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A B S T R A C T   

Introduction: Diabetes causes testicular damage due to oxidative stress. Nowadays, the use of vitamins and an-
tioxidants is one of the common methods to treat this disease. Therefore, the aim of this study is to investigate the 
effect of single and combined administration of these two substances on the reproductive system of male diabetic 
rats. 
Method and materials: In this study, 48 adult male Wistar rats weighing 250–270 grammes were divided into 6 
groups: Control group, diabetic group, vehicle group, vitamin E, curcumin group, and vitamin E and curcumin 
group. The control group was the healthy group, and in the other groups, the rats were made diabetic by 
streptozotocin (60 mg/kg/ip). The vehicle group received 1 ml of olive oil, the vitamin E group (100 mg/kg/ip) 
received Vit.E, and the curcumin group (50 mg/kg/ip) received Cu. The group of rats received vitamin E and 
curcumin. At the end of the sixth week after treatment, blood was taken from the rats and biochemical analysis 
was performed to check the amount of malondialdehyde (MDA), LH hormones and serum testosterone, then the 
rats were killed and their testes and epididymides were removed. The weight of the testes and sperm parameters, 
the maturity of sperm nuclei and the integrity of their DNA were checked. The number of spermatogenic cells 
was determined by histological examination. 
Results: This study showed that diabetes caused a decrease in testicular weight, sperm count, motility, and 
viability, an increased percentage of sperm with immature nuclei, and an increased percentage of sperm with 
denatured DNA. In addition, diabetes decreased the average number of matogenic sperm, and biochemical re-
sults showed that diabetes increased the level of MDA and decreased the level of the hormones LH and testos-
terone. Treatment with vitamin E, curcumin and their combination improved all these parameters, and this 
improvement was significant in the Toam group. 
Conclusion: Combined administration of vitamin E and curcumin in diabetic rats significantly improves sperm 
parameters, matogenic sperm count, and improves MDA levels, LH, and serum testosterone compared with 
separate treatment.   

1. Introduction 

Diabetes mellitus, a chronic metabolic disorder characterized by 
hyperglycemia, poses a significant health burden worldwide [1,2]. It 
affects multiple organ systems, including the reproductive system, 
leading to impaired reproductive function and fertility issues in both 

males and females [3]. Among the complications associated with dia-
betes, reproductive dysfunction has gained considerable attention due to 
its profound impact on the quality of life and overall well-being of in-
dividuals affected [3–5]. 

In recent years, extensive research has focused on investigating the 
potential therapeutic interventions to mitigate the detrimental effects of 
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diabetes on reproductive health [5]. In this regard, natural compounds 
and dietary supplements have emerged as promising candidates for 
adjunctive therapy in diabetes-related complications [4]. Two such 
compounds, curcumin and vitamin E, have gained attention for their 
potential protective effects against diabetic reproductive impairments 
[4,5]. 

Curcumin, a polyphenolic compound derived from the rhizomes of 
Curcuma longa, possesses potent antioxidant, anti-inflammatory, and 
anti-diabetic properties [6]. It has been widely studied for its diverse 
pharmacological effects and has shown promising results in amelio-
rating diabetic complications in various organ systems. Similarly, 
vitamin E, a lipid-soluble antioxidant, has been recognized for its pro-
tective role against oxidative stress-induced damage [7]. 

Considering the growing body of evidence on the individual benefits 
of curcumin and vitamin E in diabetes management, the exploration of 
their combined effects on the reproductive system of diabetic male rats 
is of significant interest [6]. Understanding the potential synergistic 
effects of these compounds may provide valuable insights into the 
development of novel therapeutic strategies to combat 
diabetes-associated reproductive impairments [7]. 

The reproductive system of males is particularly susceptible to the 
detrimental effects of diabetes, including impaired spermatogenesis, 
decreased sperm quality, and altered hormonal balance [6]. These al-
terations can ultimately lead to reduced fertility and reproductive 
dysfunction [7]. However, the exact mechanisms underlying the impact 
of diabetes on the male reproductive system and the potential protective 
effects of curcumin and vitamin E remain areas of active investigation 
[8]. 

Novel coronavirus has caused global concern due to its emergence 
and being unknown as well as its high mortality rate [9–11]. In this 
situation, the main responsibility of the medical staff is to implement 
strategies to adapt to these stressful conditions [12–14]. This study aims 
to evaluate the effects of co-administration of curcumin and vitamin E 
on the reproductive system of diabetic male rats. By examining various 
parameters such as sperm count, motility, morphology, hormonal levels, 
and testicular histology, we seek to elucidate the potential protective 
mechanisms of these compounds in mitigating diabetes-induced repro-
ductive dysfunction. 

Overall, this research endeavors to shed light on the potential ben-
efits of co-administering curcumin and vitamin E in ameliorating the 
detrimental effects of diabetes on the male reproductive system. The 

outcomes of this study may provide valuable insights into the develop-
ment of novel therapeutic approaches to address reproductive impair-
ments in diabetic individuals, thereby improving their quality of life and 
reproductive well-being. 

2. Material and method 

2.1. Sampling and intervention 

A total of 60 rats were randomly selected and divided into six groups, 
each consisting of 10 animals. The groups were as follows: Control group 
(C) (n = 10), which received an intraperitoneal injection of 1 ml of olive 
oil. Diabetic group (D) (n = 10), in which rats were induced with dia-
betes by intraperitoneal injection of streptozotocin (STZ) at a dosage of 
60 mg/kg. Vehicle group (V) (n = 10), in which rats were induced with 
diabetes using STZ and received an intraperitoneal injection of 1 ml of 
olive oil. Curcumin (Cu) group (n = 10), in which rats were induced with 
diabetes using STZ and received an intraperitoneal injection of curcumin 
at a dosage of 50 mg/kg. Vitamin E group (n = 10), in which rats were 
induced with diabetes using STZ and received an intraperitoneal injec-
tion of vitamin E at a dosage of 100 mg/kg. Vitamin E and curcumin 
group (E + Cu) (n = 10), in which rats were induced with diabetes using 
STZ and received intraperitoneal injections of both vitamin E (100 mg/ 
kg) and curcumin (50 mg/kg). The treatment groups received their 
respective doses three times weekly for a duration of four weeks (28 
days) [15–17]. 

For the induction of diabetes and treatment groups, STZ (60 mg/kg) 
dissolved in 0.1 M citrate buffer was injected intraperitoneally [18]. 
After eighteen hours, blood glucose levels were measured using a 
glucometer and tail puncture method. Rats with blood glucose levels 
exceeding 300 mg/kg were considered diabetic and included in the 
study. 

On day 42 after treatment, the rats were euthanized with a double 
injection of ketamine (160 mg/kg), and their testes and epididymides 
were surgically removed. The caudal part of the epididymis was used for 
evaluating sperm parameters, the right testis for histological studies, and 
the left testis for biochemical analysis. 

2.2. Spermatozoa preparation and counting 

On day 42 after treatment, rats were euthanized by intraperitoneal 

Chart 2. The average percentage of sperm motility. Significant difference with the control group at the 0.05 level *. Significant difference with vehicle group at 0.05 
level +. Significant difference with diabetes group at 0.05 level #. Significant difference with vitamin E group at 0.05 level **. Significant difference with Curcumin 
group at 0.05 level ##. 
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injection of a double dose of ketamine and xylazine. The testes and 
epididymides were isolated by removing the surrounding connective 
tissue. The epididymal tail was placed in a Petri dish containing 1 ml of 
Human Tubal Fluid (HTF) culture medium supplemented with 4 mg/ml 
of bovine serum albumin (BSA) and incubated at 37 ◦C. Several incisions 
were made in the tail of the epididymis to release the sperm, which was 
then divided into smaller pieces and placed in the incubator. The testis 
was separated from the surrounding tissues and fixed in 10 % formalin 
for histological processing. After thirty minutes, the sperm was collected 
and distributed in the surrounding area. Sperm counting was performed 
by preparing a 1:20 dilution of sperm and adding 10 microliters of the 
diluted solution onto a Neobar slide. The sperm were then counted 
under a light microscope. 

2.3. Sperm movement examination (motility) 

To assess sperm motility, a drop of the sperm suspension was placed 
on a Neobar slide and examined under a light microscope at 400 ×
magnification. The number of sperm exhibiting rapid forward motion 
(RPFM), slow forward motion (SPFM), rotational motion (CM), and 
immobility (ml) were counted in different fields of the microscope, and 
the percentages of motile and immobile sperm were calculated. Ten 
different fields were analyzed for each sample [19]. 

2.4. Measurement of body weight and testes weight 

The body weight of the animals was measured to monitor their 
general health, and the weight of the testes was also recorded. 

2.5. Examination of sperm nucleus maturation 

Aniline blue staining (AB) was performed to assess the maturation 
state of the sperm nuclei. Aniline blue specifically stains histones, which 
are present in immature sperm with uncondensed chromatin. A drop of 
the sperm suspension was placed on a slide and allowed to air dry. The 
samples were then fixed with 3 % glutaraldehyde and stained with 5 % 
aniline blue solution followed by incubation with 4 % acetic acid [20, 
21]. The percentage of sperm stained with AB was determined by 
counting 400 sperm in each sample under a light microscope at 100×
magnification (Charts 2–4). 

2.6. Investigation of DNA damage 

Acridine orange (AO) staining was employed to evaluate the extent 
of DNA damage in sperm. AO can distinguish healthy double-stranded 
DNA from denatured and unhealthy single-stranded DNA. A drop of 
the sperm suspension was placed on a slide and air-dried, followed by 
fixation in Carnoy’s solution (methanol-acetic acid) for 2 h. The slides 
were then stained with AO for3 minutes and examined under a 

Chart 3. The average percentage of live sperm (viability) in the studied groups. Significant difference with the control group at the 0.05 level *. Significant difference 
with diabetes group at 0.05 level #. Significant difference with vehicle group at 0.05 level +. 

Chart 4. The average percentage of sperm with immature chromatin in the studied groups. Significant difference with the control group at the 0.05 level *. Sig-
nificant difference with diabetes group at 0.05 level #. Significant difference with vehicle group at 0.05 level +. 
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fluorescence microscope using a blue excitation filter. The percentage of 
sperm with DNA damage was determined by counting 400 sperm in each 
sample. 

2.7. Evaluation of testicular histology 

The fixed testes were processed and embedded in paraffin wax, and 
5-μm-thick sections were prepared. The sections were stained with he-
matoxylin and eosin (H&E) for general histological examination. The 
slides were examined under a light microscope, and images were 
captured for analysis. The seminiferous tubules were evaluated for the 
presence of spermatogenic cells, germ cell maturation, and any histo-
pathological changes. 

2.8. Biochemical analysis 

The left testis was homogenized in ice-cold phosphate buffer saline 
(PBS), and the homogenate was centrifuged at 3000 rpm for 10 min at 
4 ◦C. The supernatant was collected for biochemical analysis. The levels 
of malondialdehyde (MDA), superoxide dismutase (SOD), catalase 
(CAT), and glutathione (GSH) were measured using standard biochem-
ical assays [22]. 

2.9. Statistical analysis 

Data were analyzed using appropriate statistical methods such as 
analysis of variance (ANOVA) followed by post hoc tests. Results were 
expressed as mean ± standard deviation (SD), and p-values less than 
0.05 were considered statistically significant. 

3. Findings 

3.1. The results of body weight, testicle weight and testicle weight index 

The average weight of mice showed statistically significant differ-
ences between the control group and the diabetes, vehicle, vitamin E, 
Cu, and E + Cu groups (P = 0.001). Additionally, significant differences 
were observed in the average weight of rats between the diabetes group 
and the vitamin E (P = 0.017), Cu (P = 0.001), and Cu + E (P = 0.001) 
groups. The vitamin E group also exhibited a statistically significant 
difference in average weight compared to the Cu + E group (P = 0.001). 
However, no statistically significant difference in average weight was 
found between the vitamin E group and the Cu group (P = 0.183). 
Notably, a statistically significant difference in average weight was 
observed between the Cu group and the Cu + E group (P = 0.001). 

Regarding testicular weight, a statistically significant difference was 
observed between the control group and the diabetes, vehicle, vitamin E, 
and Cu groups (P = 0.001). However, the average testicular weight 
between the control group and the Cu + E group did not reach statistical 
significance (P = 0.052). Furthermore, significant differences in average 
testicular weight were found between the diabetes group and the 
vitamin E (P = 0.017), Cu (P = 0.001), and Cu + E (P = 0.001) groups. 
The vitamin E group also exhibited a statistically significant difference 
in average testicular weight compared to the CU + E group (P = 0.001). 
Conversely, no statistically significant difference in average testicular 
weight was observed between the vitamin E group and the Cu group 
(P = 0.999). Lastly, a statistically significant difference in average 
testicular weight was found between the Cu group and the Cu + E group 
(P = 0.001). 

Regarding the testicular index, a statistically significant difference 
was observed between the control group and the diabetes and vehicle 
groups (P = 0.001). However, no statistically significant difference was 
found in the average testicular index between the control group and the 
Cu + E (P = 0.999), vitamin E (P = 0.995), and Cu (P = 0.738) groups. 
The diabetes group showed statistically significant differences in 
average testicular index compared to the vitamin E, Cu, and Cu + E 
groups (P = 0.001), while no significant difference was observed be-
tween the diabetes group and the vehicle group (P = 0.999). Moreover, 
no statistically significant difference in average testicular index was 
found between the vitamin E group and the Cu (P = 0.956) and Cu + E 
(P = 0.999) groups. Lastly, the difference in average testicular index 
between the Cu group and the Cu + E group did not reach statistical 
significance (P = 0.991). 

3.2. Sperm motility review 

The difference in the mean percentage of sperm motility between the 
control group and the diabetes, vehicle, vitamin E and Cu groups is 
statistically significant (p = 0.001), while the difference in the mean 
percentage of sperm motility between the control group and the CU + E 
group is not statistically significant (p = 0.694). The difference in the 
average percentage of sperm motility between the diabetes group and 
the vitamin E (p = 0.011), CU (p = 0.003) and CU + E (p = 0.001) 
groups is statistically significant. The difference in the average per-
centage of sperm motility between the vitamin E and CU + E groups is 
statistically significant (p = 0.001), while the difference in the average 
percentage of sperm motility between the vitamin E group and CU group 
is not statistically significant (p = 0.999) (Table 1). 

Table 1 
Mean ± standard deviation related to changes in body weight, testis weight and testis weight index in rats in different groups.  

Variables Control Diabetes Vehicle Vitamin E CU E + CU 

Weight of mice (gram) 264.7 ± 12.79 189.4 ± 0.31 a 190.3 ± 87.18 a 201.6 ± 12.31 abc 209.8 ± 62.35 abc 246.10 ± 25.32 ab 
Testicle weight (gram) 47.06 ± 1.0 63.049 ± 0.0 a 64.07 ± 0.0 a 101.094 ± 1.0 abc 11.095 ± 1.0 abc 35.095 ± 1.0 b 
Testicle weight index 56.034 ± 0.0 33.022 ± 0.0 a 33.035 ± 0.0 a 55.043 ± 0.0 b 53.046 ± 0.0 b 55.046 ± 0.0 b 

* a indicates a significant difference with the control group * b indicates a significant difference with the diabetes group * c indicates a significant difference with the 
E + Cu group * (p < 0.05). 

Table 2 
Comparison of average sperm parameters in different groups.  

Variables Control Diabetes Vehicle Vitamin E CU E + CU 

Sperm count (106 × ml) 384 ± 0.14 202 ± 0.35 a 339.25 ± 1.21 a 5.03 ± 2.30 abc 59.94 ± 2.33 b 5.30 ± 4.37 b 
Mobility percentage (%) 157.81 ± 7.39 159.16 ± 2.25 a 657.18 ± 3.08 a 941.38 ± 6.34 abc 714.45 ± 4.98 abc 941.72 ± 5.46 b 
Viability percentage (%) 73.276 ± 8.33 40.645 ± 2.27 a 42.069 ± 3.25 a 51.183 ± 6.07 a 58.011 ± 4.907 68.311 ± 5.46 b 
Immature sperm with chromatin (%) 2.2 ± 1.32 24 ± 4.42 a 22.2 ± 3.61 a 8 ± 1.94 ab 7.2 ± 1.75 ab 4.5 ± 1.58 b 
Sperm with denatured DNA (%) 9.38 ± 9.17 29.5 ± 1.2 a 28.88 ± 1.96 a 25.63 ± 1.51 ab 22 ± 1.31 abd 19.758 ± 1.58 abde 

* a indicates a significant difference with the control group * b indicates a significant difference with the diabetes group * c indicates a significant difference with the 
E + Cu group * d represents a significant difference with vitamin E group * e indicates a significant difference with the Cu group (p < 0.05). 
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3.3. Verification of sperm viability 

The difference in the average percentage of live sperm between the 
control group and the diabetes, vehicle (p = 0.001), and vitamin E 
(p = 0.004) groups is statistically significant. In contrast, the difference 
in the average percentage of viable sperm between the control group and 
the CU group (p = 0.81) and the CU + E group (p = 0.563) is not sta-
tistically significant. The difference in the average percentage of viable 
sperm between the diabetes group and the CU + E group (p = 0.009) is 
statistically significant, while the difference in the average percentage of 

viable sperm between the diabetes group and the vitamin E (p = 0.708) 
and CU (p = 0.142) groups is not statistically significant. The difference 
in the average percentage of live sperm between the vitamin E group, the 
CU + E group (p = 0.272) and the Cu group (p = 0.891) is not statisti-
cally significant. Finally, the difference in the average percentage of live 
sperm between the CU group and the CU + E group is not statistically 
significant (p = 0.882). Table 2 and show the average percentage of live 
sperm (viability) in the studied groups. The results related to the per-
centage of live sperm in Table 2–4 show that diabetes causes a signifi-
cant decrease in the percentage of live sperm compared to the control 
group. The combined administration of vitamin E and CU caused a 
significant increase in the percentage of live sperm compared with the 
diabetic group. Although separate administration of E and CU increased 
the percentage of live sperm compared with the diabetic group, this 
increase was not significant. 

3.4. Examination of the quality of chromatin and maturity of the sperm 
nucleus (aniline blue staining) 

The difference in the average percentage of sperm with immature 
chromatin between the control group and the diabetes, vehicle, vitamin 
E (p = 0.001) and CU (p = 0.002) groups was statistically significant. In 
contrast, the difference in the average percentage of sperm with 
immature chromatin between the control group and the CU + E group is 
not statistically significant (p = 0.41). The difference in the average 
percentage of sperm with immature chromatin between the diabetes 
group and the vitamin E, CU and CU + E groups is statistically 

Table 3 
Comparison of changes in testicular tissue cells in the studied groups.  

Groups Spermatogonia Spermatocyte Spermatid Leydig 

Control 78.33 ± 7/89 95 ± 8.97 128.33 
± 1313 

8.25 
± 1.91 

Diabetes 32.83 ± 4.22 a 46.17 ± 6.62 a 77 ± 8.54 a 3 ± 1.81 a 
Vehicle 31 ± 3.76 a 46.08 ± 5.14 a 78.92 ± 11.02 

a 
2.83 
± 1.47 a 

Vitamin 
E 

61.25 ± 5.93 
abc 

70 ± 5.27 abc 94.17 ± 8.24 
abc 

5 ± 2.17 ac 

Cu 66.42 ± 5.9 abc 78.42 ± 10.05 
abc 

100 ± 14.18 
ab 

6 ± 1.71 
ab 

E + Cu 81.25 ± 10.79 b 92 ± 7.52 b 114 ± 15.94 b 8.08 
± 1.88 b 

* a indicates a significant difference with the control group * b indicates a sig-
nificant difference with the diabetes group * c indicates a significant difference 
with the E + Cu group * (p < 0.05). 

Table 4 
Descriptive statistics of the parameters under study according to the groups under study.  

Variable Groups Result 

Control Diabetes Vehicle Vitamin E Cucumin Vitamin E & Curcumin  

Testosterone 
(ng/ml) 

0.78 ± 0.01 0.18 ± 0.13 
a 

0.20 ± 0.18 
a 

0.31 ± 0.21 
a 

0.44 ± 0.36 
a 

0.53 ± 0.23 
b 

P < 0.001 * 

LH 
(mIU/ml) 

0.67 ± 0.90 0.29 ± 0.11 
a 

0.29 ± 0.08 
a 

0.36 ± 0.11 
a 

0.36 ± 0.13 
a 

0.45 ± 0.08 
ab 

P < 0.001 * 

MDA 
(nmol/ml) 

11.95 ± 1.64 81.13 ± 19.9 
a 

81.75 ± 17.09 
a 

68.63 ± 24.58 
ac 

63.63 ± 13.59 
ac 

49.13 ± 6.85 
Ab 

P < 0.001 * 

*Statisticaly significance (p-value < 0/05). 
* a indicates a significant difference with the control group * b indicates a significant difference with the diabetes group * c indicates a significant difference with the 
E + Cu group * (p < 0.05). 

Chart 5. The average percentage of sperm with denatured DNA according to the groups under investigation. *Significant difference with the control group at 
p < 0.05 level. #Significant difference with diabetes group at p < 0.05 level. +significant difference with the vehicle group at p < 0.05 level. $significant difference 
with vitamin E group at p < 0.05 level. **Significant difference with curcumin group at p < 0.05 level. 
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significant (p = 0.001). The difference in the average percentage of 
sperm with immature chromatin between the vitamin E group and the 
CU (p = 0.985) and CU + E (p = 0.057) groups is not statistically sig-
nificant. Finally, the difference in the average percentage of sperm with 
immature chromatin between the CU group and the CU + E group 
(p = 0.238) is not statistically significant. Table 2 and show the average 
percentage of spermatozoa with immature chromatin in the studied 
groups. The results related to the percentage of sperm with immature 
chromatin in Table 2 show that diabetes causes a significant decrease in 
the percentage of sperm with immature chromatin compared to the 
control group. Administration of vitamin E and CU and the combination 
of Endo caused a significant increase in the percentage of sperm with 
immature chromatin compared with the diabetic group. Although 
combined administration of vitamin E and CU decreased the number of 
sperm with immature chromatin compared with separate administration 
of these antioxidants, this increase was not significant. 

3.5. Examination of the percentage of spermatozoa with denatured DNA 
(acridine orange stain) 

The difference in the mean percentage of sperm with denatured DNA 
between the control group and the diabetes, vehicle, vitamin E, CU, and 
CU + E groups is statistically significant (p < 0.001). The difference in 
the mean percentage of sperm with denatured DNA between the dia-
betes group and the vitamin E, CU, and CU + E groups is statistically 
significant (p < 0.001). The difference in the average percentage of 
sperm with denatured DNA between the vitamin E group and the CU and 
CU + E groups is statistically significant (p < 0.001). Finally, the dif-
ference in the average percentage of sperm with denatured DNA be-
tween the CU group and the CU + E group is statistically significant 
(p = 0.037). Table 2 and 5 and Chart 5 show the average percentage of 
sperm with denatured DNA and its comparison in the studied groups. 
According to the results, diabetes led to a significant increase in the 
percentage of sperm with denatured DNA compared to the control 
group. Administration of vitamin E and CU alone and in combination 
resulted in a significant decrease in the percentage of sperm with de-
natured DNA compared to the diabetic group. 

3.6. Histopathological examination 

After fixation in 10 % formalin and tissue processing, 5-micron slices 
were prepared from the testes and stained with H&E, and the number of 
spermatogonial, primary spermatocytes, spermatids and lyid cells were 
counted under a light microscope. Table 3–4 shows the average number 
of spermatogonial cells, primary spermatocytes, spermatids in the 
seminiferous tubules and the average number of Lyid cells in the inter-
stitial space. According to the ANOVA (Tukey) test, the following results 
have been obtained. The difference in the average number of sper-
matogonial cells between the control group and the diabetes, vehicle, 
vitamin E and CU groups is statistically significant (p = 0.001). While 
the difference in the average number of spermatogonial cells between 
the control group and the Cu + E group (p = 0.9) is not statistically 
significant. The difference in the average number of spermatogonial 
cells between the diabetes group and vitamin E, CU and Cu + E groups is 
statistically significant (p = 0.001). The difference in the average 
number of spermatogonial cells between vitamin E group and Cu + E 
group is statistically significant (p = 0.001). While the difference in the 
average number of spermatogonial cells between E group and CU group 
is not statistically significant (p = 0.44). Finally, the difference in the 
average number of spermatogonial cells between the CU group and the 
Cu + E group is statistically significant. According to the findings 
related to the number of spermatogonial cells in Table 3, diabetes caused 
a significant decrease in the number of spermatogonial cells compared 
to the control group. The administration of vitamin E and CU and a 
combination of endo caused a significant increase in the number of 
spermatogonial cells compared to the diabetic group. The combined 

administration of vitamin E and CU caused a significant increase in the 
number of spermatogonial cells compared to the separate administra-
tion of these two antioxidants. 

4. Discussion 

The objective of this study was to investigate the protective effect of 
vitamin E and curcumin alone and in combination on the genital tract in 
male diabetic rats. 

A significant increase in body weight was observed in the 
alphatocopherol-treated group compared to the diabetic group. The 
researchers concluded that this weight gain was due to the maintenance 
of normal growth rates in alpha-copherol treated diabetic rats. This is 
because in diabetic rats, the growth rate decreases with age due to 
metabolic disturbances [23], and alpha-copherol prevented these 
metabolic disturbances and caused the rats to grow normally and in-
crease in weight. Also, in Jarger’s study, testicular weight loss was 
observed in the diabetic group, and it was concluded that this weight 
loss could be due to testicular atrophy in diabetic rats. Testicular atro-
phy is influenced by factors that interfere with spermatogenesis and 
reduce the number of gametes. One of these factors is the presence of 
oxygen free radicals, whose production has been shown to increase in 
diabetes due to hyperglycemia. As a potent antioxidant, vitamin E has 
been shown to prevent the harmful effects of free radicals in sper-
matogenesis and decrease the number of gametes, thereby preventing 
testicular atrophy and eventually their weight loss [24–26]. In a study, 
Momeni et al. [27] investigated the protective effect of vitamin E on 
sperm parameters of adult rats treated with an environmental pollutant 
called paranonylphenol. In their study, testicular weight increased 
significantly in the vitamin E treated group compared to the control 
group. The results of this study are consistent with the findings of our 
study on the increase in testicular weight after vitamin E administration. 
It was found that vitamin E can increase the thickness of the germinal 
epithelium and increase the number of spermatogonia and spermato-
cytes [28]. 

4.1. Study of sperm parameters 

The results of the present study showed that diabetes caused a sig-
nificant decrease in sperm count, sperm motility, and sperm viability 
compared with the control group. Administration of vitamin E caused a 
significant increase in these parameters compared to the diabetic group. 
Studies have shown that oxidative stress increases in diabetes due to 
increased production of reactive oxygen species (ROS) and decreased 
efficiency of the antioxidant defense system [29]. 

Excessive increase in ROS and free radicals negatively affects sperm 
motility and fertility, i.e., oxidative damage to sperm lipids and DNA 
leads to a decrease in sperm motility and fertility [30]. Oxygen free 
radicals cause DNA damage in the last mitochondria and lead to damage 
of the middle part of spermatozoa [31]. Damage to mitochondria in the 
middle part of spermatozoa decreases sperm motility [32]. According to 
the studies conducted on the increase of oxidative stress in diabetes and 
the subsequent increase of MDA, the end product of lipid peroxidation 
by reactive oxygen species (ROS). It can be concluded that the produc-
tion of ROS disrupts the cell cycle and promotes the process of apoptosis, 
resulting in a decrease in daily sperm production and total sperm count 
[33,34]. 

In the present study, vitamin E, as a potent antioxidant in the vitamin 
E group, was shown to significantly prevent the deleterious effects of 
diabetes, such as decreased sperm motility, decreased sperm viability, 
and decreased sperm count. Consistent with the results of the present 
study, a study showed that a water-soluble analog of vitamin E called 
Trolox promoted sperm motility and preserved the integrity of their 
mitochondrial membrane [35]. 
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4.2. Study of sperm nucleus maturation and sperm DNA damage 

Sperm nuclei maturation was checked by aniline blue staining. In the 
maturation process of sperm nucleus, histone protein is converted into 
protamine with the increase of disulfide bonds. As a result of the staining 
of the nucleus at the histone stage, it becomes dark blue and with the 
completion of the protamine process, it becomes light blue. This staining 
indicates protamine deficiency [36,37]. In the present study, the highest 
percentage of sperm with damaged DNA was observed in the diabetes 
group, whereas administration of vitamin E resulted in a significant 
decrease in the percentage of sperm with DNA damage. In general, there 
are several reasons for sperm DNA fragmentation, including Poor 
recombination during spermatogenesis [38], Exposure of mature sperm 
to excessive amounts of ROS produced by immature sperm during 
migration from the seminiferous tubules to the epididymis which can 
lead to DNA fragmentation [39], and abnormal spermatid maturation 
that can also lead to sperm DNA fragmentation. 

Oxidative stress is the most important cause of DNA damage in 
sperm, which can take the form of changes in organic bases, shifting and 
formation of new sites, and deletions [40]. If the damage is minor, the 
sperm can repair it, but if it is extensive, it leads to apoptosis by DNA 
fragmentation [41]. 

Pourentezari et al. [42] showed in a study that treatment with an-
tioxidants such as vitamin E improved sperm nucleus DNA integrity in 
laboratory mice that suffered sperm DNA damage, which is consistent 
with the results of our study. One of the most important causes of DNA 
fragmentation and sperm damage is oxidative stress and excessive pro-
duction of ROS, which occurs in diabetes after hyperglycemia [43,44] 
(Table 5). 

5. Conclusion 

In summary, the results of this study show that administration of 
curcumin and vitamin E to diabetic rats with STZ improved sperm pa-
rameters (number, motility, viability, percentage of sperm with imma-
ture nucleus, percentage of sperm with denatured DNA). In addition, 
their administration improved histopathological symptoms of testicular 
tissue (increase in the number of spermatogonia, primary spermato-
cytes, spermatids and lydian cells) and also biochemical parameters 
(MDA levels, LH hormones and serum testosterone). These beneficial 
effects were far more evident and significant in the combined treatment 
with curcumin and vitamin E, so the present study recommends the 
combined administration of these antioxidants as an effective treatment 
method for diabetes. Further studies in clinical trials on the use of these 
substances in the treatment of diabetics seem to be necessary. 
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[30] M. Naziroğlu, Enhanced testicular antioxidant capacity in streptozotocin-induced 
diabetic rats, protective role of vitamins C and E and selenium, Biol. Trace Elem. 
Res. 94 (1) (2003) 61–71. 

[31] T.R. Kumar, K. Doreswamy, B. Shrilatha, Oxidative stress associated DNA damage 
in testis of mice: induction of abnormal sperms and effects on fertility, Mutat. Res. 
Genet. Toxicol. Environ. Mutagen. 513 (1) (2002) 103–111. 

[32] A.J. Koppers, G.N. De Iuliis, J.M. Finnie, E.A. McLaughlin, R.J. Aitken, Significance 
of mitochondrial reactive oxygen species in the generation of oxidative stress in 
spermatozoa, J. Clin. Endocrinol. Metab. 93 (8) (2008) 3199–3207. 

[33] T. Fukushima, Y. Hamada, M. Komiyama, Y. Matsuno, C. Mori, I. Horii, Early 
changes in sperm motility, acrosome reaction, and gene expression of reproductive 
organs in rats treated with sulfasalazine, Reprod. Toxicol. 23 (2) (2007) 153–157. 

[34] H. Kobayashi, E. Gil-Guzman, A.M. Mahran, R.K. Sharma, D.R. Nelson, A. 
J. Thomas, et al., Quality control of reactive oxygen species measurement by 
luminol-dependent chemiluminescence assay, J. Androl. 22 (4) (2001) 568–574. 

[35] Fj Pena, A. Johannisson, M. Wallgren, H.R. Martinez, Antioxidant supplementation 
in vitro improves boar sperm motility and mitochondrial membrane potential after 
cryopreservation of different fractions of the ejaculate, Anim. Reprod. Sci. 78 (1) 
(2003) 85–98. 

[36] A. Wong, S.S. Chuan, W.C. Patton, J.D. Jacobson, J. Corselli, P.J. Chan, Addition of 
eosin to the aniline blue assay to enhance detection of immature sperm histones, 
Fertil. Steril. 90 (5) (2008) 1999–2002. 

[37] R.I. Tejada, J.C. Mitchell, A. Norman, J.J. Marik, S. Friedman, A test for the 
practical evaluation of male fertility by acridine orange (AO) fluorescence, Fertil. 
Steril. 42 (1) (1984) 87–91. 

[38] L.A. Bannister, J.C. Schimenti, Homologous recombinational repair proteins in 
mouse meiosis, Cytogenet. Genome Res. 107 (3–4) (2004) 191–200. 

[39] M. Ollero, E. Gil-Guzman, M.C. Lopez, R.K. Sharma, A. Agarwal, K. Larson, et al., 
Characterization of subsets of human spermatozoa at different stages of 
maturation: implications in the diagnosis and treatment of male infertility, Hum. 
Reprod. 16 (9) (2001) 1912–1921. 

[40] N. Kemal Duru, M. Morshedi, S. Oehninger, Effects of hydrogen peroxide on DNA 
and plasma membrane integrity of human spermatozoa, Fertil. Steril. 74 (6) (2000) 
1200–1207. 

[41] A. Agarwal, K. Makker, R. Sharma, Review article: clinical relevance of oxidative 
stress in male factor infertility: an update, Am. J. Reprod. Immunol. 59 (1) (2008) 
2–11. 

[42] M. Pourentezari, A.R. Talebi, M. Anvar, Effect of vitamin E on sperm parameters, 
chromation quality and testosteron hormone in mice, Am. J. Sci. 8 (2012) 10. 

[43] C. Wright, S. Milne, H. Leeson, Sperm DNA damage caused by oxidative stress: 
modifiable clinical, lifestyle and nutritional factors in male infertility, Reprod. 
Biomed. Online 28 (6) (2014) 684–703. 

[44] M.G. Alves, A.D. Martins, L. Rato, P.I. Moreira, S. Socorro, P.F. Oliveira, Molecular 
mechanisms beyond glucose transport in diabetes-related male infertility, Biochim. 
Biophys. Acta (BBA)-Mol. Cell Res. 1832 (5) (2013) 626–635. 

K. Rahimi et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref19
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref19
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref19
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref20
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref20
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref20
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref20
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref21
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref21
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref21
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref22
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref22
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref22
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref23
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref23
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref23
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref24
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref24
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref24
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref24
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref25
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref25
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref25
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref26
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref26
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref26
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref27
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref27
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref28
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref28
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref28
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref29
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref29
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref29
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref30
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref30
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref30
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref31
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref31
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref31
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref32
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref32
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref32
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref33
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref33
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref33
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref34
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref34
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref34
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref35
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref35
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref35
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref35
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref36
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref36
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref36
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref37
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref37
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref37
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref38
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref38
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref39
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref39
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref39
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref39
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref40
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref40
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref40
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref41
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref41
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref41
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref42
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref42
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref43
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref43
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref43
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref44
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref44
http://refhub.elsevier.com/S2214-7500(23)00091-4/sbref44

	The effects of coadministration of curcumin and vitamin E on the reproductive system of diabetic male rats; An experimental ...
	1 Introduction
	2 Material and method
	2.1 Sampling and intervention
	2.2 Spermatozoa preparation and counting
	2.3 Sperm movement examination (motility)
	2.4 Measurement of body weight and testes weight
	2.5 Examination of sperm nucleus maturation
	2.6 Investigation of DNA damage
	2.7 Evaluation of testicular histology
	2.8 Biochemical analysis
	2.9 Statistical analysis

	3 Findings
	3.1 The results of body weight, testicle weight and testicle weight index
	3.2 Sperm motility review
	3.3 Verification of sperm viability
	3.4 Examination of the quality of chromatin and maturity of the sperm nucleus (aniline blue staining)
	3.5 Examination of the percentage of spermatozoa with denatured DNA (acridine orange stain)
	3.6 Histopathological examination

	4 Discussion
	4.1 Study of sperm parameters
	4.2 Study of sperm nucleus maturation and sperm DNA damage

	5 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data Availability
	References


