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Abstract

Background: Sodium arsenite and/ or vasectomy may cause variation in sex hormones
which affect pathophysiology of reproductive organs.

Objective: The aim was to investigate the morphological changes in structure of testis
and hormonal imbalance in bilateral VVasectomised rats treated with sodium arsenite.
Materials and Methods: Four groups of rats: bilateral vasectomy + sodium arsenite,
bilateral vasectomy, sham operated + sodium arsenite and sham operated only were
considered, and 8 mg/kg/ day of sodium arsenite was given for 8 weeks to the rats. The
total volume of testis, volume of interstitial tissue, volume of seminiferous tubules,
diameter of seminiferous tubules and germinal epithelium thickness were evaluated
using stereological methods. Hormones were also measured and the results were
analyzed using one way ANOVA.

Results: A significant reduction of total volume of testis (p<0.01), mean volume of
seminiferous tubules (p<0.002) as well as germinal epithelium thickness (p<0.05) in
both vasectomy + sodium arsenite and vasectomy rats was seen compared to sham
operated only. In addition a significant reduction of testosterone was observed in
vasectomy + sodium arsenite group when compared to the other groups (p<0.001). LH
level decreased significantly in vasectomy + sodium arsenite when compared to sham
operated ones (p<0.05).

Conclusion: Vasectomy and treatment with sodium arsenite affect the structure of testis
with respect to its volume, volume of seminiferous tubules and thickness of germinal

epithelium, which may be due to variation of LH and testosterone level in the rats.
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Introduction

Arsenical compounds are environmental toxins
with multiple effects in animal and human
populations. Human are exposed to arsenic mainly
through water, food and drugs. The main source of
environmental  arsenic  exposure in  most
populations is the drinking water. The frequent
uses of arsenic are as herbicides, insecticides,
rodenticides and food preservatives (1-3). In
addition, investigations have shown that arsenite
has toxic effects on the reproductive system which
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accumulate in the testes, seminal vesicle and the
prostate glands; it also causes disorders in the
sperms motility (4). Pathological changes of the
testes following vasectomy in some cases are due
to imbalance in the level of sex hormones (5), on
the other hand exposure to sodium arsenite leads to
pathological damage in the structure of testes (6)
and imbalance of sex hormones (3). From one side,
in today’s world men undergo surgical vasectomy
based on a population control program and in other
side people are exposed to arsenite pollution. Thus
the question is what will be the cumulative effect
of arsenite and vasectomy. The present study was
designed to evaluate the effects of arsenite toxicity
and vasectomy together on pathological changes of
testis using stereological methods and the
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hormones level (LH, FSH and testosterone) in
adult Wistar rats.

Materials and methods

Animals

In total 32 male Wistar rats (from Pasture
Institute of Iran) with mean body weight of 200+
20 g were randomly divided into 4 groups (n=8)
including bilaterally vasectomised, vasectomised +
sodium arsenite, sham operated + sodium arsenite
and sham operated only. The animals were kept in
the animal house of Arak University under 22 + 2
°C and photoperiod controlled room (Light 12 h
and dark 12 h) with free access to food and
sufficient water.

Animal operation

The rats were first anesthetized by using intra
peritoneal injection of 10% ketamin (50 mg/kg)
along with 2% xylazine (10 mg/kg) (ALFASAN)
(5). Then under sterile conditions a split, one
centimeter long was made on the sclerotum to
reveal the vas deferan duct. After departing its
blood vessels, two nodes (0.5 cm apart from each
other) one centimeter away from epididim tail,
were made using silk tread (0-4) and then the vas
deferan duct was cut between the two nodes.
Finally the cromster muscle and peritoneal layer
were sutured with absorbable tread (0-4) and the
skin as well as the fascia layer was also sutured
with silk tread (0-4). Sham operation was
performed in the same manner except that the vas
deferens was neither legated nor divided (7).

Drug treatment

Sodium arsenite was purchased from Merck
Company (Germany). Two weeks after vasectomy,
Vasectomised + sodium arsenite and sham +
sodium arsenite groups were treated orally with
sodium arsenite (8 mg/Kg/day) (8, 9) prepared
freshly in distilled water just before use.
Vasectomised and sham only groups were given
only water drinking. The treatment of groups was
carried out during 8 weeks after vasectomy (10).

Serum sample collection and tissue preparation

At the end of the treatment (8 weeks), blood
sample was collected from abdominal aorta under
anesthesia. Heparinized plasma was separated
using centrifugation (3000 rpm) and stored at -80
°C to carry out the hormonal-assays. The right
testis of rats was taken out then cleaned from
epididim and its fatty supportive tissue. The testes
were weighed and fixed in 4% formaldehyde

solution. To obtain macroscopic slices, tissue was
placed in 7% agar gel blocks and slices with 1 mm
thickness were made, then using microtome 5 um
thick sections were made and stained using H & E
method. Quantitative study including estimation of
the total volume of testis (mm®), volume of
interstitial tissue (mm®), volume of seminiferous
tubules, diameter of seminiferous tubules (um) and
its germinal epithelium thickness (um) were
carried out using stereological techniques.

Stereological study

Estimation of the mean total volume of testis
and its components based on 12 sections per rat
testis were analyzed serologically with a projector
(Delux) at final magnification of 64. Statistically it
has been proved that 10-12 sections are sufficient
for stereologically study (11-13). Images of the
sections were projected on a working table and a
fine grid of points was superimposed on them.
Point counting method using Cavalieri principle
was carried out to determine the total volume of
testis according to the formula

Zn:pxa(p)xt

V=- - Where V stands for absolute

volume, a (P) for area of point (grid), t for distance
between the sections and M? for square of profile
magnification.

To obtain volume of the testis components
including seminiferous tubules and interstitial
tissue, first the volume density (Vv) of them was
estimated using BX40 - microscope with a
personal computer and a monitor were connected
to color camera (DP12) mounted on top of the
microscope. The stereological probes were
superimposed on the images of the tissue sections
viewed on the monitor. The volume density (Vv)

was obtained using the formula
r r
Vo > p(structure) (11-19)
> p(ref)

Where Z p(structure) indicates the number of

points hitting the parameters and Z p(ref) is the

number of points hitting the reference space. The
absolute volume of each structure was estimated
by the volume density multiplied by the total
volume of the testis. For estimating the diameter of
seminiferous tubules and its germinal epithelium
thickness, the unbiased counting probe was used
(14). These were obtained by measuring the length
of isotropic line (LO), which is a part of the point-
sampled intercept (PSI) method. PSI is an
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extremely efficient direct method for measuring
the mean volume-weighted particle volume, from
single IUR or VUR sections (15, 16).

Hormones (LH, FSH and testosterone) assay
Plasma follicle-stimulating hormone (FSH),
lutuneizing hormone (LH) and Testosterone
concentration were measured by enzyme linked
immunosorbent assay (ELIZA) using ELIZA
reader statfax-303 (Awareness comp. USA). LH
and FSH concentrations were measured as
described in the instructions provided with the kits
(RADIM S.P.A. Roma, Italy), where as
Testosterone concentration was measured as
described in the instruction provided by kits (DRG
Diagnostics GmbH, Germany) in  which
endogenous testosterone of  the rats plasma
competes with a testosterone horseradish peroxides
conjugate for binding to the coated antibody.

Statistical analysis

Quantitative results obtained from different
groups of rats were evaluated for statistical
differences by one way analysis of variance
(ANOVA) and statistical significance was defined
at p<0.05. Then multiple comparison test (Tukey
test) was used to compare data from groups of rats.

In addition, the paired sample t-test was used to
compare the means of rats body weight.

Results

The mean total volume of testes, interstitial
tissue and the seminiferous tubules (mm?)

The mean total volume of the testis reduced
significantly (p<0.01) in the Vasectomised rats
compared to the sham operated only. Same result
was seen when comparing the Vasectomised +
sodium arsenite group and the sham operated only
group (p<0.01), while no significant difference was
found between the sham groups (Table I). The
mean volume of the interstitial tissue in the sham
group treated with sodium arsenite showed a
significant decrease compared to the other groups
(p<0.001) (Table ).

The mean volume of the seminiferous tubules
decreased  significantly in  the  bilateral
Vasectomised and Vasectomised + sodium arsenite
groups compared to the sham ones (p<0.002).
However no significant difference (p>0.05) was
found between the sham operated + sodium
arsenite and the sham groups (Table I).

Table 1. The testis weight (g), total volume of testis (mm?), volume of interstitial tissue (mm3) and volume of
seminiferous tubules (mmg3) in four different groups of rats (n = 8), 8 weeks after vasectomy operation and treatment
with sodium arsenite (8 mg/Kg/day). Values are means + sd. Means with the same letter code (a,b,c) do not differ

significantly from each other (ANOVA, Tukey test, p>0.05).

Groups of rats testis weight (g) total volume of volume of volume of
testis (mm3) interstitial tissue seminiferous
(mm?3) tubules (mm?3)
Vasectomised + 1.3+021°% 600.6 +50.9 ? 89.9+7° 510.5+43 ?
sodium arsenite
bilaterally 1.30+0.23% 584.8+335"° 08.9+£5.3? 48594284 °
Vasectomised
sham operated + 1.33+0.11% 663.4+ 705 * 7297 +7.8° 590.5 + 62.8°
sodium arsenite
sham operated 1.45+0.132 690.4 +26.07°°¢ 89.7+3.4° 600.7 +22.7°

The mean diameter of the seminiferous tubules
and its germinal epithelium thickness (mm)

A significant reduction was found in diameter of
the seminiferous tubules in the Vasectomised
group when compared to the sham operated only
rats (p<0.01). While no significant difference was
observed between the Vasectomised + sodium
arsenite and sham + sodium arsenite groups

compare to the sham ones (Table I1). Comparing
the Vasectomised and Vasectomised + sodium
arsenite groups with the sham groups, a significant
reduction (p<0.05) was detected in the mean
thickness of the germinal epithelium, where as no
significant difference in the sham + sodium
arsenite group and the sham group alone was
observed (p>0.05) (Table II).
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Table Il. The diameter of seminiferous tubules and the thickness of the germinal epithelium (um) in four different
groups of rats (n=8), 8 weeks after vasectomy operation and treatment with sodium arsenite (8 mg/Kg/day). Values are
means * sd. Means with the same letter code (a,b,c) do not differ significantly from each other (ANOVA, Tukey test,

p>0.05).

Groups Diameter of the seminiferous tubules (um)

Thickness of the germinal epithelium (um)

311.63+17.98 °
291.31+31.20 *°
313.04+17.35 ¢
334.96 + 15.87 *°

Vasectomised + sodium arsenite
bilaterally Vasectomised
sham operated + sodium arsenite

sham operated

65.32+1.87 °
61.26 +4.05
7017 £2.73°
71.64+2.93°

The body and testes weight
The mean testis weight (g) was the same in all of
the groups (p>0.05) (Table I). Where the body

weight increased significantly in them at the end of
the experiment compared to their first body weight
(Table 11).

Table I11. The first and final body weight (b.w), (g) in four different groups of rats, 8 weeks after vasectomy operation
and treatment with sodium arsenite (8 mg/Kg/day). values are means + SD (Paired sample t-test).

Groups Mean first b.w.(g) Mean final b.w.(g) p-value
Vasectomised + sodium arsenite 210.0 + 15.3 25283+ 17.8 0.001
bilaterally VVasectomised 249.33+9.99 31333+ 23.6 0.001
sham operated + sodium arsenite 208.7+ 11.05 265 +12.5 0.001
sham operated

2158 +3.91 313.8 +12.32 0.001
Histopathological findings Hormones

Figure la represents the normal structure of
seminiferous tuble in control rats. Comparing the
structure of testis in different groups of rats
showed that the spermatogenic cells had become
vacuolated as a result of sodium arsenite treatment
which also led to a less compact arrangement of
them; it also reduced the number of spermatids
(Fig. 1 b).

The above changes were also detected to a more
intense following vasectomy along with tubular
atrophy (Fig. 1c).

Treatment of Vasectomised rats with sodium
arsenite caused more server
vacuolation in spermatogenic cells, a looser order
in them and also a reduction in number of
spermatids (Fig. 1d).

Testosterone reduction was highly significant in
vasectomised group treated with sodium arsenite
(p<0.001) when compared with the results of the
sham only and Vasectomised group. Meanwhile,
no significant difference (p>0.05) was observed
between the testosterone level in sham group and
Vasectomised group. In addition, this study
showed that there was no significant difference
(p>0.05) in the level of FSH in experimental
groups compare to sham only ones. Although no
significant difference (p>0.05) in the LH level was
detected among the groups (vasectomy + sodium
arsenite, vasectomy and sham + sodium arsenite),
however a significant reduction (p<0.05) was seen
when comparing these groups with the sham only
rats, as shown in Table IV.

Table IV. The hormones (LH mIU/ml, FSH mIU/ml and Testosterone ng/ml) in different groups of rats (n=8), 8 weeks
after vasectomy operation and sodium arsenite treatment (8 mg/kg/day). Values are means + sd. Means with the same
letter code (a,b,c) do not differ significantly from each other (ANOVA, Tukey test, p> 0.05).

Groups LH FSH Testostrone
H H R a a a

Vasectomised + sodium arsenite 059 +0.29 071 +04 0.94 +0231
H H a a b,

bilaterally VVasectomised 061 +0.25 0.36 +0.16 3.05°+1.93

H H a a bc

sham operated + sodium arsenite 0.69 +0.17 0.68 +0.48 226 +0.99
b a bd

sham operated 208 +193 0.60 +0.32 5.01"+£2.18
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Figure 1. Typical testicular micrographs of 5 um-thick paraffin —embedded sections stained with H & E method
showing the testis structure in different groups of rats. Normal structure of testis in control (sham) rats (a). Vacuolated
spermatogenic cells (stars) arranged in a less compact order and smaller number of spermatids (thin arrows) in the testis
of sham + sodium arsenite group (b). Atrophied testis with thinner seminiferous tubules, looser arrangement of
vacuolated spermatogenic cells, and a less fewer number of spermatids (thin arrows) in the Vasectomised (c) and
Vasectomised + sodium arsenite (d) rats, with the exception that vacuolation was more intense in the Vasectomised +
sodium arsenite group (small stars). Tubular basement membrane is shown by thick arrows and the intertubular space

by big stars.

Discussion

Previous investigations have shown that
pathological changes of testis and disorders in
male reproductive system following vasectomy are
due to different factors including imbalances in the
sex hormones (5). On the other hand it has been
reported that sodium arsenite also impairs the male
reproductive system in mice and rats as well as
causing a reduction in sperm count and motility
(17). In the present study as the results showed
treatment with the sodium arsenite caused
reduction in the testosterone and LH level in rats.
Reports on sodium arsenite have shown that causes
a reduction in sex hormones level including
testosterone, LH and FSH (18) confirms the results
of this study. Reduction in testosterone level
suppresses spermatogenesis and causes a weight
loss in testis and also inhibits testicular enzymes

(8,18). In our study testosterone reduction in
Vasectomised + sodium arsenite group is highly
significant, which may be due to a reduction in
serum LH level, the main regulating factor in
testosterone production by leydig cells of the testis
(19).

It seems that there is a cumulative effect
between vasectomy and sodium arsenite exposure
on the testosterone level production. This raised
the expectation that pathological changes in the
testis may be more obvious in vasectomised rats
following treatment with sodium arsenite.
Although comparing the mean total volume of the
testis and its weight, the volume of interstitial
tissue and seminiferous tubules and its diameter as
well as the thickness of germinal epithelium
between the vasectomised rats and the
Vasectomised + sodium arsenite group showed no
significant difference. However we obtained
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interesting results by comparing groups. Both
vasectomy and exposure to sodium arsenite lead to
a 9% reduction in testis weight. Such results have
been confirmed by other investigators in
vasectomised rats (7,20). Reduction in testis
weight has also been seen during chronic treatment
with sodium arsenite (3). Comparing both
vasectomised and vasectomised + sodium arsenite
groups to the sham ones, the mean total volume of
the testis, seminiferous tubules and the thickness of
the germinal epithelium decreased significantly,
while the mean diameter of the seminiferous
tubules in vasectomised rats significantly
decreased relative to sham group. Our result
indicated that treatment with sodium arsenite can
influence the structure of testis. Variation in the
volume of testis is considered as a notable defect in
the male reproductive system due to the oxidative
stress caused by sodium arsenite as a consequence
of treatment with sodium arsenite which
suppresses spermatogenesis (8,21).

Since FSH inhibits normal degeneration of
germinal cells (8), its reduction could be a reason
for the significant reduction of the volume of testis,
seminiferous tubules, and thickness of germinal
epithelium found in vasectomised + sodium
arsenite rats. In addition reduced concentration of
testostrone following treatment with sodium
arsenite could be considered as another cause for
the degeneration of germinal epithelium which is
needed for normal spermatogenesis and
maintaining the normal morphology and
physiology of the seminiferous tubules (22-24).
Testostrone is needed for the continued production
of different generation of germinal cells in the
seminiferous tubules, therefore reduction of
testostrone level may lead to the separation of
germinal cells from the epithelium of the
seminiferous tubules (25). As other investigators
have reported (20), in this study a 13% reduction in
the diameter of seminiferous tubules and a
significant reduction in the thickness of germinal
epithelium were found in the vasectomised rats
compared to the sham group. This is probably as a
result of testosterone reduction and contraction of
the tubules (26,27).

We found a significant reduction in the volume
of the interstitial tissue in the sham + sodium
arsenite; however vasectomy solely increased the
volume of the interstitial tissue up to 11% which
could be related to the increased fibrosis of the
interstitial and pretubular tissue (28,29). Although
it's pathological mechanism is unknown, but it is
believed that the resulting oxidative stress causes
mast cell penetration into the interstitial tissue

which is responsible for the increased fibrosis by
stimulating the collagen synthesis (30). Edema has
also been mentioned as another factor increasing
the volume of interstitial tissue (31). Treatment of
sodium arsenite used in this study caused a
significant decreases in the interstitial tissue, 22 %
increase in the volume of seminiferous tubules, 14
% increase in the mean total volume of testis, 8%
increase in the diameter of the seminiferous
tubules and 15% increase in the thickness of the
germinal epithelium in control + sodium arsenite
group compared to the only vasectomised rats.
Keeping in mind that sodium arsenite is one of the
active chemical compounds that induces oxidative
stress and produces reactive oxygen species (ROS)
in animal cells which damages intracellular
components such as lipids and proteins; this in turn
can impair cellular structure (21).

Therefore it is expected that exposure to sodium
arsenite following vasectomy should increase the
effect of vasectomy on the structure of the testis
and sex hormones. Although this dosage of sodium
arsenite did not grant this expectation, but it led to
a dramatic reduction of the testosterone level and a
significant reduction in total volume of testis,
volume of seminiferous tubules as well as its
germinal epithelium thickness in the vasectomised
rats.

Conclusion

We concluded that the reduction of testosterone
level may be the main reason of qualitative and
quantitative changes observed in this study. We
believe that the cumulative effect of vasectomy
and sodium arsenite exposure might be a
consideration point of the pathological changes,
thus we recommend further study with a higher
dose of sodium arsenite to reveal the more details
of pathological and hormonal changes.
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