups of enzymes and proteins and
peroxidation of unsaturated 1lipids. Vitamin E might thus act
as an important anticxidant agafpst exposure to czone and helps

in the prevention of lung injurye



Alpha~tocorherol and cell Membranes: The maintenance of the

intergrity of cell membranes (especially erythrocyte membranc)
is the principal function of gl=tocopherol in the cell. The
erythrocyte membranc like other membranes has lipids as one of
the Chief constituents. Fhospholipids account for about 60 per-—
cent of the total lipid in the human erythrocyte (33). The
phosphelipid is made up of many fatty acids with unsaturated
bounds which are open to attack from physiclogical and other
chemical oxidants generated from enzyme systems in the cell.
Alpha tocopherol itsclf is a minor component of the membrane
and it is now commonly accepted that tocopherol serves as an
antioxidant for the unsaturated bonds of the phospholipid in
the membrane (33) and protects them against attack by free
radicals such as *OH ° (from hydrogen peroxide), generated by
enzyme or non=-enzymitic reaction catalysed by transition metals
such as iron (Fe III} and Copper (Cu II)e The radicals,if
not trapped by alpha tocophercel, can initiate an mito=catalytic

chain reaction of the type shown which followse



R.‘(f"!dicﬂl }
\\
«CH —ZCH — CHZ-' *_\_,___:fj___?RH ~CH—=CH —CH—

Unsaturated fatty Jx 00"

acid chain ~CH;:CH—-éH
i
{ ARH

| ™Re (chain propagation)
V'  coH
-CH;:CH—AH—-—
[  oOrganic peroxide

|

|

v O
uCH:‘CH‘“éH +"OH

Y

{autocatalysis)
The reactions regenerate radieal Re. and alse produce an
organic peroxide that can react further. This leadm to chain
clerage reactions which may eventually lead to disrupticn of
thé lipid and finally membrane breakage. Even a minute quantity
of alpha tocopherol stops the reaction by trapping the radieals
to form more stable tocophercl radicils which may dimerise to

terminate the chaine



Makenzie (32} has further shown that alpha tocopherol functions

in the maintenance of the interqgrity of erythrocyte membrane. Thus
he cbserved that hemolytic effect of hydrogen peroxide (Membrarg
disruption) on red cells of full term infants can be completely
inhibited, by the supplementation of alpha tocopherel or vitamin
E in their diet. Furthermore red blood cells of premature infants,
when given vitamin E supplement,showed a greater resistance to
hemolysis (membrane breakage) by hydrogen peroxide. (27)

From the foregoing it appears vitamin E acts as a stabilizer
of lipid structures (membranes) in animal tissues. It can also
be considered as a physiological antioxidant. However, it has not
so far been confirmed whether any enzyme reaction in the body
has specific requirment for alpha tocopherol. Moreover many
observed enhancements or inhibitions of enzyme reactions due to
alpha tocopherol status of individuals have not been properly
understood. It's action has further been complicated by it's
partial ar complets.  vepleacibility by non~tocopherol molecules
including selenium, sulphur amino acids and organic antioxidonts,
Diplock (12) has suggested that Vitamin E may even function by
protecting microsomal, membrane bound, selenide containing none

heme proteins, against oxidation in vivo.
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Deficiency of 2lpha-tocophercol:s A variety of Vitamin E defi-

ciency syndromes are obscrved in many animals. These syndromes
vary from one specie of animal to another and also involve a
varlety of systems in their bodye.

Deficiency of vitamin E is not common in normal adult man
because there is a considerable tissue storage of the vitamin
in marfp) It is found in all tissues but in larger quantity in
the muscle and adipose tissues which have high fat content (43).
The stores of vitamin E in these tissues are known to take a
long time to be depleted (6)e 1In adult man deficiency could
cccur when there is a defect in ability to absord dietary fat.
This 1s because the vitamin being fat soluble is absorbed to-
gether with fat in the diet. In-adequacy of polyunsaturated
fatty acid in diet may lead to deficiency of alpha tocopherols
in individuals subsisting on such a diet for a long time. In
such individuals there is an increase in susceptibility of
their erythrocyte to hemolysis by physiological oxidants.
Increase irritability and edema accompanied by anemia, are some
of the clinicnl evidences that ¢an be cbserved (5) in premature
infants deficient in vitamin E.

Complete protection of erythrocyte against hemclysis is

achieved in both adult and infants when serum level of alpha=-
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tocophercl is 0.5 mg per 100 ml or more (63). Rytensive
erythrocyte hemolysis in animals indicates a high probability
of inadequacy of tissue stores of alpha tocopherol in such
animals and man. Other symptons of vitamin E deficiency in
animals include disorders of reproductive systems, muscle
function, vascular system, bone marrow, brain and liver,

For example muscle ofraks envitamin E deficient diet show
abnormally  high rate of oxygen uptake and alsc abnomalities
on membrane of endoplasmic reticulum, when viewed with electron
microscope (33)e In rabbit, monkey, man and lamb (42),
vitamin E deficiency causes muscular degeneration (nutritional

muscular dyostrophy)e

Vitamin E and Heart muscle disease: Despite the common

occurence of skeletal muscle dystrophy in Vitamin E deficient
animals, reports indicate that involvement of the heart is
less common and less severe. However, in Lambs and Cows it
has been observed (42) that cardiac disease can occur when
diets deficient in Vitamin E are given. The cardiac

disecase usually show both functional and pathelogical express-
ions including clectrocardiographic changes when the elector-

cardiograph is inspected. These changes may even lead to

sudden deathe
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In rabbit the heart mhy also be involved leading to a
disease called cardiomyopathy (33) and constrietion bands
may appear on the heart. The electro-cardiogram of such animals
reveals a right axis deviaticn accompany Dby ¢honges in T waves
(42)e Cardiac involvement has, however, not been cbserved in

man suffering from vitamin E deficiencya

assessmont of Vitamin E Status: Evaluaticn of human vitamin E

status is still insccurate (5). The method of assaying vitamin E
in the blood is rather difficult and very unreliable as an ine
dicator of vitamin E status, This involves Gas ligquid chroma-
tography (54). Serum level of alpha tocopherol dees not

reflect the true state of storage or distribution of wvitamin E

in the body (5)« Alsc, only a portion of tocophercl estimated

in the serum is biclogically effective in maintaining the
intergrity of red blood cells (32)e Thus determination of

serum, or plasma ar erythrocyte alpha tocopherel does not give
the true vitamin E status of subjects.

Since alpha toccopherolt's main function in the cell, is to
prevent lipid peroxidation damage to membrane by oxidants, a
functicnal test; susceptibllity of the red cell to hemolysis
by H202 is now used as an indicator of vitamin E status of

subjects. The test was first used by Gyorgy and Rose (22) in 1950,
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The test is now known as erythrocyte hemolysis test and has
been used by numerous workers (54 6, 24, 54) for assessing
vitamin E status of individuals. The degree of hemolysis of
erythrocyte due to hydregen peroxide is compared to the com=
plete hemolysis due to water and the percentage of relative
erythrocyte hemolysis is cobtained. This test was used in
this study to assess the vitamin E status of the human

sub jects,

Individuals with erythrocyte hemolysis (%) value
between 0=10 are accepted to have adequate vitamin E in the
body (6)e Those with values between 10 and 20 were consi-
dered tc have low or inadequate amount of vitamin E. Values

greater than 20 indicate definite cases of vitamin E deficiency.
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SELENIUM

Selenium is an essential trace elcement which is negessary
for growth, fertility and prevention of certaln disease

conditions in amimals and man.

Selenium in tissues and blood: In the cell and tissucs of

apimals Selenium is found in concentration that vary with
the tissue and the chemical form of szelenium in the diet
of the animals. The liver and kidney usually carry the
highest selenium concentration while much lower levels are
found in the muscle, hone and the adipose tissues (60)e The
cardiac muscle hap becn reported to be richer in selenium
than the skeletal muscles (60). Selenium concentrations
in the tissues usually reflect the level of dietary sele-
nium intake over a wide range. In tissues, selenium is
found partly bound to proteins in a manner incompletely
understood, partly incorporated into proteins as selenium
analoques of sulphur amino acid and as a comronent of the
enzyme glutathione peroxidase.

The blood level of selenium in animals is highly res-
ponsive to changes in selenium level in their diet. The

blood level of selenium in healthy citizen of United States



of pmerica has been reported (60) to vary from 0.10 to

0.34 ug/ml of blood. These values may be different far other
people in different geographical locations as regicnal
differences occur in selenium status of human subjects. How=
ever, most of the selenium in the erythrocyte of man is known
(19, 23) to occur as component of the seleno-enzyme, gluta-

thione peroxidase.

Dietary intake and requirments: The requirment for selenium

by animals varies with the form of selenium ingested in the
diet and the nature of the diet (60). However, a dietary
intake of 0.1 ppm of selenium provides a satisfactory margin

of safety against dietary variables or enviromental stress.
Similar amounts of selenium were shown (33) to prevent muscular
dystrophy in cattle and sheep grasing on selenium deficient
soile Liver necrosis in rats can also be prevented by the same
amount.

Compounds of selenium such as sodium selenite and other
inorganic selenium compounds are more effective than organic
compounds of selenium in preventing symptons of selenium
deficiencye Thus as little as 0.1 ppm of incrganic selenium

compounds is required in the body to perform same function as



selenium itself (33).

Seleno=enzyme in Erythrocyte: The active role played by

selenium in the body, 1Is as a result of it being a component
of an enzyme, glutathione peroxidase (EC 1.11.1.9) which
catalyses the peroxidation of glutathione in the cell as

shown in the equation below.

Glutathione _...,’_ 458G 4 2 H20

2GSH + H202 Peroxidase

(Reduced glutathione) (Oxidized glutathione)

Glutathione peroxidase is a seleno-enzyme and contains
4g atom of selenium per mole of the protein (3, 47). The
activity of the enzyme depends on its content of selenium
(3, 10, 46, 47). This enzyme is present in a variety of
body components in different amounts in different tissues
with differences in speciess 1In the blood glutathione pero-
xidase activity is mostly found in the erythrocyte and only
1-2 percent in plasma (50). .mong the tissues, the enzyme
has the highest activity in the liver (23), although some
activity also occur in heart, kidney, muscle and lung tissues.
The activity in the intestine and skeletal muscle has been

reported (34) to be very lows
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The glutathione peroxidase found in erythrocyte has the
same properties as that found in the tissues. Levander and
Coworkers (2%) have observed that the rat liver mitochondria
contains glutathione peroxidase which has similar chromato-
graphic behaviour as the crythrocyte enzyme. It was also
cbserved that the response of the liver engyme to dialysis
against glutathione or EDTA was similar to that of the

erythrocyte.

Properties of glutathione peroxidase: The molecular

weight of the enzyme ranges between 76 and 92 X30° and it
contains eight equivalents of sulphydryl groups per mole of
the protein (57). The engzyme has no flavin, heme, or any
other prosthetic group. It has been reported to be stable
at pH 7.0 and 4°%c. Human ervthrocyte glutathione peroxidasc
loses only 15-20 percent of it's activity when kept under the
above conditions for four monthe (35). At lower pH such as
4 the enzyme is very unstable and loses all it's activity
in 20 minutes (3).

Purificd form of glutathione peroxidase is less stable
than the crude form and infact the former releases its sele-

nium when treated with potassium cyanide or other inhibitor (A7)



At physiologlcal concentrations of its substrates (gluta-
thione and peroxides)y it is in the reduced form and hence
cannot be inhibited by it's usual inhibitors like cyanide.
The optimum pH far percxidase activity is 8.5 and its
Michaells constant (km) for glutathione is 4.1 milli molar

(3).

Selenium, Glutothione Peroxidnse and the cell membranes:

As indichited earlier, selenium as 2 compenent of the enzyme
glutathione peroxidase play an active role in the protection
of cell membrané# ainst oxidative damage by hydrogen pero—
xide; Glutathione peroxidase catalyses the peroxidation of
glutathione with hydrogen peroxide, the latter being reduced
to water. Glutnthione itsclf is oxidized to farm a dimer
(oxidized glutathione) with a disulphide link. The acceptor
of the hydrogen from the glutathionc is N/.DP. The equation
is given belowe

Glutathione
GSH + HO, Peroxidase e +':“-IZC‘

+ NADPT + NADPH.

The oxidized glutathicne formed (GSSG) is reduced back to

reduced glutathione by NADPH and the reaction is catalysed
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by an enzyme, glutathione reductase,which is also widely dis~

tributed in the cell.
Glutathione

2NADPH + GSSG v e e > 2G3H 4+ 2NADP

The continual availability of NADPH for the reactions is
ensured by the reaction of another enzyme, Glucose=6-
phosphate dehydrogenase linked to the gystem.

Glucose=t=phosp= _ 6=phosrhoglu=
hate dehydrogenise conate

Glucose~6-phosphate

+
™y

NADP NADFH

This enzyme is also found in the cell and the reaction occurs
in the phosphate pentosc pathwaye A general scheme involv—

ing the three reactions above is given below.

-~ ,m\( \( "

\ &’
s-phospho-“/ NADPH — G584 ""’2}1 0

gluconate

(a) Glucose~b=phosphate dehydrogenisee
(b) Glutathione reductase.

(c) Glutathione peroxidase.

The above reactions ensure that any hydrogen peroxide produced in
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the cell, especially from auto-oxidation of certain drugs and
other enzyme systems, is destroyed. Thus the int egrity of
the cell membrane is maintained, because if the hydrogen
peroxide is not destroyed, it can attack the unsaturated bonds
of the fatty acids leading to the disruption of th% ccll
membrane. The seriecs of reactions is particularly imrorte

ant in the maintenance of the erythrocyte membrane in animils.

The hydrogen peroxide produced in the cell, if not dese
troyed, can also couse excessive oxidation of funtioning
hemoglobin F02+ in erythrocyte to the Fe3+ methemoglobin

whieh is ineffective in tronsporting oxygen in the bodye.

Selenium deficiency: A deficiency of selenium in diet would

obviously result in reduced activity of glutathione peroxi-
dase in the tissues. The symptons of selenium deficiency
have been observed in many animals. Nutritional muscular
dystrophy, A degenerative disense of the striated muscules
occur in animals such as sheep and rat on diet deficient in
selenium (33). Cows and sheeps grazing on soil deficient in
selenium develop white muscle discase with-in a shart time
(19)s The white muscle disease is characterised biochemically,
by sutmormal selenium and glutathione peroxidase in blood and

tissues (19).
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Other diseases reported (60) to be caused by either low
selenlum intnke or itfs deficiency include Exudative diathesis
and pancrentic Fibrosis in chicks, Hepatosis dietetica in pigs
and reproductive discrdexs in many other animals. In man
selenium deficiency can lead to muscular pain in quadriceps
and hamstring muscles. Van rij nand coworkers (€1) reported
the alleviation of such pains in a surgical patient by sele=

nium given as selenomethione.

Selenium and Heart diseases: Recent reports (41) have

indicated the involvement of selenium in heart function in
Man. A fatal disease of the human heirt called cardiomyo-
pathy is said to be related to deficiency of selenium in
diet of subjects having such disease. The disense is
caused by bacterial and vival infections, a variety of
toxic chemicals, amyloidosis and other inflltrative disease,
mitritional disorders such as beriberi and idiopnthic mus—
cular dystrophy (41)e

Young growing animnls are more susceptible to selenyum
deficiency, hence the disease i8 more common among theme
The symptons of caridomyopathy include shortness of breath,

enlarged heart (and liver), congestive heart, gallop rythm
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and of course high blood pressure. The activity of gluta-
thione peroxidase in tissues of subjects having the disease
is low compared to that of normal people (41)e This may
evidently be due to the low selenium intake or increase in
need of selenium of the subjects.

Sodium selenite has been found to be cffective in
reducing the incedence of Keshan cardiomyopathy in China (41).
A significant decrease in number of children with Keshan
cardiomyopathy was observed in China in 1974 (41) when the
children were given sodium selenite (500 mg per week) orally
before the out break of the diseases Much work still needed
to be done to ascertain how selenium is involved in the heart

muscle diseasee.

Selenium toxicity: Although selenium is very essential and

plays an active role in the body rhysiology, it is toxic at
a high dose level. The toxicity of selenium in animals
varies with the amounts and chemical forms of the element
ingested. It also depends on the duration and continuity
of the selenium intake and also on the nature of the rest
of the diet. Generally, signs of selenium toxicity start

showing at 3 to 20 ppm dietary levels. 5Such signs in animals,
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include dullness and lack of vitality, emaciation and loss
of hair from the tail. These signs are commonly found in
animals grazing on soil with high level of selenium (60),
In some animals, atropy of the heart and cirrhosis of the
liver occure. Rats and dogs on diet containing abeout 20 ppm
of selenium were observed to die within a shart time (60}e
Thus selenium can be considered as a nutritional essential

and at the same time a deadly poisione.

Assessment of selenium statuss: The dependence of glutathione

peroxidase activity of animal tissues on dietary selenium
intake has been useful in assessing selenium status of animals,
Scott (56), Rotruck (52), Godwin (19),

Hafeman and Coworkers (23) working with different animals,
have all cbscrved that selenium status of animals is sensi=-
tively reflected in glutathione peroxidase activity. They
also observed that low level of selepium in diet of animals
caused low activity of the enzyme and adequate selenium in-
take reversed the effect.

A significant direct correlation between plasma selemiun
concentration and peroxidase activity in the erythrocyte have

been reported (46). Thus measurement of peroxidase activity in
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blood has been used as a means of identifying selenium
deficiency (57). Furthermore experiments (50) have shown
that the enzyme activity in whole blood is always related
toc the erythrocyte selenium concentration. These findings
clearly demonstrate the sensitivity of glutathione peroxi-
dase as an indicator of selenium status in human subjects

and therefore used in the present study.

GLUTATHICNE

Glutathione is a tripeptide and the chief non=-protein
thiol in the cell. It accounts for about 98 percent of the
total non=protein thiol found in the red blood cell of
animals (28)« /Animals, plants and bacteria have enzymes
which promotes the continual symthesis and breakdown of glu-
tathione.

The thiel is made up of the amino acids glycine, CYs-
teine and glutamic acid residues linked together by a peptide

linkage. The sturcture is shown below.

NH?HCONHCH2COOH

CHZSH

COCH ,CH,CHCOOH

Wi,



Glutathione contains sulphydryl group (SH) and it is present
mostly in the reduced ferm in the cell. Only very small
amount of the oxidized form of glutathione is detectable in
animal cell. Glutathione is kept in the reduced form by
NADPH and cnzyme glutathione reductase which is widely dis-—
tributed in animal tissues, In animals including man, glu-
tathione reduced form (GS5H) is pgedominantly found in the
liver, brain, intestine and human lens. It does not occur in
measurable quantities in extracellular fluids such as lymph
and plasma (28). In the muscle of animals (heart and skele-
tal) glutathione is very low except in cases of muscular

dystrophy when it is elevated.

Blood level: The blood level of glutathione of human sSub-
jects  reflects the tissues levels. The level varies
widely from one individual to another, over the range of 36
to 96 mg per 100 ml of blood (15)e. Geographical location
affects the blood level of glutathione in human subjects (7).
The method of assay of blood glutathione most used is that

of Beutler et al (4) and the nitroprusside method.
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Functions: The biological function of glutathione depends
te a large extent, on it's sulphydryl group (SH) that is
readily oxidizcd teo form a disulphide bridge linking two

glutathione meoleculcs.

Acceptor

l.c. 2G84 v

> G=S=-5=G + acceptor, 2H

Glutathione thus acts as an intracellular reducing agent in
the body whose primary function is to protect the SH groupe
Several enzymes whi~h catalyse reduction of disulphides,
peroxides, dehydroascarbate, in the cell, utilize glutathione
as a reductante. The thiol also serves as a coenzyme for some
enzymes including glycxalase, maleylacetoacetic insomerase
and also for oxidation of foymaldehyde to formate.

As indicated earlier, the special ability of glutathione
to reduce hydrogen peroxide in the cell serves as one of the
protective measures against disruption of the membrane of
the cellse

In some individuals, glutathionc is absent completely
from their erythrocyte, conegenitally due to lack of cne of
the enzymes that synthesize it in the body. The red blood

cells of such individuals are fragile and easily-hemolyse when



exposed to hydrogen peroxide generating drugs. The cells also
usually show reduced survival time, from 100 to 30 days life
span (28). This,of course, leads to hemolytic anemia. Defi-
ciency of Glucoe=6=phosphate dehydrogenase (in-born error) in
some human subjects, lends to low blood glutathione level in
such subjects, Erythrocyte of these subjects show drug in-
ciuced hemolysis both in vitro and in vivo and are also
deficient in =SH enzymes,This & nrobably because the oxidi-
zed glutathione once formed is not reduced back to it's

reduced form due to NADPH deficiency.

Elevated alutathionc level may be found in liver ery-
throcyte and muscle usually in individuals with alpha-
tocopherol deficiency (53)s This may bc a physiological
response to compensate for the antioxidant effects of the

missing alpha tocophcrol.
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Relationship between Vitamin E Selenium and Glutathiore

in the cell: The prevention of disruption of cell membrane
by physiological oxidants (such as hydrogen peroxide and

oxygen) is one single function that vitamin E, selenium and
glutathione partake. The scheme below (26) illustrates how

the threc interact to protect the cell membrane.

’ catalase H20 . %2
Enzyme systems — o
tege Xanthine ? 2"——:,3’(;:;%2 11

oxidase

to=SH proteins

{ oxidant stressor

\‘\ ~_

A\

Unsaturated bends XJ
of fatty acid of M ~, ROC! =
[ membranes a” l +

| 2

L;.gid peroxidation to give

Fig 2. Interaction e+ge malonic dialdehyde lead-
between vitamin E, ing to cell damage.
selenium and gluta—

thione in the cell.

Vitamin E blocks reaction (a) and pravents reaction (c) from
taking place.
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Selenoenzyme, glutathione peroxidase catalyses reaction (b).

A relationship between glutathione and vitamin E jevels
exist in animal tissucs. Liver, erythrocyte and muscle
glutathione levels are elevated in vitamin E deficient
animals. Muscle and Brythrocyte glutathione are increased
by 54 and 33 percent respectively when rab bits arc fed on
vitamin E deficient diet for 19 days (53). aAs indicated
earlicr the inerease may be due to a physioleogical compen—
sating mechanism for the antioxidant effects of the missing
vitamin E. Selenium level has no effect on glutathione
level in the body (33). Supplementation of diet with
selenium slsc does not have any effect on the glutatione
level in animals (33)s A relationship between nutritional
need for selenium and vitamin E has also bheen cbserved in
several studies {(33). Vitamin E deficiency in animals in-
creases tissue glutathione peroxidase activity (60) and this
may he to prevent greater susceptibility of the tissue to
peroxidation in the abscence of vitamin E. Tt has also
been suggested (33) that vitamin E may protect reduced

selenium against oxidation in the cell.
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AIM CF THE STUDY

There has not been any assessment of vitamin E and selenium

status in human subjects in the Northern part of Nigeria.

le

2.

3.

This study aims to assess the vitamin E and
selenium status in bothy healthy and unhealth subjects
living in the Zaria region. The findings may be useful
to clinicians, as alsc may add to the fundamental
liternture on this population.

There has been an increase in the incidence of
cardiovascular diseases in Nigeria and a recent report (38)
indicates that about ten million Nigerians suffer from
heart diseases 2t the present time. The second objective
of this study is to find out if blood level of either
vitamin E or selenium could be implicated in these dis-
eased states in Nigeria. Selenium content in leecal
dietaries are not known, but it's deficiency has been
implicated in a form of heart muscle disease called
cardiomyopathy (41)« It would therefore be worthwhile
to explere the status of selenium in this population.

Thirdly an attempt will also be made to asscss the
glutathione level of this population which has never been

reparted in Nigeria.
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The fourth objective of the study is to assess the
ascorbic aclid status in relation to vitamin E and sele-

nfum status in the subjects to be used.
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MATERIALS AND METHODS

Abbreviations used, grades and sources of special chemicals

1a

2e

3.

e

Sa

Ge

7e

Be

e

1C.

11.

12

IL-Ascorbic acid. Analar grade, BDH Chemicals Ltd.,
Foole England.

Bovine Serum Albumin (Crystalline), Sigma Biochcmicalse
DNFH (2,4-Dinitrophenyl hydrazine)-Reagent for organic
synthesis, Hopkins and Williams Essex England.

Disodium hydrogen phosphate-Laboratory reagent,May and
Baker Ltd., Dagehan England.

prae (5,5 Dithicbis—(2 nitrobenzoic acid)~ BDH Bioche=
micals.

EDTA (Ethylenediaminetetra—acetic acid (disodium salt)-
Hopkins ond Williams.,

GSH (Glutathicne (reduced) BDH Bicchemicals.

Hydrogen Peroxide - Laboratory reagent, BDH Chemicals
Ltde, 30%,.

Metaphosphoric acid -~ Laboratory reagent, Hopkins and
Williams Essex England.

Fotassium dihydrogen phosphate-Laboratory reagent,

May and Baker Ltd., Dagehan England. |

Sodium Azide -~ BDH Chemicals Ltda.,

Sodium Chloride - Analar, BDH Chemicals
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13. Sodium citrate - General purpose reagent, Hopkins and
Williams England.
14. Thiourca =~ BDH Chemicals Ltd.

15, Trichloroacetic acid -« Analar BDH Chemicals Ltd.

2e Agggratus

Coloerimetric measurements were made with SP6-400us.v.e
spectrophotometer (Pye Unicam).

Blood centrifugations werc carried ocut with bench cen-
trifuge (M.SE England). Centrifugations involving rat tissues
were done with Beckman high speed centrifuge (Model JP21).

Corning pH meter (model 7) was used for pH determina=

tions through out the study.

3. Human subjects

Healthy student and staff (both junior and senior)
volunteers from Ahmadu Bello University Zaria and other
voluntecers who are resident around Samaru, Zaria and Kaduna
were used as healthy subjectse.

Both in and out paticnts of Ahmadu Bello University
Teaching Hospital at Kaduna and Zaria, University Health centre

and Wusasa Hospital, were used as unhealthy subjects. The unhealthy
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subjects were grouped according te their diagonised discases

(as reported by the specialist consultant). The groups are as

follows. Heart muscle diseases, Hytertensive or diabetic,

kidney disease, liver disease, malnutritinﬂﬁﬁarnsmu & Kwashiolor)e.
Data such as sex, age and tribe of each subject was

collected as shown in the protocol shown in appendix A.

4e Collection of Samples

Random Venous blood samples (about 3.0 ml) was drawn
from each subject with a disposable hypodermic synrinqe. The
sample was collected into sample bottles containing EDTA as
anticocagqulant to prevent clotting. The samples were brought
to the laboratory far processing and analysis, at most within

two hours of collection.

54 Freparation of Hemolysate

Each blecod sample was centrifuge at 3000 re.pem. in a
clinical bench centrifuge for 10 minutes. The plasma was
decanted off from the sedimented red blood cell and placed in
a clean dry sample tube. The red blood cell suspension was
then washed twice with five times its volume of ice cold nor-
mal saline. The cells were centrifuged out at 200 ro.pem. after

each washing and were finally suspended in clean saline solution.
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Red blood cell suspension {0.5M1) was used for erythrocyte
hemolysis test. The remaining red blood cell suspension was
kept refrigirated at 4°% until it was used (at most 24 hours)

for the assay of glutathione peroxidase activity.

-
e

The plasma was used for ascorbic acid and glutathione

analysis.

Erythrocyte hemclvsis test (54)

Proceedure: The reagents used in this test include the following:

(a) Normal saline (0.9% w/v sodium chleride).

(b) Phosphate buffer (0.1M) pH 7.4 = prepared by adding
50 ml of Q.2M potassium dihydrogen phosphate to 40 Ml of
0.2M potassium hydroxide. The pH of the mixture was
adjusted to 7.4 and diluted to 100 ml.

(c) Hydrogen peroxide (2%).

(d} Saline buffer solution — 1:1 mixture of phosphate huffer
and normal saline.
The reagents and erythrocyte suspension were added to

three test tubes as shown in the table belowe
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TABLE 1. Protocol of addition of reagents for erythrocyte

hemolysis test

Test Reagents  (ml)
Tube Erythrocyte Saline Hydrogen
suspensionml) buf fer Wator peroxide
A a1l 1275 0 0
B 0.1 0 4.75 0
C 0.1 4425 Q Oe5
J

The contents of ecach tube were mixed well by shaking and incus-
pated at 37°C for 1 hour. The tubes were then rcmoved from
water bath and allowed to stay for another 1 hour at room
temperature. Contents of each were further mixed and centri-
fuged at 4000 rpm for 10 minutes in a clinical centrifuge.

The resultant colourced supernatant from each tube was decanted
into cuvette and the optical donsity was measured at 415 rm

against a blank (mixture of water and narmal salinel.

Calculation: The percentage hemolysis of crythrocyte of each

sample was calculated using the formula bolowe

hemolysis (%) = Absorbance of C = Absorbance of & x 100
Ebsorbance of B ~ abscorhance of A




Assay of Glutathione Peroxidase Activity 3

The method of Gross et al {21) and as adapted by Emerson fﬁ:,ﬁl
(16) was used to assay for the enzyme activity in the erythroe-
cyte of the human subject.

principle of the mcthods The amount of residual reduced glue-

tathione left after exposure of glutathione peroxidase acti-
vity, in presence of hydrogen peroxidc for a fixed time, is
measured colorimetrically. The equation of the reaction is

given as:

Glutathione
g + HZOE Peroxidase

> GSSG + 2H,0

Glutathione oxidation comences on additioen of hydrogen pero-
xide and continues with a steady decreasing rate for at least
15 minutes. The reaction 1s first order with respect to
glutathione and the amount of the latter oxidized between

first and third minute is determined colorimetrically.

Proceedure (21, 16)s The following solutions were used Jor
the assaye.

(a) Glutathione reduced (0,008M).

(b) Sodium azide (0e403M).

() EDTA disodium salt (C,009M).

‘a) Hydrogen peruxide (0.0018M).

Hemolysate of each blood sample was prepared by adding 20 ml
of water to 1.0 ml of the erythrocyte. Hemlysate was then
freezed and thawed and phosphate buffer saline (0.5 ml) was

added to 0.5 ml of the thawed hemolysate. The final incubation
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mixture contained diluted hemolysate (0.5 ml), GSH (0.5 ml),
Bodium azide (0.5 ml), EDTA discdium salt (0.5 ml) and water
(3.0 ml)e After cquilibraticn at 37°%C the reaction was iniated
by the addition of hydrogen peroxide (1.0 ml) and samples were
removed at 1 and 3 minutes, The reaction was stopped by proe-
cipitation with metaphosphoric acid and residual GSH was
determined by the method of Beutler and Coworkers (4)e

The non—enzymatic oxidation of G5H was determined by
substituting water (0.5 ml} in place of the hemeolysate, in

the final incubation mixturc.

Unit of activity: One unit of activity of glutathione pereo-

xidase is the amount of the enzyme required to catalyse the
oxidation of one micromole of glutathione in one minute per

one ml of the erythrocytc (red blood cell)}{ie)

Assay of Glutathione in blood: The method of Beutler et al

{4} is still one of the most reliable and most used (28) for
assaying reduced glutathione in blood. This was used in this

study to assay for reduced glutathione in blood of human subjecCts.



principle of the method: The method is based upon the develop-

ment of a relatively stable yellow colour complex, when an
aromatic compound 5,5 = dithicbis—(2 nitrobenzoic acid)
{DTNB)s is added to sulphydryl compounds such as reduced glu-
tathione. The colour developed in the reaction is highly
reproducible and related to the amount of reduccd glutathione

present in a constant Fashion (28)e The coloured complex

formed absorbs maximally ot 412 nme
procecdure: Reagents used for this assay include the follow-
ing.

(a} pricipitating anlutions Glacial metaphosphoric

acid (1.67 g), disodium salt of EDTA (0.2 g) and sodium
chloride (30 g) were mixed in 100 ml of distilled water.
The solution was kept in fridge At 4°C.

{b) phosphate solution: Disodium hydrogen phosphate

. . o
solution (0.3 M) was prepared 1in water and stored at 47Ce

(c) DTNE solutions DINB (40 mg) was dissolved in

4100 ml of 1 percent sodium citrnte solution.
(a) Glutathione (reduced) standard solution (200 ug

per mlle
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One mg of reduced glutathione was dissolved in 5.0 ml of EDIA
solution.

The final mixture in the test tube contained, blood (0.2 ml),
water (1.8 ml) and precipitating solution (3.0 ml)e. The contents
of the tube were mixed well and allowed to stand for 5 minutes
before centrifugation and filtration. To 2.0 ml of the filtrate
8.0 ml of phosphate solution and 1.0 ml of DINB solution were
added. The optical density of the resulting yellow sclution
was then measured at 412 nm against a blank containing 8.0 ml
phosphate solution, 2.0 ml diluted precipitating solution and

1.0 ml of DTNB solutione.

Standapd curve: The amount of glutathione in the blood sample

was obtained from the standard curve (Fig. 3) of absorbance
against various amounts of standard glutathione solution

(200 ug/ml) treated in same manner as the blood sample.
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Standardization of the methods used

Random blood samples (5.0 ml each) were collected from
10 healthy donors and were assessed for vitamin E, selenium,
and glutathione status by the methods described in the texte.
For each sample, six determinations of each parameter were
carried outs The mean, standard error, and coefficient of
variation of the results obtained were calculated as shown

in the table which follows:

RESULTS
Paramcters Hean. Standard LCoﬂfficient
Error of variation
Erythrocyte
hemolysis (%) B2 Ca 25 3.0
Glutathione
Peroxidase activity
units x 10° 13,5 0415 4.2
3
Blood glutathione
(mg/100 ml) Lao I 240 5.0

.Mean of six determinations.



These results were used as a measure of the reliability of
the methods used in the study. From the standard errors and
coefficlents of variation obtained, it iz cloar that the
methods used for the assessment of these nutrients in the
subjects are fairly reliable. Hence these methods were used

through~out tha study.
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TABLE II: Age group, sex and Tribe of controls and subjects of the study
HEALTH AGE (Yrs) ! SEX TRIE
STATUS Am__ 2-10 _S..G_ 20-40] 740 | MALE |FEMALE | <1BO,|HAUSA,|YORUBA | OPHERS
!
! I i ]
Contpols 0 3| 8 32 2 { 32 13 7 § 16 13 5
- _ -
. |
Heart Muscley 0 | 0 | 2 11 17 18 12 “ 0 1 15 1 14
Disease { | [
“ ] | 3
Hypertansive i | h ! ;
or o o | 2 99 4 | 10 5 | 2 2 2 9
Diabtic | |
! 1
Pregnant _ _ “ _ m 1
or (0 _ 0 10 15 | © 0 15 m c § o0 S 10
Lactating | ! t i “ ]
= 1 1] I T
Malnutrition] 11 | 4 | © o | o1l 15 o | 0 11 0 4
| | i
T i 1
Kidney ! |
Disease 0 0O | O 15 0 15 0 w 5 5 0 5
__ !
Liver “ _
| Disease 3| 0 | o 12 | 0 | 15 o | 0 & 3 ¢
B | 1
TOTAL 14 | 7 _Hm 94 | 23] 105 45 | 14 55 24 57
. | _ : L
mwK

-ow:mh tribes:

2 malnutrition:

Fulani, Gwari, Kaje, Birom, Nupe, Idoma

Subjects sith kwashiokor or Marasmusae




Table IIT:
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Erythrocyte hemolysis, glutathione peroxidase activity and blood

glutathione in Male and Female healthy subjects

PARAMETERS MALE (32) FEMALE (13) COMMENT
95% 95%
Mean | SeEl|Confidence | Menr |S.E, Cenfidence (P >0.05)
anecerval m.erval
Not
Erythrocyte | 4B | 0e54 | 3,72=5.88 # Sa1 }0.77 3.56=6.64 significant
hemolysis
(%)
Glutathione Not
Peroxidase m.l-w D. 49 ND.N 2=41.08 .Mam O. Mm Q.O@lWlON m-.m.@.amu.-n.nwﬂ..ﬂ
activity -2
units x 10
Blood
glutathione ~ Not
mg/100 m1l [39.4 .a-wommw.mlbm.m 40.0 |7.66 | 24.7-55.30 significant
_ | |
( ) Number in parenthesis indicate number of subjects.
SeEe standard error of mean Amnnwo.omun




Result and Discussion

There was no significant difference (p > 0.05) between
healthy male and femnle subjects with regards to erythrocyte
hemolysis (%), erythrocyte glutathione peroxidase activity and
blood glutatnione. These results indicate that sex difference
may not affect the vitamin E and selenium status of healthy in-—
dividuals. These also agree with earlier observation by Weimo
and Drapper (63) that difference in tocopherol levels of
individuals can-not be attributed tc sex difference. However
because of the limited number of human samples available for the
study, it is not possible to conclude from this study that sex
difference may not play a role in vitamin E and selenium status
of human subjects. Both the mean erythrocyte hemolysis (%) and
mean glutathione peroxidase activity for both sexes were within
the normal range for this study, indicating adequate vitamin E
and selenium in the subjects.

As regards age, ne significant difference was noticed in
erythrocyte hemolysis (%) and glutathione peroxidase activity
values between the age groups studied. Haris and Coworkers (24)
in their study on tocophercl values in normal human subjects,
observed that plasma tocopherol level does not change signifi-

cantly between 6 and 17 years of age, but a very small steady
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increase may be noticed nfter maturity indicating that the
erythrocyte hemelysis (%) value for normal adults (above 17
years of age) may be lower than that for children under this

age. Such @ difference was not observed in this study.



TABLE IV: Erythrocyte Hemolysis

Peroxidase Activity ead Bleood reduced Glutathicne

in controlgand subjects of the Study

%), Erythreocyte Glutathione

———

! h | ERYTHROCYTE GLUTATHICNE N
JERYTHRCCYTE HEMOLYSIS (%) PEROXIDASE ACTIVITY CLUT M OIE{mg /100 ml blood
L4 -
ﬁ UNITS x 10 ©
_ e o —— T o
_ No {Mean| Stan-| S5% “ Signi-' Mean|Stan- 95% Signi- | Mean {51iand~- | 95% Signi-
i Health £ dard Confidence finance |dard |Confidencel finance' dard \ Cannficdence { finance
T%wunﬂm Subjects; Errcr (Interval (P<C,L5) (Errcr| Interval | (B<0.05) Error Interval (P£L0.,05)
_ - e e R — =
ynusdnnp 45 Sed |0.59 |4e2~646 3.8 10434 {3.1-4.5 | 30e4| 4.03 3043=4645
; i T
» | m ! I .
mnw?ﬂ..ﬂ ' { L.Oﬁ
t Disease 30 13.1 |0.93 wmp.w: 5.0 8 245 (0631 |1.8-3.1 | 8 42¢4 | 4431 3308510 | significant
Cliyrertensive [ | Not J Not TTT T
| or h * m Signi~ ! Signi-
waHb‘.M..rJ&huﬂ.M.ﬂ Hw __. m‘\.._. _ Mlmmm N.HW.I.;HMO\\.. N‘uﬂmﬂu.ﬂ ____-to o.uwm Nlm'mIM mu.-n_\u.ﬂw._u MOOO mag..ﬂ.-l....un ﬁlm-ﬂ!!lﬂl.ullanIw QD
| Pregnant ﬂ | _
|, & P . | | | |
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Result and Discussion

The meun erythrocyte hemclysis (%) values of all groups of
subjects studied except those with heart muscle disenses, are
within the acceptable (6) narmal rnge, indichting adequacy of
vitamin E in the body f the subjects. The mean erythrocyte
hemoclysis (%) value of heawrt muscle diseased subjects was 13.1
and is significantly higher (P (0.0‘5) than that ~f the contrcl
subjects, indicating a low vitamin E stotus in such subjects.

The heart muscle disensed subjects can thus be classificd as
having a subclinicnl or marginal level of vitamin E, using the
method of classification of Binder and Spirc (6)e It is not clear
from this study whether the low level of vitamin E status
observed in the heart muscle diseomned subjects is the relevant
cause of the disense or incedental due to poor dietary intake.
Patients with heart problems in the hospital are usually adviged
not to tike much fatty food. The lcw fat intake by this subjects
could also lead to low vitamin E intake, as abswrptli-n of the
latter is usually determined by corresponding fatty acid abscrp-
tion especially those of poyunsaturated fatty acid (41)e It has
been cbserved (43) that for every aratm of polyunsaturated fatty

acid taken by normal adelt men about 0.€ mg of alpha toccpherol
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is also absorbed. This is equivalent to aboutl4 mg a day when
polyunsaturated fatty acid intake is highe. Also adults require
about 5 mg of alpha tocopherol a day when the pelyunsaturated
fatty acid in<take is lowe.

The mean value of glutathione percoxidase activity in
blood of the subjects analysed, except those with heart muscle
disease, indicate adequate selenium in the bedy. Heart muscle
diseased subjects have a mean glutathione peroxidase activity
of 2.5 x 1072 units which is significantly lower (p < 0.05)
than that of the healthy subjects. This indicates a low
level of selenium status in the heart subjects, since gluta-
thione peroxidase activity is an indicator of selenium statuse.
The result agree with the recent finding of group of chinese
researches that some form of heart muscle disease could be
associated with selenium deficiency (41).

It is not possible from this study, to confirm that sele-

nium deficiency or it's low level was responsible for the
heart muscle diseases, since the diet and cther drugs being
given to such patients were not analysed for selenium. It
could be that the low selenium level obsggved by thls asse-
ssment was due to the poor amcunt in thelr diet or poor

absorpticn. More investigations need to be done to €onfirm
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if low selenium in the tissue could affect the cardiac muscles.
Although the blood glutathione levels of all the groups of
subjects irrespective of the state of health, are within the
normal rangc of the study the mean level is higher in heart
muscle diseased subjects when compared to others. Since glue-
tathione in the cell together with glutathione peroxidase act
te destroy the physiclogical oxidant hydrogen peroxide, and
vitamin E alsc prevents the action of hydrogen peroxide on the
membrane lipids, the high level of glutathione observed in
heart muscle diseased subjects, could be to compensate for the

antioxidant effect of missing vitamin EC.
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Relationship betwsen Vitamin E and Selenium Status

in controls and Heart muscle diseased subjects L ' ?{

.
H

< It is evident from the scatter diagram in Fig.5 that
contrel subjects have significantly higher levels of bleood
glutathione berokidase activity and significantly lower level

of erythrocyte hemolysis (%} values than the heart muscle

diseased subjects. These irdicate a higher selenium and

T

vitamin E statushiﬁ'ﬁogérol subjects compared to the heart
muscle diseased ones. The bleod peroxidass sckivity and
erythrocyte hemolysis (%) of about 82 percent of the controls
lie between 2 and 5 x 10-2 units and 2 and 8.3 respectively.
About 63 percent of the subjects with heart musclie diseases
have peroxidase activity of less than 3 x 10™% unite while
85 percent of such subjects have erythrocyte hemolysis (%)
greater than 8.0, s
As regards subjects with heart muscle disease, no
correlation or relationship (r= 0) was found betwecn their
¢ ﬁ-erythrocyte hemolysis (%) and glutathione peroxidase activity
.'. valuess Thus indicating that no relationship between sele-
| nium and vitamin E staéus of such subjects studied.
There was a small degree of positive correlation (r®+0.11)

between erythrocyte hemolysis (%) and glutathione peroxidase

e,
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 FIG.5. RELATIONSHIP BETWEEN ERYTHROCYTE
HEMOLYSIS (Ofo) AND GLUTATHIONE

PEROXIDASE ACTVITY OF FEALTHY AND
HEART MUSCLE DISEASED SURJECTS.
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activity of the controls. Thus an increase in erythrocyte
hemolysis (%) of such subjects is likely to be accompanied by
an increase in glutathione peroxidase activity. Hence an
increase of glutathione peroxidase activity would be expected
when the vitamin E status of such subjects is lowered. This
agree with earlier repcrt (6C) that vitamin E deficiency in

animals and man increases crythrocyte peroxidase activity.

Relationship between blood glutathione and vitamin E status

of controls and subjects with heart muscle diseases

The scatter diagram in Fig. 4 indicates that a band
appears to be formed at low values of blood glutathione
{ 40 mg per 100 ml) and crythrocyte hemolysis (%) («8)
of the controls. About 80 percent of the control subjects
analysed have their values within this band. There was no
relatiocnship (correlation coefficient r = 0) between the
values of blood glutathicne and erythrocyte hemolysis (%) of

control and subjects with heart muscle ¢fsecases studied, vhen

plotted on the scatter diagram (Fig. 4). This indicates that
no relationship occurs between vitamin Be status and gluta-=

thione level of the subjects used. Although Ryerson and
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Coworkers (53) have reported that erythrocyte glutatione
increases, in vitamin E deficiency in man and animals, such

a relationship was not cbserved in this study. However the

" glutathione and hemolysis values of subjects with heart mascle
disecase were significantly higher than those of the controls,
About 74 percent of the heart diseased subjects have higher
érythrocyte hemalysis (%) values than the controls. This
.indicates that subjects with the heart muscle diseases have

lower wvitamln E status than the controls or healthy ones.

Relationship between blood glutathione and selenium status

of controls and heart muscle diseased subjects

As indicated in Fig. 6, the heart muscle diseased
subjects have on the average higher blood glutathione than
the contrel subjucts. Although nc definite pattern on the
distributicn of subjects accerding to blood glutathione is
evident from the graph, 80 percent of the Control subjects

have a blood glutathicne level of less than 38 mg per 100 m}

whilc 60 percent of subjects with heart muscle, #fSpasp hawe,

?’S i \\.",‘
N ;k"‘CCI:f N "’;}
-, ,Abn . 2 :

theirs above the 38 mg per 100 ml mark.



FIG.6 RELATIONSHIP “BETWEEN BLOOD
GLUTATHIONE _AND GLUTATHONE PEROXI—
DASE ACTIVITY OF HEALTHY AND
SUBJECTS WITH HEART MUSCLE DISEASES.
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The erythrocyte peroxidase activity distribution between
the subjects also does not show any definite patterne. However,
a high percentage of both the control and heart muscle diseased
subjects have a peroxidase activity of between 2 and 5 X 10-2
units. Also no definite relationship (r = 0) between gluta=
thione and selenium status in blood of both control and heart
diseased subjects could pe found in this study. This, however
agre®s with earlier work on these parameters in animals (33)
that selenium level is not affected by glutathione level of the
body in animals (and supplementation of diet with selenium does

not affect glutathione level eitheé.
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Effcct of Vitamin E Supplement on Vitamin E and Sclenium

Status of a Subject Deficient in Vitamin E - A CASE STUDY

A particular male subjcct had a mean crythrocyte hemow
lysis (%) of 18.5 whon determined over a period of 5 wecks.
This indicates a deficiency of vitamin E in  his blood. The
subject also had a mean glutathionc peroxidasc activity of
3.4 x 10”2 units which is within the nocmal range found in
this study. The subject was on weckly antimalarial prior
to this investigation and was also free from heart muscle
disease symptons.

An cral supplement of vitamin E (60 mg d-alpha-tocopheroel
per day) was then given to the subject for 3 days. It was
observed that both the crythrocyte hemolysis (%) and gluta-
thione peroxidase activity of the subject fell significantly
by 78 and 51 percent respectively. These results indicate
an improvement in the vitamin E status of the subject,
indicating that vitamin E supplements have gaused a reduct-
ien in erythrocyte hemolysis and has improved the erythro-
cyte membrane stability in this subject.

The erythrocyte glutathione peroxidase activity was also

lowered by vitamin E supplement given to the subject. This
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suggests that a relationship between vitamin E and selenc—
enzyme synthesis does exist in human subjects. Hence the
activity of glutathione peroxidase in human may be regulated

by the adequacy of vitamin E in the body., This needs further

investigation and confirmation.
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Effect of starvation on enzymu systems

The term starvation 41s used to describe prolonged intake
of insufficient amount of food to balance energy expenditurc.
Starvation is ocne of the nutritional problems which affect the
world's population especially in the developing countries.

During starvation, there is reduction of physical move-
ment and less energy is reguired to maintain the reduced
activity. The tissues proteins are depleted to provide the
necessary energy. Enzyme activity changes during starvation,
depending on the enzyme type and the tissue where it occurs
(64)s A few enzymes such as alkaline phophatase have their
activities enhanced in tissues of starving animals. However
most other enzymes have reduced enzyme activity during star-
vation. As a result of advancement in bioclogical and medical
fields, effects of starvation on scme diseases are now being

studied clinically thrquah enzymic studies during starvation.
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All corgans and tissues in the body arc not equally affected
by starvation. Brain and spinal cord, for example, suffer only
little loss of weight during starvation whereas drastic reduc-—
tion in weight and metabolism take place in liver, intestinc
and muscles. The cardiac muscle atropy during starvation and
a decreased cardiac work has heen cobserved. The decrease was
shown (64) to be due to a reduced cardiac out-put associated
with a minar fall of blood pressure. The size of the heart
of a starved animal also decreases.

In cardiomyopathy, a disease of the cardiac muscle, the
glutathione peroxidase activity in the erythrocyte has been
shown (41) to be lower than normal values, indicating that
affected selenium metabolism could be associatcd with the heart
muscle disease. Results reported earlier in this study
(Table IV) show that the mean activity of glutathionc peroxi-
dase in subjects with heart muscle diseases is 2.5 x 10“2.:
0u6 units which is significantly lower than those of the
healthy subjectse.

Both cardiomyopathy and starvation preduce an overall
effect on the fumpction of the heart. Hence it was decided to

carry oputinvestigations on the activity of the selenocnzyme in



62

heart tissues affectod by starvation. There was no practical
method for producing heart muscle disease in human subjects.
Therefore, an animal model was constructed and the effect of
starvation on the activity of glutathione peroxidase in the
heart and other tissues of the rat was studied. The distribu~
tion of the enzyme  activity between the cytosol and mitechon-
dria of the rat heart and the effect of starvation on this

distribution were also studied.

Determination of glutathione peroxidase activity in rat tissues.

METHODCLOGY

Female albino white rats, 8 to 12 weeks old, supplied
by animal colony of the Faculty of Pharmaceutical Sciences,
Ahmadu Bello University Zaria, were used. The rats were fed
on animal feed from PFizer, Nigeria Limited. Each rat was
weighed at the start of starvation and prior to sacrifice., all

rats were starved ame hour before thaq Sagrifice,
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Proceedure T

A- Freparation of tissucs for homogenisation ~ The rat to be ';Ef

sacrificed was placerd inside a beaker containing absarbant

1
lj

cotton soaked with diethyl ether and covered Qith.a“éi;ss plate.
Within 2 to 3 minutes the rat became anaesthesized. It was
taken out and placed on a tray. The following operations

were quickly done all in 2 to 3 mimnutes. The abdomen was”.'
quickly opened with a pair of surgical scissors. The Liver,
Keart, Kidney, Lungs and intestine were removed and chilled
immediately in ice cold Saline-EDTA golution. All these

organs except intestine were cut into small pieces while still
in the saline~EUTA scolutlon to allow them to bleed and chill

wells The chilling solution was repeatdly changed until

.

freed from visible bloecde - _:. : SV

The intestine removc::.c'i. lwas placed on cold metallic plate,
open up longitidinally and washed with cold saline-EDTA to
remove tho undigaested food materials. The mucosal cells were
scrapped with a clean cold microscopic slide, and were collec=

ted in ice cold Saline~EDTA sclution.
B, lomogenisation - Each of the tissues was then homegenised

for about 60 to 9C seconds in a glass homogenisera in about

“potter Elvelyveln glass homogeniser with teflon pectle, Arthur
Thomas Coe Philadelphia, Pofinle UeSsAe o

-y
A



”20 volumaes of S53line-EDTA solution. The homogeniser tube was
kept in lce cold water with fleating ice blocks, during the

homegenisation proceesdure. S e

The homogenates, about 30 ml each, were subjected to
centrifugation at 750 g for 15 minutes using the high speed
centrifuqeb to remove debris, nuclel and comnective tissucs.
The supernatants from above were then centrifugoed at 10 for
1 hour. The resulting supernatangd;erékcollected and used
far glutathionc peroxidase activity assay by the methed of
.Gfoss et al (21) as adaptod by Emerson et al (16). Activity

was calculated as micromoles of GSH oxidized per minute por

milligram tissue protein. . 7 Cw s
ERE R B R

G. Estimation of Protcin in tiééue“prepérations -~ The Biurct

method of protein estimation was uscd (48). Reagents uscd

for the estimation include the following:- S

(8)° « Crystalline bovine serum albumin, sigma standard
solution 5 mg/mle

{b) Bilyret reagent. Prepared by dissolving 3 g of

hydrated copper sulphate (Cu504.7H20), and 9 g

sodium potassium trotrote in 1 litee of Q.00 o iim

hydroxides - " ' . :'.: Y

. ,r
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standnrd curve - various standard albumin solutions ware put

in test tubes nurbered 1 to 6 to contain 0, 25, 5, 7.5 10
and 15 mg protein per tube respoctively. Water was added to
the tubes to make a total volume of 2.0 ml in each. Biuret
rcagent (3.0 ml) was added to each tube ;hd éontents wore
mixed well by gentle shaking. The tubes were jncubated 1in a
water bath at 37% far 10 minutes. The absorbance of the
resulting bluish green solution was measured at 540 nm using
a spectrophotometer (5p6=400).

A standard curve of absorbance against protein concentram
tions mg per tube (Fig. 7} was plotted. supernatant prepara=
tions (2.0 ml) from each tlssue were treated in same way Aas
standard albumin sclutions and the amounts of protein in
each tissue preparation was caleulated from the standard

Y

curves
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TARLE V3 Glutathione Peroxidase Activity in Rat Tissues

, T L [ L

Supernatants i

o @i SPECIFIC ACTIVITY UNTTS x 10 °
TISSUE - e RANGE
Liver . 1 0.25 + 0.04 0.19 - 0,28
Heart L {0414 s 0.08 1210 = 0.17
Kidney . . .©. | 0.13 + 0.03 0s11 ~ 0.14
tung - Y o + 0.03 0u12 = 0.16
Intestinal Mucose | 0.07 + 0,04 0.04 - 0.10

{a) Eight female rats with body weight ranging from

185 = 227 g were used,

. Specifi¢ activity: ,PmOIES of GSH oxidized per
% 20 minutes per mg tissue protein.
Result and Discussion ?w AT e ' et

Glutathicne peroxidase activity was prcs;n£‘in aliwthe
tissues analysad. This indicates that the peroxidase system
whose primary function is to destroy hydrogen peroxide, occurs
in tissues other than the erythrocytes. The results also show

that, compared to the other tissues, rat liver contains more

wei

e
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glutathione peroxidase activity. Heart, Kid;ey and Lung have
. about the same glutathione peroxidase activity value which
'EIis lower than that of the liver. Theséfobscrvations agroee
with that reported by Mills (34) in 1960. They also indicate
that the rat liver may be mwuch more protucted from oxidant
damage than other tissugs. This is probably due to the
importance of liver in the body, more so with the various

activities occuring in the crgan.

J:

The activity of glutaticne peroxidaéézin.£ﬁe intestinal
mucosal cells were only 28 percent of that in the liver,
indicating a very low level of activity of the selencenzyme
in this tissues. Thus the result cbtained in the present
study also agrees with earlier cbservation by Rotruck and
Coworkers (52! on the activity of the enzyme in intestine of
animals. They observed that the intestine iIn animals is
inherently low in glutathione peroxidase even with adequate

saelenium diet.

Glutathione paroxldase activity in tissues of animals
depends on the type of animaly, method of assay of the enzyme
and definition of thc erzyme units (23} Thus the values

obtained for rat tissues in this study, may not be the same
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with what obtains in Man and separate studies with tissues in

man may therefore be necessary to determine the actual pero=

xidase activity in the tissues of Man.



TABLE VI:

Effect of sta

l

|

|
Rats: Dictary Mem?
Sex State | .4 .,
and Stoarm
Number
Female-8 | FED 196,5

‘ !

Female-g Starved

(48 hr) 1192, 3

}

-
Specific act
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Result and Discussion

It is evident from Table VI that starvation for 48 hours
had no significant effect on the activity of glutathione pero-

Wecosq

xidase in kidney, lung, liver and intestinal cells of
the albino rats useds A significant increase (P (,.0.05) of
about 43 percent in peroxidase activity of the rat heart was
observed. Thus the effect of starvation on the activity of
this selenoenzyme in rat varies with the type of tissues or
organs under study. During starvation, some protein is lost
in some tissues in the body of animals, espccially the muscles.
This loss could result in an apparent increasc in specific
activity of enzymes in these tissues. However an increase of
43 percent in specific activity cbserved in this gtudy in rat
heart within 48 hours seem more than what can be accounted for
by loss of tissue protein.

In cardiomyopathy, the peroxidase activity, has been
shown (41) to be low in the erythrocyte. Thus a decrease in
peroxidase activity would be expected in heart tissue of starve
ed rat since both cardiomyopathy and starvation affect the

heart. Instead an increase in the activity of glutathione

peroxidasc was observed in this study. Further investigations
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need to be capried ocut to find out why there is increase in
the activity of this enzyme in the rat heart during starva-—
tion. Such investigations should include the effect of
starvation on the demand and synthesis rate of the enzyme at
the molecular level. The increasc in peroxidase activity of
starved rat heart could also bhe due to lower turncver rate of

the enzyme molecules as a result of the dietary restriction.
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TABLE VII: Effcct of Starvation on glutathione percxid-se activity in

mitochondria and cytoscl of heart tissue of albine rot

Mumbor | Mean Pletary } Glutathione Peroxidase, Specific Activity x uwo..m ]
- of Heart State Percentage | Mitech~| Percentoge
Raots Weight(g} Total [Cytoscl | of totnl ondria }of total
1 4 C.91 + FED o312 +} 0e08 68,20 0,037 3l.30
0.02 0.02
. 0.01 1 0,03
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Result and Discussion

The results cbtained are shown in Table VII. In
the fed rat, 68.2 percent of the total glutathione peroxi-
dase activity was found in the cytosol while 31.8 percent
was associated with the mitochondrinl fraction. This agrees
with observation made by Holmes and Coworkers {27) that
glutathione peroxidase prodominantly occur in the cytosol
of cells of animals.

However starvation increased significantly the
total specific nctivity by 41.6 percent. Although the
total activity of glutathione peraxidase in the rat heart
1s increased during starvation, it appears that it's
distribution (%) between the cytosol and mitochondria is
not affected by starvations The increase may be due to
some harmonal regulation, since it is now belleved (39)
that changes in enzymes activities during starvation could
be regulated by hormonal changes. Further work is needed
to explore this interaction. A reduction in heart weight
of the starved rat compared to the fed one was also

observede.



CONCLUSTON AND RECOMMENDATTIOHS
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' Vitamin E and selenium status of human subjects of
different bealth states, leaving in Zaria area, were assessed.
The vitamin E status was assessed as erythrocyte hemolysis (%)
and selenium status as erythrocyte glutathione peroxidase
activitys - f? o - ' ;- |

y Lo e L =
Lok SR L - B
The mean erythrocyte hemclysls (%) (5.4 + 0.59) and mean
glutathione peroxidase activity (3.8 x 10"2 units) of the healw
thy aubjects assessed indicate that the Subjécts have adequate

vitamin E and selenium in their body. These values were not

infiuvenced significantly by differences in sex, age or tribe .

-

~ of the subjects. '2 T

;éﬂregards thezuﬁhealthy subjects assessed, the vitamin F
and selenium status of subjects with diabetis, hypertension,
kldney and liver diseases were not significantly different
from those of the healthy nes. This indicate that the vitamin
E and selenium status may not be changed due to the devclopment
of these diseases in human subjectss. Pregnant and lactating
wo;en were also assessed and no significant difference was
observed between their vitamin E and selenium status when com—
pared to the healthy subjects. However tﬁe selenium and

vitamin E status (as assessed by the methods used in this study)

il
s . "
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T
of .subjects with heart muscle diseascs, indicate that such '
subjects have low levels of the nutrients in their blood whnn.
compares] to the healthy ones. It was not clear from this study
whether the lowered Vitamin E and selenium status found in such
subjects wa elther duc to restricted dietary intake or caused
by the occurence of the diseases. Further investigations
would be necessary to throw more lignt on this finding. The
type of heart muscle disecases refered to in this study are :I¢Qt 
given in appendix A. S : nf*".ﬂ'y"n.,;#?'

The finding that selenium status of the heart musclef?:_;
di.seased subjects was lower than that of the normals agrees
with the recent finding by chinese resgarchers that sclenium
deficiency might bo implicated in some form of heart muscle
disease{ﬁo This study could not further prove this as it was
not possible to give sclenium supplement to diet of the heart
diseased patieﬁég and possibly see if the heart discase
symptons would be removed. This is bacause the subjects wore
under stript meﬁical obscrvation. Observat;ons made on a _I_g
particular male,vitamin E deficient subject in this stud);, |
indicate that there might be a metabolic interrelationship in

man between vitamin E and the selenoenzyme glutathione peroxidase.
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The vitamin E status of the subject was noticed to be improved
by aral administration of dex=-tocophercl for 3 days, but the
selenium status was however lowered significantly, as indicated
by glutathlone peroxidase activity. The subject had no signs
of heart muscle discase symptons but was on weekly antimalarial
druge These obscrvations further indicate that symptons of
vitamin E deficiency may be alleviated by administration of
oral vitamin E tables and further that glutathione peroxidase
activity may be regulated by the adequacy of vitamin E in
human subjects.

Vitamin E and selenium act as reducing agents preventing
oxidants like hydrogen peroxide from attacking cell membranese
Since ascarbic acid and glutathione also act physioclogically
as reducing agents, the human subjects used in this study
were also assessed far these reducing agents. The healthy
subjects had a mean of 38e4 + 4403 and 0,70 + 0.14 mg per
100 ml of erythrocyte glutathione and plasma ascorbic acid
respectively. There was however, no significant differeonce
between these values and those obhtained for the unhealthy
subjects. Thus indicating that glutathione and plasma ascorbic
acid of human subjects may not be affected significantly by
vitamin E and selenium status as also by the diseased states

studied.
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Since there was no practical method of producing heart
disease in human,an animal model, using the rat, was construc-
ted to throw mere light on the involvment of selenium as glu-
tathione percxidase in the heart. The study of effect of
starvation on the activity of the engyme in some tiapues of
the rat indicates that the activity was significantly increasad
in heart tissue of starved rats as compared to the fed ones.
The activity of the enzyme in liver, kidney, lung and intesti~
nal mucosa was not affected by starvation. These ohservations
could not be explained by this study but the increase in acti-
vity of glutathione peroxidase in heart may be duec to increase
in synthesis rate of the enzyme at molecudar level or lower
turnover rate of the enzyme molecules due to dietary restrict-
ions. Further studies such as effect of starvation on demand
and synthesis rate of the enzyme at molecular level might help
to explain these observations.

The animal study also show that the selencenzyme activity
in rat heart was located more with cytosol than with the
mitochondria. This agrees with earlier work by Holmes and
Coworkers (27) on the glutathione peroxidase activity. However

complete starvation for 48 hours was also observed to increase
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significantly, the activity of the selencenzyme in cytosol (by

62.5 percent) without nny significant effeet on its mitochondrial

activitye This shows thgt the overall increase noticed in rat
heart during starVntioh.Qés éﬁé tE incrense ¢ytozol activity
of the enzyme. This again could not be explained bHut may be

* connected with hormonal regulation of the enzyme activitya
However, this is opened to further investignations but suggests
that the selenocenzyme (therefore selenium) is involved in the

normal functioning of the heart in rate It is difficult te
I.ﬁ' [T

assume thot these ohservations in ral are what obtains in Man

ag they may differ from animal to animsl until further investi-

2o

gations proof otherwisc.
The feollowing recommendations mdy however throw nore
light ot the involvment of wvitamin B nd selendum in henlthy

and disensed conditions (espeeially henpt muscle diseases) in

.,
v

man. o N S S

LA 9

Firstly, more subjects, both healthy gnd those with
ﬁenrt hﬁécle diseases from different locnlities should be
assesscd for selenium and vitamin E sﬁﬁtusa The results
obtiined from such a wide study will be more acceptable and

throw much light on importance of these nutrients in the bodye

[
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Secondly, the diet which the heart muscle diseased patients
are being fed on in hospitals should be analysed for vitamin E
and selenium in such further studies on the involvement of
the mutrients in heart muscle disease. This would give a
clue as to whether adequate selenium nd vitamin E are being
provided for such subjects. Thus indicating whether the low
level of these nutrients in the subjects was due to restricted
dietary intake.

A third important recommendation for further research on
this work,is to collect data on the amount of these nutrients
in the local food being eaten by the subjects in their res-—
pective areas of abode before being caught with the diseasc.
This will show whether in the first case, enocugh of these
nutrients is available to the people of the area,

Pourthly, efforts should be made to see if oral supple~
mentation of vitamin E and very small amount of selenium
compound, to heart muscle disease patients in hospitals will
remove or alleviate symptons of heart diseases. This, of
course will require the co-operation of the medical staff

in the hospitals.



80

Finally, if positive results are obtained from all
these studies then we can start to think of extending

such studies to involve other cardio vasculor discase.
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APPENDIX B

Ascorbic acid: Vitamin E and selenium have been described

in the text to act as reducing agents preventing oxidants
like hydrogen percoxide from attacking cell membrane. Since
ascorbic acid also acts physioclogically as a reducing agent,
plasma level of this water soluble vitamin was also analysed
in the human subjects used in this study, to explore any
possible metabclic intcractions of these nutrients. The
method cof Roe and Kuether (51), as adapted by Lowry and
Coworkers (31) was used in which 2, 4 dinitrophenyl hydrazine
is allowed to farm a stable coloured complex measurable at
515 nm with dehydroascorbic aclid in presence of sulphuric
acid (concentrated).

A standard curve (Fige. B) of ascorbic acid concentra-
tion versus absorbance was used to evaluate the sample of
blood plasma, deprotenised with 5% trichlroacetic acid
and subsequently treated alike. The resultsobtained arce

shown in the follecing Table IXe
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Comments: All the subjects, irrespective of their health state
had mean plasma ascorbic acid level in the acceptable normal
range (31) i.ce (0.5¢0 1.5 mg/100 ml)e Ewven in case of
patients with heart muscle disease, the level was 0.79, while
the group revealed reduced vit.min E and selenium status.

Data on individual subjects (not shown above) indicated nor-
mal plasma ascorbic level even when erythrocyte hemolysis (%)
was as high as 22.6. Within the limited scope of this

study, ascorbic acid status did not seem to influence

vitamin E and selenium status in the humin subjects studied.
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