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RESUMO

Dissertacéo de Mestrado
Programa de Pds-Graduacdo em Medicina Veterinaria
Universidade Federal de Santa Maria

INJEQAQ INTRATESTICULAR DE SOLUC}AONHIPERTONICA DE CLORETO DE
SODIO COMO METODO DE CASTRACAO QUIMICA EM BOVINOS.

AUTOR: OLMIRO ADAIR SILVEIRA DE ANDRADE NETO
ORIENTADOR: ALFREDO QUITES ANTONIAZZI
Data e Local da Defesa: Santa Maria 27 de FEVEREIRO de 2014.

A pecuéria brasileira, assim como todas as demais atividades econdmicas, busca o
aumento da lucratividade. A reducdo das perdas de animais é uma das maneiras de se obter
maior eficiéncia produtiva. Nesse contexto, a castragdo de machos bovinos faz-se necessaria
para a comercializacdo, visando facilitar manejo e evitar a reproducéo, porém alguns métodos
de castracdo praticados levam a inimeras perdas devido a infeccbes e miiases. Portanto, o
objetivo do presente estudo foi investigar a viabilidade de uma alternativa a tradicional
castracdo cirurgica realizada em condicdes de campo, desenvolvendo uma solucdo de facil
aplicagdo e minimamente invasiva. Para isso, testou-se o efeito da injegdo intratesticular de
uma solucdo hipertonica de cloreto de sodio (NaCl; 20%) com o intuito de acarretar uma
completa esterilizacdo dos machos bovinos nas primeiras semanas de vida, pela desnaturacédo
das células intratesticulares, minimizando as perdas com infec¢es e mortes. Foram utilizados
40 bezerros divididos nos seguintes grupos experimentais: CN (controle negativo) - castrados
logo apo6s o nascimento; CP (controle positivo) - ndo castrados; G1 - injecdo intratesticular
(IIT) entre 1 até 5 dias ap6s nascimento; G2 - IIT entre 15 e 20 dias ap06s nascimento e G3 -
IIT entre 25 e 30 dias apos nascimento;. Os resultados demonstraram que a 1T resultou em
necrose coagulativa das células de Leydig e dos tabulos seminiferos. O bloqueio completo da
producdo de testosterona e do desenvolvimento testicular foi observado nos grupos G1 e G2
(P<0,05). A temperatura retal e da regido escrotal ndo foram influenciadas pelos diferentes
procedimentos em relacdo aos grupos controles (P>0,05). Resultados preliminares sugerem
que a pratica de 1IT causa menos desconforto aos animais quando comparada a orquiectomia
nas primeiras semanas de vida. Conclui-se que a IIT de solucdo hipertdnica de NaCl causa
esterilidade e completa supressdo da sintese de testosterona quando realizada até 20 dias apds
0 nascimento. Como principais vantagens do procedimento em relacdo aos estudos anteriores
podemos citar o fato do NaCl ser atdxico, de baixo custo, tornando essa abordagem uma
alternativa viavel e segura para utilizacdo em condicdes de campo, evitando a exposicdo da
regido escrotal e abdominal dos neonatos as contaminacdes ambientais e ectoparasitas.

Palavras-chave: Castracdo quimica; injecdo intratesticular; bezerros; esterilidade; dosagem
de testosterona.
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The main objective of Brazilian cattle industry and other economic activities is to
increase profitability. Reducing animal losses is important to maximize productive efficiency.
In this way, castration of male calves is necessary for trading, to facilitate handling and
prevent reproduction. Some methods of castration are traumatic and cause economic losses
due to infection and myiasis. The objective of the present study was to evaluate the viability
of an alternative method to traditional surgical castration performed under field conditions,
developing a solution easy to administrate and minimally invasive. It was evaluated the
effects of intratesticular injection of hypertonic sodium chloride solution (NaCL; 20%),
aiming to complete castrate male calves during the first weeks of life through denaturation of
testicular cells, minimizing losses caused by infections and deaths. Forty male calves were
allocated into one of the experimental groups: NC (negative control) - surgically castrated
immediately after birth; PC (positive control) - intact males; G1 - intratesticular injection (ITI)
from 1 to 5 days after birth; G2 - ITI from 15 to 20 days after birth and G3 - ITI from 25 to 30
days after birth;. Intratesticular injection induced coagulative necrosis of Leydig cells and
seminiferous tubules. Testosterone secretion and testicular development were severely
impaired in animals from G1 and G2 groups (P<0.05). Rectal and scrotal temperatures were
not affected by the different procedures (P>0.05) when compared to control group.
Preliminary results suggest that intratesticular injection causes less discomfort to animals
when compared to orchiectomy during the first weeks of life. It is concluded that
intratesticular injection of NaCl hypertonic solution induces sterility and completely
suppresses testosterone secretion when performed before 20 days old. The main advantages in
comparison to previous studies are the fact that NaCl is atoxic, has a low cost, the technique is
a safe and viable alternative to use under field conditions, avoiding the exposure of scrotal
and abdominal cavities to environmental contaminants and ectoparasites.

Key words: chemical castration, intratesticular injection, calves, steritility, testosterone
dosage.
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1. INTRODUCAO

A reducdo de custos de producdo e o aumento de produtividade constituem hoje a
proposta de gestdo da maioria dos produtores brasileiros. Para que 0 nosso pais possa se
estabelecer como grande exportador de carne, existe a necessidade de melhoria da qualidade
sanitaria, padronizacdo dos animais e adocdo de praticas de manejo que causem 0 menor
desconforto possivel para os animais, 0 que sdo exigéncias dos grandes mercados
(OLIVEIRA & BRITO, 2005).

A castragdo cirlrgica ou orquiectomia é uma das alternativas comumente utilizadas
para supressao da testosterona, tendo como objetivo principal evitar a reproducdo de machos
geneticamente inferiores e reduzir sua agressividade (RODRIGUES et al., 2003). Entretanto,
este procedimento é considerado traumatico e necessita de um técnico qualificado para sua
realizacdo, a fim de minimizar o sofrimento dos animais. Além disso, como se trata de um
processo cirdrgico, ha a necessidade de acompanhamento individual no periodo pds-
operatorio, cuja falha podera causar perda de animais em razdo de complicacbes como:
inflamacéo, infeccdo, miiases, entre outras (OLIVEIRA & BRITO, 2005; STAFFORD &
MELLOR, 2005). A castracdo pode ser definida como a extirpacdo ou supressdo funcional
dos drgaos genitais, podendo ser classificada em: hormonal, fisica ou quimica (STAFFORD
& MELLOR, 2005). As injecOes intratesticulares para promover castracdo quimica foram
realizadas em diferentes espécies animais incluindo primatas (KAR et al., 1965), roedores
(EMIR et al.,, 2011), caninos (PINEDA et al., 1977; OLIVEIRA et al., 2012), felinos
(PINEDA & DOOLEY, 1984) e caprinos (JANA et al., 2005). Diversos agentes esclerosantes
foram utilizados a fim de causar desorganizacdo no parénquima testicular, levando a uma
castracdo eficiente. Entre os produtos utilizados, podemos citar etanol (CANPOLAT et al.,
2006) e gluconato de zinco associado ou ndo a dimetilsulféxido (DMSO) (SOTO et al., 2007).
Resultados obtidos em ratos apds a utilizacdo de solugdo hipertdnica de cloreto de sodio
mostram uma excelente aplicabilidade desta maneira de castracdo (EMIR et al., 2008; EMIR
et al., 2011), uma vez que este composto € atoxico, comercializado sem restri¢coes e apresenta
custo reduzido. Entretanto, a viabilidade de utilizacdo da solucdo hipertdnica de NaCl em
animais de producdo ainda ndo foi avaliada.

Muitos métodos de castracdo quimica causam efeitos colaterais como dor e inflamacéo

(TING et al., 2003), ou tem uso restrito em espécies de producdo. Portanto, o estudo de
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alternativas eficientes que promovam a esterilizacdo causando minimo desconforto e auséncia
de efeitos colaterais, é necessario. Baseando-se nos dados de literatura, elaboramos a hipétese
de que a aplicacdo intratesticular da solucdo hiperténica de NaCl inviabiliza as células de
Leydig e do epitélio do tubulo seminifero, suprimindo a producdo de testosterona e a
producdo espermaética, de forma minimamente invasiva. Este trabalho teve como objetivo
verificar se a administracdo intratesticular de solugdo hiperténica de cloreto de sédio (NaCl)

em machos bovinos é efetiva como método de castragdo néo cirdrgico.



2. REVISAO BIBLIOGRAFICA

2.1.Trato reprodutivo masculino

O aparelho reprodutor do touro é composto do corddo espermatico, escroto, testiculos,
ductos excretores, glandulas acessorias e pénis. Cada uma das estruturas tem sua funcéo,
como os corddes espermaticos, que promove a ligacdo vascular, linfatica e neural entre o
restante do corpo, a termorregulacdo, além de abrigar os ductos deferentes e o musculo
cremaster. Esta rede de vasos é chamada de plexo pampiniforme, em que a artéria testicular é
envolta pelo emaranhado de veias testiculares formando uma contracorrente de troca de calor
auxiliando assim na termorregulacdo (DESJARDINS, 1989; POLGUJ et al., 2011). O escroto
também auxilia na diminuicdo da temperatura, que é de 2 a 6°C na regido em relagdo ao
restante do corpo (AMANN & SCHANBACHER, 1983), com o auxilio de varias glandulas
sudoriparas e, uma vez que € inervado pela rede simpatica, funciona como termostato
aumentando a frequéncia respiratdria com o aumento da temperatura testicular. Além disso, o
escroto é uma barreira protetora dos testiculos. O musculo cremaster sustenta os testiculos e
auxilia no controle da temperatura testicular, bem como a tdnica dartos, musculo encontrado
abaixo da pele do escroto, que tem a capacidade de manter os testiculos perto do corpo por
longo periodo. Todos esses mecanismos sdo essenciais, pois a manutencdo das baixas
temperaturas dos testiculos é necessaria para a producdo dos gametas (SENGER, 2003).

A producéo de espermatozoides, hormonios, e fluidos sdo fungdes testiculares. Nesses
estdo contidos os tabulos seminiferos, as células de Leydig, capilares, vasos linfaticos, células
de Sertoli, entre outras estruturas de preenchimento (SENGER, 2003). As celulas de Sertoli,
ou de sustentacdo, sdo essenciais para o controle das células germinativas, além de possuir
funcdo nutritiva para estas (HAFEZ, 1982; SWENSON, 1996). Estas células também sdo
fonte de estradiol. A regulacéo do inicio da atividade nos tabulos seminiferos é realizada pelo
horménio foliculo estimulante (FSH) agindo nas células de Sertoli (HAFEZ, 1982).

As células de Leydig estdo dispostas no intersticio, ou seja, entre os tubulos
seminiferos e sdo a principal fonte testicular de esteroides, incluindo testosterona e
progesterona (HAFEZ, 1982), as quais sdo controladas pelo horménio luteinizante (LH)
(SWENSON, 1996). Os ductos excretores sao compostos pelo ducto eferente, epididimo e

ducto deferente (SENGER, 2003) e possuem a funcdo principal de transporte seminal e, em
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certas por¢des, maturacdo e armazenamento espermatico. As glandulas acessorias contidas no
touro sdo a prostata, glandulas bulbouretrais, que tem a funcéo de lubrificacdo e neutralizacdo
do canal espermatico, glandulas vesiculares, que sdo responsaveis pela producgdo de parte do
liquido seminal, além das ampolas dos ductos deferentes (REICHENBACH, 2008; SENGER,
2003). Por fim, temos o pénis, que € o 6rgdo responsavel pela deposicdo do sémen, ou seja, 0
6rgéo copulador (SENGER, 2003).

2.2.Espermatogénese

A espermatogénese € o processo no qual ha formacdo do espermatozoide a partir da
espermatogonia, através de divisGes mitdticas e meilticas. Este processo inicia-se nas
espermatogdnias que revestem a parede tubular e terminam no momento que o0s
espermatozoides sdo liberados no limen do tabulo seminifero (SWENSON, 1996).

Esse processo ciclico pode ser dividido em trés fases, sendo a primeira pré-pubere
(espermatogoniogénese), no qual as células germinativas primordiais multiplicam-se, através
de divisdes mitdticas, e diferenciam-se em espermatogdnias. Apos isto, entramos na fase pos-
pubere (espermatocitogénese), chamada de fase de crescimento e maturacao celular, no qual
as espermatogbnias B, sofrem meiose, formando o0s espermatocitos primarios e
espermatocitos secundarios. Por fim chegamos a ultima fase pos-pubere da espermatogénese
(espermiogénese), também conhecida como fase de diferenciacdo celular, onde as
espermatides arredondadas se diferenciam em espermatozoides (REICHENBACH, 2008;
RUSSELL & DE FRANCA, 1995). O processo de multiplicacdo, meiose e diferenciacéo das
células germinativas em estadios mais avancados de desenvolvimento esta sincronizado com
as mudancas morfologicas e a expressdo génica nas celulas de Sertoli e Leydig (ANWAY et
al., 2003). As gonadotrofinas (LH e FSH) controlam a proliferacdo e a diferenciacdo das
células de Sertoli e Leydig desde o nascimento, de maneira que os esteroides e fatores de
crescimento secretados por estas células tém acéo direta ou indireta sobre o desenvolvimento
das células germinativas (WALKER, 2003). Na espécie bovina, a habilidade das células de
Leydig em responder ao estimulo do LH (BOOCKFOR et al., 1983), leva a producdo de
crescentes quantidades de testosterona, que, por sua vez, controla a diferenciacdo das células
de Sertoli. Estes eventos regulam a espermatogénese de forma associada, de modo que
alteracdes na funcdo das células de Sertoli alteram o crescimento das céluas germinativas
(SHARPE et al., 2003). O numero de células de Sertoli esta altamente relacionado com a

producdo espermatica, sendo que touros com maior massa testicular produzem mais
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espermatozoides que aqueles com menor peso (BERNDTSON et al., 1987). As interrupgdes
no processo espermatogénico também inferferem nas células de Sertoli (MOURA &
ERICKSON, 2001) causando modificagdes no padrdo normal de desenvolvimento e na

capacidade reprodutiva dos animais.

2.3.Métodos de castracgao

A castragdo cirlrgica ou orquiectomia é uma das alternativas comumente utilizadas
para supressdo da testosterona tendo como objetivo principal evitar a reproducdo de machos
geneticamente inferiores e reduzir sua agressividade (RODRIGUES et al., 2003). Entretanto,
este procedimento € considerado traumatico e necessita de um técnico qualificado para sua
realizacdo, a fim de minimizar o sofrimento dos animais. Além disso, como se trata de um
processo cirlrgico, ha a necessidade de acompanhamento individual no periodo pds-
operatorio, cuja falha podera causar perda de animais em razdo de complicacbes como:
inflamacéo, infec¢do, miiases, entre outras (OLIVEIRA & BRITO, 2005).

Pesquisa recente mostrou que a maioria dos produtores americanos realiza a castracéo
em animais de até 90 kg, sendo também mais comum o método cirargico. Entretanto, relatou-
se que o uso de analgésicos ndo é uma constante durante esse procedimento (COETZEE et al.,
2010). Comparando-se os métodos fisicos de castracdo, pode-se observar que todos causam
algum tipo de estresse e dor, mesmo com anestesia (STAFFORD et al., 2002; COETZEE,
2013). Relatou-se que quanto mais jovem € o animal a castracdo, menor é o estresse sofrido,
independentemente do método utilizado. Adicionalmente, a perda de peso relacionada ao
procedimento € correlacionada com o aumento da idade (BRETSCHNEIDER, 2005).

A castracdo pode ser definida como a extirpacdo ou supressdo funcional dos 6rgéos
genitais, podendo ser classificada em: hormonal, fisica ou quimica (STAFFORD &
MELLOR, 2005). Em busca de formas menos traumaticas, alguns métodos de esterilizacao
quimica foram testados. Diversos agentes esclerosantes foram utilizados em injecdes
intratesticulares a fim de causar desorganizacdo no parénguima testicular, levando a uma
castracdo eficiente. Os produtos testados foram o etanol (CANPOLAT et al., 2006) e
gluconato de zinco (SOTO et al., 2007). O cloreto de calcio (JANA et al., 2005) também tem
sido utilizado com resultados satisfatorios. Porém, esses agentes causam dor e pirexia, ou até
mesmo uma inflamacéo grave (orquite) apds a injecao intratesticular (TING et al., 2003).

As injecOes intratesticulares foram realizadas em diferentes espécies, tais como 0s
primatas (KAR et al., 1965), roedores (EMIR et al.,, 2011), cdes (PINEDA et al., 1977,
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OLIVEIRA et al., 2012), felinos (PINEDA & DOOLEY, 1984), caprinos (JANA et al., 2005)
e humanos (WONG, 2001) com a finalidade de promover esterilizagdo quimica. Técnicas de
imunizacdo induzindo anticorpos contra gonadotrofinas séo utilizadas a fim de afetar a
espermatogénese (AFONSO et al., 2005). As imunizagdes contra o hormdnio liberador de
gonadotrofinas (GnRH) mostram grande potencial de suprimir a capacidade reprodutiva de
animais de maneira eficaz (ULKER et al., 2009). Em diversas espécies a utilizacdo de GnRH
aliada a albumina sérica bovina (BSA), causa atrofia e inativacdo das funcGes gonadais
(HABENICHT et al., 1990), porém o custo destes tratamentos sdo elevados. Resultados
obtidos em ratos apés a utilizacdo de solucdo hipertonica de cloreto de sédio mostram uma
excelente aplicabilidade desta maneira de castracdo. Os animais tratados com cloreto de sédio
demonstraram queda nas concentracOes de testosterona em comparagdo ao controle e cortes
histolégicos mostraram marcada desorganizacdo do parénquima testicular dos animais
utilizados na experimentacdo (EMIR et al., 2008; EMIR et al., 2011). Em cées, a utilizagdo de
gluconato de zinco em injecdes intratesticulares demonstrou resultados satisfatorios,
reduzindo a capacidade fecundante dos espermatozoides ejaculados, aliada a queda nas

dosagens de testosterona, levando a uma completa azoospermia (OLIVEIRA et al., 2012).



3. CAPITULO 1

TRABALHO A SER ENVIADO PARA PUBLICACAO:

INTRATESTICULAR INJECTION OF SODIUM CHLORIDE
HYPERTONIC SOLUTION AS A METHOD OF CHEMICAL
CASTRATION IN CATTLE.

Olmiro A. S. Andrade Neto, Monique T. Rovani, Gustavo F. llha, Bernardo
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Abstract

Castration of male calves is necessary for trading, to facilitate handling and prevent
reproduction. However, some methods of castration are traumatic and cause economic losses
due to infection and myiasis. The objective of the present study was to evaluate the efficiency
of intratesticular injection (ITI) of hypertonic sodium chloride solution (NaCL; 20%) to
promote male calves castration during the first weeks of life. Forty male calves were allocated
into one of the following experimental groups: NC (negative control) - surgically castrated
immediately after birth; PC (positive control) - intact males; G1 - ITI from 1 to 5 days old; G2
- ITI from 15 to 20 days old and G3 - ITI from 25 to 30 days old. Intratesticular injection
induced coagulative necrosis of Leydig cells and seminiferous tubules leading to extensive
fibrosis. Testosterone secretion and testicular development were severely impaired in 12
months old animals from G1 and G2 groups (P<0.05), in which no testicular structure and

sperm cells were observed during breeding soundness evaluation. Rectal and scrotal


mailto:alfredo.antoniazzi@ufsm.br

18
temperatures were not affected by the different procedures (P>0.05). In conclusion,
intratesticular injection of NaCl hypertonic solution induces sterility and completely

suppresses testosterone secretion when performed during the first 20 days of life.

Keywords: Chemical Castration, intratesticular injection, calves, infertility, testosterone

secretion.

1. Introduction

Decreasing production costs and increasing productivity are the main goals of cattle
farmers. There is also an increasing concern regarding animal welfare and organic beef
production, which is accomplished by reducing vaccinations, antibiotics and antihelmintics
administrations. The orchiectomy is the most common way of suppressing testosterone
production aiming to avoid reproduction of genetically inferior animals and reducing their
aggressiveness [1]. However, orchiectomy is a traumatic procedure and requires a qualified
technician to be performed safely and to decrease animals suffering. Furthermore, as in all
other surgical procedures, it is necessary to follow the animals individually during
postoperative period to avoid common complications such as inflammation, infection and
myiasis, which can predispose to arthritis and septicemic death [1]. To avoid the
aforementioned complications, most producers use anti-parasite drugs prophylactically, which
can lead to parasite resistance against available drugs.

Castration can be defined as extirpation or suppression of gonadal function and can be
classified as: hormonal, physical or chemical. Intratesticular injections to promote chemical
castration were performed in different species including primates [2], rodents [3], canine [4-
5], feline [6] and caprine [7]. Several sclerosing agents have been used to cause testicular
parenchyma disorganization such as ethanol [8] and zinc gluconate associated or not to
dimethyl sulphoxide (DMSO) [9]. Results obtained after hypertonic sodium chloride

intratesticular injection in rats demonstrated a great potential application of this technique [3,
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10], since sodium chloride is atoxic, being marketed without restrictions with a low price.
However, the viability of using sodium chloride to promote chemical castration in livestock
animals has not been evaluated.
Several chemical castration methods cause side effects like pain and inflammation
[11] or have restrict use in livestock species. Furthermore, the efficacy of chemical castration
is strongly influenced by the age of the animals. Thus, it is necessary to further investigate
efficient alternatives to promote sterilization with minimal discomfort and absence of side
effects and determine the optimal age of castration [12]. Based on previous studies, we
hypothesized that the intratesticular administration of sodium chloride impairs Leydig and
seminiferous duct cells function, suppressing testosterone and sperm production in a
minimally invasive manner. The objectives of the present study were: 1) to evaluate the effect
of intratesticular injection of hypertonic saline on testicular structure and steroidogenesis; 2)
to determine the best moment to perform the procedure in calves during the first weeks of life

and 3) to investigate the effect of the treatment on animals fertility after puberty.

2. Materials and methods
2.1 Hypertonic NaCl solution

The hypertonic solution was prepared dissolving NaCl (200mg/mL) in ultrapure water.
After dilution, the 20% NaCl solution was autoclaved in 50mL glass flasks and stored at 5°C
until use.
2.2 Animals and experimental groups

All experimental procedures were reviewed and approved by the Federal University of
Santa Maria Animal Care and Use Committee. Forty crossbred beef calves (30 to 35kg live
weight) from a farm in southern Brazil were randomly allocated in 5 groups (n=8/group): NC
(negative control) - surgically castrated immediately after birth; PC (positive control) - intact

males; G1 - intratesticular injection (ITI) from 1 to 5 days old; G2 - ITI from 15 to 20 days
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old and G3 - ITI from 25 to 30 days old. All the animals were identified using numbered
earrings at day O (immediately after birth).

To perform intratesticular injection or surgical orchiectomy animals were adequately
contained and the site of procedure (scrotal skin) was disinfected using iodine/ethanol
solution and 2% chlorhexidine (Riohec®2%, Rioquimica, SP, Brazil). Both procedures were
performed under local anesthesia (5mL 2% lidocaine; Anestex, Fagra S/A, SP, Brazil). To
perform ITI, it was injected 4mL of hypertonic solution in each testicle. The incision for
surgical castration was performed with a scalpel followed by testicular removal by manually

twisting the testicle.

2.3 Scrotal thermography and rectal temperature

Three animals from groups, G1, NC and PC were submitted to scrotal thermography
using an infrared camera (FLIR ThermaCAM™ E25) at five time-points: 0, 3, 6, 12 and 24
hours after procedure to evaluate inflammatory response following intratesticular injection or

surgical orchiectomy. Simultaneously, rectal temperature was measured.

2.4 Testicular histopathology

Testicles from three animals from each group (G1, G2, G3 and PC) were collected 60
days after procedures, fixed in 10% formalin and embedded in paraffin. Blocks were
sectioned on a microtome and slides were mounted and stained with haematoxylin-eosine

(H&E) and blindly evaluated by an experienced veterinary pathologist.

2.5 Serum testosterone

Five 12-month-old animals from each group (G1, G2, G3, NC and PC) received an im
injection of 0.012mg GnRH (gonadotrophin-releasing hormone) analog buserelin acetate
(Sincroforte, Ourofino, SP, Brazil) to induce a testosterone peak. Before blood collection, it
was performed tricotomy and disinfection (iodine/alcohol) around the collection site (jugular

vein). Blood samples were collected using 40 x 0.8mm needle at 0 and 3 h after GhRH
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injection. Samples were then centrifuged at 4.000 RPM for 20 minutes to obtain serum
samples which were labeled and stored (1ml/animal) at -80°C. Serum testosterone was

measured using chemiluminescent assay.

2.6 Breeding soundness evaluation
Five animals from each group (G1, G2, G3, NC and PC) aged 24-months were
subjected to breeding soundness evaluation. Scrotal circumference and semen characteristics

after electroejaculation were recorded.

2.7 Statistical analysis

All continuous data were tested for normal distribution and normalized when
necessary. Testosterone levels in different groups and moments were submitted to ANOVA
and multicomparison between groups was performed by Tukey test. The assessment of
treatment effects on scrotal and rectal temperature was performed as repeated measures data
and analyzed using the MIXED procedure with a repeated measure statement. Main effects of
treatment group, day, and their interaction were determined. A P<0.05 was considered

statistically significant.

3. Results and discussion

In the present study, it was investigated a minimally invasive technique using an
intratesticular injection of non-toxic solution as an alternative to surgical orchiectomy in
calves during the first weeks of life. The ITI injection of 20% NaCl was efficient in causing
testicular lesion, since during histological examination it was observed total dehydration of
testicular parenchymal cells and extensive testicular fibrosis (Figure 1-C and D) when
compared to control animals (Figure 1-A and -B). Furthermore, it was observed that intact
parenchyma (Figure 1-A and -B) was substituted by dense and loose connective tissue with
vascular components (Figure 1C) associated to coagulative necrosis of Leydig cells and

seminiferous tubules (Figure 1D). In rats, coagulative necrosis was also observed after 20%
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NaCl intratesticular injection, which caused testicular atrophy [10]. In this way, it is
concluded that hypertonic NaCl solution compromises the two major functions of testis tissue:
testosterone synthesis by Leydig cells and germ cells production in seminiferous epithelium.

Other sclerosing agents are also efficient in causing parenchyma disorganization
promoting sterilization such as ethanol [8], zinc gluconate [5] associated or not to DMSO
(Dimethyl sulphoxide) [9]. However, some of these compounds are toxic, causing pain and
pirexya [7], or even inflammation [11] after ITI. Furthermore, few studies have investigated
future reproductive function after chemical sterilization.

Aiming to confirm if the lesions observed histologically were sufficient to suppress
libido, we evaluated testosterone levels after puberty. For this purpose, we used a well
established model of inducing testosterone release by GnRH im administration, which results
in a peak of testosterone 3 hours after injection in animals with functional testicular tissue
[13-14]. Calves from G1 and G2 groups, submitted to ITI with hypertonic NaCl solution, had
basal levels of testosterone even after GNRH injection, being these levels not statistically
different from those observed in surgically castrated calves from NC group (Figure 2).
However, animals from G3, which were injected between 25 and 30 days after birth,
responded to GnRH injection and a significant increase in serum testosterone was observed,
reaching levels similar to basal levels in intact males. Intact animals had a testosterone peak 3
hours after GnRH administration (Figure 2), being these levels (815.5+42.1 pg/dL) similar to
those reported in previous studies [13]. The absence of response to GnRH in animals
submitted to ITI until 20 days after birth confirms that these animals did not have responsive
Leydig cells, in contrast to intact males from the same age, validating the model. A decrease
on testosterone synthesis was also observed after calcium chloride ITI in dogs and bucks [7,

15].
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To compare the inflammatory response induced by ITI in comparison to surgical
orchiectomy, it was evaluated scrotal and rectal temperature in animals submitted to different
procedures. Thermograms of the scrotum showed only a significant effect of the moment of
evaluation (P<0.05), but no effects of group and moment vs group interaction were observed
(P>0.05; Figure 3A). These results demonstrate that scrotal temperature fluctuations were due
to environmental temperature and not a consequence of local inflammation. Despite scrotal
temperature being about 5 degrees lower than the temperature inside testicles, there is a high
correlation between them, validating the model of scrotal thermography to indirectly evaluate
temperature oscillation inside testicles [16]. Rectal temperature was not affected by different
treatments and varied according to time of measurement (P<0.05; Figure 3B), but the
averages remained within the normal range of 36.7-39.1 [17]. In contrast, Cohen et al. [18]
observed an increase in rectal temperature (40.3+0.1°C) in surgically castrated calves but not
in chemically castrated and intact calves, suggesting that surgical approach causes more
inflammation compared to chemical approach. However, in that study the animals were
between 7 and 9 months old.

When evaluating reproductive characteristics in animals after puberty (24 months old),
it was observed that intact males had scrotal circumference between 28 and 31 cm, similar to
those reported by Brito et al. [19] in Angus and crossbred bulls. Intact males had sperm
parameters in normal range, with sperm motility from 50 to 80% and vigour from 3 and 4,
and mass activity from 2 to 4 (0 to 5). All castrated animals (NC) and all animals submitted to
ITI were aspermic. These results are similar to those observed after zinc gluconate ITI in
dogs, in which the procedure decreased testosterone synthesis and lead to azoospermy [5].
Similarly, the solution used in the present study was efficient with only one adminstration.

Recently, it was reported that in United States of America most orchiectomies are

performed in calves less than 90 kg, in most cases without local analgesic drug administration
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at the time of castration [12]. Comparing different physical methods of castration, it was
observed that all them cause stress and pain, even with anesthesia [20-21]. However,
procedures performed in younger animals are associated with less discomfort and stress,
independently of the method used, and body weight loss increases with the age [1].

In contrast to previous studies, we evaluated the effect of ITI at different timepoints in
the first month of life. One out of five animals from G3 group had greater concentration of
testosterone when analyzed at 12 months, indicating the presence of functional Leydig cells.
Furthermore, the same calf had a testis-like structure with a consistency resembling a normal
testis, but adhered to scrotal wall and a discontinuous epididymis with a gap between head
and tail. Based on these observations and the aforementioned results, we can conclude that
NaCl ITI is safer during the first 20 days of life. The procedure proposed in the present study
can be an alternative to surgical orchiectomy in cattle, being less traumatic and invasive,
decreasing production losses, especially the ones caused by infection, inflammation and

myiasis.

4. Conclusion

Intratesticular injection of 20% NaCl hypertonic solution induces coagulative necrosis
of Leydig cells and seminiferous tubules and extensive testicular fibrosis. These observed
lesions compromise testicular development and testosterone synthesis leading to sterility
when performed during the first 20 days of life. The NaCl ITI represents a viable alternative

to surgical orchiectomy in calves.
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7. Figure legends

Figure 1 - H&E-stained histological section of testis from control and treated groups. Intact
seminiferous tubule (A) and normal testicular parenchyma (B) from animals submitted to
surgical orchiectomy. Coagulative necrosis of Leydig cells and seminiferous tubule (C) and
severe disorganization of parenchyma cells (D) from animals submitted to 20% NaCl

intratesticular injection.

Figure 2 - Testosterone levels in 12-month-old control and treated animals (n=5/group).
Blood samples were collected 0 and 3 hours after im administration of GnRH analog in
surgically castrated (NC) and intact animals (PC) and animals submitted to 20% NaCl

intratesticular injection from 1 to 5 (G1), 15 to 20 (G2) and 25 to 30 (G3) days old.
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Figure 3 - Testicular and rectal temperature from control and treated groups (n=3/group).
Temperature was measured in surgically castrated (NC) and intact animals (PC) and animals

submitted to 20% NaCl intratesticular injection from 1 to 5 (G1) days old.
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4. CONCLUSAO

A utilizacdo da injecdo intratesticular de solugdo hipertonica de NaCl é um método de
facil aplicacdo e resultados satisfatorios em bovinos, causando esterilidade e completa
supressao da sintese de testosterona, pois acarreta uma desorganizacdo na estrutura testicular
(Anexo A), quando realizada até 20 dias apds o nascimento. Resultados de temperatura
escrotal (Anexo B), temperatura retal e comportamento animal sugerem que este
procedimento causa menor desconforto aos animais em comparagdo a remocao cirurgica dos

testiculos.
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ANEXOS



Anexo A — Imagem histoldgica em aumento de 200x dos animais castrados aos 60
dias. (A) Animal controle positivo mostrando a organizacao do tecido testicular. (B,C
e D) Animal do G1, G2 e G3 respectivamente, evidenciando a necrose coagulativa das
células de Leydig e dos tubulos seminiferos.
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Anexo B — Imagens termograficas da regido escrotal de bezerros submetidos a castracao
cirurgica (controle negativo), ndo-castrados (controle positivo) e grupo que recebeu
injecdo intratesticular de solucéo hipertonica de cloreto de sédio com até 5 dias de vida
(grupo 1). As imagens foram capturadas com um termégrafo FLIR ThermaCAM™
E25.
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