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RESUMO

Este trabalho objetivou avaliar a aplicagdo de diferentes técnicas de bidpsia para
obtenc¢do de amostras teciduais de figado, bago e testiculo, visando estudos de expressao
génica em caprinos. Seis machos Canindé foram utilizados, dois pertencentes a
linhagem transgénica 10M para o Fator Estimulante de Colonia de Granulocitos
humanos (hG-CSF; T) e quatro ndo transgénico (NT). Dois animais NT nao foram
submetidos a nenhum procedimento de bidpsia e utilizados como controles
comportamentais. O tempo de cada procedimento, o nimero de tentativas por bidpsia e
o peso do fragmento foram registrados. Foram realizadas bidpsias de bago e figado
guiadas por ultrassonografia (US) e laparoscopica (LAP). As biopsias testiculares foram
realizadas de forma percutanea com agulha Tru-Cut e 100 dias apos as mesmas,
avaliagdes seminais foram realizadas. Apos a realizacdo dos procedimentos os animais
foram avaliados nas primeiras 24 h (a cada 8h) para verificar manifestagdes de dor,
levando em consideracao a curvatura do dorso, dificuldade em se mover e diminuigao
do apetite. Um acompanhamento ultrassonografico dos 6rgaos biopsiados foi realizado
nas primeiras 48 h. Além disso, durante o periodo experimental, os animais foram
submetidos a exames clinicos. O RNA total foi extraido utilizando RNeasy mini kit de
acordo com as instrugdes do fabricante e quantificado por fluorimetria. As
amplificacdes do qPCR foram realizadas no Master-Cycler EP Realplex 4 S para os
seguintes genes: SP1, BAFF, GAPDH e hG-CSF. Para a biopsia hepatica,
respectivamente, o tempo operatério médio, o nimero de tentativas, peso do fragmento
e rendimento de RNA nos grupos US (10,0 £ 1,5 min; 1,1 £ 0,2; 23,2 £ 1,0 mg; 1.0
0.5 png RNA/mg) e LAP (13,7 = 2,5 min; 1,1 £ 0,2; 21,7 £ 1,3; 1,0 £ 0,3) foram
similares (P>0,05). De forma andloga, para a bidpsia esplénica o grupo US (9,2 + 0,9
min; 1,4 £ 0,3; 20,1 = 1,1 mg; 0,4 + 0,04 ug RNA/mg) e LAP (13,7 + 1,3 min; 1,3 £
0,4; 19,5 =+ 1,9 mg; 0,5 £ 0,05 pg RNA/mg) sendo P<0,05 apenas para o tempo
operatorio. Ja biopsia testicular 12,2 = 1,9 min; 1,0 £ 0,0; 21,2 = 1,8 mg; 2,0 + 0,2 ug
RNA/mg), além disso, ndo ocorreu alteragdo nos parametros seminais avaliados. Para
todos os oOrgdo, os parametros clinicos avaliados permaneceram dentro dos valores
normais para a espécie. Os transcritos de SP1 e BAFF foram detectados com sucesso de
forma semelhante em ambos os métodos em figado e bago, respectivamente. Em relagao
aos niveis de transcricado de hG-CSF, ndo foram detectados em nenhum dos tecidos

estudados, sugerindo que ndo had expressdo ectdpica nestes orgdos. As execucdes dos



métodos de bidpsia utilizados nesse estudo permitem a obtengdo de amostras teciduais

de figado, baco e testiculo sem a ocorréncia de processos dolorosos intensos.



ABSTRACT

This study aimed to evaluate the application of different techniques to obtaining biopsy
tissue samples from liver, spleen and testis, targeting gene expression studies in goats.
Six Canindé male goats were used, two belonging to 10M transgenic lineage for human
granulocyte colony stimulating factor (hG-CSF) and four non-transgenic. Two non-
transgenic bucks were not subjected to biopsy procedures being used as controls on
behavioral assessments. The lenght for each procedure, the number of attempts and
weight of the biopsy fragment were recorded. Biopsies of the liver and spleen were
performed guided by ultrasound and laparoscopy. The testicular biopsies were
performed percutaneously with Tru-Cut needle and 100 days after the biopsy and
seminal evaluation was conducted. After biopsy procedures bucks were examined
during the first 24 h (every 8 h) to verify any signal of pain, such as curvature of the
back, difficulty of moving, and decreased appetite. Additionally, the organs were
submitted to ultrasonography for 48 h. Total RNA was prepared using the RNeasy mini
kit according to the manufacturer’s instructions. The PCR amplifications were
performed in a Master-Cycler EP Realplex 4 S for the target gene SP1, BAFF, GAPDH
e hG-CSF. For liver biopsy, respectively, the mean operative time, number of attempts,
fragment weight and RNA yield obtained by ultrasound (US) (10.0 £ 1.5 min, 1.1 £0.2;
23.2+ 1.0 mg, 1.0 £ 0.5 mg RNA / mg) and laparoscopic (LAP) (13.7 £2.5 min, 1.1 £+
0.2, 21.7 = 1.3, 1, 0 £ 0.3) procedure were similar (P> 0.05). Similarly, for splenic
biopsy guided by US procedures (9.2 = 0.9 min, 1.4 £ 0.3, 20.1 £ 1.1 mg, 0.4 + 0.04 mg
RNA / mg) and LAP (13.7 £ 1.3 min, 1.3 £ 0.4, 19.5 £ 1.9 mg, 0.5 = 0.05 mg RNA /
mg) with P <0.05 only for operative time. Already testicular biopsy, 12.2 = 1.9 min, 1.0
+ 0.0, 21.2 = 1.8 mg, 2.0 = 0.2 mg RNA / mg) and no change in seminal parameters
evaluated. For both organs, the clinical parameters evaluated were within the normal
range for the species. Transcripts SP1 and BAFF were successfully detected similarly in
both methods in liver and spleen, respectively. Regarding to hG-CSF no transcripts
were detected in any tissue studied, suggesting no ectopic expression in these organs.
The executions of the biopsy methods used in this study allow obtaining tissue samples

from the liver, spleen and testis without the occurrence of severe pain processes.
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1. INTRODUCAO

A partir do primeiro relato demostrando a possibilidade de utilizagdo de um
plasmideo recombinante como vetor de transferéncia de genes exodgenos diretamente em
embrides de camundongo € que os mesmos poderiam manter essa construcao ao longo
do seu desenvolvimento (GORDON et al., 1980), a tecnologia transgénica tem se
destacado nos avancgos das biotecnologias em diversos segmentos.

Diversas aplicagoes desta ferramenta biotecnoldgica, como a produgdo de
produtos farmacoldgicos, a producao de modelos para estudos de doengas animais ou
humanas, a melhoria de caracteristicas de produgdo animal, o estudo da regulacdo e a
expressdo génica, entre outras, sdo direta ou indiretamente relacionadas ao bem estar do
homem (HOUDEBINE, 2000; WHEELER; WALTERS; CLARK, 2003).

As técnicas de obtencao de animais transgénicos ja demonstraram que a inser¢ao
do transgene no genoma hospedeiro ¢ predominantemente aleatoéria (CLARK et al.,
2000), o que torna a expressao transgénica, quando presente, de regulacdo imprevisivel.
Os eventuais impactos que essa integracdo aleatoria pode vir a proporcionar ao bem
estar dos animais transgénicos sdo decorrentes da expressao ectopica do transgene e/ou
reabsor¢io de proteinas biologicamente ativas (RULICKE; HUBSCHER, 2000; DUNN;
PINKERT; KOOYMAN, 2005).

Os estudos que visam a avaliagdo das mudangas fenotipicas oriundas da inser¢ao
aleatoria do transgene realizam uma avaliacdo da expressdao génica em diferentes
tecidos (HUANG et al., 2012; SEROVA et al., 2012), no entanto, a coleta das amostras
para realiza¢do de tal metodologia ¢ sempre realizada posteriormente a eutanasia dos
animais estudados (KONG et al.,, 2009; YIN et al., 2012). Dessa forma, faz-se
necessaria a busca por alternativas metodoldgicas que possam viabilizar o estudo da
expressao génica em diferentes tecidos sem a necessidade da realizagdo da eutanasia.

Atualmente diversas ferramentas diagnoésticas estao disponiveis para a medicina
veterindria e quando utilizadas de maneira adequada podem proporcionar informagdes
especificas a respeito da fisiologia animal e de condi¢des patoldgicas. A exigéncia de
uma instrumentacdo aplicada para melhorar a capacidade de diagndstico tem
impulsionado avangos no desenvolvimento, adequagdo e utilizagdo de diferentes

recursos (KING, 2006).
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Na medicina veterinaria, dentre os recursos auxiliares disponiveis para
investigacdo ou estabelecimento do diagndstico de doengas ou alteragcdes de 6rgdos em
animais domésticos, encontram-se as provas bioquimicas, a radiologia e a
ultrassonografia (RADOSTITS; MAYHEW; HOUSTON, 2002). Embora possam
confirmar indicios de comprometimento do 6rgdo e determinar a relativa severidade da
doenga, esses métodos raramente fornecem informacgdes especificas (BUNCH; POLAK;
HORNBUCKLE, 1985; BARR, 1995).

As biopsias guiadas por imagem surgem com uma alternativa promissora que
permitem informacdes especificas do tecido avaliado. Os beneficios da utilizagdo das
ferramentas de biopsia na medicina veterinaria sdo muitos. As facilidades de realizagao,
assim como as infrequentes complicacdes e a importancia diagnostica, tem
incrementado seu uso (KING, 2006). Em grandes animais, as principais ferramentas de
imagem que vem sendo utilizada sdo a ultrassonografia e laparoscopia e a associagdo
dessas técnicas a realizacdo de bidpsias teciduais tem permitido a realizagdo de estudos
anatomopatolégicos (SILVA; STOPIGLIA; FANTONI, 2002; GONZALO-ORDEN et
al., 2003; NESPOLI et al, 2010).

O fragmento coletado através das técnicas de biopsias possibilita a realizacao de
diferentes avaliacdes como a histologia classica, imuno-histoquimica, exame
histopatologico e métodos moleculares, tais como a Reacdo em Cadeia de Polimerase
(PCR) (NESPOLI et al, 2010). A utilizagdo de ferramentas biotecnoldgicas como a RT-
PCR no estudo funcional de genes tem sido descrita com sucesso na avaliacdo da
expressdo ectopica em animais transgénicos (KONG et al., 2009; SEROVA et al.,
2012). Por conseguinte, o emprego de bidpsias teciduais nos estudos que visam a
avaliacdo da expressao génica em diferentes tecidos pode vir a diminuir a necessidade
de sacrificio dos animais, assegurando o bem estar animal e viabilizando este tipo de

estudos em espécies produtivas.
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2. REVISAO DE LITERATURA

2.1. REGULACAO DA EXPRESSAO GENICA EM ANIMAIS TRANSGENICOS

Para ser expresso corretamente, um transgene deve conter idealmente um
promotor, acentuador, silenciadores, introns, € um terminador de transcri¢dao
(HOUDEBINE, 2007). Um fragmento de DNA genomico longo contendo o promotor
de interesse geralmente fornece niveis de expressao elevados do transgene (BISCHOFF
et al.,, 1992; RIVAL-GERVIER et al., 2002). Alguns investigadores acreditam que a
secrecdo de proteinas recombinantes em 1-2 mg/mL no leite ¢ economicamente
aceitavel. Esta estimativa ¢ relevante para as proteinas que estdo normalmente presentes
em concentragoes elevadas, tais como albumina ou fibrinogénio (WALL; KERR;
BONDIOLI, 1997; HOUDEBINE, 2009).

Para as proteinas com atividade bioldgica elevada, tais como fatores de
crescimento e citocinas, estes niveis ndo sdo adequados porque as proteinas
recombinantes podem ser potencialmente prejudiciais para os animais transgénicos
(HOUDEBINE, 2009). Nao ¢ surpreendente que uma lista das proteinas humanas
produzidas por animais transgénicos ndo inclui quaisquer fatores de crescimento ou
citocinas (LUBON, 1998; RUDOLPH, 1999; GOL’'DMAN; KADULIN; RAZIN, 2002;
HOUDEBINE, 2007; NIEMANN; KUES, 2007). O efeito deletério que podem vir a
ocorrer em animais transgénicos pode ser devido a expressao ectopica do transgene e/ou
absor¢do de proteinas biologicamente ativas a partir de leite quando a concentragdo de
proteina ¢ excessiva.

As primeiras tentativas da engenharia genética em animais resultaram em alguns
problemas fisiologicos nos animais transgénicos, atribuidas ao controle inadequado da
expressdo do transgene, resultando na superexpressdo ou expressdo em tecidos ndo
especificos (PURSEL et al., 1990). O acoplamento de gene exdgeno com um promotor
especifico para um tecido modula os padrdoes de expressdo diminuindo os impactos
negativos no bem-estar devido a expressao génica.

As sequencias proximais ao sitio de integracdo do transgene sdo responsaveis
por regular a expressdo do transgene, resultando em um complexo efeito de posi¢ao de
variegacdao. O efeito de posi¢ao de variegacdo pode causar diferentes modificagdes
epigenéticas, semelhantes a metilacio do DNA e acetilacdo da histona. No entanto,

ainda ndo se conhece quais dos fatores, efeito de posicdo ou modificagdes epigenéticas,
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possuem um papel mais importante na regulacdo da expressdo do transgene (YIN et al.,
2012).

Os mecanismos que provocam o fenomeno de instabilidade do transgene sao
pouco compreendidos. Geralmente, o numero de coOpias do transgene e estado de
metilagdo do DNA podem influenciar a expressdao génica (GARRICK et al., 1998).
Estes sdo muitas vezes considerados como principais fatores que resultam em
silenciamento incompleto ou completo da expressao do gene de interesse (MARTIN;
WHITELAW, 1996). Em alguns casos, multiplas cdpias do transgene sao dispostas no
sentido 3’-5°, e assim integradas aleatoriamente no genoma do hospedeiro, podendo
causar interferéncias de transcricdo e consequentemente reprimir a expressdo
(ESZTERHAS et al., 2002; STRATHDEE; IBBOTSON; GRANT, 2006). A metilagdo
do DNA ¢ o candidato mais forte para o silenciamento de expressao, porque pode levar
para inatividade transcricional de determinados genes, podendo ser estavelmente
herdada através de mitose, e transmitidos a geragdes subsequentes (KEARNS et al.,
2000; SHUMACHER et al., 2000). Em particular a metilagdo do promotor foi associada
com o silenciamento do transgene tanto in vitro quanto in vivo (PROSCH et al., 1996;
MEHTA et al., 2009).

Em suinos transgénicos para a Proteina Fluorescente Verde (GFP) diferentes
niveis de expressdo foram detectados em intestino, ovario, utero, pulmao, figado,
lingua, rim, coracdo, musculo, tecido adiposo, bagco e estdmago. Nestes animais a
expressdo de mRNA na descendéncia foi significativamente menor, mais de cinco
vezes, em comparacdo com o fundador. A regulacdo da expressdo do transgéne nesses
animais foi regulada pelo nimero de copias do transgene e padrao de metilagdo do
promotor (KONG et al., 2009).

Tendo por finalidade analisar o efeito da posicdo e modificagdes epigenéticas
sobre a regulacdo da expressdo do transgene, estudos utilizando dois suinos
transgénicos que expressavam GFP sob o controle do promotor de citomegalovirus
demonstraram que o efeito da posi¢do esta associado com os locais de integragao,
podendo controlar a expressdao do transgene diretamente por elementos reguladores,
como potenciadores e silenciadores, e indiretamente por modificagdes epigenéticas
(YIN et al., 2012).

Estudos realizados em diferentes linhagens de camundongos transgénicos para a
eritropoietina humana observaram uma taxa de mortalidade de 39% nos animais

transgénicos, cerca de oito vezes maior que a mortalidade do controle. Ainda no mesmo
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estudo, expressdo ectopica do mRNA do Dimero da Eritropoietina Humana (dHuEPO)
foi detectada através da RT-PCR em diversos tecidos, incluindo coracdo, figado, rim,
pulmao e baco. Assim, € possivel que a expressao ectopica da dHuEPO tenha vindo a
causar faléncia multipla dos 6rgaos nos camundongos transgénicos (YUN et al., 2012).

Com o intuito de estudar possiveis consequéncias adversas de uma elevada e
persistente produgdo de neutréfilos, camundongos transgénicos, expressando o Fator
Estimulante de Colonias de Granulécitos Humanos (hG-CSF) no leite, foram
monitorados por um periodo de mais de um ano (SERIZAWA et al., 2000). Estes
animais apresentaram granulocitopoiese e neutrofilia. A continua granulocitopoiese
medular e extramedular resultaram em alteragdes nos ossos e figado. Entretanto, mesmo
tendo sido observada uma infiltracdo pulmonar por neutrdfilos maduros, lesoes
pulmonares raramente foram encontradas. Embora tenha existido um aumento
persistente nos neutrdfilos, a mortalidade ndo diferiu entre os camundongos
transgénicos e ndo transgénicos. Desta forma, os autores concluiram que outros fatores,
além da elevada produgdo de hG-CSF e da neutrofilia, possivelmente, foram necessarios
para o desenvolvimento de danos teciduais cronicos e agudos mediados por neutrofilos.

Linhagens de camundongos transgénicos foram obtidas para promover secre¢ao
tecido-especifica do hG-CSF no leite, apresentando uma faixa de 19-40 pg/mL. A
analise em RT-PCR de varios tecidos de camundongos transgénicos demonstraram que
a expressao do hG-CSF foi detectada apenas na glandula mamaria da progénie de todos
os fundadores. Além disso, nenhum camundongo transgénico mostrou quaisquer
alteracdes na hematopoiese com base no numero de granuldcitos no sangue e também
foram capazes de produzir progénie transgénica por heranca mendeliana (SEROVA et
al., 2012).

Diante do exposto fica evidente que as mudangas fenotipicas resultantes da
insercdo aleatéria do transgene no hospedeiro podem ser cruciais para o bem estar
animal. Dessa forma, apds obtengdo de animais transgénicos biorreatores, sdo
necessarios estudos que visem a caracterizagdo fenotipica dos mesmos a fim de

conhecer os possiveis impactos causados na fisiologia do animal.
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2.2. FERRAMENTAS DIAGNOSTICAS NA VETERINARIA

Os exames complementares se destinam a auxiliar os profissionais da area de
saude no estabelecimento de um diagnostico correto, juntamente com a avaliagcdo dos
sinais e sintomas do paciente. Com a evolucdo da medicina veterinaria, notou-se que a
relagdo entre sinal patognomdnico e doenca nem sempre ¢ biunivoca. Nesse ponto,
surge a necessidade de se langar mdo de exames complementares, residindo sua
importancia no fato de os exames fornecerem subsidios indispensaveis para o
estabelecimento do diagnéstico definitivo como também para a elaboracao do
prognoéstico, planejamento terapéutico e preservacdo do paciente (VIGNOLI;
SAUNDERS, 2010).

Os beneficios da ultrassonografia como uma ferramenta de diagnostico por
imagem veterinaria sao inumeros. Exames de rotina t€ém demonstrado a auséncia de
efeitos biologicos prejudiciais, embora constantes revisdes sejam realizadas para
garantir que esta afirmativa permanece verdadeira. A ultrassonografia ¢ considerada um
procedimento seguro para o paciente, operador e pessoas proximas, o que lhe permite
ser realizada em qualquer localizagdo sem a necessidade de precaucdes de seguranca
especificas (PRESTON; SHAW, 2001). E uma técnica ndo invasiva e, portanto, bem
tolerada em animais ndo sedados, permite a realizacdo de exames seriados para
monitorar a progressdo da doenca, resposta ao tratamento, ou para a pratica de técnicas
de escaneamento possiveis (NYLAND; MATTOON, 2002).

Embora seja preciso pratica e experiéncia para alcancar competéncia e confianca
com a técnica, especificas aplicagdes podem ser facilmente e rapidamente aprendidas
at¢é mesmo por operadores inexperientes (DICKIE et al., 2003). A capacidade da
ultrassonografia em distinguir fluidos de tecidos moles e realizar a diferenciacdo entre
0s mesmos com base nas suas caracteristicas a torna mais adequada que a radiografia
para examinar tais estruturas (NYLAND; MATTOON, 2002). A ultrassonografia,
portanto, fornece uma alternativa ndo invasiva para muitos procedimentos de contraste
radiolégico, embora as duas técnicas ainda devam ser consideradas como
complementares. A ultrassonografia também pode muitas vezes fornecer informagoes
que anteriormente s6 estavam disponiveis através de laparotomia exploratdria.

A ultrassonografia, no entanto, também possui limitagdes. A interpretacdo ¢

necessaria no momento do estudo, podendo se tornar dificil a obtengdo de informacgao
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significativa somente a partir das imagens do exame. Os resultados sdo, portanto,
dependentes da experiéncia e habilidade do operador, embora aplicagdes especificas
possam ser aprendidas rapidamente, € necessaria pratica e experiéncia para alcancar um
amplo conhecimento técnico e, portanto, a confianca nos resultados. Também ¢
necessario ter um conhecimento profundo da anatomia regional relevante, uma vez que
a interpretacdo precisa de imagens depende diretamente da diferenciacdo entre a
anatomia normal e anormal. Outra limitagdo refere-se incapacidade dos ultrassons em
penetrar estruturas cheias de gis ou Osseas, portanto, janelas acusticas devem ser
encontradas a fim de evitar a interposi¢ao de osso ou de gas entre o transdutor e a regido
de interesse, apesar de muitas vezes isso pode ser conseguido através do
posicionamento judicioso do paciente (HERRING; BJORNTON, 1985; NYLAND;
MATTOON, 2002).

Por meio da ultrassonografia ¢ possivel detectar alteragdes em tamanho,
contornos, textura e arquitetura de 6rgaos abdominais. Sendo que estas podem sugerir
uma lesdo, mas ndo permite a diferenciagdo de lesdo em benigna ou maligna.
Entretanto, a auséncia de alteragdes ultrassonograficas nao exclui a existéncia de doenga
(CARVALHO, 2004).

Para um diagnostico definitivo € necessario recorrer as biopsias, que sao
indicadas para confirmar, sustentar ou eliminar probabilidades diagnosticas. Baseiam-se
no histérico do animal, exame fisico, laboratoriais, avaliacdo radiografica e
ultrassonografica, a fim de obter um prognéstico e planejamento terapéutico
(VIGNOLI; SAUNDERS, 2010).

As biopsias percutaneas podem ser guiadas por ultrassom e assim aumentar a
probabilidade de se obter boas amostras das lesdes, haja vista que a agulha sera
direcionada exatamente para o 6rgao alterado e, mais precisamente, para a area de lesao
detectada ultrassonograficamente. Também evita atingir areas de tecidos normais,
grandes vasos e areas com contetido liquido, que apresentam pouca celularidade ou que
podem ser areas de necrose, minimizar os riscos (NYLAND; MATTON, 2005).

A laparoscopia ¢ um procedimento cirargico minimamente invasivo no qual por
meio de um endoscopio inserido transabdominal é possivel observar os 6rgaos dentro
das cavidades abdominais e pélvicas. Durante a laparoscopia, o cirurgido pode
inspecionar visualmente as visceras e superficies peritoniais. A laparoscopia

exploratoria ou procedimentos cirurgicos laparoscopicos simples, como a realizagdo de
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bidpsia laparoscopica, sdo realizados utilizando técnicas laparoscopicas basicas
(ANDERSON; GAUGHAN; ST-JEAN, 1993; KASSEM et al., 2011).

As biopsias conduzidas com auxilio da videolaparoscopia proporcionam o
controle visual do procedimento e monitoramento das hemorragias decorrentes do
mesmo. No entanto, o procedimento laparoscopico ndo ¢ uma técnica cirurgica facil.
Exige um bom conhecimento da anatomia e topografia abdominal e treinamento
rigoroso. Deve ser realizado com grande cuidado e delicadeza porque complicagdes tais
como perfuragdes de 6rgaos podem ocorrer. Além disso, também requer a utilizagao de

tecnologia sofisticada e dispendiosa (BOURE, 2005).

2.3. BIOPSIA HEPATICA EM RUMINANTES

A biopsia hepatica em ruminantes tem aplicagdo clinica importante, pois fornece
aos profissionais informagdes sobre a estrutura morfoldégica e a composi¢ao

bromatoldgica do 6rgao (AMORIM et al., 2003).

2.3.1. Biodpsia Percutanea

Ha grande variacdo entre os locais utilizados para realizagdo das biopsias
percutaneas. Na espécie ovina, sdo utilizados, geralmente, como referéncia principal os
Espacos Intercostais (EI), que varia desde o 8° (PEARSON; CRAIG, 1980) ¢ 9° EIl
(DICK, 1944), até¢ por¢des mais caudais como o inicio da fossa paralombar direita
(HOGAN; MONEY; WALKER, 1971).

Na espécie bovina, a maior parte dos estudos utiliza o 11° EI como referéncia
principal (LOOSMORE; ALLCROFT, 1951; PEARSON; CRAIG, 1980; BRAGA;
CASTILHOS; SANTOS, 1985; AMORIM et al., 2003), seguidos pelo 12° (GARNER,
1950; WHITEHAIR et al., 1952) e 10° EI (UDALL; WARNER; SMITH, 1952;
HUGHES, 1962). Nos trabalhos mais antigos, a segunda referéncia mais comumente
utilizada era uma distancia fixa da coluna vertebral até o EI determinado (GARNER,
1950; LOOSMORE; ALLCROFT, 1951; WHITEHAIR et al., 1952).

Nos ovinos, os procedimentos sdao realizados com os animais em estagao
(PEARSON; CRAIG, 1980; HARVEY et al., 1984; FERREIRA; VAN DER MERWE;
SLIPPERS, 1996), com membros anteriores suspensos (DONALD; PAULL;
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LANGLANDS, 1984) ou em decubito dorsal (DICK, 1944). Ja entre os bovinos,
verifica-se que na grande maioria dos estudos, os animais foram contidos em estacdo
(UDALL; WARNER; SMITH, 1952; WHITEHAIR et al., 1952; PEARSON; CRAIG,
1980; BRAGA; CASTILHOS; SANTOS, 1985; AMORIM et al., 2003).

A técnica empregada nos diferentes estudos variam de acordo com o local da
biopsia e o tipo de instrumental utilizado. Com instrumentais de maior didmetro a
introducdo nas cavidades corpdreas era realizada através de uma incisdo na pele
(HUGHES, 1962; CHAPMAN et al., 1963; BUCKLEY; EIGENDORF; DORWARD,
1980; AMORIM et al., 2003). Ja as agulhas de menor calibre sdo introduzidas tanto
através de pequena incisdo (PEARSON; CRAIG, 1980; FERREIRA; VAN DER
MERWE; SLIPPERS, 1996), como também através da pele integra (SCHERER et al.,
1999; SCHERER et al., 2000) ou por intermédio de agulha hipodérmica de grosso
calibre (BRAGA, 1985). A adocdo de infiltracdo de anestésico local variou entre os
autores. Na maior parte dos estudos a infiltragdo anestésica foi empregada.

O sentido para introdugao dos aparatos teve influéncia direta do local escolhido
para a realizagdo das bidpsias. Quando o instrumento foi introduzido nos EI mais
caudais, como 11° ou 12° geralmente se adotou o sentido cranio-ventral (SEGHETTI,
MARSH, 1953; BONE, 1954; PEARSON; CRAIG, 1980; NESPOLI et al., 2010 -
Figura 1). Em contrapartida, nos EI mais craniais, como 8° 9° e 10° o aparato foi
direcionado no sentido caudo-medial (HUGHES, 1962; HARVEY et al., 1984).

O uso das agulhas Tru-Cut e de Vim-Silverman ndo esta sujeito a variagdes
substanciais. A agulha de Vim-Silverman ¢ introduzida na cavidade com mandril. Uma
vez sob a capsula do 6rgdo procede-se a retirada do mandril. Em seguida, o estilete em
forquilha munido com farpas ¢ introduzido além da ponta da agulha no tecido hepatico.
Entdo, ambas as partes sdo retiradas junto com o fragmento de tecido preso entre as
farpas do estilete. A agulha Tru-Cut, por sua vez, ¢ introduzida no tecido hepatico com
o mandril recolhido. A canula externa ¢ puxada para trds, para que o tecido possa
penetrar nos sulcos do mandril. Em seguida, a medida que a canula avanga sobre o
entalhe, o fragmento hepatico ¢ seccionado (DIRKSEN, 1993).

Na grande maioria dos estudos realizados em ovinos e bovinos, as bidpsias
hepaticas percutaneas foram conduzidas sem complicagdes clinicas relevantes, a
despeito do calibre do instrumental utilizado ou da frequéncia de procedimentos adotada

pelos autores.
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2011), minimizadas pelo controle visual dos procedimentos laparoscopicos e pela
possibilidade de inspecdo e corre¢do precoce de hemorragias excessivas (COSTA et al.,
2005), estdo inclusas as complicacdes relacionadas com a propria abordagem
laparoscopica. Neste contexto, sdo descritos o embolismo por ar, distirbios acido-base
induzidos por CO,, reducdo do débito pulmonar por compressao diafragmatica
(KERWIN, 1995), pneumotoérax, perfuracdo de visceras durante a introdugdo dos
conjuntos trocarte/canula, enfisema subcutaneo (COSTA et al., 2005) e introducdo do

endoscdpio no saco omental (PHILLIPPO, 1973; HIDIROGLOU; IVAN, 1993).

Figura 3. Biopsia hepatica assistida por laparoscopia em ovinos. (A) Imagem
endoscopica da introdugdo da agulha Tru-cut na cavidade abdominal e no parénquima
hepatico. (B) Imagem endoscopica do posicionamento da pingca de Blakesley para
apreensao da borda hepatica. (C) Imagem endoscopica da ressec¢do de fragmento
hepatico com tesoura de dissec¢do. (D) Lamina profunda do omento maior sobre a

superficie do lobo direito do figado (NESPOLI et al., 2010).

2.4. BIOSIA ESPLENICA

O bago ¢ um 6rgao hematopoiético cuja principal funcao ¢ a filtragdo do sangue

através do seu sistema sinusoidal (VALLI, 2007), sendo responsavel pela estocagem de
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plaquetas e eritrocitos maduros, pela maturacdo de reticuldcitos, fagocitose e destruicdo
de eritrécitos, plaquetas e leucocitos e hematopoiese extramedular (FRY; MCGAVIN,
2009), além de atuar no metabolismo do ferro (CHRISTOPHER, 2003). A natureza
destas fungdes faz com que o bago tenha sua aparéncia macro e microscopica afetadas
por uma grande variedade de doengas sistémicas inflamatdrias e doengas hematologicas
(VALLL, 2007).

Diferentes alteragdes podem comprometer o baco. Dentre elas, os distirbios de
crescimento, anormalidades circulatérias (hematoma, congestdo, trombose, infarto e
inflamacdo) e as neoplasias, primarias ou metastaticas, sdo os principais exemplos
(VALLI, 2007). Todos estes processos, sozinhos ou combinados, podem resultar em
aumento esplénico uniforme ou nodular (FRY; MCGAVIN, 2009).

Por meio da ultrassonografia ¢ possivel avaliar o tamanho e o parénquima
hepatico, detectando a presenca de lesdes difusas ou focais, solidas ou cavitarias. O
ultrassom também pode guiar as biopsias aspirativas ou Tru-Cut (Figura 4), facilitando
a obtencao de amostragem de lesdes focais ou auxiliando a determinar a causa de
esplenomegalia difusa (NYLAND; MATTON, 2005).

Alguns autores relatam que as biopsias aspirativas de baco sdo mais indicadas
que as Tru-Cut, devido ao risco de hemorragias, tanto nos homens, quanto nos animais
(CHRISTOPHER, 2003). Nyland; Matton (2005) indicam para a realizacao da Biopsia
Aspirativa por Agulha Fina (BAAF), o método indireto ou a mao livre, utilizando
agulhas de 20 a 22 gauge. Ja LeBlanc et al. (2009) indicam agulhas de 22 a 25 gauge.
Em lesdes focais menores, os usos de um guia de biopsia e de uma agulha espinhal
contribuem para um posicionamento preciso da agulha. Em lesdes de massas esplénicas
solidas, as biopsias Tru-Cut sdo uteis e podem ser realizadas com seguranca, quando o
aspirado nao for conclusivo (NYLAND; MATTON, 2005).

Os clinicos manifestam muitas preocupagdes com as possiveis complicagcdes da
aspiragdo do baco, especialmente a hemorragia. Mas estas complicacdes também
dependem do tamanho e numero de amostras obtidas, da probabilidade de dano aos
vasos, da natureza da patologia, bem como a localiza¢ao da lesdo. No entanto, ndo ha
evidéncias que o sangramento seja tdo importante ao ponto de limitar a técnica por
complicacdes em caes, gatos ou seres humanos (CHRISTOPHER, 2003). Soderstrom
(1979) aspirou mais de 1000 figados humanos com agulhas de 22 gauge ou com menor
diametro, porém nao observou nenhuma complicacao hemorragica. Segundo Chou et al.

(2008), a incidéncia de hemorragia esplénica pds-biopsia estd entre 0% e 2%.
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Christopher (2003) também relata que BAAF realizadas em 28 caes e cinco gatos nao
observaram nenhum tipo de complicacao. No que se refere aos pequenos ruminantes, a
realizacdo de biopsia esplénica ainda nao ¢ bem relatada na literatura.

Sempre ¢ recomendado avaliar os pardmetros de coagulacdo antes da realizagdo
de qualquer tipo de biopsia esplénica, pois a biopsia ou aspirado de bago geralmente sdao
indicados em animais com doengas hematoldgicas, que muitas vezes estdo associadas a
trombocitopenia. Além disso, embora haja um risco tedrico de semear células tumorais
ou propagacao de organismos com aspiracao por agulha fina, ndo ha nenhuma evidéncia

de que isto resultou da aspira¢ao do baco nos animais (CHRISTOPHER, 2003).

Figura 4. Execu¢do das técnicas de biopsia esplénica percutanea guiada por
ultrassonografia ou assistida por laparoscopia em caprinos. A. Posicionamento da
agulha e transdutor durante realizagdo da técnica de ultrassonografia. B. Acesso
laparoscopico pela via transumbilical e posicionamento da agulha para realizacdo da

biopsia em caprinos (Fonte: LFCR).

2.5. BIOPSIA TETICULAR

A avaliagdo do desempenho reprodutivo em machos de diversas espécies tem
sido realizada através de exames fisicos, ultrassonograficos, avaliagdo seminal e ensaios
hormonais (LEONG ; MATTHEWS, 1982; LOPATE; THERELFALL; ROSOL, 1989).
Adicionalmente, técnicas de exames complementares sdo frequentemente necessarias
para determinar a severidade, etiologia e progndstico de alteragdes reprodutivas
(LARSEN, 1977).

A bidpsia testicular vem sendo utilizada em estudos da fisiologia e patologias
reprodutivas, em animais domésticos e silvestres, por ser um método conservativo da

capacidade reprodutiva dos animais, ndo apresentando efeitos deletérios na producdo
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espermatica em longo prazo (LOPATE; THERELFALL; ROSOL, 1989; ATTIA et al.,
2000). Este método ¢ uma excelente alternativa a castra¢do ou hemicastragdo, uma vez
que fornece material suficiente para a analise microscopica representativa do testiculo,
pelo fato de ndo se observarem diferencas significativas na composi¢do do parénquima
testicular entre as diferentes regides do mesmo (AMANN; SCHAMBACHER, 1983).

O procedimento de bidpsia testicular pode ser Util no diagnostico de aplasia de
células germinativas, hipoespermatogénese, inflamagdo, neoplasias (LOPATE;
THERELFALL; ROSOL, 1989), infertilidade  imunomediada  (OLSON;
SCHULTHEISS; SEIM, 1992), anormalidades cromossomicas sexuais ¢ distirbios de
diferenciagdo sexual (WONG; STRAUS; WARNER, 1973). Além disso, pode ser
utilizado na avaliagdo da fisiologia reprodutiva masculina (FRENEAU et al., 1989;
GUIMARAES et al, 1989) e mensuragdes hormonais (BLANCHARD; VARNER,
1996).

A bidpsia testicular ¢ recomendada para diagndstico de azoospermia nas
diferentes espécies domésticas (FINCO, 1974; ATTIA et al., 2000), podendo fornecer
informacao adicional sobre o estado espermatogénico de animais inférteis, assim como
a etiologia, o tratamento e o prognostico (LOPATE; THERELFALL; ROSOL, 1989).
Esta técnica, entretanto, pode ocasionar lesdes no parénquima testicular que poderiam
afetar a qualidade espermatica e a fertilidade dos animais (HEDGER, 1997). As
complicagdes potenciais da biopsia sao danos que provocam interrupgao local da
espermatogénese ou aderéncias que podem impedir a termorregulacdo testicular. Estas
complicacdes tém feito com que a técnica de bidpsia testicular seja pouco aceita, tendo
assim uso limitado (ATTIA et al., 2000).

Sendo um método direto de avaliagdo do orgdo afetado, a técnica de biopsia
permite na maioria dos casos verificar a extensdo da lesdo, quando presente (LEVIN,
1979). Diferentes técnicas de biopsia testicular foram desenvolvidas, com vantagens e
desvantagens (BLANCHARD; VARNER, 1996; SARTORI et al., 2002a,b). Dentre
essas se destacam: biopsia aberta ou incisional, biopsia por puncao com agulhas Tru-
Cut (Figura 5) e pungao aspirativa com agulha fina, sendo a primeira muito invasiva e a
ultima pouco invasiva, mas com poder de diagnostico limitado. Quando realizadas de
maneira inadequada, especialmente as técnicas aberta ou incisional, podem ocorrer
complicagdes como hemorragia, hematoma, calcificagdo, fibrose, inflamagao, infecgdes,

reacOes autoimunes e degeneragcdo do epitélio germinativo e dos tibulos seminiferos
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(COHEN et al., 1984; LOPATE; THERELFALL; ROSOL, 1989; SARTORI et al.,
2002a).

Figura 5. Execucdo das técnicas de bidpsia testicular percutdnea com agulha Tru-Cut
em caprinos. A incisdo través da pele escrotal e tunicas permite a identificacdo de seus

vasos sanguineos e o desvio dos mesmos no momento da inser¢ao da agulha de bidpsia
(Fonte: LFCR).
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3. JUSTIFICATIVA

A obtencdao de animais transgénicos expressando moléculas biologicamente
ativas, como o hG-CSF, traz consigo a preocupacdo com a potencial efeito in vivo da
proteina recombinante. Nesse contexto, quando se refere ao controle do promotor, a
expressdo ectopica do gene exdgeno tem sido relatada na literatura (SERIZAWA et al.,
2000; YUN et al., 2012), podendo ser a principal causa da ac¢do biologica in vivo da
proteina recombinante no animal transgénico.

Em se tratando de transgenia, muitos estudos que visam a avaliacdo das
mudangas fenotipicas oriundas da inser¢do aleatoria do transgene realizam avaliacdo da
expressao em diferentes 6rgaos (HUANG et al., 2012; SEROVA et al., 2012). Para esse
fim, a coleta das amostras teciduais ¢ realizada posteriormente a eutanasia dos animais
(KONG et al., 2009; YIN et al., 2012). Além disso, no modelo caprino para transgénese,
assim como nas demais espécies animais de producado, a avaliacdo dos diversos tecidos
¢ dificultada, ou mesmo inviabilizada, devido ao restrito niimero de exemplares
existentes. Assim, tendo em vista a importancia de um animal transgénico, faz-se
necessaria a busca por alternativas metodoldgicas que possa viabilizar o estudo da
expressdo génica em diferentes tecidos sem a necessidade da realizagdo da eutandsia
animal.

A medicina veterinaria diagnoéstica €, hoje, um conglomerado de especialidades
direcionadas a realizacdo de exames complementares no auxilio ao diagndstico, com
impacto nos diferentes estagios da cadeia de salide animal: preven¢do, diagndstico,
prognoéstico e acompanhamento terapéutico. Nesse ambito, os métodos de diagndstico
por imagem estdo em constante renovagdo € incorporagao de novas tecnologias, tudo
em favor da saude e do bem estar dos animais (CAMPANA et al., 2009).

Em ruminantes, as técnicas de ultrassonografia e laparoscopia sdo de uso mais
frequentes e tornam-se necessarias para a realizagdo de uma investiga¢do diagnostica
acurada. Além disso, a associagdo dessas técnicas a realizacdo de biopsias teciduais tem
promovido informag¢des ainda mais especificas de determinadas patologias e condig¢des
fisiologicas. Nesse ambito, a utilizagdo de técnicas de imagens associada com estudos
de expressdo génica em animais geneticamente modificados pode trazer informagdes
importantes no estudo da fisiologia dos mesmos ¢ quando associado com bidpsias

teciduais torna-se essencial para viabilizar a investigacao da expressao do transgene.
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HIPOTESE CIENTIFICA

e Técnicas de biopsia minimamente invasivas sdo ferramentas eficientes para
obtenc¢ao de amostras teciduais de caprinos visando estudos de expressdo génica;
e Caprinos transgénicos da linhagem 10M ndo apresentam expressdo do Fator
Estimulante de Colonia de Granulocitos humano (hG-CSF) nos seguintes

orgaos: figado, bago e testiculo.
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5. OBJETIVOS

5.1. OBJETIVO GERAL

Avaliar a aplicagdo de diferentes técnicas de bidpsia para obtencdo de amostras

teciduais de caprinos visando estudos de expressdo génica.

5.2. OBJETIVOS ESPECIFICOS

e Adequar os procedimentos de bidpsias teciduais de figado, bago e testiculo para

aplicacdo na espécie caprina;

e Avaliar acesso laparoscopico aos o6rgaos da cavidade abdominal pela via

transumbilical;

e Avaliar janela acustica para obtencao de imagens adequadas para a realizagao de

bidpsia percutanea guiada por ultrassom em figado e bago;

e Comparar as técnicas de laparoscopia e ultrassonografia para guiar

procedimentos de bidpsia hepatica e esplénica;

e Estabelecer uma metodologia de bidpsia testicular percutdnea com agulha Tru-

Cut;
e Avaliar a recuperagdo animal apos os procedimentos de bidpsia;
o Identificar possiveis alteracdes ecoestruturais dos 6rgaos biopsiado;

e Obter amostras teciduais de figado, bago, e testiculo vidveis para o isolamento

de RNA mensageiro de qualidade e a sintese de cDNA;

e Detectar e quantificar de forma acurada e precisa os transcritos de hG-CSF em

figado, bago e testiculo de caprinos transgénicos utilizando qRT-PCR.
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Laparoscopic and ultrasound-guided methods to collect liver and splenic biopsies

for gene expression analysis in transgenic goats
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Abstract. The present study aimed to compare laparoscopic (LP) and ultrasound-guided
(US) biopsy methods to obtain either liver or splenic tissue samples reliable for gene
expression analysis in transgenic goats. For this, tissue samples were collected from hG-
CSF-transgenic bucks and submitted to real-time PCR aiming endogenous genes (SP1,
BAFF and GAPDH) and transgene (hG-CSF) amplifications. Both LP and US biopsy

methods allowed to collect liver and splenic samples compatible with PCR procedures,
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concerning sample weight (mg) and RNA yield (ng/mg tissue). However, inspite of the
number of attemps to achieve the tissue samples were similar (P>0.05), LP presented a
longer procedure time than US method (P=0.03). Finally, no transgene transcripts were
detected neither in spleen nor in liver samples. For phenotipic characterization of a
transgenic line, investigation of ectopic expression in goats can be successfully made by

LP or US biopsy avoiding the traditional approach of euthanasia of a specimen.

Keywords: Biopsy, Ultrasonography, Laparoscopy, Tru-Cut, PCR, Goat.
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1. Introduction

Biotechnological applications of animal transgenesis are diverse and include the
production of pharmaceuticals, generation of human and animal disease models,
livestock improvement and gene expression studies (Houdebine, 2000).

Several experiments have shown that the level and specificity of transgene expression
cannot be easily predicted. DNA introduction by microinjection generates lines of
animals expressing the foreign gene at different levels (Clark et al., 2000). In light of the
recombinant protein being produced in the target tissue, the potential for systemic
biological activity in the transgenic animal is a possibility and has previously been
reported (Ko et al., 2000; Kim et al., 2006). This side effect can be generated by
unexpected events such as ectopic transgene expression or non-exocrine pathway of the
protein from the target-tissue to the blood (Riilicke and Hiibscher, 2000; Dunn et al.,
2005). In this context, investigation of ectopic expression in different tissues/organs is
an important and unavoidable step to phenotipic characterization of the transgenic
animals (Huang et al., 2012; Serova et al., 2012).

In a wide range, investigations of ectopic expression in transgenic animals are
performed with tissue samples collected after euthanasia of the specimens (Kong et al.,
2009; Yin et al., 2012). However, this strategy has little relevance for application in
livestock transgenic animals which are usually limited in number. Thus, development of
alternative tissue-collection methods to avoid euthanasia of livestock transgenic
animals is necessary.

The percutaneous biopsy is a promising approach because is a widely well-established
and routinely used procedure besides being slightly invasive which leads to the low
morbidity and small risks to the patient (Yu et al., 2001; Appelbaum et al., 2009;

Saloura et al., 2010). Despite the wide variation of the clinical practice concerning
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technical issues (Duarte et al., 2009; Akkan et al., 2010; Néspoli et al., 2010; Kassem et
al., 2011) the traditional approach is the blind percutaneous needle biopsy.

Concerning intra-abdominal organs, such as liver and spleen, an important issue is to
safely obtain diagnostic-reliable tissue samples without performing laparotomy (Zinzani
et al., 1998; Lipp et al., 2010). In these cases, percutaneous biopsy can successfully be
assisted by image-based techniques such as ultrasound or laparoscopy. Therefore, the
aim of the current study was to compare laparoscopic (LP) and ultrasound-guided (US)
biopsy methods to collect liver and splenic tissue samples reliable for gene expression
analysis in transgenic goats. For this, we used first generation (F1) male specimens of a
transgenic line for hG-CSF (human Granulocyte Colony-Stimulating Factor) milk
expression, previously produced by our group (Freitas et al, 2012). Also, samples were
analized concerning appropriateness of both size and quality for real-time PCR

purposes.

2. Materials and methods

2.1. Animals and management

The study was performed in the facilities of the Laboratory of Physiology and Control
of Reproduction (LFCR), located in Fortaleza, Brazil, at 3°47'38" S (latitude) and
38°33'29" W (longitude). All animal protocols were approved by the Animal Ethics
Committee of the State University of Ceard (CEUA/UECE N° 12237087-2) and Brazil's
Biosafety Technical National Committee (CTNBio 228/06).

The experimental animals were six Canindé male goats, two of which were transgenic

(T) for hG-CSF milk expression (F1 specimens of the 10M line described by Freitas et
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al., 2012) and four were non-transgenic (NT). The bucks were 2-3 years old and showed
body weight of 41.2 + 0.9 kg and body condition score 3.0 + 0.6 (1-5 scale).

All animals were maintained under similar feeding and management conditions. Briefly,
the males were raised under an intensive production system, receiving Tifton (Cynodon
dactylon) hay in stalls. The diet was supplemented with commercial concentrate (18%
crude protein). Water and mineralized salt were available ad libitum. It is noteworthy
that before the start of the experiment all animals were monitored and clinically

evaluated.

2.2. Biopsy

Each animal was subjected to biopsy procedures either ultrasound-guided or by
laparoscopy, at different moments. Both biopsy methods were randomly performed at
intervals of 15 days to obtain liver and splenic samples. In each procedure, the biopsies
were repeated to obtain three tissue fragments of appropriate size to perform the
subsequent steps. The time for performing each procedure, the number of attempts for
biopsy and weight of the obtained fragment were recorded. Two NT bucks were not

subjected to biopsy procedures being used as controls on behavioral assessments.

2.2.1. Ultrasound-guided biopsy

All procedures for ultrasound biopsy were performed under strict aseptic conditions.
The bucks were deprived of feed and water for 24 h prior to ultrasound-guided biopsy.
All animals were subjected to dissociative anesthetic protocol which consisted in the
administration of 0.2 mg/kg b.w. of xylazine hydrochloride (Kensol, Kénig, Avellaneda,

Argentina) i.m. associated with 10 mg/kg b.w. of ketamine hydrochloride (Vetanarcol
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5%, Konig, Avellaneda, Argentina) i.m. and infiltrative local anesthesia with 2%
lidocaine (Lidovet, Brasvet, Rio de Janeiro, Brazil).

For both organs, biopsy was guided by B-mode ultrasound (Pie Medical, Maastricht,
Netherlands), connected to 3.5 MHz convex transducer. To obtain hepatic fragment, the
animals were contained in the right lateral position and ultrasound of the liver tissue
carried from the 7th to 12th intercostal space on the right flank. For splenic biopsy, the
animals were placed in the left lateral position and sonographic identification of spleen
carried from 8th to 12th intercostal space of the left flank. The biopsy sites were
surgically prepared and the transducer positioned perpendicular to the ribs. A coaxial
semi-automatic biopsy system (Achieve, Cardinal Health, Ohio, EUA) attached to the
Tru-Cut type needle (14 G x 20 cm x 20 mm) was introduced crossing the intercostal
muscle and thus reaching the organ of interest. A biopsy route avoiding critical
structures and major vessels was selected under ultrasound guidance. Tissue samples
were weighed on an analytical balance and immediately stored at -80° C until RNA

extraction.

2.2.2. Laparoscopic biopsy

The bucks were were deprived of feed and water for 24 h prior to laparoscopy. All LP
biopsy procedures were performed under strict aseptic conditions. Anesthesia was
induced by administration of 20 mg/kg b.w. of thiopental sodium (Tiopentax 2.5%;
Cristalia, Sao Paulo, Brazil) i.v.; 5 min after, the goats were placed in dorsal
recumbency with their legs tied to the surgical table, and 10% lidocaine spray
(Xylestesin, Cristalia, S3o Paulo, Brazil) was administered in the oropharynx. The
animals were intubated with endotracheal tube with cuff (Endotracheal Tube Solidor,

Medic International Trading, Tianjin, China). Anesthesia was maintained by continuous
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infusion of 3% isoflurane (Isofrine; Cristéalia), using an inhalational system with
medical oxygen (HB Hospitalar, Sdo Paulo, Brazil). The airway pressure was
maintained within 20 cm of water. The tracheal intermittent positive pressure of 10 cm
of water, with oxygen flow of 1 L/min, an inspiration: expiration (I: E) of 1:2, and a
respiratory rate of 12 mpm.

Ventral midline was taken as a basic laparoscopic surgical approach and
pneumoperitoneum was conducted according to the technique described by Liem et al.
(1994) and Kassem et al. (2011). A laparoscope (Storz, Tuttlingen, Germany) of 5 mm
of diameter, 35 cm length, straight forward Hopkins with 0° viewing angle was used.
Three ports were used; one optical and two 5 mm secondary ports including one
operating port and one assisting port. The laparoscope passed through the cannula of the
primary port into the peritoneal cavity. A systemic examination of the entire abdominal
cavity was done by video camera connected to the eye piece of the laparoscope and the
images were transferred through the control unit to the TV monitor. A 360° scan was
performed for orientation and to determine if any trauma occurred by the cannula
insertion. Secondary ports were inserted to allow the passage of accessory instruments
used for manipulation of abdominal viscera. To perform liver and splenic biopsies by
laparoscopy, tertiary ports were inserted in locations that provided optimal access to the
organ of interest. They were inserted whereas the laparoscope was removed, allowing to
better evaluate the trocar entering into the abdominal cavity. After the observation of the
desirable organ (either liver or spleen), the same coaxial semi-automatic biopsy system
attached to the Tru-Cut type needle was used, directing the needle above and
perpendicular to the organ of interest in order to perform the puncture and fragment

removal. Before cannula removal, pneumoperitoneum was removed by gentle massage
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and compression of the abdomen. Biopsy samples were weighed on an analytical

balance and immediately stored at -80° C until RNA extraction.

2.3. Clinical examination and post-operative care

Before the start of the experiment and during the eight experimental weeks all animals
were daily monitored. After performed the biopsy procedures, the bucks were examined
(every 8 h) during the first day post biopys to verify any signal of pain, such as
curvature of the back, difficulty of moving, and decreased appetite (Mellor et al., 2000).
In order to quantify the intensity of the pain intensity, a numerical scale varing from 0 to
2 (0: signal absent, 1: moderate signal manifestation, 2: intense signal manifestation)
was atributed to each pain signal. Futher, the pain intensity (PI) for each animal was
represented by the sum of the values atributed to all pain signals and could reach a
maximum degree of 6 (PI=0-2: absent to mild pain, PI=2-4: mild to moderate pain and
PI=4-6: moderate to severe pain).

Additionally, the organs were submitted to ultrasonography before the procedures (T0)
and at 24 h (T24) and 48 h (T48) after the biopsies, aiming to monitor morphological
recovery and to access potential echostructural changes. Simultaneously, measurements
of rectal temperature (° C), heart and respiratory rates (bpm) and ruminal movements

(n°/3 min) were also recorded.

2.4. RNA extraction and reverse transcription

Total RNA was prepared in triplicate from each sample using the RNeasy mini kit
(Qiagen Science, Germantown, MD, USA) according to the manufacturer’s instructions.
Briefly, 600 pL lysis buffer was added to the frozen sample and submitted to 2 cycles of

6.500 Hz in a Precellys 24 homogenizer (Precellys, Bertin Technologies, Montigny-le-
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Bretonneux, France). The lysates were diluted 1:1 with 70% ethanol and transferred to a
spin column. After on-column DNase treatment, total RNA was eluted with 50 uL
RNase-free water. The reverse transcription was performed with 1 pL of Improm II
(Promega, Madison, W1, USA) in buffer, combined with 0.5 mM of each ANTP
(Promega), 40 U of RNaseOUT (Invitrogen, Grand Island, NY, USA), and RNase-free
water to make a final reaction volume of 20 puL. Reverse transcription was performed at
42° C for 60 min, followed by enzyme inactivation at 70° C for 15 min. The first strand
cDNA was then stored at —80° C for later use as template in real-time PCR
amplifications. Negative controls or RT blanks were prepared under the same
conditions, but with no inclusion of reverse transcriptase.

RNA concentrations were accurately accessed by fluorimetry using the Qubit
fluorimether (Invitrogen, USA ) and Quant-iT RNA Assay Kit (Invitrogen, USA),
following the manufacturer's instructions. The yield of total RNA per tissue sample was

expressed as pg RNA/mg tissue.

2.5. Real-time PCR

The PCR amplifications were performed in a Master-Cycler EP Realplex 4 S
(Eppendorf AG, Hamburg, Germany). The cDNA of each group run in triplicates for
target and reference genes. For liver, the target gene was Sp1 transcription factor (SP1)
and, for spleen, the B-cell activating factor (BAFF). The reference gene was
glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The hG-CSF expression was
analyzed in both organs for T and NT animals. Each reaction consisted of 20 pL total
volume containing 10 uL. 2xPower SYBR Green PCR Master Mix (Applied
Biosystems, Foster City, CA, USA), 0.3 uM of each primer and 0.5 pL cDNA. The

qPCR protocol comprehended an initial incubation at 95° C for 10 min, followed by 40
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cycles of an amplification program of 95° C for 15 s, 55° C for 15 s and 60° C for 30 s.
Fluorescence data was acquired during the 72° C extension steps. Threshold and
quantification cycle (Cq) values were automatically determined by Realplex 2.2
software (Eppendorf AG), using default parameters. Melting procedure (55-95° C,
starting fluorescence acquisition at 55° C and taking measurements at 10 s intervals
until the temperature reached 95° C) was performed to access amplification specificity.
To determine the linearity and the efficiency (E) of the PCR amplifications, standard
curves were generated for each gene using serial dilutions of a cDNA.The
corresponding real-time PCR efficiencies were calculated from the given slopes (S) of
the standard curves, according to the equation: E=10""> — 1. Linearity was expressed as

the square of the Pearson correlation coefficient (Rz).

2.6. Statistical analysis

All of the results are given as the mean values + SEM and P values less than 0.05 were
considered to be statistically significant using Prism 6.0 software (GraphPad Software
Inc., La Jolla, CA, USA). For normality, the data were subjected to Kolmogorov-
Smirnov test. Parametric variables related to samples weight, time of procedure and
RNA yield were subjected to one-way analysis of variance (ANOVA) and the averages
compared by t-test. The number of attempts in biopsy procedures was subjected to
Mann Whitney test. The relative quantification of the gene transcripts was performed
using the 2-AACt method (Livak and Schmittgen, 2001). The PCR signal was
normalized against GAPDH transcript levels. The differences in relative abundance of

specific transcripts were compared using the Mann-Whitney test.

3. Results



247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

49

3.1. Technical issues and clinical aspects

The duration of food and water fasting was considered adequate for performing the
procedure, and there was no visceral distension and regurgitation of food during the
biopsy. Furthermore, the anesthesia employed in each technique and its association with
lidocaine (local anesthesia) was considered appropriate since the bucks showed no
clinical pain signals during the procedures. Regardless to the organ or technique used,
none of 16 procedures performed caused any complications that could compromise
bucks survival and welfare. All clinical parameters were maintained within the reference
values for the species throughout the observation period and are summarized in Table 1.
Concerning to liver biopsy, the indirect visualization of the organ parenchyma by US
method was adequate to perform sample collection with minor difficulties and was
specially improved when working at the 9th to 12th intercostal space. On the other
hand, the LP method provided a clear visualization of the parietal face of the liver
which was important to avoid multiple perforations and unnecessary bleeding. The main
dificulties found during LP procedures were related to organ fixation with atraumatic
grasper and to the need for maintenance of general anesthesia. Only the LP procedure
allowed the observation of any potential bleeding in real-time. Regardless to the
technique used it was possible to obtain liver tissue samples in all procedures.
Concernin spleen biopsy, likewise to liver biopsy, US technique allowed an easy organ
identification and collection of splenic fragments.

Similarly to the liver LP biopsy, the procedure provided a total visual control of
abdominal cavity. The same advantages and obstacle earlier reported for the hepatic
biopsy by laparoscopy (3.1.2) were detected in the procedure for splenic biopsy. In both

techniques used it was possible to obtain splenic tissue samples in all procedures
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3.2. Liver biopsies

Both LP and US allowed to recover three tissue samples realible for real-time PCR
analysis after a similar (P>0.05) number of attempts (1.1 £ 0.2 vs 1.1 £0.2,
respectively). Also, the two methods spent comparable (P>0.05) surgical times (13.7 +
2.5 vs 10.0 £ 1.5 minutes, for LP and US procedures, respectively).

After US procedure, 25% (1/4) of the animals presented PI = 1 (absent or mild pain)
whereas the remaining animals (3/4) showed no signs of pain (PI=0). While performing
LP biopsies, 50% (2/4) of the animals shown PI=1 and the other half presented PI=0.
Furthermore, for both biopsy methods no echostructural alteration was observed
throughout the experimental period (Fig. 1).

Tissue samples collected by LP and US have similar (P>0.05) average weight (21.7 +
1.3 and 23.2 + 1.0 mg, for LP and US, respectively) and yielded the same (P > 0.05)
total RNA amount (1.0 £ 0.3 vs 1.0 = 0.5 ng RNA/mg tissue for LP and US,
respectively). In addition, SP1 transcript levels did not differ (P>0.05) beteween LP and
US samples (Fig. 2A). The PCR reactions were specific according to the melting
analysis of the amplicons and no amplification product was observed for negative

controls.

3.3. Splenic biopsies

Similar to that observed to liver, both LP and US allowed to recover three splenic
samples realible for real-time PCR analysis after a similar (P>0.05) number of attempts
(1.3£0.4 vs 1.4 + 0.3, respectively). However, LP procedures had a mean operative
time longer (P=0.03) than US (13.7 £ 1.3 vs 9.2 &+ 0.9 minutes, respectively). Despite of
this found, the highest PI was 1 for all animals in both methods. Thus, this PI value was

calculated for 100% (4/4) of the animals submitted to LP and for 50% (2/4) of the
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animals subjected to US. The remaining animals (2/4) showed no signs of pain after US.
Furthermore, no echostructural alterations were observed in spleen neither after LP nor
US biopsies throughout the experimental period (Fig. 3).

Regarding to fragment weight, LP and US biopsy methods have similar (P>0.05) yields
(19.5 £ 1.9 vs 20.1 + 1.1 mg). Additionally, total RNA yield were comparable (0.4 +
0.04 vs 0.5 £ 0.05 pg RNA/mg tissue for LP and US, respectively). Finally, no
differences (P>0.05) were measured by real-time PCR in BAFF transcripts beteween
splenic samples achieved by LP and US (Fig. 2B). Similar to described before for SP1,

the PCR reactions were specific and no amplificons was observed in negative controls.

3.2. Gene expression

It is noteworthy that transcript levels of hG-CSF were neither detected in spleen nor
liver tissues, suggesting no ectopic expression in these organs (Fig. 4). As expected,
amplification was not observed for the samples which reverse transcriptase enzyme was

not added (negative controls).

4. Discussion

It was possible to successfully perform liver and splenic biopsy either ultrasound-guided
or by laparoscopy. Both methodologies allowed to obtain tissue samples without
affecting animal welfare and are peasible for molecular studies. In goats there are few
reports describing biopsy techniques in soft tissues (Duarte et al., 2009; Kassem et al.,
2011). In ruminants, most of the studies have been conducted from variations of the
percutaneous biopsy technique (Harvey et al., 1984; Ferreira et al., 1996; Molgaard et

al., 2012). However, ultrasound-guided (Lofstedt et al., 1988; Néspoli et al., 2010), or
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laparoscopic biopsies (Phillippo, 1973; Duarte et al., 2009; Kassem et al., 2011) have
been quite unexplored, even with their recognized accuracy and safety.

Liver biopsy resulted in lower (NS) average of surgical time for ultrasound-guided (~10
min) than by laparoscopy (13 min), demonstrating that the use of ultrasound besides
less invasive, promoted some other benefits. The time duration reported in our study
was lower than 23 min earlier obtained in goats subjected to liver laparoscopic biopsy
(Duarte et al., 2009).

The average number of attempts to obtain a liver fragment was ~1.1 for both methods,
similar to 1.0 (ultrasound-guided) and 1.1 (laparoscopy) described by Nespoli et al.
(2010) which performed liver biopsy with the same needle as us, but in sheep. The Tru-
Cut needle allowed the recovery of serial tissue samples. In our perspective, one of the
main factors which contributed for the biopsy success was the semiautomatic
mechanism of the needle cannula. This system reduced the need to repeat the technique
for assuring the recovery of larger samples than those obtained with manual Tru-Cut
needles (Hoope et al., 1986).

Regardless to the biopsy method used, liver samples presented uniform weight.
Furthermore, the results obtained are consistent to those of percutaneous biopsy
performed with the same type of needle (Harvey et al., 1984; Ferreira et al., 1996;
Néspoli et al., 2010). Confirming previous reports, the amount of blood observed from
liver biopsy was considered clinically irrelevant (Fantinatti et al., 2003; Duarte et al.
2009), due to the favorable postoperative evolution. Futhermore, no alterations of
physical examination parameters were observed (Table 1) and according to Pugh
(2005), these data are considered physiological for the goats. Regarding to pain
intensity in both methods, it was not detected any buck showing moderate and severe

pain. Furthermore, the absence of ultrasound alterations after the procedure
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demonstrating an organ with defined contours, homogeneous and hypoechoic
echotexture corroborates with this affirmation (Fig. 1).

For splenic biopsy, the average surgical time for ultrasound-guided (~9 min) was lower
than laparoscopy (14 min) (P<0.05). Laparoscopic access to the organ via the
transumbilical was difficult to perform considering the large amount of viscera
overlapping the organ, thus resulting in a longer time to obtain the fragment.

In the current study, the average number of attempts to obtain a splenic fragment was
~1.4 for both methods. In a general way, splenic biopsy aspiration is more indicated
than the Tru-Cut due to the risk of bleeding in men and animals (Christopher, 2003).
However, our work demonstrated that in goats, the techniques used were safe and easy
to perform, needing only few attempts to obtain a fragment.

The average of splenic fragments obtained was ~20 mg (ultrasound-guided and
laparoscopy). Sample weight varies directly with the type and caliber of the biopsy
instrument, however for splenic biopsy there are no reports in the literature describing
the expected sample weight. Many concerns were expressed about the possible
complications of the splenic biopsy, especially bleeding. However, these complications
also depend on the size and number of samples obtained, of the probability of vessel
damage, on the nature of the pathology as well as the location of the lesion. Just like
dogs, cats or humans (Christopher, 2003) our results demonstrate that the amount of
blood was not a limiting factor for the execution of splenic biopsy technique. The
ultrasonography evaluations demonstrated that the organ remained with a homogeneous
echotexture and hyperechoic compared with the cortical left kidney and liver (Fig. 2).
During the biopsy procedure, the behavioural changes might indicate pain
(Dobromylskyj et al., 2000) and it is important to highlight that in the current study no

behavioral changes were identified. In cattle, even though the cows received local
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anesthesia during the procedure of percutaneous needle liver biopsy, they presented
increased restlessness, head shaking and decreased rumination, possibly indicating pain
(Molgaard et al., 2012).

SP1 transcripts were successfully detected in liver and no significant differences were
observed between both biopsy methods. The precise knowledge regarding the tissue-
specific and inducible expression of various members of the Sp/KLF family will
elucidate its interactions within and outside the family. There is emerging evidence to
indicate that SP proteins play a key role in regulating the mechanisms of nuclear
signaling elicited by hormones other than insulin (Solomon et al., 2008). SP1 may be
more directly involved in the regulation of insulin signaling via its role in regulating the
transcription of insulin receptor (Fukuda et al., 2001; Copland et al., 2007).
Furthermore, a potential role of SP1 and related proteins in the metabolic consequences
of hyperinsulinemia and obesity are associated to metabolic syndrome. The chronic
hyperinsulinemia in type II diabetes is characterized by abnormalities of metabolism
and energy homeostasis in the liver, adipose and skeletal muscle (Muoio and Newgard,
2006; Solomon et al., 2008).

In the current study, the BAFF transcripts were successfully detected in the spleen and
were not found statistically significant differences between the two methods used
biopsy splenic. The knowledge of the levels of expression of these transcripts is very
important. Based on previous studies, BAFF is mainly produced by innate immune cells
such as macrophages/monocytes, neutrophils, dendritic cells, activated T cells and
malignant B cells, and by non-lymphoid cells like epithelial cells as well (Mackay et al.,
2007; Mackay and Schneider, 2009). Several lines of evidence indicates that BAFF
plays an important role not only in B-cell survival and tolerance, but also in B-cell

maturation and diversification, including IgG and IgA class switching (Cerutti and
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Chen, 2010). Moreover, it is now clear that BAFF can also modulate T cell function in
vitro and in vivo (Mackay and Leung, 2006). Thus, BAFF plays an important role in
humoral immunity. Most studies demonstrate that overproduction of BAFF is associated
with human autoimmune diseases and B cell malignancies (Khan, 2009).

In the current study, hG-CSF transcript levels were neither detected in liver or spleen,
indicating that the T goats have no ectopic expression in these organs. Tissue-specific
secretion of hG-CSF into the milk of transgenic mice was ranged ~ 1940 pg/mL. RT-
PCR analysis of various tissues of transgenic mice demonstrated that hG-CSF
expression was detected in only the mammary gland in the progeny of all founders
(Serova et al., 2012). In general, the data obtained in this study show that the vector was
able to provide correct tissue-specific hG-CSF expression.

Regarding the need of fasting prior to biopsy procedures, its importance has been
emphasized by some authors (Duarte et al., 2009; Néspoli et al., 2010). One of the main
problems derived from inappropriate fasting is the regurgitation of food during the
biopsy. Sheep subjected to laparoscopy after fasting for 72 h and hydric for 24 h had
regurgitation of rumen contents resulting from pneumoperitoneum and intravenous
anesthesia with ketamine and acepromazine (Bittencourt et al., 2004). In our study,
these complications were not observed due to the association between a time of fasting
and anesthetic protocols appropriate for each procedure.

In conclusion, liver and spleen biopsies either ultrasound-guided or by laparoscopy
were effective in obtaining a tissue fragment viable for studies of gene expression
without compromising goat’s health and welfare. Furthermore, the use of biopsy
methods allowed demonstrating that the transgenic goats do not have ectopic expression
in these organs, with no need of euthanasia. It is important to highlight that all

experimental animals are still healthy until the moment.
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Table 1. Values of rectal temperature (°C), heart frequency (bpm), respiratory frequency (bpm) and ruminal movements (contractions/3 min)

according to the groups, immediately after (T0) and at 24 (T24) and 48 h (T48) after the biopsy in transgenic and non-transgenic goats using

different methods (Means + SD).

Liver biopsy Splenic biopsy
Group
TO T24 T48 TO T24 T48
Temperature (°C) Temperature (°C)
Ultrasound 39.4+0.6 39.6+£0.5 39.1+0.6 384+13 39.1+0.6 395+1.1
Laparoscopic  39.5+0.4 39.7+0.6  393+0.6 384+04  38.8+0.2 38.9+0.6
Heart frequency (bpm) Heart frequency (bpm)

Ultrasound 104.0+23.6 94.0+20.0 99.0+154 96.0£28.9 100.0£25.5 114.0+23.2
Laparoscopic  118.0+16.5 87.0£154 91.0+£8.2 98.0+£18.0 98.0+5.2 95.5+12.7

Respiratory frequency (bpm) Respiratory frequency (bpm)
Ultrasound 22.0+0.6 19.0£2.0 23.0+2.0 235+11.1 20.0+3.3 22.0+4.0
Laparoscopic  24.0 £5.7 23.0+3.8 25.0+10.5 29.0+£2.0 18.0+23 21.0+£2.0

Ruminal frequency (n/3min) Ruminal frequency (n/3min)
Ultrasound 2.5+0.6 25+0.6 2.8+0.5 25+0.6 23+0.5 25+0.6
Laparoscopic 2.3 +0.5 2.5+0.6 2.5+0.6 2.5+0.5 23+0.5 2.8+0.5
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Figure captions

Fig. 1. Methods of liver biopsy in goats: A, C and E — ultrasound-guided and
ultrasonographic images of the liver immediately before (T0) and 48 h (T48) after the
procedure; B, D and F — by laparoscopy, and ultrasound images of the liver mmediately

before (TO) and 48 h (T48) after the procedure. The arrow shows the Tru-Cut needle.

Fig. 2. Real-time PCR analysis of BAFF expression in spleen (A) and SP1 expression in
liver (B) obtained by different biopsy methods in goats. The fold differences in mRNA

expression after normalization to the internal standard (GAPDH) are shown.

Fig. 3. Methods of splenic biopsy in goats: A, C and E — ultrasound-guided and
ultrasonographic images of the splenn immediately before (T0) and 48 h (T48) after the
procedure; B, D and F — by laparoscopy, and ultrasound images of the spleen
mmediately before (T0) and 48 h (T48) after the procedure. The arrow shows the Tru-

Cut needle.

Fig. 4. Transgene expression analysis in liver by real-time PCR. Derivative melting
curves of hG-CSF and GAPDH amplicons in non-transgenic (A and B) and transgenic
(C and D) goats. Negative controls are mRNA templates without reverse transcriptase.
Positive control (E) are reactions with transcripts of human leukocytes. The curve
slopes, effcience and linearity values were calculated. The results for gene expression in

the spleen are presented similarly to liver.
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Testicular biopsy for gene expression analysis in transgenic goats
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ABSTRACT

The aim of the current study was to evaluate the reliability of testicular biopsy for
transgenic goats for gene expression purposes. For this, testicular tissue samples were
collected from hG-CSF-trasngenic bucks and submitted to real-time PCR aiming
endogenous genes (SP1 and GAPDH) and transgene (hG-CSF) amplifications. Biopsy
method allowed to collect fragments compatible to PCR procedures, concerning sample

weight (mg) and RNA yield (ug/mg tissue). Furthermore, the average runtime spent on
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surgical procedures was 12.2 = 1.9 min and the typical number of attempts to obtain a
tissue fragment was 1.0 = 0.0. Semen qualitative and quantitative analyses were similar
between biopsied and control, however small hyperechoic areas were observed,
indicating testicular calcification. The SP1 transcript levels were considered similar
between T and NT tissue samples. Finally, no transgene transcripts were detected in
testicular samples. The use of testicular biopsy method allowed demonstrating that the
hG-CSF-transgenic goats do not have ectopic expression in that organ. Furthermore, the
biopsy procedure using the Tru-Cut needle in goat did not affect any parameters of

testicular function evaluated in this study.
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625  Testicular biopsy is a complementary technique for diagnosis and assessment of

626  reproductive function in males. The biopsy is a promising approach, widely well-

627  established and routinely used procedure which leads to low morbidity and small risks
628  to the patient (Saloura and others, 2010). The aim of the current study was to evaluate
629 the reliability of testicular biopsy in transgenic goats for gene expression purposes.

630  The experimental animals were: two Canindé male goats transgenic (T) for hG-CSF (F1
631  specimens of the 10M line described by Freitas and others 2012) and four non-

632  transgenic (NT) ones. The bucks were remained in the Laboratory of Physiology and
633  Control of Reproduction (LFCR), located in Fortaleza, Brazil, at 3°47'38" S and

634  38°33'29" W. All animals were 2-3 years old and showed body weight of 41.2 + 0.9 kg
635  and body condition score of 3.0 = 0.6 (1-5 scale). All protocols were approved by the
636  Animal Ethics Committee of the State University of Ceara (CEUA/UECE N°

637  12237087-2) and Brazil's Biosafety Technical National Committee (CTNBio 228/06).
638  After 24 h of food and hydric fasting, the bucks were subjected to dissociative

639  anesthetic protocol, which consisted in xylazine hydrochloride (0.2 mg/kg b.w.) i.m.
640  associated with ketamine hydrocloride (10 mg/kg b.w.) i.m. followed by 2% lidocaine
641 local infiltration. After an initial incision over the middle third of the posterior surface
642  of the left testicle, the biopsies were made by introduction of a Tru-Cut needle (14 G x
643 20 cm x 20 mm) into the testicular parenchyma in an oblique position in the caudal-
644  cranial direction. The dermal suture was performed with interrupted over-and-over. Two
645  NT bucks were not subjected to biopsy and were used as control for pain evaluation.
646  Tissue fragments were weighted and stored at -80° C until RNA extraction. Thus, tissue
647  fragments were subjected to real-time qPCR analysis for quantification of both

648  endogenous (SP1 and GAPDH) and transgene (hG-CSF) transcripts. The procedure

649  efficiency was evaluated by the weight of collected tissue fragments, runtime and
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number of attempts spent for each biopsy. On post-surgical period, the biopsy effects
were evaluated by testicular ultrasonography as well as pain intensity (PI) and clinical
parameters of the animals.

During the first 24 h post-surgery, the PI of biopsied and control animals was classified
according to Mellor and others (2000). The gonadal parenchyma echogenicity was
evaluated by ultrasonography prior to biopsy procedures (T0), at 24 h (T24), at 48 h
(T48) and then 60 days after. Measurements of rectal temperature (° C), heart and
respiratory rates (bpm) and ruminal movements (contraction/3 min) were also recorded.
Semen analysis was carried out on day 100 post-surgery according to Mies Filho (1987)
and its analyzed parameters were: ejaculate volume, massal motility, percentage of
progressively motile spermatozoa, vigor, sperm concentration, percentage of
morphologically abnormal spermatozoa.

The testicular biopsy method used in the present work was adequate to perform sample
collection with minor difficulties. Additionally, the choose procedure allowed to obtain
fragments with average weight (21.2 &+ 1.8 mg) suitable for proper RNA yield (1.0 = 0.1
ng/mg) and subsequent gene expression analysis by qPCR. SP1 transcript levels (Fig
1(a)) were considered similar between T and NT tissue samples (P>0.05). Transgene
expression investigation was also possible and no hG-CSF transcripts were detected in
testicular tissue of both T and NT (Fig 1(b, ¢, d)), suggesting no ectopic expression
occurs in this organ.

Furthermore, the average runtime spent on surgical procedures was 12.2 + 1.9 min and
the typical number of attempts to obtain a tissue fragment was 1.0 + 0.0. The technique
employed provided greater agility to the biopsy procedure, in a less invasive manner
and thereby preventing further stress and injury in the animals. Incision through the

scrotal skin and tunics allowed the identification of its blood vessels and so it was
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possible to avoid them at the biopsy needle insertion. The greatest difficulty detected in
the testicular biopsy procedure was the occurrence of slight hemorrhage after needle
removal. However, the bleeding was easily controlled by gentle mechanical
compression with sterile gauze.

Semen qualitative and quantitative analyses are summarized in Table 1. The biopsy
effect on gonadal function is in agreement with other studies (Heath and others 2001;
Sartori and others 2002a). Therefore, at the first ultrasound examination no alteration
was detected. However, at 60 days after biopsy, small hyperechoic areas were observed,
indicating testicular fibrose. Sheep subjected to testicular biopsy also showed areas
suggestive of calcification, whereas testicle structural and functional characteristics
were not compromised (Sartori and others 2002b). Additionally, 75% (3/4) of the
animals were categorized as absent to mild pain and 25% (1/4) were categorized as mild
to moderate pain.

The anesthetic protocol employed in this study was considered appropriate since the
bucks showed no clinical pain signals during procedures. Furthermore, no alteration of
physical parameters was observed and according to Pugh (2005), these data may be
considered normal for goats. Biopsied and control groups, respectively, showed similar
(P>0.05) heart beat rates (95.8 + 13.5; 97.3 = 11.8 bpm), respiratory rates (20.8 + 3.4;
22.2 + 2.4 bpm), ruminal movements (2.8 +£0.6; 2.7 &+ 0.5 contraction/3min) and rectal
temperature (38.8 + 0.4; 38.2 + 0.7 °C).

The methodological approach shown in the present work allowed to obtain testicle
samples without affecting animal welfare and viable for molecular studies. Furthermore,
the use of testicular biopsy method allowed to demonstrate that the hG-CSF-transgenic

goats do not have ectopic expression in that organ. Thus, the biopsy procedure using the
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Tru-Cut needle in goat did not affect any parameters of testicular function evaluated in

this study and it was shown to be relatively simple, safe and efficient.
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TABLE 1: Values (Means £ SEM) of quantitative and qualitative analysis of Canindé

goat semen subjected to testicular biopsy with Tru-Cut needle or control bucks which

did not undergo surgery.

Parameter Biopsy  Control
Ejaculate volume (mL) 0.8+0.1 09=+0.1
Massal motility (0-5) 32+04 3.1+04
Progressively motile (0-100%) 80.0+2.2 79.0+2.7
Vigor (0-5) 33£1.5 33+1.0
Sperm concentration (x 10° cells./mL) 2.8+0.7 3.2+0.1
Total of abnormalities (%) 48+1.0 52+0.1
Tail abnormalities (%) 22+04 26+03
Retention cytoplasmic drops (%) 1.0+04 14+04
Head abnormalities (%) 1.1£0.2 1.1+0.1

P>0.05
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FIG 1: Transgene expression analysis in testicle by real-time PCR. SP1 relative

transcript levels in testicle samples of T and NT (a) P> 0.05. Derivative melting curves

of hG-CSF and GAPDH amplicons in non-transgenic (b) and transgenic goats(c).

Positive controls (d) are reactions with transcripts of human leukocytes. Arrows indicate

the negative controls are mRNA templates without reverse transcriptase. The curve

slopes, efficiency and linearity values were calculated.
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6. CONCLUSOES

v' As biopsias hepatica e esplénica, guiadas por ultrassonografia ou laparoscopica,
foram eficientes na obtencdo de um fragmento tecidual viavel para estudos de
expressao génica sem comprometer a saide e o bem estar em caprinos;

v O procedimento de bidpsia testicular utilizando a agulha Tru-Cut em caprinos
nao afetou nenhum dos parametros avaliados neste estudo. Demosntrando assim
nao alterar a func¢ao testicular.

v A execugdo da biopsia hepatica, esplénica e testicular com a agulha Tru-Cut
permitiu demosntrar que os caprinos transgénicos estudados ndo tém expressao
ectopica nesses Oorgaos. Além disso, ndo foi necessaria a realizagdo da eutanasia
dos animais.

v' As execugdes dos métodos de bidpsia utilizados nesse estudo permitem a
obtencdo de amostras teciduais de figado, baco e testiculo se a ocorréncia de
processos dolorosos intensos nos animais experimentais. Além disso,
mostraram-se relativamente simples, seguros e eficientes sem afetar a qualidade

de vida e o bem estar animal.
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Biopsia esplénica guiada por ultrassonografia em caprinos

MELO, C.H.S.; SOUSA, F.C.; BATISTA, R.LT.P.; FREITAS, V.J.F.; MELO, L.M.;
TEIXEIRA, D.LA.

A contribuicdo do exame histopatologico obtido através de bidpsias € essencial para o
estabelecimento de diagnésticos e progndsticos mais precisos, porém ¢ necessaria que
estas biopsias possuam pouca invasibilidade, bem como, seja obtida uma amostra
adequada para a realizacdo do exame. Assim, o objetivo deste trabalho foi apresentar
uma técnica de bidpsia esplénica guiada por ultrassonografia que reconhecidamente
assegure o bem estar animal. O experimento foi realizado no Laboratdrio de Fisiologia e
Controle da Reproducdo (LFCR) da Faculdade de Veterinaria (FAVET) da
Universidade Estadual do Ceara (UECE), em Fortaleza-CE. Este experimento foi
aprovado pelo Comité de Etica para o Uso de Animais da Universidade Estadual do
Ceara (CEUA/UECE), sob o protocolo n® 12237087-2. Foram utilizados quatro machos
da raca Canindé apresentando duas ou trés mudas dentérias, peso corporal de 41,25 +
0,87 Kg (média = DP) e escore de condicdo corporal de 2,97 + 0,57 (média = DP). Para
a realizagdo de todos os procedimentos os animais foram submetidos a jejum alimentar
e hidrico de 24 horas. Posteriormente submetidos a protocolo anestésico dissociativo
que consistiu na administragdo, por via intramuscular, de 0,2 mg/kg de Cloridrato de
Xilazina associado a 10 mg/kg de Cloridrato de Cetamina 5% e anestesia local
infiltrativa com lidocaina 2% . O procedimento de bidpsia foi guiado por ultrassom
modo B conectado a transdutor convexo de 3,5 MHz. Os animais foram posicionados
em decubito esquerdo e a identificagdo do tecido esplénico realizada do 8° ao 12°
espaco intercostal do flanco esquerdo. Posteriormente foi introduzido o sistema de
bidpsia coaxial semiautomatico de 13,5 cm x 15 cm acoplado a agulha do tipo Tru-Cut
(14 G x 20 cm x 20 mm), que atravessou o musculo intercostal, atingindo o 6rgao de
interesse. Os animais foram avaliados nas primeiras 24 horas para verificar
manifestagdes de dor, levando em consideragdo a curvatura do dorso, dificuldade de
movimentagdo e reducao do apetite (Mellor et al., 2004). Os dados foram expressos em
média + desvio padrao. O tempo de 24 horas de jejum alimentar e hidrico foi
considerado adequado para a execugao do procedimento cirargico, ndo sendo observada
regurgitacdo de alimentos durante a realiza¢ao da bidpsia. O tempo operatorio médio foi
de 9,2 + 2,2 min e o numero médio de tentativas para obtencdo de um fragmento foi de
1,4 = 0,5. No que se refere ao peso médio do fragmento obtido este foi de 20.1 + 4,7
mg, estando proximo do valor esperado. As avaliagdes clinicas mantiveram-se dentro
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dos valores de referéncia para a espécie durante todo o periodo observado. A avaliagdo
da intensidade da dor revelou que 50% dos animais tiveram uma pontuagdo zero,
demonstrando assim auséncia de dor. Conclui-se entdo que a técnica de bidpsia
empregada mostrou-se eficiente na obtengdo de um fragmento esplénico sem
comprometer a saude e o bem estar animal.

Palavras-chave: Ultrassom, Tru-cut, Bago.



