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Abstract: The clinical usefulness of anthracycline antineoplastic antibiotic, doxorubicin (DOX) is restricted since it 

has several acute and chronic side effects. The effect of doxorubicin (4 mg/kg b.w/week) without or with oral 

administration of purslane (Portulaca oleracea) shoot ethanolic extract (50mg/kg b.w./day) and purslane seed 

ethanolic extract (50mg/kg b.w./day) co-treatments for 6 weeks was evaluated in adult male rats. Serum testosterone 

luteinizing hormone (LH), follicle stimulating hormone (FSH) level were assayed. Testis lipid peroxidation (indexed 

by MDA) and antioxidants like glutathione (GSH), glutathione-S-transferase (GST), peroxidase (POX), superoxide 

dismutase (SOD), catalase (CAT) levels in testis were assessed. The data revealed a significant decrease in serum 

levels concentration of testosterone, LH and FSH levels in doxorubicin-injected rats. In addition, testis glutathione, 

glutathione transferase, peroxidase, SOD and CAT levels were decreased while lipid peroxidation concentration in 

the testis was increased as a result of doxorubicin injection. Co-administration of ethanolic purslane and seed extracts 

potentially improved the adverse changes in serum testosterone, luteinizing hormone (LH), follicle stimulating 

hormone (FSH) levels with an increase in testis antioxidants levels and reduction in lipid peroxidation. In conclusion, 

it can be suggested that dietary purslane extract supplementation may provide a cushion for a prolonged therapeutic 

option against DOX testicular toxicity without harmful side effects.  
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1. Introduction 
         Doxorubicin (DOX) obtained from soil 

actinomycetes Streptococcus peucetius is used for the 

treatment of solid tumors such as those arising in the 

breast, bile ducts, endometrial tissue, esophagus and 

liver, osteosarcomas, soft-tissue sarcomas and non-

Hodgkin's lymphoma (Tikoo et al., 2011). DOX is 

known as a powerful anthracycline antibiotic widely 

used to treat many human cancers, but significant 

cardiotoxicity (Kuznetsova et al., 2011), hepatptoxicity 

(Patela et al., 2010), nephrotoxicity (Mohana et al., 

2010) and testicular toxicity (Trivedi et al., 2011) 

limits its clinical application. Mitochondria are 

considered to be one of the primary targets of DOX 

through mitochondria-mediated apoptosis, remarkable 

modification of mitochondrial membranes (e.g. via 

binding with cardiolipin), which is also associated with 

changes in various mitochondrial functional parameters 

and activities of respiratory chain complexes (Trivedi 

et al., 2011). Moreover, doxorubicin significantly 

damages energy-transferring and -signalling systems 

like creatine kinase and AMP-activated protein kinase 

(Kuznetsova et al., 2011). DOX has been found to 

induce deterioration of sperm motion and sperm content 

resulting into the adverse effects on male fertility (Kato 

et al., 2001). Impaired spermatogenesis by acute 

exposure of rats to DOX has been reported (Suter et al., 

1997). It has been reported that oxidative stress from 

lipid peroxidation is mainly responsible for the toxicity 

produced by DOX (Lebrecht et al., 2007 and Simunek 

et al., 2009). Reactive oxygen species have been known 

to cause an increase in the concentration of lipid 

hydroperoxides and loss of membrane polyunsaturated 

fatty acids in the spermatozoa (Elangovan et al., 2006). 

Doxorubicin causes disturbances in the balance between 

oxidative stress and antioxidant defence system leading 

to tissue injuries (Karaman et al., 2006).   

        A number of studies were conducted for 

antioxidants screening from the natural medicine 

aiming to minimize oxidative injury by DOX. Several 

natural antioxidants have been shown to alleviate the 

DOX-induced cell damage without compromising its 

anti-tumor efficacy in the animal studies (Xin et al., 

2011). Portulaca oleracea L, commonly known as 

purslane, is a warm climate, annual, green shoot (Al-

Quraishy et al., 2012). Recent research indicates that 

purslane offers better nourishment than the major 

cultivated vegetables due to its shoot that is a rich 

source of X9-3-fatty acids, α-tocopherols, ascorbic acid, 

β-carotene and glutathione. Its seeds also contain a high 

percentage of α-linolenic acid (LNA) (Al-Quraishy et 

al., 2012). These features contribute to the anti-
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oxidative properties of purslane which derive from the 

following pharmacologically active substances, 

including: 28% flavonoids, that are nearly exclusively 

flavonol-O-glycosides; 8% terpenoids (principally 

ginkgolides A, B, C and bilobalide); 6–12% organic 

acids; and >0.5% proanthocyanidins defined as 

flavonoid-based polymers. Purslane is effective as an 

antioxidant agent (Dkhil et al., 2011) as well as 

providing nourishment for testis and other organs. 

Experimental evidence has also shown that purslane has 

an anti-oxidative effect in heart tissues in mice by 

increasing superoxide dismutase activity (Al-Quraishy 

et al., 2012). Other outhors reported that the purslane 

contains many compounds, including alkaloids, omega-

3 fatty acids, coumarins, flavonoids, polysaccharide, 

cardiac glycosides, anthraquinone glycosides. and 

containing β-sitosterol (Mohamed et al., 2011).  

        In continuation with the previous literature, the 

present study was designed to investigate the preventive 

effect of ethanolic extract of purslane shoot parts and 

seeds on testis function and oxidative stress in 

doxorubicin-treated rats.   

 

2. Material and methods 

2.1. Experimental animals:  

Male Wister albino rats weighing about 140-180g 

were used as experimental animals in the present 

investigation. They were obtained from the animal 

house of Research Institute of Opthalmology, El-Giza, 

Egypt. They were kept under observation for about 15 

days before the onset of the experiment to exclude any 

intercurrent infection. The chosen animals were housed 

in plastic cages with good aerated covers at normal 

atmospheric temperature (25±5
o
C) as well as 12 hours 

daily normal light periods. Moreover, they were given 

access of water and supplied daily with standard pellet 

diet ad libitum. All animal procedure are in accordance 

with the recommendations of the Canadian committee 

for care and use of animals (Canadian council on 

Animal care [CCAC], 1993).  

2.2. Chemicals and drugs 

Doxorubicin was purchased from EBEWE pharma 

Ges.m.b.H.Nfg.KG A-4866 Unterach, AUSTRIA. 

Purslane shoot parts and seeds were purchased from 

Harraz Medicinal shoot company, Cairo, Egypt 

(WWW.harrazegypt.com). Testosterone kits obtained 

from Biosource Company, (Belgium). FSH kits 

obtained from Monobind, INC. (USA). LH kits 

obtained from Monobind, INC. (USA). Chemicals used 

in measurement of antioxidants from Sigma Chemical 

Company, USA. 

2.3. Shoot and seed extract 

The shoot parts of the plant and seeds were dried 

in the shade. They were powdered by an electric 

grinder, then they were exhaustively extracted with 

80% ethanol. The solvent was removed by evaporation 

under reduced pressure using Bucchi Rotary Evaporator 

(Wang et al., 2012).   

2.4. Experimental Animal grouping and 

experimental design:   
The animals of the present experiment were 

allocated into 4 groups: 

1-Normal control: The rats of this group were given 

the equivalent volume of vehicle (0.9% NaCl ) for 

45 days 

2-Doxorubicin–administered control: The rats of this 

group were intraperitoneally administered 

doxorubicin at a dose of 4 mg/Kg b.w./week for 6 

weeks (Trivedi et al., 2011). 

3-Doxorubicin-administered group treated with 

purslane shoot extract: This group was treated 

similarly to group 2 and was orally treated (by oral 

gavage) with purslane shoot extract at dose level of 

50 mg/kg b.w./day for 6 weeks (Ali and Bashir, 

1994; Fayong Gong et al., 2009). 

4-Doxorubicin-administered group treated with 

purslane seeds extract: This group was treated 

similarly to group 2 and was orally treated (by oral 

gavage) with purslane seed extract at dose level of 

50 mg/kg b.w./day for 6 weeks (Ali and Bashir, 

1994; Fayong Gong et al., 2009). 

2.5. Preparation of blood and tissue homogenates 

By the end of the experimental periods (6 weeks), 

rats were scarified under mild diethyl ether anesthesia at 

fasting state. Blood samples were collected and allowed 

to coagulate at room temperature. The clear, non-

haemolysed supernatant sera were quickly aspirated, 

divided into four portions for each individual, and 

stored at - 20˚ C for subsequent analysis. Testis was 

quickly excised, weighed and homogenized in a saline 

solution (0.9 %NaCl) (10%w/v) using Teflon 

homogenizer (Glas-Col, Terre Haute, USA) , the 

homogenates were centrifuged at 3000 r.p.m. for 15 

minute and the supernatants were kept at -20 C
°
 for the 

assay of biochemical parameters related to oxidative 

stress and antioxidant defense system. 

2.6. Assay of Testis function parameters: 

Testosterone concentration in serum was 

determined according to the method of Andreyko et al. 

(1986) using reagent kits purchased from Biosource 

Company, (Belgium). LH concentration in serum was 

determined according to the method of Braunstein et 

al. (1976) using reagent kits purchased from Monobind, 

INC. (USA). FSH concentration in serum was 

determined according to the method of Odell et al. 

(1968) using reagent kits purchased from Monobind, 

INC. (USA). 

2.7. Assay of Lipid peroxidation and antioxidant 

parameters 

Testis oxidative stress and antioxidant defense 

parameters were estimated using chemicals purchased 

from Sigma Chemical Company (USA) and using 

http://www.harrazegypt.com/


Life Science Journal 2013;10(3)                                                  http://www.lifesciencesite.com         

2552 

Jenway Spectrophotometer (Germany), glutathione 

(GSH) content in homogenates was determined 

according to the chemical method of Beutler et al. 

(1963) with little modification. Lipid peroxidation 

concentration in homogenates was determined 

according to the chemical method of Preuss et al. 

(1998). Peroxidase (POX. EC 1.11.1.7) activity in 

homogenates was estimated according to the modified 

chemical method of Kar and Mishra (1976). 

Superoxide dismutase (SOD EC 1.15.1.1) activity in 

homogenates was determined according to the chemical 

method of Marklund and Marklin (1974). 

Glutathione-S-transferase (GST. EC 2.5.1.18) 

concentration in homogenates was determined 

according to the chemical method of Mannervik and 

Guthenberg (1981). Catalase (CAT, EC 1. 11. 1. 6) 

activity in homogenates was assayed according to the 

chemical method of Cohen et al. (1970). 

 2.8. Histological examination: 

After sacrifice and dissection at specific time 

intervals, pieces of testis from all groups were 

immediately removed from each animal, fixed in 10% 

neutral buffered formalin and transferred to Department 

of Histopathology, Faculty of Veterinary medicine, 

Beni-Suef University, Egypt for preparation, sectioning 

and staining with haemotoxylin and eosin (H&E) 

(Bancroft and Stevens, 1982).    

2.9. Statistical analysis   

The data in the present study were analyzed using 

the one-way analysis of variance (ANOVA) (PC-

STAT, University of Georgia, 1985) followed by LSD 

test to compare various groups with each other. Results 

were expressed as mean ± standard error (SE) and 

values of P>0.05 were considered non-significantly 

different, while those of P<0.05 and P<0.01 were 

considered significantly and highly significantly 

different, respectively. 

 

3. Results 

3.1. Biochemical changes 

The doxorubicin-administered rats showed a 

highly significant decrease (P<0.01) in serum level of 

testosterone, FSH and LH recording percentage 

decreases of -32.81, -38.32 and -48.91 % respectively 

as compared to normal control group. The treatment of 

doxorubicin-administered rats with purslane shoot 

ethanolic extract induced a significant increase of the 

serum testosterone (P<0.01), FSH (P<0.05) and LH 

(P<0.01) levels; the recorded percentage increases were 

26.67, 23.91 and 64.14% respectively as compared to 

doxorubicin-administered rats. The treatment of 

doxorubicin-administered rats with purslane seed 

ethanolic extracts induced a highly significant increase 

(P<0.01) in serum testosterone, FSH and LH levels 

recording percentage increases of 37.78, 32.61 and 

62.81% respectively as compared to doxorubicin-

administered rats (Table 1).     

Testis lipid peroxidation exhibited a highly 

significant increase (P<0.01) recording percentage 

increases of 144.31% as compared to normal control 

group. The antioxidants levels of glutathione, catalase, 

SOD, peroxidase and glutatione-S-transferase in testis 

of doxorubicin-intoxicated rats showed a highly 

significant decrease (P<0.01) recording percentages of -

72.7, -85.51, -46.91, -37.62 and -36.42% respectively as 

compared to normal control group. The treatment of 

doxorubicin-administered rats treated with purslane 

shoot ethanolic extract of induced a highly significant 

increase of the serum glutathione, catalase, SOD, 

peroxidase and glutatione-S-transferase levels (P<0.01); 

the recorded percentage increases were 163.37, 311.20, 

65.81, 31.22 and 32.34% respectively. Testis lipid 

peroxidation of doxorubicin-administered group treated 

with purslane shoot ethanolic extract exhibited a highly 

significant decrease (P<0.01) recording percentage 

decreases of -19.3%. The treatment of doxorubicin-

administered rats with purslane seed ethanolic extract 

induced a highly significant increase (P<0.01) in serum 

glutathione, catalase, SOD, peroxidase and glutatione-

S-transferase levels (P<0.01) recording percentage 

increases of 241.98, 500.00, 81.25, 53.72 and 50.32% 

respectively as compared to doxorubicin-administered 

rats while lipid peroxidation was highly significant 

decreased (P<0.01) recording percentage decrease of -

38.6% as compared to doxorubicin-administered rats. 

Thus, the seed ethanolic extract seemed to be more 

potent in improving the antioxidant defense system than 

shoot ethanolic extract (Table 2).  

3.2. Histological changes: 
Microscopical examination of all testis sections of 

a control group revealed a normal tissue architecture. 
The testis is formed of a number of seminiferous 
tubules separated by intertubular spaces. Within these 
spaces lie the interstitial tissues. These tissues are 
formed of a number of cells known as Leydig cells and 
blood vessels. Each seminiferous tubule has a normal 
spermatogenic cell lineages formed of a number of 
spermatogonia, spermatocytes, spermatids and 
spermatozoa arranged around central lumen. 
Alternating with spermatogonia, there are nutritive cells 
known as sertoil cells (Figures 1a and 1b). 

Administration of doxorubicin led to vacuolation 
of spermatogenium cells, loss of spermatocytes, 
spermatids and spermatozoa, odema in the intertubular 
tissue and necrosis of the most lining epithelium of the 
seminiferous tubules (Figures 2a, 2b, 2c and 2d). 

The treatment of doxorubicin-administered rats 
with purslane shoot part and seed ethanolic extracts led 
to a marked improvement of seminiferous tubules 
architecture (Figure 3a, 3b, 4a and 4b). However, mild 
vacuolation, necrosis and loss of tubularepithilial cells 
are found. In addition, few hydropic cells are observed.
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Table 1: Effect of purslane shoot and seed ethanolic extracts on serum testosterone, FSH and LH levels in 

doxorubicin-administered rats. 

-Data are expressed as Mean ± SE. - The number of animals in each group is six 

-Percentage changes (%) were calculated by comparing doxorubicin-administered rats with normal and treated 

groups with doxorubicin-administered rats 

 
Table 2: Effect of purslane shoot and seed ethanolic extracts on testis lipid peroxidation and various 

antioxidants in doxorubicin - administrated rats.  

 

 

 

 

 

 

 

 

             Parameters 

 

 

Groups 

Serum 

Testosterone 

(ng/ml) 

%  Serum FSH 

(mIU/ml) 

% Serum LH 

(mIU/ml) 

%  

Normal 0.67±0.03
a
 - 4.62±0.07

a
  7.48±0.22

a
 -- 

Doxorubicin 0.45±0.02
c
 -32.81 2.85±0.20

c
 -38.32 3.82±0.17

c
 -48.91 

Doxorubicin + 

Shoot  extract 
0.57±0.03

b
 26.67 3.53±0.12

b
 23.91 6.2±0.14

b
 64.14 

Doxorubicin +   

Seed extract 
0.62±0.03

ab
 37.78 3.78±0.06

b
 32.61 6.22±0.12

b
 62.81 

LSD at the 5% level 7. 01
 

0.37 0.53 

LSD at the 1% level 0.11 0.51 0.69 

      Parameters 

 

Groups 

MDA 
(nmol/ 

100mg 

tissue/hr) 

% 

GSH 

(nmol/ 

100mg) 
% 

CAT 

(k.103) 
% 

SOD  

(U/g . 

103) 
% 

PXO 

(U/g) 
% 

GST 

(mU/ 

100g.102) 
% 

Normal 

 

32.02 

± 

2.39d 

- 

 

35.62 

± 

1.21a 

- 

 

108.75 

± 

7.27a 

- 

 

15.58 

± 

0.16a 

- 

 

55.66 

± 

0.39a 

- 

 

89.11 

± 

2.27a 

- 

Doxorubicin 

78.23 

± 

1.78a 
144.31 

 

9.72 

± 

0.56c 

-72.71 

 

15.75 

± 

2.71c 

-

85.51 

 

8.28 

± 

0.10d 

-46.91 

 

34.73 

± 

0.34d 

-37.62 

 

56.62 

± 

1.33c 

-36.42 

Doxorubicin + 

Shoot  Extract 

63.13 

± 

1.90b 
-19.33 

 

25.59 

± 

0.60b 

163.27 

 

64.77 

± 

7.31b 

311.2 

 

13.73 

± 

0.26c 

65.81 

 

45.48 

± 

0.52c 

31.22 

 

74.93 

± 

2.45b 

32.34 

Doxorubicin + 

Seed Extract 

48.02 

± 

2.67c 

-38.62 

 

33.24 

± 

0.84a 

241.98 

 

94.47 

± 

7.71a 

500.0 

 

15.04 

± 

0.14b 

81.25 

 

53.39 

± 

0.49b 

53.72 

 

85.12 

± 

1.99a 

50.32 

LSD at the 5% 

level 
6.54 2.48 19.37 0.56 1.30 6.06 

LSD at the 1% 

level 
8.91 3.38 26.41 0.77 1.77 8.26 



Life Science Journal 2013;10(3)                                                  http://www.lifesciencesite.com         

2554 

 

      
Figure 1: Photomicrographs of testis section showing normal histological Structure of testis. St: seminiferous tubules; Lu: 

Lumen; sz: spermatozoa or sperms; sl: spermatic lineages and Lc: Leydig cells (Figures 10a and 10b). 

 

       
 

       
Figure 2: Photomicrographs of testis section of doxorubicin-administered rats showing vacuolation of spermatogenium cells and 

loss of spermatocytes, spermatids and spermatozoa, vacuolation (V) of spermatogenium cells and loss of spermatocytes, spermatic 

and spermatozoa are also noticed (Figure 2b). Odema (O) of the intertubular tissue (Figure 2c) as well as vacoultion and necrosis 

(nc) of the most lining epithelium of the seminiferous tubules (Figure 2d) can be observed. 



Life Science Journal 2013;10(3)                                                  http://www.lifesciencesite.com         

2555 

 

  
Figure 3: Photomicrographs of testis section of doxorubicin-administered treated rats with purslane shoot ethanolic extract 

showing moderate voculation (v) and hydropic degenerations (hd) of the lining epithelium of the semniferous tubules. Few 

number of the seminiferous tubules showed moderate loss and decrease in necrosis of the lining epithelium of the seminiferous 

tubules (Figures 3a and 3b).  

 

 

   
Figure 4: Photomicrographs of testis section of doxorubicin-administered treated rats with purslane seed ethanolic extract 

showing mild voculation (v) of the lining epithelium of the seminiferous tubules. Few numbers of the seminiferous tubules 

showed moderate necrosis (nc) and vacoulation (v) of the lining epithelium of the seminiferous tubules (Figure 4a and 4b). 

 

 

4. Discussion 
DOX has been widely used for the treatment of 

various hematological and solid tumors. DOX shows its 

chemotherapeutic activity by stabilizing a reaction 

intermediate in which DNA strands are cut and 

covalently linked to tyrosine residues of topoisomerase 

II. This results into inhibition of the negative super 

coiling of DNA and thereby blocking further DNA 

transcription and replication. DOX treatment possesses 

the risk of serious dose-dependent toxicity to other non-

target tissues, among which testis is one of such tissues 

vulnerable to the side effects of this potent 

chemotherapeutic agent (Trivedi et al., 2011). 

The present study revealed that intraperitoneal 

injection of 4 mg DOX/kg b.w. for 6 weeks induced 

male sexual and testicular dysfunction manifested 

biochemically by a significant decrease of serum 

testeosterone, FSH and LH levels. DOX treatment also 

resulted in a decrease in sperm number and vacoulation 

and necrosis in spermatogonium cells within the 

seminiferous tubules as well as odema in the interstitial 

spaces. These results are in agreement with Yeh et al. 

(2009) and Trivedi et al. (2011). 

 The previous deleterious biochemical alterations 

of the present study were associated with a marked 

elevation of testis lipid peroxidation and a significant 

decrease in the level non-enzymatic antioxidant, 

glutathione and activities of enzymatic antioxidants, 

catalase, superoxide dismutase, peroxidase and 

glutathione-S-transferase. These results are in 

concurrence with those obtained by many other authors 

(Kato et al., 2001; Lebrecht et al., 2007; Simunek et 

al., 2009) who stated that one of the most prevailing 

hypothesis of testis damage from DOX administration 

is the ability of the drug to produce reactive oxygen 

species (ROS) and reduce antioxidant defense 

mechanism. They also revealed that the increased lipid 

peroxidation play a critical role in testicular toxicity. 

Reactive oxygen species have been known to cause an 

increase in the concentration of lipid hydroperoxides 

and loss of membrane polyunsaturated fatty acids in the 

spermatozoa (Elangovan et al., 2006). In the present 
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study, DOX treatment led to significant increase in 

testis lipid peroxidation and decrease in the GSH levels 

in the testis as compared to the control group. The 

increase in lipid peroxidation was associated with 

necrosis and vacoulation in spermatogonium cells. 

These results are in accordance with those obtained by 

Trivedi et al. (2011). 

Histopathological examination of testis sections of 

DOX-administration rats supported the previous 

biochemical results. The testis showed that DOX 

administration led to vacuolation of spermatogenium 

cells and loss of spermatocytes, spermatids and 

spermatozoa. Some seminiferous tubules showed 

odema of the intertubular tissue, vacuoltion and 

necrosis of the most lining epithelium of the 

semniferous tubules which indicated severe germ cell 

toxicity induced by DOX. These results are in 

agreement with Yeh et al. (2009 and Trivedi et al. 

(2011) who showed that DOX administration led to 

significant reduction in the sperm count and increase in 

the percent abnormality in sperm head morphology. In 

testis section, increased disorganization, vacuolization, 

decreased spermatogonia, spermatocytes and 

spermatids counts were observed. Some of the 

seminiferous tubules were found to be completely 

deprived of the cellular structure. 

The treatment of DOX-administered animals with 

purslane shoot and seed ethanolic extracts successfully 

improved the elevated serum levels of testosterone, 

FSH and LH. These results are in agreement with Jalali 

et al. (2012) who reported that the purslane extract can 

be protective against reproductive toxicity due to its 

contents such as omega-3 fatty acids and β-carotene 

(Liu et al., 2000), vitamins and essential amino acids, 

α-tocopherols, ascorbic acid, and glutathione as well as 

phenolics and coumarins ( Spina et al., 2008). Organic 

acids are also present (Fontana et al., 2006) and 

alkaloids had been reported to be important chemical 

constituents of this species (Xiang et al., 2005). 

Concomitant with the present study, Tawfeq (2008) 

reported that the purslane extract caused a significant 

reduction in the doxorubicin-induced toxicity in mice. 

These ameliorations in biochemical serum 

parameters of testis function are associated with the 

improvement in testis histology changes. The seed 

extract seemed to be more potent than shoot extract. 

The testis showed moderate voculation of the lining 

epithelium of the seminiferous tubules. Few number of 

the seminiferous tubules showed moderate loss and 

decrease in necrosis and vacoulation of the lining 

epithelium of the seminiferous tubules as a results of 

purslane shoot and seed extracts  

The improvement of tesis function and integrity 

may be mediated via the antioxidant activity of purslane 

shoot and seed extracts. This is confirmed by the 

current study who revealed a significant decrease of 

lipid peroxidation and increase in CAT, SOD, 

peroxidase and glutathaione-S-transferase activities and 

glutathione level.  

 

Conclusion 

The purslane shoot and seed ethanolic extracts 

successfully ameliorated the deleterious effects of 

doxorubicin on serum testosterone, FSH and LH levels 

and improved the testis function and integrity. These 

alleviative effects may be mediated via the 

enhancement of the antioxidant defense system and 

suppression of oxidative stress. However, further 

clinical studies are required to assess the efficacy and 

safety of purslane shoot and seed extracts on 

doxorubicin-induced male sexual and testicular 

dysfunctions in human beings. 
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