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Abstract

In this study, experimentally lindane-induced histopathological changes and proliferation 
and/or apoptosis in germ cells in the rat testes were investigated. A total of 40 healthy fertile 
3-month-old male rats were used. Animals were divided into 4 groups, each containing 10 rats. 
Group 1 (control) was given only pure olive oil, Groups 2, 3 and 4 were administered lindane 
at 10, 20 and 40 mg/kg/bw, respectively, by gastric gavage for 30 days. Microscopically, 
degenerative changes were observed in the lindane-treated groups. For proliferative activity 
PCNA immunolabelling and for germ cells apoptosis TUNEL methods were performed. 
Although a strong PCNA positivity in the control group was observed, a gradual decrease 
was noted in the lindane-treated groups especially at higher doses. Significant increases of 
apoptosis were seen in the lindane-treated groups compared to the control group. A decrease 
in testosterone concentrations was observed in lindane-treated groups compared to the control 
group. The study indicates that high-dose lindane intoxication contributes to the suppression 
of spermatogenesis through a reduction of germ cell proliferation and an increase of germ 
cell death in rat testes.
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Lindane, the gamma-isomer of hexachlorocyclohexane, is an organochlorine pesticide 
widely used as a broad-spectrum insecticide to control agriculture pests and ectoparasites 
in both humans and animals (Dalsenter et al. 1996; Samanta and Chainy 2002; 
Choudhary and Joshi 2003). It causes damage to the male reproduction tract either acting 
directly on the testes or indirectly through endocrine regulation of the testes (Dalsenter et 
al. 1996; Dalsenter et al. 1997). 

Several studies have demonstrated that lindane disrupts the reproductive function in 
male and female animals (Shivanandappa and Krishnakumari 1983; Srinivasan et 
al. 1988; Dalsenter et al. 1996). In male rats, chronic lindane exposures markedly reduce 
sperm counts, sperm motility and impair spermatogenesis. In addition, serum testosterone 
concentrations decrease in lindane intoxication (Chowdhury and Gautam 1994; Prasad 
et al. 1995; Dalsenter et al. 1996; Kuriyama 2005). 

According to the WHO, LD50S for lindane in male rats ranges between 88-190 mg/kg/bw/day. 
Lindane had a toxic effect on the reproductive system at the dose of 5 mg/kg/bw/day and higher 
doses in rodents (Dalsenter et al. 1997; FAO/WHO 2002). In previous studies, lindane was 
used at the doses of 1-30 mg/kg/bw in 30–90-day-old male rats and degenerative changes were 
reported (Chowdhury et al. 1987; Srinivasan et al. 1988; Dalsenter et al. 1996; Dalsenter 
et al. 1997; Walsh and Stocco 2000; Samanta and Chainy 2002).

There have been many investigations on proliferation and apoptosis of testicular 
germ cell in rats using chemical agents (Cai  et al. 1997; Foster  et al. 1999; Hu et 
al. 2003; Kuriyama et al. 2005; Koh and Kim 2006) but, to our knowledge, there is 
no published report on the effects of lindane on this matter. This study was therefore 
aimed to investigate the effects of 10, 20 and 40 mg/kg/bw/day on proliferation and 
apoptosis in testicular germ cells of male rats considering the toxic and lethal doses 
of lindane.
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Materials and Methods

All experiments were performed on 3-month-old Sprague Dawley rats (280–300 g) obtained from the University 
of Suleyman Demirel, Isparta, Turkey. Throughout the study, the animals were housed in a climate-controlled 
room (24 °C) with a regular light cycle (12 h light: 12 h dark). They had free access to standard rodent chow 
and tap water ad libitum. Lindane (HCH-gamma-isomer, Aldrich, CAS Number 58-89-9) was purchased from 
Sigma-Aldrich Co. Ltd-Gillingham-Dorset-SP84XT-UK. Experimental animals were divided into 4 groups of 10 
rats each: Group 1 (Control) - 1 ml/day pure olive oil, Group 2–10 mg/kg/bw, Group 3–20 mg/kg/bw, and Group 
4–40 mg/kg/bw lindane. Lindane was freshly dissolved in olive oil and given at 1 ml daily by gastric gavage for 
30 days. The clinical findings were recorded during the experimental period.

A day after the final administration, blood samples were collected from all animals by cardiac puncture under 
general anaesthesia and serum samples were separated by centrifugation (1500 g for 10 min) and stored at -20 °C 
until analyzed. Testosterone concentrations were determined by Chemiluminescence Immuno-Assay. After blood 
collection, the rats were sacrificed and necropsy was performed. Each testis was removed, weighed and fixed in 
Bouin’s solution. Tissues were embedded in paraffin, sectioned at 5 m thickness, and stained with haematoxylin 
and eosin (HE).

PCNA immunostaining 
Paraffin sections (5 m) were mounted on silanized slides for immunohistochemistry. PCNA immunostaining 

was carried out using the Avidin-Biotin-Complex Peroxidase (ABC-P) method. After deparaffinization and 
rehydration, endogenous peroxides and non-specific immunoglobulins were blocked with the super block 
system (ScyTEK/Logan, Utah, USA) for 10 min. Monoclonal Mouse Anti-Rat Proliferating Cell Nuclear 
Antigen (PCNA, Clone PC10; Dako Carpinteria, CA, USA) was applied for 1 h; then UltraTek Anti-Polyvalent 
Biotinylated Antibody (ScyTEK/Logan, Utah, USA) was applied for 10 min and UltraTek HRP for 10 min. 
Colour was developed by incubation with 3-amino-9-ethylcarbazole (AEC, Dako, Carpinteria, CA, USA) for 
5 min. Finally, the sections were counterstained with Mayer’s haematoxylin for 3 min and cover slips were 
applied with the aqueous mounting medium. Negative controls were performed using Phosphate Buffered 
Saline (PBS, pH 7.4) in the place of the primary antibody. A total of 1,000 germ cells in different seminiferous 
tubules of consecutive fields were counted at higher magnification on each slide and PCNA positive cells were 
statistically evaluated.

Detection of apoptotic cells
Apoptotic seminiferous cells were detected by terminal deoxynucleotidyl transferase-mediated dUTP nick 

end-labelling (TUNEL) stain using a commercial ready-to-use kit (In Situ Cell Death Detection Kit, POD, Roche, 
Mannheim, Germany). The procedure was carried out according to the manufacturer’s instructions. Paraffin 
sections (5 m) were mounted on silanized slides for the TUNEL method. After deparaffinization and rehydration, 
sections were digested with proteinase K (20 µg/ml, 30 min) and quenched with 3% hydrogen peroxide in 
methanole. Sections were incubated in a humidified chamber in 200 µl of TUNEL (TdT and label solution) at 
37 °C for 60 min and with POD converter at 37 °C for 30 min. The sections were then treated with AEC for 5 
min, washed with PBS and counterstained with Mayer’s haematoxylin. Negative control slides omitting the label 
solution were also included. The percentage of apoptotic germ cells was determined by counting a total of 1,000 
germ cells from apoptotic tubule cross-sections of each specimen (Yin et al. 1998). To quantify the incidence 
of apoptosis, the seminiferous tubules containing three or more TUNEL positivity were calculated. Apoptotic 
positive cells were statistically evaluated.

All the experimental protocols approved by the Care and Use of Animal Committee of Afyon Kocatepe 
University were performed in compliance with the National Institute of Health guidelines for the care and use of 
animals.

Statistical analysis
Statistical differences were determined by using ANOVA. Post-hoc comparisons between the means of 

experimental groups were determined using Duncan protected least-significant-difference test. Differences with 
p < 0.05 were considered significant. 

Results 

After the second week, the rats in groups 2, 3 and 4 showed clinical signs of hunch 
backing and dullness of the coat. During the experiment, 2 rats (1 rat from Group 3 and 
1 rat from Group 4) died in the third week. At the end of the experiment, no significant 
macroscopical findings in the testes were observed in any experimental group.

Microscopically, no significant changes were observed in the testes of animals in Group 
1. In the lindane-treated groups, shrinkage in seminiferous tubules, sloughing of germinal 
cells towards the lumen, sperm loss, and vacuolization in sustentacular (Sertoli) cells and 
spermatogonia in the seminiferous tubules were observed. Furthermore, the interstitial 
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space was increased and filled with oedematous fluid and degeneration and reduced nuclear 
size in the interstitial (Leydig) cells were recorded in these groups. 

This study showed that lindane administration markedly decreased the PCNA expression 
in germ cells (Fig. 1). Despite many positive signals in the nuclei of spermatogonia and 
spermatocytes in the control and the lindane-treated groups, the sustentacular cells, 
spermatids and interstitial cells remained unstained. In spite of a strong PCNA-positivity 
together with spermatogonia and spermatocytes (Plate IV, Fig. 3A), gradual decreases were 
observed in the lindane-treated groups (Fig. 3B, C and D). Comparing the PCNA-positive 
spermatogonia and spermatocytes, a significant difference was found between the control 
and lindane-treated groups and in addition, between the lindane-treated groups. Significant 
results were obtained between control and all lindane-treated animals when only PCNA-
positive spermatocytes were taken into account, but these differences were not significant 
between lindane-treated groups.

A significant increase in apoptotic spermatogonia and spermatocytes were determined 
in groups 2, 3 and 4 (Fig. 2) compared to the control group. In the control group a normal 
structure of seminiferous epithelium with only slight apoptotic signs was seen (Plate IV, 
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Fig. 1. Quantification of germ cell proliferation in the control (Group 1) and lindane-treated groups (Groups 2-4). 
SPG: spermatogonia; SPC: spermatocyte; TOTAL: SPG + SPC
*Significant difference (p < 0.05)

Fig. 2. Quantification of germ cell apoptosis in the control (Group 1) and lindane-treated groups (Groups 2-4). 
SPG: spermatogonia; SPC: spermatocyte; TOTAL: SPG + SPC
*Significant difference (p < 0.05)



Fig. 4A). However, the number and density of TUNEL positive cells in the lindane-treated 
groups was higher in spermatogonia, lower in spermatocytes and to the least degree in 
spermatids (Fig. 4B, C and D). 

Comparing the apoptotic spermatogonia and spermatocytes between the control and 
lindane-treated groups, a significant increase was found. Whereas significant differences 
were observed in the number of apoptotic spermatocytes between the control and 
the lindane-treated groups, no significant differences were determined between the 
experimental groups. No apoptotic spermatids were observed in groups 1 and 2. In groups 
3 and 4 apoptotic spermatids were not taken into consideration because the number of these 
cells was found to be less than three.

In the biochemical analysis, serum testosterone concentrations were found to be  
2.52 ng/ml, 1.01 ng/ml, 0.27 ng/ml and 0.24 ng/ml for groups 1, 2, 3 and 4, respectively. A 
gradual decrease in testosterone concentration was observed in the lindane-treated groups 
compared to the control group. 

Discussion

Organic chlorine compounds may cause testicular atrophy, shrinking of the seminiferous 
tubules, desquamation of germinal epithelium in to lumen, degeneration of sustentacular 
cells, interstitial cells, spermatogonia and spermatocytes and also formation of giant 
cells in the tubular lumen, decrease of spermatogenesis, abnormal sperm production 
and fertilization disorders in male rats (Shivanandappa and Krishnakumari 1983; 
Srinivasan et al. 1988; Dalsenter et al. 1996; Nonclerq et al. 1996; Chitra et al. 1999; 
Raizada et al. 2001) and mice (Yin et al. 1998; Samanta and Chainy 2002; Hu et al. 
2003). Similar histopathological changes were found in groups 2, 3 and 4 of our study, 
while no major pathological changes were observed in group 1.

Studies show that organic chlorine compounds have an inhibitory effect on the testicular 
hormones in male rats (Lindenau et al. 1994; Prasad et al. 1995; Walsh and Stocco 
2000). Testosterone is the principal hormone ensuring normal spermatogenesis and 
inhibition of germ cell apoptosis (Dohle et al. 2003). In the present study, a gradual 
decrease in serum testosterone level was determined in the lindane-treated groups and this 
hormonal disturbance was associated with the interstitial cell degeneration.

PCNA is known as a 36-kDa dimensional nuclear protein, releases in the S-phase of 
late cell cycle G1 and in conjunction with the DNA during the replication. Thus, PCNA 
is considered a useful marker of cell proliferation. In the testes, PCNA is expressed in 
spermatogonia and early phase primary spermatocytes in all stages of seminiferous tubules. 
In the present study, PCNA positivity was determined in spermatogonia and spermatocytes 
in all groups. The decrease of PCNA positivity with the increasing lindane doses in 
comparison to the control group may indicate that the lindane had an inhibiting effect on 
the proliferative activity in the seminiferous tubules. This situation can be interpreted in 
the light of existing literature (Koh and Kim 2006). Lindane might have repressed the 
proliferation of spermatogonia and spermatogenesis in rat testes in our study, too. 

Apoptotic changes were reported in spermatogonia, spermatocytes and spermatids 
of rat testes after using chemotherapeutic agents (Cai et al. 1997) and some testicular 
toxins (Foster et al. 1999; Choudhary and Joshi 2003; Hu et al. 2003; Kuriyama et 
al. 2005). Apoptosis is a normal process for mammal germ cells during spermatogenesis. 
In adult rats, these losses are mostly observed during spermatogonial development and to 
a lesser extend during maturation of spermatocytes and spermatids (Hikim et al. 2003). 
Apoptotic appearances of spermatids are rare because apoptotic cells are phagocytosed by 
sustentacular cells (Blanco-Rodriguez and Martinez-Garcia 1999; Cai et al. 1997; 
Hikim and Swerdloff 1999). 
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In this study, it was important that the incidence of apoptosis in spermatogonia and 
spermatocytes increased in treated groups in parallel to the amount of administered lindane. 
Apoptosis was detected mostly in the spermatogonia within the seminiferous tubules, and 
at a lower ratio in the spermatocytes. However, apoptosis in spermatids was considered 
non-significant. The low incidence of apoptopic spermatids in the lindane-treated groups 
can be explained by these cells in the seminiferous tubules being phagocytosed by 
sustentacular cells, which has also been reported by other researchers (Cai et al. 1997; 
Blanco-Rodriguez and Martinez-Garcia 1999; Hikim and Swerdloff 1999; Hikim 
et al. 2003). In the previous study, we have investigated the effect of lindane on antioxidant 
defense systems, lipid peroxidation and NOx of blood and liver, brain, kidney tissues of rats, 
by histopathological examination and biochemical analysis. It was concluded that lindane 
induced oxidative stress in blood and tissues by decreasing the activities of antioxidant 
enzymes and generation of free radicals in rats (Fidan et al. 2008). 

This study indicates that high-dose lindane intoxication contributes to the suppression 
of spermatogenesis through a reduction of germ cell proliferation and an increase of germ 
cell death in rat testes.

Vliv intoxikace hexachlorcyklohexanem (HCH-γ-Izomer, Lindan) na proliferaci 
a apoptózu buněk varlete u potkana

V práci byly zkoumány histopatologické změny, proliferace a apoptóza potkaních zá-
rodečných buněk varlete způsobené podáváním lindanu. Do experimentu bylo zahrnuto 
celkem 40 zdravých fertilních potkaních samců ve věku 3 měsíce. Zvířata byla rozdělena 
do 4 skupin po 10 jedincích. Potkanům ve skupině 1 (kontrola) byl během pokusu podáván 
pouze čistý olivový olej. Skupinám 2, 3 a 4 byl žaludeční sondou aplikován lindan v množ-
ství 10, 20 a 40 mg/kg ž. hm. po dobu 30 dní. U zvířat z pokusných skupin se vyskytovaly 
degenerativní změny zjištěné mikroskopicky. Proliferace buněk byla určována na základě 
imunohistochemického stanovení proliferačního markeru PCNA a pro sledování apoptózy 
zárodečných buněk byla použita TUNEL metoda. Ačkoliv byla pozorována silná PCNA 
pozitivita u potkanů v kontrolní skupině, u pokusných jedinců byl zaznamenán postupný 
pokles exprese PCNA, zvláště u jedinců ve skupinách, kterým byly podávány vyšší dávky 
lindanu. Ve skupinách zvířat, kterým byl podáván lindan, došlo k signifikantnímu nárůstu 
apoptózy zárodečných buněk varlete a byl zjištěn pokles koncentrace testosteronu. 
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Plate IV
Yuksel H. et al.: Effects of ... pp. 615-620

Fig. 3. Expression of PCNA in the testicular tissue of control (A) and lindane-treated groups 
(B, C and D). Positively stained cells were significantly decreased in the lindane-treated groups 
(from the strongest to the weakest; B: Group 2, C: Group 3 and D: Group 4) positive staining 
in spermatogonia (arrows) and in spermatocytes (arrowheads). ABC-P method with Mayer’s 
haematoxylin counterstain. Bar: 20 µm in A, B, C and D

Fig. 4. Representative photomicrographs of TUNEL stained testes in control and lindane-treated 
groups. A - control group shows only an occasional apoptotic germ cell (arrow) B - lindane-
treated group 2, note an increase in the number of TUNEL positive germ cells (arrows) C, D. 
Lindane-treated groups 3 and 4, testicular tissue shows a marked increase in the number of 
TUNEL positive germ cells (arrows). Mayer’s haematoxylin counterstain; bar: 40 µm in A and 
20 µm in B, C and D


