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Protective role of vitamin C against lindane toxicity on the histo-architecture
of the epididymis and vas deferens of male mice (Mus musculus)
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Abstract

We studied the protective effects of vitamin C against the toxic effects of lindane on the
epididymis and vas deferens of male mice. There were four treatments: controls (untreated),
lindane (20 mg/kg), lindane plus vitamin C (10 mg/kg) and vitamin C only. Lindane induced
histopathological alterations in the epididymis and vas deferens characterized by a reduced
epithelium with degenerative changes in the muscular layers and connective tissues, and a lack of
spermatozoa in the lumen of both epididymis and vas deferens. These changes were restored
towards normalcy by vitamin C. These results suggest that vitamin C has some protective role
against lindane toxicity in epididymis and vas deferens of male mice.
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Introduction

Lindane is an organochlorine insecticide and fumigant commonly used in fungicides as a
treatment agent and in public health measures to control insect-borne diseases (Sahoo et al.
2000). It is also used in a variety of domestic and agricultural applications such as dips, sprays
and dusts for livestock and domestic pets. Other uses of lindane include lotions, creams and
shampoos for the control of lice and mites (scabies) in humans (Oberoi et al. 2007). Chronic
exposure to lindane causes damage to liver, kidney, pancreas, brain, heart, lungs and the nasal
mucous membranes (ATSDR 2005), and it also affects the respiratory, circulatory, excretory
and immune systems (Junqueira et al. 1997, Koner et al. 1998). It has been also reported to
lower gametogenic and steroidogenic activities in male and female mammals and thus induce
infertility (Sumpter 1998, Willette et al. 1998, Sharma & Singh 2010).

Vitamin C (ascorbic acid) is an essential micronutrient required for normal metabolic
functioning of the body (Salem et al. 2001) and it is beneficial in chronic diseases such as
cardiovascular disease, cancer and cataract, probably through its antioxidant mechanism (Carr
& Frei 1999). The antioxidant effects of vitamin C prevent free-radical damage in different
organs, and act against the toxic, mutagenic and carcinogenic effects of environmental
pollutants by stimulating liver detoxifying enzymes (Esrefoglu et al. 2006). Vitamin C also has
defined functions in hormone secretion, gamete protection, and gonadal tissue remodeling
(Davis 1991).

The present experimental investigation was carried out to evaluate the antioxidative
effects of vitamin C in neutralizing histopathological alterations induced by lindane exposure
in the accessory reproductive organs (epididymis and vas deferens) of male mice (Mus
musculus).

Materials & Methods

A total of 20 adult male mice Mus musculus weighing about 30 + 5 g were used. They were
maintained in our departmental animal house under controlled conditions, i.e. 22 + 3 °C with
14 hrs light and 10 hrs dark photoperiod. All animals were fed with mice feed and water ad
libitum. The animals were divided into four groups of five each. The control group continued
to be fed with mice feed and water ad libitum. The lindane-treated group received on alternate
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days an intraperitoneal injection of lindane (20 mg per kg body weight). The lindane+vitamin-
treated group received on alternate days the same intraperitoneal injection of lindane along
with a daily oral dose of vitamin C (10 mg per kg body weight) via their drinking water. The
final group was the vitamin-treated group, that received only the same daily oral dose of
vitamin C via their drinking water. Animals were sacrificed on the 31% or the 61% day of
treatment by cervical dislocation, and their accessory reproductive organs (epididymis and vas
deferens) quickly dissected out and fixed in Bouin’s fixative. Sp-thick sections were then cut
and stained with haematoxylin (H) and eosin (E) (Ehrlich 1886) for histopathological studies.

Results

Caput epididymis from control as well as vitamin-c only treated up to 30 and 60 days Mus
musculus animals showed normal architecture of tubules characterized by tall columnar
epithelial cell with prominent nuclei, stereocilia and large numbers of spermatozoa in the
lumen (Figs.1 & 2). However, the animals exposed with lindane up to 30 days showed
thickened epithelial follicular layer in the tubules with less number of spermatozoa and
disrupted muscle fibers as compared to control and vitamin-c only treated animals (Fig
3).While, epididymis exposed with lindane up to 60 days, showed decreased tubular cell height
and devoid of sperms in the lumenar space (Fig.4). But, when the animals supplemented with
vitamin-C along with lindane, some part of recovery were observed in 30 and 60 days treated
groups characterized by almost normal columnar epithelial cells with large number sperms in
the lumens (Figs.5 & 6). In addition to this, cauda epididymis exposed with lindane up to 30
days revealed thin walled tubules with disrupted muscle fibers and reduced number of
spermatozoa as compared to control and vitamin-C only treated groups (Figs.7, 8&9). While,
more severe changes were noticed in later part of the experiment characterized by thin walled
epithelial layer, inhibited muscle fiber and lumens devoid of spermatozoa (Fig.10). However,
when vitamin-C were supplemented with lindane up to 30 and 60 days showed some part of
recovery in the epithelial cells along with visible muscle fiber, connective tissue and number of
spermatozoa (Figs.11 & 12).
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Fig. 1: Control epididymis (caput region)
showing lumen lined by well-defined tall
pseudostratified columnar epithelial cells features as in the control. Lumens are

with prominent nucleus. Spermatozoa are . :
present in the lumen (arrows) (H & E x I(zgg;lyé ;ILISS) With spermatozoa. (arrows)

400).

Fig. 2: Epididymis treated with vitamin C
up to 30 days shows normal structural

Besides this, it has been also noticed that lindane impairs the histological structure of vas
deference of male Mus musculus characterized by degenerative changes in the epithelium
layers have less stereocilia as compared to control and vitamin-c only treated animals (Figs.13,
14 & 15). These changes were more severe i.e. epithelial degeneration with pycknotic nuclei
and loss of stereocilia were observed when lindane treatment was extended up to 60 days.
(Fig.16). However, these changes showed recovery in epithelial layer and stereocilia when
vitamin-C were supplemented along with lindane exposure up to 30 and 60 days (Fig.17 & 18).
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Fig. 3: Epididymis exposed with lindane
up to 30 days showing thickened pseudo-
stratified columnar epithelial cells with
stereocilia and disrupted muscle fibers.
Lumens are devoid of sperm (arrows) (H
& E x 400).
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Fig. 5: Epididymis exposed with lindane +
vitamin C up to 30 days shows recovery
with normal architecture of tubules and
pseudostratified epithelial cells. Connec-
tive tissue present between the tubules.
Sperm seen in the lumen (arrows) (H & E
x 400).
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Fig. 7: Control cauda epididymis showing
normal tubules lined by low pseudo-
stratified columnar epithelium with large
lumen. The ducts are surrounded by
connective tissue and smooth muscle.
Lumens are filled with spermatozoa
(arrows) (H & E x 400).

Fig. 4: Epididymis exposed with lindane
up to 60 days showing decreased tubular
cell height with much less connective
tissue and no sperm in the lumens (arrows)
(H & E x 400).

Fig. 6: Epididymis exposed with lindane +
vitamin C up to 60 days showing recovery
with normal tubular diameter. The tubular
layer regains its structure. Spermatozoa are
present in the lumen (arrows) (H & E x
400).

Fig. 8: Cauda epididymis treated with
vitamin C for 30 days showing normal
tubular structure, as in the control. Lumens
are filled with spermatozoa (arrow) (H & E
x 400).
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lindane for 30 days showing thin-walled

epithelial layer with less connective tissue
and fewer spermatozoa (arrows) (H & E x
400).

Fig. 11: Cauda epididymis exposed with
lindane + vitamin C up to 30 days showing
recovery of the epithelial layer, and
connective tissue is visible in between the
tubules. Spermatozoa are largely seen in
the lumen (arrow) (H & E x 400).
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Fig. 9: Cauda epididymis treated with
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Fig. 10: Cauda epididymis treated with
lindane up to 60 days showing thin-walled
epithelial layer with small nuclei. No
spermatozoa are seen in the Ilumen
(arrows) (H & E x 400).

lindane + vitamin C up to 60 days showing
recovery in the tubules and connective
tissue. Lumens are filled with spermatozoa
(arrows) (H & E x 400).

Fig. 13: T.S. of vas deferens of control
mice showing well-organized epithelium
with stereocilia. The epithelium is covered
by a lamina propria and is surrounded by
thick muscular coat (arrows). Mucosa lined
by pseudostratified columnar epithelium
(H & E x 400).

Fig. 14: Vas deferens treated with vitamin-
C only for 30 days showing normal
epithelium with stereocilia and well-
defined nucleus (arrow) (H & E x 400).
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Fig. 15: Vas deferens treated with lindane

up to 30 days showing degenerative
changes in the epithelial layer with fewer
stereocilia and pycknotic nuclei present
and vacuolation in muscular region (arrow)
(H & E x 400).

Fig. 17: Vas deferens treated with lindane
+ vitamin C up to 30 days showing
recovery in the epithelium layer, with
stereocilia (arrow) (H & E x 400).
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Fig. 16: Vas deferens treated with lindane
up to 60 days showing degenerative
changes in vessal epithelium characterized
by pycknotic nuclei and loss of stereocilia.
Lamina propria also showed regressive
changes (arrows) (H & E x 400).

Fig. 18: Vas deferens treated with lindane
+ vitamin C up to 60 days showing
recovery in epithelial layer with normal
nuclei and stereocilia (arrows). Lumen

filled with spermatozoa (H & E x 400).

Discussion

Lindane is a known endocrine disruptor in animals, and is associated with a range of serious
effects on reproduction and development. These effects include testicular damage, reduced
sperm production, inhibited testis steroidogenesis, atrophy of accessory sex organs, including
epididymis, seminal vesicles, vas deferens, disrupted estrus cycles, delayed puberty in females,
ovarian and uterine atrophy, reduced ovulation rate and infertility (Uphouse & Williams 1989,
Dalsenter et al. 1996, Kuriyama 2005). Chitra et al. (2001) reported a significant decrease in
the epididymal weight after lindane treatment in rats. Adult male rats treated with lindane
showed atrophy of their accessory sex organs, including the epididymis, seminal vesicle and
vas deferens, consistent with treatment with an anti-androgen (Chowdhury et al. 1993).
Lindane potently inhibited contractions in other smooth muscle as well, including rat vas
deferens (Gandhi & Venkatakrishna-Bhatt 1989).

The role of vitamin C in male fertility is very well documented (Dawson 1992).
Supplementation of vitamin C has been reported to restore the spermatogenic process and thus
fertility damaged by toxic heavy metals (Sallam et al. 2005), reduces oxidative stress-related
effects on spermatogenesis in Cd-treated swiss mice (Acharya et al. 2008), protects sperm
from oxidative damage and is effective in treating sperm agglutination, a condition which
causes sperm to stick together (Fraga et al. 1991).

In our study, lindane induced marked degenerative changes in caput and cauda
epididymis and the vas deferens, but these changes were prevented with vitamin C
supplementation along with lindane. It has been suggested that the degenerative changes in the
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epididymis and vas deferens show a decreased bioavailability and production of androgens
(Mennela & Jones 1980). Thus lindane may modulate androgen levels in the blood by acting
on androgen-producing cells or through the hypothalamo-hypophysial-gonadal axis. Since the
epididymal epithelium structure, function and spermatozoa maturation are all androgen-
dependent, hence the observed degenerative changes in the epididymis caused by lindane
exposure may be due to low androgen levels in the serum. Recovery of epididymal structure
after vitamin C supplementation may indicate the restoration of androgen synthesis. All these
observations suggest that lindane has androgen-antagonistic functions in male Mus musculus.
Since application of vitamin C showed normal histoarchitectural features in the epididymis and
vas deferens, this indicates that vitamin C has antioxidative and protective roles against lindane
toxicity.
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