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Abstract

Objective: To study a method of chemical sterilization and its efficacy in adult male stray dogs.

Methods: Sterilization was performed 45 days after a single bilateral intratesticular injection of calcium chloride (CaCl,) at the doses of 5,
10, 15 or 20 mg per testis per kg body weight.

Results: Histomorphological measures of testes showed total necrosis of testicular tissue at 45 days after an injection of either 10 or 15 or 20
mg CaCl, along with fibrosis and hyalinization in seminiferous tubules and interstitial spaces. Infiltration of leucocytes was also observed
with the 10- or 15-mg dose. Disintegration of germ cell arrangement in seminiferous tubules and washing out of germ cells from the tubules
were noted with the 5-mg dose. Relative organ weight, epididymal sperm count, plasma and intratesticular concentrations of testosterone,
testicular activities of A’,3B-hydroxysteroid dehydrogenase (A®3p-HSD), 17p-hydroxysteroid dehydrogenase (17p-HSD), glutathione
peroxidase (GPx), glutathione S-transferase (GST) and superoxide dismutase (SOD) and testicular contents of glutathione (GSH) and
glutathione disulphide (GSSG) and the ratio of GSH/GSSG, all were declined in each of the calcium chloride treated groups in comparison to
the control group. Increases occurred in testicular malondialdehyde (MDA) and plasma concentrations of LH and FSH with each of the
treatments by comparison with the control group. Plasma concentrations of cortisol, fasting blood sugar level, blood urea nitrogen as well as
packed cell volume (PCV) and total plasma protein were recorded to monitor the changes in chronic stress in the experimental animals.
Changes in these parameters were not significant.

Conclusion: An intratesticular injection of CaCl, at specified doses could be a suitable method of sterilization in preference to surgical
castration of dogs.

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction produce a greater number of offspring than females.
Surgical castration removes the testes from the scrotum
via an incision in male animals. This method is effective,
but infection or bleeding can become a problem and it is
also time consuming, not cost-effective and needs skilled
surgeons. Moreover, for large-scale application of this
method, especially for controlling the population of
undesirable mammals in our community like stray dogs, it
is not effective. Besides this, postoperative care and
management of the animal are also required to prevent
infection [1]. Vasectomies and vasal occlusion are less
invasive surgical procedures than castration. Moreover,

Overpopulation of stray dogs found in urban and rural
areas in India poses serious problems in the community
from a public health point of view, since these stray dogs are
primarily responsible for the transmission of deadly diseases
like rabies to human beings and animals. The uncontrolled
populations of stray dogs are fast increasing in the country.
Although sterilization of male and female dogs is ideal for
prevention of overpopulation, sterilization of male may be
more beneficial, because males have the potential to
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these procedures carry similar anesthetic risks and post-
surgical complications [2,3]. Advantages of nonsurgical
chemical sterilization are apparent reduction of pain and
stress, and elimination of hemorrhage, hernia, infection,
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myiasis and other surgical sequelae [4]. Actually, scientists
with an interest in animal welfare have been attempting to
define the criteria that can identify husbandry systems that
are less stressful on the physiological and ethological well
being of animals [4]. Veterinarians have been practicing
surgical methods of castration by open surgery to date, the
only means of sterilizing method by compromising various
constraints of it, as there is no suitable alternative sterilizing
method for male animals.

An ideal chemical sterilizing agent for domestic animals
would be one that effectively arrests spermatogenesis and
androgenesis as well as libido and absence of toxic and
untoward side effects [5]. Otherwise, the development of
secondary sex characteristics may cause management
problems of the animals in the community, especially if
they become dangerous at their breeding season. Such an
ideal chemo-sterilizing agent has not been described
previously, although many compounds have been studied
for the purpose of inhibiting or arresting spermatogenesis.
While many other compounds tested possess some anti-
spermatogenic or antifertilizing capacity, their cytotoxic,
neurotoxic or antimetabolic effects invariably overshad-
owed their chemo-sterilizing action [5].

For the last few years, researchers have been interested in
developing a method for nonsurgical chemo-sterilization, as
this process is suitable for mass-scale application and may
be a better alternative to surgical castration. Various agents
have been used for nonsurgical chemical sterilization of
male animals: the injection of steroid hormones including
androgens [6], progestagens [7], antiandrogens [8], anabolic
steroids [9] and androgens plus progestagens [10] in many
species. However, these treatments do not consistently result
in sterility. Gonadotrophin-releasing hormone (GnRH)
agonists have also been used to induce sterilization
[11,12] with better results. However, as the effects of these
agents are variable and also not permanent, repeated
treatment is often necessary, and these methods are not
cost-ineffective or suitable for mass-scale application.
Immunization techniques have also been used to induce
antibodies against gonadotrophins and GnRH [13,14].
However, the results indicated that such immunization
techniques varied in effectiveness and in the duration of
azoospermia. Adverse vaccination reactions were also
observed as another disadvantage of this method. Research-
ers have also used various chemical agents including
cadmium chloride [15,16], ferric chloride and ferrous
sulphate [17], zinc arginine [18], danazol [19], BCG [20],
glycerol [21] and lactic acid [22] by intratesticular injection
for the same purpose. All these agents cause some pain and
pyrexia or even severe inflammation (orchitis) after intra-
testicular injection. Some agents (e.g., cadmium chloride,
glycerol, lactic acid) caused selective destruction of the
testicular parenchyma [15,23] with reversible testicular
tissue damage [24]. In some cases, the interstitial portion
regenerated after an initial phase of testicular atrophy [25]
and this led to secondary male behavior, which caused

management problems of the animals [22]. However, all of
these treatments failed to achieve the desired result
satisfactorily. Due to the above complications following
the use of these chemicals, an effective chemo-sterilizing
agent has yet to be established.

Recently, we reported that a single bilateral intratesticular
injection of CaCl, solution resulted in induction of
permanent (irreversible) chemo-sterilization in male albino
rats and male goats, the germ cell apoptosis, i.e., necrosis
along with concomitant production of reactive oxygen
species at the testicular level as well as significant
diminution in testosterone concentration without imposition
of any pain, general stress response, metabolic toxicity or
any toxic and untoward side effects [1,26,27]. This simple
technique fulfills the criteria of a method for nonsurgical
sterilization of male animals.

In continuation of our previous work, in this present study,
we investigated the effectiveness of CaCl, for chemical
castration in male stray dogs to further study the possible
mechanism of action of this agent for male sterilization.

2. Materials and methods

2.1. Animals

Clinically healthy male stray dog (2=30) weighing 10 to
15 kg, aged from 2 to 3 years with normal libido in the
breeding season (September—October), were used in this
study, which was approved by the Ethical Committee of the
Faculty of Veterinary Surgery and Radiology, West Bengal
University of Animal and Fishery Sciences. All the animals
were accustomed to the laboratory environment and
handling procedures before experimentation. Dogs were
seronegative for Brucella canis and routinely dewormed
and vaccinated prior to arrival in the animal housing area.
The animal house had artificial lighting and controlled
temperatures (22°C, ranging from 19°C to 25°C). The dogs
were housed singly or in pairs in indoor and outdoor runs,
fed a standard commercial dog food and given water ad
libitum. Investigations were conducted in accordance with
the “Principles for the Care and Use of Research Animals”
promulgated by the Society for the Study of Reproduction.
Guidelines for Ethical Conduct in the Care and Use of
Animals (American Psychological Association) were fol-
lowed throughout the experimental duration. The Animal
Ethics Committee of the institute also duly approved the
protocol of this experiment.

2.2. Experimental protocol

The maximum effective dose of CaCl, for induction of
chemo-sterilization was estimated by dividing the 30
animals randomly into five groups. Animals in four groups
received a single bilateral intratesticular injection of sterile
analytical grade of CaCl, -2 H,0, (Merck, Mumbai, India)
at doses of 5, 10, 15 or 20 mg/kg body weight, respectively,
given in 1 mL solution containing 1% lignocaine hydro-
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chloride (a local anesthetic agent, Astra IDL, Bangalore,
India). The animals in the control group received a single
bilateral intratesticular injection of 1 mL sterile normal
saline which contained 1% lignocaine hydrochloride.

2.3. Intratesticular injection of CaCl, solutions

Each intratesticular injection was performed using a sterile
21-gauge needle directed from the codoventral aspect of each
testis approximately 1 cm from the epididymal tail and
towards the dorsocranial aspect of that testis so that the
solution was deposited over the entire route by linear
infiltration while withdrawing the needle from the proximal
end to the distal end. Necessary care was taken to avoid the
seepage of the solution from the injection site. Nothing more
was done following an injection. All the dogs were restrained
through gentle handling and proper care. The intratesticular
injections were given very carefully like any other intra-
mascular injections. The animals were also restrained
through proper handling procedure in prior experiment in
the case of vaccination and blood collection, etc. The animals
were kept under routine clinical observations.

2.4. Scarification and collection of blood and reproductive
organs

From the duration-dependent study, we observed that
after a single bilateral intratesticular injection of CaCl, at the
highest dose in dog, the degeneration of testicular paren-
chyma was started after 7 days and after 45 days of
treatment; total necrosis of the testicular parenchyma was
evident and there was no sign of testicular regeneration
either. Forty-five days following intratesticular injection,
both testes were obtained from all dogs either by castration
[28] or removal immediately following euthanasia [29] and
wet weights recorded. The right testis from each animal was
used for histomorphological studies, while the left one was
used for biochemical assays. Blood was collected from a
jugular vein of each dog into heparinized tubes before
castration in fasted animals during the period 8:00 a.m.—
8:30 a.m. These samples were analyzed immediately after
collection for packed cell volume (PCV), blood urea
nitrogen, total protein and fasting blood sugar level.
Samples were also centrifuged for 10 min at 13,000xg
for plasma separation then stored at —20°C until assayed for
testosterone, LH, FSH and cortisol concentrations.

2.5. Epididymal sperm count

The epididymal sperm counts were performed accord-
ingly as described previously [30]. The live and dead sperm
were counted by trypan blue exclusion method in four
chambers of a hemocytometer slide [31]. The sperm number
was expressed per milliliter of suspension.

2.6. Histopathological studies on the testes

The right testis from each animal was fixed in Bouin’s
fixative and embedded in paraffin wax. A 5-um-thick
section was cut from the middle portion of each testis,

stained with hematoxylin—eosin and examined under light
microscopy at 100X and 400X magnifications. The
structures of the seminiferous tubules and interstitial spaces
in the testis were examined.

2.7. Assays for plasma and intratesticular testosterone and
cortisol concentrations

The testicular tissue was homogenized in 0.5 mL of
water using a Teflon homogenizer that was fitted into a
microfuge tube chilled in ice. Each sample was centrifuged
at 10,000 rpm for 10 min. The supernatant was removed,
frozen and stored until hormone assay [32]. The plasma and
intratesticular concentrations of testosterone and cortisol
were measured using an ELISA reader (Merck, Japan)
according to the standard protocol furnished by the National
Institute of Health and Family Welfare (NIHFW, New Delhi,
India) [33]. Each testosterone concentration was calculated
from a standard curve with five standards supplied by IBL,
whereas cortisol concentration was calculated from six
standards supplied by NIHFW with absorbance of the
standards and samples monitored against a blank at 450 nm.
The stated cross-reaction of the testosterone antibody with
dehydrotestosterone was 10% and the intra-assay coefficient
of variation (CV) was 6.2%. The stated cross-reaction of the
cortisol antibody with corticosterone was 10% and intra-
assay CV was 5.5%. All the samples were included in a
single assay.

2.8. Assays of plasma LH and FSH concentrations

Plasma concentrations of LH were assayed with canine
LH RIA kit supplied by Immunotopics International LLC
(San Clemente, CA, USA). The canine LH assay is based on
the competition between the LH in the sample and a '*°I-
labeled canine LH tracer for binding to a highly specific
rabbit polyclonal antibody of canine LH. After incubation,
separation of bound from free is achieved by a second
antibody (mouse monoclonal antibody antirabbit IgG). The
radioactive bound fraction is precipitated by centrifugation
and counted in a gamma counter. The assays were
performed following the manufacturer’s instructions. The
LH concentrations were read from a calibration curve
(Calibrators 1-6 supplied with the kit) and expressed as
nanograms per milliliter. The minimum detectable concen-
tration has been assayed at 0.39 ng/mL. The intra-assay CV
was 3.6%. Plasma concentrations of FSH were assayed with
canine FSH immunoradiometric assay (IRMA) kit supplied
by Immunotopics International LLC. The canine FSH
IRMA is a one-step solid-phase immunoradiometric assay,
which offers high affinity and specificity for two different
epitopes on FSH. A first monoclonal anti-FSH antibody
bound to a polystyrene tube will capture the FSH of the
sample in the presence of a second '**I-labeled mouse mo-
noclonal anti-FSH antibody. Following the incubation and
the one-step formation of the solid-phase FSH-'*I-labeled
monoclonal antibody sandwich, the tube is washed to
remove excess unbound labeled antibody. The radioactivity
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of the sandwich is directly proportional to the amount of
FSH present in the sample. The assays were performed
following the manufacturer’s instructions. The FSH con-
centrations were read from a calibration curve (Calibrators
1-6 supplied with the kit) and expressed as nanograms per
milliliter. The minimum detectable concentration assayed
was 0.2 ng/mL. The intra-assay CV was 3.2%.

2.9. Estimation of total plasma protein concentrations,
blood urea nitrogen and fasting blood sugar levels

Total plasma protein concentration was measured
according to the standard method of Lowry et al. [34]
and the level was expressed as grams per decaliter. Blood
urea nitrogen was measured using the kit supplied by Dr.
Reddy’s Laboratories (diagnostic division), Hydrabad,
India, according to the manufacturer’s instructions. Fasting
blood sugar level was measured using a single-touch
glucometer (Blood Life Scan, Johnson and Johnson,
Milpitas, CA, USA), and the concentration was expressed
as milligrams per 100 mL.

2.10. Assays of testicular key androgenic enzyme activities

The testicular tissue of each animal was used for
studying the activities of A 3p-hydroxysteroid dehydroge-
nase (A°3p-HSD) and 17@-hydroxysteroid dehydrogenase
(17p-HSD). Testicular A’,3p-HSD activity was assayed
spectrophotometrically according to the procedure of
Talalay [35]. The activity of testicular 17p-HSD was
measured in a UV spectrophotometer according to the
procedure of Jarabak et al. [36]. One unit of enzyme
activity for A33p-HSD and 17p-HSD was considered to be
the amount causing a change in absorbance of 0.001/min at
340 nm.

2.11. Assays of testicular glutathione peroxidase, superoxide
dismutase and glutathione S-transferase activities

The activity of testicular glutathione peroxidase (GPx)
was determined according to the modified procedure
described by Paglia and Valentine [37]. GPx present in the
sample catalyzes the oxidation of glutathione (GSH) by
cumene hydroperoxide, in the presence of glutathione
reductase (GSSG-R) and NAD(P)H. The oxidized glutathi-
one [glutathione disulphide (GSSG)] is immediately con-
verted to the reduced form (GSH) with a concomitant
oxidation of NAD(P)H to NADP'. The decrease in
absorbance of NAD(P)H was measured at 340 nm. GPx
activity was expressed as nanomolar NAD(P)H oxidized per
minute per milligram of protein. Testicular tissue was
homogenized in chilled 100 mM sodium phosphate buffer
saline (pH 7.4) to give a tissue concentration of 10% (w/v)
for the measurement of the activities of superoxide
dismutase (SOD) and glutathione S-transferase (GST). The
SOD activity was measured spectrophotometrically accord-
ing to a standard protocol [38]. One unit of SOD activity is
defined as the amount of enzyme required to inhibit the rate
of 50% NAD(P)H oxidation and expressed as units per

milligram of protein. Glutathione S-transferase activity was
measured spectrophotometrically [39] using CDNB (1-
choloro-2,4-dinitrobenzene, Sigma, St. Louis, MO, USA)
as substrate. The formation of the product of CDNB, S-2,4-
dinitro-phenyl glutathione, was monitored by measuring the
net increase in absorbance at 340 nm against blank. The
enzyme activity was calculated using the extinction coeffi-
cient €=9.6 M~' cm™' and expressed as nanomolar of
product formed per minute per milligram of protein. The
amount of protein present in the tissue was measured by the
method of Lowry et al. [34].

2.12. Estimations of lipid peroxidation from
malondialdehyde

The testicular tissue was homogenized (10% w/v) in ice-
cold phosphate buffer (0.1 M, pH 7.4) and the homogenate
was centrifuged at 15,000xg in 4°C for 3 min. The
supernatant was used for the estimation of TBARS and
conjugated dienes. TBARS was determined by the reaction
of thiobarbituric acid (TBA; Merck, Germany) with
malondialdehyde (MDA), a product formed due to the
peroxidation of lipids, according to the method of Ohkawa
et al. [40]. The amount of TBARS formed was measured by
taking the absorbance at 530 nm (extinction coefficient €=
1.56x10° M~' e¢m™') using a UV spectrophotometer
(Hitachi, Tokyo, Japan).

2.13. Quantification of testicular contents of GSH and
GSSG

GSH and GSSG were determined in the testicular tissues
by a modified high-performance liquid chromatography
(HPLC) method of McFarris and Reed [41] using UV
detection at 365 nm. Tissues were homogenized in 10%
perchloric acid containing 1 mM bathophenanthroline
disulphonic acid and centrifuged at 10,000 rpm for 5 min
in a cold centrifuge. Two hundred and fifty microliters of
tissue-acid extract containing internal standard (gamma-
glutamyl glutamate) was mixed with 100 pL of 100 mM
iodoacetic acid in 0.2 mM cresol purple solution. The acid
solution was brought to basic conditions (pH 8.9) by the
addition of 0.4 mL of a 4:1, 3 M KHCO3/10 M KOH
mixture and then incubated in the dark at room temperature
for 1 h. Rapid S-carboxymethyl derivatization of GSH,
GSSG and gamma-glutamyl glutamate occurred shortly
after the change in pH. N-Nitrophenol derivatization of the
samples was obtained by incubation for 12 h at 4°C in the
presence of 1% 1-fluoro-2,4-dinitrobenzene. Multiple sam-
ples were analyzed using the ISCO auto sampler controlled
by the ISCO chemical research program (ISCO Model
2350, Lincoln, NE, USA). The sensitivity of the HPLC was
50 pmol/injection volume for GSH and 25 pmol/injection
volume for GSSG.

2.14. Statistical analysis

One-way analyses of variance combined with a multiple
two-tailed z-test with the Bonferroni modification were used
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Effect of single bilateral intratesticular injection of different doses of CaCl, on relative testicular weight, PCV, total plasma protein concentration, fasting blood
sugar level and blood urea nitrogen content in male dogs

Condition Relative testicular PCV (%) Total plasma Fasting blood Blood urea
weight (mg/100 g protein (g/dL) sugar level nitrogen (mg/dL)
body wt) (mg/dL)

Control 810+40 30.14£1.46 6.80£0.12 70.12+1.34 12.42+0.84

5 mg/kg body wt. per testis 390+26" 30.8610.92 6.72+0.18 70.94+1.62 13.10+0.72

10 mg/kg body wt. per testis 114424 31.10+1.14 7.14+0.21 71.48+1.81 12.65+1.06

15 mg/kg body wt. per testis 56+12° 31.42+1.85 7.08+0.36 71.82+2.15 13.24+0.94

20 mg/kg body wt. per testis 42+6° 31.18+1.52 7.31+0.48 70.86+1.54 13.56+1.12

Data are shown as mean+S.E, n=6.
& p<.0l.
° p<.001, as compared with their respective control.

for statistical analysis of the data [42]. Differences were
considered significant at p<.05, p<.01, p<.001. Accord-
ingly, a statistical software package (SPSS) was used.

3. Results

Every animal tolerated the intratesticular injections of
CaCl,. They did not suffer from any agitation fever or
marked inflammatory swelling of the testis except for a
slight increase in firmness of testis on palpation. Most of
the dogs showed signs of mild discomfort approximately 1
to 5 min after initiating CaCl, as well as normal saline
injections, probably caused by fluid pressure. Mild testic-
ular swelling was evident in every dog by 24 h following
injection. Swelling was in maximum in treated animals
from 48 to 72 h following injection and then gradually
decreased at 3 weeks. At 4 weeks after the 20-mg CaCl,
injection, only a small testicular remnant was palpated.
Food consumption was not affected among the five groups
of animals throughout the experimental schedule. Every
one of the dogs injected with CaCl, survived in good
healthy condition throughout the experimental period. No
marked behavioral changes were noted into the animals
during the experimental period. Only after 30 days of
intratesticular injection did the animal’s behavior become
calm and mild tempered.

3.1. Changes in relative testicular weight

A single intratesticular injection of CaCl, at doses of 5,
10, 15 or 20 mg led to a graded diminution (p<.01) in
relative testicular weight compared to the animals in the
vehicle control group. This parameter exhibited a greater
level of diminution at the 15- and 20-mg dose compared to
either the 5- or 10-mg dose treatments (Table 1).

3.2. Effect on fasting blood sugar, blood urea nitrogen, PCV
and total plasma protein concentrations

There were no alterations in fasting blood sugar, blood
urea nitrogen, PCV or total plasma protein concentration in
any of the treated groups with respect to the control group as
well as among the four treated groups (p>.05; Table 1).

3.3. Changes in histomorphology of testis

Testicular sections showed normal spermatogenesis in
vehicle control groups with distinct interstitial spaces
(Fig. 1). However, after CaCl, treatment, different degrees
of degenerative changes in testicular parenchyma were
observed. The intratesticular injection of 5 mg CaCl,
produced disintegration of the germ cell association in
seminiferous tubules and washing out of the germ cells from
the tubules. Some of the tubules showed the elimination of
all germ cells and the presence of only spermatogonia and
Sertoli cells. Nevertheless, the induced damage was variable
and tubules were not affected uniformly at the lowest dose
(Fig. 2). Histomorphological analysis of the testis of the
animals treated with 10 mg CaCl, showed significant
morphological changes, including atrophy of the seminifer-
ous tubules, significant necrosis in the seminiferous

Fig. 1. Photomicrograph of a testicular section 45 days after a single
bilateral intratesticular injection of normal saline in a male dog showing the
normal arrangement of germ cells in the seminiferous tubules (spermato-
genesis) with distinct interstitial space. Bar=100 pum.
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Fig. 2. Photomicrograph of a testicular section 45 days after a single
bilateral intratesticular injection of 5 mg CaCl, in a male dog showing
disintegration of germ cell associations along with washing out of germ
cells from the seminiferous tubules. Bar=100 um.

epithelium and the interstitial spaces as well as presence of
degenerated and coagulated germ cells combined with
fibrosis in interstitial spaces (Fig. 3). The intratesticular
injection of 15 mg CaCl, resulted in total necrosis in
seminiferous tubules and interstitial Leydig cells, with
replacement by a fibrocollagenous band. Complete derange-
ment of the tubular architecture along with infiltration of

leucocytes throughout the testicular tissue was noted. Mild
degree of hyalinization was noted in seminiferous epitheli-
um and interstitial spaces. There was no identification of
mature or immature germ cells in testicular sections (Fig. 4).
Intratesticular injection of 20 mg CaCl, resulted in necrosis
of the germinal epithelium and presence only of fibrous
tissue and hyaline tissue. Complete derangement of the
tubular architecture without any distinct boundary between
the tubular and extratubular compartments was noted. There
was no identification of mature or immature germ cells in
testicular sections. There was no sign of regeneration in
germ cells and interstitial Leydig cells (Fig. 5).

3.4. Effect on epididymal sperm count

The epididymal sperm count was decreased significantly
(p<.01) in all the CaCl,-treated rats in comparison to
vehicle control animals. Diminution in the numbers of
epididymal sperm after 15 or 20 mg of CaCl, treatment was
more drastic (p>.001) compared to other dose treatments
(Table 2).

3.5. Effect on plasma concentrations of testosterone and
cortisol

A single intratesticular injection of CaCl, decreased
plasma and intratesticular testosterone concentrations in a
dose-dependent manner. A significant (p<.01) diminution
in plasma and intratesticular concentrations of testosterone
was noted in the entire CaCl,-treated group in comparison
to vehicle control. Moreover, the 15- and 20-mg CaCl,
treatments also showed a more effective and significant
inhibition on these parameters in comparison to the 5- or

Fig. 3. Photomicrograph of a testicular section 45 days after a single
bilateral intratesticular injection of 10 mg CaCl, in a male dog showing a
high degree of coagulative necrosis in seminiferous tubules and interstitial
Leydig cells as well as atrophy of the tubules and fibrosis into the interstitial
spaces. Bar=100 pm.

Fig. 4. Photomicrograph of a testicular section 45 days after a single
bilateral intratesticular injection of 15 mg CaCl, in a male dog showing
complete derangement of the seminiferous tubular architecture along with
the presence of fibrous tissue and hyaline tissue throughout the testicular
parenchyma. Bar=100 pm.
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Fig. 5. Photomicrograph of a testicular section 45 days after a single
bilateral intratesticular injection of 20 mg CaCl, in a male dog showing
complete necrosis of testicular parenchyma and without any distinct
boundary between the tubular and extratubular compartments along with
the presence of fibrous tissue and hyaline tissue throughout the testicular
parenchyma. Bar=100 um.

10-mg CaCl, treatments. The remarkably low level of
plasma and intratesticular concentrations of testosterone was
noted in the highest dose of CaCl, treatment (p<.001; Fig. 6).
There was no significant change in plasma concentration of
cortisol at any of the doses in comparison to vehicle control
as well as among the four treated groups (p>.05; Table 2).

3.6. Effect on testicular A, 3p-HSD and 173-HSD activities

Graded inhibitory responses from CaCl, treatments were
noted in testicular A>,3p-HSD and 173-HSD activities. The
activities of A’,33-HSD and 17p-HSD in testicular tissue
were decreased significantly (p<.01) in all the CaCl,-
treated groups compared to vehicle control. Moreover, the
15- and 20-mg CaCl, treatments also exhibited a more

8 B 8 &

-
@™

(Unitsl mg of tissuel h)

-
=

A5 3B HSD

17 HSD

Plasma testosterone

effective and significant (p<.001) inhibition on these
parameters in comparison to the 5 mg or 10 mg of CaCl,
treatments (Fig. 6).

3.7. Effect on plasma concentrations of LH and FSH

Intratesticular injection of CaCl, enhanced the plasma
LH and FSH in a dose-dependent manner. An approximate-
ly three-fold increase was observed at the highest dose.
Plasma LH and FSH concentrations were significantly
(p<.01) increased after 10- or 15-mg doses of CaCl,
injections in comparison to the vehicle-treated control.
However, the elevation of these hormone concentrations
was not significantly different in 15- and 20-mg CaCl,
treatments (p>.05; Table 2).

3.8. Changes in testicular content of MDA

Testicular content of MDA was elevated (p<.01) after
treatment with 5 or 10 or 15 mg CaCl, compared to the
controls, but the 20-mg dose exerted the greatest degree of
elevation (p<.001) in the testicular content of MDA when
compared to the controls. Levels of MDA in the testicular
tissue were elevated (p<.01) between any of the two groups
of 5, 10, 15 or 20 mg of CaCl, (Table 2).

3.9. Effect on testicular GPx, GST and SOD activities

A dose-related decrease was associated with testicular
GPx, GST and SOD activities. The dose of 15 or 20 mg
caused a greater degree of inhibition (p<.001) in the activity
of these enzymes. Significant inhibition (p<.01) in these
testicular enzyme activities was noted for every dose from 5
to 20 mg CaCl, in comparison to vehicle control. Levels of
these enzyme activities in testicular tissue were decreased
(p<.01) between any of the two groups of 5, 10, 15 or 20 mg
of CaCl, treatment (Table 3).

3.10. Changes in testicular content of reduced GSH
and GSSG

The testicular content of GSH and GSSG was
decreased (p<.01) in response to CaCl, treatment in each
of the doses compared to the controls (Tables 2 and 3).

Intratesticular testosterone

Fig. 6. Bar diagrammatic representation of testicular androgenic key enzyme activities, plasma and intratesticular concentrations of testosterone in mature male
stray dogs 45 days after a single bilateral intratesticular injection of different doses of CaCl,. Data are represented as mean+S.E., n=12, ANOVA followed by
multiple two-tailed z-test. (**p<.01; ***p<.001 as compared with respective control.)
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Effect of a single bilateral intratesticular injection of different doses of CaCl, on plasma concentrations of LH, FSH and cortisol, epididymal sperm count and
testicular contents of MDA, and GSH in male dogs

Condition LH (ng/mL) FSH (ng/mL) Cortisol Epididymal MDA (nmol/mg Reduced GSH

(ng/mL) sperm count of protein) (nmol/mg of
(no./mL) protein)

Control 2.504+0.21 4.1240.41 3.12+0.74 8350+630 20.34+0.76 42.56+4.21

5 mg/kg body wt. per testis 3.10+0.34 5.4040.45 3.40+0.62 1810+245" 28.45+0.84" 18.40+3.12°

10 mg/kg body wt. per testis 4.82+0.36 6.52+0.62 3.84+0.81 128+32° 34.18+0.61° 10.28+2.46°

15 mg/kg body wt. per testis 6.48+0.43 8.68+0.84 4.21+0.68 46+32° 37.62+0.86" 6.04+2.06°

20 mg/kg body wt. per testis 6.801+0.44 8.8610.2 4.06+0.42 2145° 38.84+0.74° 3.12+1.84°

Data are shown as mean+S.E., n=6.
? p<.0l.
® p<.001, as compared with their respective control.

The ratio of the GSH/GSSG was also decreased with
increasing doses of CaCl, (Table 3). Moreover, drastic
diminutions in these parameters were noted in the 15- and
20-mg CaCl, treatments.

4. Discussion

This study revealed a dose-dependent relationship when
CaCl, was used to induce sterilization in the male dog. The
maximum responses in both the biochemical and histolog-
ical parameters related to chemo-sterilization were noted at
the 15- or 20-mg doses. Calcium chloride induces necrosis
of the entire testicular tissue. This is in agreement with
previous studies with this chemical agent on the testis in the
rat [26,27], and in other domestic animals [1]. Testicular
palpation after CaCl, injection indicated severe degenera-
tion of the testicular tissue, which would likely have
rendered the animals infertile. It is believed that the initial
testicular swelling is due to edema followed by necrosis of
the testicular tissue leading to atrophy of testicular gland
parenchyma. The CaCl,-treated, as well as vehicle-treated,
animals showed signs of mild discomfort approximately 1 to
5 min following injection due to the excessive fluid
pressure. The signs of discomfort were temporary; none of
the dogs licked, bit or rubbed the scrotal area at any time
following injection. Moreover, most nerves in the testicular
parenchyma are efferent sympathetic nerves that affect the
local vasculature [43]. This anatomical arrangement would
make pain response from within the testis unlikely [43].
Afferent nerve endings associated with pain sensation are

Table 3

located in the capsule of the testis [44]. These nerve endings
may have been stimulated as intratesticular pressure
increased during injection.

Testicular histology also showed degenerative changes
associated with graded doses of CaCl,. Disintegration of
germ cell association in seminiferous tubules and washing
out of germ cells from the seminiferous tubules were noted
even with the lowest dose, although the tubular compart-
ment remained distinct with respect to the extratubular
compartment. Drastic necrosis in seminiferous tubules along
with atrophy of the tubules was noted with the 10-mg dose.
The tubular compartment at this dose was also distinct with
respect to the paritubular space. But after high doses (15 or
20 mg) of CaCl, treatment, complete degeneration of germ
cells together with absence of a distinct boundary of
seminiferous tubules with respect to the interstitial spaces
along with appearance of fibrous tissue and hyaline tissue
was observed. These changes may be due to the necrotizing
properties of CaCl, as reported by others [45-47]. In
addition, germ cell degeneration by CaCl, has been
associated with low plasma concentrations of testosterone,
a prime regulator for the maintenance of structural
morphology as well as the normal physiology of seminif-
erous tubules [48,49]. The induction of testicular degener-
ation by this chemical agent is supported by the diminution
in relative testicular weight in treated dogs, an accepted
measure of testicular damage [50].

Graded and significant diminutions in the plasma
concentrations of testosterone in response to graded doses
of CaCl, were correlated to graded diminutions in the

Effect of a single bilateral intratesticular injection of different doses of calcium chloride on testicular activities of GPX, GST and SOD, and testicular contents of

GSSG along with GSH/GSSG ratio in male dogs

Condition GPx GST SOD Oxidized glutathione (GSSG) GSH/GSSG ratio
(U/mg of protein) (U/mg of protein) (U/mg of protein) (nmol/mg of protein)

Control 4.62+0.46 3.58+0.36 6.85+0.61 12.10+1.46 3.5240.31

5 mg/kg body wt. per testis 3.12+0.32% 2.124+0.24* 4.1240.32% 9.82+1.85° 1.91+0.46"

10 mg/kg body wt. per testis. 1.86+0.30° 0.86+0.12% 2.68+0.18" 8.14+1.63" 1.314+0.24"

15 mg/kg body wt. per testis 1.24+0.12° 0.38+0.06" 1.2140.09° 6.18+1.72° 0.98+0.15"

20 mg/kg body wt. per testis 0.92+0.08° 0.26+0.03° 0.72+0.07° 5.96+1.18° 0.52+0.12°

Data are shown as mean+S.E., n=6.
* p<.0l.
® p<.001, as compared with their respective control.
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activities of testicular A°,3p-HSD and 17R-HSD, especially
as these are key enzymes for testicular androgenesis [51,52].

In addition to this direct effect of CaCl, on androgenesis,
the plasma concentrations of LH and FSH were significantly
increased with each of the effective doses. This may have
been due to withdrawal of the negative feedback effect of
testosterone on the hypothalamo-pituitary axis [53,54]. The
apparent induced chemo-sterilization by CaCl, was also
supported by elevation in the concentrations of LH and
FSH. An increased secretion of gonadotrophins (LH and
FSH) was noted following castration in other species of
animals [54,55].

Degeneration in the interstitial Leydig cells by graded
doses of CaCl, may have led to a reduction in plasma
testosterone concentrations [56]. The low concentrations
of plasma testosterone in the groups treated with CaCl,
were further evidenced by the qualitative study of
testicular sections in which significant fibrosis was seen
with the medium and highest doses. These changes were
due to low concentrations of testosterone [57]. Moreover,
the low plasma concentration of testosterone in CaCl,-
treated rats has been further indicated by significant
diminution in epididymal sperm count as sperm matura-
tion in epididymis is controlled by testosterone [48]. The
efficacy of CaCl, in inducting chemo-sterilization was
supported by the necrosis of seminiferous tubules and
interstitial cells, along with significant fibrosis and
hyalinization. These effects are consistent with previous
studies using other chemical agents for chemo-sterilization
[15,23]. Infiltration of leucocytes into the seminiferous
tubules and interstitial spaces after treatment with the
highest dose may have been due to damage of the
testicular tissue or to degeneration that may have released
large amounts of chemotactic factors responsible for the
ingression of leucocytes [24].

Another way by which chemo-sterilization may be
induced with CaCl, could be through the generation of
large amounts of free radicals, or their products, in the
testicular tissue. Free radical production in the testis results
in low level of testosterone [58,59]. CaCl, is also an
important chemical agent for inducing the generation of free
radicals in tissues [60]. Free radicals can cause the
destruction of all cellular structures and of lipids by lipid
peroxidation [61]. The extent of lipid peroxidation and,
consequently, the associated tissue damage can be assessed
by the measurement of TBARS and conjugated dienes [62].
The fact that an intratesticular injection of CaCl, was
associated with free radical production and lipid peroxida-
tion in the testis was reflected by the high testicular content
of TBARS and conjugated dienes. The alternative way by
which free radicals may be generated in the testis would be
through the infiltration of leucocytes. Testicular free radical
production was closely associated with the infiltration of
leucocytes [63].

The elevation in the formation of free radicals in testes
treated with calcium chloride is also supported by the

diminution in testicular GPx, SOD and GST activities, as
these are considered important scavenging enzymes against
free radicals in male gonads [64,65]. Besides these
enzymatic antioxidants, CaCl, treatment was also associated
with a lowered content of testicular reduced GSH, as
important nonenzymatic antioxidant in testis [66]. The low
activities of testicular GPx, SOD and GST along with a low
content of GSH among the treated dogs may have been be
due to the lowered concentrations of testosterone [58,59]. It
may be assumed that testicular degeneration in this
experiment was due to generation of free radicals in the
testis as free radicals are inhibitors for spermatogenesis [30]
and testicular androgenesis [67]. In addition, the reduced
levels of GST activity and GSH content in the testes would
be another cause for the degenerative necrosis of seminif-
erous tubules. GST and GSH are important regulators for the
proliferation and differentiation of germ cells and provide
protection of germ cells against the harmful effects of free
radicals [68,69]. However, Bauche et al. [70] showed that
Sertoli and peritubular cells have a high content of GSH and
high activity of GST. Degeneration of these cells by calcium
chloride treatment could be a possible cause of the lower
content of GSH and GST activity in the treated testis. The
testicular GSH/GSSG ratio, an index of tissue oxidative
stress [71], also decreased with increasing calcium chloride
dose, further suggesting dose-dependent oxidative testicular
degeneration in dogs caused by intratesticular injection of
CaCl,. The observed decreases in the levels of enzymatic
and nonenzymatic antioxidants are consistent with our past
studies [1,26,27].

The stress indicators including the concentrations of
plasma cortisol, total plasma protein, blood urea nitrogen,
fasting blood sugar and PCV were measured to ascertain
whether the CaCl, treatment was associated with any
chronic stress response in the experimental animals. Almost
any type of stress will cause an increase in the secretion of
cortisol in the dog [72]. Cortisol is established as an
indicator of stress [4]. As there were no significant
alterations in the plasma concentrations of cortisol, blood
urea nitrogen, fasting blood sugar level, PCV or total
plasma protein concentrations in the animals treated with
CaCl, compared to the controls, this method of chemo-
sterilization does not appear to be associated with any
chronic stress response, which is also supported by our
previous findings [1,26,27].

It is suggested that the chemo-sterilization that developed
by intratesticular injection of CaCl, might be caused by a
high rate of free-radical generation in the testicular tissues
and a low level of testosterone.

5. Conclusion

An intratesticular injection of CaCl, was effective and
economical for the sterilization of male dogs. It is free from
pain and chronic stress and will contribute to a simple
alternative method to surgical castration.
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