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This experimental study was designed to investigate the
effects of vitamin E supplementation, especially on lipid per-
oxidation and antioxidant status elements¥ namely, glutathi-
one (GSH), CuZn superoxide dismutase (CuZn SOD), and
glutathione peroxidase (GSH Px), both in blood and liver
tissues of streptozotocin (STZ) diabetic rats. The extent to
which blood can be used to reflect the oxidative stress of the
liver is also investigated. In diabetic rats, plasma lipid peroxide
values were not significantly different,from control,whereas
erythrocyte CuZn SOD (p<<0.01), GSH Px (p<0.001) acti-
vities and plasma vitamin E levels (p<<0.001), were signi-
ficantly more elevated than controls. Vitamin E supplementa-
tion caused significant decreases of erythrocyte GSH level (p
<0.01) in control rats and of erythrocyte GSH Px activity (p <
0.05) in diabetic rats. Liver findings revealed significantly
higher lipid peroxide (p<<0.001) and vitamin E (p<0.01)
levels and lower GSH (p <0.001), CuZn SOD (p<0.001) and
GSH Px (p<0.01) levels in diabetic rats. A decreased hepatic
lipid peroxide level (p<<0.01) and increased vitamin F/lipid
peroxide ratio (p<<0.001) were observed in vitamin E
supplemented, diabetic rats. A vitamin E supplementation level
which did not cause any increase in the concentration of the
vitamin in the liver or blood, was sufficient to lower lipid
peroxidation in the liver. Vitamin E/lipid peroxide ratio is
suggested as an appropriate index to evaluate the efficiency of
vitamin E activity,independent of tissue lipid values. Further,
the antioxidant components GSH, GSH Px and CuZn SOD and
the relationships among them, were affected differently in the
liver and blood by diabetes or vitamin E supplementation.
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INTRODUCTION

Diabetes is widely known to induce metabolic
derangement leading to oxidant-antioxidant im-
balance.! Propagative lipid peroxidation is a
degenerative process that affects cell membranes
and other lipid-containing structures under condi-
tions of oxidative stress, often with cytopatholo-
gical consequences.2 Eukaryotic cells are equipped
with a variety of primary and secondary defenses
against the deleterious effects of oxidative stress.
As lethal injury can occur when these defenses are
overwhelmed, supplementation with antioxidant
vitamins may prove beneficial” Vitamin E is a
hydrophobic antioxidant found in lipoproteins
and membranes and can afford primary, as well
as secondary stage protection. It is the most effi-
cient scavenger of lipid peroxyl radicals.’ So
far,contradictory findings on plasma vitamin E
levels in experimental or clinical diabetes mel-
litus,have been reported in the literature; some
studies showing an increasejothers showing a
decrease.””

In this experimental study of STZ induced
diabetes mellitus,the effects of vitamin E sup-
plementation on lipid peroxidation and antioxi-
dant defenses were investigated simultaneously in
the liver and blood. It was also of interest to
examine the extent to which blood can be used to
provide an indication of the magnitude of
alterations in the liver. The liver is an organ of
central metabolic importance and is known to
undergo oxygen free radicals (OFRs) mediated
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injury in diabetes mellitus.

MATERIALS AND METHODS
Animal treatment

40 male Wistar rats weighing 150-200g were
used in this study. The Guide for the Care and
Use of Laboratory Animals was followed.” The
rats received standard chow diet (20-30g/rat/
day) and water ad libitum during the experi-
mental period and were maintained at an environ-
mental temperature of 22 + 2°C with al12-h light/
12 h dark cycle.

The rats were divided into two groups as con-
trol (n=20) and diabetic (n=20). Each group was
further divided into 2 subgroups consisting of 10
rats each for Vit. E supplementation. Diabetes was
induced, in overnight-fasted rats, by intrape-
ritoneal injection of a single dose of STZ (60 mg/
kg body weight) (Sigma-Aldrich, St. Quantin
Fallavier, France) freshly dissolved in citrate
buffer (pH 4.5). Control rats received an equival-
ent amount of the buffer. Only those animals with
a blood glucose level >18 mM three days after
injection were regarded as diabetic.

Vitamin E (DL- a -tocopherol acetate, Roche Inc.,
Basel, Switzerland) was administrated intraperito-
neally at a dose of 500 mg/kg on days 1, 4, 7, 11,
14, 21, 24 and 27 to both the control and diabetic
subgroups (n=10). Mortality was recorded daily.
After 30 days blood glucose concentrations of
diabetic rats was 13 mM and their body weight
was about 130-170 gr. The rats were then anes-
thetized by intramuscular injection of Vetalar at 1
ml/kg (ketamine 100 mg/ml, Sigma chemical Co.,
St. Louise, MO, USA).

For erythrocyte lysate preparation, heparinized
blood samples were obtained by heart puncture.
After centrifugation at 2500 X g for 5 min, the
plasma was removed and erythrocytes were
washed 3 times in 5ml saline, hemolyzed by
diluting four-fold with water and stored at -80C
until biochemical analysis.

For homogenate preparation of subcellular frac-
tions, liver tissues were promptly excised,
weighed and chilled in ice-cold 0.15 M KClI (Sigma
chemical Co., St. Louise, MO, USA). STZ-diabetic
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rats had lower gross liver weights than those of
normal controls (85+13gm vs 11.8+2.7 gm).
However, the liver weights of the STZ-diabetic
rats were heavier than the controls when liver
weights were normalized to body weights.
Furthermore, the livers of the STZ-diabetic rats
appeared swollen, yellowish in color and softer
than those of the controls. For the determination
of lipid peroxide and GSH; 10% (w/v) liver tissue
homogenate was prepared in 0.15M cold KCI
(pH=7) and then centrifuged at 1000 x g for 15
min. Liver tissues were homogenized in 50 mM
Tris-0,1 mM EDTA (pH=7.4) (Sigma chemical Co.,
St.Louise, USA) at 4T for 30 sec (2 X 15 sec with
15 sec cooling intervals) with a polytron homo-
genizer. Cytosolic fractions prepared by centri-
fugation at 105 000 X g for 15 min were used for
the measurement of GSH Px and CuZn SOD
activities.

Lipid peroxide

Lipid peroxides were measured in plasma using
the methodology of Buege & Aust.” One volume
of plasma was mixed thoroughly with 2 volumes
of a stock solution of 15% w/v trichloroacetic acid
(Riedel-de Haen AG., Germany), 0.375% w/v thio-
barbituric acid (Sigma chemical Co., St. Louise,
MO, USA) and 0.25N hydrochloric acid (Carlo
Erba Reagent, Italy). The mixture was heated for
30 min in a boiling water bath. After cooling, the
flocculent precipitate was removed by centri-
fugation at 1000 x g for 10 min. The light absor-
bance of the sample was determined at 535 nm.

Hepatic lipid peroxide levels were assayed
according to the method of Ohkawa et al."’ The
reaction mixture contained 0.2 ml of sample, 0.2
ml of 81% sodium dodecyl sulfate (SDS) (Sigma
chemical Co., St. Louise, MO, USA), 1.5 ml of 20%
acetic acid (pH: 3.5). (Merck AG., Darmstadt,
Germany) and 1.5 ml of 0.8% aqueous solution of
thiobarbituric acid (TBA). The mixture was made
up to 4 ml with distilled water and heated at 95
C for 60 min. After cooling, 1 ml distilled water
and 5ml of a mixture of n-butanol (Merck AG,
Darmstadt, Germany) and pyridine (Sigma
chemical Co., St. Louise, USA) (151, v:v) were
added and the mixture was shaken vigorously.
After centrifugation at 1500 X g for 10 min the
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light absorbance of the organic layer was mea-
sured at 532 nm. 1,1,3,3-tetraethoxypropane (Sig-
ma chemical Co., St. Louise, USA) was used as a
standard.

Assay of GSH"

GSH content was determined by measuring the
change in light absorbance (412nm) occurring
when GSH reduces 5,5 -dithiobis (2-nitrobenzoic
acid) (Sigma chemical Co., St. Louise, USA).

Assay of CuZn SOD"

CuZn SOD activity was measured with an
indirect inhibition assay, in which xanthine
(Sigma chemical Co., St. Louise, USA) and xan-
thine oxidase (Sigma chemical Co., St. Louise,
USA) serve as a superoxide generator and nitro-
blue tetrazolium (NBT) (Sigma chemical Co., St.
Louise, USA) as a superoxide indicator. One unit
of SOD is defined as the amount of protein that
inhibits the rate of NBT reduction by 50%.

Assay of GSH Px activity"

GSH Px activity was determined from the
oxidation of NADPI to NADP+ in the presence
of MO, used as a substrate and monitored
spectrophotometrically at 340 nm for 3 min. GSH
Px activity was expressed as (mol of NADPH/min
/g protein using an extinction coefficient (6.22
mM-1 cm-1) for NADPIL

Assay of vitamin E"

Plasma vitamin E concentration was determined
according to the method of Quaife et al. and
Hashim et al.” The hydrogenation step, which
obviates interference due to carotene, has been
omitted since it was not found feasible to hydro-
genate small samples without loss of tocopherol.

After the proteins in the plasma or serum were
precipitated by an equal volume of absolute
ethanol, the whole mixture was subjected to
extraction by an equal volume of xylene. The g,
a’- dipyridyl was added to an aliquot of the
upper layer to estimate the principal interfering
substance, { carotene at 460 nm. At this time ferric

chloride solution (FeCls;) was added to the system
to produce the color obtained by the Emmeric-
Engel procedure which is measured at 520 nm.

Hb concentration was analyzed by the cyanme-
themoglobin method." Liver protein concentra-
tion was measured by the method of Lowry et
al.”

Statistical analysis

The data was given as means * SD. Analysis of
variance (ANOVA) was used to assess the signi-
ficance for each parameter among the experi-
mental groups. The Tukey test was employed to
determine the “p” values. The level of statistical
significance was taken as p<0.05.

RESULTS

The values and statistical comparisons of the
analyzed parameters in the blood and liver tissues
of the experimental groups are shown in Tables
1 and 2 respectively.

Lipid peroxidation, as reflected by plasma lipid
peroxide values, was higher in diabetic rats
compared to controls, however the difference was
not a significant amount.Erythrocyte GSH Px (p<
0.001) and CuZn SOD (p<0.01) activities and
plasma vitamin E levels (p<0.001) were signi-
ficantly higher in diabetic rats.

Vitamin E supplementation caused significant
decreases in GSIH level (p<0.01) in control rats
and in GSH Px activity (p<0.05) in supplemented
diabetic rats vs. non supplemented diabetic rats.

Comparison of the vitamin E supplemented
diabetic rats with the control group revealed
significantly higher CuZn SOD (p<0.01) and
vitamin E (p<0.001) levels and vitamin E/lipid
peroxide ratio (p<0.01) and a significantly lower
GSH level (p<0.05) in the former group.

The evaluation of liver tissue findings revealed
significantly higher lipid peroxide levels (p<
0.001) in STZ induced diabetic rats. As to antio-
xidant defense parameters; liver tissue GSH level
(r <0.001) and CuZn SOD (p<0.001) and GSH Px
(p<0.01) activities were significantly lower than
the controls; whereas the vitamin E level was
significantly higher (p<0.01) than the controls.
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Table 1. Values and Statistical Comparison of the Analyzed Parameters, in Blood Tissues, of the Experimental Groups
(mean + SD)

Control group Control+Vitamin E Diabetic group Diabetict+Vitamin E

(n=10) group (n=10) (n=10) group (n=10)
Lipid peroxide (mM) 6.27 + 149 6.09 + 1.84 7.90 £ 1.77 6.62 + 1.32
CuZn SOD (mg/L) 227.29 + 37.56 24816 & 28.55 297.05 + 41.59° 308.59 + 4231°7
GSH Px (U/gHb) 23.92 +3.23 29.47 + 476 4614 + 453" 35.22 + 7.04"
GSH (mg/g Hb) 592 + 091 357 £ 1297 426 +1.71 3.61 + 1.18%
Vitamin E (mM) 4.88 £ 0.94 712 + 0.63 8.82 + 1.00° 9.97 £ 0.60°
Vitamin F/lipid peroxide 0.83 + 033 1.28 + 0.47 117 £+ 0.39 154 + 0347

*vs control.
Pys diabetic, *p<0.05, Tp<0.01, Tp<0.001.

Table 2. Values and Statistical Comparison of the Analyzed Parameters, in Liver Tissues, of the Experimental Groups (mean
+ SD)

Diabetict+Vitamin E
group (n=10)

Control group Control+Vitamin E Diabetic group
(n=10) group (n=10) (n=10)

Lipid peroxide
(nmol/mgprotein)

CuZn SOD (U/mg protein)
GSH Px (mol/NADPH/

0.92 + 0.07 0.88 + 0.06 1.52 + 0157 0.95 + 0.04>

175.46 = 14.51 190.34 + 21.76 96.90 + 598" 140.77 £ 16.58

min/g wet weight 30.75 + 7.76 28.69 - 5.80 18.85 &£ 6.49™ 2527 £ 5.58
GSH (mmol/g wet weight) 653 £ 0.97 543 + 0.69 417 = 0547 3.74 + 0.64°7
Vitamin E (nmol/g liver) 24.50 + 1558 28.47 £ 5.70 44.63 £ 587 5558 + 3.39"T
Vitamin E/Lipid peroxide 26.70 & 6.05 3235 + 6.84 29.36 = 3.16 58.81 £ 4.66"T"T

*vs control.
Pys diabetic *p<0.01, Tp<0.001.

Vitamin E supplementation to diabetic rats caused
a significant decrease in hepatic lipid peroxide
levels (p<0.01) and a significant increase in
vitamin E/lipid peroxide ratio (p <0.001), whereas
no significant change was observed in antioxidant
parameters.

Correlation analysis of blood findings revealed
a significant positive correlation between lipid
peroxide and GSH Px (r=0,78, p<0.001) in the
control group and a significant negative correla-
tion between vitamin E and GSH (r=-0,90, p<
0.001) in vitamin E supplemented diabetic rats.

As to liver tissue findings; in the control rats
GSH was found to be negatively correlated to
GSH Px and vitamin E (r=-0,83, r=-0,81, p<0.001
respectively) and GSIH Px positively correlated to
vitamin E (r=0,91, p<0.001). In the diabetic rats
CuZn SOD was positively correlated to GSH and
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GSH Px (r=0,65, 0.06<p<0.02; r=0,75, 0.02<p<
0.01 respectively). In vitamin E supplemented
diabetic rats a positive correlation was observed
between lipid peroxide and GSH (r=0,64, p=0.05)
levels.

DISCUSSION

This experimental study of STZ- induced
diabetes mellitus reveals that lipid peroxidation,
which is one of the deleterious effects of oxidative
stress,increased substantially in the liver and that
this increase was not reflected in the blood.
Further, vitamin E supplementation lowered lipid
peroxides in the livers of diabetic rats to levels
nonsignificantly different from controls.

Hepatic lipid peroxides are reported to be
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increased in STZ diabetic rats in most of the
current literature’®® and unchanged in some.”
Glucose auto-oxidation, protein glycation and the
interaction of advanced glycation end-products
with their specific receptors on macrophages are
the main mechanisms of increased production of
OFRs in diabetes.*”™ The impaired regeneration
of protective antioxidants such as glutathione,
vitamins C and E, also contribute to oxidative
stress. Although STZ is an agent which causes the
generation of oxygen free radicals, the increase in
oxidative stress over the 4-week period of our
study cannot be due to the effects of STZ solely
but also to diabetes because firstly, STZ acts selec-
tively in pancreatic beta islet cells and secondly,
it is readily metabolized with a half life of 6
hours.”

Depending on the extent of increase, the cells
respond to lipid peroxidation by antioxidant in-
duction, by death program induction (apoptosis)
or by membrane lysis (necrosis).” In our study,
none of the endogeneous antioxidant components
studied appeared to be induced in the liver due
to diabetes, instead they displayed significant
decreases. Thus,supplementation of diabetic rats
with vitamin E was of major importance in the
prevention of apoptosis or necrosis in the liver. In
this study we supplemented rats intraperitoneally,
every 3 days, with 500 mg/kg body weight of DL-
@ tocopherol acetate. Previously a high dose of
400 mg/kg body weight of vitamin E acetate had
been shown to be effective in inhibiting lipid
peroxidation in diabetic rats.” Antioxidant treat-
ment that was initiated after the establishment of
diabetes had no effect on the subsequent course
of diabetes as monitored by serum glucose. In
response to supplementation we observed a
significant decrease in hepatic lipid peroxides in
diabetic rats. Vannuchi H et al.”’ has reported
similar findings. Upon vitamin E supplemen-
tation, the activities of both of the antioxidant
enzymes showed a clear tendency to increase and
GSH; a tendency to decrease, although not signifi-
cantly, in the livers of the diabetic rats in this
study.

As stated above, lipid peroxides did not in-
crease in plasma due to diabetes. As is known,
lipid peroxides measured in plasma represents the
amount of lipid peroxides released from the

tissues, to the circulation, with erythrocytes mak-
ing the major contribution.”® The induction of both
of the antioxidant enzymes in the erythrocytes in
diabetic rats might have been protective against
lipid peroxidation The method we used for
quantification of lipid peroxides measures various
aldehydes derived from lipid hydroperoxides.” In
addition to the fact that the detection of these
aldehydes are used to assess the extent of the
damage, these aldehydes,generated endogenously,
have some oxidative stress associated, patho-
physiological effects within cells and tissues.”
Unlike reactive free radicals, aldehydes are rather
long lived and can, therefore, diffuse from their
site of origin and reach and attack distant targets;
they circulate either freely in blood or incor-
porated into lipoproteins.”

As significantly higher values for vitamin E
have been measured both in the liver and plasma
of diabetic rats; in comparison to controls, and, as
neither the liver nor the blood demostrated ob-
servable increases in response to vitamin E sup-
plementation, the rational for the supplementation
could be questioned. Since the majority of a-
tocopherol in plasma is carried by lipoproteins,
the increase in the plasma level of vitamin E, due
to diabetes, is more likely due to hyperlipo-
proteinemia accompanying diabetes. The increase
in the liver could be due to concentration of the
vitamin in the increasingly synthesized lipids."*”
Unfortunately, lipid values are lacking in this
study. In accordance with these findings, it was
reported that feeding high dietary vitamin E had
little effect on plasma vitamin E levels in diabetic
rats.” However,seperate from this study, an
increase in liver vitamin E content was observed.”
In a previous study the vitamin E/lipid peroxide
ratio of LDL (low density lipoprotein) was used
to evaluate the susceptibility of LDL to oxidative
modification in NIDDM (non- insulin dependent
diabetes mellitus) patients.”” This ratio might also
be used to evaluate the efficiency of vitamin E.
Similarly to vitamin E, as lipid peroxides are also
lipid dependent compounds, the use of this ratio
also serves for the correction for lipids. Choles-
terol, on the other hand, besides being transported
with vitamin E in lipoproteins, has been shown to
affect the efficiency of vitamin E. It has been
shown that vitamin E becomes less efficient as an
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antioxidant when plasma cholesterol increases.”
Thus,using this ratio would also serve to eliminate
the differences in the antioxidant activity of vita-
min E ascribed to the differences in plasma levels
of cholesterol.Vitamin E/lipid peroxide ratio
showed a substantial increase in livers of supple-
mented diabetic rats but not in control rats.
However, no increase was noted due to diabetes.
Thus, our data reevaluated by vitamin E/lipid
peroxide ratio clearly reveals that vitamin E
supplementation was beneficial in diabetic rats.

Our data shows that the alterations in lipid
peroxidation and antioxidant status in livers of
rats due to STZ-diabetes mellitus and/or vitamin
E supplementation are not reflected in blood.
Among the various tissues, the liver was observed
to be supplied with the most potent antioxidant
defenses such as GSHPx, SOD and GSH.* Due to
diabetes, there was an observed decrease in
antioxidant defenses in the liver, whereas there
was an increase in the erythrocytes. A compen-
satory adaptive response to oxidative stress was
observed in erythrocytes. Increased CuZnSOD
and GSHPx activities in erythrocytes may be due
to induction or mutually protective interactions.
Especially; CuZn SOD, a constituent present at
low levels only but highly inducible under oxida-
tive stress.”® On the other hand, the decreased
activities of GSI Px and CuZn SOD in livers of
diabetic rats, may be due to oxidative stress
induced inactivation and/or exhaustion.” In dia-
betes, insulin deficiency promotes B oxidation of
fatty acids, resulting in HxO, formation. In the
presence of decreased GSHPx activity H)O,
accumulates in the liver which in turn inactivates
CuZn SOD. The glycation of CuZn SOD which
occurs in the diabetic state also causes inactivation
of CuZn SOD.Under these conditions, the in-
creased concentration of causes the inactivation of
GSH Py 23438%

The decreased hepatic GSIH concentration in
diabetic rats could be the result of decreased
synthesis, increased consumption or increased loss
through efflux. As the hexose monophosphate
shunt is impaired in diabetes, NADPH availability
is reduced and the ability to recycle GSSG to GSH
is decreased.” Vitamin E supplementation did not
appear to influence the GSH concentration in the
liver of the experimental animals. However,
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vitamin E supplementation caused a decrease in
erythrocyte GSH concentration in control rats and
a decrease in erythrocyte GSHPx activity in dia-
betic rats. GSH plays a common key role in
cellular resistance to oxidative damage, as a free
radical scavenger, as protein-bound glutathione
and by regeneration of ascorbate or tocopherol in
both erythrocytes and liver.*** The liver is the
major site of GSH synthesis for export to supply
other tissues. The detoxification of a variety of
xenobiotics in the liver also involves GSH. The
liver, different from erytherocytes, has various
metabolic functions and nearly all major biological
processes involve the thiol redox state. Erythro-
cytes also possess an active machinery for GSH
synthesis. We observed that the concentrations of
vitamin E and GSH were negatively correlated
(r=-0,81) in the livers of control rats.A similar
correlation was observed in the blood of vitamin
E supplemented diabetic rats. (r=-0,90), The cou-
pled regeneration of atocopherol to oxidation of
GSH and ascorbate may account for the negative
correlation.” We observed a very strong correla-
tion (r=0,91) between vitamin E concentration and
GSH Px activity in the livers of control rats. An
important feature of the antioxidant network is
that its components act in synergy to destroy
activated oxygen species. This correlation is the
proof of the synergistic interaction between
Vitamin E and GSH Px. Such synergistic interac-
tions are reinforced by mutual protections of
antioxidant enzymes.The positive correlation that
we observed between CuZn SOD and GSH Px
activity in the livers of diabetic rats (r=0,75), re-
flects this fact. The positive correlation of GSH
concentration with CuZn SOD activity in livers of
diabetic rats (r=0,65), implies the free radical
scavenger role of GSI. On the other hand,the
negative correlation of GSH concentration with
GSH Px activity in the livers of control rats (r=
-0,83), reflects the consumption of GSH by
GSHPx. Interestingly, we observed that GSH and
lipid peroxide concentrations were positively
correlated in the blood of control rats (r=0,78); and
livers of vitamin E supplemented diabetic rats
(r=0,64).These latter findings suggest the poten-
tation of the antioxidant defence by lipid pero-
xides. As evident from the foregoing, the complex
nature of the alterations in oxidative stress related
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parameters, cannot be readily explained by simple
and uniform compensatory responses. Further-
more, depending on the particular time of an-
alysis and the particular tissue examined, diver-
gent results could be obtained.

To conclude, this experimental study of STZ
induced diabetes mellitus reveals that the increase
in lipid peroxidation observed in the liver, is
efficiently lowered by vitamin E supplementa-
tion. The vitamin E/lipid peroxide ratio is sug-
gested as an appropriate index to evaluate the
efficiency of Vitamin E, independent of tissue
lipid values.

Further to this, the antioxidant components
GSH, GSH Px and CuZn SOD and the rela-
tionships among them were affected in different
ways, in the liver and blood, by diabetes or
Vitamin E supplementation.
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