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Abstract

Objective: To investigate a method of chemical sterilization and its efficacy in adult albino rats.

Method: Evaluation was conducted 3 weeks after a single bilateral intratesticular injection of calcium chloride (CaCl2) at the dose of 5, 10,

15 or 20 mg per testis per 100 g body weight.

Results: The significant graded diminution in relative sex organ weights, testicular androgenic enzymes like D5,3h-hydroxysteroid
dehydrogenase (D5,3h-HSD) and 17h-hydroxysteroid dehydrogenase (17h-HSD), glutathione peroxidase (GPx), glutathione S-transferase

(GST) and superoxide dismutase (SOD) activities, testicular content of reduced glutathione (GSH), plasma and intratesticular concentrations

of testosterone, epididymal sperm count as well as significant elevation in plasma concentrations of luteinizing hormone (LH), follicle-

stimulating hormone (FSH) and testicular content of malondialdehyde (MDA) were noted in all the treated groups with respect to vehicle

control. There was no chronic general stress in experimental animals as indicated by insignificant changes in plasma concentrations of

corticosterone, prolactin, total protein, blood urea nitrogen and fasting blood sugar level. Dose-dependent responses on testicular

histopathology were recorded by noting multinucleated giant cells in seminiferous tubules, derangement of tubular architecture along with

infiltration of leucocytes and appearance of fibrous tissue throughout the testicular sections. The fertility efficacy of the 10, 15 or 20 mg

CaCl2-treated males was nil, proven after mating with fertile, virgin healthy females, as there were no implantation sites in each uterine horns

noted by laparotomy.

Conclusion: Intratesticular CaCl2 injection at a specific dose might serve as a way of sterilization and may be considered as an alternative to

surgical castration in male animals.

D 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Presently, veterinarians are practicing the surgical meth-

od of castration by open surgery, which is the only means of

sterilization for male animals. However, castration by open

surgery requires postoperative care to minimize the risk of

hemorrhage and infection. This method has some disadvan-

tages: it is not cost-effective and time-consuming with risk

of postoperative complications. Moreover, this technique is

not suited for mass-scale application such as the control of

stray dog population. In contrast to the surgical method, the

challenge has been taken up by different reproductive

biologists to develop a method of chemical sterilization,
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which may be a better alternative to surgical castration, as

well as suited for mass-scale sterilization of male domestic

animals without postoperative hazards. The literature

indicates that different workers have evaluated nonsurgical

sterilization with injection of various hormones [1–4] in

many species of male animals, but these treatments failed to

induce permanent sterility. Immunization techniques have

also been used to induce antibodies against gonadotrophins

and GnRH [5]. The results indicate that such immunization

techniques vary in effectiveness and in duration of

azospermia. Adverse vaccination reactions are also observed

as another disadvantage of this method. Besides the above

techniques, researchers have also tried various chemical

agents such as cadmium chloride [6], ferric chloride and

ferrous sulphate [7], danazol [8], bacillus Calmette–Guérin

(BCG) [9], glycerol [10] and lactic acid [11] for chemical

castration by intratesticular injection in laboratory and
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domestic animals. All these agents, after intratesticular

injection, exhibited pain, pyrexia and even severe inflam-

mation (orchitis). Some agents, e.g., cadmium chloride,

glycerol, lactic acid, caused selective destruction of testic-

ular tissue [6,12] with reversible testicular tissue damage

[13]. In some cases, the interstitial portion regenerated after

an initial phase of testicular atrophy, and this led to

secondary male behavior, which caused management prob-

lems of the animals [11]. Due to the above complications

caused by the use of the aforementioned chemicals, an

effective chemosterilizing agent is yet to be established.

Very recently, an attempt has been made to induce

sterilization by intratesticular calcium chloride (CaCl2)

injection in male adult stray dogs [14] and scrub bulls

[15], but the mechanism of action of this chemical agent is

still to be explored. Very recently, we have reported that

single bilateral intratesticular injection of CaCl2 resulted in

chemosterilization through the generation of free radicals as

well as without induction of any general stress response in

male Black Bengal goats [16]. A scientific approach has

been taken in this experiment to determine the effective dose

of CaCl2 for induction of chemosterilization in rat and to

delineate the possible mechanism of action of this agent for

induction of such sterilization.
2. Materials and methods

2.1. Animals

Sixty adult male albino rats of Wistar strain, 90 days of

age, weighing 130F10 g, were selected and housed four per

cage at ambient temperature (22F28C) and humidity

(60F5%) in a photoperiod controlled room (light/dark:

14:10 h) with free access to standard laboratory food

(formulated in our laboratory) and water ad libitum. The

animals were allowed to acclimatize to the laboratory

conditions by keeping them for 15 days prior to the

experimentation. The NIH Guide for the Care and Use of

Laboratory Animals [17] was followed throughout the

experimental duration. The experimental protocol also met

the Guidelines for Care and Use of Animals in Scientific

Research [18] and was duly approved by the Animal Ethics

Committee of the Institute. The body weight of each animal

was recorded at the starting day of experiment.

2.2. Experimental design

In order to determine the efficacy of a single intra-

testicular injection of CaCl2 for chemosterilization, 48 rats

were treated with sterile analytical grade CaCl2
(CaCl2!2H2O; E. Merck, Mumbai, India) and divided into

four groups equally. Twelve rats of each group were given a

single bilateral intratesticular injection of 5, 10, 15 or 20 mg

CaCl2 or 0.1 mL normal saline per testis per 100 g body

weight, respectively. Twelve rats received only sterile

0.1 mL normal saline per testis per 100 g body weight

and were considered as vehicle-treated control.
2.2.1. Intratesticular injection of CaCl2 solutions

Intratesticular injections were carefully performed. All

the injections were given under light ether anesthesia by

using insulin syringe (single use). The needle was directed

from the codoventral aspect of each testis approximately

0.5 cm from the epididymal tail towards the dorsocranial

aspect of that testis. The solution was carefully deposited

along the entire route by linear infiltration while withdraw-

ing the needle from proximal to distal end. Necessary care

was also taken to prevent the seepage of the solution from

the injection site.

2.2.2. Collection of blood and reproductive organs

All the animals were sacrificed after 21 days of CaCl2 or

normal saline injections since previous studies showed

permanent chemosterilization 3 weeks after injection. Blood

samples were collected from the tip of the tail for the

measurement of fasting blood sugar level from all groups of

animals. The rats were sacrificed under light ether anesthe-

sia, and body weight of individual rat was recorded quickly

before organ dissection. Blood samples were collected from

the hepatic vein between 8.00 a.m. and 8.30 a.m. from each

animal using heparinized syringe (23-gauge needle) very

quickly to minimize the effect of stress on the hormonal

parameters. Plasma samples were separated by centrifuga-

tion, frozen and stored at �208C until all the samples had

been collected for the determination of the concentrations of

testosterone, luteinizing hormone (LH), follicle-stimulating

hormone (FSH), corticosterone, prolactin and total plasma

protein. Plasma concentrations of prolactin and corticoste-

rone are important indicators of stress exposure, and light

ether anesthesia is also a stressor, but all the rats of each

group were exposed to ether anesthesia, and so all the

animals were homogenous in relation to stress induction.

The testis and accessory sex organs, i.e., epididymis,

prostate and seminal vesicle, were dissected out quickly,

washed in 0.9% (w/v) cold normal saline, pat dried and

weighed on mono-pan balance. The wet weights of organs

are expressed in milligrams per 100 g body weight. In the

case of paired organs, the mean weights of both organs are

expressed in milligrams per 100 g body weight. One testis

from each animal was used for histopathological study,

while the other was used for biochemical assay of different

biochemical parameters.

2.3. Histopathological study of testes

One testis from each animal was fixed in Bouin’s

fixative and then dehydrated in graded alcohol followed by

embedding in paraffin wax (melting point 55–588C) in a

bath in hypoberic condition. Paraffin blocks were prepared,

and serial sections from the middle part from each testis

were taken at a thickness of 5 Am using a rotary

microtome (Waxwox, Ambala, India). These sections were

stained with hematoxylin–eosin. The qualitative study of

seminiferous tubules of each animal was done under phase

contrast microscope (Axiolab, Carlzeiss, Oberkochem,
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Germany) with special reference to histoarchitecture of

seminiferous tubules, interstitial space, germ cell arrange-

ment in tubules, etc.

2.4. Epididymal sperm count

Sperm were collected from an equal length of the caudae

of the excised epididymis of each rat by flushing the vas

deferens with the same suspension medium (10 mL)

containing 140 mM NaCl, 0.3 mM KCl, 0.8 mM Na2HPO4,

0.2 mM KH2PO4 and 1.5 mM d-glucose (pH adjusted to 7.3

by adding 0.1N NaOH) (E. Merck). The collected sample

was centrifuged at 100�g for 2 min, and the precipitate was

resuspended in 10 mL of fresh suspension medium. A

fraction of suspension (100 AL) was mixed with an equal

volume of 1% Trypan blue in the same medium, and the

numbers of sperm were counted in four chambers of a

hemocytometer slide [19]. At this concentration of Trypan

blue (0.5%), the dye completely excludes intact sperms,

which appear bright and colorless, but is taken up by dead

and damaged sperm, which show blue heads [20]. The

sperm numbers are expressed per milliliter of suspension.

2.5. Assay of key testicular androgenic enzyme activities

The testicular tissue of each animal was used for studying

the activities of D5,3h-hydroxysteroid dehydrogenase

(D5,3h-HSD) and 17h-hydroxysteroid dehydrogenase

(17h-HSD). Testicular D5,3h-HSD activity was assayed

spectrophotometrically according to the procedure of

Talalay [21]. The activity of testicular 17h-HSD was

measured in an UV spectrophotometer according to the

procedure of Jarabak et al. [22]. One unit of enzyme activity

for D5,3h-HSD and 17h-HSD was considered to be the

amount causing a change in absorbance of 0.001 per minute

at 340 nm.

2.6. Assay of plasma and intratesticular testosterone

concentrations

The testis 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 10000 rpm

for 10 min. The supernatant was removed, frozen and stored

until the hormone assay [23]. Plasma and intratesticular

concentrations of testosterone were measured following the

immunoenzymatic method in an ELISA reader (Merck,

Japan), according to the standard protocol of the National

Institute of Health and Family Welfare (NIHFW, New Delhi,

India) [24]. A commercially available kit (IBL, Hamburg,

Germany) for the measurement of this hormone was used.

Horseradish peroxidase was used as the enzyme-labeled

antigen, which competed with unlabelled antigen for

binding of antibody sites on the microplates (solid phase).

Assays were performed following standardized protocol.

Testosterone concentration was calculated from a standard

curve of five standards supplied by IBL. The absorbance of

the standard and sample was monitored against the blank at

450 nm. The cross-reaction of the testosterone antibody to
dehydrotestosterone is 10%, and intrarun precision had a

coefficient of variation of 6.2%. All the samples were

included in a single assay. The assay that validated the

correctness of the data in our laboratory was 98%.

2.7. Assay of plasma LH, FSH and prolactin concentrations

The LH, FSH and prolactin concentrations in plasma were

measured using a double antibody radioimmunoassay (RIA).

The plasma concentrations of LH and FSH were measured

according to standard methods [25], and the plasma

concentrations of prolactin (PRL) were measured following

the procedure of Jacobs [26] with reagents supplied by the

Rat Pituitary Distribution Programme and National Institute

of Diabetes and Digestive Kidney Diseases (NIDDK,

Bethesda, MD, USA). Highly purified rat LH (rLH-I-4),

rat FSH (rFSH-I-8) and rat prolactin (rPRL-I-6) were

iodinated with 1 mCi 125I (Bhaba Atomic Research Centre,

Mumbai, India) and freshly prepared chloramine T (Sigma,

St. Louis, MO, USA) [27]. Goat antirabbit g-globulin was

used as the second antibody (Indo-Medicine, Texas, USA).

NIDDK-rLH-RP-3 was used as a standard, and NIDDK-anti-

rLH-S-5 was used for the LH assay. The limit of detection of

LH was 0.05 ng at 80%. For FSH, NIDDK-rFSH-RP-2 was

used as a standard, and NIDDK-anti-rFSH-S-11 was used for

the assay. The limit of detection of FSH was 0.04 ng at 98%.

NIDDK-rPRL-RP-3 was used as a standard, and NIDDK-

anti-rPRL-S-9 was used for the prolactin assay. The least

detectable quantity of plasma prolactin was 0.40 ng at 90%.

All samples were assayed on the same day to avoid

interassay variation. Intra-assay variations of LH and FSH

assay were 3.5%, whereas the intra-assay coefficient of

variation was 6% for the prolactin assay.

2.8. Assays of testicular glutathione peroxidase, superoxide

dismutase and glutathione S-transferase activities

Testicular tissue was homogenized in chilled 100 mmol

sodium phosphate buffered saline (pH 7.4) to give a tissue

concentration of 10% (w/v) for the measurement of the

activities of glutathione peroxidase (GPx), superoxide

dismutase (SOD) and glutathione S-transferase (GST). The

activity of testicular GPx was determined according to the

procedure described by Paglia and Valentine [28]. Glutathi-

one peroxidase 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 GSH (GSSG) is immediately converted 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 (extinction coefficient

a=6.22�10�6 M�1 cm�1). GPx activity is expressed as

nanomoles of NAD(P)H oxidized per minute per milligram

of protein. The SOD activity was measured spectrophoto-

metrically according to standard protocol [29]. 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



Table 1

Effect of intratesticular injection of CaCl2 on body weight and sex organ somatic indices in male albino rat; meanFSE, n =12

Condition Body weight (g) Testicular somatic index

(mg/100 g body wt)

Prostato-somatic index

(mg/100 g body wt)

Seminal vesiculo-somatic

index (mg/100 g body wt)

Epididymal somatic index

(mg/100 g body wt)
Initial Final

Control 131aF9 161aF4 1310aF35.15 220aF15.65 530aF25.81 390aF16.26

5 mg/100 g body wt/testis 130aF8 160aF3 684bF26.18 170bF12.14 310bF16.50 260bF12.65

10 mg/100 g body wt/testis 132aF8 159aF6 480cF22.85 130cF10.15 250cF20.62 210cF9.56

15 mg/100 g body wt/testis 131aF8 160aF4 210dF18.38 70dF9.85 135dF16.0 145dF10.12

20 mg/100 g body wt/testis 130aF10 162aF4 130eF9.65 50eF6.25 50eF10.0 91eF8.95

ANOVA followed by multiple two-tail t-test. Means in each vertical column with different superscripts (a–e) differ from each other significantly (b – dpb .01,
epb .001, as compared to the respective control).
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activity was measured spectrophotometrically [30] using

1-choloro-2,4-dinitrobenzene(CDNB, Sigma) 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 the blank. The enzyme activity

was calculated using the extinction coefficient a=9.6 M�1

cm�1 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 Lowrey

et al. [31].

2.9. Estimation of testicular content of 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 15,000�g at 48C for 3 min. The

supernatant was used for the estimation of MDA. Malon-

dialdehyde (MDA), also known as thiobarbituric acid

reactive substances (TBARS), was determined by the

reaction of thiobarbituric acid (TBA, Merck, Germany) with

MDA, a product formed due to the peroxidation of lipids,

according to the method of Ohkawa et al. [32]. The amount

of TBARS formed was measured by absorbance at 530 nm

(extinction coefficient, a=1.56�105 M�1 cm�1) using an

UV spectrophotometer (Hitachi, Tokyo, Japan).

2.10. Quantification of testicular GSH content

A 10% (w/v) homogenate of testicular tissue in 5% (w/v)

metaphosphoric acid was centrifuged at 1000�g for 30 min

at room temperature, and the deproteinized supernatant was

used to assay GSH. This was measured by monitoring the

absorbance at 412 nm in an UV spectrophotometer, which
Table 2

Effect of intratesticular injection of CaCl2 on plasma concentrations of corticoste

protein, testicular contents of MDA and reduced GSH in male albino rat; meanF

Condition Plasma corticosterone

(Ag/100 mL plasma)

Plasma

prolactin

(Ag/L)

Fasting

blood sugar

(mg/100 mL

Control 30.44aF0.21 53.62aF0.48 83.66aF1.07

5 mg/100 g body wt/testis 31.12aF0.24 53.78aF1.03 83.92aF0.88

10 mg/100 g body wt/testis 30.67aF0.18 53.87aF0.81 84.16aF0.83

15 mg/100 g body wt/testis 30.94aF0.15 54.05aF0.76 84.21aF1.24

20 mg/100 g body wt/testis 31.20aF0.32 54.18aF0.64 84.33aF1.42

ANOVA followed by multiple two-tail t-test. Means in each vertical column wi
b – dpb .01, epb .001, as compared to the respective control).
reflects the rate of reduction of 5,5-dithiobis-2-nitrobenzoate

(DTNB) to 2-nitro-5-thiobenzoate following the standard

method of Zakowski and Tappel [33].

2.11. Estimation of plasma concentrations of corticosterone,

total protein, blood urea nitrogen and fasting blood sugar

Plasma concentration of corticosterone was measured

spectrofluorometrically (F-3010, Hitachi) according to the

method of Glic et al. [34] and modified by Silber [35].

Fluorescence was measured at 463 nm (excitation) and

518 nm (emission) of wavelength by setting the instrument

at a spectrofluorometric reading of 80, with a standard

corticosterone (Sigma) solution having a concentration of

1.6 Ag/mL. A minimum 1.6 Ag corticosterone/100 mL

serum can be measured by this method. The concentration

of corticosterone is expressed as microgram per 100 mL of

plasma. Total plasma protein concentration was estimated

by the standard method of Lowrey et al. [31] and expressed

as gram 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 concentra-

tion was measured by a single touch glucometer (Blood Life

Scan, Johnson & Johnson, Milpitas, CA, USA), and the

level is expressed as milligram per 100 mL.

2.12. Fertility efficacy test

On the 21st day postinjection period, both the vehicle-

treated and CaCl2-treated rats were allowed to mate with

mature, healthy, fertile, virgin and normal cyclical (4-day

estrous cycle) female rats. Each male rat was caged with three
rone, prolactin, fasting blood sugar level, blood urea nitrogen, total plasma

SE, n =12

)

Blood urea

nitrogen

(mg/dL)

Total plasma

protein (g/dL)

MDA

(nM/mg of tissue )

GSH

(nM/mg of protein)

14.88aF0.42 6.2aF0.2 20.40aF0.35 48.82aF4.12

15.12aF0.83 6.1aF0.1 28.15bF0.42 35.64bF3.15

15.04aF0.62 6.2aF0.3 35.10cF0.34 21.35cF2.24

15.3 aF0.85 6.0aF0.4 38.45dF0.46 12.54dF3.16

15.24aF0.65 5.9aF0.2 44.26eF0.48 7.12eF1.15

th different superscript (a–e) differ from each other significantly. (apN .05,



Fig. 1. Testicular androgenic key enzyme activities and plasma concentration of testosterone in mature male albino rats 3 weeks after a single intratesticular

injection of CaCl2. Data as meanFSE, n =12, ANOVA followed by multiple two-tail t-test. Different superscripts (a–e) on each bar differ from each other

significantly (b,cpb .01 as compared with respective control).
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females for 6 consecutive days. Vaginal smears were

examined each morning for the presence of sperm, and the

mated females were isolated [4]. The sexual behavior was

observed and recorded for all vehicle-treated control male rats

and CaCl2-treated male rats when they came in contact with

female rats. The behavioral sequences included noising,

genital sniffing, chasing, grasping, mounting, resting, eating

or drinking, and aggression [10]. All mated females were kept

individually caged and after 10 days; implantation sites were

counted in each female by laparotomy [10].

2.13. Statistical analysis

For statistical analysis of our data, ANOVA followed by

multiple two-tail t-test was used [36]. Differences were

considered significant at pb .05, pb .01 and pb .001. The

SPSS statistical software package was used.

3. Results

All animals tolerated the intratesticular injections of

CaCl2 and did not suffer from any agitation, fever or

marked inflammatory swelling of the testis. There was no
Fig. 2. Plasma concentration of LH and FSH in mature male albino rats 3 weeks

followed by multiple two-tail t-test. Different superscripts (b–c) on each bar differ
apparent discomfort exhibited by any of the rats, either on

recovery from ether anesthesia after the injection or at any

point during the course of the experiment. There was no

apparent change in food consumption among the three

groups of animals throughout the experimental duration.

None of the rats injected with CaCl2 at all doses showed

signs of morbidity or mortality during the studies.

Postmortem inspection of each treated animal indicated

that there was no injury in the cauda epididymis, due to

intratesticular injection of this agent.

3.1. Effect on body weight and sex organ somatic index

There was no significant (pN .05) alteration in body

weight in all treated groups in comparison to the ve-

hicle control (Tables 1 and 2). Testicular somatic, epidid-

ymal somatic, prostato-somatic and seminal vesiculo-

somatic indices were decreased significantly (pb .01) in all

the CaCl2-treated groups with respect to control. All

these parameters exhibited a greater level of diminution

(pb .001) at high dose compared to other dose treat-

ments (Table 1).
after a single intratesticular injection of CaCl2. Data as meanFSE, n =12,

from each other significantly (b,cpb .01 as compared with respective control).



Fig. 3. Testicular activities of SOD, GPx and GST in mature male albino rats 3 weeks after single bilateral intratesticular injection of CaCl2. Data as meanFSE,

n =12, followed by multiple two-tail t-test. Different superscripts (a–e) on each bar differ from each other significantly (b,cpb .01 as compared with

respective control).
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3.2. Effect on testicular D5,3b-HSD and 17b-HSD activities

The activities of D5,3h-HSD and 17h-HSD in testicular

tissue were decreased significantly (pb .01) in all CaCl2-

treated groups with respect to the vehicle control. Moreover,

the 15 mg and 20 mg of CaCl2 treatments also exhibited a

more effective and significant (pb .001) inhibition on these

parameters compared to the 5 mg or 10 mg of CaCl2
treatments (Fig. 1).

3.3. Changes in plasma and intratesticular concentrations

of testosterone and plasma concentrations of corticosterone

and prolactin

A significant (pb .01) diminution in plasma and intra-

testicular concentrations of testosterone was noted in all

CaCl2-treated groups in comparison to the vehicle control.

Remarkably low concentrations of testosterone (pb .001)

were noted for the 15 mg and 20 mg of CaCl2 treatments.

There were no significant (pN .05) changes in plasma
Table 3

Fertility performance and epididymal sperm count in mature male albino rats 3 w

Condition No. of males

mated/co-caged

No. o

micro

of vag

magn

�100

Females mated with vehicle-treated control male (6)T 6/6 24

Females mated with 5 mg CaCl2-treated male (6)T 3/6 10

Females mated with 10 mg CaCl2-treated male (6)T 2/6 4.5

Females mated with 15 mg CaCl2-treated male (6)T 1/6 3.0

Females mated with 20 mg CaCl2-treated male (6)T 1/6 2.0

Laparotomy was performed 10 days after mating.

Means with different superscripts are significantly different (pb .001, n =12).

T No. of males used for mating purposes.
concentrations of corticosterone and prolactin in all treated

groups with respect to the vehicle control as well as among

the four treated groups (Fig. 1, Table 2).

3.4. Effect on plasma LH and FSH concentrations

Intratesticular injections of 5, 10, 15 and 20 mg of CaCl2
led to a significant graded elevation (pb .01) in the

concentrations of plasma LH and FSH in comparison to

the vehicle-treated control. The level in these hormone

concentrations became more elevated (pb .001) with the 15

and 20 mg of CaCl2 treatment (Fig. 2).

3.5. Effect on testicular SOD, GPx and GST activities

A dose-related decrease was associated with testicular

SOD, GPx and GST activities. The activity of these

antioxidant enzymes was diminished (pb .01) with all the

CaCl2 treatments with respect to the control. The doses of

15 mg and 20 mg caused a greater degree of inhibition

(pb .001) in the activity of these enzymes (Fig. 3).
eeks after single bilateral intratesticular CaCl2 injection

f sperm/

scopic field

inal smears,

ification

(mean)

No. of females

mated/pregnant

No. of implantation

sites/uterine

horn (mean)

Epididymal sperm

count (no./mL)

6/5 4.5 11400aF420.10

3/1 2.0 2240bF110.40

2/0 0.0 830cF60.25

1/0 0.0 450dF52.10

1/0 0.0 210eF45.20



Fig. 4. Testicular cross section of control rat showing normal arrangement

of germ cells in seminiferous tubule. Bar=100 Am.

Fig. 6. Testicular cross section of intratesticular injection of 5 mg CaCl2-

treated rat showing degenerative and coagulate germ cells with presence of

multinucleated giant cells into seminiferous tubules. Bar=100 Am.
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3.6. Testicular content of MDA

The testicular content of MDA was elevated (pb .01)

after treatment with 5, 10 or 15 mg of CaCl2 with respect to

the controls, but the 20-mg dose exerted the greatest degree

of elevation (pb .001) in the testicular content of MDAwhen

compared to the control (Table 2).

3.7. Testicular content of reduced GSH

The testicular content of GSH was decreased (pb .01) in

a graded manner in response to CaCl2 treatment for each of

the doses with respect to the control (Table 2).

3.8. Effect on epididymal sperm count

The epididymal sperm count was decreased significantly

(pb .01) in all the CaCl2-treated rats in comparison to

vehicle-treated control animals. Diminution in the numbers

of epididymal sperm after 15 mg or 20 mg of CaCl2
treatment was more drastic (pb .001) with respect to the

other dose treatments (Table 3).
Fig. 5. Testicular cross section of control rat showing normal arrangement

of germ cells in seminiferous tubule. Bar=10 Am.
3.9. Fasting blood sugar level, blood urea nitrogen and

total plasma protein concentrations

No significant (pN .05) alteration in fasting blood sugar

level, blood urea nitrogen and total plasma protein con-

centrations was observed in all treated groups with re-

spect to the control as well as among the four treated

groups (Table 2).

3.10. Effect on histopathology of testis

Testicular sections showed normal arrangements of germ

cells in seminiferous tubules with distinct peritubular space

and interstitial cells of Leydig in the control group (Figs. 4

and 5). Calcium chloride treatment at the dose of 5 mg

exhibited degeneration of germ cells along with the

appearance of some multinucleated giant cells in the

seminiferous tubules. Sloughing of immature germ cells

from the basement membrane along with the presence of

shed cells in the intraluminal space was noted. Exfoliation

of germ cells along with the presence of vacuoles in the

tubules was observed (Figs. 6 and 7). Intratesticular
Fig. 7. Testicular cross section of intratesticular injection of 5 mg CaCl2-

treated rat showing multinucleated giant cells in tubules and detachment of

immature germ cells from basement membrane. (Arrows indicate the

multinucleated giant cell in seminiferous tubule along with immature germ

cell detachment from basement membrane.) Bar=10 Am.



Fig. 8. Testicular cross section of intratesticular injection of 10 mg CaCl2-

treated rat showing high degree of coagulative necrosis along with

appearance of some degenerated giant cells in fibrosed seminiferous

tubules along with fibrous tissue in peritubular space. Bar=100 Am.

Fig. 10. Testicular cross section of intratesticular injection of 20 mg CaCl2-

treated rat showing complete derangement of seminiferous tubular

architecture and infiltration of leucocytes along with the presence of

fibrous tissue throughout the tubular and extratubular zone. Bar=100 Am.
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injection of 10 mg CaCl2 solution resulted in a remarkable

degree of coagulative necrosis along with fibrosis in the

seminiferous tubules. Some degenerated giant cells were

also evident in the fibrosed seminiferous tubules (Fig. 8).

Intratesticular injection of CaCl2 at the dose of 15 mg

resulted in drastic necrosis of testicular parenchyma along

with the appearance of vacuolated and atrophied tubules.

Most of the tubules were totally distorted, as there was no

concrete demarcation between the tubular and extratubular

zone. Prominent degeneration into the interstitial Leydig

cells with fibrosis was evident with this dose treatment

(Fig. 9). At the highest dose (20 mg) of intratesticular

injection of CaCl2 solution, complete derangement of

tubular architecture without any distinct boundary between

the tubular and extratubular compartment along with

infiltration of a large number of leucocytes throughout the

testicular tissue was noted. Notable appearance of fibrous
Fig. 9. Testicular cross section of intratesticular injection of 15 mg CaCl2-

treated rat showing high degree of coagulative necrosis along with

coagulate and degenerated germ cells in to the tubules. Most of the

seminiferous tubular architecture is completely deranged, atrophied and

vacuolated. The presence of fibrous tissue in tubular and peritubular space

is also evident. Bar=100 Am.
tissue was also noted throughout the testicular sections

(Figs. 10 and 11).

3.11. Sexual behavior

There were drastic changes noted in the sexual behavior

of the CaCl2-treated rats in comparison to the vehicle-

treated control rats. Most of the treated rats’ appearance and

behavior were asexual.

3.12. Fertility performance

Vaginal smears taken from the females after mating with

control males showed a large number of sperm in each

microscopic field. On the 10th postcoital day, laparotomy

showed a notable number of implantation sites in each

uterine horn of the female rats (Table 3).

Vaginal smears collected from females after mating with

the 5 mg CaCl2-treated male rats showed very few sperm in

each field. In this case, laparotomy showed a nominal

number of implantation sites in each uterine horn of each

female rat (Table 3).
Fig. 11. Testicular cross section of intratesticular injection of 20 mg CaCl2-

treated rat showing complete derangement of seminiferous tubular

architecture and infiltration of leucocytes along with the presence of

fibrous tissue throughout the tubular and extratubular zone. Bar=25 Am.
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Vaginal smears collected from females after mating with

the 10, 15 or 20 mg CaCl2-treated male rats showed a rare

number of sperm in each field. Laparotomy showed no

implantation sites in the cases (Table 3).
4. Discussion

This study focused on the dose-dependent CaCl2-induced

chemosterilization in male albino rats. Calcium chloride

induced extensive necrosis of the entire testicular tissue,

which is in agreement with previous studies of this chemical

agent on testis in other domestic animals [14,15]. Testicular

histology showed progressive degenerative changes with the

graded doses of intratesticular CaCl2 injection. These

changes may be due to the necrotizing properties of CaCl2,

which has been strongly supported by other studies [37].

Besides the necrotizing changes in the seminiferous tubules,

germ cell degeneration by CaCl2 may be due to low

concentration of testosterone, as testosterone is the prime

regulator for the maintenance of structural morphology as

well as physiology of the seminiferous tubule [38].

Induction of testicular degeneration by this chemical agent

is supported by the low testicular somatic index in treated

rats, as this is an accepted measure of testicular damage

[39]. This agent, which causes inhibition in the concentra-

tion of testosterone, is supported by the diminution in the

activities of testicular D5,3h-HSD and 17h-HSD in a dose-

dependent fashion, as these are the key enzymes for

testicular androgenesis [40]. This prediction for low plasma

concentration of testosterone in CaCl2-treated rats is

consistent with our results when plasma testosterone

concentration has been decreased in treated rats in a dose-

dependent manner. Degenerative changes were also ob-

served in the interstitial Leydig cells. Such changes lead to a

reduction in testosterone concentration [38]. The direct

inhibitory effect of CaCl2 on testosterone synthesis in testis

has been further indicated by the present study by a

significant elevation in plasma concentration of LH and

FSH in the treated animals which may be due to withdrawal

of the negative feedback effect of testosterone on the

hypothalamo-pituitary axis [41].

The degeneration of germ cells in the CaCl2-treated testis

is possibly mediated by apoptosis. This is supported by the

appearance of some multinucleated giant cells in the

seminiferous tubules, as it is an important feature of germ

cell apoptosis [42,43]. Apoptosis of testicular germ cells by

CaCl2 treatment is further supported by the sloughing of

immature germ cells (shed cells) in the intraluminal space

[42]. Moreover, the appearance of exfoliated germ cells in

the seminiferous epithelium is also an indication that germ

cells are undergoing apoptosis, which is consistent with other

findings [43]. Germ cell detachment from the basal lamina

also indicates the induction of apoptosis in testicular tissue,

which is supported by others [42,44]. Apoptosis of germ

cells in the testis is possibly due to the low concentration of

testosterone, as testosterone is a cell survival factor for germ
cells in the testis, and withdrawal of testosterone induces

apoptosis in testicular germ cells [45]. Reduced concentra-

tion of intratesticular testosterone activates testicular cas-

pase-3 activity, which is associated with germ cell apoptosis

[46]. Moreover, the apoptotic property of CaCl2 through the

induction of caspase-3 activity was also reported by others

[47]. It is important to note that necrosis and apoptosis can

occur simultaneously [48], and, after that, apoptotic cells

undergo secondary necrosis [49].

Another way in which testicular degeneration was noted

by CaCl2 may be through the generation of reactive oxygen

species (ROS) or their products in testicular tissue, as ROS

production in the testis results in a low level of testosterone,

which is associated with germ cell degeneration [50,51].

Calcium chloride is also an effective chemical agent for

inducing the generation of ROS in tissues [52]. This is

supported by the appearance of giant cells in seminiferous

tubules in the treated group, and these giant cells are also

actively engaged in free radical production [53]. Calcium

chloride-induced testicular oxidative stress can be assessed

by the measurement of MDA [54]. The fact that an

intratesticular injection of CaCl2 was associated with free-

radical production in the testis was reflected by the high

testicular content of MDA. Free-radical production in the

testis of treated rats is supported by the infiltration of

leucocytes in the seminiferous tubules, as testicular free-

radical production is closely associated with leucocyte

infiltration [55].

This elevation in the formation of free radicals in the

testes treated with CaCl2 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 [56,57]. Besides these enzymatic

antioxidants, CaCl2 treatment was also associated with a low

content of testicular reduced GSH, an important nonenzy-

matic antioxidant in the testis [58]. The low activities of

testicular GPx, SOD and GST along with a low content of

GSH among the treated rats may be due to the low

concentrations of testosterone [50,51] or the direct effect of

CaCl2, which is not explored properly in this study. 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 [19] and testicular

androgenesis [59]. In addition, the reduced levels of GST

activity and GSH content in the testes would be another

cause for the degenerative necrosis of seminiferous tubules.

Glutathione S-transferase and GSH are important regulators

for proliferation and differentiation of germ cells and provide

protection to germ cells against the harmful effects of free

radicals [60]. However, Bauche et al. [61] showed that

Sertoli and peritubular cells have a high content of GSH and

a higher activity of GST. Degeneration of these cells by

CaCl2 treatment could be a possible cause for the lower

content of GSH and GST activity in the treated testis.

Rapid production of ROS results in DNA fragmen-

tation, protein degradation that may lead to germ cell
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apoptosis [57]. Besides this, improper functioning or

diminution in the activities of GPx, GST, SOD and content

of GSH in testis may also lead to germ cell apoptosis, as

these enzymes act as an anti-apoptotic factor [57,62–64]. In

CaCl2-treated rats, the diminution in prostato-somatic,

seminal vesiculo-somatic and epididymal somatic indices

may be due to low plasma concentration of testosterone, as

growth of these accessory sex organs is solely controlled by

testosterone [65]. Moreover, the low plasma concentration of

testosterone in CaCl2-treated rats has been further indicated

here by significant diminution in epididymal sperm count, as

sperm maturation in the epididymis is controlled by

testosterone [38]. Peritubular space in testicular sections of

CaCl2-treated rats also exhibited significant degenerative

changes along with proliferation of fibrous tissue. Such

changes may be due to the low level of plasma testosterone

[66]. Moreover, fibrosis of peritubular space in treated

animals is also consistent with previous studies on other

chemical agents [6,12]. The infiltration of leucocytes into the

tubular and peritubular zones is possibly due to the

degeneration of germ cells, which may release a large

amount of proteins that defuse out to the luminal cavity of

the seminiferous tubule and into the interstitium where they

act as antigen to promote chemotaxis of leucocytes [13].

To confirm the induction of successful chemosterilization

by single intratesticular injection of CaCl2, the fertility

efficacy test was performed in the present study. A significant

diminution in this parameter was noted after mating the low

dose-treated group with mature, healthy, virgin and fertile

females. In contrast, there was no implantation site in females

after mating with the 10, 15 or 20 mg CaCl2-treated animals.

This is due to the lack of a minimum requisite number of

motile and fertile sperm in treated males [67]. Drastic

alterations in the sexual behavior of the treated males were

observed in the present study with the loss of libido. These

alterations may be due to the significant diminution in the

concentration of testosterone, as testosterone is the prime

regulator of the male sexual behavior [10].

Whether this chemical agent is associated with any

chronic stress response, we measured the stress indicators,

such as plasma levels of corticosterone, prolactin, total

protein, blood urea nitrogen and fasting blood sugar level

[68]. Almost any type of stress will cause an increase in the

secretion of corticosterone in rat [69]. Stress also induces

secretion of prolactin from the adeno-hypophysis [70]. As

there was no significant alteration in plasma corticosterone,

prolactin, total protein, blood urea nitrogen and fasting

blood sugar level in treated groups with respect to control, it

may be stated that this chemosterilization is not associated

with any chronic stress response in general. Since both the

control and the CaCl2-treated animals were sacrificed under

light anesthesia, the stress of anesthesia was similar in both

cases, and in this respect the rats were homogeneous in

relation to the stress of anesthesia.

It is concluded that intratesticular CaCl2 injection may be

considered a chemosterilizing agent. It results in infertility by
germ cell apoptosis through direct necrotizing effect or by

the generation of ROS in the testis. The pathway to infertility

is not clear from the present study, and it should be explored

in the future. This agent may be used as a sterilizing agent for

the control of the population of undesirable mammals, like

stray dogs, after further investigation.
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