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protection in normal cell. The number of people with 
diabetes is expected to rise to 592 million by 2035. As 
of 2014, an estimated 387 million people have diabetes 
worldwide.[1] This is equal to 8.3% of the adult population, 
with equal rates in both women and men.[2] Compared 
with nondiabetic individuals, male diabetic patients 
showed an increased incidence of hypogonadism 
and infertility.[3] Both insulin‑dependent  (type  1) and 
noninsulin‑dependent diabetes  (type  2) are associated 
with increased oxidative stress. Oxidative stress damage 
is also implicated in the pathogenesis of testicular 
dysfunction in diabetes.[4] Exposure to heavy metal 
like nickel has been shown impair DNA repair‑related 
enzymes through the production of reactive oxygen 
species  (ROS).[5] It has also been shown that nickel 
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Abstract
Background and Aim: Diabetes mellitus is a global problem associated with increased formation of free radicals and 
decrease in antioxidant potential. Nickel generates free radicals and induces oxidative and nitrosative stress with depletion of 
antioxidants. Vitamin E is the most effective chain‑breaking antioxidant against lipid peroxidation. Therefore, the present study 
was intended to evaluate the possible protective effect of Vitamin E (α‑tocopherol) on oxidative stress in the testis of diabetic 
rats exposed to nickel.
Methods: Diabetes was induced by alloxan monohydrate (15 mg/100 g b.wt, i.p.) in adult male Wistar albino rats. Diabetic rats in 
respective groups were exposed to nickel sulfate (2.0 mg/100 g b.wt, i.p) and α‑tocopherol (10 mg/100 g b.wt, i.m.) alone as well 
as in combination on alternate days until the tenth doses. Testicular cholesterol and protein, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), nitric oxide, and lipid peroxide were evaluated by ultraviolet–visible spectrophotometer. Testicular 
histopathology was also evaluated.
Results: Exposure of diabetes and nickel showed significantly decreased body weight, testicular‑somatic index, testicular 
cholesterol and protein, AST, ALT, nitric oxide, and lipid peroxide levels. Simultaneous α‑tocopherol supplementation showed 
remarkable improvement in all these alterations. We observed damage in testicular architecture with, tortuous seminiferous 
tubules, foci of congestion, necrosis, loss of spermatogenesis > 75% and loss of germ cell layer in diabetic and nickel‑exposed 
diabetic rats. Testis of simultaneous α‑tocopherol supplemented diabetic rats showed many normal seminiferous tubules and 
normal spermatogenesis (≥50%).
Conclusion: Vitamin E (α‑tocopherol) supplementation could exert a protective effect on the testis of diabetic rats exposed 
to nickel by suppressing the increased oxidative stress.
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INTRODUCTION

Diabetes mellitus is a global problem associated with 
increased generation of free radicals and decrease 
in antioxidant potential, which results in disturbed 
balance between free radical formation and antioxidant 
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could increase hepatic glycolysis and pancreatic 
glucagon release, decrease peripheral utilization of 
glucose, and induce gluconeogenesis.[6] Our previous 
studies and some other studies have demonstrated that 
nickel administration induce hyperglycemia in rats.[7,8] 

Extensive use of nickel in various industries  (stainless 
steel, coal‑fired power plants, etc.) and occupational 
exposure of nickel on human beings is definitely a matter 
of serious impact on human health especially male 
infertility in diabetic people. Vitamin E is a key lipid‑soluble 
antioxidant and the most effective chain‑breaking 
antioxidant within the cell membrane where it protects 
membrane fatty acids from lipid peroxidation.[9] Vitamin 
E can transfer its phenolic hydrogen to a peroxyl free 
radical of a peroxidized polyunsaturated fatty acid (ω‑6 
PUFA), thus it break the radical chain reaction and prevent 
the peroxidation of PUFA in cellular and subcellular 
membrane phospholipids. Hence, the aim of this study 
was to evaluate the possible protective effect of Vitamin 
E  (α‑tocopherol) on the testis of diabetic rats exposed 
to nickel.

MATERIALS AND METHODS

Adult male Wister albino rats (aged 60–70 days) weighing 
180–200 g were fed with laboratory stock diet and water 
ad libitum. Rats were maintained in a 12 h light/12 h 
dark cycle at constant room temperature  (22  ±  4°C), 
humidity  ~70%. The acclimatized rats were divided 
into five groups with six rats in each group. Three rats 
were kept in each metabolic wire cage (60 cm × 30 cm 
×  20 cm). All the experimental procedures followed 
were performed in accordance with the approval of 
the Institutional Animal Ethics Committee under strict 
compliance of the Committee for the Purpose of Control 
and Supervision of Experiments on Animals guidelines 
for the experimental studies.

Induction of experimental diabetes
The rats were fasted overnight and diabetes was 
induced with a single intraperitoneal injection  (i.p.) 
of  15% freshly prepared solut ion of  a l loxan 
monohydrate  (Sigma‑Aldrich, USA) in sterile normal 
saline, at a dose of 15 mg/100 g of body weight, just 
before use. Since alloxan is capable of producing 
fatal hypoglycemia as a result of massive pancreatic 
insulin release, rats were treated with 20% glucose 
solution (i.p.) after 6 h. The rats were then kept for the 
next 24 h on 5% glucose solution bottles in their cages 
to prevent hypoglycemia.[10] After 3 days, blood samples 
were collected from the tail vein. Serum was separated, 
and fasting glucose levels were estimated by glucose 
oxidase‑peroxidase enzymatic method[11] to confirm 
diabetes, only those rats which showed  ≥250 mg/dL 
blood glucose level was selected for the study.

Experimental groups
Group I and Group II rats served as controls and diabetic, 
respectively. Treatment with nickel and α‑tocopherol on 
diabetic rats in Groups III, IV, and V, was started on the 10th 
day of the confirmation of diabetes and was continued on 
alternate days until the tenth doses. The treatment period 
was 21 days. Group III diabetic rats were administered 
nickel sulfate (New India Chemical Enterprises, Kochi, 
India) in double distilled water, at a dose of 2.0 mg/100 
g of body weight, i.p.[12] Group IV diabetic rats were 
supplemented with α‑tocopherol  (Merck, Germany) 
in absolute ethanol, at a dose of 10 mg/100 g of body 
weight, intramuscular injection (i.m.).[13] Group V diabetic 
rats were given both nickel (i.p.) and α‑tocopherol (i.m.) 
simultaneously.

Animal sacrifice and sample collection
At the end of the treatment period, the rats were sacrificed 
after overnight fasting by cervical decapitation[14] 

between 09.00 a.m. to 11.30 a.m. to avert the circadian 
influences on the rats as lipid peroxide  (an oxidative 
stress parameters) in our study is sensitive to circadian 
rhythm. After sacrifice of experimental rats one side of the 
testis was dissected out, trimmed of fat, wiped clean, and 
weighed immediately, then was kept in tissue container 
and stored at −20°C for further biochemical analysis.

Gravimetry
The body weight of all the rats was recorded on the day 1 
of treatment (10th day after confirmation of diabetes) and 
the day of sacrifice. The testes weight was determined to 
the nearest of 0.1 mg in a single pan balance (ATCO. Model 
D2RS02‑W). Further, we calculated testicular‑somatic index; 
it is the ratio of organ weight to body weight of the rat.

Biochemical parameters in testicular tissue 
homogenate
Cholesterol concentration
The method of Chiamori and Henry[15] was used to evaluate 
testicular cholesterol concentration. It was done using tissue 
homogenate, acetone: ethanol mixture (1:1), glacial acetic 
acid (aldehyde free), and color reagent (ferric‑ethanol‑sulfuric 
reagent). Tissue homogenate was prepared with 100 
mg testis homogenized in 5 mL acetone: ethanol 
mixture  (1:1) using tissue homogenizer  (REMI, type 
RQ‑127A) and centrifuged  (R‑4C, REMI) at 3500 rpm for 
15 min. Standard procedure was followed using ultraviolet–
visible spectrophotometer  (SL 159, Elico Ltd). Optical 
density was recorded at 570 nm and testicular cholesterol 
concentration of samples was calculated using the standard 
curve.

Protein level
The method of Lowry et  al.[16] was used to evaluate 
testicular protein level. Tissue homogenate was prepared 
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with 50 mg testis homogenized in 10 mL phosphate buffer 
saline, pH 7.4 using a tissue homogenizer and centrifuged 
at 3500 rpm for 15 min.

Aspartate transaminase and alanine transaminase 
activity
The method of  Rei tman and Frankel . [17] and 
Tietz.[18] was used to evaluate the activities of testicular 
aspartate aminotransferase  (AST) and alanine 
aminotransferase  (ALT). It was done using tissue 
homogenate, DNPH  (2,4‑Dinitriphenyl hydrazine), 
0.4N NaOH, AST substrate  (for AST activity) and ALT 
substrate  (for ALT activity). Optical density of samples 
was recorded at 505 nm and testicular AST, and ALT 
activity was calculated.

Nitric oxide level
The method of Moshage et al.[19] was used to calculate 
testicular nitric oxide level. 500 mg of testis was 
homogenized with 5 ml of normal saline in a tissue 
homogenizer. To deproteinize the sample, 1 mL 
homogenate was added with 2 mL of ethanol and 
centrifuged at 5000 rpm for 20 min. To the supernatant, 
vanadium (III) chloride was added as a catalyst. Greiss 
reagent (250 μL sulfanilamide), and (250 μL N‑ethylene 
diamine dihydrochloride) was added. Standard 
procedure was followed to record optical density at 
540 nm, and the concentration of testicular nitric oxide 
was calculated.

Lipid peroxide level
The reaction of lipid peroxides in rat testicular tissues was 
determined by the method of Ohkawa et al.[20] Testicular 
tissue was homogenized with 1.15% KCl (10% w/v) using 
a homogenizer. The assay mixture consisted of 0.1 mL of 
tissue homogenate, 0.2 ml of 8.1% SDS, 1.5 ml of 20% 
acetic acid (adjusted to pH 3.5 with NaOH using Digital 
pH meter [LI 120, Elico Ltd.]) and 1.5 mL of 0.8% aqueous 
solution of thiobarbituric acid  (TBA). It was heated for 
60 min at 95°C  (by using Equitron Digital Water Bath). 
Thereafter, the mixture was cooled and extracted with 
5 mL of the mixture of n‑butanol and pyridine  (15:1, 
v/v). After centrifugation at 4000 rpm for 10  min, the 
organic phase was assayed spectrophotometrically at 
532 nm. The lipid peroxide levels in testicular tissue were 
expressed as μmol TBA reactants/g protein.

Histopathological evaluations
The testes of the experimental rats were dissected 
out and subjected to histopathological evaluations.[21] 

The microscopic study on routine stain  (hematoxylin 
and eosin stain) was done, and the following changes 
of the tissues of control and various treated groups 
were observed; viz. atrophy, degeneration, necrosis, 
inflammation, tumorogenecity, etc. Photomicrographs 

were taken out with the help of personal computer 
connected Magnifying Image Processing System.

Statistical analysis of the data

The statistical data obtained from all the control and 
experimental samples were analyzed for evaluating 
a range of significance. Results are expressed as 
mean ± standard deviation. To determine the significance 
of inter‑group differences, one‑way analysis  (ANOVA) 
followed by Bonferroni post hoc t‑test were done by using 
SPSS version 22 (SPSS Software Inc., Chicago, IL, USA).

RESULTS

Diabetic rats  (Group II) and nickel‑exposed diabetic 
rats (Group III) showed a significant decrease in final body 
weight (at the end of the experiment) as compared to their 
initial body weight  (before experiment); but there was 
a significant elevation observed in final body weight of 
normal control rats (Group I). We also found that there was 
no significant change between final body weight of Group 
II and Group III rats. The final body weight of α‑tocopherol 
supplemented diabetic rats  (Group IV) significantly 
increased as compared to Group II rats. Simultaneous 
α‑tocopherol supplementation in nickel‑exposed diabetic 
rats (Group V) also shown significant elevated final body 
weight when compared with Group III rats [Figure 1]. It 
was also indicated by the percent body weight gain as 
compared to Group I rats [Table 1]. Group II and Group 
III rats were shown a significant decrease in testicular 
weight and testicular somatic index as compared to Group 
I rats (Group II vs. Group I and Group III vs. Group I). But 
Group IV versus Group II and Group V versus Group III 

Figure 1: Effect of α-tocopherol on nickel-induced alteration in body 
weight of diabetic rats. Group I - Normal control, Group II - Diabetic 
control, Group III - Diabetic + nickel, Group IV - Diabetic + α-tocopherol, 
Group V - Diabetic + nickel + α-tocopherol. For final body weight the 
values with different superscripts (a, b, c, d) were significantly different 
from each other (P < 0.05). For initial body weight, the values are not 
significant from each other
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showed a significant increase in testicular weight and 
testicular somatic index [Table 1].

As shown in Table 2, testicular cholesterol concentration 
was increased two‑fold in diabetic rats  (Group II) and 
nickel‑exposed diabetic rats  (Group III) as compared 
to normal control rats  (Group I). On the other hand, 
α‑tocopherol supplemented diabetic rats (Group IV) and 
α‑tocopherol supplemented nickel‑exposed diabetic 
rats (Group V) showed significant decrease in testicular 
cholesterol concentration as compared to Group II 
and Group III rats. Significant decrease in the testicular 
protein level observed in both the groups, that is, diabetic 
(Group II) and nickel‑exposed diabetic (Group III), as 
compared to normal control rats (Group I). Further of 
α‑tocopherol supplementation in diabetic rats  (Group 
IV) and nickel‑exposed diabetic rats (Group V) revealed 
that there was there was significant increase in the level 
of testicular protein as compared with Group II and 
Group III, respectively (Group IV vs. Group II and Group 
V vs. Group III)  [Table  2]. Diabetic rats (Group II) and 
nickel‑exposed diabetic rats  (Group III) showed highly 
significant increase in the testicular AST and ALT 
activities when we compared with normal control rats 
(Group I). On the other hand, α‑tocopherol supplemented 
diabetic rats (Group IV) and simultaneous nickel‑exposed 
diabetic rats  (Group V) showed significant decrease in 
the AST and ALT activities compared to Group II and 
Group III, respectively [Table 2]. Our results presented in the 
Table 2 shows significant increase in the level of testicular 
nitric oxide in diabetes  (Group II) and nickel‑exposed 

diabetic rats  (Group III) as compared to normal control 
rats  (Group I). Also, α‑tocopherol supplemented 
diabetic  (Group IV) and nickel‑exposed diabetic  (Group 
V) rats showed significantly decreased nitric oxide level 
in testes when compared with Group II and Group III 
respectively. When we compared Group II and Group 
III rats, we observed that there was significant alteration 
in nitric oxide level in both groups. Group II  (diabetic 
control) and Group III (diabetic + nickel) rats showed a 
significant increase in the lipid peroxide level in testes as 
compared with Group I (normal control) [Table 2]. Rats 
supplemented with α‑tocopherol  (Group IV and Group 
V) showed a significant decreased in the lipid peroxide 
level as compared to Group II and Group III, respectively. 
Interestingly our results showed nonsignificant alterations 
in testicular protein, AST, ALT, nitric oxide, and lipid 
peroxide levels when compared to Group II versus Group 
III. But all parameters were significantly altered with 
α‑tocopherol supplementation (Group II vs. Group IV and 
Group III vs. Group V).

Photomicrographs of Group I  (control) rats showed 
normal testicular architecture with normal seminiferous 
tubules, fibrovascular stroma, and normal process of 
spermatogenesis [Figure 2]. But photomicrographs of Group 
II (diabetic control) rats showed an adverse effect on testicular 
architecture with interstitial fibrosis, basement membrane, 
and loss of spermatogenesis process [Figure 3]. Whereas, 
photomicrographs of Group IV (α‑tocopherol supplemented 
diabetic) rats showed protective role of α‑tocopherol 
supplementation on distorted testicular structure in 

Table 1: Effect of α‑tocopherol on nickel‑induced alteration in gravimetry of diabetic rats
Parameters Group I 

(normal control)
Group II 

(diabetic control)
Group III 

(diabetic+nickel)
Group IV 
(diabetic+ 

α‑tocopherol)

Group V 
(diabetic+nickel+ 

α‑tocopherol)
Body weight gain (%) 46.81±9.64a −8.62±1.72b −10.65±3.69b 27.31±2.06c 6.29±1.62d

Testes weight (g) 1.68±0.09a 0.90±0.04b 0.88±0.04b 1.40±0.04c 1.09±0.03d

Testicular somatic index 0.0061±0.0002a 0.0053±0.0001b 0.0052±0.0001b 0.0058±0.0001a 0.0056±0.0001b

ANOVA: Analysis of variance, SD: Standard deviation. Each value is mean±SD of six observations in each group. In each row, values with different 
superscripts (a, b, c, d) were significantly different from each other (P<0.05). Post‑hoc t‑test analysis was used to test for differences among the 
means when ANOVA indicated a significant P value

Table 2: Effect of α‑tocopherol on nickel‑induced alteration in testicular biochemical parameters of diabetic rats
Parameters Group I 

(normal control)
Group II 

(diabetic control)
Group III 

(diabetic+nickel)
Group IV 
(diabetic+ 

α‑tocopherol)

Group V 
(diabetic+nickel+ 

α‑tocopherol)
Testicular cholesterol (mg/g) 22.10±2.67a 44.98±5.79b 51.47±3.52c 35.53±4.83d 42.47±4.33b

Testicular protein (mg/g) 13.07±0.82a 7.04±0.34b 6.85±0.99b 9.97±0.56c 7.94±0.99d

AST (U/mg) 117.71±0.41a 181.88±0.71b 187.51±0.06b 153.96±0.41c 164.38±0.35d

ALT (U/mg) 42.46±6.21a 72.98±4.63b 79.90±4.98b 53.49±5.30c 55.03±6.43c

Nitric oxide (mmole/g) 2.62±0.10a 4.76±0.34b 4.88±0.35b 3.08±0.10c 3.21±0.13c

Lipid peroxide (μmol TBA 
reactants/g protein)

4.55±0.45a 7.94±0.22b 8.15±0.76b 4.95±0.12a 6.89±0.43c

TBA: Thiobarbituric acid, ANOVA: Analysis of variance, AST: Aspartate transaminase, ALT: Alanine transaminase, SD: Standard deviation. 
Each value is mean±SD of six observations in each group. In each row, values between two groups with different superscripts (a, b, c, d) were 
significantly different from each other (P<0.05). Post‑hoc t‑test analysis was used to test for differences among the means when ANOVA indicated 
a significant P value
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alloxan‑treated diabetes by improvement in distorted 
testicular architecture, interstitial fibrosis, and reduced 
spermatogenesis process  [Figure  4]. Histopathological 
studies, in Group III (nickel‑exposed diabetic) rats, depicted 
more damage in testicular architecture with diminution in 
the number and disarrangements in different generation 
of germ cells, tortuous seminiferous tubules, foci of 
congestion, necrosis, interstitial fibrosis, marked thickening 
of tubular lining basement membrane and many foci of 
loss of spermatogenesis > 75% and loss of germ cell 
layer [Figure 5]. In Group V (α‑tocopherol supplementation 
in nickel‑exposed diabetic) rats, we observed positive role 
of α‑tocopherol supplementation on damaged testicular 
architecture of nickel‑exposed diabetic rats. In Group V, 
α‑tocopherol supplementation showed many normal 
seminiferous tubules, mild thickening of tubular lining 
basement membrane, normal spermatogenesis  (≥50%) 
with few loss of spermatogenesis, mild increase in germ 
cell layer [Figure 6].

DISCUSSION

Diabetes represents a privileged situation for oxidative 
stress exerting harmful effects.[22] Decreased body 
weight is a significant marker of toxicity. Body weight 
losses observed in our study in diabetic rats as 
compared with normal control rats may be due to 

the metabolic derangements, and it could culminate 
in tissue wasting and breakdown.[23,24] According to 
Vivek et  al.,[25] besides the impairment of islet cells 
by alloxan, it also has a significant effect on the body 
weight of the rats. In our previous studies, we observed 
the nickel has an adverse effect on total body weight 
gain of rats.[26] Simultaneous supplementation with 
α‑tocopherol has cut down the percent body weight 
loss of nickel‑exposed diabetic rats and showed 
improvement of body weight which reflects restoration 
of growth rate among diabetic and nickel‑exposed 
diabetic rats as rats were under its growing phase.[27] In 
our study, a reduction of the weight of testes (gonadal 
weight) was seen in diabetic control and nickel‑exposed 
diabetic rats could be due to testicular atrophy in 
diabetic rats. The effects of experimental diabetes on 
the functions of reproductive system and disturbances 
of hypothalamus‑pituitary‑gonadal axis have been 
reported.[28] The present study shows alloxan‑treated 
diabetes resulted in significant diminution in testicular 
somatic index, which may be due to apoptotic cell death 
caused by low serum testosterone level as it is the 
prime regulator of normal growth of male reproductive 
organs.[29] The supplementation of α‑tocopherol in 
diabetic and nickel‑exposed diabetic rats showed a 

Figure 2: Testis section of Group I (normal control) rats. Fibrovascular 
stroma present between the seminiferous tubules contains the varying 
number of interstitial cells of Leydig (A), normal seminiferous tubules 
(B), basement membrane (C) and spermatogenesis process (D)

Figure 3: Testis section of Group II (diabetic control) rats. Distorted 
testicular parenchymal tissue (black arrow), interstitial fibrosis (A), 
marked thickening of tubular lining basement membrane (B) and loss 
of spermatogenesis (C)

Figure 4:  Testis section of Group IV (diabetic + α-tocopherol) rats. 
Recovery in distorted testicular parenchymal cells (arrows), interstitial 
fibrosis and also increased spermatogenesis process (block arrow)

Figure 5:  Testis section of Group III (diabetic + nickel) rats. Diminution 
in the number and disarrangements in different generation of germ cells 
(circle), tortuous seminiferous tubules, foci of congestion, necrosis, 
interstitial fibrosis, marked thickening of tubular lining basement 
membrane (arrow) and many foci of loss of spermatogenesis >75% 
and loss of germ cell layers (block arrow)
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significant increase in testicular weight and testicular 
somatic index. Therefore, from the results of the present 
study it could be suggested that α‑tocopherol has the 
potential antioxidant property to scavenge free radicals 
produced by alloxan diabetes and nickel.

It is well‑established that diabetes induces the 
dyslipidemia.[30] In the present study, testicular cholesterol 
concentration was significantly higher in diabetic 
and nickel‑exposed diabetic rats. It indicates a loss of 
membrane integrity. The present study showed nickel 
exposure to diabetic rats exhibited oxidative stress 
in testicular tissue as indicated by further increase 
in testicular cholesterol level. It may be a result of 
nickel accumulation in the liver, and this may lead to 
a disturbance of lipid metabolism and an elevation of 
testicular cholesterol.[31] The lowering of total cholesterol 
was observed with α‑tocopherol supplementation which 
indicates that this vitamin specifically targeted the 
mechanisms involved in diabetes‑induced dyslipidemia.

Decreased protein level is observed in our diabetic study 
group. Advanced oxidative protein products, ROS, and 
free radicals produce protein carbonyl products are 
considered as markers of oxygen‑mediated protein 
damage.[32] Nickel directly induces alteration of protein 
synthesis by decreasing total protein concentration in 
testes. Perhaps nickel induces a protein catabolic pathway 
also, apart from reduced protein anabolism. Functional 
support from testicular androgen may be also disturbed 
by reduced concentration of testicular androgen and its 
impact on testicular biosynthesis of protein.[33] In our 
present study, antioxidant supplement clearly reflects 
beneficial role of α‑tocopherol on protein synthesis on 
diabetes and nickel‑exposed diabetic rats.

This study showed the increased activities of AST 
and ALT in testes, indicated that diabetes may induce 

testicular metabolic dysfunction, it is in agreement with 
the previous studies.[34] Leakage of cytoplasmic enzymes 
appears to be a sensitive indicator of cellular injury 
produced by heavy metals. Nickel executed the leaked 
enzymes leading to increase in AST and ALT activity in the 
testes.[35,36] Our present study of nickel‑exposed diabetic 
rats also showed elevated activities of both the enzymes. 
On the other hand, α‑tocopherol supplementation 
reduced the alteration of these enzymatic activities 
possibly by decreasing the leakage in diabetic as well as 
in nickel‑exposed diabetic rats.

In our studies, testicular nitric oxide level was increased 
in diabetic rats. It may be due to the formation of paired 
nitrite, destruction of iron‑sulfur clusters, thiol nitrosylation 
and nitrates of protein tyrosine residual. Our results are 
in agreement with the previous studies.[37,38] There is a 
significant role of antioxidant to counteract or neutralize 
oxidative free radicals with nitric oxide donors. Vitamin E 
has the ability to preserve diacylglycerol kinase activity and 
thus normalize the upregulation in PKC (protein kinase C) 
which can inhibit nitric oxide synthase (NOS) activity. Our 
previous studies had shown an elevation of nitric oxide 
level in nickel‑exposed rats.[39] It clearly reflects increased 
inducible NOS (iNOS) activity or increased nitrosative stress 
by nickel in testes. Our present study of nickel‑exposed 
diabetic rats also showed elevated nitric oxide level. 
On the other hand, the simultaneous α‑tocopherol 
supplementation possibly reduced the nitrosative stress 
in diabetic and nickel‑exposed diabetic rats.

The increased lipid peroxidation seen in the testes 
of nickel‑exposed diabetic rats suggests the possible 
production of superoxide anions, hydroxyl radicals, 
and singlet oxygen from peroxide (H2O2) reacting with 
the nickel sulfate complex of glycylglycyl‑L‑histidine. 
Nickel also assists in the generation of activated oxygen 
species that in turn, can cause damage to lipids, cell 
membranes, and DNA.[40] Nickel, which crosses the 
blood‑testis barrier, has been suggested as the basis 
of the oxidative stress and eventual oxidative damage 
seen in testicular tissues.[41] In our study, diabetic 
control  (Group V) rats showed a significantly higher 
concentration of lipid peroxide. These evidences 
correspond to the findings of an earlier study.[42] 
Increase in lipid peroxide levels in diabetic rat testes 
may be contributed by increased production of free 
radical or due to decrease in the antioxidant status. 
Further, we observed lipid peroxide levels decreased 
in both diabetic and nickel‑exposed diabetic rats after 
supplementation of α‑tocopherol in Groups IV and V. 
It may be due to significant protection by α‑tocopherol 
against oxidative stress in rat testes.

The abnormal spermatogenesis in diabetic conditions 
was reported in previous studies.[43] In this study, the 

Figure 6: Testis section of Group V (diabetic + nickel + α-tocopherol) 
rats. Normal testicular parenchymal architecture maintained (white 
arrows), majority of seminiferous tubules appear normal, mild thickening 
of tubular lining basement membrane (red arrows), spermatogenesis 
appears normal with few loss of spermatogenesis up to 50%, mild 
increase in germ cell layer (block arrow), mild decrease in number 
of interstitial foci of cells of Leydig, foci of congestion, edema, and 
interstitial fibrosis
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histological changes of testicular tissue are comparable 
and in accordance with the studies that reported the 
degeneration and necrosis of seminiferous tubules, giant 
cell formation, and interstitial tissue changes.[44,45] Nickel 
can cross the blood testis barrier and make degeneration 
of seminiferous tubules, focal necrosis and decreases 
spermatogenesis.[39] In our present study, nickel‑exposed 
diabetic rats showed further damage in testicular 
architecture. Further, we observed supplementation 
of α‑tocopherol appeared to ameliorate the adverse 
effects of alloxan diabetes and nickel‑exposed diabetes 
on distorted testicular architecture, interstitial fibrosis, 
and reduced spermatogenesis process. It may be due 
to α‑tocopherol is powerful lipophilic antioxidant that 
is absolutely vital for the maintenance of mammalian 
spermatogenesis.[46] An interesting outcome of this 
study was not to observe any additional adverse impact 
of combined effect of diabetes and nickel sulfate as 
compared to only diabetes or nickel sulfate treatment.

Limitations of the study
We could not evaluate testicular nickel concentration in 
the diabetic rats.

CONCLUSION

Diabetic and nickel‑exposed diabetic rats clearly 
reflected a definite oxidative and nitrosative stress in the 
physiological system including testicular histopathology of 
the adult male albino Wistar rats. Nickel‑exposed diabetic 
rats showed nearly same adverse effects as compared to 
only diabetic rats or nickel alone treated rats. The alteration 
in oxidative and nitrosative stress markers in testes due to 
nickel treatment and diabetes or in both clearly indicate 
changes in testicular microenvironments which is further 
supported by altered histopathology of testes. Further, in 
our study, the simultaneous α‑tocopherol supplementation 
showed a protective effect on alloxan‑treated diabetes and 
nickel‑exposed diabetes by attenuating oxidative stress in 
testicular pathophysiology. This makes us conclude that 
possible consideration of α‑tocopherol supplementation 
as a preventive measure to combat heavy metal toxicities 
and diabetes mellitus.
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