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ABSTRACT

Background: Green tea extract can regulate blood sugar and encourage weight loss due to its high antioxidant con-
tent. Several studies have shown that green tea extract can improve general health and may help protect against many 
diseases. Most patients with diabetes are associated with poor fertility. Aim of the work: The present study aimed to 
evaluate the importance of green tea extract supplementation in reducing metabolic abnormalities associated with 
alloxan-induced diabetes in male albino rats. Material and Methods: This study was conducted on thirty male albino 
rats with an average weight of 100 grams-110 grams. The rats were divided equally into three groups that included 
control, diabetic and diabetic took green tea extracts orally (50 mg/Kg/day) for three weeks. A single dose of alloxan 
(120 mg/kg body weight) was used to induce diabetes in rats. Diabetic rats were given 50 mg/kg body weight green tea 
extracts orally for thirty days twice per day. The morphological and histological structures of the testis were compared 
in different groups of rats. Results: It was revealed that the morphological testicular changes observed in diabetic 
groups were significantly improved after treatment with green tea compared to the control group. Conclusion: These 
results prove that green tea improves oxidative damage caused by diabetes in the testis of male rats. 
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INTRODUCTION

Diabetes mellitus is one of the environmental factors that damage the testis and thus affects fertility in men [1]. 
Worldwide, diabetes is one of the most common metabolic disorders. It is associated with disturbances in the 
metabolism of carbohydrates, fat, and protein [2]. Experimentally, it was found that the induction of diabetes in male 
rats is associated with a change in the function of the reproductive system [3,4]. It has been shown that induction of 
diabetes affects the testicular functions due to insulin deficiency and consequent impairment of insulin regulatory 
action on the Sertoli and Leydig cells [5]. In diabetic cases there are several studies showed changes in the structure 
of the reproductive system [6-8]. 

Diabetes mellitus is a multifactorial disease with a deficiency in Reactive Oxygen Species (ROS) scavenging enzymes 
[9]. The prime cause of a number of long-term complications of diabetes is chronic hyperglycemia. The most important 
source of free radicals is protein glycation caused by hyperglycemia. ROS can directly cause molecular as well as 
cellular damage by activating many cellular stress-sensitive pathways, which lead to diabetes complications [10]. 
Several secondary metabolites of the plant have shown antioxidant potential and improved effect on damage-induced 
oxidative stress in diabetes [11].

Traditional medicine practices are responsible for a neutral role in primary health care despite the accessibility of 
modern medicine [12].

Dietary antioxidants, in general, are often safe substances found in medicinal plants and have attractive effects in 
complementary medicine including an important effect in reducing oxidative stress [13,14]. The polyphenols and 
catechins that make up large groups of nutritional antioxidants are especially found in green tea [15,16]. In addition to 
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their antioxidant effect, these nutrients have anti-diabetic, antihypertensive, antioxidative, anti-inflammatory, and anti-
fungal functions [17,18]. Therefore, green tea consumption is associated with a lower mortality rate especially from 
cardiovascular strokes [19]. The mechanism of protection exerted by green tea consumption against chronic diseases 
is unclear, however, it had been suggested that the protective role of green tea consumption with these diseases may 
be invoked to the antioxidant action of its polyphenols and catechins [16,20,21].

The present study aimed to investigate the anti-diabetic effects of green tea aqueous extract on testis in male albino 
rats with diabetes mellitus induced by alloxan.

MATERIALS AND METHODS

Green tea extract was obtained as 300 mg tablets synthesized by Tecno Med Company-KSA. The tablets were crushed 
and the required amount was dissolved in distilled water. It left cool to room temperature then filtered. The extract was 
daily prepared and stored in glass containers in a refrigerator.

Animals

In this experimental study, 30 adults, healthy, male Wistar albino rats (300 grams-350 grams, 3 months old) were 
used. They were gained from an animal house of the College of Pharmacy, Prince Sattam Bin Abdulaziz University, 
KSA. They were kept under controlled standard animal housing situations and moisture with access to food and 
water ad libitum at the Animal Care Facility at the Department of Clinical Pharmacy at Prince Sattam bin Abdulaziz 
University (Figure 1). The pellet diet is composed of 23% protein, 5% lipids, 4% crude fiber, and 55% nitrogen-free 
extract. The rats were kept under control for approximately 2 weeks before the start of the experimentation to allow 
acclimatization. Diabetes mellitus was induced in animals except for the control group with a single dose of alloxan 
(120 mg/kg B.W. dissolved in saline), injected intraperitoneally to induce diabetes mellitus [22].

Figure 1 A): Male Wistar albino rats an animal house of the College of Pharmacy, Prince Sattam Bin Abdulaziz 
University; B): Testes after excision
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Ethical Considerations

All procedures that were performed in this study that involved animal models were in accordance with the ethical 
standards of the Institutional Ethics Committee of Prince Sattam bin Abdulaziz University and the Animal House 
Committee (IRB, PSAU-2020 ANT 1/39PI).

Experimental Design

Three experimental groups, ten rats for each, were used as follows: 

Group I (Control group): Non-diabetic control rats. 

Group II (Diabetic group): Rats were injected intraperitoneally with a single dose of alloxan (120 mg/kg dissolved 
in saline solution).

Group III (Diabetic group+green tea): Diabetic rats were injected also intraperitoneally with a single dose of 
alloxan (120 mg/kg dissolved in saline solution). Then, treated orally with green tea extract 50 mg/kg body wt. twice/
day green tea extracts orally for 30 days.

After sacrificing animals, their testes were processed, stained, and examined microscopically.

Histological and Histochemical studies: After one month, the rats of all groups were sacrificed and small pieces 
of the testis were taken for the histological and histochemical studies. The specimens were prepared by fixation in 
10% neutral buffered formalin solution and Carnoy’s fluid. For the histological study, paraffin sections were stained 
with Harris’s Hematoxylin and Eosin (H and E) [23]. Mallory’s trichrome stain was used in paraffin sections for the 
detection of collagen fibers. Paraffin sections of 5 µm thickness were prepared and stained with Feulgen stain for 
histochemical study [23]. Then, all the stained sections were examined by light microscope, photographed and all the 
differences detected between the three groups were discussed at the level of the microscopic findings.

For the immunohistochemical study, the sections of testes were deparaffinized with xylene, then antigen retrieval by 
heating in citrate buffer (10 mM, 20 min). This was followed by endogenous peroxidase blocking in 3% H2O2 for 10 
min. Then and incubated with anti-caspase-3 (1:100; Abcam, Ab4051). The sections were incubated with the related 
secondary antibodies after washing the slides with phosphate-buffered saline, at room temperature for one hour. Next, 
3-amino-9-ethyl carbazole, a chromogen was detected. 

Statistical Analyses

Statistical analyses were performed using the ANOVA test. A p-value<0.05 was considered statistically significant.

RESULTS 

Histological Results

The control adult albino rat testis showed several seminiferous tubules cut in various planes of sections. The seminiferous 
tubules were highly convoluted and lined germ cells in various stages of spermatogenesis and spermiogenesis which 
are collectively referred to as spermatogenic series. Non-germ cells called Sertoli cells were well preserved. In the 
interstitial spaces between the tubules, endocrine cells called Leydig cells were found singly or in groups in the 
supporting tissue (Figure 2). The histological examination of testicular tissue in the untreated diabetic rats showed 
irregularity of the seminiferous tubules shapes with a significant reduction in its diameters compared to the control 
group. In addition, the germinal epithelium showed a clear disruption of the germinal epithelium with abnormal 
cellular attachment. Furthermore, the spermatogonia cells were the main type of cells seen (Figure 3, and Table 1). 
Multinucleated cells with two or three nuclei were also detected in seminiferous tubules. Moreover, the interstitial 
connective tissue had an amorphous material with marked destruction of the connective tissues with subsequent 
widening of the interstitial spaces (Figure 4). The green tea-treated group showed a significant recovery of the 
diameters of the seminiferous tubules compared to the diabetic group (Figure 3). It also showed a significant recovery 
of the interstitial spaces to normal levels with a considerable increase in the amount of the collagen fibers compared 
to the diabetic group (Figure 4).
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Figure 2 Histological light photomicrograph of testis sections (H and E) of control group shows the normal arrangement 
of seminiferous tubules, sperms, and normal architecture interstitials cells; G= Spermatogonium, P=Spermatocytes, 

D=Spermatid, SP=Sperm, S=Sertoli cells, Ly=Lydig cell

Figure 3 A): Histological light photomicrograph of testis sections (H and E 400×) of control group shows the normal 
arrangement of seminiferous tubules, sperms, and normal architecture interstitials cells; B): Light photomicrograph of a 
section in a rat testicular tissue from untreated diabetic rat shows disorganization of spermatogenic cells, degeneration of 
germinal epithelium, and multinucleated cells and destroyed epithelium into the lumen Seminiferous tubules have a slight 

loss of epithelium and improved spermatogenesis in GT+DM group is seen. Depletion of germ cells, pyknotic germ cells 
(red arrow), and karyolysis (blue arrow) are seen; C): Light photomicrograph of a section in a rat testicular tissue treated 

with green tea extract, the seminiferous tubules have a partial recovery to normal structure
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Table 1 Diameters of the seminiferous tubules, the thickness of the seminiferous tubular interstitial diameters, percentage 
of the collagen fibers of the seminiferous tubular interstitial diameters, and number of the caspase-3+ve cells of the 

seminiferous tubular germinal cells for the different groups expressed as mean ± SD

 Parameters 

Study Groups 

Mean diameters of the 
seminiferous tubules

Mean thickness of the 
seminiferous tubular 
interstitial diameters

Mean area percentage 
of the collagen fibers 
of the seminiferous 
tubular interstitial 

diameters

Mean number of the 
caspase-3+ve cells 
of the seminiferous 

tubular germinal cells

Group I (Control) 177.12 ± 14.92 94.86 ± 6.57 152.03 ± 23.25 12.00 ± 1.84
Group II (Diabetic) 126.63 ± 32.18 180.70 ± 21.4 65.87 ± 15.85 34.71 ± 2.87

Group III (Green tea) 159.13 ± 19.99 66.65 ± 11.07 67.93.11 ± 10.72 32.82 ± 2.65

Figure 4 A): Histological light photomicrograph of testis sections (Mallory’s trichrome 200×) from the control group 
shows a normal distribution of collagen fibers in the Interstitial Tissue (IT) around the seminiferous tubules; B): A section 

form untreated diabetic rat shows marked reduction of collagen fibers in the IT around the seminiferous tubules and 
increase the diameter of the interstitial spaces; C): Light photomicrograph of a section in a rat testicular tissue treated 

with green tea shows the mild distribution of collagen fibers in the I.T around the seminiferous tubules in comparison to 
the control group

Immunohistochemical Study

The immunohistochemical examination of the testicular tissue for the control group demonstrated mild expression of 
Caspase-3 immunostaining with few caspase-3+ve cells in the seminiferous tubules (Figure 5, and Table 1). On the 
other hand, in the diabetic group, a marked significant increase in the number of caspase-3+ve cells was observed 
in the seminiferous tubules in comparison to the control ones (Figure 6, and Table 1). The green tea-treated group 
showed a marked significant increase in the number of caspase-3+ve cells was observed in the seminiferous tubules 
in comparison to the control ones (Figure 6, and Table 1). 
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Figure 5 A): Histological light photomicrograph of testis sections (Feulgen stain 400×) from the control group. The 
Seminiferous Tubules (STs) have shown a normal association of germ cells; B): A section in a rat testicular tissue from 
untreated diabetic rat shows marked reduction, pyknosis, disorganization, and depletion of the germinal epithelium in 

the STs; C): A section in a rat testicular tissue treated with green tea extract shows the marked recovery of the germinal 
epithelium to the normal architecture

Figure 6 A): Histological light photomicrograph of testis sections (Caspase-3 immunostaining 400×) from the control 
group. The S.Ts germinal cells show mild expression of Caspase-3 immunostaining (black arrow); B): The seminiferous 

tubules germinal cells of untreated diabetic rat show marked expression of Caspase-3 immunostaining (black arrow); C): 
Light photomicrograph of a section in a rat testicular tissue treated with green tea shows marked expression of Caspase-3 

immunostaining (black arrow) in the S.Ts germinal cells

DISCUSSION

The results of the current study showed that green tea has significant protective effects against apoptotic changes. This 
protective effect may be due to their antioxidant properties.

Free radicals may be caused by tissue injury associated with diabetes and its subsequent complications [24].

Tea is one of the most highly consumed beverages worldwide, especially green tea, which contains phenolic compounds 
including epigallocatechin gallate, catechins, epicatechin gallate. The antioxidant activity of green tea polyphenols 
and, more recently, the pro-oxidant effects of these compounds, leading to indirect antioxidant effects, have also been 
suggested as potential mechanisms for the prevention of cancer [25,26].
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Another study showed, green tea extract significantly increased levels of serum insulin in diabetic rats, and green tea 
extract (combined with ginseng roots) protected the cells in the islets of Langerhans [27].

Other studies have indicated increased thickness of seminiferous tubules and germ cell depletion in both diabetic 
humans and rats [28,29].

Various herbal extracts or derivatives with high antioxidant activity are useful for diabetes treatment and other 
metabolic syndromes [30]. Accordingly, antioxidant therapy is one of the major strategies for treating diabetes [30]. 

Antioxidant defense by antioxidant enzymes is a protective mechanism against oxidative stress that eliminates 
harmful reactive oxygen species in male reproductive organs. It also plays an important role in preserving reproductive 
functions [31].

Green tea extract helps to improve diabetic renal changes mainly by correcting oxidative stress as shown in another 
previous study [32].

Many studies support the benefits of antioxidants in protecting the testis from oxidative stress [33-35].

Finally, considerable improvements in the testicular tissue morphological changes that were observed in diabetic 
groups had been detected after green tea treatment in comparison to the control group.

CONCLUSION

The current study showed that green tea has antioxidant activities and reduces the side effects of diabetes mellitus on 
testicular structures.
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