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ABSTRACT 

The study was undertaken to evaluate the possible involvement of oxidative stress in the 

pathogenesis of ethanol induced testicular atrophy in rats. Adult male rats were orally administered 
ethanol at a dose of 1.6 g/kg body weight/day for four weeks. Twenty-four hours after the last 
treatment the rats were sacrificed using anesthetic ether. Testes were removed and weighed. 
Apoptosis was studied by using the Feulgen reaction on 5 p thin paraffin sections of testis. Testicular 
homogenate was prepared and centrifuged. The supernatant was used for the estimation of extent 
of lipid peroxidation and antioxidant defense status. There was significant reduction in body weight; 

and in testicular weight and diameter in ethanol treated rats. Extent of germ cell apoptosis was 
significantly high in ethanol treated rats. Ethanol treated rats showed significantly high tissue TBARS 
level and glutathione S-transferase activity; and low tissue ascorbic acid, reduced glutathione, 
superoxide dismutase, catalase, glutathione peroxidase and glutathione reductase activities. 

Chronic ethanol administration resulted in high oxidative stress in the testes either due to increased 
extent of lipid peroxidation or due to decreased antioxidant defenses, and thereby induces germ 

cell apoptosis leading to testicular atrophy. 
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INTRODUCTION 

Alcohol abuse in men causes impaired testosterone 
production; shrinkage of the testes (1) reduced sperm 
counts, abnormal sperm shapes and altered sperm 
motility (2). The testis is sensitive to a variety of 
stressors and exposure to agents that induce germ cell 
apoptos is  (3, 4). This organ has fairly high 

concentrat ions of antioxidant (5, 6). These facts 
indicate that the defense against oxidative stress plays 

critical roles in the maintenance of spermatogenesis 
and prevention of testicular atrophy. However the 
mechanism by which antioxidants protect germ cells 
from hazardous stress, which causes atrophy of the 
testis, remains obscure.  Ethanol  metabol ism 

generates reactive oxygen species by inducing lipid 
perox idat ion and decreases cel lu lar  levels of 
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antioxidant (7). Therefore we hypothesized that 
ethanol might elicit oxidative stress in the testis, 
thereby inducing germ cell apoptosis. The present 
study describes the changes in oxidative stress in the 

test is  and extent  of germ cell apoptosis after 
administration of ethanol to the rat. 

MATERIALS AND METHODS 

Chemicals were purchased from Sisco Research 
Laboratory, INDIA; Sigma Chemical Co., St. Louis, 
USA and Merck Ltd. India. 

Wistar male rats (10-12 weeks of age) weighing 100- 
120 g were used. The animals were housed in plastic 
cages of size 14"x9"• (6 rats in each cage) in side 

a well-ventilated room. The room temperature was 
maintained at 22.+.2~ with a 12 h light/dark cycle. All 

rats had free access to a standard diet and tap water. 
Food and water were given ad libitum. 

Animals were divided into two groups. Control and 

Ethanol treated. Ethanol treated rats were given 
ethanol orally at a dosage of 1.6 g ethanol/kg body 
weight/day for four weeks. Ethanol was diluted with 

double distilled water to get desired concentration. The 
control animals received a similar volume of the 
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vehicle alone for four weeks. After the experimental 

period rats were weighed and killed by cervical 
dislocation under light ether anesthesia. Testes were 

removed, cleared of the adhedng tissues and weighed. 
Right testes were used for biochemical analysis and 

left testes were processed histopathological study. 
Tissues were immediately rinsed, perfused with ice 

cold normal saline, trimmed and stored in pre- cooled 
(-4~ containers. Tissues were thawed on ice before 

analysis. Tissue levels of protein (8), thiobarbituric acid 
reactive substance (9), ascorbic acid (10), reduced 

glutathione (11), catalase (12), superoxide dismutase 
(13), g lutath ione perox idase (14), g lu ta th ione 
reductase (15) and glutathione S-transferase (16) 

were assayed. 

Tissue processing for detect ion of apoptosis 

F ixat ion - Tissues were fixed in Rouin's fluid for a 

minimum of 48 hours. 

Paraffin sectioning - Tissue blocks were processed 
for paraff in sect ions using rout ine histo logical  

procedures (17). 5 p thick sections were taken and 

mounted on the gelatinized slides. 

Detection of apoptosis - Apoptosis was detected in 
histological sections by using the Fuelgen reaction (18, 

19). The sections were dewaxed with xylene and 
hydrated with descending grades of ethyl alcohol and 
placed in distilled water for 5 minutes. The sections 

were placed in Schiff's reagent for 45 minutes. It was 
then rinsed in bisulphite solution (10% potassium 
metabisulphite) followed by wash in distilled water. 

Counter staining of the sections were done with 1% 
light green. The sl ides were dehydrated with 
ascending grades of alcohol, cleared with xylene and 

finally mounted with DPX mounting media. The slides 
were observed under l ight microscope at 400X 
magnification for detection of apoptotic cells which 

stain brick red in colour. 

Quan t i f i ca t i on  of A p o p t o t i c  ce l ls  - Number of 

apoptotic cells were counted using a calibrated ocular 
grid at 400X magnification. Slides were coded in order 

to avoid experimenter's bias. From each testes a 
minimum of 5 sections were selected for quantification. 
The minimum distance between the two adjacent 
sections selected for quantification was 15 p, in order 

to avoid the duplication of counting in the adjacent 
sections. In each section, 10 randomly selected 
seminiferous tubules were selected for quantification. 

Apoptotic index (AI) was calculated in each section by 

dividing the number of Fuelgen stain positive germ 
cells per seminiferous tubule by the total number of 

total germ cells per seminiferous tubule (obtained from 

H and E slides) and the result was multiplied by 100. 
For this 100 rounded semini ferous tubule were 
randomly selected in each section. Mean AI of each 

case was calculated. 
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Statistical analysis 

The data were presented as mean+SD. Statistical 
analysis was performed using Student's 't' test for 
unpaired data. Significance of difference was set at 
P<0.05. 

RESULTS 

Ethanol exposed rats showed significant decrease in 
testicular weight and diameter than controls (Table 1). 

The extent of lipid peroxidation in testes measured as 
th iobarb i tur ic  acid react ive subs tances  were 
significantly high in ethanol treated rats (Table 2). 

There was significant reduction in ascorbic acid, 
reduced glutathione, superoxide dismutase, catalase, 
glutathione reductase and glutathione peroxidase in 

the testes of ethanol treated rats (Table 2 and 3). 
However, tissue activity of glutathione S-tranferase, an 
important antioxidant and a phase II drug-metabolizing 
enzyme, was significantly enhanced in ethanol treated 
rats (Table 3). 

Extent of apoptosis was measured as apoptotic index 
(AI). Although in low numbers apoptotic germ cells 
were also observed in the control rats, the mean 

apoptot ic index (AI) in ethanol t reated rats was 
s igni f icant ly h igher than in controls.  The 

spermatocytes (most frequent) and spermatogonia 
were the main germ cells undergoing apoptosis 
(Figure 2). Ethanol treated rats had more number of 

vacuoles varying sizes (Figure 4) 

DISCUSSION 

Apoptos is  is a mechanism by which the body 
maintains cellular balance. In physiological processes 
this is delicately maintained and any disturbance in its 

control results in disease. It is an integral component 
of normal test icu lar  funct ion and has been 
hypothesized to limit the germ cell population and 
prevent maturation of aberrant germ cells (20). In the 
present study ethanol t reated rats had showed 
significant reduction in testicular weight and diameter; 
and increased extent of apoptosis. During apoptosis, 
chromatin condensation takes place (21) which results 

in a free -OH group at the 3' end of the deoxyribose 
sugar of the condensed DNA. In Fuelgen reaction, 
Schiffs reagent will bind to the exposed aldehyde at 
the 3' end of the deoxyribose sugar staining the 

apoptotic cell brick red in colour. 

The testis has been shown to be highly susceptible to 
ethanol  as it c rosses blood test is barr ier  and 

depresses spermatogenesis. The reduction in the 

testicular weight of ethanol treated rats may be due to 
reduced tubule size, spermatogenic  arrest and 

inhibition of steroid biosynthesis of Leydig cells (22). 
Although the controlled generation of highly reactive 
oxygen species (ROS) serves as a second messenger 
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Table 1. Mean weight (+ SD) of the testis (in grams and grams per body weight) and mean diameter of tes- 
tis and apoptotic index (• SD) in control and ethanol treated rats. n=6.* P<0.05 vs. the control group 

Parameters Weight of testis Diameter of Apoptotic 
Experiment testis (mm) index 

In grams In grams per 
body weight 

Control (n=6) 0.78 • 0.073 0.511 • 0.01 15.2 • 1.73 8.5 • 2.8 
(0.896-0.698) (0, 518-0.509) (16.98-13.67) (11.2-6.02) 

Ethanol treated 0.623 + 0.06* 0.511 • 0.01 12.5 + 1.87" 26.34 • 3.3* 
(n=6) (0.698-0,543) (0.512-0.5) (14.26-10.82) (29.92-23.04) 

Table 2. Thiobarbituric acid reactive substances Table 3. 

(TBARS), ascorbic acid and reduced 
glutathione (GSH) levels in control and 
ethanol  t reated rats. [Data is 
represented  as mean + SD from 6 
observations. * P<0.05 VSo the control 

group] 

Parameters Control Ethanol treated 
(n=6) (n=6) 

TBARS 1 15.27+0.30 20.82• 

(15.33-15.09) (21.98-19.67) 

Ascorbic 1.86• 1.69:1:0.058" 
acid 2 (2.0-1.67) (1.76-1.62) 

GSH 3 2.14• 1.55• 
(2.2-2.1) (1.6-1.5) 

1 nmol/min/mg tissue 2 mg/g tissue 
3 pg/mg tissue 

system in many different cell types, its uncontrolled 
production is considered as an important factor in the 
tissue damage (23). In the context of human 
reproductions, excessive ROS production that exceeds 
critical levels can overwhelm antioxidant defense 

strategies of spermatozoa and seminal plasma causes 
oxidative stress (24). Increased lipid peroxidation 
results in sperm immobilization, reduced acrosomal 
reaction and membrane fluidity (25) and DNA 

damages (26) and also causes high frequencies of 
single and double DNA strand breaks (27). High levels 

of ROS disrupt the inner and outer mitochondrial 
membranes resulting in the release of cytochrome-C 

protein that activates Caspases and induces apoptosis 
(28). 

ROS are regularly formed dudng the process of normal 

respiration. However, the production is kept at 
ph~iologicafly low levels by intracellular free radical 

Indian Journal of Clinical Biochemistry, 2005 

Specific activities of superoxide 
dismutase, catalase, glutathione 
reductase, glutathione peroxidase, 
glutathione-S-transferase in testes of 
control and ethanol treated rats [Data is 
represented as mean + SD from 6 

observations. * P<0.05 vs. the control 

group] 

Parameters Control Ethanol treated 
(n=6) (n=6) 

Superoxide 21.18+0.93 15.39:1:0.65" 
Dismutase 1 (22.1-19.89) (16.24-14.67) 

Catalase z 2.03+0.10 1.60• 

(2.09-1.89) (1.67-1.54) 

Glutathione 1.61 • 1.34+0.039" 
reductase 3 (1.66-1.57) (1.37-1.29) 

Glutathione 0.171• 0.125+0.010" 
peroxidase 4 (0.178-0,143) (0.139-0.117) 

Glutathione 11.53+0.64 13.69+0.79" 
transferase 4 (12.45-10.98) (14.67-12.98) 

1 pmol pyrogallol auto oxidized/min/mg protein 

2 n mol H202 decomposed/mini mg protein 

3 nmol NADPH oxidized/rain/rag protein 

4 pmol CDNB conjugate formed/min/mg 
protein. 

scavengers (29). It had demonstrated that the major 

sources of ROS in semen were derived from the 
spermatozoa and infi ltrating leukocytes (30). 

Spermatozoa and seminal plasma have their own anti- 
oxidative mechanisms to protect ROS-induced cellular 

damage. GSH is a major nonprotein thiol in living 
organisms which plays a central role in coordinating 

the body's antioxidant defense processes. Conditions 
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Fig. 1 

Fig. 3 

Fig. 2 

Transverse section of testis of control (Figure: 1) 
and ethanol treated (Figure: 2) rats showing 
Fuelgen stain (40X) positive germ cells 

that perturb intracellular levels of glutathione have 
been shown to result in significant alteration in cellular 
metabolism. The tissue glutathione concentration 
reflects its potential for detoxification and it is critical 
in preserving the proper cellular redox balance and for 
its role as a cellular protectant (31). GSH has a likely 
role in sperm nucleus decondensation and spindle 
microtubule formation (32). Ethanol induced depletion 
of glutathione supports the hypothesis that reactive 
oxygen intermediates generated during the 
metabolism of ethanol lead to glutathione oxidation 
and lipid peroxidation and are responsible for the toxic 

effects of ethanol. 

SOD spontaneously dismutates (02) anion to form 02 

and H202 while catalase coverts H202 to 02 and H20. 
SOD protects spermatozoa against spontaneous 02 
toxicity and LPO (33). Catalase is one of the most 

efficient enzymes which cannot be saturated by H202 
at any concentration. SOD and catalase also remove 
(02.) generated by NADPH oxidase in neutrophils, and 
may play an important role in decreasing LPO and 

Fig. 4 

Transv.=.rse section of testis of control (Figure: 3) 
and ethanol treated (Figure: 4) rats (H & E, 40X). 
Ethanol treated rats had showed vacuoles of vary- 
ing sizes 

protecting spermatozoa (34). Superoxide dismutase 
protects dehydratases (dihydroxy acid d-aconitase, 6- 
phosphogluconate dehydratase and fumarases A and 
B) against free radical, superoxide (35). 

Glutathione reductase is concerned with the 
maintenance of cellular level of GSH by effecting fast 
reduction of oxidized glutathione (GSSG) to reduced 
form (35). Glutathione peroxidase plays a significant 
role in the peroxyl scavenging mechanism and in 
maintaining functional integration of the cell 
membranes, spermatogenesis, and sperm morphology 
and motility (36). It is suggested that the metabolic 
pathway of testosterone biosynthesis requires 
protection against peroxidation and will be affected by 
a decrease in the activity of this enzyme (37). The 
increased tissue glutathione S-transferase activity in 
ethanol treated rats might be an adaptive defense 
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mechanism. Glutathione S-tranferase plays an 
essential role in eliminating toxic compounds by 

conjugation (38). 

Oxidative stress in the testis is one of the major factors 
that induce germ cell apoptosis (39). The antioxidants 
protect germ cells against oxidative DNA damage (40), 
and play important roles in spermatogenesis (41,42). 
ROS induced apoptosis in the testis was observed 
primarily with spermatocytes and spermatogonia. 
Differences in the susceptibility of cells to ethanol 
toxicity may be explained by the difference in their 
activities of antioxidants and related enzymes. 

From the present study it can be concluded that 
testicular atrophy, decreased testicular weight and 
diameter in ethanol treated rats might be due to 
increased germ cell apoptosis, which might have been 
contributed by increased oxidative stress either due to 
increased free radical generation or due to decreased 
antioxidant defenses. 
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