
 

J. Appl. Environ. Biol. Sci., 4(8)279-291, 2014 
 

© 2014, TextRoad Publication 

ISSN: 2090-4274 
Journal of Applied Environmental  

and Biological Sciences 
www.textroad.com 

 

*Corresponding Author: OMAMA E. Elshawi, Clinical Health Radiation Research Department, National Centre for Radiation 
Research and Technology, Atomic Energy Authority, PO Box 29 Nasr City, Cairo, Egypt. 

Testicular Damages Mediated by Oxidative Stress in Swiss Albino Rats 
 Exposed to Lead Acetate and Gamma Rays Co-toxicity  

The Possible Protective Role of Taurine 
 

OMAMA E. Elshawi1*, Asmaa, I. Nabil2, Mahmoud F. Mahmoud3 

 
1Clinical Health Radiation Research Department, National Centre for Radiation Research and Technology, Atomic 

Energy Authority, PO Box 29 Nasr City, Cairo, Egypt 
2Biochemistry Lab. Chemistry Department, Faculty of Education, Ain Shams University 

3Biological and Geological Department, Faculty of Education, Ain Shams University 
Received:  May  24, 2014 
Accepted:  June 30, 2014 

ABSTRACT 
 

The protective potential of taurine was studied against combined toxicity of radiation and Pb++ induced biochemical and 
histopathological alterations in testis of rats. Rats were divided into six groups. Group 1: (Control) animals. Group 2: 
taurine treated, animals were injected ip (1g/Kg body weight). Group 3: animals received lead acetate (po) at a dose of 
60 mg/kg body weight. Group IV: (Irradiation treatment) animals exposed to whole body irradiation of 8Gy Group V: 
(concomitant toxicity), animals administer Pb++ thereafter exposed to irradiation. Group VI: concurrent treatment 
(taurine +concomitant toxicity): animals administered taurine, one hour after; animals administered Pb++lead acetate, 
thereafter exposed to irradiation.  At the end of the experiment, rats were weighed and sacrificed 24 hours after the last 
irradiation exposure, and subjected to biochemical and histopathological analysis. The results clarified that Pb++ and 
irradiation toxicity induced biochemical and Histopathological alterations in treated rats. The greater toxicity was 
observed in concomitant treatment compared to either Pb++ or irradiation alone. Taurine concurrent treatment was 
significantly ameliorated the alterations in intoxicated rats. In the view of our results and combining all, the data suggest 
that taurine confers considerable protection. The radio protected efficacy of taurine could be attributed to its oxidant 
properties. 
KEY WORDS: Gamma rays, lead acetate, albino rat, testis, taurine. 
 

INTRODUCTION 
 

With an improvement in the lifestyle of people by the application of advances in science and technology, man has 
to pay the penalty of accepting a certain degree of deterioration of the environment with its concomitant adverse effects 
on the health of the living beings. Metal toxicity and radiation effects on organisms are manifested in the form of 
various pathological, histological and biochemical alterations.  Ionizing radiation is one of the environmental factors 
that may contribute to reproductive dysfunction by a mechanism involving oxidative stress (1). 

The toxic effect of lead on reproduction is pervasive affecting basically all aspects of the reproductive 
system(2).The accumulation of lead in various tissues and its interference with bio-elements accounts for its 
pathophysiology(3). Lead may interfere with biochemical processors through alterations of structural integrity of 
enzyme or by disruption of substrate binding. The toxic effects are many, ranging from morphological tissue 
damage at higher concentration to lesser biochemical effects at lower concentrations (4). 

Taurine, 2-aminoethane sulphonic acid is one of the most abundant low-molecular-weight organic constituents 
in human and many animals. Taurine is not involved in protein synthesis or in metabolic pathway. However, several 
physiological functions of taurine have been demonstrated, such as osmoregulation, calcium modulation, membrane 
stabilization, antioxidation, radioprotection, energy storage and xenobiotic conjugation (5). 

In the male reproductive system, taurine has been detected in Leydig cells, vascular endothelial cells, and some 
other interstitial cells of testis and epithelial cells of efferent ducts in rats (6). It has also been reported that taurine 
can be biosynthesized by male reproductive organs (7). In addition, taurine has been identified as the major free 
amino acid of sperm cells and seminal fluid (8). Emerging evidence from the literature shows the effectiveness of 
taurine as a protective agent against several environmental toxins and drug-induced multiple organ injuries. These 
beneficial effects appear to be due to the multiple actions of taurine on cellular functions(9) such as anti-
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inflammatory properties (10) and participates indifferent physiological processes as it stabilizes cell membranes 
(11), regulates the levels of calcium ions in blood (12) and regulates oxidation stress (13). 

Heavy metals and radiation have the potential to induce free radical formation and cause lipid peroxidation, 
leading to destructive effect on the structure and function of the cell and cell membrane by causing cellular death. 
Extensive research has been carried out on toxicity of heavy metal or radiation alone (14)-(15). Few studies have 
been focused on interactions of ionizing radiation and the heavy metals, and on their impacts on living organisms. 

The present study has been undertaken to assess the possible effectiveness of taurine in reducing the 
biochemical and histological alterations in the testis induced by lead acetate and irradiation co-toxicity, and the 
underlying mechanisms implicated in this effect. 

 
MATERIALS AND METHODS 

 
Chemicals 

All chemicals used in this investigation were of analytical graded. Lead acetate was purchased from Sigma 
Company, Egypt. Taurine was purchased from Sigma-Aldrich (St. Louis, MO, USA). 

Lead acetate was dissolved in saline solution and administered po, each animal received 1ml lead acetate at a 
dose of 60 mg/k body weight/day, five days / week. Taurine was also dissolved in saline solution and injected ip 
(1ml/animal) /day at a dose of 1g/kg body weight, five days / week over the experimental period. 
 
Animals 

Male Swiss albino rats (115-120g) purchased from the Egyptian Organization for biological products and vaccines, 
VACSERA, Egypt. Rats were housed in plastic cages under controlled environmental condition cycle. They were 
provided standard feed and water adlibitum. The experiments were performed at the Clinical biochemistry laboratory, 
National Centre for Radiation Research and Technology, Atomic Energy Authority, Cairo, Egypt. 

All experiments approved by the state authorities and it followed the Egyptian roles on animal protection. 
 
Radiation Facility 

Whole body gamma irradiation of rats was performed using a Canadian Gamma Cell-40 (137Cs)located at the 
National Centre for Radiation Research and technology, Cairo, Egypt at a dose rate of 0.68 Gy/min. Rats were exposed 
to fractionated dose of (2Gy) gamma-irradiation twice / a week for two weeks, result in a cumulative dose of 8 Gy. 
 
Experimental protocol 

The possible protective role of taurine was assessed in rats against lead acetate and irradiation co-toxicity 
induced testicular deterioration. Along 45 days, the entire experimental period, animals were randomly selected and 
divided into six groups as the following. 
Group 1: (n=10) Animals received 1ml saline/animal/ day) five times /a week and served as control. Group 2 (n= 
10): Animals were injected ip 1g taurine /kg b. wt. once / day. Group 3 (n= 15):Animals were given lead acetate 
orally at a dose of 60 mg/k body weight /day five times/week. Group 4 (n= 15): at the last two weeks of the 
experiment rats were exposed to whole body gamma-irradiation applied as 2Gys twice a week up to a total dose of 
8Gy.Group 5 (n= 20): combined toxicity group, animals intoxicated with lead acetate as in G3, one hour post lead 
intoxication, animals were irradiated as in G4. Group 6 (n= 15): (Experimental group), animals of this group 
administered taurine as in G2 concurrent with lead acetate as in G3along the entire period of the experiment. At the 
last two weeks of the experimental animals then exposed to irradiation as in G4. 
At the end of the treatment, the rats were weighed individually and were sacrificed 24 h after the last irradiation 
dose. Testes were quickly dissected and carefully cleaned of superficial fatty layer, weighed and then one lobe 
transferred into 0.25Msucrose solution for biochemical analysis. 
Heparinized blood was collected, centrifuged and plasma was stored at -20°C for hormonal assay. The testes were 
homogenized in ice cold 0.25 M sucrose solution (1:5 w/v)and were further centrifuged at 2000×g rpm for 10 min. 
The supernatant was then aspirated with Pasteur pipette into sample tubes, stored overnight at 4°Cbefore being used 
for the biochemical assays. 
The biochemical estimation in the testicular tissue included the end product of the lipid peroxidation, the 
malonaldhyde (MDA) concentration(16), glutathione (GSH) (17), antioxidants superoxide dismutase (SOD) (18), 
and catalase (CAT) (19). Total protein and total cholesterol were evaluated using the available commercial kits from 
(bio-diagnostic) (20)-(21). Glycogen content (22) and sialic acid activity (23) was also estimated. Quantitative 
determination of testosterone and luteinizing (LT) hormones was done using radioimmunoassay (RIA)methods 
according to the procedure instructions of the corresponding kits obtained from Diagnostic products Co. (Los 
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Angeles, CA USA).Tumor necrosis factor (TNF- α) in tissuewas determined using Elisa (quantikin R & D system, 
USA) according to the manufactures’ instructions (24). 
 
Estimation of lead level in blood and testis 

Estimation of lead blood and tissue level was carried out in the central laboratory unit, Faculty of science, Ain 
shams University.   
 
Histopathological examination 

Animals were sacrificed and testes were fixed in Bouin’s fluid for 24 hours and washed in 70 % alcohol 
containing few drops of saturated lithium carbonate to remove the excess of picric acid. The specimens were 
dehydrated in ascending series of ethyl alcohol and then they were preserved for clearing in xylene. The material was 
then embedded in three changes of pure paraffin wax (58-60ºC) in an oven, each for 30 minutes, serial transverse 
section of 4-6 microns were cut, mount on clean slides and kept to dry for 24 hours. The slides were hydrated in 
descending grades of ethanol and then stained in Haematoxylin and eosin and mounted in DPX(25). 
 
Statistical analysis 

The results obtained in the present study were expressed as mean ± SEM. Statistical analysis of data was 
performed using one-way ANOVA followed by Fisher’s least significant difference (LSD) procedure for 
comparison of various treatments using the IBM SPSS software (version 20.0, SPSS Inc., Chicago, IL)and the 
significance was observed at the p <0.001, p<0.01and p< 0.05 level. 
 

RESULTS 
 

A significant increase in the BLL(p<0. 001) and in TLL (p<0.01) was observed in group (G3) Pb++ treated 
animals and in concomitant treatment (G5) compared to the control (G1) suggesting that lead does accumulate in the 
testis and accumulation of lead in G5 is mainly due to Pb++  treatment. Moreover, a significant decrease in the 
BLL(p<0.001) and the TLL (p<0.01)in taurine concurrent treatment (G6) compared to concomitant intoxicated 
group (G5) suggesting that taurine successfully reduced the amount of lead in the blood circulation and in tissue by 
52.75% and 40.84% respectively (table 1). 

  
Table (1): Blood Lead Level (BLL) and testicular Lead Level (TLL) and the modulator effect of taurine. 

parameters (G1) Control (G2)  
Taurine treated 

(T) 

(G3)  
Lead acetate (La) 

(G4)  
Irradiated 

group(IRR) 

(G5) 
La+IRR 

treatment 

(G6) 
T+La+IRR 

BLL (μg/ml) 0.169±0.01 0.159±0.003NS 0.780±0.05***,NS 0.175±0.05NS,b 0.760±0.01*** 0.369±0.02**,b 
TLL (μg/ml) 0.506±0.06 0.458±0.05NS 0.887±0.18**,NS 0.498±0.03NS,b 0.896±0.04** 0.530±0.03NS,b 

Statistical significance between control group and the other treated groups at **p<0.01, ***p<0.001. (a,b and c) are the statistical significance of G3 ,G4 and G6 with respect to 

G5. a=(p<0.05) . b=(p<0.01) c=(p<0.001) NS = not significant. 

 
Data illustrated in table 2 showed that the treatment with taurine either alone (G2) or in concurrent treated (G6) 

keep the body weight and testes weights within the normal value clearly showed the protective role of taurine to 
counteract the different toxicity modalities applied during this investigation. Unlike, the three toxicity modalities 
caused dramatic decrement in body weight(p< 0.001).Moreover, the same trend of decrement in testis weight was 
observed in Pb++  (p≤ 0.001) and in Pb++   Irradiation co toxicity (p≤ 0.01), meanwhile gamma irradiation not affect 
the testis weight (p≥ 0.05).Otherwise, a considerable improvement was observed in these parameters by 
administration of taurine in concurrent compared to concomitant toxicity (G5) treated group evidenced the 
protective efficacy of taurine. 
 

Table (2): Effect of lead acetate, irradiation and their combination on body weights and testes weightsof 
treated rats and the modulator effect of taurine. 

Parameters (G1) Control (G2)  
Taurine treated 

(T) 

(G3)  
Lead acetate 

(La) 

(G4)  
Irradiated 

group(IRR) 

(G5) La+IRR 
treatment 

(G6) 
T+La+IRR 

Body Weight 145.13±4.31 147.75±2.8 NS 129.25±2.4***,a 131.25±2.25***,b 128.13±2.3*** 138.78±1.14NS,c 
Testis 1.31±0.02 1.32±0.03 NS 1.21±0.01***,a 1.27±0.01NS,b 1.23±0.01** 1.29±0.02NS,c 

Statistical significance between control group and the other treated groups at **p<0.01, ***p<0.001. (a,b and c) are the statistical significance of G3 ,G4 and G6 with respect to 

G5. a=(p<0.05) . b=(p<0.01) c=(p<0.001) NS = not significant. 
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On its own, taurine caused marked elevation in plasma hormones, testosterone (Tt) and luteinizing (LH). The 
level of the pro-inflamatory cytokine TNF-α is not affected significantly. Otherwise, an inverse relation between the 
two hormones Tt, LH and TNF-α was recorded post Pb++ toxicity, irradiation  and combined toxicity, while a 
significant decreases in Tt and LH (p<0.001), comparable with significant increase in TNF-α (p<0.01) compared to 
the control values. Addition of taurine in concurrent treatment displayed significant modulation in Tt and LH 
(p<0.05) as well as TNFα (p<0.01 compared to combined toxicity group, indicating the beneficial role of taurine to 
counteract the toxic effect of these agents (Table 3).  
 

Table (3): Effect of lead acetate, irradiation and their combination on blood plasma hormone and testicular 
TNF-α and the modulator effect of taurine. 

parameters (G1) Control (G2)  
Taurine treated 

(T) 

(G3)  
Lead acetate (La) 

(G4)  
Irradiated 

group(IRR) 

(G5) 
La+IRR treatment 

(G6) 
T+La+IRR 

Testosterone 
(ng/ml) 

4.38±0.50 5.17±0.38NS 2.74±0.13***,a 3.31±0.22**,b 3.17±0.13** 3.75±0.18NS,a 

LH (ng/ml) 3.95±0.16 3.64±0.21NS 2.21±0.18***,a 3.14±0.16**,b 3.51±0.31** 3.24±0.21NS,a 
TNF-α (pg/ml) 21.2± 0.16 19.9 ± 0.75 NS 47.31±2.71**,b 43.52± 4.37**,b 57.76±2.15*** 26.58±3.97 NS,C 
Statistical significance between control group and the other treated groups at *p<0.05; **p<0.01, ***p<0.001. (a,b and c) are the statistical significance of G3 ,G4 and G6 with 

respect to G5.  a=(p<0.05) . c=(p<0.001) NS = not significant. 
 

The oxidation and the endogenous antioxidant status under different treatments are presented in table 4. 
Malondialdehyde was estimated as an oxidative marker. Taurine treatment induced significant increase in the GSH 
and SOD levels (p≤0.05) compared to controls. Moreover, MDA level was significantly elevated post Pb++and 
irradiation intoxications (p≤0.01) and their combination (p≤0.001), comparable with significant decrement in the 
antioxidant parameters GSH, CAT (p≤0.001) and SOD (p≤0.001) compared to the control values. Rather than, 
addition of taurine in concurrent treated group has rendered protection against Pb++, irradiation and their combined 
toxicity-induced oxidative stress and restored significantly the decrease in GSH (p<0.01) level, as well as in SOD 
and CAT activities (p<0.05) compared to concomitant toxicity in G5 which is most likely due to scavenging the 
oxygen free radicals by taurine. 
 

Table (4): Effect of lead acetate, irradiation and their combination on testicular oxidative stress and 
endogenous antioxidants and the modulator effect of taurine. 

parameters (G1) Control (G2)  
Taurine 

treated (T) 

(G3)  
Lead acetate (La) 

(G4)  
Irradiated 

group(IRR) 

(G5) 
La+IRRtreatm

ent 

(G6) 
T+La+IRR 

MDA 
(µM/mg tissue) 

 
306.4±10.1 

 
290.8±9.3 NS 

 
345.4±6.96**,NS 

 
339.1±4.02**,,NS 

 
350.6±9.6*** 

 
314.8±9.1NS,c 

GSH content 
(mg/g tissue) 

 
55.7±2.2 

 
65.7±3.56 * 

 
41.7±1.8**,NS 

 
42.9±2.5**,NS 

 
41.2±2.6*** 

 
51.4±3.8NS,c 

SOD activity 
(U/mg tissue) 

 
1.01±0.04 

 
1.16±0.06* 

 
0.40±0.07***,NS 

 
0.43±0.04***,NS 

 
0.36±0.02*** 

 
0.79±0.05**,b 

CAT activity 
(U/mg tissue) 

 
9.38±0.65 

 
9.49±0.48NS 

 
7.54±0.48**,NS 

 
7.50±0.23**,NS 

 
6.84±0.23*** 

 
8.11±0.28*,b 

Statistical significance between control group and the other treated groups at *p<0.05; **p<0.01, ***p<0.001. (b and c) are the statistical significance of G3 ,G4 and G6 with 

respect to G5. b=(p<0.01) c=(p<0.001) NS = not significant. 

 
There were no considerable changes were observed in protein content, sialic acid, total glycogen, ACP and 

total cholesterol in taurine treated group (p≥0.05) compared to control. A significant decrease was recorded in 
protein content (p<0.01), sialic acid (p<0.001), glycogen content (P<0.001), ACP (p<0.001) and cholesterol in 
testicular tissue compared to control. More so, a substantial decrease in the same parameters was observed in the 
same parameters due to combined intoxication (p<0.01)compared to the corresponding values in the control. 
Otherwise, taurine conferred a considerable protection in sialic acid (p<0.01) as well as in protein, glycogen, ACP 
and total cholesterol levels (p<0.01) compared to G5. 
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Table (5): The effect of Pb++, irradiation and their combination on some of the testicular parameters and the 
modulator effect of taurine. 

parameters (G1) Control (G2)  
Taurine 

treated (T) 

(G3)  
Lead acetate (La) 

(G4)  
Irradiated 

group(IRR) 

(G5)  
La+IRR 

treatment 

(G6) 
T+La+IRR 

Protein content 
(mg/g tissue) 

9.3±0.50 9.4±0.60 NS 7.09±0.35**,b 7.3±0.50**,a 6.2±0.33*** 8.8±0.37NS,c 

Sialic acid 
(mg/g) 

 
4.25±0.19 

 
4.42±0.23 NS 

 
2.66±0.20***,NS 

 
2.80±0.12***,NS 

 
2.51±0.20*** 

 
3.49±0.23**,b 

Glycogen 
(mg/g tissue) 

 
4.8±0.3 

 
5.3±0.5 NS 

 
8.1±0.4***,NS 

 
7.4±0.3***,a 

 
8.5±0.4***,a 

 
5.9±0.4*,c 

ACP 
(mg/L) 

 
11.99±0.63 

 
16.60±1.23* 

 
37.87±2.1***,NS 

 
36.39±1.3***,NS 

 
35.5±1.6***,NS 

 
21.37±1.7***,c 

cholesterol 
(mg/gtissue) 

78.4±2.5 77.8±3.3NS 127.4±2.1***,a 54.6±2.4***,c 115.3±5.1*** 86.2±4.8NS,c 

Statistical significance between control group and the other treated groups at  **p<0.01, ***p<0.001. (b and c) are the statistical significance of G3 ,G4 and G6 with respect to G5. 

a=(p<0.05) . b=(p<0.01) c=(p<0.001) NS = not significant. 

 
Histopathological observation 

Histopathology of testis of normal untreated and taurine treated rats showed normal appearance of 
seminiferous tubules with sperms in the lumen as well as interstitial space with normal appearance of lyding cells. In 
addition, taurine treatment showed the most successive stages of spermatogenesis, spermatozoa (Sp) and congestion 
(C) (Fig 1&2). Moreover, lead acetate and gamma-irradiation displayed variable degenerative changes. Most of the 
tubules were histologically altered. The seminiferous tubules showed a variety of histological changes in both 
spermatogenic cells and interstitial tissue. The histological changes in lead acetate treated group and in gamma-
irradiation exposed animals were in a similar degree. Meanwhile, these changes were severely increased in rates 
given combined intoxication compared to that in group 3 and group 4 (Fig 3, 4, 5). Otherwise, taurine concurrent 
treatment displayed considerable less damage, while little of the tubules were histologically altered, whereas others 
were not affected (Fig.6). 
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Photomicrographs of Testis Sections stained with Haematoxylin and Eosin (H&E) 

 

Figure (1): Photomicrograph of C.S. of the testis of control rat showing tunica albuginea (arrow), seminiferous tubule (ST) and 
interstitial tissue (L).X: 400 

 

Figure (2): Photomicrograph of C.S. of the testis of treated rat with 1g taurine / kg b. wt. once / day showing the most successive 
stages of spermatogenesis, spermatozoa (Sp) and congestion (C). X: 400 

Figure (3): Photomicrograph of C.S. of the testis of treated rat with lead acetate orally at a dose of 60 mg/k body weight /day five 
times/week showing seminiferous tubule with nuclear pyknosis (P), oedema (O) and vacuoles (V). Large space (S) among 
tubules and hypoplasia of interstitial tissue were also illustrated. X: 400 

 

Figure (4): Photomicrograph of C.S. of the testis of treated rat with gamma-irradiation applied as 2Gys twice a week up to a total 
dose of 8Gys showing seminiferous tubule with nuclear pyknosis (P), congestion (C) of blood vessel and vacuoles (V). X: 400 

 

Figure (5): Photomicrograph of C.S. of the testis of treated rat with lead acetate and gamma-irradiation showing seminiferous 
tubule with nuclear pyknosis (P), congestion (C) of blood vessels, vacuoles (V). Large space (S) among tubules and 
hypoplasia of interstitial tissue were also illustrated.  X: 400 

 

Figure (6): Photomicrograph of C.S. of the testis of treated rat with taurine, lead acetate and gamma-irradiation showing large area 
of haemorrhage (H).Large space (S) among tubules and hypoplasia of interstitial tissue were also illustrated. X: 400 

3 4 

6 5 

2 1 
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DISCUSSION 
 

The combined effects of ionizing radiation and heavy metals on organisms may differ from those caused by 
any of them alone and might  result in synergistic or antagonistic action(26).Observing the BLL results, our results 
revealed that ip administration of lead to rats induced a high BLL in the lead acetate treated group, confirming that 
lead is highly absorbed into the body through the gastrointestinal tract, resulting in higher elevation of the BLL of 
the lead acetate treated group alone and combined treated group than the safe level of 10 μg/dl as evidenced by 
Wu(27).Our results a clearly demonstrated high concentration of Pb++ was deposited in the testis (TLL) in 
Pb++treatment alone and also in animal group received the combination treatment. This trend of result become in 
harmony with Ghosh et al(28)who demonstrated the accumulation of lead in cardiac tissue following treatment of 
rats with lead acetate at a dose of 15 mg / kg bw (i.p.) for a period of seven consecutive days. This proves that the 
testis is a site at risk from lead intoxication.  

The fall in BLL as well as in TLL parallels with the amelioration of damages brought about by taurine 
concurrent treatment pre-irradiation and seems to have a protective effect in lowering the level of lead in both blood 
and testis. On the same line with our results, in a study [from Post By: Click 7] (29), It was reported that rats 
exposed to lead and supplemented with different doses (100mg and 400 mg) of taurine, the results revealed that the 
rat blood lead level is below the lead group, higher that the hemoglobin content and the red blood count indicating 
that taurine has a certain role in removing lead due to mitigation exposed to lead anemia. 

In the contrary to our results, Flora, et al. (30) reported that 100mg/kg taurine injected (ip) has no effect on 
arsenic (heavy metal) concentration in blood, lead, and kidney. More so, they concluded that, the antioxidant 
capacity of taurine at the same dose has a beneficial role in depletion of blood and tissue lead concentration when 
administration along with chelating agent. We can reason the blood and tissue lead reducing capacity of taurine to 
the high dose applied in our investigation. On the other hand, Gurer, et al. (31)  elucidated that taurine (1.1g/ kg) in 
drinking water was shown to have no effect on tissue lead levels, indicating that its antioxidant effect shown in their 
study is not a consequence of removal of lead from target tissues. We conclude that this contradiction may be due to 
the deferent route of administration. 

Finding of the present study demonstrated a similar mode of variation in the body weights and the testis 
weights in lead treatment, irradiated treatment as well as their combination. The Pb++treatment exerts the most 
pronounced effect on the body weights and organ weight than irradiation. The data was in accordance with 
Slovinská et al. (32). The authors studied the effect of cadmium and ionizing radiation on the liver and kidneys of 
rats. They found that cadmium alone displayed the greater effect than ionizing radiation and their combination. 
More so, an additive effect was exerted by the combined toxicity as the change in the body weights and organ 
weights was greater than that caused by any of the single treatment. This trend of our result is inconsistent with 
others (33). 

Moreover, a notable recovery and protection was observed in these parameters in taurine concurrent treated 
group compared to the combined toxicity (G5) suggesting the effective protective role of taurine. 

The decrease in body weight and testis weight observed in Pb++ intoxicated group became in parallel to the 
previous studies (34). Other laboratories indicated that blood Pb++ concentration ≥ 30µ dl during at least 30 days is 
associated with impairment of spermatogenesis and reduced concentrations of circulating androgens (35). Moreover, 
Chapin et al. (36) attributed the reduction of testicular weight in lead treated group to the decrease in number of 
germ cells and elongated spermatids since; the weight of testis is largely dependent on the mass of differentiated 
spermatogenic cells. 

The decrease in body weight after irradiation exposure in this investigation became in conformity with other 
laboratories (37). They attributed this to the decrease in food and water intake due to gastrointestinal damage. The 
loss of testes weight following irradiation could be due to the loss of the body weight caused by radiation, or it 
seems to be associated with cellular damage in the testes (38). 

Radiation inflicts its adverse effects through the generation of free radicals (39) that play a significant role in 
the indirect biological damage. Free radicals attack the macromolecules including DNA, protein and cause lipid 
peroxidation to impair the endogenous antioxidant defense mechanism (40). Also, lead (Pb++) is well known to 
produce oxidative damage by enhancing lipid peroxidation (41). In the current study, lead and / or irradiation 
treatments resulted in a significant increase in lipid peroxidation as indicated by the significant increase in MDA, 
accompanied by significant decrement in GSH and the antioxidant enzymes SOD and CAT (41). They concluded 
that lead was shown to implicate testicular lipid peroxidation due to the formation of free radicals through 
exhaustion of antioxidants (41), and subsequently to oxidative stress. Increased lipid peroxidation was accompanied 
by a reduced GSH (42) due to the higher membrane lipid content of testes.  
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GSH is one of the major components of cellular antioxidant system. It is the principal non-protein thiol 
functioning as an antioxidant and as a cofactor for enzymes involved in detoxification of xenobiotics (43). The 
marked decline in GSH observed in this study could be turned to its enhanced utilization as an attempt to detoxify 
the free radicals generated by Pb++ and/or irradiation toxicity. The decrement in the activities of SOD and CAT 
which is most likely due to their utilization by the enhanced production of ROS, which interacts with the enzyme 
molecules causing their denaturation and partial inactivation (44) or may contribute to the oxidative stress caused 
byPb++toxicity by interfering with the activities of SOD and that of CAT (39),thereby, given freedom to free radicals 
(e.g., reactive oxygen species) to cause oxidation, which manifests as an increase in the concentration of MDA in 
the case of lipid peroxidation. 

Spermatogenesis in mammals depends on testosterone production by leyding cells in response to stimulation 
by FSH and LH. FSH increases Sertoli cell synthesis of androgen binding protein needed to maintain high 
concentration of testosterone production by interstitial cells of the testis (40). Additionally, TNFα is produced in the 
testes under normal physiological conditions and play an important role in maintaining testicular function. An 
increase in the expression of pro-inflammatory cytokines was observed in certain pathological conditions resulted in 
a disruption of balance of inflammatory and immune responses of the spermatogenesis (41).The present study 
displayed a marked elevation in the levels of testosterone and LH with TNF-α level was near the control level in 
taurine treated rats. The results are in agreement with Yang et al.,(42)-(43). The increment in hormone 
concentrations might be owing to the role of taurine to stimulate secretion of LH and FSH through its effect on 
hypothalamo-pituitary gonadal axis and to regulate the testosterone production from testes by binding to membrane 
receptors on the Leydig cells (47)-(48). Moreover, a significant elevation TNF-α associated with significant decline 
in testosterone and LH concentrations post Pb++, irradiation and their combination treatments compared to the 
control. The increased TNF-α post different intoxicated modalities could be attributed to the generated ROS that 
activate transcription factors as nuclear factor-kappa B (NF-kB) which in turn up-regulate cytokines contributing to 
inflammatory response (49). The elevation of TNF-α post irradiation and Pb++ treatments in the present investigation 
was in concurrence with previous reports (50)-(51) and was demonstrated to play an important role in relation to 
several implications after irradiation (52).The increased blood lead (BLL) content has been associated with 
disruption of hypothalamic secretion of hormones and spermatogenesis leading to disruption of serum testosterone 
concentration (51). A significant decrease in testosterone of plasma was demonstrated in arsenic treated rats, which 
could be due to the inhibition of testicular androgenic enzymes activities, because of their responsibility for the 
regulation of testosterone biosynthesis (53), or may be a result of low plasma levels of LH, the prime regulator of 
testicular androgenic enzymes activities (54).The current study also, showed a dramatic decrease in serum 
testosterone associated with a significant increase in the level of LH level in irradiated animals. The findings are in 
conformity with earlier investigators Oi-Kano et al.,(55) who stated that γ-irradiation exposure resulted in a 
significant decline in testosterone concentration owing to generation of the free radicals. Elevated TNF- α level with 
low serum testosterone level has been observed in radiated rats (56). 

A significant decrease in MDA accompanied with the amelioration of the endogenous antioxidant parameters 
(GSH, SOD and CAT) was observed in animal group received taurine concurrently with (Pb+++IRR). The same 
trend of results was demonstrated by others (57)-(58). Taurine, a semi-essential amino acid, is known to have 
antioxidant membrane-stabilizing effects, as well as a potent inhibitor of lipid peroxides(57), and has a beneficial 
effects in various physiological and pathological conditions by mainly diminishing production of reactive oxygen 
species (ROS) and protects the integrity of the tissue prevention of GSH depletion, destruction of free radicals and 
counteracting the reactive oxygen species mediated lipid peroxidation (58). It may be interfere with the chain 
reaction by trapping the active oxygen such as superoxide anions and hydroxyl radicals. Also taurine have been 
shown to exert beneficial effects such as neutralization of free radicals and enhancement of antioxidants. Thus 
taurine strengthens the endogenous antioxidant defenses to fight ROS damage and restore the healthy state of the 
cell by neutralizing the reactive species. The present data collectively suggest the role of taurine in the depletion of 
MDA accumulation, through the increase of both antioxidant enzyme activities and GSH levels. 

Proteins are the most important and abundant macromolecules playing a vital role in the physiology and 
architecture of the cell and cellular metabolism. In the present study, a considerable decrease was observed in total 
protein after lead and / or irradiation intoxication. These findings are in agreement with other reports(14)- (59), 
suggesting a reduction in the synthetic activity of testes, and could be owing to Pb++induced impairment of 
intracellular Ca2+ homeostasis and damage the endoplasmic reticulum, which results in decrease in protein synthesis. 
The increased protein content appeared after taurine treatment in concurrent treated animals is in agreement with 
(60). The author announced that taurine increased protein synthesis that could be due to the improvement in the 
ribosomal activities, which in turn enhance the protein synthesis. 
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Cholesterol, a precursor of steroid hormone, is required for normal testicular activity (61). In the present study, 
and in agreement with other laboratories (62), a significant increase in the levels of cholesterol content was recorded 
in irradiated group. This increase could be attributed to the decreased utilization of steroidogenesis which may be 
due to pituitary inhibition or a direct inhibitory action of the target tissue (63). An elevation in cholesterol levels was 
shown in lead intoxicated group which is in agreement with others (14). They clarified that lead could be altered 
steroidogenesis induced by lead toxicity, since it is an important constituent of the cell membrane and a precursor 
for steroid hormone. The significant increase in cholesterol content of testis may be associated with the impairment 
of testicular function (64). The increase of cholesterol level in the testes may be a result of its non- utilization 
leading to the reduction of the production of testosterone, the main hormone involved in the control of fertility of 
animals including rats (65). 

Glycogen is a molecule that functions as the secondary long-term energy storage in animal cells. It is made 
primarily by the liver through glycogenesis. The presence of glycogen in the testis has been documented. The 
presence of glycogen in the sertoli cells and germinal tissue indicate that it serves as an energy substrate for the 
developing spermatids. The increase in glycogen observed in the current study is in accordance with studies reported 
earlier(14)-(64). They attributed the increased glycogen level in lead intoxicated rats to destructive action of lead on 
tissue and enzymatic activities. Also, the increase in glycogen concentration in irradiated rats may be due to the 
increased energy requirement of degenerating and aberrant spermatogenic cell population (64). 

Acid phosphatase (ACP) enzyme plays an important role in the process of cell metabolism, autolysis, 
differentiation and many related processes. It is also, one of the markers of dyszoospermia that associated with the 
denaturation of seminiferous epithelium and phagocytosis of Sertolicells (48). Administration of lead acetate alone, 
irradiation alone and in combination led to a significant elevation in ACP activity. These results are in accordance 
with earlier findings (66). The increase in ACP enzyme activity could be explained on the basis of enhancement of 
cell membrane permeability with disturbance in the trans phosphorylation process as a result of cellular degradation 
(67). Moreover, in concurrent treatment, taurine resulted conspicuous reduction in the enzyme activity, suggesting 
the protective role of taurine. 

Sialic acids are found widely distributed in animal tissues, mostly in glycoproteins and gangliosides (they 
occur at the end of sugar chains connected to the surfaces of cells and soluble proteins (68). In testis it is secreted by 
epididymal epithelium and is involved in maintaining the ionic balance (69), antigenic interaction between 
epididymis and spermatozoa, stabilization of plasma and acrosomal membranes of sperm (70). The depletion 
observed in sialic acid may be due to radiation- induced degenerative changes in the testes (71). The significant rise 
in sialic acid observed in animal group received in concurrent taurine treatment could be due its role in oxidative 
damage prevention, and antioxidants properties that provides an inclusive protection against degeneration of 
spermatogenic germ cells. 

In the present study, the testicular toxicity by Pb++ and / or irradiation and the protective effect of taurine was 
confirmed by the histopathological examination. Indeed, lead acetate and / or gamma-irradiation displayed variable 
degenerative changes. Most of the tubules were histologically altered. The seminiferous tubules showed a variety of 
histological changes in both spermatogenic cells and interstitial tissue. However, in taurine concurrently treated rats 
these histopathological changes was limited as less damage was observed, while little of the tubules were 
histologically altered, whereas others were not affected. 

It is worth considering that in the view of our results, the concomitant toxicity predominantly displayed 
synergistic effect.  

Indeed, irradiation acts directly through formation of free radicals. Thereby, would at the cellular level cause 
DNA damage. Otherwise, lead has a strong affinity for sulfhydryl groups. It would either to bind with DNA forming 
DNA complexes, preventing cell proliferation and thus act independently, or it could interfere with the activity of –
SH containing repair enzymes and thus prevent DNA repair causing synergistic effect with irradiation toxicity. 

The oxidative stress seems to contribute to lead/ irradiation induced damage. Taurine, as an amino acid, seems 
to have a promising antioxidant effect against oxidative damage induced by lead/irradiation toxicity. 
 
Conclusion 

The results of the present study supported the postulate that increased ROS induced by Pb++ and / or 
irradiation intoxication could result oxidative stress. Taurine with its antioxidant and free radical scavenging 
properties suggested to cope up with lead+ irradiation induced oxidative stress. The amelioration of the alterations in 
cellular metabolic activity in tests could be also, of the mechanisms participated in the protective role of taurine. 
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