Indian J Physiol Pharmacol 2008; 52 (1): 84-90

ARSENIC

INDUCED TOXICITY ON TESTICULAR TISSUE OF MICE

SANGHAMITRA SARKAR? HAZRA J°, UPADHYAY S. N.b,
SINGH R. K. AND AMAL ROY CHOWDHURY &

alndustrial Toxicology Division,

Regional Occupational Health Centre (E),
Indian Council of Medical Research,
Block DP, Sector V, Salt Lake City,
Kolkata — 700 091

and

bCentral Research Institute (Ayurved),
4CN Block, Sector V, Bidhan Nagar,
Kolkata — 700 091

(Received on August 21, 2007)

Abstract : Effect of arsenic was studied on the testicular tissue of Swiss
albino mice. Sodium-meta-arsenite (NaAsO,) was administered to adult
mice (25+30g) at a dose level of 30 mg/L and 40 mg/L through drinking
water for 30, 45 and 60 days. After the treatment, the testicular organ was
removed, weighed and processed for histopathological observation. No
change in the body weight was recorded in treated groups after arsenic
exposure but significant decrease in the relative testicular weight was
observed in comparison with the control. The result showed that arsenic-
treated mice exhibited dose dependent gradual reductions in seminiferous
tubular diameter and various gametogenic cell population i.e. resting
spermatocyte, pachytene spermatocyte and step-7-spermatid except
spermatogonia. Leydig cell atrophy was significantly increased in dose
dependent manner indicating a definite effect of arsenic on the
spermatogenesis in mice. These observations were supported by gradual
reduction in Leydig cell population in the above treated groups. In conclusion,
the above results confirm the toxic effect of arsenic in testis of mice.
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INTRODUCTION

Arsenicals are widespread in the
environment as a result of natural and
anthropogenic occurrence. Ingestion of

contaminated drinking water is the major
routes for human exposure to arsenic (1).

Arsenic exposure causes both acute and
chronic toxicity in human. Human arsenic
exposure is related to severe health problems
such as skin cancer, diabetes, liver, kidney
and CNS disorders (2). It also causes many
other toxic effects (3, 4, 5). Male reproductive
effect of arsenic was first studied in mice,
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then in fishes (6). Arsenic exposure in
experimental rats has shown to produce
steroidogenic  dysfunction leading to
impairment of spermatogenesis (7). Few
recent investigations have shown that
arsenic in drinking water is associated with
oxidative stress (8), genotoxicity in testicular
tissue of mice (9). On the other hand recent
study suggests that arsenic causes testicular
toxicity probably by affecting the pituitary
testicular axis (10). But the dose and duration
dependent effect of sodium arsenite in
drinking water on testicular tissue of
mice is not well established. Thus the aim
of the present study was to observe the
effects of 30 or 40 mg/L sodium arsenite in
drinking water for 30, 45 and 60 days on the
histology and spermatogenesis of the testes
of mice.

MATERIAL AND METHODS

Experimental Design: Swiss albino male mice
(weighing 25+5g at the initiation of the
experiment) were obtained from Central
Research Institute (Ayurved), Ministry of
Health and Family Welfare, Kolkata. The
animals were maintained at ambient
temperature of 24+1°C in 12h light/darkness
cycle. Mice were allowed standardized
pellets food and sterilized water ad libitum.
Animals were mainly divided into major 3
groups:

Group | : Control, drinking water ad
libitum only
Group Il : Sodium-meta-arsenite (Sigma,

India) dissolved in drinking
water at dose level of 30 mg/L
for 30, 45 and 60 days
respectively.
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Group Il : Sodium-meta-arsenite dissolved
in drinking water at dose level
of 40 mg/L for 30, 45 and 60
days respectively.
For the experiment forty-six animals

were divided equally into 7 groups i.e.
control; 30mg/L for 30, 45 & 60 days (3
groups) and 40mg/L for 30, 45 & 60 days (3
groups) respectively.

Body weight and organ weight: Body weight
was measured before and after the
experimental period. At the end of each
experimental period, the animals were
scarified and testes were dissected out and
weighed individually.

Histological study: The testes were fixed in
Bouin's fixative, embedded in paraffin and
5mp thick sections were stained with
routine hematoxylin-eosin. Histopathological
changes in the testes were examined under
optical microscope.

Morphometric study: Quantitative analysis of
spermatogenesis was carried out from 5
perfect transversely cut tubules at VH-stage
of spermatogenesis from each testis of
respective groups. The relative number of
spermatogonia, resting spermatocyte,
pachytene spermatocyte and step-7
spermatids per tubular cross section were
quantified at 1000X magnification (11).
Correction for changes in nuclear diameter
was made using Abercrombie formula (12).

Seminiferous tubular diameter was
determined at 400X magnification by
ocular micrometer. The morphometric

measurement of Leydig cell nuclear diameter
was done by using ocular micrometer at 600X
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magnification and Leydig cell population
was analyzed per square cm area from
sagital plane area of the section at same
magnification (13).

Statistical analysis: The data were expressed
in MeantSEM and were evaluated for

statistical significance with the student t
test.
RESULTS
Body and organ weight:
The body weight gain was not

significantly changed after arsenic exposure
in both the treated groups over a period of
60 days in comparison to the control (Group
). Significant reduction in testicular weight
in Group Il (Arsenic with 30 mg/L) was
observed from 45 days onward. But more
conspicuous decrease in testicular weight was
noted in Group Il (Arsenic with 40 mg/L)
after 30 days and significant diminution was
found on day 60 (Fig. 1).

| W Control I
O30mg/L
B40mg/L
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Fig. 1: Comparison of testicular weight in control
and both arsenic treated experimental mice
for the duration of 30, 45 and 60 days
(*P<0.05; **P<0.01 as compared with
respective control).

Indian J Physiol Pharmacol 2008; 52(1)

Histological finding:

Control testis (Group 1) showed normal
histoarchitectural organization of germ cells
and Leydig cell in seminiferous tubules on
day 30 through 60 (Fig. 2a, Fig. 3).

Lower dose group i.e. 30 mg/L (Group II)
for 30 days showed disintegration of
peritubular membrane, with disorganization
of germ cells. After day 45 of Group IlI,
vacuolization of seminiferous epithelium, loss
of germ cells population along with Leydig
cell atrophy were noted (Fig. 2b). In the
same group on day 60, histopathological
changes included degeneration and loss of
germ cells, disarrangement of seminiferous
epithelium and atrophy of seminiferous
tubules. Leydig cell showed marked
atrophy.

Treatment with 40 mg/L arsenic (Group
[11) produces similar effect on testicular
tissue like Group Il, but of higher intensity.
The effect followed 30 day onward and on 45
(Fig. 2c) and 60 days. Arsenic exposure over
a period of 60 days also exhibited appearance
of giant cell in the seminiferous tubules (Fig.
2d, Fig. 4).
Morphometric analysis:

In Group Il, spermatogonial count was
not altered from that of control after 30 days
through 60 days. But gradual significant
decrease in resting and pachytene
spermatocyte was observed in 30, 45 and 60
days respectively. The population of step-7-
spermatid was conspicuously decreased from
30 day onward compared to the control in
group Il. Similarly in higher dose group
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Fig. 2: (a) Control testicular tissue in mice showing normal organization of germ cells and Leydig cell in

seminiferous tubules [—]. (H & E, x 600).

(b) Treatment with 30 mg/L arsenic on mice for 45 days showing disintegration (D) of seminiferous
tubules, vacuolization of seminiferous epithelium (V) & loss of germ cells population. (H & E,
x 600).

(c) Treatment with 40 mg/L arsenic on mice for 45 days showing severe degenerative (SDG) changes
in the testicular tissue where loss of germ cell is apparent in seminiferous tubule. (H & E, x 600).

(d) Treatment with 40 mg/L for 60 days showing complete degeneration of spermatogenic (DGSP) cell
with the appearance of giant cell in seminiferous tubules. (H & E, x 600).

(Group II1), significant and gradual reduction  TABLE |: Effect of arsenic on the testicular weight

in different stages of spermatogenesis i.e. of mice.
resting and pachytene spermatocyte, 7- Testicular weight
spermatid was ngted after 30, 45 & 60 days Absolute Relative testicular
but spermatogonial cell count was unaltered weight (9) weight  (mg/g)
(Table ). Control 0.20£0.002 5.64+0.408
30 ppm, 30 days 0.17+0.008 4.91+0.226%**
o . 30 ppm, 45 days 0.19+0.020 4.95+0.775**
Seminiferous tubular diameter showed a 30 ppm, 60 days 0.18+0.035 5.20£0.627**
. . . 40 ppm, 30 days 0.17+0.044 5.25+1.36*
dose and duration dependent reduction in 49 ppm 45 days 0.1740.055 5 31+ 1. 80%*
both the treated groups over a period of 60 40 ppm, 60 days  0.16:£0.014 4.71£1.138***

days (Table I).

Value are Mean+SEM, *P<0.001; **P<0.05; ***P<0.01.
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EGC: Eosinophilic Gaint

Leydig cell,

Leydig cell atrophy at 1000x magnification.
L
Cell.

Fig. 4: Treatment with 40 mg/L for 60 days showing

Gradual significant reduction in Leydig
cell population compared to that of control
in both the treated groups (Group

&

in the treated

I11) over a period of 60 days was observed

(Table 11). The Leydig cell nuclear diameter

showed a marked variation

groups i.e. Group

The nuclear

diameter significantly increased in both the

&

but
followed a slow and gradual decrease over

60 days.

initially in 30 days,

treated group
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DISCUSSION

Arsenic is considered as a toxic metal,
which reflects on human health. Various
workers have observed systemic disorders
(14, 15, 16), but male reproductive study in
relation to arsenic toxicity is spare. Earlier
study indicated that heavy metals like lead,
mercury and chromium causes cytotoxic
effect in the male reproductive function
(17).

Arsenic exposure to Swiss mice, in the
present study, gradually decreased the
testicular weight compared to control
suggesting cellular regression of the
testicular tissue. This observation is in
corroboration with the earlier finding of Pant
et al 2004 (18). Testicular histology in this
study exhibited severe cellular damage in
spermatogenic cell. Moreover, the appearance
of eosinophilic multinucleated giant cell in
the seminiferous tubule in higher treated
group indicated cellular degeneration. A
significant gradual dose dependent regression
was observed in the number of resting
spermatocyte, pachytene and round spermatid
in 30 and 40 mg/L over a period of 60 days,
whereas there was no significant decrease
in the number of spermatogonia. These
finding acts as an indicator that the
maturation of spermatogonia through the
process of meiosis has been severely
distrupted following arsenic exposure. The
above observation is in agreement with the
recent finding of Omura et al. 2000 (19).
Degeneration of interstitial (Leydig) cells was
observed in the testis of arsenic-treated
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mice. Moreover Leydig cell population
significantly decreases in both the doses over
a period of 60 days. The Leydig cell nuclear
diameter increased significantly in both the
doses in 30 days followed by gradual
diminution of the Leydig cell diameter in 45
and 60 days. Inspite of a testosterone assay
in this study, it may be suggested that the
degeneration of Leydig cell with significant
decrease in the Leydig cell population
probably would have resulted in decreased
synthesis of testosterone, which in turn
disturb the process of spermatogenesis. It
has already been established that Leydig cell
plays an important role in the structural and
functional integrity of seminiferous tubules
and synthesis of testosterone, which is one
of the main component of regulation the post
meiotic stage of spermatogenesis (20, 21, 22).
The exogenous arsenic exposure may cause
a chemical stress on the cellular function.
The initial increase in Leydig cell diameter
may be a better indication to adopt the metal
induced stress but due to continuous stress
effect, cellular exhaust may be a result of
Leydig cell atrophy. Therefore, in conclusion,
the present study revealed that arsenic
induced toxicity might be responsible for
testicular regression in mice.
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