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ABSTRACT.- Pereira L.F., Dias F.G.G., Miguel M.P., Honsho C.S., Tavares D.C., Hellú J.A.A. & Souza 
F.F. 2018. Testicular histological evaluation and serum testosterone concentrations 
of bulls after chemical castration with calcium chloride. Pesquisa Veterinária Brasileira 
38(8):1554-1563. Departamento de Reprodução Animal e Radiografia Veterinária, Faculdade 
de Medicina Veterinária e Zootecnia, Universidade Estadual Paulista “Júlio de Mesquita Filho”, 
Rua Prof. Dr. Walter Maurício Correa s/n, Cx. Postal 560, Campus de Botucatu, Botucatu, SP 
18618-681, Brazil. E-mail: fabiana.f.souza@unesp.br

Orchiectomized bulls have advantages in the meat quality and ease of handling. Chemical 
castration is an option for surgical castration and the sclerosing agents can be administered 
into the testicular or epididymis parenchyma. These agents have a lower incidence of 
complications than surgery, especially when associated with dimethylsulfoxide (DMSO), which 
has anti-inflammatory action and increases the absorption of other drugs. Thus, this study 
aimed to evaluate the effect of a single intratesticular injection of calcium chloride solution 
associated with DMSO for the chemical sterilization of bulls. Twenty-four young adult bulls 
were utilized, distributed into 3 groups (G20, G30 and G40, n = 8/group), according to the 
calcium chloride concentration (20, 30 and 40%), in 10mL volume. Serum concentrations 
of testosterone, body weight, testicular volume and ecotexture, clinical signs and behavior 
and were evaluated for 45 days. Thus, the animals were orchiectomized and testicles were 
assessed histologically. There were no changes in body weight, decreased serum testosterone 
concentrations (except G30), signs of scrotal sensitivity or changes in behavior over the 
period. However, there was significant increase in testicular volume, especially on the 2nd 
and 3rd day after treatment, with values returning to the value initials at 15 days. Testicular 
adherence and firm consistency were observed during orchiectomy. Ultrasound examination 
revealed a loss of integrity of the median raphe, with cavity formation and an alteration of 
the testicular echotexture. In the histological evaluation, coagulation necrosis of seminiferous 
tubules and interstitial cells was observed, mainly in the medial portion in all groups. Some 
animals presented total absence of tubular formations in all the studied groups, being the 
effects of greater intensity in the G40. Additionally, pronounced edema was noted in all groups, 
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RESUMO.- [Avaliação histológica e das concentrações 
séricas de testosterona de touros após a castração 
química com cloreto de cálcio.] Bovinos orquiectomizados 
apresentam vantagens na qualidade da carne e facilidade 
no manejo. A quimioesterilização é uma opção à castração 
cirúrgica e os agentes esclerosantes podem ser administrados 
no parênquima testicular ou epidídimo. Estes produtos 
possuem menor incidência de complicações, comparados a 
cirurgia, especialmente quando associados ao dimetilsulfóxido 
(DMSO), que apresenta ação anti-inflamatória e aumenta a 
absorção de outros fármacos. Assim, este estudo teve como 
objetivo avaliar o efeito de uma única injeção intratesticular 
de solução de cloreto de cálcio associado com 0,5% de 
DMSO para a esterilização química de bovinos. Vinte e 
quatro touros adultos jovens foram utilizados, distribuídos 
em 3 grupos (G20, G30 e G40, n = 8/grupo) de acordo com 
a concentração de cloreto de cálcio (20, 30 e 40%), em um 
volume de 10mL. Foram avaliadas as concentrações séricas 
de testosterona, peso corporal, volume e ecotextura testicular, 
sinais clínicos e comportamento por 45 dias. A seguir, os animais 
foram submetidos à orquiectomia e os testículos avaliados 
histologicamente. Não foram observadas alterações do peso 
corporal, diminuição das concentrações de testosterona sérica 
(exceto no G30), sinais de sensibilidade escrotal ou alterações 
no comportamento no período avaliado. Porém, houve 
aumento significativo do volume testicular, especialmente 
nos 2º e 3º dia após o tratamento, com valores retornando 
aos iniciais aos 15 dias. Aderência e consistência firme dos 
testículos foram achados observados durante a orquiectomia. 
O exame ultrassonográfico revelou perda de integridade da 
rafe mediana, com formação de cavidades e alteração da 
ecotextura testicular. Na avaliação histológica, verificou-se 
necrose de coagulação de túbulos seminíferos e células 
intersticiais acentuada, principalmente, na porção medial em 
todos os grupos, sendo que em alguns animais havia ausência 
total das formações tubulares em todos os grupos estudados, 
sendo os efeitos de maior intensidade no G40. Além disso, 
edema foi acentuado em todos os grupos, principalmente em 
G40. Infiltrado inflamatório, fibroplasia e neovascularização 
foram achados predominantemente discretos. Com base nas 
condições utilizadas neste estudo, conclui-se que o cloreto 
de cálcio associado com o DMSO pode ser utilizado como um 
método de esterilização química em bovinos.

TERMOS DE INDEXAÇÃO: Histologia, concentrações séricas, 
testosterona, touros, castração química, cloreto de cálcio, agente 
esclerosante, dimetil sulfóxido, túbulo seminífero.

INTRODUCTION
In the livestock industry, the sterilization of males is indicated 
to avoid unwanted mating and improve the ease of handling 
(Almeida et al. 2010). Moreover, it can be used as a strategy for 
improving the meat quality to reach the standards demanded 

by the market, which are related to improvements in animal 
housing and greater consumer acceptance (Rodrigues et al. 
2003, Prado et al. 2004, Santos 2005, Angelo et al. 2010).

Discomfort, pain and stress may be associated with lack 
of technical knowledge of the surgeon. These non-adherent 
postoperative care and time-related causes increase the 
chance of complications, which makes a procedure considered 
simple in traumatic and painful surgery (Andrade 2002). 
In bovines, the most commonly used sterilization method 
is the orchiectomy, but the use of inadequate materials, 
improper environments, antisepsis failure, a lack of technical 
knowledge, inexperience and a lack of analgesia are the main 
factors that make this a traumatic procedure (Hedlund 2005). 
In addition, local bleeding (Silva et al. 2009, Almeida et al. 2010), 
myiasis (Andrade 2002), edema (Turner & McIlwaith 2002, 
Silva et al. 2006) and secondary infections are complications 
that can occur during and after the surgery (Alves et al. 2007, 
Almeida et al. 2010).

Another form of sterilization has been described that is 
based on the intratesticular administration of agents sclerosing 
such as ferric chloride, ferrous sulfate, danazol, zinc, glycerol, 
glucose, physiological solution, lactic acid (Soto et al. 2007), 
formalin, potassium permanganate (Canpolat et al. 2006), 
cadmium chloride, (Jana & Samanta 2007) and calcium 
chloride (Mitra & Samanta 2000, Jana et al. 2005, Canpolat et al. 
2006, Jana & Samanta 2007) are able to cause irreparable 
tissue damage and a loss of testicular function (Immegart 
& Threlfall 2000, Jana & Samanta 2007, Muller et al. 2009a, 
2009b). The administration of testicular sclerosing agents has 
been studied in various animals, such as monkeys (Kar et al. 
1965), rodents (Habenicht et al. 1990, Santamaria et al. 1995), 
dogs (Pineda et al. 1977, Barnett 1985, Fahim et al. 1993, 
Wang 2002, Oliveira 2007, Muller et al. 2010,), cats (Pineda 
& Dooley 1984), sheep (Pineda et al. 1977), goats (Jana et al. 
2005), bovine (Andrade-Neto et al. 2014, Cavalieri et al. 2015, 
Oliveira et al. 2017) and humans (Wong 2001, Carvalho 2010), 
to achieve chemical sterilization.

After injury, fibrous tissue proliferation occurs within the 
testicular parenchyma, and a decrease in spermatogenesis 
and a reduction in androgen levels can be observed in some 
species (Oliveira 2007, Andrade-Neto et al. 2014).

Calcium chloride has been described for use as a sterilizing 
agent in rodents, dogs, cats, goats and bulls (Mitra & Samanta 
2000, Jana et al. 2005, Canpolat et al. 2006, Jana & Samanta 
2007, Jana & Samanta 2011). The results were satisfactory 
in the majority of these species, but Canpolat et al. (2006) 
found that it was not successful in sterilizing bulls, while 
Mitra & Samanta (2001) reported a reduction in serum 
testosterone levels.

The association of DMSO with sclerosing agent (zinc 
gluconate and clorhexidine digluconate, respectively) was 
described in dogs and the chemical castration was able to 
induce subfertility and infertility in the treated animals 

especially in G40. Inflammatory infiltrate, fibroplasia and neovascularization were found to be 
predominantly discrete. Based on the conditions used in this study, we conclude that calcium 
chloride associated with DMSO can be used as a method of chemical sterilization in bovines.
INDEX TERMS: Testicle, histology, serum testosterone, bulls, chemical castration, calcium chloride, 
dimethyl sulfoxide, sclerosing agent, seminiferous tubule, testosterone.
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with intratesticular injections (Vannucchi et al. 2015) or 
epididymis tail (Navarrete 1997). Moreover, DMSO has some 
pharmacological actions, especially analgesic, anti-inflammatory 
and increases the diffusion of other drugs throughout tissues, 
which contribute to the chemical castration effect (Pearson et al. 
1980, Penasso 2005, Vannucchi et al. 2015).

Because of the limited number of reports in the literature 
about alternative, atraumatic and less invasive techniques 
to achieve sterilization in bulls, the present study aimed to 
evaluate the clinical effects and alterations in spermatogenesis 
and serum testosterone concentrations in bulls as a result 
of receiving of a single application of intratesticular calcium 
chloride at three different concentrations (20, 30 or 40%) 
associated with 0.5% DMSO.

MATERIALS AND METHODS
The study was conducted in accordance with the ethical guidelines 
recommended by the National Council for the Control of Animal 
Experimentation and the College of Animal Experimentation and 
was approved by the Institution’s Animal Care and Experimentation 
Ethics Committee (Protocol Number 027/2010).

Twenty-four Nelore crossbred bulls were used (n=24). They had 
an initial weight between 300 and 400 kg, were 2.5 to 3.5 years old, 
and had been wormed and vaccinated as legally required.

The absence of changes in the testes, epididymis, scrotal pouch, 
spermatic cord, penis and foreskin, as well as no alterations to the 
ultrasound examination (Hafez & Hafez 2004), were used the criteria 
used to include the animals in this study.

The animals were kept at a population density of 2 animal 
unit/ha and were fed Brachiaria decumbens, water and mineral 
supplementation ad libitum.

The bulls were randomly separated into three groups of eight 
animals each based on the concentration of the aqueous calcium 
chloride solutions administered: G20 (20% calcium chloride), 
G30 (30% calcium chloride) and G40 (40% calcium chloride). 
All preparations contained 0.5% dimethyl sulfoxide (DMSO) and 
were at a neutral pH.

After the mechanical wrapping of the animal and scrotal 
antisepsis, the spermatic cords were anesthetized with 200 mg 
lidocaine hydrochloride (Xylestesin cloridrato de lidocaína 2%, 
Cristália, Itapira/SP, Brazil) (Andrade 2002). The calcium chloride 
was administered with 10mL syringes and 30x8mm needles, 
and injections were made into the medial testicular region in a 
craniocaudal direction. The volume administered in each testis 
(10mL) was the same for all groups and was based on the findings 
of Canpolat et al. (2006).

Blood samples were collected from all animals to determine 
serum total testosterone levels by chemiluminescence. The samples 
were collected four days before (D-4) the intratesticular application 
of calcium chloride and at 7 (D7), 15 (D15) and 45 (D45) days after 
treatment. Samples were collected at the same time of day and from 
animals in the same sequence on all sampling days.

During the experimental period, the animals were inspected daily 
by the same evaluator to check for behavioral changes and lameness.

On three consecutive days after calcium chloride administration, 
body temperature, heart rate and respiratory frequency were measured.

The testicular sensitivity was assessed based on the presence 
or absence of pain in response to touch and manual compression, 
and tests were considered positive in animals that expressed 
hindlimb agitation. Moreover, the consistency (fibroelastic, flaccid 
or firm), mobility (free scrotal movement or adhered), and degrees 

of edema and scrotal dermatitis were assessed. These assessments 
were made in the first three days (D1 to D3) after calcium chloride 
administration and at D7, D15 and D45. All animals were weighed 
at the same times on an electronic balance.

Testicular volume was calculated using the values of testicular 
length, height and width (Bailey et al. 1998) as measured with a 
caliper four days before (D-4) and on the first two days (D1 and D2), 
D15 and D45 after the administration of calcium chloride.

Testicular echotexture (Mindray DP 2200, Shenzhen, China) was 
evaluated four days before (D-4) and 15 (D15) and 45 (D45) days 
after the administration of calcium chloride.

Orchiectomy was performed 45 days after the administration 
of calcium chloride, using a conventional surgical technique under 
regional (at the spermatic cord) and local (at the incision) anesthesia 
and tranquilization.

After orchiectomy, the 48 testes were washed in 0.9% saline 
solution and immediately sectioned into three slices (proximal, 
middle and distal), which were used for histological preparation.

The fragments were fixed in 10% buffered formalin, dehydrated in 
increasing concentrations of ethanol (70%, 80%, 90% and absolute), 
cleared in xylene and embedded in paraffin (Luna 1968). The blocks 
were sectioned on a rotary microtome (Leica RM2125RT, Leica 
Biosystem, São Paulo/SP) at a 4-mm thickness and stained with 
hematoxylin-eosin (HE) (Sheehan & Hrapchak 1980). The slides 
were evaluated using light microscope (Nikon Eclipse E200, Sendai, 
Miyagi, Japan).

Histological evaluation was performed in both testicles (right 
and left) in three testicular portions (proximal, medial and distal). 
Testicular tissue (parenchymal and interstitial space) was evaluated 
for necrosis, edema, inflammatory infiltrates, calcification, fibroblast 
proliferation (fibroplasia) and neovascularization. Injuries were 
evaluated semi-quantitatively and an intensity score was determined 
as follows: 0 (no injury), 1 (mild injury, up to 30%), 2 (moderate 
injury, 30 to 60%), and 3 (pronounced, over 60%).

Results were presented as the mean with a standard error. 
Kolmogorov–Smirnov tests were used to check the data for normal 
distributions. Differences at each time period for each group were 
tested for via a one-way repeated measures analysis of variance for 
normally distributed variables (body weight, respiratory frequency, 
body temperature, testicular volume and testosterone concentration) 
or a Friedman repeated measures analysis of variance based on ranks 
for variables without a normal distribution (heart rate). Differences 

Fig.1. Mean ± standard error of serum testosterone concentrations 
from bulls subjected to chemical castration with calcium chloride. 
Different letters indicate statistically significant differences in 
each moment on group at p<0.05.
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between the groups at each time period were verified using a one-way 
analysis of variance (body weight, body temperature, heart rate, 
testicular volume) and a Kruskal Wallis test (respiratory frequency, 
testosterone concentration). In all cases, the Student-Newman-Keuls 
multiple comparison procedure was used. Analysis of the clinical 
assessments, ultrasound examinations and histological analyses 
were performed based on frequency descriptions. All analyses were 
performed using SigmaStat for Windows Version 11.0. Significance 
was set at p≤0.05.

RESULTS
In the present study, there were no changes in the 
behavioral parameters evaluated. The heart rate 
(mean ± standard error of all groups, D1: 77.2±4.0 beats.min-1, 
D2: 77.9±5.2 beats.min-1; D3: 68.3±3.3 beats.min-1), respiratory 
frequency (mean ± standard error of all groups 
D1: 31.2±1.5 breaths.min-1; D2: 35.4±1.5 breaths.min-1; 
31.2±2.1 breaths.min-1) and body temperature (mean ± standard 
error of all groups, D1: 38.8±0.1oC; D2: 39.0±0.1oC; D3: 38.8±0.1oC) 
did not change during the three-day period after calcium 
chloride administration.

There were no lesions on the scrotal skin following calcium 
chloride administration and no sensitivity to touch or manual 
compression of the testicles was detected.

Testicular and scrotal edema was pronounced until the 7th 
day after the administration of the calcium chloride solution. 
Table 1 shows that edema gradually decreased and was not 
present on the 15th day (D15) in G20 and at 45 days (D45) in 
G30. However, 12.5% of animals in G40 still showed testicular 
and scrotal edema after 45 days.

Physical examination demonstrated a hardening of the 
testicle that was observed from D7 to D45, especially in G30 
and G40 (Table 2).

During surgery we noted a thickening and adhesion of 
the testicular tunics and adjacent tissues. The spermatic cord 
showed an increased thickness and consistency. A progressive 
decrease in adherence until D45 was observed in all groups, 
especially in G40 (Table 3).

There was a decrease in body weight (p<0.05) by D7 
when compared to weights on D-4, with a return to initial 
body weights occurring by D15, and a gain in body weight 
was observed on D45 in G30 and G40. In G20, there was no 
body weight gain by D45.

Serum concentrations of testosterone (Fig.1) did not 
change over most of the periods except for a significant 
increase in G20 on D45 and in G30 on D7, which returned to 
pre-application concentrations by D45.

Testicular volumes were increased after calcium chloride 
injections (p<0.05) in all groups until D2, except in G20, and 
returned to pre-injection volumes by D45 (Fig.2).

Ultrasound examinations pre-administration identified 
homogenous testicular parenchyma with a clear identification 
of testicular raphae. From D15 to D45, cystic formations, 
discontinuous median raphae and a wide distribution of 
hyperechoic spots in the testicular parenchyma (fibrosis or 
calcification) were observed (Fig.3).

The main histological finding indicative of reduction or 
loss of testicular function on 45 days after calcium chloride 
application, using different concentrations was the coagulative 
necrosis (Fig. 4A and E) of seminiferous tubules and interstitial 
cells, verified by eosinophilia, absence of nucleus in the 

Table 1. Percentage (%) of cattle with testicular/scrotal 
edema after chemical castration at different concentrations

Day G20 G30 G40
D1 7 (87.5) 8 (100.0) 8 (100.0)
D2 8 (100.0) 7 (87.5) 7 (87.5)
D3 7 (87.5) 7 (87.5) 7 (87.5)
D7 6 (75.0) 7 (87.5) 6 (75.0)

D15 0 (0) 2 (25.0) 5 (62.5)
D45 0 (0) 0 (0) 1 (12.5)

Table 2. Percentage (%) of rigid tests of bovines submitted 
to chemical castration in different concentrations
Day G20 G30 G40
D1 8 (100.0) 8 (100.0) 7 (87.5)
D2 8 (100.0) 8 (100.0) 8 (100.0)
D3 7 (87.5) 8 (100.0) 8 (100.0)
D7 5 (62.5) 7 (87.5) 6 (75.0)

D15 3 (37.5) 6 (75.0) 7 (87.5)
D45 3 (37.5) 6 (75.0) 3 (37.5)

Table 3. Percentage (%) of testicular adhesion to the 
adjacent tissues of bovines submitted to chemical castration 

at different concentrations
Day G20 G30 G40
D1 3 (37.5) 3 (37.5) 5 (62.5)
D2 3 (37.5) 5 (62.5) 8 (100.0)
D3 5 (62.5) 8 (100.0) 8 (100.0)
D7 4 (50.0) 5 (62.5) 6 (75.0)

D15 2 (25.0) 6 (75.0) 7 (87.5)
D45 1 (12.5) 4 (50.0) 5 (62.5)

germinative cells and absence of cells within seminiferous 
tubules (Fig.4B and C). Areas with liquefaction feature (Fig.4D) 
were also found. In all groups and all testicular portions these 
injuries were predominant in most of the assessed tissue. In all 
groups, the medial testicular portion presented over 60% of 

Fig.2. Mean ± standard error of testicular volume from bulls subjected 
to chemical castration with calcium chloride. Different letters 
indicate statistically significant differences in each moment on 
group at p<0.05.
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injured tissue (Table 4). Tissue necrosis was observed in the 
proximal and distal testicular areas near the medial section. 
In these portions, areas with intact tissue were found, mainly 
in G20. In all treatments, the seminiferous tubules remained 
intact near the tunica albuginea, to the greatest extent in 
G20, but in all groups, the spermatozoa in the tubular lumen 
were absent.

Discrete to absent inflammatory infiltration (Fig.4F), 
predominantly polymorphonuclear, with discrete mononuclear 
infiltration, and fibroplasia were observed around the 
seminiferous tubules more frequently in the distal, medial 
and proximal testicular regions in all treatments. Edema was 
pronounced in G40, and in G20 (Fig.4A) and G30, it ranged 
from mild to moderate in all tissue portions. In all groups, 
there was predominantly discrete neovascularization, but in 
the proximal testicular portion of G20 there was moderate 
to severe neovascularization in most samples. In addition, 
discrete areas of calcification were found in all groups, 

Fig.3. Ultrasound exam of testicle from bulls. (A) Pre-administration 
of calcium chloride; the median raphe (black arrow) and testicular 
parenchyma integrity (white arrow). (B) Fifteen days after 
calcium chloride administration; abnormal median raphe (black 
arrow) and hiperecoic testicular parenchyma. (C) Forty five days 
after calcium chloride administration; absence of median raphe, 
calcified foci (white arrows) and cavitations (hipoecoic tissue). 

Fig.4. Histological characteristic of the bovine testicles/epididymides after chemical castration with 20 (G20), 30 (G30) and 40% (G40) 
calcium chloride associated with 0.5% DMSO. (A) Proximal portion of testicle, G20. Difuse and pronounced coagulative necrosis 
(arrows) in seminiferous tubules, multifocal absence of seminiferous tubules (stars), moderate intertubular edema (arrow head). 
HE, obj.50x. (B) Distal portion of testicle, G20. Death (karyolysis) of spermatogenic cells (arrows), nuclear basophilia in the cells, 
with alive features (arrow head). HE, obj.40x. (C) Proximal portion of epididymis, G20. Vacuolated, necrotic and desquamated 
epithelial cells (arrows) and absence of spermatozoa within the lumen of the epididymal tubule (stars). HE, obj.20x. (D) Distal 
portion of testicle, G30. Liquefied necrosis (arrows) and pronounced neutrophilic inflammatory infiltrates (star). HE, obj.10x. (E) 
Distal portion of testicle, G40. Difuse and pronounced coagulative necrosis (arrows) in seminiferous tubules. HE, obj.50x. (F) Distal 
portion of testicle, G40. Death (karyolysis) of spermatogenic cells (arrows), mild mixed inflammatory infiltrates, mild intertubular 
fibrosis (star). HE, obj.20x.
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particularly in the interior of seminiferous tubules and in 
basement membrane.

DISCUSSION AND CONCLUSION
This study seems to be the first to evaluate the association 
between calcium chloride and DMSO for the chemical castration 
of bulls, considering aspects such as pain, macroscopic 
and microscopic changes and testosterone concentrations. 
The outcome showed that the chemical castration was able to 
induce coagulation and liquefied necrosis of tissue components 
with no pain on palpation, becoming an alternative method 
for bull castration.

An initial study on chemical sterilization with calcium 
chloride in bulls used 25-30% solutions in ethanol and 
injections near the epididymal head. Dosages ranged from 
1.0 to 1.5mL/45 kg body weight. In this study, testicular 
atrophy occurred between 1 to 3 months after treatment 
(Koger 1977). In another study, the author describes two 
case reports in which the same solution was used and 
where discomfort some hours after injection was observed 
(Koger 1978). In our study, the intratesticular application 
of calcium chloride was chosen instead of intraepididymal 
and intraductal applications (Goldsmith et al. 1985) due to 
the ease of injecting the fluid at this site. The volume (10mL) 
and concentrations of the calcium chloride solutions injected 
into each testis were based on the findings of Canpolat et al. 
(2006). These researchers tested chemical castration with 
calcium chloride in bulls using a 30% solution but showed 
unsatisfactory results. In view of this, the present study 
evaluated a lower (20%) and higher (40%) concentration to 
test the efficacy and safety of these solutions when used with 
an intratesticular route in bulls. In our work, we chose to use 
different concentrations and to maintain a fixed volume, unlike 
the study by Jana & Samanta (2006), which used different 
concentrations of calcium chloride based on each 100g of 
testicle/body weight (kg). If we had used these calculations, 
the volumes of the intratesticular injections would have been 
too large, making their application impossible.

Clinical evaluations of the bulls after calcium chloride 
administration showed no changes related to vital parameters, 
indicating no adverse reactions to the sterilizing agent. Similar 
results were also described by Jana & Samanta (2007) using 
calcium chloride in goats for chemical castration.

Body weights were found to be decreased at the first 
examination after the application of the solution, possibly 
related to pain-induced decreases in feeding, although there 
were no signs of pain observed in response to testicular 
palpation. We suggest that the loss of weight in this period 
may also have been related to stress during the examinations, 
which was more pronounced in the first 7 days. Furthermore, 
the study was conducted during a period of limited pasture 
availability due to reduced rainfall, and in an extensive farming 
system, which may have also contributed to the decreased 
weight gain. There was no change in appetite or decreases 
in body weight by the end of the experiment. Martins et al. 
(2011) also mentioned low gain weight and no expressions 
of pain in response to testicular palpation in buffaloes 
chemically castrated with 30% (w/v) calcium chloride at a 
dose of 1mL/100 kg of body weight. In addition, Pate et al. 
(1970) reported the same condition in bulls undergoing 
intratesticular injections of cadmium chloride, although these 

authors also mentioned a decrease in appetite and weight 
reduction correlated to the intense inflammatory process 
that occurred in the testis in the initial days post-injection. 
However, Jana & Samanta (2007) did not mention a decrease 
in food consumption when using calcium chloride for the 
chemical castration of dogs.

During orchiectomy, the presence of fibrosis, adherence, 
and a thickening of the testicular tunic and adjacent tissues 
were verified in most bulls. In a study on rodents, Jana & 
Samanta (2006) reported that calcium chloride, when applied 
intratesticularly, also caused visible damage to the tail of the 
epididymis, confirming the findings of the present study, in 
which calcium chloride injections promoted testicular and 
epididymal atrophy.

Testis adhesion to adjacent tissue was noticeable in all 
animals and has also been described by Lewis & Garcia 
(1984) in primates after the use of different sclerosing agents 
(glycerol formalin and quinacrine methyl-cyanoacrylate in a 
saline solution). In cats, Pineda & Dooley (1984) described this 
change between the scrotum and the tail of the epididymis 
after the intraepididymal administration of 4.5% chlorhexidine 
gluconate.

In this study, adhesion gradually decreased over the 
assessment period but was still evident in all groups at D45. 
It is likely that calcium chloride concentration is related to 
the intensity of adhesion because at the end of the study, the 
animals in G40 showed more severe adherence than those in 
G30, which also showed greater adhesion than those in G20.

Tunica albuginea thickening and areas of testicular 
disintegration were observed in most samples, particularly 
in G40. Circumscribed areas, that were yellowish, friable, and 
isolated or associated with gray and opaque areas were also 
observed, which were interpreted as indicating tissue necrosis 
(Cheville 1994, Santos 1978). Cavitated areas, suggesting 
cysts or abscesses, were noted in some animals, which similar 
to the changes described by Canpolat et al. (2006) after the 
chemical sterilization of bulls.

All animals showed increased testicular consistency upon 
palpation on the second day post-injection. The frequency 
of this change was greater in the G30 and G40 animals; 
however, these changes remained in all groups until the end 
of the study. These findings corroborate those reported by 
Plant et al. (1979) with the use of a formaldehyde solution 
in ethanol injected into the epididymides of rams.

Considering all groups, there were individual variations 
in testosterone concentrations, which were associated with 
individual differences in daily hormone metabolism (Jana & 
Samanta 2006, Oliveira 2007), even though the samples were 
collected at the same time and from animals in the same order.

Different studies have evaluated serum testosterone 
concentrations after chemical sterilization, and most have 
observed non-significant decreases (Neilson et al. 1997, 
Canpolat et al. 2006, Muller et al. 2010). Despite this, decreased 
testosterone concentrations have been mentioned in goats 
(Jana et al. 2005) and dogs (Jana & Samanta 2007), with the 
use of calcium chloride, and in bulls (Canpolat et al. 2006), 
with the used of ethanol, when intratesticularly administered. 
However, only the study by Jana et al. (2005) described a 
loss of libido.

Changes in reproductive behavior were not evaluated in the 
present study; however, castrated males have been shown to 
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present no changes in behavior (Neilson et al. 1997), and it is 
necessary to wait a minimum of 6 to 12 months after hormonal 
disruption to observe changes in libido (Munson et al. 2004, 
Muller et al. 2010), which did not occur in the present study 
because the animals were evaluated only up to 45 days after the 
application of calcium chloride. Furthermore, Fahim et al. (1993) 
and Soto et al. (2007) reported that most chemosterilants that 
have been tested are not efficient in decreasing testosterone 
concentrations and/or libido. Recently, Vanderstichel et al. 
(2015) also described no change in plasma testosterone in 
dogs chemically sterilized with calcium chloride. These authors 
mentioned that only 30% of the dogs presented a reduction 
of testosterone 6 months after treatment.

In this study, an increase in testicular volume was observed 
in the initial days after the application of calcium chloride. 
This increase was followed by a reduction in volume back to 
the initial values. Nevertheless, tissue edema, as evidenced by 
histological observations, persisted until 45 days in all groups. 
The intensity of edema was related to the concentration of 
calcium chloride injected, with edema more evident in G40 than 
in the other groups. This finding is explained by an increased 
inflammatory reaction triggered by the body’s response to injury 
(Thomson 1983). Despite this, the inflammatory response was 
local, occurred quickly and was without progression because 
other related changes (e.g., changes in body temperature) 
were not observed. This fact may be associated with the use 
of DMSO in the formulation or with the lower inflammatory 
response stimulated by calcium chloride, as Jana & Samanta 
(2007) have previously mentioned. However, these last 
authors did not use DMSO in their formulation of the calcium 
chloride solutions used in rats, and they also did not report 
any systemic inflammatory reactions. In addition, no painful 
clinical signs were manifested by bulls during evaluations for 
sensitivity to touch and manual compression of the testes, 
corroborating findings in goats undergoing chemical castration 
with calcium chloride, in which no changes in serum cortisol 
were found (Jana et al. 2005).

These findings may also be related to the use of DMSO in 
the formulation because of its anti-inflammatory and analgesic 
effects (Penasso 2005, Guimarães et al. 2010). Moreover, the 
fact that testicular nerve endings are located in the scrotum 
may be another important factor contributing to decrease 
sensitivity (Setchell et al. 1994) because no scrotal lesions 
were observed. In addition, the neutral pH of the calcium 
chloride solution resembles that of the testicular constituents 
(Fahim et al. 1993), so it may be that there was no change in 
the scrotal skin. In contrast, Oliveira (2007) and Wang (2002) 
described irritation, ulcers and/or dermatitis in the scrotum 
of dogs, which were associated with poor animal restraint 
during the procedure, incorrect application of the treatment, 
and the physical and environmental conditions of the kennels 
and the canine behavior of scrotal licking.

During testicular ultrasound examinations irregularities 
in the median raphe and hyperechoic parenchymal points 
were observed. We also observed cavitated areas (most 
evident in G40) with anechoic content at 45 days, suggesting 
the presence of cysts or abscesses (Nyland & Mattoon 2001).

Histologically, coagulation necrosis was observed in all 
testicles. It was markedly diffuse and was present mainly 
in the medial region. This finding was more evident in the 
seminiferous tubules, which has also been observed in other 

studies (Jana et al. 2005, Canpolat et al. 2006, Jana & Samanta 
2007). The intensity of necrosis was dependent on the calcium 
chloride concentration, and practically all testicular tissue 
from G40 was affected. Effects of calcium chloride on testicular 
tissue may be related to the concentration and volume of 
the solution injected, as Martins et al. (2011) reported that 
they did not obtain complete testicular fibrosis using a 30% 
calcium chloride solution in buffalo. In the current study, we 
tried to develop a solution with a higher percentage of calcium 
chloride to decrease the volume injected. However, higher 
concentrations of the salt in solution allow for precipitation, 
making the solution unusable.

The mechanism of action for the effects of calcium chloride 
has not been elucidated, but it is assumed that it causes 
anoxia or hypoxia in testicular tissue. This process favors the 
presence of polyunsaturated fatty acids, which are capable 
react with free radicals (Guimarães et al. 2010), promoting 
peroxidation, which acts on mitochondrial cellular membrane, 
altering their permeability (McLachlan 2000). This process 
triggers cellular changes (Aydos et al. 1998) and inhibits 
spermatogenesis (Jana et al. 2005). Although testicular tissue 
contains antioxidants (Guimarães et al. 2010), following severe 
injuries, the protective mechanisms against free radicals 
are insufficient. These findings were confirmed by Jana & 
Samanta (2007), who found high concentrations of an enzyme 
responsible for eliminating free radicals in dogs after chemical 
sterilization with calcium chloride. This explains the hydropic 
degeneration in the cells of the seminiferous tubules found 
in our study. Nevertheless, intact seminiferous tubules were 
observed in the region near the albuginea tunic, especially in 
G20 and G30, which indicates that higher concentrations of 
the calcium chloride were more toxic to tissue.

Calcification foci were found in the seminiferous tubules, 
especially in the periphery of the testis. According to Santos 
(1986) and Thomson (1983), this calcification is classified 
as dystrophic due to calcium salt penetration in necrotic 
testicular cells.

Polymorphonuclear inflammatory infiltrates were 
observed in the histopathological examinations in all groups. 
This change indicates the progression of tissue liquefaction, 
which corresponds to areas of cavitation observed upon gross 
examination (Santos 1986, Cheville 1994). The disruption of 
cellular integrity is another mechanism of action attributed 
to the calcium chloride (Jana & Samanta 2007). Moreover, the 
action of this product may also be related to hematotesticular 
barrier disruption, which is responsible for maintaining the 
adluminal environment (Hafez & Hafez 2004). The application of 
sclerosing agents into the testis breaks down hematotesticular 
barrier, allowing the extravasation of stem cells into the 
interstitial space (Cheville 1994). This process triggers the 
formation of antibodies against sperm antigens, producing 
a systemic immune response (Oliveira 2007).

A low frequency of fibroplasia and neovascularization 
were also found, which indicated insufficient time for tissue 
repair (initial phase of tissue repair) in bovine at 45 days 
post-application of the calcium chloride. This finding may be 
supported by lower frequency of mononuclear inflammatory 
cells, which are responsible to synthesize local growth factors, as 
VEGF and FGF, to induce the cicatritial process (Cheville 1994), 
making unnecessary the subsequent histology to elucidate 
the injury evolution. This action may be associated with the 
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presence of DMSO in the solution. Furthermore, Cheville 
(1994) affirmed that fibroplasia and neovascularization are 
delayed when tissue oxygenation is poor, which occurred in 
injured tissue.

Testicular microscopic observations revealed that calcium 
chloride induced severe cell hypoxic injury and extensive 
tissue necrosis. Cellular necrosis ranged in intensity from 
pronounced to moderate at calcium chloride concentrations 
of 20% and 30%, particularly in the medial region of the 
testes. In animals administered calcium chloride at 40%, 
necrosis was observed in all regions, but with a greater 
intensity in the middle third. The application site of calcium 
chloride should be better evaluated in future studies, since 
the extent of necrosis was greater at the medial portion of 
testis (injection site).

Chemical sterilization with calcium chloride is a simple 
and low-cost method, which does not require surgery and is 
easy to use in farms. Furthermore, we found that 40% calcium 
chloride was more efficient in impairing spermatogenesis 
when injected into the medial region of the testes of bulls, 
and the joint use of calcium chloride and DMSO reduced the 
level of pain and retarded the progression of parenchymal 
testicular fibrosis.
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