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INTRODUCTION

Infertility is one of the major health problems in life, and 
approximately about 30% of this problem is due to male 
factors [1]. Several factors can interfere with the process of 
spermatogenesis, reduce sperm quantity and quality and 
decrease male fertility. Many diseases such as coronary heart 
diseases, diabetes mellitus and chronic liver diseases as well 
as insufficient vitamins intake have deleterious effects on 
spermatogenesis and production of normal sperm [2]. Oxidative 
stress is a major predisposing risk factor for many chronic 
diseases, including male infertility problem [3,4]. On the other 
side, intake of natural anti-oxidant agents from plants together 
with vitamins E and C can protect sperm DNA from oxidative 
stress in the testis of rats [5], and antagonize testicular toxicity 
in rabbits [6]. Medicinal plants are a promising source for safe, 
natural anti-oxidant agents as they contain many bioactive 
constituents, especially anti-oxidant flavonoids and polyphenol 
compounds [7].

Tribulus terrestris plant, popularly known as puncture vine, is 
a perennial creeping herb with a worldwide distribution. Since 
ancient times, T. terrestris has a long history as a powerful 

aphrodisiac [8,9]. In traditional medicine, T. terrestris roots 
are used for treating male infertility [10,11]. Moreover, 
T. terrestris roots extract and total saponins extracted from 
the roots have beneficial effects on various ailments such as 
urinary tract infections, inflammations, leucorrhea, edema, and 
ascites [11,12]. T. terrestris fruits extract has been successfully 
used in Europe and Asia to treat sexual dysfunction in 
males [13]. The different pharmacological effects of T. terrestris 
plant were reviewed by Chhatre et al. [14]. The present study was 
designed to evaluate the protective and anti-oxidant activities 
of the methanolic extract of T. terrestris fruits (METT) against 
testicular toxicity and oxidative stress induced sodium valproate 
(SVP) in rats, and to examine the possible mechanisms.

MATERIALS AND METHODS

Plant Material

The fruits of T. terrestris (Family Zygophyllaceae) plant 
were obtained from the company of medicinal herbs, seeds, 
agricultural products, Cairo, Egypt. These fruits were botanically 
authenticated by Dr. Abdelhalim Mohamed, Flora and Taxonomy 
Department, Agricultural Research Centre, Giza, Egypt. Herbal 
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specimen was deposited at the Department of Pharmacology, 
Faculty of Veterinary medicine, Cairo University, Egypt.

Extraction of Plant Material

The dry fruits of T. terrestris plant were pulverized and 
freezing dried. Two hundred grams of powdered dried fruits 
were extracted with 2 l of 90% methanol (Sigma Aldrich for 
Chemicals, USA) by percolation for 72 h. The solvent was 
evaporated by vacuum distillation at 45°C using a rotatory 
evaporator (West Germany). The liquid extract yielded 10 g of 
gummy residue that used for preparing the different doses of 
the extract using tween 80 as a suspending agent.

Sodium Valproate (Depakin®)

It is one of products of Sanofi-Synthelabo Company, Paris, 
France. It was obtained as an oral solution packed in dark brown 
bottles each containing 40 ml. SVP is sold commercially under 
trade name Depakin® 200 mg/ml solution.

Rats and Husbandry

A total of 50 mature male Sprague Dawley rats with average 
body weight of 200-250 g and age of 10-13 weeks were used in 
this study. Rats were procured from Laboratory Animal Colony, 
Ministry of Public Health, Helwan, Egypt. The animals were 
housed in clean cages, kept under controlled hygienic conditions 
and maintained at room temperature at 25°C ± 2°C, relative 
humidity of 50% ± 5% and photoperiod of 12 h dark/12 h 
light cycles. Rats were fed on rat pellets, and free access of tap 
water was supplied. The experiment on animals was carried out 
according to the National Regulations on Animal Welfare and 
Institutional Animal Ethical Committee.

Experimental Design

The rats were randomized into five equal groups, of 10 animals 
each. Group 1 was normal (negative) control and administered 
diluted tween 80 (0.1 ml/rat). The other four groups were 
intoxicated by oral administration of SVP (500 mg/kg-1) during 
the last week of the experiment period for induction of testicular 
toxicity [15]. Group 2 was kept intoxicated positive (control) 
and Groups 3, 4, and 5 were pre-treated with the METT in 
daily doses of 2.5, 5.0 and 10.0 mg/kg-1, respectively. The extract 
was orally given once daily for 60 days to cover the period of 
the spermatogenic cycle in the rat [15]. Blood samples were 
withdrawn by puncture of retro-orbital plexus of veins in the 
eye using microcapillary tubes. The samples were kept standing 
for 15 min to clot then centrifuged at 10,000 rpm for 10 min 
to separate the serum which kept frozen at −70°C. The serum 
was used for estimation of testosterone, follicle stimulating 
hormone (FSH) and luteinizing hormone (LH) levels. Rats were 
anesthetized by prolonged exposure to ether, and a longitudinal 
incision was made in the skin of scrotum and both testes were 
exposed. Semen samples were collected from cauda epididymis 
by cutting the tail of epididymis and squeezed it into a clean 
watch glass. The semen samples were used for semen analysis. 

The testes and accessory sexual organs were dissected out and 
weighed, and relative weights of sexual organs were calculated. 
The right testes were immediately taken on ice cooled bags 
and kept frozen at −70°C until the assessment of the activity 
anti-oxidant enzymes superoxide dismutase (SOD), glutathione 
peroxidase (GPx) and catalase (CAT). The left testes were 
preserved in 10% neutral formalin solution till processed for 
histological examination.

Hormone Assay

Serum testosterone concentration was assayed according to the 
method described in the manufacturer’s directions. The method is 
based on the enzyme-linked immune absorbent assay (ELISA) as 
described by Tietz [16]. The assay kit of testosterone was obtained 
from Immunometrics Limited, London, UK. Serum testosterone 
concentrations were obtained by correlating the absorbance of 
the test sample at 550 nm with the corresponding absorbance on 
the standard curve. Serum levels of FSH and LH hormones were 
determined using ELISA kits (Amersham, Buckinghamshire, UK) 
according to Ballester et al. [17]. Assay kits of FSH and LH were 
supplied by Diagnostic Automation Inc., Calabasas, USA.

Semen Analysis

The seminal content of epididymis was obtained by cutting 
of cauda epididymis using surgical blades and squeezed into a 
sterile clean watch glass. This content was diluted 10 times with 
2.9% sodium citrate solution and thoroughly mixed to estimate 
the percentage of sperm progressive motility and sperm count as 
described by Bearden and Fluquary [18]. Thereafter, one drop of 
sperm suspension was withdrawn, smeared on a glass slide and 
stained by eosin-nigrosin stain. The stained seminal smears were 
examined microscopically to determine the percentage of sperm 
viability (alive/dead) and morphological abnormalities [19].

Anti-oxidant Enzymes Assay

Tissue specimens of the right testes after thawing was 
homogenized in nine volumes of ice cooled buffered 0.9% 
saline solution. The homogenate was then centrifuged at 
4000 rpm for 15 min at 4°C and the supernatant was used for 
anti-oxidant enzymes assay. The activity of SOD was determined 
as described by Nishikimi et al. [20] and expressed as unit/mg 
protein. GPx activity was determined as described by Paglia and 
Valentine [21] and expressed as nmol of glutathione utilized/
min/mg protein. CAT activity was estimated according to 
Sinha [22]. The activity of CAT was expressed as nmol of H2O2 
utilized/min/mg protein.

Histological Procedure

Testes, seminal vesicle and prostate glands were fixed in 10% 
neutral formalin solution. The fixed specimens were trimmed, 
washed and dehydrated in ascending grades of alcohol, 
then cleared in xylene, embedded in paraffin, sectioned at 
4-6 microns thickness and stained with hematoxylen and eosin 
stain, then examined microscopically [23].
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Statistical Analysis

Data were presented as means ± standard errors. Differences 
between means in the experimental groups were tested for 
significance using Student’s t-test. Differences were considered 
significant at P < 0.05 according to Snedecor and Cochran [24].

RESULTS

Oral administration of SVP to male rats in a dose of 500 mg/kg 
during the last week of the experiment induced significant (P < 0.05) 
decreases in weights of testes and seminal vesicles when 
compared to the normal control group. Rats pre-treated with oral 
administration of METT significantly normalized weights of testes 
and seminal vesicles, in a dose-dependent manner, when compared 
to SVP-intoxicated control group [Table 1].

Oral administration of SVP (500 mg/kg) to rats during the last 
week of the experimental period significantly decreased serum 
testosterone, FSH and LH levels when compared with the 
normal control group. Pre-treatments of SVP-intoxicated rats 
with METT significantly increased serum testosterone, FSH and 
LH levels when compared with the intoxicated control group, 
in a dose dependent fashion [Table 2].

SVP when given orally to male rats (500 mg/kg) during the 
last week of the experiment induced significant decreases in 

sperm motility, viability and count and increased percentages 
of sperm abnormalities when compared with the normal 
control group. Pre-treatment with METT significantly 
increased sperm motility, viability and count and decreased 
percentages of sperm abnormalities, in a dose dependent 
manner, as recorded in Table 3. The most frequently seen 
sperm abnormalities were detached, double and circular 
heads; and bent and coiled tails and a detached neck as 
demonstrated in Figure 1.

Data are shown in Table 4 revealed that intoxication of rats 
by SVP induced significant decreases in activities of testicular 
anti-oxidant enzymes SOD, GPx and CAT compared with 
normal control rats. The pre-treatment with METT with 
the three tested doses significantly increased the activity of 

Table 1: Effect of methanolic extract of Tribulus 
terrestris fruits on weights of sexual organs in sodium 
valproate-intoxicated rats (n=10)
Groups Testes (g) Seminal 

vesicles (g)
Prostate 
gland (g)

Group (1): Negative control 2.55±0.25 1.25±0.16 0.80±0.10
Group (2):  Positive 

control (SVP)
0.85±0.15*** 0.43±0.22** 0.65±0.20

Group (3): METT (2.5 mg/kg) 1.15±0.25 0.55±0.12 0.66±0.12
Group (4): METT (5 mg/kg) 1.60±0.32* 0.95±0.23* 0.70±0.15
Group (5): METT (10 mg/kg) 2.27±0.43** 1.10±0.12* 0.77±0.16

Data were presented as means±SE. Differences between the groups were 
significant at *P<0.05, **P<0.01, ***P<0.001. METT: Methanolic 
extract of tribulus terrestris fruits, SVP: Sodium valproate, 
SE: Standard error

Table 2: Effect of METT on serum testosterone, FSH and LH 
levels in SVP-intoxicated rats (n=10)
Groups T (ng/ml) FSH (ng/ml) LH (ng/ml)

Group (1): Negative control 24.2±2.6 149.7±6.2 4.2±0.1
Group (2):  Positive 

control (SVP)
12.5±2.7** 90.86±3.3*** 1.6±0.3**

Group (3):  METT
(2.5 mg/kg)

15.15±2.6* 95.59±5.4* 2.1±0.4*

Group (4):  METT
(5 mg/kg)

19.25±2.2** 103.75±3.4** 2.9±0.3*

Group (5):  METT
(10 mg/kg)

21.17±3.2*** 111.82±4.4*** 4.0±0.2**

Data were presented as means±SE. Differences between the groups were 
significant at *P<0.05, **P<0.01, ***P<0.001. METT: Methanolic 
extract of Tribulus terrestris fruits, SVP: Sodium valproate, FSH: Follicle 
stimulating hormone, LH: Luteinizing hormone, SE: Standard error

Table 3: Effect of METT fruits on sperm motility, viability, 
abnormality and count in SVP-intoxicated rats (n=10)
Groups Sperm characters

Motility
(%)

Viability
(%)

Abnormality 
(%)

Count
(106/ml)

Group (1): 
Negative 
control

92±2.15 90.0±3.3 3.5±1.05 72.0±4.13

Group (2): 
Positive 
control 
(SVP)

65.2±3.76*** 40.6±4.2*** 16.0±2.08** 55.5±3.17***

Group (3): 
METT 
(2.5 mg/kg)

69.2±3.17 50.6±3.4* 12.5±1.03* 60.55±3.34

Group (4): 
METT
(5 mg/kg)

71.5±2.55* 60.6±2.3*** 7.5±1.14** 65.82±3.15*

Group (5): 
METT
(10 mg/kg)

77.5±3.15** 70.6±3.6*** 5.5±1.15*** 70.24±4.25**

Data were presented as means±SE, differences between the groups 
were significant at *P<0.05, **P<0.01, ***P<0.001. METT: 
Methanolic extract of Tribulus terrestris fruits, SVP: Sodium valproate, 
SE: Standard error

Table 4: Effect of METT on activity of testicular SOD, GPx 
and CAT in SVP-intoxicated rats (n=10)
Groups SOD

(U/mg protein)
GPx

(nmol/min/mg 
protein)

CAT
(nmol/min/mg 

protein)

Group (1): 
Negative control

22.09±1.5 244.5±5.6 372.9±9.5

Group (2):
Positive control 
(SVP)

11.20±1.3*** 136.6±8.5*** 290.5±2.2***

Group (3): 
METT (2.5 mg/kg)

14.15±1.9* 148.2±6.4** 298.2±3.5**

Group (4): 
METT (5 mg/kg)

16.25±1.6* 152.5±7.2*** 305.6±5.2***

Group (5): 
METT (10 mg/kg)

18.25±1.7** 165.8±9.6*** 310.2±6.5***

Data were presented as means±SE, Differences between the groups were 
significant at *P<0.05, **P<0.01, ***P<0.001. METT: Methanolic 
extract of tribulus terrestris fruits, SOD: Superoxide dismutase, 
GPx: Glutathione peroxidase, CAT: Catalase, SVP: Sodium valproate, 
SE: Standard error
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testicular SOD, GPx and CAT, in a dose dependent fashion, 
when compared with positive intoxicated rats.

Histopathological Examination

Histopathological examination of testes of normal control rats 
revealed normal architecture with normal germinal epithelium 
and fully mature sperms filled the lumen of seminiferous tubules 
as shown in Figure 2a. The testes of rats orally given SVP in 
a dose of 500 mg/kg during the last week of the experiment 
period showed histopathological lesions characterized by edema 
and necrosis of the germinal epithelium with severe atrophy 
of seminiferous tubules [Figure 2b]. Some testicular sections 
showed complete absence of mature sperms (azoospermia) as 
demonstrated in Figure 2c. The testes of rats given the large 
dose (10 mg/kg) of METT showed partial improvement in the 
germinal epithelium of seminiferous tubules, and some mature 
sperms appeared in them, but the size of seminiferous tubules 
still atrophied [Figure 2d].

DISSCUSION

The purposes of this study were to evaluate the protective and 
anti-oxidant activities of the METT against testicular toxicity 
induced by SVP in rats, and to examine its possible protective 
mechanisms.

Oral administration of SVP to rats induced male reproductive 
toxicity. The toxic effect of SPV characterized by decreased 
weights of the testes and seminal vesicles, low serum 
testosterone, FSH and LH levels, low semen quantity and 
quality, as well as incidence of testicular edema and necrosis 
with markedly atrophied seminiferous tubules. These effects 
were agreed with those previously reported [15,25-28]. These 
authors found that the weights of testes and epididymis as well 
as sperm count and viability were all decreased following SPV 
administration to rats and mice. In addition, serum levels of 
testosterone were dropped, and degeneration, edema necrosis 
and atrophy of most seminiferous tubules were seen upon 

histopathological examination of the testis. The previous 
authors attributed the toxic effect of SPV due to its direct 
cytotoxic effect on the testis and/or indirectly via decreasing 
serum testosterone level. Moreover, SVP is commonly used 
to induce male reproductive toxicity in rats and mice, and its 
toxic effect was found to a dose-dependent and of a reversible 
manner [27].

In this study, the oral pre-treatment with the METT at three 
dosage levels in SVP-intoxicated rats produced a protective 
effect against testicular toxicity. This protective effect 
characterized by increased weights of testes and seminal 

Figure 1: Seminal smears from cauda epididymis of the rat’s testes: (a) Normal mature sperm (n) and detached head of sperm (arrow), (b) double 
head of sperm (arrow), (c) circular head (c) and deformed head (d), (d) bent tail (arrow), (e) coiled tail of sperm (arrow) and detached neck (arrow)

d

cba

e

Figure 2: Photomicrographs of testes of: (a) Normal control rat showing 
normal histological structure of seminiferous tubules fi lled with mature 
sperms. Hematoxylen and eosin. (H and E × 400), (b) intoxicated rat 
by sodium valproate (SVP) showing atrophied seminiferous tubules 
and edema with absence of sperms (arrows). (H and E × 100), 
(c) intoxicated rat by SVP showing necrosis of the germinal epithelium 
of seminiferous tubules (black arrows) with absence of sperms (red 
arrow) (H and E × 400), (d) pre-treated rat by the large dose (10 mg/kg) 
of Tribulus terrestris fruits extract showing partial improvement of the 
germinal epithelium of seminiferous tubules and mature sperm were 
found in most of seminiferous tubules, but their sizes still atrophied. 
(H and E × 100)

dc

ba
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vesicles, improved semen quality and quantity, increased 
serum testosterone, FSH and LH levels as well as partial 
amelioration of testicular histopathological lesions seen. 
This protective effect seemed to be a dose-dependent. These 
findings were partially in agreement with those previously 
reported [8-11,14,29,30]. The previous authors concluded 
that T. terrestris plant acts as a powerful aphrodisiac in rats, 
mice and humans; improves semen quality and quantity and 
increases weights of the testis and epididymis. The reported 
increase in serum testosterone levels following administration 
of METT in this study was previously recorded by El-Tantawy 
et al. [31] using both chloroformic and ethanolic extracts 
of Tribulus alatus fruits in rats. However, a limited number 
of animal studies displayed a significant increase in serum 
testosterone levels after administration of METT, but this 
effect was only noted in humans. Moreover, Qureshi et al. [11] 
concluded that the release of nitric oxide after administration 
of T. terrestris extract to rats may offer a possible explanation 
for its protective activity on male reproductive dysfunction, 
independent of the serum testosterone level. The authors 
concluded that T. terrestris plant is successfully used in 
the management of sexual dysfunction, including erectile 
dysfunction in patients. In addition, the reported anti-
oxidant activity of METT in this study was evident from the 
enhancement of activities of testicular anti-oxidant enzymes. 
The anti-oxidant effect of T. terrestris extract was similar 
to that previously demonstrated [32,33]. The anti-oxidant 
activity of T. terrestris fruits was attributed to the presence 
of active derivatives of 4,5-di-p-coumaroylquinic acid, which 
were isolated from the fruits and reported to have potent 
anti-oxidant activity [34].

The mechanism(s) underlying the protective effect of METT 
against testicular toxicity induced by SVP in rats could be 
attributed to the increased release of testosterone, FSH and 
LH serum levels. It was previously reported that abnormalities 
in the synthesis and release of androgens or their depletion by 
medical or surgical castration may suppress libido and decline 
erectile and ejaculatory functions [35,36]. The other possible 
mechanism of the protective effect of METT could be due to its 
potent anti-oxidant property, so reducing oxidative stress in the 
testis and improving reproductive function. The anti-oxidant 
activity of METT was previously attributed to the presence of 
4,5-di-p-coumaroylquinic acid that previously isolated from 
T. terrestris fruits and proved to exhibit a potent anti-oxidant 
effect [34].

CONCLUSION

SVP induces testicular toxicity in male rats. The METT 
has protective and anti-oxidant effects against SVP-induced 
testicular toxicity. The protective effect of METT against SVP 
toxicity might be due to the increased release of testosterone, 
FSH and LH and the enhancement of activity anti-oxidant 
enzymes in testicular tissue by METT. These results affirm 
the traditional use of T. terrestris fruits as a potent aphrodisiac 
for treating male sexual impotency and erectile dysfunction 
in patients. Therefore, T. terrestris fruits may be beneficial for 

male patients suffering from infertility due to oxidative stress. 
Moreover, isolation of bioactive constituents of T. terrestris fruits 
is necessary to search for safe, natural anti-oxidant agents to be 
developed for the prevention of infertility in males.
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