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Abstract: Diabetes mellitus (DM) is increasingly prevailing, with detrimental complications including liver
disorders associated with oxidative imbalance. The aim of this study was to observe possible hepatoprotective
effects of vitamin-E and compared with melatonin on various parameters including glucose profile, antioxidant-
oxidant status, lipid peroxidation and histopathological protection of the liver in streptozotocin-induced diabetic
rats.Seventy six male albino rats were divided into nine groups as follows: G1 (n= 10) Normal control rats; G2
(n= 8) were normal rats treated orally with melatonin only; G3 (n= 10) were normal rats treated orally with vitamin
E only; G4 (n=9) were diabetic rats, which received no medications; G5 (n=8) were diabetic rat treated with
insulin only; G6 (n=10) were diabetic rats treated orally with melatonin only; G7 (n=9) were diabetic rats treated
orally with melatonin and insulin; G8 (n=5) were diabetic rats treated orally with vitamin E only; G9 (n=7) were
diabetic rats treated orally with vitamin E and insulin. Eight weeks posttreatment, blood was collected to
measure: Fasting blood sugar (FBS), glycosylated hemoglobin (HbA1c), fructosamine (FA), total antioxidant
capacity (TAC), malondialdehyde (MDA). Liver tissues were isolated for histopathological examination.As
compared to normal rats (G1), glucose, HbA1c and fructosamine levels are significantly increased in G4, G5, G6,
G7, G8 and G9 with no significant change in G2. As compared to G1, TAC is significantly increased in G2, G6
and G9, with no significant changes in G3, G4, G5, G7 and G8. By comparing G9 with G8, we found that TAC is
significantly  increased,  while  glucose,  HbA1c,  fructosamine  and  MDA  showed  non-significant change.
The liver of diabetic rat treated with vitamin E showed degeneration of cells and edema were observed in the
stroma. Inflammatory changes consistent with steatohepatitis were observed in periportal spaces. The liver of
diabetic fat treated with vitamin E and insulin demonstrates focal degeneration of hepatocytes. The portal tracts
are infiltrated by lymphocytes.This study failed to demonstrate any hepatic protective effect of vitamin E by
the dose and duration used in diabetic rats, although showing improvement of TAC biochemically in insulin
treated diabetic rats.
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INTRODUCTION liver structure and functions such as non-alcoholic fatty

Diabetes mellitus (DM) is a chronic disease, with an carcinomas [2-5]. The mechanism by which DM causes
increasing prevalence and considered as one of the liver dysfunction is not fully clear. DM-induced oxidative
leading causes of mortality and morbidity worldwide. stress and DM-induced inflammation have been
Uncontrolled DM causes various complications with a hypothesized to cause liver dysfunction [6]. Increased
major socioeconomic burden [1]. Hepatic cells play crucial generation of reactive oxygen species (ROS) by the liver
roles in the regulation of various metabolic activities. DM macrophages results in several damaging events,
causes hepatocellular complication leading to an abnormal including permanent oxidation of lipids, proteins and

liver disease (NAFLD), cirrhosis and hepatocellular
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carbohydrates [7]. Free radical production could elicit MATERIALS AND METHODS
hepatocellular apoptosis causing substantial damage of
liver tissue [8]. DM-induced oxidative stress is associated
with a reduction of glutathione level with subsequent
increase in lipid peroxidation and malondialdehyde [9].

Several antioxidants have been shown to have
hepatoprotective  effect  through either anti-oxidative,
anti-inflammatory, anti-apoptotic or antidiabetic properties
[6]. Our previous study demonstrated that the potent
antioxidant, melatonin, protected against DM-induced
liver injury [10]. Supporting several studies demonstrated
that melatonin has a potent antioxidant capability and
possesses protective properties against oxidative stress
[3, 9, 10]. 

The lipid-soluble vitamin E is another powerful
antioxidant that has been shown to prevent the
propagation of free radicals. Experimental studies
demonstrated that vitamin E suppresses the process of
lipid peroxidation [11]. In nondiabetic model of
steatohepatitis, vitamin E improved liver function and
diminished histological steatosis with a reduction in
malondialdehyde levels [12, 13].Clinical trial found that
plasma level of -tocopherol is decreased in patients with
non-alcoholic steatohepatitis, compared to healthy
controls,  supporting  a hypothetical basis for its use in
the therapy of non-alcoholic steatohepatitis (NASH) [14].
In nondiabetic patients with NASH, vitamin E improved
histopathological features of hepatic tissues [15].
However, effect of vitamin E is not consistent, some
studies have shown that vitamin E is not superior to
placebo in ameliorating nonalcoholic fatty liver disease
(NAFLD) [16]. Moreover, vitamin E monotherapy in
patients with steatohepatitis had no effect and only when
combined with spironolactone steatohepatitis was
decreased [17]. These discrepancies in the results indicate
that the role of vitamin E is not fully established and
suggest for further investigation to prove whether vitamin
E has hepatoprotective roles or not. Vitamin E deficiency
and oxidative status are associated with prediabetes in
healthy subjects [18]. In diabetic model, the effect of
vitamin E on abnormal hepatic structure and function is
not fully understood. Currently there is no particular
medication approved for the treatment of NAFLD in
patients with type 2 diabetes. The purpose of this study
was to observe possible protective effects of vitamin-E on
glucose level, antioxidant-oxidant status, lipid
peroxidation and histopathological protection of the liver
in streptozotocin-induced diabetic rats. Positive findings
from this study might open a new window for better
treatment of diabetes and diabetes related complications.

Induction of DM: Induction of DM in rats was made by
intra-peritoneal  injection  of nicotinamide  (230   mg/kg),
15 min prior to the administration of single dose of
streptozotocin (STZ) (65 mg/kg, i.p.) [19]. Control rats
were received an equivalent volume of saline. STZ was
liquefied  in  saline  with  a sodium citrate buffer, pH 4.0.
By using standard diagnostic kits, blood glucose levels
were measured in each rat to monitor the degree of
diabetes. Only rats with confirmed hyperglycemia were
used in the study.

Groups  and Treatments: Seventy six male albino rats
(200-250 g) were divided into nine groups as follows: G1
(n=10) Normal fed diet rats were served as control, which
received no medications; G2 (n= 8) were normal rats
treated orally with melatonin (0.3 mg/kg) only; G3 (n= 10)
were  normal  rats  treated  orally  with vitamin   E  only
(40 mg/kg); G4 (n=9) were diabetic rats, which received no
medications; G5 (n=8) were diabetic rat treated with
insulin only; G6 (n=10) were diabetic rats treated orally
with melatonin (0.3 mg/kg); G7 (n=9) were diabetic rats
treated  orally  with melatonin  (0.3  mg/kg)  and insulin;
G8 (n=5) were diabetic rats treated orally with vitamin E
(40 mg/kg) only; G9 (n=7) were diabetic rats treated orally
with vitamin E (40 mg/kg) and insulin. The duration of the
treatment was for 8 weeks and the dose of insulin was
calculated according to the weight of each rat and the
level of blood glucose.

Biochemical Measurements: Eight weeks post treatment,
blood samples were collected for the measurement of
fasting blood sugar (FBS), glycosylated hemoglobin
(HbA1c), fructosamine (FA), total antioxidant capacity
(TAC) and malondialdehyde (MDA). All assays were
performed by following the guidelines of instrument
operation, calibration, quality control and assay
procedures of available commercial kits in a fully
automated system.

Blood samples were collected in ethylene diamine
tetra acetic acid (EDTA)-containing tubes for measuring
of HbA1c in the same day. For serum experiments,
samples were obtained in plain tubes and left for 30 min,
prior  to  centrifugation  for  15 min at 3000 rpm. Aliquots
of  1ml  were  collected  in different Eppendorf tubes for
the measurement of FBS, FA, TAC and MDA. Serum
samples were then saved in -80°C refrigerator for later
examination.
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Assessment of the activities of all antioxidants such RESULTS
as vitamins, glutathione, proteins, lipids and other
antioxidants were made by measuring TAC. MDA was Biochemical Findings: As compared to normal rats (G1),
measured to assess lipid peroxidation. TAC and MDA our results demonstrated that glucose level is
were assessed by using rat TAC ELISA kit and rat significantly increased in G3, G4, G5, G6, G7, G8 and G9
TBARS ELISA kit, respectively, both were purchased (P<0.05)  with  no  significant  change (P>0.05) in G2
from MyBioSource, Inc. The MDA assay is based on the (Table 1; Fig. 1). Fig. 2 demonstrates that the percentage
measurement of the byproduct of the reaction between of HbA1c is significantly increased in G4, G5, G6, G8 and
MDA  and  thiobarbituric  acid  under high temperature G9 (P<0.05) with no significant changes in G2 and G3
(90-100°C). The byproduct was then measured (P>0.05). As compared to normal rats (G1), fructosamine
calorimetrically at 530–540 nm and the concentration of is significantly increased in G3, G4, G5, G6, G7, G8 and G9
MDA was expressed in M. Assessment of FA was made (P<0.05) with no significant change (P>0.05) in G2 (Fig. 3).
by using the FA reagent set obtained from POINTE As compared to G1, TAC is significantly increased in G2,
SCIENTIFIC, Inc., Canton, Michigan, USA. Assessment G6 and G9 (P<0.05), with no significant changes (P>0.05)
of FBS and HbA1c were performed by using available in G3, G4, G5, G7 and G8 (Fig. 4). MDA showed non-
commercial kits in a fully automated system (COBAS significant changes in all groups. (P>0.05, Fig. 5).
integra 400 plus). The instrument was prepared and By comparing G5, G6, G7, G8 and G9 with G4, we
calibrated by using calibrator for automated systems found that glucose level is significantly decreased in G5,
obtained from Roche Diagnostics. Sensitivity, linearity G7 and G9 (P<0.05) with no significant changes (P>0.05)
and precision of the used scientific, commercial kits were in  G6  and  G8  (Fig.  1).  HbA1c   showed  statistically
evaluated by the manufacturers. The % CV of all kits was non-significant  decrease  in  its  level in groups G5, G6,
less than 5%. G7,  G8  and G9 (P>0.05) (Fig. 2). Fructosamine showed

Histopathological Examination: Eight weeks post (Fig. 3). TAC is significantly increased (P<0.05) in G9 and
treatment, rats were sacrificed and livers were collected for showed non-significant changes (P>0.05) in G5, G6, G7
histopathological examination as performed in our and G8 (Fig. 4). Moreover, there is no significant change
previous study [10]. The tissue sections were immediately in the level of MDA in all groups (Fig. 5).
fixed in (10%)formalin and the specimens were then By comparing G8 with G6 we found that glucose,
immersed in a series of ethanol (alcohol) solutions of HbA1c, fructosamine and MDA showed no significant
increasing concentration until pure, water-free alcohol is (P>0.05) changes but TAC is significantly decreased
reached. Displacement of ethanol from tissues was made (P<0.05). By comparing G9 with G7, all parameters showed
by immersing the tissue in xylene solution. Forming of the non-significant changes (P>0.05). By comparing G7 with
“blocks” was made by embedding the tissues in paraffin G6 we  found  that glucose is significantly decreased,
wax, which were then clamped into a microtome for while HbA1c,  fructosamine,  TAC and MDA showed
section cutting. The sections were then attached to non-significant changes. By comparing G9 with G8, we
microscope slides. The paraffin wax removal and dyes found  that  TAC  is  significantly increased (P<0.05),
penetration of the sections were made by reversing the while glucose, HbA1c, fructosamine and MDA showed
process of embedment. The deparaffinization of the slides non-significant change (P>0.05).
was made by running the slides through alcohols to
water. The slides were then stained by hematoxylin and Histopathological Findings: In comparison with the
eosin (H & E) and covered with a thin piece of glass normal liver (Fig. 6A), the liver of diabetic rat shows
cover. microvesicular fatty degeneration (Fig. 6B). On the other

Statistical Analysis: Descriptive statistics and one-way demonstrates degeneration of cells and edemaobserved
ANOVA  were  used  to  compare  the  concentration of in the stroma (Fig. 6C). Furthermore, the hepatocytes
the metabolic parameters between the groups. P value of exhibit granular degeneration, focal accumulation of fatty
< 0.05 was considered as statistically significant. All vacuoles and necrosis of individual cells (Fig. 6D). The
statistical methods were performed using SPSS for sinusoids are dilated and there is a progressive loss of
windows (version 20, SPSS Inc.). general  organ structure. Inflammatory changes consistent

non-significant changes (P>0.05) in G5, G6, G7, G8 and G9

hand, the liver of diabetic rat treated with vitamin E
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Table 1: Summary of the effect of vitamin E and melatonin on the level of FBS, HbA1c, FA, TAC and MDA on diabetic rats
Group G1 G2 G3 G4 G5 G6 G7 G8 G9
FBS (mg/dl) 109.6 115.5 123.7 195.78 146.38 191.4 143 187.5 140.14
SD 14.569 23.016 14.15 34.72 9.133 35.635 5.874 32.54 5.757
Significance * * * * * * *
HbA1c (%) 4.137 4.0375 4.77 4.9778 4.9 4.59 4.4111 4.83 4.457
SD 0.33751 0.56553 1.08 0.81972 0.5757 0.46536 0.35158 0.859 0.574
Significance * * * * * *
FA (mmol/l) 0.491 0.479 0.681 1.043 1.166 1.037 1.139 0.750 0.813
SD 0.0348 0.1817 0.0714 0.2775 0.353 0.2796 0.4198 0.381 0.221
Significance * *** * * * * *
TAC (ng/ml) 7.249 7.924 7.229 7.433 7.426 7.813 7.784 7.233 8.1
SD 0.4189 0.6181 0.438 0.3024 0.7472 0.5195 0.3624 0.197 0.472
Significance * * * *
MDA (nmol/l) 135.6 120 134.6 127 124 160.3 114.44 157.8 217
SD 26.416 16.036 30.35 55.794 26.431 72.207 21.066 59.71 152
Significance
Fasting blood sugar (FBS); glycosylated hemoglobin(HbA1c); fructosamine(FA); total antioxidant capacity(TAC); malondialdahyde(MDA). Symbols represent
the followings: (*) statistically significance difference when compared with G1; ( ) statistically significance difference when G5, G6, G7, G8 or G9 compared
with G4; ( ) statistically significance difference when G8 compared with G6; ( ) statistically significance difference when G9 compared with G7; ( )
statistically significance difference when G7 compared with G6; ( ) statistically significance difference when G9 compared with G8.

Fig. 1: Effect of vitamin E and melatonin on the level of FBS on diabetic rats

Fig. 2: Effect of vitamin E and melatonin on the % of HbA1c on diabetic rats
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Fig. 3: Effect of vitamin E and melatonin on the level of FA on diabetic rats

Fig. 4: Effect of vitamin E and melatonin on the level of TAC on diabetic rats

Fig. 5: Effect of vitamin E and melatonin on the level of MDA on diabetic rats
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Fig. 6: Histopathological examination by light microscope of diabetic rats treated with vitamin E in the presence or
absence of insulin. Groups are shown as follows:  Normal rats (A), Diabetic rats (B), Diabetic rats treated with
vitamin E only (C and D), Diabetic rats treated with vitamin E and insulin (E)

with steatohepatitis, which were represented by increase  in   TAC   in   rats   treated   with  melatonin
mononuclear inflammatory infiltrates of moderate (both normal and diabetic rats) and vitamin E in diabetic
intensity, were observed in periportal spaces. The central rats  treated  with  insulin  and vitamin E, they showed
veins exhibited moderate congestion. The liver of diabetic non-significant  improvement   in   other  parameters.
rat treated with vitamin E and insulin demonstrates focal These biochemical findings are supported by the
degeneration of hepatocytes. The portal tracts are histopathological findings of hepatic derangements in
infiltrated by lymphocytes (Fig. 6E). diabetic rats treated or not with vitamin E. Failure of the

DISCUSSION may be due to the non-significant improvement of glucose

Oxidative stress results from an imbalance between levels are decreased, vitamin E shows significant
excessive production of reactive oxygen species (ROS) improvement in TAC biochemically but this failed to be
and decreased antioxidant defenses. Oxidative stress is reflected on liver architectures. Short duration of
considered a second “hit, ” playing a critical role in the treatment or control of diabetes may be our explanation.
transition from steatosis to NASH. Experimental and Again, the dose of vitamin E administered to rats in
human studies indicate a strong association between the different groups may be lower than needed to show
severity of NASH and degree of oxidative stress [20, 21]. positive results. In contrast, although melatonin does not
Insufficient antioxidant defenses are also a major factor affect TAC in diabetic rats treated or not, it shows marked
promoting oxidative stress in NASH [20, 22]. Vitamin E is improvement in liver specimens of diabetic rats treated
the most widely investigated antioxidant, with the with melatonin with or without insulin. As evident from
potential  to  reduce  oxidative  stress in NASH. It has our previous results, it is clear that melatonin has more
been shown to improve steatosis and inflammation in hepatic-protective effect even in non-controlled diabetic
several random controlled trials bothin diabetic and rat [10]. As a common antioxidant, vitamin E has been
nondiabetic individuals, although comparing different used as a therapeutic component for NAFLD by inhibiting
doses of vitamin E against various agents as well as ROS production during the development of
placebo [16, 23]. Our Results although showed significant steatohepatitis.  One  study  showed  that,  compared with

protective hepatic effects of vitamin E on diabetic rats

level, HBA1c and fructosamine. Only when blood sugar



World J. Med. Sci., 15 (3): 96-103, 2018

102

the control group, 43% of patients with NASH showed 4. Guven,  A.,  O.  Yavuz,  M. Cam, F. Ercan, N. Bukan,
clinical improvement with significant reductions in their C. Comunoglu and F. Gokce, 2006. Effects of
ALT and AST levels and lobular inflammation after melatonin on streptozotocin-induced diabetic liver
treatment with vitamin E [24]. Similar effects were reported injury in rats. Acta Histochemica, 108(2): 85-93.
in a clinical study in which vitamin E ameliorated NASH 5. Nannipieri, M., C.  Gonzales,  S.  Baldi,  R.  Posadas,
by decreasing the ALT concentration and histological K.   Williams,    S.M.    Haffner,     M.P.     Stern   and
activity and promoted weight control [25]. More generally, E. Ferrannini, 2005. Liver enzymes, the metabolic
vitamin E is often used with other therapeutic methods, syndrome and incident diabetes: the Mexico City
such as comprehensive weight reduction programs, diabetes study. Diabetes Care, 28(7): 1757-1762.
leading to weight loss and normalized serum enzyme 6. Mohamed,  J.,   A.N.  Nafizah,  A.  Zariyantey and
concentrations in obese individuals with NASH [16]. S.B. Budin, 2016. Mechanisms of Diabetes-Induced
Nevertheless, some studies have shown that vitamin E is Liver Damage: The role of oxidative stress and
not superior to placebo in ameliorating NAFLD or, even inflammation. Sultan Qaboos University Medical
worse, that daily supplementation of vitamin E may Journal, 16(2): e132.
increase the risk of prostate cancer [26]. 7. Parveen,   K., M.R.   Khan,    M.    Mujeeb   and

CONCLUSIONS Pycnogenol®    on     hyperglycemia-induced

Increasing attention has been focused on NAFLD, rats. Chemico-biological           Interactions,
which  may  become  the most universal and severe 186(2): 219-227.
chronic liver disease worldwide in the next few decades. 8. Cahova, M., E. Palenickova, H. Dankova, E. Sticova,
The pathogenic mechanisms of NAFLD are complex and M.  Burian,  Z.  Drahota,  Z.  Cervinkova, O. Kucera,
associated with various complications, such as obesity, C.  Gladkova  and P. Stopka, 2015. Metformin
T2DM, hepatitis and fibrosis. Current research has failed prevents ischemia reperfusion-induced oxidative
to demonstrate any hepatic protective effect of vitamin E stress in the fatty liver by attenuation of reactive
by the dose and duration used in diabetic rats, although oxygen species formation. American Journal of
showing improvement of TAC biochemically in insulin Physiology-Gastrointestinal and Liver Physiology,
treated diabetic rats. Further studies using different doses 309(2): G100-G111.
of vitamin E and duration of treatment as well as more 9. Korkmaz, G.G., H. Uzun, U. Cakatay and S. Aydin,
strict control of blood sugar level may give different 2012. Melatonin ameliorates oxidative damage in
results. hyperglycemia-induced liver injury. Clinical &
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