
Evaluation of Testosterone, Blood Antioxidants, and 
Histopathological Changes Following Chemical 
Castration With Calcium Chloride in Rats 

Abstract
Objectives: Castration is one of the most common methods of contraception in animals. This method can prevent animals from 
contracting various diseases, such as testicular tumors, and prevent the overgrowth of animal populations.
Materials and Methods: In this experiment, 10 adult and clinically healthy male Wistar rats weighing approximately 250-200 g 
were divided into two equal groups of control and treatment (n=5 in each). In the control group, normal saline and in the treatment 
group, 20% calcium chloride was injected into the testicular tissue. Blood samples were taken at the beginning and end of the 
experiment (day 21) and the superoxide dismutase (SOD), glutathione peroxidase (GPx), and testosterone levels were measured. 
Then, the tissue samples of testis were evaluated on days 7, 14, and 21.
Results: On day 21, SOD and GPx enzymes significantly increased in the treatment group compared to day zero (P = 0.01). 
However, calcium chloride injection reduced the mean testosterone levels on day 21 compared to day zero (P = 0.06). Meanwhile, 
the mean number of sperms in the right testis of treated mice significantly decreased (P = 0.03). Seminiferous tubule necrosis 
significantly increased on day 7, neutrophil infiltration significantly increased on days 7 and 14, and calcification significantly 
increased on days 7 and 21 (P < 0.01). 
Conclusions: Although chemical sterilization using 20% calcium chloride can lead to testicular degeneration, it is not a 
recommended method because it does not reduce testosterone and activates oxidative stress biomarkers. However, the negative 
effects might be eliminated in future studies using some substances such as tannic acid.
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Introduction
Currently, most veterinarians perform surgery to castrate 
and sterilize male animals. However, surgical castration 
requires postoperative care to minimize the risk of 
bleeding and infection. Postoperative complications, 
along with cost and time spent on surgery are among the 
disadvantages of this method (1). In addition, surgery 
is not a suitable technique to be used on a large scale, 
such as population control of stray dogs (2). Therefore, 
researchers are trying to use sterilization methods to 
identify chemicals in male pets that might be a better 
alternative to castration surgery. 

Chemical castration was done for the first time in the 
United States by Wang in 1987. Since then, numerous 
attempts have been made to sterilize males using 
chemical methods, and various pharmacological chemical 
compounds have been used. Several reports have evaluated 
the injection of different hormones into sterilizing male 
animals in many different species, but these treatments have 
failed to cause permanent sterilization (3,4). Results have 
shown that all ingredients that can inhibit spermatogenesis 
by inhibiting the secretion of gonadotropins, especially 
luteinizing hormone (LH), can be used for chemical 

castration (5). Immunological techniques have also been 
used to induce antibodies against gonadotropins, with 
varying results (6,7). In addition, researchers have tested 
the effect of intra-testicular injections of various chemical 
agents such as cadmium chloride, iron chloride, iron 
sulfate, danazol, glycerol, and lactic acid for chemical 
castration in laboratory and domestic animals (4,8,9). 
There is pain, fever, and even severe inflammation 
(orchitis) after injecting these substances into the testicles. 
Some substances, such as cadmium chloride, glycerol, and 
lactic acid cause selective destruction of testicular tissue 
with reversible testicular tissue damage (8,10,11).

So far, no effective sterilizing chemical has been 
introduced to manage the side effects of the above 
chemicals. Recently, some studies attempted sterilization 
by injection of calcium chloride into testicular tissue in 
dog (12,13), cat (1,14), cattle (15,16), goat (17), donkey 
(18,19), pig (20), and rat (8). The mechanism of action of 
this chemical is still under investigation. Calcium chloride 
is a chemical compound with the formula CaCl2, which is 
often associated with two molecules of water. One of its 
main properties is to participate in alternative reactions. 
It is easily substituted for another cation and, when 
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 ► Calcium chloride is an important chemical for inducing the 
production of free radicals in tissues 

 ► Calcium chloride increases the biomarkers of oxidative 
stress and decreases testosterone.

Key Messages

dissolved in water, releases heat due to its high enthalpy of 
dissolution (21). One of the things that is always important 
in chemical sterilization is its effect on oxidative stress. 
Calcium chloride is an important chemical for inducing 
the production of free radicals in tissues, because it 
can destruct all cellular structures and lipids by lipid 
peroxidation (1). Free radicals inhibit spermatogenesis, 
and antioxidant enzymes are important inhibitors against 
free radicals in the male gonads (2,22,23). 

Accordingly, this study aimed to evaluate the effect of 
injecting 20% calcium chloride solution into the testis of 
rats on testosterone levels, histopathological changes of 
testis tissue, sperms count, as well as some antioxidant 
enzymes.

Materials and Methods
This study was performed in Vanak Veterinary Clinic in 
Tehran, Iran from September to December 2020. To this 
end, ten 6-month-old male Albino Wistar rats weighing 
200-250 g were selected and kept in standard cages under 
12 hours light and dark conditions at room temperature 
(22 ± 2°C). The animals had free access to sufficient water 
and pelleted food during the experiment. All the mice 
were clinically examined at the beginning and end of the 
study (day 21), which included testicular examination, 
pain in the testis area, appetite, and stool.

The mice were randomly divided into two equal groups 
(n = 5 in each) of control and treatment. In the treatment 
group, on day zero, 20% calcium chloride was dissolved in 
0.3 ml of normal saline and injected into the tissue of both 
testes. In the control group, normal saline was injected. 
For this purpose, the hair of the scrotum was first shaved 
with a hair straightener. Then, following local anesthesia, 
calcium chloride solution (Inoxia, UK) was injected into 
the testes of mice under ultrasonography. The injection 
was performed using a sterile syringe and needle No. 27 
from the abdominal surface of the testis, away from the 
epididymis and towards the anterior part of the testis. 

In both groups, the right testicle was removed at the end 
of the experiment (day 21). Immediately after testicular 
resection, semen was taken from the epididymis of all 
mice and then buffered with formalin saline, diluted 1 to 
10, and the number of sperms in the semen transferred 
on a hemocytometer was counted with a light microscope. 
At the same time, on days 0 and 21, the mice were 
sampled in two tubes containing both anticoagulants 
and no anticoagulants. After serum preparation, 
testosterone levels were measured by the enzyme-linked 
immunosorbent assay (ELISA) method using a human 

kit (ZellBio, Germany). In blood samples, the activity of 
superoxide dismutase (SOD) and glutathione peroxidase 
(GPx) enzymes was measured with a commercial kit 
(Randox, UK) (24).

Histopathology
The left testicles were fixed in 10% buffered formalin 
on days 7, 14, and 21 and transferred to the pathology 
department of Islamic Azad University of Tehran. The 
formalin was also replaced 24 hours later and remained 
in place until studies were completed. To prepare tissue 
slides, the tissue samples were placed in paraffin blocks, 
then examined microscopically by hematoxylin and 
eosin (H&E) staining. Next, we evaluated intravascular 
thrombosis, seminiferous tubule necrosis, hemorrhage, 
neutrophil infiltration, and calcification in the samples. 
The observed damage was measured according to the 
following quantitative indicators: lack of damage, the least 
damage, average damage, a large amount of damage, and 
huge damage (16). 

The obtained data was analyzed using the Statistical 
Package for the Social Sciences (SPSS) software version 21 
and t test at the probability level of P < 0.05. The results of 
histopathology were analyzed by chi-square test. 

Results
All mice tolerated injection of calcium chloride into the 
testis. None of the mice showed any signs of discomfort 
from the injection. There were no significant changes 
in food and water intake in any of the mice during the 
experiment. Measurement of left and right testes showed 
a significant reduction in the length and width of both 
testicles in the treatment group, but there was no significant 
change in testicular size in the control group (Table 1). 
Comparison of changes in SOD and GPx enzymes in the 
treatment group showed a significant increase in both 
enzymes on day 21 compared to day zero. There were no 
significant changes in the control group (Table 2).

Although calcium chloride injection reduced the mean 
testosterone levels on day 21 compared to day zero, this 
difference was not statistically significant. At the same 
time, the mean number of sperms in the right testis of 
treated mice significantly decreased (P = 0.019, Table 3).

Intravascular thrombosis and hemorrhage increased in 
the treatment group, but there was no significant difference 
in different days of the study (P=0.081). Also, seminiferous 
tubule necrosis significantly increased on day 7 and then 
decreased at the end of the study (day 21) (P=0.019) 
(Figure 1). Neutrophil infiltration increased on days 7 and 
14, and it was at the lowest level at the end of study (day 21) 
(P=0.001) (Figure 1). In addition, calcification significantly 
increased on days 7 and 21 (P=0.005).

Discussion 
In this study, we observed no significant changes in animals’ 
behavior and there were no symptoms of discomfort, 
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Table 1. Mean Testicular Length and Width of Rats Before and After Calcium Chloride Injection (±Standard Deviation)

Group
Length (mm) Width (mm)

Day 0 Day 21 P Value Day 0 Day 21 P Value

Control
Left 11.43±0.6 11.43±0.6 0.0.99 9.40±1.1 9.40±1.1 0.99

Right 10.38±1.0 10.38±1.0 0.99 10.09±1.3 10.9±1.3 0.99

Treatment
Left 10.68±0.7 3.42±0.8* 0.015 9.42±0.7 3.22±0.4* 0.011

Right 10.43±0.3 3.23±0.3* 0.012 9.83±0.4 3.31±0.4* 0.009

*Indicates a statistically significant difference in each row (P<0.05).

Table 2. SOD and GPx Activity in the Study Groups (±Standard Deviation)

Group
SOD (Units/g of hemoglobin) GPx (Units/g of hemoglobin)

Day 0 Day 21 P Value Day 0 Day 21 P Value

Control 44.93±1.23 45.06±1.33 0.073 238.11±10.17 238.38±12.21 0.81

Treatment 44.30±0.79 56.19±0.078* 0.026 236.28±11.17 430.00±18.94* 0.017

*Indicates a statistically significant difference in each row (P<0.05).

Table 3. A Comparative Study of Serum Testosterone Levels and Sperm Counts on Days 0 and 21 in the Studied Groups (±Standard Deviation)

Group
Testosterone (ng/mL) Sperms count (million/mm3)

Day 0 Day 21 P Value Day 0 Day 21 P Value

Control 16.30±0.82 16.19±0.73 0.851 39.45±5.2 38.12±5.7 0.659

Treatment 16.44±0.64 10.58±1.24 0.026 39.12±4.1 20.14±2.0* 0.019

*Indicates a statistically significant difference in each row (P<0.05).

Figure 2. Histopathological changes in testis (H&E), A: hemorrhage, B: Neu-
trophil infiltration (X100 magnification).

Figure 1. Histopathological Changes in Testis (H&E), A: Necrosis, B: 
Hemorrhage.

A

A B

B

which is consistent with some previous reports (8,24). 
However, in another study, dogs treated with calcium 
chloride showed temporary and mild discomfort after 
injection due to excessive fluid pressure (12).

Oxidative stress is caused by the excessive formation of 
free radicals due to the further reduction of antioxidants 
in the target cells and tissues. The body reduces and 

controls the amount of free radical molecules by various 
cellular defense mechanisms consisting of enzymes (2). 
The results of our study indicated that the oxidative stress 
indices, including SOD and GPx significantly increased 
after the injection of 20% calcium chloride. This finding 
was in line with the study by Abou-Khalil et al, in which 
the authors compared changes in oxidative and antioxidant 
parameters and oxidative stress index following chemical 
castration after the injection of 20% calcium chloride 
solution in ethanol and surgical castration in the ass. 
According to their results, although total antioxidant 
capacity and total peroxide in both groups were associated 
with time-dependent changes, the oxidative stress index 
in the surgical castration group was high compared to the 
chemical castration group. They also compared serum 
cortisol as an indicator of stress in the ass. Their findings 
showed that cortisol was significantly higher in the 
castrated group with calcium chloride solution compared 
to the surgical method (19).

In a study of castrated dogs with surgery, the total 
antioxidant capacity on day 14 after castration was lower 
(2), which is contradictory to our results. However, in the 
study, plasma malondialdehyde (MDA) and catalase levels 
were not different in male dogs before and after castration, 
which indicates no oxidative stress in dogs after castration. 
In another similar study in dogs, a dose-dependent 
decrease in GPx and SOD activity in testicular tissue was 
recorded (12). In 2002, Jana et al showed that injection 
of 2.5 mg of calcium chloride into rat testicular tissue did 
not significantly alter SOD activity and MDA in testicular 
tissue, but significantly decreased SOD and significantly 
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increased MDA in testicular tissue after injection of 
calcium chloride 5, 10, and 20 mg (24). However, it 
should be noted that these studies focused on the oxidant-
antioxidant balance in testicular tissue, whereas our 
study focused on the whole body and plasma. It has also 
been shown that chemical castration using 20% sodium 
chloride in calves led to mild stress and inflammatory 
responses compared to surgical castration (25). However, 
injection of calcium chloride into the testes of rats did not 
significantly alter plasma corticosterone levels (24).

In the present study, studying the testosterone levels 
in mice before and after intra-testicular injection of 
calcium chloride showed that testosterone levels were 
insignificantly lower on day 21 in the treatment group than 
before the injection. In a similar study by Ibrahim et al, 
chemical castration with calcium chloride in donkeys did 
not reduce serum testosterone levels (18). Different doses 
of calcium chloride in rats significantly decreased plasma 
testosterone levels after injection of calcium chloride 5, 10, 
and 20 mg, but the injection of 2.5 mg had no effect (24). 
Also, injection of 20% sodium chloride in calves less than 
20 days old significantly reduced testosterone secretion 
(26), which contradicts the findings of this study. This 
difference can be attributed to higher testosterone levels in 
calves than in mice. Emir et al injected hypertonic saline 
solution into 40 rats and reported significantly reduced 
total blood testosterone levels on day 30 compared to the 
day before the intervention (27). Similarly, a significant 
decrease in plasma testosterone in dogs on day 45 after 
a single dose of calcium chloride injection was shown to 
be the greatest decrease at doses of 15 and 20 mg (12). 
The discrepancy in the latter two cases with the present 
study may be related to the difference in study time. The 
occurrence of degeneration in Leydig interstitial cells 
induced by calcium chloride may lead to a decrease in 
plasma testosterone concentration (28).

The results of this study showed that the number of 
sperms in the mice receiving 20% calcium chloride was 
significantly lower than the control group. In a similar 
study, injection of 2.5 mg of calcium chloride did not 
cause a significant change in sperms count in the testicular 
epididymis, but a significant decrease in sperms count 
occurred after injection of 5, 10, and 20 mg of calcium 
chloride. Thus, the minimum effective dose for chemical 
castration in rats is estimated to be 5 mg (24). Injection 
of different doses of calcium chloride into the testis has 
significantly reduced the number of sperms in dogs (12). 
A significant decrease in sperms count in the epididymis 
reflects low plasma testosterone levels, because sperm 
production in the testicle and its development in the 
epididymis is controlled by testosterone. Leydig interstitial 
cell degeneration due to calcium chloride injection reduces 
plasma testosterone (28). The ability of calcium chloride 
in the chemical castration of rats has been associated with 
necrosis of the seminiferous tubules and Leydig interstitial 
cells and apparent interstitial fibrosis (24).

In addition, low plasma testosterone concentrations 
have been shown in mice treated with calcium chloride 
with a significant reduction in epididymis sperm count, 
because sperm maturation in the epididymis is controlled 
by testosterone (12). The effect of calcium chloride on 
chemical induction of sterilization due to necrosis of 
seminiferous tubules and interstitial cells is accompanied 
by significant fibrosis and hyaline. The infiltration of 
leukocytes into the seminiferous tubules and interstitial 
spaces after calcium chloride treatment may be due to 
testicular tissue damage or degeneration that releases 
large amounts of chemotactic factors to invoke leukocytes 
(12). Another explanation for the mechanism of chemical 
sterilization with calcium chloride could be through 
the production of large amounts of free radicals or their 
products in testicular tissue. The production of free 
radicals in the testicles leads to low testosterone levels 
(29). Clinical evaluations indicated no changes related to 
vital parameters and no adverse reactions to the sterilizing 
agent, which is similar to previous reports (16). One study 
reported chemical castration had no detectable changes 
in the general health of the animals and there was only 
swelling in external genitalia (18).

Histopathology results indicated that 20% calcium 
chloride injection caused changes in the testis tissue. 
The most significant changes included intravascular 
thrombosis, seminiferous tubule necrosis, hemorrhage, 
neutrophil infiltration, and calcification. The results 
of studies on uses of 10% and 20% calcium chloride in 
cats demonstrated that the testis tissue was completely 
necrotic and had fibrosis 60 days after injection (1). 
Other researchers evaluated the calcium chloride effects 
in bull testis. The coagulative necrosis of seminiferous 
tubules and interstitial cells, infiltration of inflammatory 
cells, and fibroplasia were widely observed in the tissues 
(16). The administration of 30% calcium chloride to 
male buffalo causes complete testicular fibrosis (30). In 
another research, the effects of 20% calcium chloride on 
mature and immature dogs was evaluated. There was 
focal necrosis, as well as severe and extensive degenerative 
changes with the presence of Leydig cells in the lumen 
(31). The administration of 30% calcium chloride 
in 5-month-old cattle caused coagulation necrosis, 
infiltration of inflammatory cells, and calcification. So, 
chemical castration caused light stress and inflammatory 
response compared to surgical method (25). 

Conclusions
In summary, based on the results of this study, chemical 
sterilization with 20% calcium chloride can lead to 
testicular tissue degradation. However, since it increases 
the biomarkers of oxidative stress and decreases 
testosterone, its use alone is not recommended. We may 
eliminate this shortcoming by using antioxidant drugs at 
the same time.
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