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RESUMO

LEVATTI, A. Alteracdes bioquimicas e gasométricas no sangue e fluido
alantoideano de receptoras de embriées bovinos clonados a partir do dia 150
da gestacao. 2022. 77 f. Dissertacédo (Mestrado em Biociéncia Animal) - Faculdade
de Zootecnia e Engenharia de Alimentos, Universidade de S&o Paulo, Pirassununga,
2022.

A placenta é um Orgdo vital para a gestacao dos mamiferos. Tem como funcdes
principais o transporte de nutrientes e gases, remocdo de detritos metabdlicos,
secrecdo enddcrina de horménios e regulacdo do ambiente uterino, além de conferir
protecdo ao feto durante toda a gestacdo. No entanto, existem alteracbes do
desenvolvimento placentario que podem interferir ou repercutir negativamente na
gestacdo, como é o caso das alteracdes morfolégicas frequentemente observadas
em placentas de gestacfes de bovinos clonados por transferéncia nuclear de células
somaticas (SCNT). O feto inicia sua fase de intenso crescimento no ultimo trimestre
e 0 complexo utero-placentario € severamente desafiado para suprir as demandas
de troca de gases e nutrientes. Com base no exposto, o capitulo 1 deste trabalho
revisa 0s aspectos sobre a placentacdo em vacas e suas trocas gasosas, clonagem
por SCNT e testes laboratoriais para parametros das funcBes hepatica, renal,
muscular, lipidica, além de minerais, eletrélitos e acucares. Juntamente com estes
parametros, componentes referentes ao equilibrio acido-base, hematdécrito e
hemoglobina também foram revisados. O capitulo 2 apresenta um artigo cientifico
cuja hipotese central é de que as alteracdes gestacionais em gestacdes complicadas
podem ser previstas ou detectadas anteriormente por ensaios bioquimicos e/ou
analises gasomeétricas em sangue materno e/ou fluido alantoideano. Vinte e duas
vacas Nelore foram utilizadas para coleta de sangue e fluido alantoideano
quinzenalmente a partir de 150 dias de gestagdo até o parto ou aborto. Os dados de
cada vaca foram normalizados para o dia de nascimento ou aborto. Trés quinzenas
antes desses eventos foram utilizadas para todas as analises. Uma descricdo
abrangente de valores de referéncia para varios parametros bioquimicos e de gases
no sangue usando amostras de soro e sangue total, e alguns parametros de
gasometria no liquido alantoideano de gestacdes produzidas naturalmente (controle;

n = 6) e clone SCNT (clone; n = 16) foi o resultado mais importante deste estudo.



Além disso, esses parametros foram estudados em vacas prenhes experimentando
parto (controle, n = 3 e clone, n = 8) e abortamento (controle, n = 3 e clones, n = 8).
O Unico parametro estudado capaz de ser usado como preditor de abortamento foi o
colesterol para gestacdes de clones. Os niveis de colesterol estavam elevados duas
e trés semanas antes do abortamento nessas vacas prenhes. Os niveis circulantes
de potassio, fosforo, célcio, glicose e ureia apresentaram niveis distintos entre
gestacdes de fetos produzidos naturalmente e pela clonagem por SCNT, indicando
um metabolismo diferente entre esses dois grupos de gestacfes. Infelizmente,
amostras de fluido alantoide ndo puderam ser analisadas pelos ensaios bioquimicos
devido a problemas de leitura de amostras. Apenas os parametros pH, pO2 e pCO2
apresentam resultados de dados adequados quando analisados pelo equipamento

gasomeétrico portatil.

Palavras-chave: Gestacao bovina; SCNT; Alantoide; Bioquimica; Hemogasometria.



ABSTRACT

LEVATTI, A. Biochemical and gasometric changes in the blood and allantoic
fluid of cloned bovine embryo recipients after day 150 of gestation. 2022. 77 p.
Dissertacdo (Mestrado em Biociéncia Animal) - Faculdade de Zootecnia e
Engenharia de Alimentos, Universidade de S&o Paulo, Pirassununga, 2022.

The placenta is a vital organ for mammalian pregnancy. Its functions are the
transport of nutrients and gases, removal of metabolic waste, endocrine secretion of
hormones, and regulation of the uterine environment, in addition to conferring fetal
protection throughout pregnancy. However, changes in placenta during its
development can interfere or negatively affect the pregnancy, as the morphological
changes frequently observed in placentas of bovine pregnancies of clones by
somatic cell nuclear transfer (SCNT). In addition, the fetus begins its intense growth
phase in the last trimester and the uteroplacental complex is severely challenged to
meet the demands of gas and nutrient exchange. Based on that, chapter 1 of this
work reviews the aspects of placentation in cows and their gas exchange, SCNT
cloning, and laboratory parameters of liver, kidney, muscle, lipid functions, in addition
to minerals, electrolytes and sugars. Along with these parameters, other related to
acid-base balance, hematocrit and hemoglobin were also reviewed. Chapter 2
presents a scientific article whose central hypothesis was that gestational changes in
complicated pregnancies can be predicted or detected earlier by biochemical assays
and/or blood gas analysis in maternal blood and/or allantoic fluid. Twenty-two Nellore
cows were used for blood and allantoic fluid collection fortnightly from 150 days of
gestation until parturition or abortion. Data for each cow was normalized to the day of
birth or abortion. Three fortnights before these events were used for all analyses. A
comprehensive description of reference values for various biochemical and blood gas
parameters using serum and whole blood samples, and some allantoic fluid blood
gas parameters from naturally produced (control; n = 6) and SCNT clone (clone; n)
pregnancies = 16) pregnancies was the most important result of this study. In
addition, these parameters were studied in pregnant cows experiencing parturition
(control, n = 3 and clone, n = 8) and abortion (control, n = 3 and clones, n = 8). The
only parameter studied capable of being used as a predictor of abortion was

cholesterol for clone pregnancies. Cholesterol levels were elevated two and three



weeks before abortion in these pregnant cows. The circulating levels of potassium,
phosphorus, calcium, glucose and urea showed different levels between pregnancies
of fetuses produced naturally and by SCNT cloning, indicating a different metabolism
between these two groups of pregnancies. Unfortunately, allantoic fluid samples
could not be analyzed by biochemical assays due to sample reading problems. Only
the pH, pO2 and pCO2 parameters present adequate data results when analyzed by
the portable gasometric equipment

Keywords: Bovine pregnancy; SCNT; Allantois; Biochemistry; Blood gas analysis
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INTRODUCAO

Em 1997, o dogma de que células somaticas diferenciadas ndo conseguiam
readquirir totipoténcia gerando um novo individuo foi rompido com o anuncio do
nascimento do primeiro clone pela técnica de SCNT, a ovelha “Dolly” (WILMUT et
al., 1997). Atualmente, o uso da técnica de clonagem por SCNT tem proporcionado
grandes avan¢cos em areas relacionadas a conservagcdo de espécies em extingao,
aplicac6es biomédicas (IBTISHAM et al., 2017), reproducdo de animais incapazes
de produzirem seus proéprios gametas, entre outros.

Apesar de tantos avancos na area de reproducdo animal, sabe-se que
prenhezes de bovinos clonados por SCNT que sobrevivem do inicio até a metade da
gestacdo apresentam grandes chances de serem complicadas durante o Gltimo
trimestre de gestacdo. Sindrome “large offspring”, hidroalantose e placentomegalia
sdo patologias frequentes. O feto inicia sua fase de intenso crescimento no ultimo
trimestre e o complexo Utero-placentério € severamente desafiado para suprir as
demandas de troca de gases e nutrientes. Os efeitos de alteragcdes do
desenvolvimento placentario se exacerbam durante este periodo.

Com base no exposto, este estudo visou identificar alteracdes bioguimicas e
gasométricas no fluido alantoideano e sangue materno durante o periodo
gestacional a partir do dia 150 da gestacdo em bovinos da raca Nelore, com
embrides obtidos pela técnica de SCNT e produzidos in vivo. O modelo experimental
ulitizado com prenhezes de clones produzidos por SCNT levou em consideragéo a
maior chance de ocorréncia de uma complicacdo durante a gestacdo. Os dados
obtidos e comparados entre os grupos de animais podem ser Uteis para desenvolver
um protocolo de pesquisa em saude gestacional aplicado ndo s6é a espécie bovina,

mas também a outras espécies de mamiferos.

HIPOTESES

e Analises bioquimicas e gasométricas do sangue materno e do fluido
alantoideano sao capazes de diagnosticar o status gestacional e de predizer

sua evolugéo.
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e Prenhezes de embrides produzidos por SNCT apresentam alteracdes

gasomeétricas e bioquimicas no sangue materno e fluido alantoideano.
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CAPITULO 1

1. REVISAO DE LITERATURA

1.1. PLACENTA DE RUMINANTES

A placenta € um 6rgédo vital para a gestacdo dos mamiferos eutérios, sendo
formada por membranas fetais e maternas (PETER, 2013; VEJLSTED, 2010). E um
Orgao transitorio que tem como caracteristica ser composta por células derivadas de
dois individuos distintos (JUNQUEIRA E CARNEIRO, 2004). Na placenta ocorre uma
aposicdo de membranas fetais em fusédo ou justapostas com o endométrio materno
para promover as trocas entre o feto e a mae (BROLIO et al., 2010). Tem como
fungbes principais: a) a sintese e secrecdo enddcrina de hormdnios, tais como
estradiol, lactogénio placentario, progesterona, gonadotrofinas coridnicas e
glicoproteinas associadas a gestacdo (SENGER et al., 2003); b) transporte de
nutrientes e gases (PRADO et al., 2015); ¢) remocdo de detritos metabdlicos; d)
regulacdo do ambiente uterino-fetal (LANDIM-ALVARENGA, 2006); e) protecao
mecanica ao feto durante toda a gestacdo. GUYTON E HALL (1997) afirmam que a
placenta tem como funcao difundir alimentos da mae para o sangue do feto, bem
como a difusdo de excretas do feto para a mae.

Segundo Leiser e Kaufmann (1994) em ruminantes, a placenta é classificada
como zondria cotiledonaria devido ao padrédo de suas vilosidades coribnicas. O Utero
apresenta em sua superficie estruturas denominadas carlnculas, que sao
espessamentos do tecido subepitelial materno, presentes mesmo em animais nao
prenhes. Durante a gestacdo estas carunculas através de suas criptas endometriais
se unem com as proliferacdes vilosas do corion (cotiléedones) formando as areas de
conexao placentaria denominadas placenténios. Os placentdnios podem variar de 70
a 142 unidades dependendo da espécie de ruminante (LACERDA, 2006) e
apresentam um formato convexo em bovinos (VEJLSTED, 2010). O sangue do feto
e da mée nunca entra em contato direto, entretanto, as duas circula¢cdes sdo muito
préximas na unido do endométrio com o cdrion para possibilitar a passagem de
nutrientes e de oxigénio do sangue materno para o fetal e de residuos na direcédo
contraria (HAFEZ E HAFEZ, 2004).
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Na fase inicial da gestacdo, a morfogénese da placenta esta intimamente
relacionada com as membranas extraembrionarias, que se diferenciam em saco
vitelino, cdrion, alantoide e amnio (HAFEZ E HAFEZ, 2004). Ao contrario de outras
espécies, em ruminantes, o0 saco vitelino esta presente apenas de forma transitoria,
degenerando logo apoés o inicio da implantacdo do embrido (VEJLSTED, 2010). No
entanto, Assis-Neto et al. (2010) relatam que o saco Vvitelino desaparece
completamente apenas com 50 a 70 dias ap0s a inseminacdo. Durante uma
gestacao, a quantidade de fluidos presentes nas cavidades amnidtica e alantoideana
é rigorosamente regulada.

O coérion é a membrana que estd em contato com o epitélio uterino durante a
gestacdo. Seu formato € o mesmo da matriz, ou seja, ha uma invasao do corion no
corpo e em ambos 0s cornos uterinos. No entanto, seu desenvolvimento € maior no
corno gravidico do que no contralateral. Com a progressao da prenhez, o corion
torna-se altamente vascularizado acompanhado de indmeros vilos (LACERDA,
2006).Enquanto isso, o alantoide é continuo com o desenvolvimento do sistema
urogenital do embrido e atua como lugar para deposicao de detritos (PETER, 2013).
O liquido alantoideano, composto de urina hipotbnica, é responsavel pela
manutencdo da pressdo osmotica do plasma fetal, a fim de se evitar a perda de
liqguido para a circulagdo materna. O alantoide tem como fung¢fes principais a
justaposicdo intima entre o alantocérion e o endométrio durante a fase inicial da
unido do embrido ao Utero e o armazenamento dos produtos da excrecao fetal que
nao sao rapidamente transferidos de volta para a mae. Segundo Batista et al. (2014)
o volume de liquido alantoideano € maior no terco inicial e final de gestacéao,
enguanto no terco médio ha predominancia do liquido amnidtico. Drost et al. (2007)
afirmam que o volume fisiolégico do saco alantoide em bovinos € de
aproximadamente 8 a 15L préximo ao parto.

A cavidade amnidtica confere uma protecdo mecanica ao feto, protegendo-o
de pressdes externas (CHAVATTE-PALMER e TARRADE, 2016), além de prevenir
aderéncias entre a pele fetal e a membrana amnidtica, colabora na dilatagdo da
cérvix e age como lubrificante do canal do parto (HAFEZ E HAFEZ, 2004).

1.2. TROCAS GASOSAS NA PLACENTA
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A placenta, além de outras fungdes, é responsavel pelo transporte de gases
(oxigénio, monoxido de carbono e didéxido de carbono). Esse transporte ocorre
basicamente pelo mecanismo de difusdo simples, 0 que nao resulta em um gasto
energético (MOORE e PERSAUD, 2008). As trocas gasosas acontecem, ao nivel da
circulacdo capilar das criptas e Vvilosidades nos placentonios (LANDIM-
ALVARENGA, 2006). O sucesso do transporte de oxigénio do sangue da mae para
o feto é resultado de trés caracteristicas principais, que variam entre as espeécies,
sendo: a geometria do fluxo sanguineo placentario, a presséo parcial de oxigénio e a
afinidade e quantidade da hemoglobina fetal com o oxigénio. A diminuigdo de aporte
de oxigénio afeta negativamente o crescimento e desenvolvimento fetal e quando
ocorre de forma muito intensa pode levar o animal a 6bito (PRADO et al., 2015).

Segundo Moore e Persaud (2008), a eficiéncia da membrana placentaria é
aproximadamente a do pulmao em relacdo as trocas gasosas, sendo a quantidade
de oxigénio que chega ao feto controlada através do mecanismo de fluxo-limitacao e
nao por difusdo-limitacdo. Tal fato explica porque a hipdxia fetal ocorre devido a
fatores que diminuem o fluxo de sangue uterino ou placentario. A diferenca principal
entre o pulméo e a placenta € que nela o sistema de troca que ocorre é de liquido
para liquido, enquanto nos pulmdes o sistema € de gas para liquido (HAFEZ E
HAFEZ, 2004). As artérias umbilicais levam sangue ndo oxigenado do feto para a
placenta, enquanto as veias umbilicais levam o sangue oxigenado em direcao
oposta. O dioxido de carbono passa livremente da circulacdo materna para a
circulagéo fetal, sendo isso facilitado por mecanismos fisiolégicos (HAFEZ E HAFEZ,
2004).

1.3. CLONAGEM POR TRANSFERENCIA NUCLEAR DE CELULAS SOMATICAS

A clonagem por transferéncia nuclear de células somaticas (SCNT) € uma
técnica bem difundida entre os meios de pesquisa. Ela é utilizada para diferentes
fins, ou seja, pode ser utilizada para a conservacdo de espécies em extingao,
producdo de animais transgénicos, aplicacdes biomédicas, entre outros (IBTISHAM
et al., 2017) sendo esta, uma técnica voltada para animais com alto valor genético
(VASCONCELOQOS, 2016). O desenvolvimento cientifico nas areas de criobiologia e
tecnologia reprodutiva geraram varias possibilidades para a preservagdo de

germoplasma em animais de producdo, tais como embrides, sémen, fragmentos
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testiculares e ovarianos, o00citos, células germinativas primordiais, células somaticas
e células-tronco usadas na clonagem animal (WOELDERS et al., 2012).
Resumidamente, a técnica de transferéncia nuclear (SCNT) envolve as seguintes
etapas: obtencao das células doadoras de nucleo, obtencédo de odcitos doadores de
citoplasto, sincronizagdo do ciclo celular, maturacé@o in vitro, enucleagéo oocitaria,
introducéo do ndcleo doador no citoplasto, ativagdo do odcito reconstituido, cultivo in
vitro e transferéncia dos embrides em receptoras (YAMAZAKI, 2006).

Apesar da técnica de clonagem estar bem difundida na area reprodutiva, sua
eficiéncia ainda € baixa. Meirelles et al. (2010) afirmam que a taxa de viabilidade
fetal decorrente da técnica de SCNT gira em torno de 7 a 10%. Wells et al. (1999);
Merighe (2007) e Long et al. (2014) afirmam que a taxa de sobrevivéncia de
descendentes viaveis resultantes da técnica de clonagem por SCNT varia entre 5 a
10% de nascidos vivos.

Durante a gestacdo de um animal clonado existem quatro periodos criticos
depois da transferéncia de embrides (TE) relacionados as perdas gestacionais. O
primeiro periodo ocorre até o dia 30, sendo que a taxa de sobrevivéncia é de
aproximadamente 30% (MERIGHE, 2007). Essas perdas podem estar relacionadas
com uma ineficiente sinalizagdo do embrido para o reconhecimento materno da
gestacdo, a falha do embrido na estimulacdo do remodelamento uterino e a
aspectos imunoldgicos alterados. O segundo periodo critico ocorre entre os dias 30
e 60 da gestacdo. Em torno de 40% dos conceptos que sobreviveram até o dia 30
morrerdo neste pequeno periodo (MERIGHE, 2007) onde placentas hipoplasicas
com cotilédones rudimentares sdo observadas (STICE et al., 1996; HILL et al., 2000;
EDWARDS et al., 2003). O terceiro periodo critico ocorre durante o segundo
trimestre da gestacdo. Em torno de 50% das gestacdes sdo perdidas entre os dias
60 e 180 (MERIGHE, 2007). As placentas aparentam ser normais, mas o0 humero de
cotilédones é reduzido e o feto e camadas placentarias podem se apresentar
espessos e edematosos.

O quarto e ultimo periodo critico corresponde ao Ultimo trimestre da gestacao.
Em torno de 25% das gestacbes que chegaram até o dia 180 serdo perdidas antes
da data prevista para o parto (MERIGHE, 2007). Hidroalantose, anasarca fetal,
hipertrofia dos cotilédones e edema da area intercotiledonéaria sédo as afec¢cdes mais
encontradas nesse periodo. O Ultimo trimestre gestacional € caracterizado por

crescimento fetal intenso e paralelo aumento das trocas transplacentarias de
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excrecoes, gases e nutrientes (REYNOLDS et al., 1986; REYNOLDS et al., 2006).
Prenhezes de animais clonados por SCNT que sobreviveram durante o inicio e meio
da gestacdo sao frequentemente complicadas durante o ultimo trimestre. Sindrome
‘large offspring”, hidroalantose e placentomegalia sdo afecgbes frequentes
(MIGLINO et al., 2007). O feto inicia sua fase de intenso crescimento no ultimo
trimestre e o complexo Utero-placentario é severamente desafiado para suprir as
demandas de troca de nutrientes e gases. Bertolini et al. (2004) indicaram que
gestacdes de PIV, para sustentar conceptos maiores no segundo trimestre de
gestacado, necessitam de um aumento de duas a quatro vezes nas concentracdes de
glicose e frutose no plasma fetal e seus respectivos fluidos (dmnio e alantoide),
guando comparados com gestacdes normais. Tal fato pode ser encontrado com
certa frequéncia em placentas de animais clonados por SCNT, onde h&a aumento do
volume placentario com uma maior oferta de nutrientes para o feto, o que seria
responsavel em partes por um aumento do padréo de crescimento pré-natal e suas
respectivas implicacées na vida pos-natal.

Sendo assim, a clonagem estd associada a anormalidades da gestacdo que
podem culminar em prolongamento gestacional, abortos, anomalias, diminuicdo ou
auséncia de sinais de parto e menor sobrevivéncia de neonatos. Comumente, estas
falhas estdo relacionadas a alteracdes placentarias (VASCONCELOS, 2016). No
entanto, os problemas observados em clones ndo se restringem unicamente as
disfuncbes da placenta, mas também a disfuncBes cardiocirculatorias, respiratorias,
hepéticas, articulares, renais, imunoldgicas e até disfun¢cdes multissistémicas no feto
(GUIMARAES et al., 2012).

1.4. ELETROLITOS

1.4.1. Sdbdio

O sodio é o cation mais abundante do plasma e esta presente principalmente
no liquido extracelular. Tem como fungdes principais a manutencdo da pressao
osmaotica e volume sanguineo, manutencdo de funcgbes fisiolégica de nervos e
musculos (BOHN, 2015).

A concentracdo de sodio sanguinea € maioritariamente o balanco existente

entre a ingestdo e a excrecao urinaria. O aumento da concentracdo de sodio &
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denominado hipernatremia, podendo ocorrer devido a diminuicdo da ingestdo ou a
perda de agua que ultrapasse a perda de eletrdlitos. Outros fatores podem
desencadear esse aumento, tais como a ingestdo excessiva de sal ou apds a
administracdo de solucdes hipertbnicas (BOHN, 2015).

Hiponatremia é caracterizada pela diminuicdo dos teores de sodio, podendo
ser decorrente de aumento da 4gua corporal ou devido a perda de sédio foi muito
superior a de agua (BOHN, 2015). Vale ressaltar que a indicacdo de concentracao
de soédio sérico é em relacdo a quantidade de agua no fluido extracelular, ndo
fornecendo informacg@es diretas sobre o teor total de s6dio no organismo animal, ou
seja, animais com hipernatremia ou hiponatremia podem apresentar aumento,
reducdo ou valores dentro dos limites de referéncia para a espécie (DIBARTOLA,
2011a). Kaneko et al. (2008) e Radostits et al. (2000) preconizaram valores de
referéncia para o sodio sérico de bovinos no limite entre 132 a 152 mmol/L.

1.4.2. Potéassio

O potéssio € considerado o principal cation intracelular do organismo (BOHN,
2015). Uma das funcfes mais importantes € seu papel na geracao de potencial de
repouso de membrana celular (DIBARTOLA E MORAES, 2011). Além de ter um
papel critico na manutencdo da excitabilidade cardiaca e neuromuscular (KANEKO
et al., 2008).

Segundo DIBARTOLA E MORAES (2011) o balanco externo de potassio €
mantido através da sua saida, principalmente, via excrecdo urinéria e a sua entrada
via ingestdo alimentar. Em animais higidos, o potassio adentra no corpo apenas
através no trato gastrointestinal, e praticamente todo o potassio oriundo da ingestédo
de alimentos € absorvido no estdbmago e no intestino delgado. O transporte de
potassio no intestino delgado é passivo, enquanto o transporte ativo, o qual é
responsivo a aldosterona, ocorre no colon. Sua excrec¢ao ocorre a nivel renal (90 a
95%) e intestinal (célon — 5 a 10%). Em contrapartida o balanco interno de potassio
ocorre através da translocacdo do cation entre o liquido intracelular e o liquido
extracelular.

Alteracbes nas concentracdes seéricas de potassio sdo decorrentes de
disfungcbes em musculatura cardiaca e esquelética. Doencgas do trato urinario, renais

e pos-renais que levam a diminuicdo da excrecao renal sdo causas para 0 aumento
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da concentracdo plasmética de potassio. Enquanto isso, vomito e diarreia do
intestino delgado sédo causas de hipopotassemias (BOHN, 2015).

Os valores de referéncias para bovinos encontrados em literatura constam
teores de potéassio entre 3,9 a 5,8 mmol/L (KANEKO et al., 2008; RADOSTITS et al.,
2000).

1.4.3. Cloro

O cloro é considerado o principal anion presente no liquido extracelular e age
no transporte de 4gua e eletrdlitos, tal como o sédio. O cloro € um anion conjugado
gue atua no metabolismo &cido-base. A fim de manter sua eletroneutralidade, o cloro
dispde de dois mecanismos, ou seja, se move na mesma direcdo que o sodio sendo
carregado positivamente ou € substituido pelos ions bicarbonato e se carrega
negativamente.

Ao analisar a concentracdo plasmatica de cloro também é necessario
observar as concentracdes de sodio, uma vez que os diagndésticos sdo semelhantes
aos da hiponatremia/hipernatremia caso tenha aumento ou diminuicdo concomitante
de cloro e sodio. Todavia, se a alteragcdo do cloro for maior que a de sddio, é
necessario avaliar o ifon bicarbonato através de um exame hemogasométrico
(BOHN, 2015).

H& uma discreta variacdo entre os valores de referéncia para os teores de
cloro em bovinos. Enquanto Kaneko et al. (2008) descrevem esses valores entre 97

a 111 mmol/L, Radostits et al. 2000 preconizam valores entre 95-110 mEq/L.

1.5. MINERAIS

1.5.1. Célcio

Trata-se de um mineral que tem como caracteristica fungdes reguladoras
essenciais, tais como mecanismos enzimaticos para o metabolismo de horménios,
além da manutencéo da contracdo muscular e estrutura celular (RODRIGUEZ et al.,
2004). Age também na formacdo de dentes, atua na coagulacdo do sangue
juntamente com a vitamina K. Minerais como o calcio e fésforo sdo mediados por
transportadores e mecanismos dependentes de energia (HAFEZ E HAFEZ, 2004). O
calcio esta fortemente associado ao metabolismo gestacional, uma vez que ao longo

da gestacao, minerais como o ferro, célcio, fésforo estdo envolvidos no aumento do
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peso corporal do feto, o qual possui uma habilidade Unica para retirar calcio do
organismo materno, caso a mae nao tenha um fornecimento ideal do mineral via
alimentacao.

Ferguson e Hoenig (2011) descrevem o calcio total sérico em trés formas
distintas: 10% estdo sob a forma de complexos de célcio, ou seja, citrato, fosfato,
sulfato de calcio, lactato e ions bicarbonato; 40% se encontram aderidos as
proteinas, sendo a albumina a principal proteina de ligacdo do calcio no soro; 50%
na forma ionizada, a qual pode-se considerar a forma biologicamente ativa, sendo
esta afetada diretamente pelo equilibrio &acido-base. Radostits et al. (2000)
preconizam valores de referéncia para o célcio total em bovinos entre 9,7 a 12,4
mg/dL; enquanto o célcio ionizado se mantém dentro do intervalo em 4,8 a 6,2
mg/dL nesta mesma espécie.

SituagOes de alcalose metabdlica levam a uma diminui¢cdo de célcio ionizado
e podendo ocasionar quadros de hipocalcemia subclinica. Em relacdo a fisiologia do
mineral, quando a concentracdo de calcio no liquido extracelular cai para niveis
abaixo do normal, as glandulas paratireoides sdo diretamente estimuladas,
favorecendo a secrecdo de seu hormodnio paratiredideo. Tal horménio atua
diretamente sobre o0s 0ssos e aumenta a reabsorcdo de sais 0sseos, com a
consequente liberacdo de grandes quantidades de calcio no liquido extracelular e
elevacdo do nivel de calcio até seu valor normal. Por outro lado, quando a
concentracdo de calcio se torna muito alta, ocorre depressdo da secrecdo de
hormdnio paratiredideo, de modo que quase ndo ocorra reabsorcdo 6ssea. No
entanto, o sistema osteoblastico para a formacdo de novo 0sso continua
depositando calcio, removendo assim o calcio do liquido extracelular, com a
consequente reducdo da concentracdo de ions calcio até sua faixa de normalidade
(GUYTON E HALL, 1997).

1.5.2. Fésforo

O fosforo é um mineral necessario para diversas funcdes vitais do organismo,
esta presente tanto a nivel intracelular quanto extracelular. Em fluidos intracelulares,
ele esta presente na forma de fosfato, onde desempenha um papel fundamental na
sintese e degradacdo de compostos. Possui também a capacidade de transferéncia

e armazenamento de energia através da formacéao de difosfato de adenosina (ADP),
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trifosfato de adenosina (ATP) e monofosfato de adenosina (AMP). Enquanto isso, o
fésforo presente no fluido extracelular age como tampéo para o equilibrio acido-base
do organismo animal (CARLSON, 2009).

O fosforo, tal como o célcio, tem sua regulacdo mediada por metabdlitos da
vitamina D, fatores dietéticos e pelos hormdnios calcitonina e paratormdénio
(CARLSON, 2009). O hormoénio calcitonina é responsavel pela diminuicdo na
concentracdo sérica de calcio e fésforo enquanto o paratormdnio possui uma
potente acao fosfatlrica, ou seja, enquanto o paratormdnio aumenta a concentracao
de célcio, age concomitantemente diminuindo a de fésforo. Aliado a isto, tem-se a
vitamina D que age aumentando a concentracdo de calcio e fosforo atraveés da
absorcdo do mesmo via trato gastrointestinal (BOHN, 2015).

Diferentemente de outros animais onde a excrecdo do fosforo é realizada
pelos rins, em ruminantes a excrecdo se d4, principalmente, via trato gastrintestinal.
Tal fato contribui para um quadro de hiperfosfatemia em animais com obstrugao
gastrintestinal superior. Outro fator desencadeante de aumento na concentracao
sérica de fosforo sdo quadros de acidose, uma vez que ha diminuicdo da absorcao
do eletrdlito pela célula. Episodios de diarreia, vdmito ou doencas que afetam a
absorcdao intestinal levando a quadros de hipofosfatemia (BOHN, 2015). Bovinos que
possuem uma dieta pobre em fésforo podem apresentar hipofosfatemia, tal como
fémeas que desenvolvem quadros de paresia da parturiente (CARLSON, 2009).

Radostits et al. (2000) e Kaneko et al. (2008) recomendam valores para

fésforo em bovinos entre 5,6 a 6,5 mg/dL.

1.5.3. Magnésio

O magnésio € um macromineral presente no organismo animal. E o quarto
cation mais abundante no organismo e o0 segundo mais abundante no
compartimento intracelular (GONZALEZ et al., 2009). Em torno de 99% do magnésio
corpOreo encontram-se no espaco intracelular de ossos, musculos e tecidos moles.
No espaco extracelular, localiza-se 1% do magnésio e, deste, apenas 25% podem
ser encontrados no plasma. Portanto, 0 magnésio plasmatico representa pequena
fracéo do pool total (TRINDADE, 2006).

E essencial para a fungdo enzimatica, inclusive as que estfo relacionadas a

transferéncia de grupos fosfato, reacdes quimicas que requerem ATP e etapas
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relacionadas a replicacéo e transcricdo do DNA e traducdo do mRNA (GONZALEZ et
al., 2009). As concentracbes de magnésio sanguinea sdo reguladas pelo
paratorménio, regulacdo esta semelhante ao que ocorre com o ion calcio
(TRINDADE, 2006).

Segundo GOFF (2014) os disturbios decorrentes de alteragdes no equilibrio
acido-base tém pouco efeito sobre a distribuicdo do magnésio sérico. Pode-se notar
gque a manutencdo da concentracdo plasmatica normal de magnésio € quase
totalmente dependente da absorcdo dietética do mineral. Gonzalez et al. (2000)
afirmam que valores baixos de magnésio resultam em sérias consequéncias para 0s
ruminantes podendo leva-los ao oObito. Casos de hipomagnesemia séao
acompanhados por retencdo de placenta, tetania, hiperexcitabilidade, disturbios
ruminais, além de queda na producdo de leite. A hipomagnesemia pode ser
consequéncia de uma excessiva lipdlise em decorréncia de uma deficiéncia
energética da dieta. J4 a hipermagnesemia ndo resulta em graves transtornos para
0S animais acometidos, uma vez que 0 excesso de magnésio tende a ser eliminado
via excrecao urinaria.

Os valores de referéncia de magnésio para a espécie bovina, segundo
Kaneko et al. (2008) e Radostits et al. (2000), sédo 1,8 a 2,3 mg/dL.

1.6. ACUCARES

1.6.1. Glicose

A glicose € um carboidrato simples, denominado monossacarideo, que atua
como fonte de energia para a manutencdo e regulacdo do organismo, tem papel
importante para os tecidos nervosos, além de atuar diretamente na sintese de
polissacarideos estruturais, glicoproteinas e glicolipideos de membranas celulares
(CANIZARES et al., 2009).

Em ruminantes a maior fonte de glicose sanguinea é oriunda do processo de
fermentacdo ruminal através da acdo microbiana. A fermentacdo gera os acidos
graxos volateis, denominados pela sigla AGV’s, sendo eles o acido acético,
propidnico e butirico. Uma vez que os ruminantes absorvem esses AGV'’s, ocorre a
gliconeogénese no figado a partir do acido propibnico, sendo este responsavel pela

maior fonte de glicose sanguinea (ALLISON, 2015a). A quantidade de &acido
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propidnico absorvida pelas papilas ruminais em animais que possuem uma dieta
satisfatoria é frequentemente suficiente para suprir as demandas para a sintese de
glicose (CANIZARES et al., 2009).

Quadros de hipoglicemia em bovinos podem ser decorrentes de cetose, onde
a gliconeogénese no figado é incapaz de suprir a necessidade de glicose devido a
alta producdo de leite e a cetose ocorre através do aumento da mobilizacdo de
gordura. Em contrapartida, em quadros de “febre do leite”, ha hiperglicemia em
associacdo com hipocalcemia e hipofosfatemia. Situacdes de exaustao fisica, dor ou
excitacdo associadas a liberacdo de catecolaminas estimulam a liberagédo de gH,
inibindo a secrecao de insulina e consequentemente estimulando a glicogendlise,
levando a uma elevacdo nos niveis de glicose, assim como em casos de
hiperglicemia por estresse, onde héa liberacdo enddgena de corticosteroides que
estimulam a gliconeogénese e a liberacdo de glucagon, desenvolvendo resisténcia a
insulina. (ALLISON, 2015a).

Em quadros de hipoglicemia ou hiperglicemia em bovinos pode-se observar
valores de glicose fora dos valores de referéncias, ou seja, valores acima ou abaixo
de 45 a 75 mg/dL (KANEKO et al., 2008; RADOSTITS et al., 2000).

1.6.2. Frutosamina

Sao cetoaminas estaveis, compostas por moléculas de glicose unidas a
moléculas de proteina, através da glicacdo (ARMBRUSTER, 1987). Tal processo
constitui a soma entre uma proteina e um carboidrato sem a agao controladora de
uma enzima. Em humanos, a quantidade de frutosamina no soro € aumentada em
caso de diabetes mellitus devido a alta concentracdo de acucar no sangue
(ARMBRUSTER, 1987).

Segundo Reusch et al. (1993) a mensuracdo de frutosamina nao é
influenciada por oscilagées de acgucares de curta duracdo no sangue, fato que pode
ocorrer em situacdes de estresse no momento da colheita por exemplo. Sendo
assim, a frutosamina € capaz de refletir a concentracdo média de aclUcar no sangue
nas ultimas duas a trés semanas anteriores a colheita (ARMBRUSTER, 1987).

Jensen et al. (1993) relataram que € possivel realizar a mensuracao de
frutosamina em amostras de soro bovino e isto pode ser indicativo de quadros de

cetose subclinica em animais com aptiddao leiteira. Os mesmos autores
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preconizaram valores de referéncia para a espécie entre 213,4 a 265 pmol/L para a

frutosamina plasmaética.

1.7. FUNCAO RENAL

1.7.1. Ureia

Nos organismos ureotélicos, a amonia é convertida em ureia nas mitocondrias
dos hepatocitos, através do ciclo da ureia. A producdo de ureia ocorre quase
exclusivamente via hepatica e representa o destino da maior parte da amoénia
canalizada para o figado. Apo6s os hepatdécitos, a ureia passa para a circulacao
sanguinea, que a transporta até os rins, onde é excretada atraves da urina
(NELSON E COX, 2002).

Em animais monogastricos as mensuracdes dos niveis plasmaticos de ureia e
creatinina sdo capazes de detectar alteracfes e afeccdes renais, além de estimar o
grau de funcionamento dos rins. Embora esses testes ndo sejam tdo satisfatorios
quanto as provas de depuracao renal, os testes sédo de facil execucdo e demonstram
o0 grau de perturbacdo do meio interno, devido a incapacidade do organismo de
excretar os produtos metabdlicos finais das proteinas (GUYTON E HALL, 1997).

Segundo Meuten (2015) os ruminantes por possuirem uma flora ruminal
capaz de degradar a ureia em aminodacidos e assimila-los, o que resulta em ganho
proteico e significativa excrecdo de ureia pelo trato gastrointestinal. Sendo assim
torna-se dificil correlacionar o aumento de ureia e creatinina com a densidade
urinaria para predizer doencas renais em ruminantes. A correlacdo entre 0 aumento
de ureia sem haver aumento concomitante de creatinina tem sido usada para
predizer uma possivel estase ruminal ou sangramento de trato gastrointestinal.
Enquanto isso, uma diminuicdo esta relacionada a diurese por fluidoterapia ou a
habilidade Unica que cavalos e bovinos tem em metabolizar e excretar ureia pelo
trato gastrointestinal.

Kaneko et al. (2008) consideram os valores fisioldgicos para a concentracéo
de ureia nitrogenada em bovinos entre 20 a 30 mg/dL, em contrapartida, Radostits et
al. (2000) consideram os valores entre 6 a 27 mg/dL, podendo notar uma diferenca

entre os autores.
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1.7.2. Creatinina

A creatinina é derivada do catabolismo da creatina presente no tecido
muscular. A creatina € um metabdlito utilizado para armazenamento energético no
musculo sob a forma de fosfocreatina. A degradacéo de fosfocreatina em creatinina
ocorre de maneira constante, sendo uma reacdo nao enzimatica irreversivel,
dependente de fatores estequiométricos (GONZALEZ E SCHEFFER, 2003).

Sua molécula é um pouco maior que a da ureia, de modo que praticamente
nao ocorre reabsorgédo. Sendo assim, toda a creatinina filtrada do filtrado glomerular
passa pelo sistema tubular e é excretada pelos rins através da urina (GUYTON E
HALL, 1997). Assim como a ureia, sua mensuracdo plasmatica é indicativa de
alteracdes a nivel renal. Segundo Meuten (2015) quando a concentracdo sérica de
creatinina encontra-se dentro dos valores de referéncia ndo € significativo de que os
rins estejam normais, ou seja, € indicativo que mais de 25% da massa renal estéao
funcionando adequadamente para excretar creatinina e manté-la dentro do intervalo
de normalidade, sendo este entre 1,0 a 2,0 mg/dL para bovinos (KANEKO et al.,
2008; RADOSTITS et al.; 2000). Uma vez que sO se observa alteragdes nos niveis
de ureia e creatinina quando a funcao renal esta com reducdo de 75% na taxa de

filtracdo glomerular.

1.8. FUNCAO MUSCULAR

1.8.1. CK

A enzima creatina quinase, intitulada pela sigla CK, é uma enzima musculo-
especifica altamente sensivel. Encontra-se presente em menores quantidade em
orgdos como diafragma, estdmago, pancreas, placenta, intestino, rins, bexiga,
pulmdes, (tero, prostata, baco e tireoide. Sua maior atividade esta presente no
muasculo esquelético, cérebro e tecido cardiaco. Figado e eritrécitos sao
essencialmente desprovidos de CK (MOTTA, 2009). Apesar de a enzima ser
encontrada no cérebro, lesdes cerebrais ndo causam aumento da atividade de CK
no sangue e sim no liquido cefalorraquidiano devido a barreira hematoencefalica
(ALLISON, 2015b).

Em relacdo a niveis séricos de CK pode haver um aumento destes niveis

quando ha lesdo em muasculo esquelético, como no caso de injecbes
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intramusculares, contengdo fisica, isquemia ou necrose muscular, exercicios
exaustivos, traumas e convulsdes durante o transporte. Bovinos que apresentam o
quadro de “vaca caida” irdo ter um aumento da atividade de CK decorrente de um
quadro de necrose muscular isquémica (ALLISON, 2015b).

No musculo, esta enzima fornece ATP para a contracdo pela fosforilacdo do
ADP do fosfato de creatina. Elevacbes nas atividades totais da CK foram relatadas
em uma grande variedade de espécies com disturbios musculares caracterizados
por necrose de miofibras (KANEKO et al., 2008). Por ser uma enzima de meia vida
curta (quatro horas) um aumento persistente nos niveis plasmaticos, 35 a 280 U/L
segundo Radostits et al. (2008), é indicativo de lesdo muscular continua e ativa
(MORAIS et al., 2000). Segundo Allison (2015b) em relacdo a musculatura cardiaca,
torna-se pouco provavel que um aumento sérico de CK seja decorrente de leséo no
musculo cardiaco, uma vez que o volume muscular é relativamente pequeno quando

comparado a musculatura esquelética.

1.9. FUNCAO LIPIDICA

1.9.1. Colesterol

O colesterol é classificado como um alcool policiclico de cadeia longa,
encontrado nas membranas celulares e transportado no plasma sanguineo. Pode
apresentar-se na forma livre ou esterificada com acidos graxos do tipo éster de
colesterol. Atua como precursor da sintese de hormdnios esteroides, sais biliares,
vitamina D e participa da formacdo das membranas celulares (FERNANDES et al.,
2012). Animais herbivoros necessitam sintetizar seu préprio colesterol, uma vez que
nao conseguem obté-lo através da dieta, para isso utilizam-se de mecanismos
hepéticos, como exportagcdo de colesterol e os ésteres de colesterol para a
circulagdo sanguinea como constituinte das lipoproteinas (RADIN, 2015).

Em ruminantes, a mensuracdo de colesterol no sangue € realizada com a
finalidade de avaliar o balanco energético do animal, uma vez que indica o grau de
deposicdo e de mobilizacdo das reservas energéticas na forma de gordura
(FERNANDES et al., 2012). Segundo Gonzales (2000) a diminuicdo dos niveis
plasmaticos de colesterol, albumina, glicose e magnésio no sangue séo indicativos
de comprometimento da funcdo hepética. Os valores de referéncia para a espécie

bovina sdo de 80 a 120 mg/dL segundo Kaneko et al. (2008).
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1.9.2. Triglicérides

Triglicérides sao lipidios originados pela esterificacdo dos acidos graxos nao
esterificados (NEFA’s) ao composto alcodlico glicerol. Tais lipidios atuam na
composi¢do da gordura. Tem como fung¢des principais o isolamento térmico, elétrico
e atua como reserva energética (OLIVEIRA, 2015). A sintese de triglicérides ocorre
em o6rgdos como intestino delgado, figado, glandula mamaria e tecido adiposo. Os
valores de referéncia sao de 0 a 14 mg/dL (KANEKO et al., 2008).

1.9.3. Lipoproteinas

As lipoproteinas sdo grandes aglomerados nado celulares de lipidios e
proteinas e encontram-se suspensos na linfa ou no plasma sanguineo. Tem como
funcdes o transporte da maioria dos lipidios para os tecidos e a esterificacdo do
colesterol (KANEKO et al.,, 2008). Em relacdo a sua estrutura as lipoproteinas
possuem moléculas apolares (triacilglicerol e colesterol) ao centro da molécula,
enguanto o exterior € revestido por moléculas polares (proteinas e fosfolipidios). Sua
sintese ocorre a nivel hepatico e intestinal.

As principais classes de lipoproteinas sédo definidas pela sua densidade em
quilomicrons (KANEKO et al., 2008), sendo elas: HDL (high-density lipoproteins) sédo
caracterizados como lipoproteinas de alta densidade. Em espécies domésticas, o
HDL € normalmente a lipoproteina plasmatica mais abundante em estado de jejum.
Tem como funcdo o transporte de colesterol de 6rgdos periféricos para o figado
(KANEKO et al., 2008). LDL (low-density lipoproteins) sao lipoproteinas de baixa
densidade. Sua principal funcéo é o transporte de colesterol para o figado e outros
tecidos (RADIN, 2015). Ja as lipoproteinas VLDL (very-low-density lipoproteins) sao
caracterizados como lipoproteinas de densidade muito baixa. A secrecédo de VLDL
no plasma é o principal método pelo qual os hepatdcitos exportam triacilglicerol,
sendo este o principal componente lipidico da VLDL. Segundo Poncheki (2019) os
valores para VLDL séo de 0 a 2,8 mg/dL podendo ser calculado através da através
da formula VLDL = TG/5.

1.10. FUNCAO HEPATICA

1.10.1. Proteinas plasmaéticas totais
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As proteinas plasméticas totais referem-se as proteinas contidas no plasma,
ou seja, a albumina, globulina e fibrinogénio. Tem como fun¢des a formacéao da base
das estruturas das células, 6rgédos e tecidos; tamponamento do equilibrio acido-
base; catalise de reacdes bioquimicas e manutencdo da pressdo osmatica coloidal
(KANEKO et al., 2008). Casos de hipoproteinemia estao relacionados com déficits
alimentares, causas patologicas decorrentes de distarbios hepaticos, renais e
intestinais, também casos de hemorragias e parasitismo. O aumento no teor de
proteinas plasmaticas totais pode ser decorrente de desidratacdo, choque, perda de
fluidos corporeos, entre outros. Os valores de referéncia para bovinos encontram
entre 6,74 a 7,46 g/dL segundo Kaneko et al. (2008) e 5,7 a 8,1 g/dL segundo
Radostits et al. (2000).

A albumina é a principal proteina plasmatica sintetizada no figado. Contribui
com 80% da osmolaridade do plasma sanguineo, além de atuar como
transportadora de &cidos graxos livres, metais, bilirrubina e tem papel de reserva
proteica (GONZALEZ et al., 2000), além de atuar na manutencdo da pressio
osmotica (KANEKO et al., 2008). No caso de injuria tecidual, a albumina € a primeira
proteina a ser perdida (SILVA et al. 2008). E considerado o indicador mais sensivel
para determinar o status nutricional proteico do animal, uma vez que valores
persistentemente baixos sugerem um consumo inadequado de proteina (BRONDANI
et al., 2016).

Os valores para albumina em bovinos tem discrepancias em seus valores na
literatura consultada, valores de 3,03 a 3,55 g/dL segundo Kaneko et al. (2008) e 2,1
a 3,6 segundo Radostits et al. (2000).

A globulina é representada através de um grupo heterogéneo de proteinas de
diferentes tamanhos. Ha diversos tipos de globulinas presente no plasma sanguineo,
entre elas pode-se citar as imunoglobulinas, fatores de coagulacdo, proteinas do
sistema complemento, enzimas e proteinas que transportam lipidios, vitaminas,
entre outros. A producdo da maioria das proteinas acontece a nivel hepatico, exceto
as imunoglobulinas que tém sua sintese em 6rgaos linfoides (ALLISON, 2015a). Os
valores para a globulina bovina sao de 3,0 a 3,48 g/dL segundo Kaneko et al. (2008).

Vale ressaltar que alteracoes, sejam elas decorrentes da diminuicdo ou do
aumento de globulina e albumina, nem sempre irdo gerar uma alteracdo detectavel
no teor da proteina total (ALLISON, 2015a).
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1.10.2. Bilirrubina

A bilirrubina € uma substancia de coloracdo amarelada encontrada na bile,
sua producdo se origina pelo metabolismo hepatico através da degradacdo de
glébulos vermelhos e liberacdo de moléculas do grupo heme. Urina e fezes séo vias
de eliminacdo da bilirrubina. Est4 presente no organismo animal em trés formas:
conjugada ou direta onde ja houve metabolizacdo hepatica e associagcdo com o
acido glicurénico; ndo-conjugada ou indireta, € a bilirrubina logo apds a sua sintese
e ligacdo a albumina; e por ultimo, a bilirrubina total que € composta pela soma das
bilirrubinas direta e indireta. Os valores de referéncia para os bovinos em relacdo a
bilirrubina total, direta e indireta séo, respectivamente, 0,01 a 0,5 mg/dL; 0,04 a 0,44
mg/dL; 0,03 mg/dL; segundo Kaneko et al. (2008).

Allison (2015a) descreve que um aumento na concentracdo sérica de
bilirrubina, aumento este denominado de hiperbilirrubinemia, pode ser decorrentes
de trés mecanismos distintos: colestase, onde ha uma menor excrecdo de
bilirrubina; Destruicdo exacerbada de eritrcitos, que geram um aumento da
producdo; menor absorcdo ou conjugacdo pelos hepatécitos. Casos de
hiperbilirrubinemia em ruminantes normalmente sdo decorrentes de hemolise, uma
vez que doencas primarias da vesicula e trato biliar sdo incomuns nestas espécies.

Bertoni e Trevisi (2013) relatam que fémeas gestantes saudaveis
apresentaram um leve aumento nos teores de bilirrubina total momentos antes do
parto e atingiram um pico ao redor do sétimo dia pés-parto, os valores foram
restabelecidos para a normalidade entre a quarta e quinta semana lactacional. Esse
aumento nos valores pode ser atribuido, principalmente, a uma menor sintese das

enzimas responsaveis pela depuracao da bilirrubina.

1.10.3.AST

A AST denominada aspartato aminotransferase é uma enzima nao especifica
encontrada em diferentes tipos de células do organismo animal, entre elas pode-se
citar os eritrdcitos, células da musculatura cardiaca e esquelética e os hepatdcitos. E
uma enzima avaliada nas provas de funcédo hepatica em bovinos e equinos como
marcador de dano a hepatdcitos, embora danos musculares e hemolise também
possam ser causas de aumento de sua atividade sérica (KREUTZER, TURK E
CASTEEL, 2008).
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Devido a sua baixa hepatoespeficidade o aumento nos teores séricos de AST
pode ser devido ndo apenas a lesbes de hepatdcitos mas também relacionado a
lesbes musculares Para minimizar essa questdo, € aconselhado determinar a
atividade de uma enzima musculo-especifica, como a CK, concomitante a analise de
AST (ALLISON, 2015a). Segundo Kaneko et al. (2008) e Radostits et al. (2000) os
valores para a AST de bovinos séo de 78 a 132 UI/L.

1.10.4.GGT

A gamaglutamiltransferase € uma enzima de inducdo, sendo um importante
marcador de distlrbios hepatobiliares e de colestase. A GGT sérica € um dos
indicadores mais confiaveis de lesdo hepatica e obstrucéo biliar em grandes animais
(CARLSON, 2009). Pode-se observar em ruminantes e cavalos intervalos de
referéncia mais restritos que a ALP, o que se torna mais util para o diagnéstico de
colestases (Stockham e Scott, 2011). Segundo Kaneko et al. (2008) e Radostits et
al. (2000) os valores para bovinos estdo entre 6,1 a 17,4 U/L. Allison (2015a)
descreve que a maior parte da enzima GGT presente no soro sanguineo tem origem
hepética. As células do epitélio renal também séo capazes de liberar a enzima na
urina, porém, ao contrario do que acontece com células hepaticas, nhdo ha aumento

enziméatico no soro.

1.10.5.LDH

A enzima lactato desidrogenase, representada pela sigla LDH, esta presente
no citoplasma de grande parte das células no organismo. Lesdes em diferentes
tecidos resultam em extravasamento de LDH para o sangue e espacgo extracelular,
sendo assim, trata-se de uma enzima altamente inespecifica (ALLISON, 2015a).

Hemolise, necrose muscular e hepatica estdo entre as principais causas de
elevacdes da enzima (KREUTZER, TURK E CASTEEL, 2008). Valores de referéncia
para bovinos foram preconizados dentro da faixa de 692 a 1445 U/L segundo
Kaneko et al. (2008) e Radostits et al. (2000). A enzima LDH, mesmo sendo menos
especifica que a CK e AST, em casos de lesbes musculares se apresenta com

elevacéo de sua concentracao (BALARIN et al., 2005).

1.11. COMPONENTES SANGUINEOS
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O hematécrito € a porcentagem de sangue composta pelos eritrocitos,
enquanto a concentragdo de hemoglobina fornece a indicacdo mais direta da
capacidade de transporte de oxigénio do sangue e deve ser aproximadamente um
terco do hematdcrito se os eritrécitos possuirem um tamanho normal (BROCKUS,
2011). Os valores de referéncias para bovinos preconizados em literatura sao de 21
a 30% para o hematdcrito e 8 a 12 g/dL para a hemoglobina segundo Weiss e
Wardrop (2010).

Casos de desidratacdo ou mudancas de fluidos para 6rgaos viscerais causam
um aumento nos valores de hemoglobina e hematdcrito. Em contrapartida, uma
hiper-hidratacdo com fluidos parenterais provocam uma reducdo os valores
(BROCKUS, 2011).

1.12. COMPONENTES GASOMETRICOS E EQUILIBRIO ACIDO-BASE DO
SANGUE

Um tampao biolégico € um composto que pode ser doador ou receptor de
prétons (ions de hidrogénio) para minimizar mudancas de pH. O organismo possui
dois sistemas tampdes principais para a manutencao dos liquidos corporais: tampao
bicarbonato, o qual se classifica como o tampédo priméario do fluido extracelular;
tampao néo bicarbonato, composto pelos fosfatos organicos e inorganicos e pelas
proteinas, que compdem o sistema tampédo intracelular primario (DIBARTOLA,
2011b).

O tampao bicarbonato é o mais importante tampéao biol6gico, uma vez que a
concentracdo de cada um de seus componentes é capaz de regulagdo, ou seja, 0
diéxido de carbono através do sistema respiratorio e o ion bicarbonato através dos
rins. Consequentemente, o pH do sangue pode ser aumentado ou diminuido
conforme a necessidade (GUYTON E HALL, 1997). A concentracdo do ion
bicarbonato é mantida através da producado e conservacao de bicarbonato de sodio
pelos tabulos renais (GEORGE E ZABOLOTZKY, 2011).

O pH faz referéncia a concentragdo de ions hidrogénio no sangue, essa
concentracdo € mantida dentro dos limites no organismo através dos tampdes
fosfato, proteinas e bicarbonato. Para avaliacdo do paciente é utilizado apenas a
mensuragao do tampéo bicarbonato (GEORGE E ZABOLOTZKY, 2011). Os valores
de referéncia para o pH bovino sédo de 7,31 a 7,53 segundo Kaneko et al. (2008) e
7,35 a 7,50 (RADOSTITS et al., 2000).
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Um aumento na razdo HCOs3/H2COs causa alcalemia e indica alcalose,
enquanto uma diminuicdo causa acidemia e indica acidose. O pH deve ser
determinado através da razdo, e ndo pela concentracdo individual (GEORGE E
ZABOLOTZKY, 2011).

1.12.1.p02 e pCO>

A pressao parcial de oxigénio, denominada pela sigla pO2, refere-se a
quantidade de oxigénio ligada a hemoglobina. E um parametro utilizado para a
avaliacdo da oxigenacao pulmonar, assim como a pCO:z para a ventilacdo pulmonar.
Ambas as pressoes parciais sdo inversamente proporcionais (DUMONT et al., 2014).

Em sangue arterial os valores de pO2 para bovinos encontram-se dentro do
limite de 83 a 95 mmHg segundo Sucupira e Ortolani (2003).

O dioxido de carbono (CO2) é um acido com capacidade de combinag&o com
a agua (H20) na presenca da enzima anidrase carbdnica para formacdo do acido
carbbnico (H2COs). O didxido de carbono é continuamente removido através da
ventilacdo alveolar para a manutencdo da pressédo parcial de CO2 (PCO2) em,
aproximadamente, 40 mmHg (DIBARTOLA, 2011b).

1.12.2.TCO>

A mensuracdo do TCO:2 € outra maneira de verificar o HCOs no plasma.
Trata-se do CO: total liberado quando o soro ou plasma é misturado com um &cido
forte (GEORGE E ZABOLOTZKY, 2011). Os valores de TCO:2 para bovinos
encontram-se no intervalo de 21,2 a 32,2 mmol/L segundo KANEKO et al. (2008).
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CAPITULO 2 - BIOCHEMICAL CHANGES IN BLOOD AND ALLANTOIC FLUID
DURING THE END OF THE PREGNANCY OF CLONED EMBRYOS BY SCNT IN
NELLORE COWS.

ABSTRACT

The female reproductive tract of mammals undergoes intense remodeling of
tissues layers and structures with dramatic morphophysiological changes during
cyclicity and pregnancy. During pregnancy, changes in the uterus-placenta-fetus
complex are modulated by the presence of the conceptus, and then, these changes
could determine pregnancy success. Many pathological changes in the uterus-
placenta- fetus complex throughout the pregnancy of bovine embryos cloned by
SCNT have been described, and they were the foundation for the central hypothesis
of this study that gestational changes in complicated pregnancies can be predicted or
detected earlier by biochemical assays and/or portable gasometric analyzes in
maternal blood and/or in the allantois fluid. Twenty-two healthy multiparous pregnant
Nellore cows (Bos taurus indicus) were used for blood and allantoic fluid collection
every fortnight starting on 150 days of gestation until natural-birth or abortion. Data of
each cow was normalized for day of birth or abortion (Day 0). Three fortnights before
these events were used for all analyses. A comprehensive description of reference
values for various biochemical and blood gas parameters using serum and total
blood samples, and a few blood gas parameters in allantoic fluid of naturally-
produced (control; n = 6) and SCNT clone (clone; n = 16) pregnancies in Nellore
cows is the most important result of this study. Also, these parameters were studied
in pregnant cows experiencing natural-birth (control, n = 3, and clone, n = 8) and
abortion (control, n = 3, and clone, n = 8). The only studied parameter able to be
used as a predictor of abortion was the cholesterol for pregnancies of clones.
Cholesterol levels were elevated two and three fortnights before abortion in these
pregnant cows. The circulating levels of potassium, phosphor, calcium, glucose, and
urea presented distinct levels between pregnancies of fetus naturally-produced and
by SCNT, indicating a different metabolism between these two pregnant groups.
Unfortunately, allantois fluid samples were not able to be analyzed by the

biochemistry assays due to sample lecture problems. Only pH, pO2 and pCO2
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parameters presents adequate data results when analyzed by the portable

gasometric equipment.

KEYWORDS: Allantois; SCNT; Pregnant Cows; Biochemistry; Hemogasometry.

2.1. INTRODUCTION

In 1997, the dogma that differentiated somatic cells were unable to reacquire
totipotency generating a new individual was broken with the announcement of the
birth of the first clone by SCNT, the sheep “Dolly” (WILMUT et al., 1997). Currently,
the use of this technique in basic and applied research has provided important
scientific discoveries, but much more can be done to improving its efficiency
(CAMPBELL et al., 2007).

The birth rate of live calves after ET from SCNT cloned embryos is around 7 to
10%. (WELLS et al., 1999; MERIGHE, 2007) In vitro production of blastocysts has
been a critical phase (EDWARDS et al., 2003; MELLO et al., 2003; WELLS et al.,
2004). After ET, significant economic losses associated with fetal losses are also
present. Four critical periods are identified after ET. The first period occurs until Day
30, and the survival rate after ET is around 30% (MERIGHE, 2007). These losses
may be related to inefficient embryo signaling for maternal recognition of pregnancy,
embryo failure to stimulate uterine remodeling and immunological aspects. The
second critical period occurs between Days 30 and 60 of pregnancy. Approximately
40% of the conceptuses that survive to Day 30 will die in this short period
(MERIGHE, 2007) where hypoplastic placentas with rudimentary cotyledons are
observed (STICE et al., 1996; HILL et al., 2000; EDWARDS et al., 2003). The third
critical period occurs during the second trimester of pregnancy. Around 50% of
pregnancies are lost between Days 60 and 180 (MERIGHE, 2007). Placentas usually
appear normal, but the number of cotyledons is reduced, and the fetus and placental
layers may appear edematous and thick. The fourth or last critical period
corresponds to the last trimester of pregnancy. Around 25% of pregnancies that
reach Day 180 will be lost before the expected day of delivery (MERIGHE, 2007).
Hydroallantois, hypertrophy of the cotyledons, edema of the intercotyledonary area
and anasarca in the fetus are the most common pathologies observed in this period,
among others.
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The last trimester of pregnancy is characterized by intense fetal growth and a
parallel increase in transplacental exchange of nutrients, gases, and excretions
(REYNOLDS et al., 1986; REYNOLDS et al., 2006). Fructose levels in the allantois
and amniotic sacs were elevated on Days 90 and 180 in pregnancies from in vitro
produced embryos compared to in vivo produced embryos indicating increased
placental fructogenic activity in the in vitro pregnancies (BERTOLINI et al., 2004).
Pregnancies from SCNT clones that survive during early and mid-gestation are often
complicated during the last trimester. “Large Offspring” syndrome, hydroallantois and
placentomegaly are frequently found pathologies. Constant et al. (2006) showed
evidence that this finding is more related to the “large placenta” syndrome and not to
the “large offspring” syndrome. In this study, cows pregnant with SCNT were
slaughtered on Days 180 and 280 of gestation and the macroscopic findings showed
placental overgrowth preceding fetal overgrowth, with the fetus not being in a
compensatory way the placental growth stimulating factor. In another work, the
structure and microvascular architecture of the placenta were studied in 19 clone
pregnancies that reached term (MIGLINO et al., 2007). Edema in the umbilical cord
and fetal membranes were common. In addition, extensive areas of the
chorioallantois did not present placentomas. In caruncles, the crypts were dilated and
often had more villi than just the primary villi. These data suggest a placental
compensation to supply the nutritional demands of the fetus during the last trimester
of preghancy by hypertrophy of the placentomes together with an increased number
of villi. The fetus begins its intense growth phase in the last trimester and the
uteroplacental complex is severely challenged to meet the demands of gas and
nutrient exchange. It should be highlighted that bovine cloning by SCNT is
associated with pregnancy abnormalities that can culminate in gestational
prolongation, abortions, anomalies, decreased or absent signs of delivery and lower
newborn survival. Commonly, these failures are related to placental changes
(VASCONCELOS, 2016). However, the problems observed in clones are not
restricted only to placental dysfunctions, but also to cardiocirculatory, respiratory,
hepatic, joint, renal, immunological, and even multisystem dysfunctions in the fetus
(GUIMARAES et al., 2012).

Based on the above, it is believed that gestational changes in the uterus-
placenta-fetus complex, in complicated pregnancies, can be predicted or detected

earlier by biochemical and hemogasometric analyzes in maternal blood and/or in the
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allantois fluid. Pregnancies of bovine clones by SCNT usually present gestational
problems and could be useful for the detection of the best diagnostic marker. This
work aimed to describe the bovine pregnancies of embryos cloned by SCNT and
produced in vivo, focusing on biochemical and hemogasometric alterations of the
allantois fluid and maternal blood. The results of this project may be useful to develop
a gestational health research protocol applied not only to bovine species, but also to

other mammalian species.

2.2. MATERIAL AND METHODS

2.2.1. Animals

Twenty-two healthy multiparous and pregnant Nellore cows (Bos taurus
indicus) from the farm of the University of Sao Paulo — Campus of Pirassununga
were used for this study starting on 150 days of gestation until delivery or abortion.
The pregnancies of clones by SCNT and normal by IA (control) were produced for
other studies in our laboratory. All cows had been examined by rectal palpation and
ultrasonography before the experiments and did not present reproductive tract
abnormalities. They were kept on Panicum maximum (Mombaca variety) pastures
with ad libitum access to traced-mineral salt and water.

All experimental procedures were performed in accordance with the rules
established by the National Council for the Control of Animal Experimentation
(CONCEA) - Ministry of Science and Technology and were approved by the Ethics
Committee for Animal Use and Experimentation (CEUA; protocol numbers:
2210140815 and 7715150216) of the School of Animal Science and Food
Engineering (FZEA) from the University of S&o Paulo (USP).

2.2.2. Production of cloned embryos by somatic cell nuclear transfer (SCNT)

and transfer to recipient cows.

Ovaries from slaughterhouse cows were used to obtain oocytes. Ovarian
follicles with a diameter of 3 to 8 mm were aspirated. The recovered cumulus oocyte

(COC) complexes, with more than four layers of cumulus cells and homogeneous
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cytoplasm, were selected for in vitro maturation (IVM), according to a previously
described technique (SANGALLI et al., 2012).

All in vitro procedures were performed at 38.8°C, maximum air humidity and
5% CO2. Skin fibroblasts from Nellore cows (Bos indicus) were used as nucleus
donor cells. Donor cells were maintained in a 0.5% fetal bovine serum solution for 72
h prior to micromanipulation to synchronize the cell cycle phase to G1/G0. IVM,
oocyte enucleation, embryo reconstruction, and embryo activation were performed
following the previously described cloning laboratory routine (SANGALLI et al.,
2012).

Embryos were maintained in microdroplets with 100 pL of SOFaa medium
supplemented with 5 mg.mL-1 of BSA without fatty acids, and 2.5% (v/v) of FBS
overlaid with mineral oil. Groups of 20 embryos were kept in the same medium for 7
days until the blastocyst stage (SANGALLI et al., 2012). Seven-day developmental
blastocysts derived from SCNT cloning were then individualized, packaged in 0.25
mL straws, and transferred to bovine recipients seven days post-ovulation by the

non-surgical embryo transfer procedure.

2.2.3. Synchronization of estrus and ovulation induction for fixed-time embryo
transfer (FTET) and fixed-time artificial insemination (IATF).

Embryo recipients and cows for IA were submitted to the estrus and ovulation
synchronization protocol at a fixed time, according to the protocol detailed below.
Those who did not respond to the protocol, who were not diagnosed as pregnant or
had embryonic/fetal loss were reused in subsequent synchronization protocols. The
protocol consisted of the insertion of an intravaginal implant of progesterone (1.0 g of
P4; Sincrogest; Ourofino Saude Animal) and an intramuscular injection of estradiol
benzoate (2 mg IM; Sincrodiol; Ourofino Saude Animal) at the beginning of the
protocol (day 0). Eight days later, the intravaginal progesterone implant was removed
and a dose of prostaglandin F2a (PGF2a) analogue was administered
intramuscularly (500 ug of cloprostenol sodium; Sincrocio; Ourofino Saude Animal).

Ovulation induction was performed by administering estradiol benzoate (2 mg;
Sincrodiol; Ourofino Saude Animal) on day 9, and the occurrence of ovulation was

confirmed after 42 hours by transrectal ultrasound. ET was performed seven days
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after ovulation, and the embryo was transferred into the uterine horn ipsilateral to the
corpus luteum (CL). Cows for the control group were artificially inseminated on day

10 using the same hormonal protocol described above for FTET.

2.2.4. Allantoic fluid and blood samples collection

Recipient cows were weakly examined transrectally by ultrasound in B- and
Doppler modes using the MyLab 70 Vet Gold equipment (Esaote Healthcare, Italy)
equipped with a transrectal linear multifrequency transducer for use in large animals
(LV513; 10-5 MHz; Esaote Healthcare, Italy) or with a sectorial curvilinear
multifrequency transducer (CA431; 7-1 MHz; Esaote Healthcare, Italy) for
transabdominal scanning. The exams were used to monitoring the pregnancies
statuses during this study.

From day 150 of pregnancy until term or abortion, allantoid fluid samples were
collected fortnightly from pregnant cows. To obtain the fluid, an in vivo collection
methodology was used, which consisted of aspiration of the fluid in the allantois sac
guided by ultrasound, using a transabdominal paramammary technique as previously
described (CALLAN et al.,, 2002). The transabdominal route was used due to the
advanced gestational period and the anatomical location of the allantois sac during
the respective gestational period.

The pregnant cows were restrained in a cattle chute. The right paramammary
abdominal region was scanned using an ultrasound (MyLab 70 Vet Gold; Esaote
Healthcare, Italy) equipped with a sectorial curvilinear multifrequency transducer
(CA431; 7-1 MHz; Esaote Healthcare, Italy) to visualize the uterus, fetus, placenta,
and its parts. The best abdominal location to puncture the aspiration needle was
identified avoiding puncturing any important adjacent structures. The average
distance to be covered by the aspiration needle between the abdominal wall and the
allantois fluid was approximately 2.5 cm.

After to locate the ideal abdominal puncture site, the area was shaved, and
antisepsis was performed using a regular preoperatory antiseptic solution followed by
70% alcohol washing. Sedation or systemic anesthesia were not necessary to
perform the procedure. However, a local infiltrative anesthesia using 2% lidocaine

was performed (approximately 2,5-5 mL). Regular 20G hypodermic needles (6 cm of
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length) were used for the ultrasound guided punctures. Aspiration was performed
manually using a 20 mL hypodermic syringe and the volume of collected fluid was
between 10 to 20 mL. After the end of the fluid collection, samples were stored in
sterile cryotubes and immediately frozen at -80 °C for further biochemical analysis.
The gasometric analyzes were performed immediately after the collections, using a
portable blood gasometer device (i-Stat, Abbott®) as described below.

Blood samples were collected by jugular venous puncture with a 30x18 needle
in a vacutainer system (15 mL vacuolized tubes) and centrifuged for 10 minutes in
13500 G for plasma isolation by pipetting. The blood plasma samples were frozen at
-20 oC for further biochemistry analysis. For gasometric analysis, collections were
performed by jugular venous puncture using a 30x18 needle coupled to a
heparinized syringe to prevent blood clotting. Due to the difficulty in obtaining arterial
blood in adult Nellore cattle in routine handling, venous blood was collected. Maternal
venous blood gases analysis was performed immediately after collection.

2.2.5. Biochemical and portable hemogasometric analysis

All biochemical analyzes (Fig. 1) from allantoid fluid and maternal serum were
performed using the Mindray BS-120® automatic biochemical analyzer (Mindray do
Brazil, Sao Paulo, SP) in the clinical pathology laboratory of the Veterinary Hospital
of the School of Animal Sciences and Food Engineer - FZEA — University of Sao
Paulo - USP, Campus of Pirassununga, using the following LabTest® reagents:
enzymatic sodium SD (124), enzymatic potassium (152), magnesium (50-200), total
proteins (99-250), liquiform triglycerides (87-2/100), liquiform UV urea (104-4/50),
sensiprot (36/200), liquiform LDH (86-2/30), liquiform chlorides (115), albumin
(19/250), CNPG amylase (25-60), AST/GOT liquiform (109-4/30), bili-D liquiform (93-
1/ 104), bili-T liquiform (94-1/104), calcium liquiform (90-2/30), CK NAC liquiform
(117-2/30), HDL cholesterol(13), liquiform cholesterol (76-2/100 ), creatinine K (96-
300), fructosamine (97-6/15), liquiform UV phosphorus (12-200), liquiform GAMA GT
(105-2/30), liquiform glucose (133-1/ 5000). All the assays had been previously

standardized by this laboratory for bovine species.
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Blood gases analyzes (Fig.1) were performed on maternal venous blood and
allantoic fluid using a portable human blood gases meter (i-Stat, Abbott®; I-STAT
CG8+ cartridge).

Figure 1. List of end-points evaluated by laboratory biochemical analyzer and by portable
blood gasometer using serum, blood, and allantois samples from pregnant cows. The
evaluated end-points are presented based on their biological functions.
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2.2.6. Data analysis

Twenty-two pregnant recipient's cows with gestational age from 150 days of
gestation until parturition or abortion were selected for this study. Sixteen cows were
pregnant of SCNT cloned embryos (clone group), and six pregnant of embryos
naturally produced by Al (control group). Eight cows from clone group and three from
control group gave birth to live calves and eight and three cows, respectively from
these two groups, aborted. For data analyses four subgroups were also used as
follow: clone-birth, clone-abortion, control-birth, and control-abortion.

Sample collections occurred fortnightly after day 150 of pregnancy until term
or abortion. For analyses, the sequential data from each cow were first normalized to
the day of delivery or abortion and, retrospectively, data of all cows were rearranged
fortnightly for calculation of group and subgroups statistical descriptive values. Some
of the cows from the abortion subgroups had a very short gestational period for data
collection (Figure 2). Then, due to the restricted experimental number for statistical
analyses, data only from the last three fortnights prior to abortion or birth were used.
All end-points are shown as mean + SEM by groups and/or subgroups.

Firstly, each end-point mean for each group/subgroup in each fortnight was
compared with the literature reference normal range values and these data are
shown indicating its level as bellow, normal, or above to the respective reference
value. Nonstatistical analyses were performed when the data of all groups or
subgroups in all fortnights felt in the same level. When differences were observed
among the data levels between groups/subgroups and/or among fortnights, a more
detailed statistical analysis was performed as described below.

Data were visually evaluated for quality before any analysis. End-points with
poor quality was not used and discarded. Poor quality refers to an end-point
containing a large amount of data values smaller or higher than the assay sensitivity,
to large variability of the data among samples, or to the assay inability to read the
samples. For serum and total blood samples, the end-points HDL (biochemistry
assay) and BE (portable hemogasometry) were not used due to poor quality. For
allantois samples, all the biochemistry end-points and almost the totality of the
portable hemogasometry end-points were not used. Then, for allantois samples, only

the end-points pH, pO2, and pCO:2 presented good data quality for analysis.
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2.2.7. Statistical analysis

Data were examined for normality with the Kolmogorov-Smirnov test. When
the normality test was significant (P < 0.05), data were transformed to natural
logarithms. Comparisons between clone and control groups on fortnights -3, -2 and -
1 analyzed for main effects of group (between clone and control) or subgroup
(among clone-birth, clone-abortion, control-birth, and control-abortion) and fortnight,
and the interaction of group or subgroup and fortnight. The mixed procedure of SAS®
(version 9.4; SAS® Institute, Inc., Cary, NC, USA) was used with a repeated
statement to account for autocorrelation between sequential measurements. Data
were analyzed by the potential differences in the Glimmix procedure of SAS® to
determine the main effects and the interaction. When a main effect or interaction was
significant, Tukey’s HSD test was used for comparisons between groups or among
subgroups within a fortnight and between fortnights within a group or subgroup. A
probability of P < 0.05 indicated a significant difference, and probabilities between P
> 0.05 and P = 0.1 indicated a difference approaching significance. Data are

presented as the mean = SEM.

2.3. RESULTS

From the 22 studied cows, eight from clone group and three from control
group gave birth to live calves and eight and three cows, respectively from these two
groups, had aborted. The gestational date of each event is shown on Fig. 2. Three
cows from clone group aborted in the end of the second gestation third and five
during the last third. All the three abortions from control group occurred during the
last gestational third. All the three natural birth from control group occurred
prematurely, especially the one on day 199 of gestation. However, all caves have
born healthy and survived. Births from clone group have occurred at expected
gestational date.
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Figure 2. Experimental number of the experimental groups and gestational date of each cow when the
events birth or abortion had occurred.
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The normalized data for each end-point obtained by biochemistry and
hemogasometry assays from serum or total blood of the recipients are presented on
tables 1 to 4. Data were organized by the three fortnights prior birth or abortion for
each experimental subgroup (birth and abortion of control and clone groups). Based
on the literature reference values for normal cows, indication of the end point data
levels as low, normal, and high were also presented.

The mean values of sodium and chloride (Table 1), albumin, conjugated
bilirubin, total bilirubin, and y-glutamyl transferase (Table 2), creatinine (Table 3), and
pH, bicarbonate, total CO2 (Table 04) were normal for all subgroups during the three
studied fortnights. Nonstatistical analyses were done in addition to the descriptive
approach.

Potassium values were low during the three fortnights for the clone subgroups.
However, one fortnight before birth and abortion, values were low for all subgroups.
During the second fortnight, potassium was normal for control-birth subgroup and low
for the other three subgroups, and normal for the control subgroups and low for the
clone groups during the third fortnight (Table 1). These data indicated a temporal
decrease of potassium levels in the normal pregnancies and low values for clone
group during the three studied fortnights. When the potassium data were statistically

analyzed during all the experimental period by group and by subgroups (Figure 3), a
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tendency for lower values in the clone group compared to the control group (P =
0.0759) and significative lower values for the subgroup clone-abortion compared to
the others (P = 0.0759) were found. Effect of fortnight or interaction was not
significant (P > 0.1).

The phosphor values were normal for birth subgroups and low for abortion
subgroups at fortnight -1. At fortnight -2, values were normal for control subgroups
and low for the clone subgroups. At fortnight -3, the values were high for the
subgroup control-abortion and low for the other three subgroups (Table 1). A more
detailed analysis of phosphor data is shown on figure 3. Like the potassium data, a
tendency of significance (P = 0.0783) was found for lower values for the clone group
when compared to control group during the three fortnights. When the subgroups
were compared, effect of subgroup was detected (P = 0.0232) and phosphor value
was high in the control-abortion subgroup compared with the other subgroups (P <
0.05). No effects of fortnight or interaction was found (P > 0.1).

The magnesium value was high on subgroup clone-abortion during the
fortnight -1 and normal for the other subgroups. At fortnight -2 it was normal for the
control subgroups a high for the clone subgroups. During the fortnight -3 it was
normal for the control-birth subgroup and high for all other subgroups (Table 1). The
data indicate a temporal decrease of the elevated values to normality. When the data
was analyzed during the experimental period by groups and by subgroups (Figure 3),
none of the group (subgroups), fortnight and interaction effects were found (P > 0.1).

The total calcium values were normal on subgroup clone-birth at the fortnights
-1 and -2. For all the other subgroups during the fortnights -1 and -2 and for all
subgroups during fortnight -3 the total calcium values presented low (Table 1). When
the ionized calcium was evaluated, the values were low for all subgroups during the
three studied fortnights (Table 1). A more detailed analysis was done for the total
calcium (Figure 3). It was found a group effect (P = 0.0277) and tendency to
interaction (P = 0.0738) when the data was analyzed by group during the
experimental period. Values of total calcium were statistically higher in clone group
during the fortnights -1 and -2 (P < 0.05). When the data was analyzed by subgroups,
effect of group was detected (P = 0.0239) and values of total calcium were higher in
subgroup clone-birth during the fortnight -1 compared to the other subgroups (P <
0.05).
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Table 1. Mean + SEM of electrolytes and minerals end-points analyzed by biochemistry assays and portable hemogasometry respectively from blood serum and total blood of
pregnant cows during the three fortnights before natural birth or abortion. Group control refers to pregnancies by IA (N=6; 3 births and 3 abortions) and group clone
refers to pregnancies by ET of SCNT embryos (N=16; 8 births and 8 abortions).

Fortnights previously to birth or abortion

32 2a 12
End Point Group Event Low Normal High Low Normal High Low Normal High
Control Birth 141,00 + 0,58 142,00 + 1,15 143,00 + 1,53
Sodium* Abortion 143,00 + 1,00 141,50 £ 1,50 142,33 +£1,33
132 a 152 mmol/L Clone Birth 141,50 + 0,57 140,29 + 0,52 140,33 0,33
Abortion 141,00 + 1,22 140,2 + 0,97 141,00 + 0,93
Control Birth 3,93+0,18 4,03 +0,03 3,87 40,27
Electrolytes Potassium® Abortion 4,03 +0,32 3,65 £ 0,05 3,80 £0,12
(biochemistry) 3,9.25,8 mmollL Birth 3,86£0,12 3,84 £0,07 3,70£0,20
Clone Abortion 3,65 + 0,09 3,20+ 0,19 3,48+0,16
Control Birth 103,61 + 0,68 103,79 + 0,55 104,31 + 0,49
Chioride! Abortion 101,93 + 0,82 101,19 £ 1,66 104,08 £ 0,94
97 a 111 mmol/L Clone Birth 105,30 £ 0,78 104,58 £ 0,91 103,32 £ 0,99
Abortion 104,82 0,73 102,28 + 3,28 103,06 + 1,23
Control Birth 5,38 + 0,69 6,19+0,74 6,48 0,57
Phosphor Abortion 7,33+0,57 6,46 + 0,38 5,56 + 1,29
5,6 a 6,5 mg/dL Clone Birth 4,95 + 0,25 5,50 + 0,46 5,76 + 0,44
Abortion 5,41+ 0,51 5,00 + 0,46 5,40 + 0,45
Birth 2,18+0,16 2,16 + 0,44 1,91+0,12
Control X
Minerals Magnesium® Abortion 2,41£0,10 2,09 £ 0,07 2,21+0,18
(biochemistry) 1,8a2,3 mg/dL Clone Birth 2,38+ 0,10 2,31+ 0,05 2,27 0,07
Abortion 2,46 + 0,20 2,40+ 0,19 2,45+0,16
Birth 9,19 + 0,50 8,75 % 0,50 8,68 + 0,44
Control X
Total Calcium? Abortion 9,05 £ 0,20 8,85 0,07 8,78+ 0,37
9,7 a12,4 mg/dL Clone Birth 9,41+0,26 10,37 £ 0,30 10,12 £0,11
Abortion 9,19+0,34 9,68 + 0,39 8.94+ 0,36
Birth 1,11 0,06 1,07 £ 0,04 1,14 0,02
Minerals i ized? Control Abortion 1,16 +0,04 1,16 +0,03 1,06 + 0,04
Calcium lonized ) i ) A ) )
hem%ir‘s%“nfew) 4,82 6,2 mg/dL Clone Birth 1,68+ 0,46 1,19+ 0,02 1,22+ 0,03
Abortion 4,64 +3,48 3,23+ 2,09 2,52+1,34

Range references for normal values: *Kaneko et al. (2008); 2Radostits et al. (2000). Fonte: Propria autoria
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Aspartate aminotransferase (AST) was normal for subgroup clone-birth and
low to other subgroups at fortnight -1, normal for subgroup control-birth and low for
the others at fortnight -2, and low for all subgroups at fortnight -3 (Table 2). The data
indicates low AST values compared to the reference values during the gestational
studied period. Values of unconjugated bilirubin, globulin, and Lactate
dehydrogenase were high compared to the reference values for all subgroups during
all the experiment period (Table 2).

Total protein values were normal for all subgroups compared to the reference
values at fortnights -1 and -3. At fortnight -2, the values were normal for control-
abortion and clone-birth subgroups and low and high respectively for control-birth
clone-abortion subgroups (Table 2). The data indicates small variation of the values

compared to the reference values at fortnight -2.
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Table 2. Mean = SEM of liver function end-points analyzed by biochemistry assays and portable hemogasometry respectively from blood serum and total blood of pregnant
cows during the three fortnights before natural birth or abortion. Group control refers to pregnancies by IA (N=6; 3 births and 3 abortions) and group clone refers to
pregnancies by ET of SCNT embryos (N=16; 8 births and 8 abortions).

Fortnights previously to birth or abortion

32 2a 12
End Point Group Event Low Normal High Low Normal High Low Normal High
Birth 3,00 + 0,04 3,13+0,08 3,20 + 0,04
Control i
Albumin® Abortion 3,25+ 0,10 3,25+ 0,07 3,11+0,24
3,03 a 3,55 g/dL . Birth 3,20 £ 0,10 3,20 + 0,08 3,27 +0,09
one
Abortion 3,30+ 0,12 3,37+0,15 3,22+0,10
Birth 57,83 + 3,42 80,17 + 10,35 63,17 +2,32
Aspartate Control .
aminotransferase Abortion 61,50 7,75 55,83 + 1,48 77,33 18,67
AST! Birth 72 13,25 73,13+ 6,69 86,10 + 6.76
782132 UL Clone .
Abortion 77,40 +5,61 69,50 + 2,01 75,13 + 4,84
Control Birth 0,08 + 0,01 0,08 +0,01 0,08 + 0,00
ontrol
Conjugated bilirubin® Abortion 0,06 + 0,00 0,09 +0,03 0,14 +0,03
0,04 a 0,44 mg/dL . Birth 0,11 + 0,02 0,10 + 0,01 0,10 + 0,01
one
Abortion 0,06 + 0,01 0,08 + 0,02 0,10 + 0,03
Control Birth 0,08 +0,01 0,08 + 0,02 0,07 +0,03
: ontrol
U";FIJ_”JUan}ed Abortion 0,07 +0,01 0,09 +0.01 0,09 + 0,05
Hirubin
0,03 mg/dL . Birth 0,05 +0,03 0,07 + 0,01 0,06 + 0,01
' one
Abortion 0,04 +0,01 0,09 + 0,04 0,09 +0.02
Control Birth 0,15 + 0,02 0,16 + 0,03 0,15 +0,03
ontrol
Liver function Total bilirubin® Abortion 0,14 £0,01 0,18 £ 0,03 0,24 + 0,05
(biochemistry) 0,0120,5 mg/dL o Birth 0,16 + 0,04 0,18 + 0,02 0,17 0,02
one
Abortion 0,10 0,01 0,17 + 0,05 0,19 + 0,03
Control Birth 17,67 +2,89 17,17 + 3,66 16 +3,12
ontrol
y-Glutamyl Abortion 12,67 +0,44 15,67 + 0,67 13,67 +3,18
transferase (GGT) .
6.1a17.4 UL Clone Birth 10,00 + 2,27 13,13+ 1,39 11,60 +1,18
Abortion 16,10 + 0,68 15,42 + 0,69 14,88 + 1,68
Control Birth 3,69 + 0,29 3,58+0,24 3,56 + 0,38
ontrol
Globulint Abortion 3,88+0,19 3,98 +0,20 3,79+0,08
3,0a3,48 g/dL - Birth 3,96+ 0,24 3,98+0,16 3,86+0,24
one
Abortion 4,11+0,43 4,19+0,30 3,90+ 0,31
Birth 6,78 + 0,34 6,70 + 0,30 6,76 + 0,36
Control X
Total protein® Abortion 7,13+0,13 7,23+0,14 6,90 + 0,31
6,74 a 7,46 g/dL o Birth 717 £0,17 7,18 £0,12 7,14+0,21
one
Abortion 7,42 0,37 7,56 + 0,29 7,11+0,32
Birth 2020,17 + 19,06 2382,5 + 247,31 2212,83 + 202,67
Lactate Control X
dehydrogenase? Abortion 2229,33 + 200,20 2034,50 + 149,52 2189,33 + 284,73
(LDH) Birth 2224,50 + 154,59 2019,31 + 46,14 2462,50 + 69,26
692 a 1445 U/L Clone )
Abortion 2396,80 + 178,81 2140,33 + 217,35 2434,06 + 245,83

Range references for normal values: *Kaneko et al. (2008). Fonte: Propria autoria
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Figure 3. Means = SEM for potassium, phosphor,
magnesium, total calcium, ionized calcium, glucose,
urea, and cholesterol analyzed by biochemistry assays
and portable hemogasometry, respectively from blood
serum and total blood of pregnant cows during the
three fortnights before natural birth or abortion. Group
control refers to pregnancies by IA (N=6; 3 births and
3 abortions) and group clone refers to pregnancies by
ET of SCNT embryos (N=16; 8 births and 8
abortions). The main effects of group (subgroup),
fortnight and its interaction are shown for each end-
point. The squares indicate differences between means
between fortnights in the same group (P < 0.05).

Fonte: Autoria propria

The mean values of triglyceride, VLDL, and fructosamine (Table 3) were high

for all subgroups during the three studied fortnights. Nonstatistical analyses were

done in addition to the descriptive approach.
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Glucose was evaluated by two different assays, by a biochemistry kit and by
venous hemogasometry. Values of glucose by biochemistry kit were high for control
subgroups during all experimental period and high for the clone abortion subgroup at
fortnight -1. For all other subgroups values, the glucose was normal (Table 3). When
the glucose was evaluated by hemogasometry, at fortnight -1 the subgroup normal-
birth present normal values and the others high values. At fortnight -2, glucose of
both subgroups of birth was normal and of both abortion subgroups was high. At
fortnight -3, glucose of both control subgroups was high and from both clone
subgroups was normal (Table 3). Due the high variability of the values on data
obtained by hemogasometry, only the biochemistry glucose data was more detailed
analyzed (Figure 3). When the glucose data was statistically compared by groups
(subgroups) during the experimental period, effect of group was found (P = 0.0204)
and values of the control group were higher than in clone group (P < 0.05). When the
subgroups were compared, effect of group (P = 0.0095) and a tendency of fortnight
effect (P = 0.0896) were found. At fortnights -1 and -2 the glucose values were higher
in subgroup control-abortion compared to subgroup clone-birth (P < 0.05).

For O2 values, only the subgroup control-birth presented high value at
fortnight -2 compared to the reference value range (Table 4). However, if the
variability (SEM) found for this be considered, the value can feel in the normal
reference range. In the other hand, data of hematocrit and hemoglobin presented
high in most of the subgroups (Table 4) and the mean values into the normal
reference range presented higher variability and can feel into to the high range
values. Then, nonstatistical analyses were done in addition to this descriptive
approach.

For allantois data, most of the biochemistry and hemogasometry end-points
were not used due to the poor data quality. Only the end-points pH, pO2 and pCO2
were analyzed for group/subgroups and fortnights comparisons (Table 5). Effects of
group (or subgroups), fortnights, and interaction were not found for any of these end-
points (P > 0.1).
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Table 3. Mean + SEM of kidney, muscle, lipid function, and other end-points analyzed by biochemistry assays and portable hemogasometry respectively from blood serum and
total blood of pregnant cows during the three fortnights before natural birth or abortion. Group control refers to pregnancies by IA (N=6; 3 births and 3 abortions) and
group clone refers to pregnancies by ET of SCNT embryos (N=16; 8 births and 8 abortions).

Fortnights previously to birth or abortion

32 2a 12
End Point Group Event Low Normal High Low Normal High Low Normal High
Control Birth 23,93 + 288 26,35 + 4,41 27,02 +1,86
Urea! Abortion 25,70 + 5,69 26,72 +2,69 27,80 +2,71
20 a 30 mg/dL Clone Birth 35,48 + 2,16 37,25+ 2,87 38,71+3,61
Kidney function Abortion 32,04 +6,19 31,91 + 3,09 31,06 +2,32
(biochemistry) Control Birth 1,72+0,19 1,58 + 0,20 1,74+0,18
Creatinine® Abortion 1,76 +0,16 1,83+0,28 1,93+0,25
1,0 22,0 mg/dL Clone Birth 1,70 £ 0,07 1,57 +0,17 1,79+0,15
Abortion 1,57 0,07 1,80+0,18 1,92 +0,25
Birth 127,17 32,77 313,00 + 141,02 150 + 55,47
Muscle function cK? Control Abortion 100,00 + 13,33 74,33 17,96 55,00 + 0,00
(biochemistry) 35a280 UL Clone Birth 122,88 + 31,47 146,56 + 16,47 188,10 + 38,32
Abortion 273,2 + 63,26 145,50 + 27,73 155,13 + 24,84
Control Birth 122,30 £ 5,68 110,80 £ 9,81 107,12 + 8,09
Cholesterol* Abortion 105,27 + 1,96 111,27 + 7,00 107,45 + 11,75
80 a 120 mg/dL Clone Birth 106,60 + 4,91 121,35 + 4,67 128,93 + 3,51
Abortion 147,65 +17,13 150,71 + 19,46 124,94 + 16,44
Birth 33,03 +2,35 35,33 + 4,27 31,32 £3,74
Lipid function Triglyceride® Control Abortion 36,12 £ 4,42 32,38 +1,98 30,20 +10,31
(biochemistry) 0 a 14 mg/dL Clone Birth 33,05 + 1,30 34,66 + 3,49 30,64 + 1,81
Abortion 35,99 + 1,45 42,10 + 5,98 33,19 4,74
Birth 6,67 0,44 7,17 0,93 6,330,83
Control X
VLDL® Abortion 7,17+0,88 6,50 % 0,58 6,33 2,03
022,38 mg/dL Clone Birth 6,50 + 0,29 7,25 + 0,69 6,00+ 0,35
Abortion 7,10 £ 0,40 7,75+1,03 6,69 + 0,89
Birth 44377 + 28,43 455,70 + 22,48 456,85 + 29,12
Eructosamine® Control Abortion 501,45 + 5,89 481,27 + 13,98 520,20 + 31,91
213,4 a 265 pmol/L Birth 459,63 + 2550 416,39 + 16,18 405,53 + 15,94
Other components Clone Abortion 456,12 + 22,27 445,24 + 17,61 470,30 £ 21,30
(biochemistry) Birth 82,87 + 10,92 80,13+ 7,25 75,60 + 3,59
Glucoset Control Abortion 81,17 + 3,70 88,80 + 6,86 99,28 + 10,98
45 a 75 mg/dL Birth 67,00 6,61 72,23+ 538 62,50 + 2,05
Clone Abortion 64,28 + 7,46 74,51 + 4,76 78,74+ 7,20
Birth 92,67 + 23,31 75,00 £ 6,03 72,33 £ 6,69
Other components Glucose? Control Abortion 96,33 + 16,97 76,50 + 9,50 83,67 £ 7,97
hemg;?s%“;e"y) 45a 75 mg/dL Clone Birth 65,50 + 3,39 64,57 + 2,88 76,00 + 2,65
Abortion 62,75+ 2,78 83,20 + 14,25 76,25 + 5,81

Range references for normal values: *Kaneko et al. (2008); 2Radostits et al. (2000); *Poncheki (2019); “Jensen et al. (1993). Fonte: Prépria autoria



63

Table 4. Mean + SEM of acid-base status and blood components end-points analyzed by biochemistry assays and portable hemogasometry respectively from blood serum and
total blood of pregnant cows during the three fortnights before natural birth or abortion. Group control refers to pregnancies by IA (N=6; 3 births and 3 abortions) and
group clone refers to pregnancies by ET of SCNT embryos (N=16; 8 births and 8 abortions).

Fortnights previously to birth or abortion

32 2a 12
End Point Group Event Low Normal High Low Normal High Low Normal High
Birth 7,43 0,03 7,31+ 0,16 7,48 + 0,02
le Control Abortion 7,45 + 0,04 7,44 £0,01 7,31+0,16
7,31a7,53 Birth 7,46 0,01 7,44+ 0,01 7,46 £ 0,03
Clone Abortion 7,48 0,02 7,49 + 0,02 7,45 + 0,02
Birth 26,77 + 1,04 25,03 0,75 27,13+0,92
Bicarbonate® Control Abortion 27,40+1,10 22,40 £0,70 27,03 +0,52
20 a 28 mmol/L Birth 25,46 + 1,18 24,47 +0,76 25,83 + 1,96
Clone Abortion 25,60 + 1,20 26,60 + 1,29 23,68 + 1,05
Birth 30,00 + 2,65 40,67 + 10,73 30,33+ 4,18
Acid-base status P02 Control Abortion 32,331,220 37,50 + 7,50 30,33+0,33
hemé‘ge;s%unfe"y) 30 a 40 mmHg Clone Birth 31,63+ 1,68 31,71+1,36 32,67 +1,86
Abortion 32,25 +1,31 31,20 + 2,03 33,88+ 0,93
Birth 37,87 +1,43 35,20 + 2,77 36,77 + 2,66
pCOzt Control Abortion 37,73 +1,50 32,90 +0,10 37,60 + 1,08
35 a 44 mmHg Clone Birth 35,43 + 0,97 36,11+ 1,42 36,47 + 2,66
Abortion 34,68 + 0,23 34,92 +1,69 34,23+1,70
Control Birth 28,00 + 1,00 26,00 + 0,58 28,00 + 1,15
Total carbon dioxide® Abortion 29,33+ 0,88 23,50 + 0,50 28,33+ 0,88
21,2 a2 32,2 mmol/L Clone Birth 24,38 + 2,82 25,00 + 0,73 21,33 +6,49
Abortion 26,75+ 1,18 27,40+1,33 24,63 +1,12
Control Birth 33,67 + 3,28 32,67 + 3,18 30,67 + 4,41
Hematéerit® Abortion 37,67 2,19 36,00 + 0,00 37,67 0,88
21a30% Birth 31,50 +1,70 30,07 + 1,45 28,67 +1,20
Blood components Clone Abortion 24,30 +7,38 33,92 +5,71 31,86 + 3,30
hemg‘;"s%ﬁew) Control Birth 11,27 +0,91 11,03 +1,13 10,47 + 1,50
Hemoglobin® Abortion 12,80 +0,75 12,20 + 0,00 12,70 0,25
8a12g/dL Clone Birth 10,71+ 0,57 9,82 +0,29 9,73 +0,39
Abortion 12,10 + 0,41 13,08 + 0,56 11,83 +0,57

Range references for normal values: *Kaneko et al. (2008); 2Griinberg et al. (2011); *Weiss e Wardrop (2010). Fonte: Prépria autoria



64

Table 5. Mean + SEM of acid-base status end-points analyzed by portable hemogasometry from allantois fluid of pregnant cows during the three fortnights before natural birth
or abortion. Group control refers to pregnancies by IA (N=6; 3 births and 3 abortions) and group clone refers to pregnancies by ET of SCNT embryos (N=16; 8 births

and 8 abortions).

Fortnights previously to birth or abortion

Fortnights previously to birth or abortion

End Point Group & 28 e Event & 22 e
Birth 6,75 + 0,02 6,77 £ 0,10 7,00 £0,19
Control 6,76 + 0,08 6,99 +0,13 6,99 +£0,18 i
H Abortion 6,77 £ 0,10 7,21 £0,09 6,98 £ 0,13
P Birth 6,79 £0,13 6,72 +£0,08 6,85+0,14
Clone 7,24+0,11 7,19 + 0,09 7,11+0,10 )
Abortion 7,06 £0,14 7,06 £ 0,10 7,16 £0,10
Birth 57,67 + 6,33 61,00 + 1,00 55,00 + 17,09
Control 35,67 +1,50 34,00 +1,43 53,75 + 8,81
Acid-base status o Abortion 70,00 % 0,00 62,00 + 0,00 50,00 £ 0,00
and gasometry pO2 Birth 74,86 +5,72 74,42 + 6,20 57,86 +5,70
Clone 20,73+1,85 31,40+1,85 57,83 + 2,06 i
Abortion 54,50 + 2,87 52,75 £ 3,20 58,14 + 2,86
Birth 40,80 +1,25 55,25+ 4,72 43,27 +1,82
Control 41,13 +1,87 51,83 +7,85 43,25 +2,04
co Abortion 42,10 + 0,00 45,00 + 0,00 43,23 +1,82
L Birth 46,43 + 2,28 35,65+ 1,08 46,60 + 2,30
Clone 46,09 + 2,09 44,58 + 5,44 43,27 +1,86
Abortion 45,50 +2,10 53,50+ 6,73 41,59 +2,75

Fonte: Prépria autoria
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2.4. DISCUSSION

Abortion in half of the studied pregnancies in both groups, especially in control
group, and the preterm births from cows in control group were two unexpected
occurrences during this study. The cows were weekly examined by transabdominal
ultrasonography and any clinical disturbance was detected in the uterus-placenta-
fetus complex before these events. Also, the calves survived, and did not present any
health problem. Many infectious and noninfectious causes have been implicated with
abortion or preterm birth in cows (MEE, 2020). Even effects of lunar cycle and
weather conditions on preterm calving have been studied and stressful weather
conditions were associated with preterm birth in cows (SASAKI et al., 2019). Abortion
and preterm birth have also been reported after brucellosis vaccination (FLUEGEL
DOUGHERTY et al., 2013). In this study, the stress resulting from animal handling
and of the abdominal punctures to collect allantois fluid could be implicated with the
abortion events. However, as described, any clinical disturbance in uterus-placenta-
fetus complex was detected. Also, the stress could be implicated in the cases of
preterm birth. Nonetheless, all cows experienced the same kind of handling and
sample collection procedures, and preterm birth had occurred only in three cows from
control group, and none cow of the clone group. Unfortunately, this fact keeps
unclear the causes of these events in this study.

Another unexpected find of this study was the inability of the biochemistry
assays and the portable gasometrical equipment to evaluate the majority of the end-
points using allantois samples. As previously described, data only of the end-points
pH, pO2 and pCO:2 from allantois samples presented good quality for the analyses. In
the other hand, data from almost the end-points for serum and total blood samples,
except for HDL (biochemistry assay) and BE (portable hemogasometry), had
presented decent quality and were analyzed. Poor quality referred to an end-point
containing a large amount of data values smaller or higher than the assay sensitivity,
to large variability of the data among samples, or to the assay inability to read the
samples. Samples presenting values smaller or higher than the assay sensitivity can
be managed by concentration or dilution of the sample, respectively. However, all the
problematic data of this study presented samples with a combination of these
problems as some values into the assay sensitivity range with values too small or too

high, or even in some cases, samples with no assay lecture, all in the same
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experimental sample group. This fact made any kind of sample adjustment
impossible before the analyses. The causes for this tremendous variability among
these problematic allantois samples are not explainable.

The electrolytes sodium and chloride, albumin, conjugated bilirubin, total
bilirubin, y-Glutamyl transferase, creatinine, pH, bicarbonate, and total CO2 felt into
the range of the previously cited literature reference values during the experimental
period. Even when the data was evaluated by the experimental subgroups, those
parameters were normal. These findings indicated a very stable homeostatic control
of these parameters and none effect of the reproductive statuses of the cow or
previous health changes that resulted in normal birth or abortion.

In the other hand, triglyceride, VLDL, and fructosamine were high for all
subgroups during the three studied fortnights. Triglycerides are lipids generated by
the esterification of non-esterified fatty acids (NEFA's) to the alcoholic compound
glycerol. Its main functions are thermal and electrical insulation, and acts as an
energy reserve (OLIVEIRA, 2015). Pogliani & Birgel Junior reported that
physiological changes in triglyceride levels are closely related to the events of
pregnancy, parturition, and lactation. They found that calved animals have lower
levels of triglycerides when compared to animals that were pregnant. VLDL are very
low-density lipoproteins. Its secretion into plasma is the main method by which
hepatocytes export triacylglycerol, which is the main lipid component of VLDL
(PONCHEKI, 2019). Fructosamine are stable ketoamides composed of glucose
molecules joined to protein molecules through glycation (ARMBRUSTER, 1987). In
humans, the amount of fructosamine in the serum is increased in case of diabetes
mellitus due to the high concentration of sugar in the blood (ARMBRUSTER, 1987).
According to REUSCH et al. (1993) the measurement of fructosamine is not
influenced by short-term fluctuations in blood sugars, a fact that can occur in stressful
situations at the time of harvest, for example. Thus, fructosamine reflect the average
blood sugar concentration in the last two to three weeks before harvest
(ARMBRUSTER, 1987). MEGAHED; HIEW; CONSTABLE; (2018) used plasma
fructosamine measurement as a method for verifying and quantifying hypoglycemia
and/or negative energy balance in females in the early lactation period. However, the
authors concluded that this is not an adequate quantification method, since it has a
weak association with the plasma concentration of beta-hydroxybutyrate and, also,

with the mean concentration of non-esterified fatty acids (NEFA). Jensen et al. (1993)
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reported that it is possible to measure fructosamine in bovine serum samples and this
may be indicative of subclinical ketosis in dairy cows. The fact that these parameters
were elevated in all cows in our study and without distinction between subgroups
confirms that an energy imbalance is present at the end of pregnancy (REYNOLDS
et al., 1986; REYNOLDS et al, 2006). Interesting, it should be noted that this
condition of energy imbalance is also present in cows that aborted and did not reach
the phase of greater energy demand, which is the last gestational months. The
elevated fructosamine in the cows of this experiment could be also due a long-term
high circulating glucose level before birth or abortion, mainly in the control group.

In this study, glucose levels were higher in control group/subgroups compared
to clone group/subgroups, which presented values into the normal range, in almost
the time-points. Even the normal levels in the clone group are close to the higher
values in the normal range. Those long-term glucose high values of glucose could be
the cause of the high fructosamine levels also found in this study. The glucose used
by ruminants is derived from the synthesis of volatile fatty acids, which is metabolized
at the hepatic level. It is the main energy supplement for the fetus throughout
pregnancy, and its transport is facilitated through the placenta (HAFEZ E HAFEZ,
2004). Ruminants depend on hepatic gluconeogenesis and hepatic glucose
synthesis during late pregnancy and early lactation is increased to meet uterine
and/or mammary demands (BELL E BAUMAN, 1997). To deliver glucose to the fetus,
trophoblast cells lining the placental villi promote facilitated diffusion of glucose
across the placental membrane. However, the blood glucose level of the fetus
remains 20 to 30% below the level observed in the maternal blood (GUYTON E
HALL, 1997).

Cholesterol presented higher in clone group compared to control group unlike
a study (TICIANI, 2018) that present results of cholesterol similar between the
studied groups (IVF, IVD and NT-HMC). Also, when studied by subgroups,
cholesterol was higher in the clone-abortion subgroup compared to the other
subgroups at the -2 and -3 fortnights. This finding can be an indication or marker of a
healthy problem in the clone pregnancies culminating with abortion. The greater
supply of nutrients to the fetus could be the cause of higher cholesterol in clone
group, possible due to their greater demand for nutrients. Pogliani e Birgel Junior
(2007) reported in a lipidogram study that there is a great variation of reference
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values for cholesterol due to factors such as sex, race, rearing system, and their
respective diet, and age, puerperium and parturition are causes for its data variability.

The electrolyte potassium levels were low for clone subgroups. One fortnight
before birth and abortion, values were low for all subgroups. Potassium levels
decreased throughout the three fortnights in control group. The external balance of
potassium is maintained through its output via urinary excretion and its input via food
intake. The internal potassium balance occurs through the translocation of the cation
between the intracellular fluid and the extracellular fluid (DIBARTOLA E MORAES,
2011). Changes in serum potassium concentrations are due to dysfunctions in
cardiac and skeletal muscles. Urinary, renal, and post-renal diseases that lead to
decreased renal excretion are causes for increased plasma potassium concentration
(BOHN, 2015). The pregnant cows pregnant of SCNT embryos may experience a
renal dysfunction during the three fortnights before the events birth or abortion. This
observation can also be supported by the elevated levels of urea for all clone
subgroups during these three fortnights.

Urea was normal for all control subgroups and high for all clone subgroups
during the experimental period. Ticiani (2018) [32] reported a difference in the plasma
concentration of urea in maternal and fetal blood between the PIV, IVF and SCNT
groups, with higher values for urea activity in the cloned group, supporting our
findings. Measurements of fetal parameters for renal activity showed differences in
the values of uric acid and urea, with higher values for the clone group compared to
the control, indicating a greater production of ammonia due to a possible increase in
nutrient catabolism. When the urea values were compared between the subgroups, it
can be observed higher values for the clone subgroup that came to term, which can
be explained by the greater need for substrates for its maintenance.

The blood minerals phosphor and calcium are regulated by vitamin D
metabolites, dietary factors and the hormones calcitonin and parathyroid hormone
(CARLSON, 2009). The hormone calcitonin is responsible for the decrease in the
serum concentration of calcium and phosphorus, while parathyroid hormone
increases the concentration of calcium, it acts concomitantly by decreasing that of
phosphorus. Also, vitamin D acts by increasing the concentration of calcium and
phosphorus through its absorption via the gastrointestinal tract (BOHN, 2015). Unlike
other animals where phosphorus excretion occurs in the kidneys, in ruminants the

excretion occurs mainly via the gastrointestinal tract. This fact contributes to
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hyperphosphatemia in animals with upper gastrointestinal obstruction. Another
triggering factor for an increase in serum phosphorus concentration is acidosis since
there is a decrease in the absorption of the electrolyte by the cell (BOHN, 2015).
Cattle that have a low phosphorus diet may have hypophosphatemia, such as cows
that develop parturient paresis (CARLSON, 2009). Levels of calcium were low in all
subgroups during the experimental period and levels of phosphor were low in the
clone subgroups during almost the studied fortnights. It could be suggested a
nutritional deficiency of these elements in diet, but all animals had ad libitum access
to traced-mineral salt previously and during this study. The low calcium levels can be
also related to the prepartum metabolism of the pregnant cow. According to Ortolani
(2014) during the prepartum period there are two mechanisms responsible to drop
calcium levels in blood. The first is related to colostrum formation, the great
mobilization of nutrients for the growth of the fetus and the development of the
mammary gland. The second mechanism is related to the metabolic adjustments
necessary to favor fat mobilization. Goff (2014) reported that the demand for calcium
increases dramatically even before calving, as calcium leaves the bloodstream and is
sequestered in the mammary gland for colostrum formation.

Magnesium presented normal or elevated for all subgroups during the
experimental period. However, when the data was analyzed during all experimental
period none differences between group or by fortnight were found. The high-level
variability among samples could be the cause of this result. Blood magnesium
concentrations are regulated by parathyroid hormone similarly to what occurs with
calcium ion (TRINDADE, 2006). According to Goff (2014), disturbances resulting
from changes in acid-base balance have insignificant effect on the distribution of
serum magnesium. It can be noted that the maintenance of normal plasma
magnesium concentration is entirely dependent on dietary absorption of the mineral.
Gonzalez et al. (2000) state that low magnesium values result in profound
consequences for ruminants, which can lead to death. Cases of hypomagnesemia
are accompanied by retained placenta, tetany, hyperexcitability, ruminal
disturbances, as well as a drop in milk production. Hypomagnesemia may be a
consequence of excessive lipolysis due to an energy deficiency in the diet.
Hypermagnesemia, on the other hand, does not result in serious disorders for the

affected animals since excess magnesium tends to be eliminated via urinary
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excretion. This fact indicates nonimportant clinical aspects or consequences to
consider for the subgroups of this study presenting moments of hypermagnesemia.

The AST is an enzyme evaluated in liver function tests in cattle and horses as
a marker of damage to hepatocytes, although muscle damage and hemolysis can
also be causes of increased serum activity (KREUTZER, TURK E CASTEEL, 2008).
Due to its low hepatic specificity, the increase in serum AST levels may be due not
only to hepatocyte damage but also related to muscle damage (ALLISON, 2015a). In
this study, AST levels were lower than the reference range in almost the studied
subgroups and fortnights. These low levels do not indicate any important clinical
aspect.

At the beginning of this work, big expectations were placed on the data
resulting from the analysis of the allantois fluid. Unfortunately, the techniques used
for measurements were not able to adequately analyze the samples and the results
were not uniform. Only pH, pO2 and pCO2 parameters were adequate for data
analysis. There are no reference values in the literature for these parameters,
preventing a descriptive analysis of the normality of their levels. Although, with all the
described limitations, this study provided values that can be considered standard for
these parameters in pregnant Nellore cows in the end of gestation. It is noteworthy
that the values obtained were not different between the experimental
groups/subgroups and between the studied fortnights. The found results show a
homeostatic regulation of pH during the study period, and that there was no variation
in the regulation of O2 and CO2 gases in the allantois regardless of the type of
pregnancy, clone or normal fetus, or its termination, by abortion or birth.

In conclusion, despite the problems with the analysis of the samples, this
study is the first in the literature presenting a comprehensive panel of reference
values for various biochemical and blood gas parameters for Nellore cows using
serum and total blood samples, and from allantois fluid during the end of pregnancy.
In addition, these parameters were studied prior to birth and abortion. In the
literature, the available standard reference values are from studies performed with
healthy non-pregnant cattle (GRUNBERG et al., 2011; JENSEN et al., 1993;
KANEKO et al., 2008; (PONCHEKI, 2019; RADOSTITS et al., 2000; WEISS E
WARDROP, 2010. Unfortunately, allantois fluid samples were not able to be
analyzed by the biochemistry assays and by the portable gasometric equipment,

except to three parameters. The central hypothesis of this study that gestational
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changes in the uterus-placenta-fetus complex, in complicated pregnancies, can be
predicted or detected earlier by biochemical and hemogasometric analyzes in
maternal blood and/or in the allantois fluid was partially supported. Cholesterol was
only parameter that could be used as an indicator of future abortion in pregnancies of
clones by SCNT. However, many parameters as potassium, phosphor, calcium,
glucose, and urea presented distinct levels between pregnancies of fetus naturally-
produced and by SCNT, indicating distinct metabolism between these two pregnant

groups.
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CAPITULO 3

3. CONSIDERACOES FINAIS

O principal resultado deste trabalho foi fornecer um amplo painel de valores
de referéncia para parametros bioguimicos e gasométricos em vacas
gestantes da raca Nelore no final da gestacéo.

Diferencas entre alguns paradmetros bioquimicos e gasométricos em
gestacdes produzidas in vivo e através da técnica de clonagem por SCNT
foram detectadas e um aprofundamento sobre as causas destas diferencas

permitirdo o desenvolvimento de novos projetos de pesquisa.

Infelizmente, algumas vacas abortaram precocemente quando do inicio das
coletas de dados aos 150 dias gestacionais. Tal fato, inviabilizou a utilizagéo
de mais de trés quinzenas pregressas a normalizacdo dos dados para o dia

do parto ou abortamento, devido ao baixo nimero amostral.

A andlise das amostras do fluido alantoideano resultaram em dados de baixa
gualidade que ndo permitiram a andalise da maioria dos parametros
estudados. A variabilidade dessas amostras foi muito grande apresentando
num mesmo grupo do estudo amostras com valores superiores e/ou abaixo
das sensibilidades das analises, juntamente com amostras sem leitura. Este
fato ndo permitiu correcdo técnica das analises laboratoriais ou a

possibilidade de analise estatistica devido a grande variabilidade dos dados.

Os resultados das andlises dos parametros cloreto, sodio, albumina,
bilirrubina total, bilirrubina conjugada, y-glutamil transferase, creatinina,
creatina quinase, proteinas plasmaticas totais avaliadas no sangue materno
indicaram um estado de perfeito controle homeostatico em todos os animais,
independentemente de sua situacdo gestacional. Isso também foi observado
para o status acido-base do sangue materno que apresentou um estado de
equilibrio entre pO2, pCO2, TCO2, pH e bicarbonato.

O colesterol foi 0 Unico parametro que poderia ser usado como um possivel
marcador de possivel ocorréncia de abortamento em gestacdes de clones por
SCNT. No entanto, o significado desta indicacdo deve ser aprofundado em

Novos projetos de pesquisa.
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Os parametros potassio, fésforo, calcio, glicose e ureia apresentaram
diferentes valores quando as gestacdes de fetos produzidos naturalmente e
por SCNT foram comparadas, indicando um metabolismo distinto entre esses

dois grupos gestacionais.

A hipotese central desse estudo de que as alteracBes gestacionais no
complexo Utero-placenta-feto, em gestacbes complicadas, podem ser
previstas ou detectadas precocemente por exames bioquimicos e as analises
hemogasométricas no sangue materno e/ou no fluido alantoideano foi
parcialmente suportada. Sendo assim, o presente trabalho abre perspectivas
para o desenvolvimento de novos estudos que busquem a identificacdo de
marcadores para a deteccdo e acompanhamento das gestacdes com

alteradas e que possam implicar em perdas.





