
Effect of Anthocyanin on Oxidative Stress and Testis 
Structure in Streptozotocin-Induced Diabetic Rats 

Introduction
Infertility is one of the problems of human society. 
According to the World Health Organization (WHO), 
10-15% of couples have experienced infertility, 30-40% of 
which are related to the male factor (1). About 30-45% of 
abnormal semen parameters are idiopathic, even though 
male infertility can be treated for some other reasons(2). 
However, treatment for poor idiopathic semen quality is 
low (3).

Diabetes is a chronic and endocrine disease with 
widespread concern worldwide. It is a heterogeneous 
metabolic disorder caused by a lack of insulin production 
in the body or insulin resistance that impairs male sexual 
ability and fertility (4, 5). Testicular dysfunction leads to 
decrease in testicular weight, decreased sperm count and 
motility, change in the morphology of the seminiferous 
tubules (5), and decreased testosterone levels (6). Diabetes 
increases the rate of apoptosis (pro-apoptotic genes 
such as Bax) in germ cells and interrupts the process of 
spermatogenesis (7). In about 90% of diabetic patients, 
defects in sexual activity are seen as decreased libido 
and reduced fertility (6). Although the exact mechanism 
of diabetes is still unclear, increased production of free 
radicals and increased oxidative stress are its major 
damaging mechanisms (5, 7). 

The presence of antioxidants such as vitamins or 
flavonoids in the diet can have protective effects in diabetic 
patients (8). The excessive production and increase of 
reactive oxygen species (ROS) can cause damage to the 
mitochondrial membrane and release of cytochrome C, 
resulting in induction of apoptosis in testicular tissue cells 
(7).

The most common anthocyanin in plants is cyanidin, 
which is found in 80% of colored leaves, 69% of fruits, and 
50% of flowers. Cornflower blue and rose red are due to 
cyanidin. After cyanidin, the combination of delphinidin 
and pelargonidin is the most common one. Anthocyanins 
are found in all plant tissues, including leaves, stems, 
roots, flowers, and fruits. Animal studies showed that 
anthocyanins are rapidly absorbed and appear in the 
blood 6-20 minutes after ingestion and reach a maximum 
after 16-60 minutes. Plasma concentrated anthocyanin 
concentration varies slightly in nanomolar to micromolar 
(9, 10).

Glycosylation of anthocyanins reduces the activity 
of radical adsorption compared to aglycones, because it 
reduces the ability of anthocyanins to move electrons. In 
a human study by Ghosh et al, the researchers reported 
that consuming foods containing anthocyanins (such as 
blueberries and seedless cranberries) lowered the low-
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density lipoprotein levels and increased plasma antioxidant 
capacity (11). Accordingly, this research aimed to 
investigate the effects of anthocyanin on spermatogenesis, 
testicular tissue damage, and blood biochemical factors in 
diabetic rats.

Materials and Methods
In this study, 64 male Wistar rats weighing 200-250 g were 
obtained from Razi Serum Center in Iran. The animals 
were kept in standard conditions with 12 hours of light/
dark cycles and adequate humidity for two weeks. The rats 
were randomly assigned into four equal groups (n=8 each) 
as follows:
•	 Group 1: The control group only received water and 

food with standard conditions;
•	 Group 2: This group received 100 mg/kg anthocyanin 

by intraperitoneal (2) injection for eight weeks;
•	 Group 3: Diabetic control group that received one 

injection of streptozotocin (STZ) at a dose of 55 mg/
kg intraperitoneally; and

•	 Group 4: Diabetic group that received 100 mg/kg 
anthocyanin by intraperitoneal injection (2) for eight 
weeks.

At first, the glucose levels of all rats in both intervention 
and control groups were determined. Then, STZ (50 mg/
kg) was injected intraperitoneally. After 72 hours, blood 
glucose levels were measured by EasyGluco device (32). 
After confirming that the rats were diabetic (blood glucose 
above 250 mg/dL), the groups receiving anthocyanins for 
56 days received anthocyanin once a day at a dose of 50 
mg/kg by gavage (18). At the end of the treatment period 
(eighth week), ketamine (50 mg/kg) and xylazine (10 mg/
kg) was used to anesthetize the rats, respectively. Then, 
3-5 cc of blood was taken from the hearts of animals to 
measure biochemical factors related to diabetes. 

Biochemical Assays
In order to assess the changes in the plasma level of insulin 
and glucose, blood samples were centrifuged immediately 
after sampling, and the serum samples were removed and 
stored at -80°C until analysis. The glucose condensation 
was measured using the Pars Azmoon kit, Iran. Plasma 
levels of insulin were measured using the Mercodia Rat 
Insulin ELISA kit (Uppsala, Sweden).

Histological Examination
Under sterile conditions, the right and left testicles were 
removed by creating an incision in the lower abdomen. 
After weighing the testes, the left testicle was used to 
evaluate the histological structure by the hematoxylin-
eosin (H&E) staining method. 

For histological studies, eight weeks after induction 
of diabetes, the abdominal area was opened and both 
testicles were removed from the animals. After opening 
both scrotum sacs, the testicles and epididim of the 
animals were carefully removed. Then, the right testis in 

each group was fixed in Bouin’s fixative and tissue passage 
was performed. To study the changes in seminiferous tube 
diameter, germinal epithelium height was used. Also, to 
evaluate spermatogenesis process, 5-micron sections were 
prepared according to Johnsen Score and stained by H&E 
method. For this purpose, 50 nearly round seminiferous 
tubules were randomly examined in each tissue section.

Hormone Assay Method
Blood samples were taken directly from the hearts of 
rats and centrifuged at 3000 rpm for 10 minutes. The 
isolated sera were stored at -70°C for the analysis of serum 
testosterone level. The serum testosterone concentration 
was measured using the ELISA kits (Demeditec 
Diagnostics, Germany, Cat No: 4925-300A).

Measurement of Superoxide Dismutase and Glutathione 
Peroxidase Levels
The serum levels of superoxide dismutase (SOD) 
and glutathione peroxidase (GPx) were measured by 
ELISA (Anthous, Austria) method according to the 
manufacturer’s instructions (Randox, Ransod, UK).

Assessment of Serum Malondialdehyde Level 
To measure plasma malondialdehyde (MDA) levels, 0.20 
mL of serum was added to a microtube containing 3 mL 
of glacial acetic acid. Then, 1% thiobarbituric acid (TBA 
in 2% NaOH) was added to the microtube, and the tube 
was placed in boiling water for 15 minutes. After cooling, 
the adsorption of the resulting solution was read as pink 
at 532 nm.

Statistical Analysis
All the statistical analyses were performed in SPSS 
software version 19. The results were expressed as mean 
± standard deviation (SD). One-way analysis of variance 
(ANOVA) followed by Tukey’s range test were applied 
to analyze the data. A P value ≤0.05 was considered as 
statistically significant. 

Results
Serum Glucose Level
There was a significant increase in the serum glucose 
level in the diabetic group compared to the control group 
(P=0.001). Additionally, a significant decrease was observed 
in the serum glucose levels in the diabetic rats treated with 
anthocyanin compared to diabetic control rats (Table 1).

►► Diabetes led to testis damage, oxidative stress and 
reduction in sperm quality.

►► Treatment with anthocyanin increased the antioxidant 
enzyme activity and increased the sperm quality.

Key Messages
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Serum Level of Insulin
We witnessed that diabetes caused a significant decrease in 
the level of serum insulin in intervention groups compared 
to the control group (P=0.001). Also, anthocyanin 
improved the decrease of serum insulin level compared to 
the diabetic group (P=0.03) (Figure 1).

Histological Findings
According to the results of germ cell counting, the 
number of germ cells notably declined in the diabetic 
group compared to the control group (P<0.05). However, 
in diabetic rats receiving anthocyanin (100 mg/kg), 
the number of germ cells was significantly higher than 
the diabetic control group (P<0.05). Histopathological 
examination showed that the seminiferous tubule in 
diabetic group was irregular with less diameter and 
thickness. Also in the seminiferous tubule was observed 
the hemorrhagia. Then again, in the other group treatment 

with anthocyanin improved this testicular damage (Figure 
2 and Table 2). 

The Serum Level of Testosterone
The serum testosterone level was significantly decreased 
in diabetic group compared to control group (P=0.001). 
Treatment with anthocyanin increased the serum 
testosterone level in treated groups in comparison with 
diabetic group (P=0.001; Figure 3).

The Levels of Oxidative Stress Markers in the Testis Tissue
There was a strong significant increase in the MDA levels 
in the testis of diabetic rats compared to the control group 
(P=0.001). The diabetic rats treated with anthocyanin 
had a significantly decrease in testicular MDA level 
caused by diabetes (P=0.001). These findings indicate 
that diabetes significantly decreased the catalase (CAT) 
enzyme activity compared to the control group (P=0.001). 
Moreover, treating diabetic rats with anthocyanin made 
notable differences in comparison with untreated diabetic 
rats (P=0.001). The activity of SOD significantly declined 
in the diabetic group compared to the control group 
(P=0.001). Furthermore, comparing the results in the 
treatment and diabetic groups showed a dramatic increase 
in the activity of SOD enzyme in treated groups (P=0.001; 
Table 3).

Discussion
The present study examined the ameliorative effect of 
anthocyanin against injuries in the reproductive system 
of male diabetic rats. Diabetes produces testicular 
dysfunctions in the male reproductive organ and treatment 
with anthocyanin improves these functional deficiencies 
by antioxidant and anti-diabetic roles. Also, anthocyanin 
can regulate the oxidative stress markers and improve the 
antioxidant enzyme activity (12, 13). Our results showed 

Table 1. The Serum Level of Glucose in Study Groups

Groups One Week Before Diabetes One Week After Diabetes At the End of Study

Control 94.5 ± 5.34 102.42 ± 7.25b 92.4 ± 9.34b

Diabetic 100.2 ± 2.6a 320.25 ± 4.07a 367.6 ± 38.73a

Diabetic + saponin 95.7 ± 5.89a,b 291.5 ± 4.03a,b 179.2 ± 3.2b

Saponin 96.25 ± 3.4b 93.8 ± 4.7b 92.3 ± 8.05b

Letter ‘a’ shows a significant difference between control and diabetic groups and Letter ‘b’ shows a significant difference between diabetic and treatment groups 
(P<0.05).

Figure 1. The Serum Level of Insulin in Study Groups. Note: Asterisk sign (*) 
shows a significant diffidence with control. Plus sign (+) shows a significance 
diffidence with diabetic

Table 2. The Count of Germ Cell in Study Groups

Groups Mean Johnson’s score Seminiferous Tubule Diameter Highest of Epithelium

Control 9.62 ± 0.36 262.42 ± 4.25b 64.5 ± 1.23b

Diabetic 4.35 ± 0.17a 140.11 ± 2.57a 33.5 ± 2.03a

Diabetic+ saponin 7.35 ±0.54a,b 190.5 ± 3.23a,b 54.5 ± 2.15b

Saponin 9.55 ± 0.24b 260.22 ± 1.70b 64.03 ± 1.05b

Letter ‘a’ shows a significant difference between control and diabetic groups and Letter ‘b’ shows a significant difference between diabetic and treatment groups 
(P<0.05).
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that anthocyanin could decrease the blood glucose levels 
and oxidative stress markers in the testis of diabetic rats. 
The hypoglycemic effect of anthocyanin is related to the 
increased sensitivity of tissues to insulin (14).

In diabetic patients, in addition to an enhanced amount 
of blood glucose, the balance between generation and 
resolution of free radicals is suspended. As a result, free 
radicals increment and cause oxidative stress (7, 15), 

which result in cell injury via mechanisms, such as lipid 
peroxidation and DNA and protein oxidative damage. 

Our results showed that diabetes remarkably increased 
the MDA levels (as lipid peroxidation marker) in the 
testicles of diabetic rats, which is in line with the results 
of some previous studies on oxidative stress in the testis 
of diabetic rats (5,6). The increase in the MDA level in the 
testis of the diabetic rats emphasizes the increase of lipid 
peroxidation. In this research, anthocyanin significantly 
decreased MDA concentration in the testis tissue. Several 
studies reported that flavonoids in anthocyanin scavenge 
the free radicals generated during lipid peroxidation (16, 
17). Thus, the decline in the MDA concentration in groups 
treated with anthocyanin may be related to its antioxidant 
effects.

We observed that the activity of SOD was extremely 
declined in diabetic rats, which is consistent with the 
results of some previous studies (15). SOD is known as one 
of the most important enzymes of the antioxidant system 
while its main action is the catalysis of superoxide anion 
radicals to H2O2. Through this procedure, the toxicity of 
superoxide decay and no free radicals from superoxide 
are produced (18). In our research, the SOD activity had 
a significant increase in the testes of diabetic rats treated 

Figure 2. The Histological Assessment of Testes in the Study Groups. MS: mature spermatid, S: Sertoli cell, IS: immature spermatid, SG: Spermatogonia, PS: primary 
spermatocyte.

Figure 3. The Serum Level of Testosterone in the Study Groups. Note: Asterisk 
sign (*) shows a significant diffidence with control. Plus sign (+) shows a 
significance diffidence with diabetic group.

Table 3. The concentration of MDA, GPX, and SOD mice the serum of study groups

Groups MDA, Mean ± SE GPx, Mean ± SE SOD, Mean ± SE

Control 0.63 ± 0.06 2.15 ± 0.057 1.63± 0.21

Diabetic 2.3 ± 0.05a 0.61 ± 0.048a 0.60 ± 0.06a

Diabetic + saponin 1.54 ± 0.17a,b 1.72 ± 0.072b 1.16 ± 0.18,b

Saponin 0.80 ± 0.05b 2.43 ± 0.059b 1.55 ± 0.25b

SE, Standard error. 
a In comparison with control group (P=0.001); b In comparison with diabetic group (P=0.001).
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with anthocyanin.
CAT, as an antioxidant enzyme, is another enzyme that 

has detoxification effects against free radicals (19). In 
our research, while the CAT enzyme activity in diabetic 
rats was significantly reduced compared to the control 
group, it was significantly increased in the groups treated 
with anthocyanin. The decline in the activity of CAT in 
this study can be attributed to the increment in H2O2 
generation because autoxidation of glucose and non-
enzymatic protein glycation produce oxygen-free radicals 
(20). It is known that antioxidant therapy can increase the 
activity of CAT, as confirmed in our study.

Our findings indicated that while diabetes reduced the 
parameters of sperm (count, motility, and morphology), 
anthocyanin increased the count of sperm and ameliorated 
the sperm motility and morphology in diabetic rats. This 
may be related to the antioxidant capacity of anthocyanin 
and activation of antioxidant enzymes that can counteract 
free radicals. Similar to our results, some previous studies 
indicated that medical plants containing flavonoids 
components can improve sperm quality and testosterone 
levels (5,6,21).

Conclusions
Our findings revealed that diabetes had a negative effect 
on testis and sperm quality of rats, but anthocyanin 
reduced the oxidative stress induced by diabetes. Further 
studies are required to confirm our results.
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