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Vitamin E and selenium have been recog-
nized as physiological antioxidants in the
prevention of oxidative damage to tissues.
Rotruck et al. (1) found that selenium was
able to help prevent oxidative damage to rat
erythrocytes incubated with glucose, as evi-
denced by decreased hemolysis and de-
creased hemoglobin oxidation. Vitamin E,
however, protected only against hemolysis,
whether with or without glucose, but did not
prevent hemoglobin oxidation. These re-
sults indicated that the effect of selenium
was specific and distinct from that of vitamin
E. Later, it was demonstrated by Rotruck et
al. (2) that selenium was an integral and
essential part of glutathione (GSH) peroxi-
dase. Glutathione peroxidase was reported
to be responsible for the destruction of lipid
peroxides in cells (3, 4). Reduced GSH is a
hydrogen donor for the GSH peroxidase
reaction and is itself regenerated through
the reaction of GSH reductase, using
NADPH from the oxidation of glucose in
the phosphogluconate pathway (2, 3, S).
Noguchi et a/. (6) showed that GSH peroxi-
dase was present mainly in cytosol and the
plasma while the action of vitamin E was
thought to be primarily within the mem-
brane. A new hypothesis (2, 5, 6) is now
being presented that vitamin E functions by
neutralizing the free radicals at the site of
their formation whereas GSH peroxide ap-
pears to be involved in the intracellular
decomposition of lipid hydroperoxides
formed. However, the relationship between
dietary vitamin E supplementation and ac-
tivity of GSH peroxidase in tissues has not
been thoroughly investigated. The present
study was undertaken to investigate the ef-
fects of a wide range of dietary vitamin E
supplementation (from 0 to 25,000 IU vi-
tamin E/kg diet) on the activity of GSH
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peroxidase in some tissues, such as the liver,
plasma, and uterus of female rats.

Materials and methods. Female weanling
rats of Wistar strain weighing approximately
50 g were randomly divided into six groups
with four rats in each group. Food and water
were supplied ad libitum . The basal tocoph-
erol-deficient diet of Draper et al. (7), with
supplements of 0, 25, 250, 2500, 10,000,
and 25,000 IU vitamin E (dI- a-tocopheryl
acetate)/kg diet was fed to six groups of rats
for 8 months. Blood samples were taken
from the inferior vena cava after anesthetiz-
ing the animals with ether, and the liver and
uterus were removed. The plasma, liver,
and uterus were frozen and stored until fur-
ther analysis. The liver and uterus were
minced and then homogenized in 5 vol of
KCl (0.154 M) first with a Sorvall micro-
homogenizer attached to an omnimixer and
then with a motor-driven Potter-Elvehjem
homogenizer. The homogenate was sub-
jected with osmotic shock to facilitate
release of GSH peroxidase from mitochon-
dria. The activity of GSH peroxidase in di-
luted homogenate of liver, uterus, and di-
luted plasma was determined by Mills’ pro-
cedure 2 (8) with the modification of Hafe-
man et al. (9). The protein was measured by
the method of Miller (10). A unit of GSH
peroxidase activity was expressed as a de-
crease in log[GSH] of 0.001/min after de-
ducting the decrease in log[GSH]/min of the
nonenzymatic reaction (8, 9). The data
were analyzed by Duncan’s new multiple
range test (11).

Results. The results presented in Figs. 1-3
indicate that the tissue activity of GSH per-
oxidase changes in response to the level of
vitamin E supplementation in the diet of
rats. The GSH peroxidase activity in liver
was significantly (Fig. 1) decreased (P <
1.05) either by excess supplementation or
by depletion of dietary vitamin E compared
to rats on the 25 or 250 IU vitamin E/kg
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Fig. 1. Glutathione peroxidase activity in liver of
rats on different dietary levels of vitamin E for 8
months. Each point represents mean = SEM of four
rats. Groups B and C are significantly higher than other
groups (P < 0.05); group A is significantly lower than
all other groups (P < 0.01); group F is significantly
lower than groups C, B, and D (P < 0.05); group E is
significantly lower than groups C and B (P < 0.01).

diet. The liver GSH peroxidase activities of
animals treated with 0 or 25,000 IU vitamin
E/kg diet were only 14 and 46%, respec-
tively, of the liver GSH peroxidase activity
of animals receiving 25 IU vitamin E/kg
diet. The activity of GSH peroxidase in liver
of vitamin E-depleted rats was significantly
lower (P < 0.01) than that of all vitamin E
supplemented groups. Similar effects of die-
tary vitamin E supplementation of GSH
peroxidase activity were also observed in
plasma (Fig. 2). Because the plasma protein
level of vitamin E-deficient rats was signifi-
cantly lower than of rats on vitamin E sup-
plements, the GSH peroxidase activity was
expressed per milliliter of plasma. Again the
rats on 25 or 250 IU vitamin E/kg diet had
higher GSH peroxidase activity in plasma
than rats of other groups. The GSH peroxi-
dase activity in the uterus of rats treated
with no vitamin E or excess levels of vitamin
E showed lower GSH peroxidase activity
than rats treated with 25 IU vitamin E/kg
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diet (Fig. 3). The decrease in GSH peroxi-
dase activity of the uterus of deficient and
high vitamin E supplemented groups is not
as marked as that of liver and plasma. When
the enzyme activity in the uterus was calcu-
lated per gram of uteral tissue, there was no
significant difference among these groups of
rats. The data above indicate that the die-
tary level of vitamin E required to maintain
the maximum GSH peroxidase activity in
tissues of female rats is around 25 to 250 IU
vitamin E/kg diet. During long-range treat-
ment, either excess dietary vitamin E or
vitamin E deficiency would cause a signifi-
cant decrease in GSH peroxidase activity of
the tissues. The response to vitamin E treat-
ment can be quite variable depending on the
tissue being examined. The results were not
any different when the activity of GSH per-
oxidase was expressed per gram of liver or
per 100 mg of protein in plasma.

Body and tissue weight and concentration
of soluble proteins in tissue homogenates
and in plasma of rats on different levels of
dietary vitamin E for 8 months are pre-
sented in Table I. The weights of the body
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Fi. 2. Glutathione peroxidase activity in plasma
of rats on different dietary levels of vitamin E for 8
months. Each point represents mean = SEM of four
rats. Groups B and C are significantly higher (P <
0.05) than groups A, E, and F.
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and uterus of vitamin E deficient rats were
approximately half that of vitamin E-supple-
mented groups. The weights of the body,
liver, and uterus decreased in rats given
10,000 and 25,000 IU vitamin E/kg diet.
The concentrations of soluble protein in ho-
mogenate of liver and uterus and in plasma
were not significantly different among the
vitamin E-supplemented groups. However,
lower plasma protein and higher soluble
protein concentrations in homogenate of
liver and uterus of vitamin E-deficient rats
were observed.
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FiG. 3. Glutathione peroxidase activity in uterus of
rats on different dietary levels of vitamin E for 8
months. Each point represents mean + SEM of four
rats. Group B is significantly higher (P < 0.05) than
groups A, C, D, and F.
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Discussion. Many factors, such as dietary
levels of selenium (5, 6) vitamin A, and
ethoxyquin (12), cholesterol (13), trio-o-
cresyl phosphate (14), tissue lipid peroxides
(15), and a number of nucleotides (16),
have been found to affect the activity of
GSH peroxidase. Pinto et al. (17) also re-
ported that age affects the liver GSH peroxi-
dase activity in rat and that the enzyme
activity is about 80% higher in female rats
than in males.

Little et al. (16) recently suggested that
GSH peroxidase is an allosteric enzyme.
Our results indicate that the activity of GSH
peroxidase in liver, plasma, and uterus is
readily modified by dietary vitamin E. The
mechanism of the repressive effect of excess
dietary vitamin E on GSH peroxidase activ-
ity is not clear yet, but based on the known
biological function of vitamin E and GSH
peroxidase some possible mechanisms can
be proposed. As mentioned before, both
vitamin E and GSH peroxidase are able to
prevent the oxidative damage to tissues. Vi-
tamin E is believed to prevent the formation
of lipid peroxides, whereas GSH peroxidase
decomposes the lipid peroxides formed in
the tissues. A high level of dietary vitamin E
might result in lowering the concentration of
lipid peroxides in the tissues, thereby spar-
ing the need for GSH peroxidase, the de-
composer of lipid peroxides. Substrate in-
duction is known to be an important factor
for the synthesis of certain enzymes (18);
for example, the activity of tryptophan pyr-
rolase in liver has been shown to increase in
rats in response to the administration of its
substrate, tryptophan (19, 20). It has been
shown (15, 21, 22) that the accumulation of
fluoresent products (believed to be products
of lipid peroxidation) in tissues is related to

TABLE 1. Bopy anD TisSUE WEIGHT AND CONCENTRATION OF SOLUBLE PROTEINS IN TISSUE HOMOGENATES
AND IN PLASMA OF RATS ON DIFFERENT LEVELS OF DIETARY VITAMIN E FOR EIGHT MONTHS"

Tissue weight

Soluble protein in homogenate

Dietary vi- (mg/g)
tamin E (1U/ Protein in plasma
Groups kg diet) Body weight (g) Liver {(g) Uterus (mg) Liver Uterus (mg/ml)
A 0 21659 x 125 ®8.8 + 1.1 n308.6 = 59.9 k125.0 £ 4.8 m42.3 = 3.3 °5.5 £ 0.29
B 25 %366.1 + 31.4 £10.2 £ 0.8 '677.6 + 41.8 1059 £ 5.0 n323=x25 *6.6 * 0.19
C 250 €d4e3322 =+ 119 %82 + 0.5 16795 + 34.2 K115.7 £ 2.7 "33.3 24 ?6.6 + 0.18
D 2,500 bde356.3 * 16.4 %8.8 + 0.7 1700.4 = 21.2 '108.1 = 5.3 35304 »7.1 = 0.32
E 10,000 c«312.5 = 8.0 8.0 04 5514644 k1124 £ 6.1 304 1.5 »7.0 £ 0.35
F 25,000 €301.0 = 15.5 74206 5864 *21.6 k1173 x 3.1 n33.7 £23 »7.2 + 0.20

@ Each value is the mean = SEM for four rats. Values within each column which are not identified by the same preceding superscript letter are
significantly different (P < 0.05).



VITAMIN E AND GLUTATHIONE PEROXIDASE

the level of dietary vitamin E. The reduced
oxidative stress might be part of the reason
for lower activity of GSH peroxidase in tis-
sues of rats given high levels of vitamin E.

March et al. (23) have reported that ex-
cess dietary vitamin E depressed the activity
of thyroid gland in the chick. Regulation of
protein synthesis is one of the major effects
of thyroid hormone (24). It has been shown
that a normal amount of thyroxine is essen-
tial for protein synthesis in liver, muscle,
kidney, and reticulocytes. For example,
physiological levels of thyroxine are re-
quired for increasing the activity of certain
enzymes such as a-glycerophosphate dehy-
drogenase in liver. But the role of thyroxine
in the biosynthesis of GSH peroxidase has
not yet been studied. Whether the repres-
sive effect of excess dietary vitamin E on
GSH peroxidase activity is due to decreased
de novo synthesis or increased degradation
or due to some other inhibitory effect on
this enzyme remains to be investigated. Al-
though the mechanism of the repressive ef-
fect of excess dietary vitamin E on GSH
peroxidase activity is still not known, the
data presented in Table I show that change
in enzyme activity is not due to the altera-
tions in cell fragility. If the cell fragility was
being affected, the concentrations of soluble
protein in the tissue homogenates also
would be different. But, there is no signifi-
cant difference in protein concentrations of
tissue homogenates of various vitamin E-
supplemented groups.

Our results also showed that activities of
GSH peroxidase are significantly lower in
the liver, uterus, and plasma of vitamin E-
depleted rats than those receiving 25 1U
vitamin E/kg diet, considered to be the ade-
quate dietary level of vitamin E. It has to be
pointed out that all four vitamin E-depleted
rats showed severe signs of vitamin E defi-
ciency, such as paralysis of legs, ceroid pig-
ment formation in uterus, deformed skele-
ton, rough greasy coat, and bleeding nose.
When liver weight was expressed as a per-
centage of body weight, the liver weight of
vitamin E-depleted rats was two times
higher than that of rats in other groups.
Liver necrosis has been recognized as a typi-
cal symptom of vitamin E deficiency in rats.
Liver necrosis may contribute to the lower-
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ing of GSH peroxidase activity in liver of
vitamin E-depleted rats. Murty et al. (25)
found that the activities of some hepatic
heme-containing enzymes such as catalase,
tryptophan pyrrolase, and microsomal cyto-
chromes by and P-450 were significantly re-
duced in rats receiving vitamin E-deficient
diets for 120 days, but no differences were
observed in the activities of some nonheme
protein enzymes. Not only was the GSH
peroxidase activity significantly lower in
plasma of vitamin E-depleted rats than in
those given 25 IU vitamin E/kg diet, but
also a significantly lower total plasma pro-
tein was found. Chio and Tappel (26)
showed that lipid peroxides are able to inac-
tivate enzymes and that sulfhydryl enzymes,
such as GSH peroxidase, are most suscepti-
ble to inactivation. The real mechanism of
lower GSH peroxidase in rats of long-term
vitamin E deficiency is still unknown. How-
ever, Chow et al. (15) found that the activi-
ties of GSH peroxidase were significantly
increased in perirenal adipose tissue, para-
epididymal adipose tissue, and musle, but
not in liver, lung, and kidney after being
given a 15.7% tocopherol-stripped corn oil
diet for 2 months compared to rats on 45 IU
vitamin E/kg diet.

Summary. Both excess dietary vitamin E
and vitamin E deficiency in rats can signifi-
cantly depress the activity of GSH peroxi-
dase in liver and plasma of rats. Of all the
six levels of vitamin E tested in this study,
the dietary level of vitamin E found to main-
tain the maximum activity of GSH peroxi-
dase in tissues of rats was somewhere be-
tween 25 and 250 IU/kg diet. This study
conclusively indicates that the excess dietary
vitamin E represses GSH peroxidase activ-

ity.
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