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ELEMENTOS PREDITIVOS E MORFOLOGICOS DA UROLITIASE OBSTRUTIVA
EM OVINOS SANTA INES

RESUMO - A urolitiase é enfermidade com importancia econémica para a
ovinocultura, que causa a saida prematura de ovinos machos destinados a
reproducdo, custos com tratamento e morte. A associagdo entre avaliagcio
hemogasomeétrica, pesquisa de proteinas de fase aguda (PFA) como biomarcadores
precoces e o estudo morfométrico do trato urinario pode ser empregada como método
de auxilio diagndstico precoce para a doenga. Com esse objetivo, foram utilizados 14
ovinos higidos, machos (ndo castrados), da raga Santa Inés com idade aproximada
de 90 dias. Os ovinos receberam dieta experimental hiperfosférica durante todo o
periodo experimental, foram examinados semanalmente e apds desenvolvimento da
urolitiase, reorganizados em dois grupos experimentais distintos D4 (sem urolitiase) e
D, (com urolitiase) para analise comparada dos dados. No periodo pré-experimental
e no dia do abate foram coletadas amostras de sangue venoso para avaliagéo
hemogasométrica. Para mensurar as imunoglobulinas (A e G) e as PFA, analisaram-
se as amostras dos ovinos que desenvolveram a urolitiase (D). As coletas de sangue
foram realizadas semanalmente até a manifestacdo clinica da enfermidade,
totalizando 16 amostras. Ao término do experimento foi realizado o abate e necropsia
dos ovinos, para descricdo das alteragdes patoldgicas e a analise morfométrica.
Fragmentos do trato urinario e figado foram coletados e submetidos a rotina
histolégica e as laminas histologicas foram descritas, seguindo-se a histomorfometria.
Embora o pH sanguineo ndo tenha sido diferente (P < 0,05) entre grupos, os ovinos
que desenvolveram urolitiase apresentaram alcalose metabdlica compensatéria.
Elevacéo da pressédo parcial de dioxido de carbono (pCO,) foi observada entre D¢ e
D,, mas houve diferenga (P < 0,05) apenas nos momentos finais (MFs). Expressivas
diferencas de excesso de base (EB), didéxido de carbono total no plasma (tCO,),
bicarbonato (HCOs3.) e saturagao de bicarbonato (stHCOs.), foram registradas apenas
nos MFs, assim como maiores valores para Na* e K*. As PFA que apresentaram
diferenca (P < 0,05) ao longo do tempo foram haptoglobina e transferrina. Necrose do
processo uretral e bexiga urinaria repleta foram observados em todos ovinos que
desenvolveram urolitiase. Além disso, um dos ovinos apresentou hidronefrose,
extensa area de hemorragia na bexiga urinaria, além de ruptura de uretra e edema
subcutédneo. Nao houve diferenga significativa nas variaveis morfométricas
macroscopicas entre grupos, com excec¢ao da largura do ureter direito, contrariando a
hipétese de sua possivel utilizagdo como método de auxilio diagnostico precoce para
a urolitiase. Quanto a avaliagédo histopatologica, foram observadas areas multifocais
de discreta a moderada congestao dos tufos glomerulares e proteina no lumen tubular
dos rins. No figado, observou-se nas regides centrolobulares, discreta a moderada
degeneragdo gordurosa e apenas em um ovino foi observada, macro e
microscopicamente, area focal ulcerada na mucosa da bexiga. Os achados da
presente pesquisa demonstraram que a dieta formulada foi eficaz na indugao da
doenga clinica. Foram encontradas lesdes no figado e trato urinario, mas nédo houve
alteracdes histomorfométricas significativas.

Palavras-chave: Carneiro, haptoglobina, equilibrio &acido-basico, morfometria,
transferrina, trato urinario.
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PREDICTIVE AND MORPHOLOGICAL ELEMENTS OF OBSTRUCTIVE
UROLYTHIASIS IN SANTA INES

ABSTRACT - Urolithiasis is an economically important disease for male sheep
production that causes the premature calving of sheep for breeding, treatment costs
and death. The association between hemogasometric evaluation, acute phase protein
(APP) research as early biomarkers and urinary tract morphometric study can be
employed as an early diagnostic aid for the disease. For this purpose, 14 healthy male
(non-castrated) Santa Inés sheep, approximately 90 days old, were used. Sheep
received a hyperphosphoric experimental diet throughout the experimental period,
were examined weekly and after development of urolithiasis, reorganized into two
distinct experimental groups D1 (without urolithiasis) and D, (with urolithiasis) for
comparative analysis of the data. In the pre-experimental period and on the day of
slaughter, venous blood samples were collected for hemogasometric evaluation. To
measure immunoglobulins (A and G) and APP, samples from sheep that developed
urolithiasis (D2) were analyzed. Blood samples were collected weekly until the clinical
manifestation of the disease, totaling 16 samples. At the end of the experiment, sheep
were slaughtered and necropsied to describe the pathological changes and the
morphometric analysis. Urinary tract and liver fragments were collected and submitted
to histological routine and histological slides were described, followed by
histomorphometry. Although blood pH was not different (P < 0.05) between groups,
sheep that developed urolithiasis had compensatory metabolic alkalosis. Carbon
dioxide partial pressure elevation (pCOz) was observed between D4 and D, but there
was a difference (P < 0.05) only in the final moments (FMs). Significant differences in
base excess (BE), total plasma carbon dioxide (tCO,), bicarbonate (HCOs.) and
bicarbonate saturation (stHCOs3.) were recorded only in the FMs, as well as higher
values for Na® and K*. The APP that showed difference (P < 0.05) over time were
haptoglobin and transferrin. Necrosis of the urethral process and full urinary bladder
were observed in all sheep that developed urolithiasis. In addition, one of the sheep
presented hydronephrosis, extensive area of urinary bladder hemorrhage, urethral
rupture and subcutaneous edema. There was no significant difference in macroscopic
morphometric variables between groups, except for right ureter width, contrary to the
hypothesis of its possible use as an early diagnostic aid method for urolithiasis.
Regarding histopathological evaluation, multifocal areas of mild to moderate
congestion of the glomerular tufts and protein in the tubular lumen in the kidneys were
observed. In the liver, in the centrilobular regions, mild to moderate fatty degeneration
was observed, and only in one sheep was observed, macroscopically and
microscopically, an ulcerated focal area in the bladder mucosa. The findings of the
present research demonstrated that the formulated diet was effective in inducing
clinical disease. Liver and urinary tract lesions were found, but there were no significant
histomorphometric changes.

Keywords: Sheep, haptoglobin, acid-base balance, morphometry, transferrin, urinary
tract.
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CAPITULO 1 - Consideragdes gerais

1. Introducao

A criacido de ovinos no Brasil assumiu expressivo destaque a partir da década
de 70, quando deixou de ser apenas uma atividade de subsisténcia e tornou-se uma
exploracéo rentavel (Gheller, 2008). Com isso, ocorreram varias mudangas nos
sistemas de produg¢do: maior numero de rebanhos, propriedades mais tecnificadas e
intensificagdo da ovinocultura, resultando em aumento da ocorréncia de doengas
nutricionais e metabdlicas (Ortolani, 1996). Dentre essas enfermidades destaca-se a
urolitiase por apresentar alta taxa de mortalidade com perda de ovinos de alto valor
zootécnico (Ortolani, 1996; Afonso e Guarana, 2008). O desenvolvimento de urolitos
seguido da obstrucdo resulta da interagdo de numerosos fatores comuns entre os
ruminantes confinados, tais como os anatémicos, fisioldgicos, nutricionais, de manejo
(Smith e Sherman, 1994; Belknap e Pugh, 2002), espécie animal e sexo (Doria et al.,
2007). Associados ao baixo consumo de agua, que torna a urina saturada, esses
fatores favorecem a precipitagéo e cristalizagdo dos solutos (Radostits et al., 2007).
Afonso e Guarana (2008) apoiam essas opinides, referindo-se ao surgimento de
condi¢cbes que favorecem o aumento da concentracido urinaria de solutos, minerais
ionizados (cristaloides) que formam cristais insoluveis como o fator mais importante.

Pugh (2004) e Stuchi et al. (2010) concordam que a urolitiase pode ser
controlada ou mesmo prevenida por meio de condutas adequadas de manejo
nutricional (dieta balanceada, com proporgao ideal volumoso/concentrado de 70/30) e
hidrico (dgua de qualidade e sem restricdo). Um dos fatores considerados como
complicador na resolugdo da enfermidade é a demora no atendimento clinico dos
ovinos acometidos, refletindo nos baixos indices de recuperagao (Bruére e West,
1993; Guimarées et al., 2012). Os melhores resultados sao obtidos com a prevengéo
da doencga antes que se inicie a formacéo do urdlito, visando a integridade reprodutiva
do animal. Para isso, deve-se conhecer a composigao quimica dos urélitos e corrigir
os possiveis fatores que podem estar relacionados a sua formacgao.

A hemogasometria tem sido utilizada como ferramenta capaz de fornecer dados

sobre a condi¢cado de desequilibrios acido-basicos que podem nao apenas refletir a



gravidade de determinadas enfermidades, mas também interferir diretamente na
recuperacao de ovinos enfermos (Sucupira e Ortolani, 2003; Leal et al., 2010; Silva et
al., 2018). Outra forma de auxilio diagnéstico precoce que tem sido estudada nas
ultimas duas décadas para diferentes espécies € a determinacdo e mensuracao de
proteinas de fase aguda, que no inicio de processos inflamatérios e infecciosos se
elevam ou diminuem, mantendo suas concentracdes alteradas no decorrer da doenca
e se restabelecendo apdés o tratamento e recuperacdo. Portanto, sdo bons
biomarcadores precoces de diagndstico, prognéstico e monitoramento do tratamento
(Céron et al., 2005). No entanto, ndo ha relatos a respeito de sua padronizagao para
a espécie ovina, especialmente na urolitiase.

Uma técnica que tem sido empregada com o intuito de auxiliar no diagndstico
de algumas doengas € a analise morfométrica (Rech et al., 2006; Duarte et al., 2007;
Pagnano et al.,, 2008). A morfologia e morfometria tém sido utilizadas como
metodologia laboratorial para ampliar o conhecimento das alteragdes das estruturas
dos orgaos, tecidos e células, em animais de laboratério, contribuindo para os
esclarecimentos e os avancos das ciéncias (Cotrim et al., 1990; Pardini e Assis, 2005).
In vivo, os parametros morfométricos podem ser analisados por meio de
ultrassonografia e auxiliar o diagnéstico, e possivel progndstico, quando o aumento
ou diminuigdo de tamanho de determinado 6rgéao ou tecido pode ser sugestivo de
alguma enfermidade (Campos et al.,, 2013). Pesquisas tém sido realizadas para
avaliar as alteragbes morfolégicas e morfométricas sofridas pelos érgéos, tecidos e
células em decorréncia de doengas que acometem os diferentes sistemas organicos
(Rodrigues et al., 1998; Pereira et al., 2002; Rech et al., 2006; Duarte et al., 2007;
Melo, 2007; Lima et al., 2010). Destas, varias tratam sobre o sistema urinario (Reche
Junior e Hagiwara, 2001; Sasahara, 2006; Ortolan et al., 2010). E, como n&o foi
encontrada literatura com esse perfii em ovinos com urolitiase, destaca-se a
relevancia da presente pesquisa. Desta forma, avaliaram-se os parametros
hemogasomeétricos, o perfil das PFA, a analise anatomopatolégica, morfométrica e
histopatoldgica do trato urinario de ovinos submetidos a dieta calculogénica, com e
sem urolitiase, para demonstrar sua efetividade como fatores preditivos precoces da

manifestacdo da doenca.



2. Revisao de literatura

2.1 Urolitiase

Urolitiase € uma doenga metabdlica de origem multifatorial, marcada pela
formacao de urdlitos no sistema urinario. E a enfermidade de maior importancia que
acomete o trato urinario de ruminantes, responsavel por causar elevados prejuizos,
como a saida prematura de ovinos machos destinados a reprodugdo, gastos com
tratamentos e morte (Ddria et al., 2007; Melendez et al., 2007).

Ha poucas chances de reversao do quadro apds o aparecimento dos sinais
clinicos da urolitiase, e a maioria dos ovinos torna-se inapta a reproducdo quando
submetidos a tratamento cirurgico (Ferreira et al., 2011). A doenga torna-se
clinicamente importante quando os urdlitos causam obstrucéo (Jones, 2006; Radostits
et al., 2007; Riet-Correa et al., 2008). A estase urinaria resultante da obstrugcéo
provoca inflamagado, hidronefrose e uremia (Assis et al., 2009). Nos casos de
obstrucdo total da uretra podem ocorrer ruptura uretral, com infiltracdo de urina na
parede ventral do abdémen ou bexiga e uroperiténio (Tiruneh, 2000).

A urolitiase em pequenos ruminantes tem sido relatada em diferentes paises
de todos os continentes (Sato e Omori, 1977; Stewart et al., 1991; Tiruneh, 2000;
Rogers, 2001; Guimaraes et al., 2007; Riet-Correa et al., 2008; Vinodhkumar et al.,
2010; Shahrom e Zamri-Saad, 2011; Wen et al., 2011). Apresenta maior incidéncia
em regides aridas, onde o consumo de agua € fator limitante. Possui carater
esporadico, mas pode ocorrer em forma de surtos ou endémica, refletindo a
importancia do manejo e da dieta na patogénese da enfermidade (Mcintosh et al.,
1974; Bruére e West, 1993; Van Metre e Divers, 2006).

Estudos de caso sobre urolitiase em ovinos no semiarido brasileiro,
provenientes da Clinica de Bovinos de Garanhuns, e do Hospital Veterinario
Universitario Prof. lvon Macédo Tabosa, registraram indices de mortalidade de 45% e
5,77% entre os ovinos atendidos, respectivamente; os autores atribuem esses
numeros ao grau de obstrugdo e tempo até o atendimento (Guimaraes et al., 2007,
Riet-Correa et al., 2008). Morais (2012), em estudo retrospectivo de 1.912 pequenos

ruminantes atendidos na CBG/UFRPE no periodo compreendido entre 2001 e 2011



observou que 1.436 (75,1%) eram ovinos e 476 (24,9%) caprinos. Dentre estes, 98
(5,1%) tiveram diagnaostico de urolitiase. Também é importante ressaltar que, dos 98
animais diagnosticados com urolitiase, 83,7% eram ovinos e 16,3% caprinos,
revelando maior frequéncia da doenca na espécie ovina. Além disso, todos os ovinos
acometidos eram do sexo masculino e as ragas mais frequentemente atingidas foram
Santa Inés 71,7% e Dorper 25,9%.

A interagdo de numerosos fatores como os anatdmicos (uretra longa e de
pequeno diametro, flexura sigmoide e processo uretral), fisiologicos (metabolismo),
nutricionais (dieta excessivamente proteica ou com alto teor de fosforo, magnésio ou
calcio, e ainda, a ingestao de plantas com grande quantidade de oxalato ou silica), de
manejo (consumo de agua) (Smith e Sherman, 1994; Belknap e Pugh, 2002), espécie
animal e sexo (Ddria et al., 2007), determinam a formacg&o dos urdlitos, seguida da
obstrugdo. O surgimento de condi¢ées que favorecem o aumento da concentragéo
urinaria de solutos, minerais ionizados (cristaloides) que formam cristais insoluveis
sdo relatadas por Afonso e Guarana (2008) como fatores mais importantes.

Ainda que de origem multifatorial, a formagc&o de urodlitos esta diretamente
relacionada ao manejo nutricional. Ocorre com maior frequéncia nos ovinos
confinados, superalimentados por ragdo formada basicamente de graos (milho, sorgo,
farelo de algodao) onde a proporgao de Ca e P varia de 1:4 a 1:6 (Tiruneh, 2006;
Radostits et al., 2007; Riet-Correa, 2007; Wen et al., 2011). A associagéo entre esse
manejo nutricional, e a menor ingestdo de agua sdo mencionados por Hay e Suttle
(1986), Stewart et al. (1990) e Riet-Correa et al. (2008), como fatores que diminuem o
volume urinario, aumentam a concentragao de solutos e favorecem a precipitacdo de
sais na urina.

A formacgao de urdlitos ocorre como resultado do desequilibrio dos teores de
Ca/P causado pelas altas concentragcdes de fésforo contidas nos concentrados
fornecidos aos animais, ocasionando hiperfosfatemia e formacado de urdlitos de
estruvita (NH4sMgPO4-6H,0) (Tiruneh, 2006; Riet-Correa et al., 2008). O calcio é
concorrente do fosforo na absorgao intestinal, suas baixas concentracbes em relagao
ao fosforo aumentam a excrec¢ao urinaria de fosfato. Contudo, a predominancia de
sais de calcio nos urdlitos de ovinos tem sido observada e descrita por varios

pesquisadores (Trueman e Stacy, 1969; Osborne et al., 1989; Guimaraes et al., 2012).



Este achado pode ser explicado pela dieta acidogénica que ocasiona estado de
acidose metabdlica crbnica, que resulta em excrec¢ao do calcio devido a diminuigao
de absor¢ao pelos glomérulos (Owens et al., 1998).

Segundo Takagi e Block (1991), a acidose metabdlica estimula a transformagao
de 25(OH)-colecalciferol em 1,25-dihidroxicolecalciferol, aumenta a reabsor¢ao éssea
e liberagdo de calcio na corrente sanguinea, e eleva a sua excregdo urinaria.
Corroborando estes autores, Del Claro et al. (2006) demonstraram que a utilizagéo de
dieta acidogénica aumentou significativamente a excregao de calcio pela urina em
ovinos da raca Santa Inés.

Guimaraes et al. (2012) registraram calcio e oxalato como os principais
componentes dos urolitos analisados em seu estudo. Forragens com elevado teor de
calcio e baixo de fosforo e magnésio possuem altos niveis de oxalato, o que aumenta
a excrecao desse elemento na urina e sua presenga nos urolitos (Van Metre e Divers,
2006).

Embora a urina seja solugdo que contém ions calculogénicos, a existéncia de
elementos inibidores da cristalizacdo como mucopolissacarideos, ions e acidos
organicos na urina, impede a formagéo dos urdlitos. Apenas quando a urina se torna
saturada e os cristaloides excedem a capacidade protetora, inicia-se a formacao do
urolitos (Radostits et al., 2007). De acordo com estes autores, as causas da formagao
dos urolitos podem ser divididas em trés grupos: 1 — as que favorecem o
desenvolvimento de um nucleo, sobre o qual pode ocorrer a concregao; 2 — as que
facilitam a precipitacdo dos solutos sobre o nucleo; 3 — as que favorecem a concregao
pela consolidacdo dos sais precipitados para o desenvolvimento do urdlito.
Inicialmente ocorre precipitagdo de solutos orgénicos (descamagdes epiteliais,
mucoproteinas e mucopolissacarideos que formam a matriz da maioria dos urdlitos,
servindo como cemento para a agregacdo dos minerais), e, em seguida, dos
inorganicos (cristais ou depédsitos amorfos) (Ribeiro, 2007).

Além das dietas com concentragdes elevadas de fosforo, o excessivo consumo
de minerais pode ocorrer por meio da ingestdo de agua “pesada” (Tiruneh, 2006;
Radostits et al., 2007; Riet-Correa, 2007; Wen et al., 2011). Nos ruminantes, o fésforo
é reciclado por meio da saliva e eliminado do organismo pelas fezes. Dietas ricas em

graos e pobre em volumosos n&o sé apresentam maiores proporgdes de fosforo em



sua composicdo, como diminuem a produgao de saliva, causada pela auséncia de
particulas de fibras, de aproximadamente 3 a 5 centimetros, suficientes para sua
estimulagdo. Consequentemente, mais fosforo € excretado pelos rins por meio da
urina, e aumenta o risco de urolitiase pela precipitagao desses solutos sobre o nucleo
(Packett e Hauschild, 1964; Packett et al., 1968). O pH da urina interfere na
solubilidade de algumas substancias, tornando-as menos soluveis em meios alcalinos
que em meios acidos, a exemplo dos urolitos de fosfatos mistos (fosfato magnésio
amonio, fosfato de calcio) e carbonatos (Tiruneh, 2006; Radostits et al., 2007; Riet-
Correa, 2007; Wen et al., 2011).

2.2 Particularidades anatomofisiolégicas do trato urinario e a urolitiase

O trato urinario de ovinos Machos é formado pelos rins e ureteres, aos pares,
bexiga urinaria e uretra com segmento peélvico e peniano (Figura 1) (Sisson e
Grossman, 1986; Frandson et al., 2014; Konig e Liebich, 2016; Dyce et al., 2019).

Os rins possuem consisténcia firme e coloragdo marrom-avermelhada (Dyce et
al., 2019). Na espécie ovina, apresentam aspecto reniforme (Frandson et al., 2014;
Koénig e Liebich, 2016). Segundo Sisson e Grossman (1986) suas dimensodes
aproximadas sdo: 7,5 cm de comprimento, 5 cm de largura, 3 cm de espessura, com
peso médio de 100 a 125 g. A principal fungao dos rins é o equilibrio do meio interno
por meio da filtragdo do plasma sanguineo, seguida pela reabsorgédo seletiva de
eletrdlitos, agua, glicose e proteinas, concentracdo dos catabolitos e excregéo
(Frandson et al.,, 2014; Dyce et al., 2019). Esse processo de manutencdo da
homeostase esta diretamente envolvido no balangco acido-base, hemodinédmica e

regulagéo da presséao arterial (Samuelson, 2007).



Figura 1. Visdo geral do trato genitourinario de ovino macho ilustrando o rim esquerdo
(a), ureter esquerdo (b), bexiga urinaria vazia (c), uretra pélvica (d), flexura sigmoide
(e), uretra peniana (f), cordao espermatico (g), testiculos (h) e cauda do epididimo (i).
Fonte. Arquivo pessoal

Os rins encontram-se firmemente aderidos por fascia, vasos e peritdnio.
Normalmente, fixam-se na parte dorsal da cavidade abdominal, lateralmente a veia
cava caudal e a aorta abdominal (Frandson et al., 2014). O rim direito posiciona-se
mais cranialmente em relacdo ao esquerdo, entre o 11° espaco intercostal e a 22
vértebra lombar. Mais externamente, uma capsula adiposa perirrenal o envolve,
protegendo-o de lesbes por pressdao de orgaos vizinhos (Figura 2) (Sisson e
Grossman, 1986; Konig e Liebich, 2016).
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Figura 2. Disposigao retroperitoneal dos rins fixados dorsalmente na cavidade
abdominal com rim direiro posicionado mais cranialmente (a); capsula
adiposa ao redor do rim direito (*); bexiga urinaria repleta (b) com vasos
sanguineos evidentes (setas), apice da bexiga urinaria (c).

Fonte. Arquivo pessoal

O parénquima renal é envolto por capsula resistente de tecido conjuntivo,
formada por fibras colagenas e elasticas (Sisson e Grossman, 1986). Essa capsula
restringe a capacidade do rim de se expandir, e resulta em compressao tecidual em
casos de edema (Dyce et al., 2019). Sua superficie é ligeiramente convexa com uma
depressdo em sua margem medial, o hilo (Frandson et al., 2014; Dyce et al., 2019). O
parénquima € dividido em cértex, camada mais externa é de coloracdo marrom
avermelhada e com granulagdes, e medula, que se projeta dentro da pelve renal e
possui duas zonas; uma mais externa de coloragao escura e que emite estrias que se
estendem até o cértex, e uma interna de coloragao vermelho acinzentada, mais palida
(Figura 3) (Sisson e Grossman, 1986; Dyce et al., 2019).



Figura 3. A — Capsula renal envolvendo o parénquima (seta branca), hilo renal (h); B
— corte longitudinal do rim expondo o parénquima (c — cortex, m — medula,
jungéo corticomedular — jc) e pelve renal preenchida com tecido adiposo,
papila renal (seta amarela) (*).

Fonte. Arquivo pessoal

A unidade estrutural e funcional do rim, o néfron, € um conjunto de tubulos
conectados, que forma um sistema canalicular de aspecto radiado. Tem inicio com o
corpusculo renal, da origem ao tubulo contorcido proximal, seguido da alga néfrica,
composta do tubulo reto proximal, que se estreita e torna-se um tubulo fino e em
seguida se alarga, formando o tubulo reto distal. Ao adentrar o cortex, o tubulo reto
distal retorna ao corpusculo renal e forma o tubulo contorcido distal do néfron que
conflui no tubulo renal coletor e é drenado para o ducto coletor que flui para a pelve
renal (Samuelson, 2007; Kénig e Liebich, 2016).

Os trés processos que envolvem o néfron e seus suprimentos sanguineos na
formagdo da urina sao: a filtracdo glomerular; a reabsorgao tubular e a secregao
tubular. O filtrado glomerular é considerado um ultrafiltrado do sangue pois coloides e
células sanguineas nao sao filtrados. Muitas proteinas sao excluidas do processo de
filtracdo em funcdo do seu peso molecular, no entanto, aquelas com peso inferior a
70.000, como a albumina (69.000) e hemoglobina (68.000) podem aparecer no filtrado
em proporgdoes de 0,2 a 03%, e 5% respectivamente (Bradley, 2015).

Por apresentarem tamanho molecular relativamente pequeno, as substancias
importantes para o organismo como Na*, glicose e aminoacidos passam facilmente

através da membrana glomerular para o fluido tubular, por isso, suas concentragdes
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no filtrado sdo semelhantes as do plasma, sendo excretadas pela urina, a menos que
retornem ao sangue por mecanismos de reabsor¢des por transporte ativo. Pequena
quantidade de proteina esta presente na urina normal, sendo de 40 a 60% dessa
fragdo composta por albumina. Grande parte da proteina € reabsorvida no tubulo
proximal e ndo se perde na urina. Influenciada pelas concentracdes de aldosterona, a
reabsor¢do de Na* pelo néfron ocorre de modo unidirecional nos tubulos e ductos
coletores. Na auséncia completa de aldosterona aparentemente 10% do Na* (e &nions
associados) € perdido na urina. No entanto, apesar da aldosterona estar associada
com a reabsorgdo do Na®, ela n&o regula as concentragdes no Liquido Extracelular
(LEC) (Reece, 2017).

A regulagdo dos niveis de K* no LEC ¢é realizada no néfron distal e esta
diretamente relacionada aos niveis desse cation na dieta. Onde baixos niveis
dietéticos promovem maior reabsorgdo e minima secreg¢do, enquanto grandes
quantidades provocam menor reabsor¢ao e maior secregao, com excregao urinaria
(Bradley, 2015).

A regulagdo do Ca** ocorre primariamente no tubulo contorcido distal e tubo
coletor, com a reabsor¢cdo estimulada pelo paratorménio e pela vitamina D.
Aproximadamente metade desse mineral esta associada a albumina e nao é filtrado
no glomérulo. Os efeitos reguladores do Mg?* néo foram até o momento identificados,
mas cerca de 75% é filtrado, o restante encontra-se associado a proteinas. Sendo o
tubulo proximal responsavel por 25 a 30% de sua reabsorcgao, o restante ocorre na
alga néfrica (de Henle) (Reece, 2017).

Aproximadamente 80 a 95% do fostato filtrado é reabsorvido, principalmente
no tubulo proximal. Sua regulagao dar-se pela concentragao plasmatica e pelos niveis
de paratormdnio. Se ha uma pequena quantidade circulante ocorre reabsor¢cdo, em
situagdes onde ha sobrecarga desse elemento, ha excregéo urinaria, pois, 0s niveis
de paratormoénio elevam-se (Swenson, 1996).

A pelve renal representa a continuagdo do segmento inicial do ureter,
parcialmente envolvido pelo seio renal e firmemente aderido ao parénquima renal em
toda extensédo da regido papilar (Konig e Liebich, 2016). O ureter da maioria dos
animais tem inicio na pelve. Consiste em um tubo muscular de calibre uniforme,

envolvido parcialmente pelo peritdbnio que segue caudalmente até a bexiga urinaria
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onde penetra obliquamente em sua parede dorsal (Frandson et al., 2014; Konig e
Liebich, 2016; Dyce et al., 2019).

A bexiga € um orgdo muscular, oco e dilatavel, responsavel pelo
armazenamento da urina. Quando vazia e contraida € pequena e globular e situa-se
no assoalho da cavidade pélvica. A medida que se enche de urina, adquire forma de
pera, suas paredes ficam delgadas e seu tamanho aumenta em dire¢ao cranial e para
dentro da cavidade abdominal. Quando um volume consideravel € atingido, a presséo
se eleva e desencadeia o impulso auténomo para eliminagao da urina (Frandson et
al., 2014; Dyce et al., 2019). Sua mucosa € constituida por epitélio de transigdo, com
trigono vesical formado entre as aberturas uretéricas e uretral, e colo continuo com a
uretra caudalmente (Sisson e Grossman, 1986; Konig e Liebich, 2016; Dyce et al.,
2019).

A uretra masculina é responsavel pela eliminagao de urina e sémen. Apresenta
dois segmentos distintos, um interno ou pélvico e um externo ou peniano. A primeira
por¢cado tem inicio no colo da bexiga urinaria, no 6stio uretral interno, passa pelo
coliculo seminal, e se estende até a abertura dos éstios das glandulas bulbouretrais.
A segunda porgéo, situa-se num sulco na superficie ventral do corpo cavernoso, que
deixa a cavidade pélvica e estda amplamente incorporada ao interior do pénis, sendo
considerada um componente peniano (Sisson e Grossman, 1986; Konig e Liebich,
2016; Dyce et al., 2019).

Em pequenos ruminantes a parte terminal da uretra projeta-se, comumente,
cerca de trés a quatro cm além da glande do pénis, formando um processo uretral
torcido (Sisson e Grossman, 1986; Frandson et al., 2014). A uretra mais longa,
tortuosa e de menor didmetro no macho oferece maiores chances de obstrucéo. Fato
relatado por Bailey (1981) que observou processos obstrutivos quase que
exclusivamente em machos (99%).

A urolitiase constitui importante causa de perdas de ovinos, principalmente com
idade inferior a seis meses (Mcintosh et al., 1974). A falta de estimulos hormonais faz
com que os ovinos castrados em idade precoce, sejam mais susceptiveis a urolititase
devido ao menor didmetro da uretra em relagdo aos nao castrados (Pugh, 2004; Riet-
Correa, 2007). No entanto, a ocorréncia em machos ndo castrados ja foi descrita por
Riet-Correa (2007) e Guimaraes et al. (2012). Déria et al. (2005) atribuem essas
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ocorréncias a fatores anatémicos, assegurando que a uretra longa, o curso da flexura
sigmoide e o estreito processo uretral facilitam o aprisionamento, até mesmo de

pequenos urdlitos, na uretra dos machos (Figura 4).

Figura 4. Porgéo distal do trato urinario de ovinos com uretra peniana longa e de
pequeno diametro (u); flexura sigmoide (s) e processo uretral (*).
Fonte. Arquivo pessoal

Lébo (2005) relatou que as ragas Santa Inés e Dorper predominam nas
criagdes do Nordeste, e Guimaraes et al. (2012) notaram a ocorréncia mais expressiva
da urolitiase nessas ragas. Hay e Suttle (1986), afirmaram que o risco de urolitiase
pode ser determinado por variagdes raciais e por fatores intrinsecos de cada animal,
estando relacionado a variagdes no metabolismo da agua e na eficiéncia de absorgao
e retencado de minerais.

Os urdlitos podem ser encontrados em qualquer regidao do trato urinario.
Quando localizados na porgao inferior, causam a retencao de urina que evolui para
cistite e lesdo da mucosa devido a agao compressiva dos urdlitos sob a parede do
orgao (Figura 5) (Confer e Panciera, 1998; Van Metre e Divers, 2006; Radostits et al.,
2007; Riet-Correa, 2007; Riet-Correa et al., 2008; Vinodhkumar et al., 2010). O quadro
clinico varia de acordo com a localizagdo e grau de obstrugdo. A demora no

atendimento € um dos fatores complicadores da enfermidade (Guimaréaes et al., 2012).
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Figura 5. Deposigao de urdlitos em diferentes segmentos do trato urinario de ovinos.
A — pelve renal; B — bexiga urinaria e C — uretra pélvica com ruptura (setas).
Fonte. Arquivo pessoal

A observacgao de sinais como edema extenso na regido do prepucio, perineo e
testiculo, além da auséncia de micgéao, refletem maior gravidade e risco de insucesso
do tratamento (Figura 6). A severidade dos sinais clinicos pode variar dependendo da
localizagao da obstrugao e se esta € completa ou parcial (Bruére e West, 1993). Hay
e Suttle (1986), observaram cistite hemorragica acompanhada por urdlitos e uretrite.
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Figura 6. Ovino com urolitiase e edema de prepucio (seta).

Fonte. Arquivo pessoal

O aumento da pressdo no interior da bexiga urinaria, devido ao refluxo
vesicoureteral, predispée a pielite, pielonefrite e hidronefrose (Confer e Panciera,
1998; Coelho, 2002).

Peritonite ou celulite subcutdnea sao sequelas do uroperitbneo tanto por
ruptura da bexiga urinaria ou da uretra, quanto por extravasamento em virtude da
pressao no lumen uretral provocada pela estase urinaria (Figura 7) (Hay e Suttle,
1986; Radostits et al., 2007).
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Figura 7. A — Urina na cavidade abdominal (*) e peritonite decorrente de uroperitdnio

(seta); B — bexiga urinaria com ruptura parcial em sua porg¢ao dorsal (seta).
Fonte. Arquivo pessoal

Letalidade expressivamente maior foi descrita entre os ovinos que
apresentavam obstrugao total da uretra (Guimaraes et al., 2012). Fato também
observado por Donecker e Bellamy (1982), que relataram letalidade de 50,8% em
bovinos com obstrugao total da uretra e de 10,5% em bovinos com obstrugao parcial.

2.3 Sinais clinicos

O quadro clinico varia entre animais de acordo com a localizagéo, grau da
obstrugao, e duragcdo da doenga. De acordo com Riet-Correa et al. (2008), os
primeiros sinais de urolitiase geralmente s&o anorexia e meteorismo. VinodhKumar et
al. (2010) observaram agitagao na fase inicial, e ranger de dentes ap6s manifestagcao
dos primeiros sinais (Figura 8).

Além disso, Riet-Correa et al. (2008) relataram sonoléncia, dor abdominal e a
palpacdo da regido peniana, escoiceamento dos membros toracicos e balangar da
cauda, anuria ou hematuria apos grande esforgo para urinar, taquicardia, taquipneia
e congestao de vasos episclerais (Figura 8D). O que demonstra que, com a evolugao
da doencga, os sinais caracteristicos da obstrugcdo tornam-se evidentes e sua
gravidade aumenta, como decrito por Guimaraes et al. (2012), referindo-se aos ovinos
atendidos na Clinica de Bovinos de Garanhuns, Pernambuco, e confirmando os

prejuizos advindos da demora até o atendimento (Tiruneh, 2000).
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Figura 8. Ovinos com urolitiase. A — mimica de micg&do improdutiva caracterizada por
abdugdo de membros pélvicos e cauda erguida; B — prostracgao,
evidenciada pelo decubito lateral, associada a timpanismo; C —lambedura
compulsiva de prepucio como mimica de dor; D — conjuntiva ocular
hiperémica com ingurgitamento de capilares episclerais.

Fonte. Arquivo pessoal

Stuchi et al. (2010) relataram que no ano de 2008 atenderam, no Hospital
Veterinario Luiz Quintiliano de Oliveira, 40 ovinos de um lote de 80, com quadro clinico
de urilitiase. Observaram, ainda, que estes animais apresentavam disuria,
estranguria, contragdes da musculatura abdominal, dispneia, distensdo de bexiga
urinaria, alteracdo da postura e cianose das mucosas da glande e apéndice
vermiforme, sugerindo hipdxia tecidual. Segundo Ortolani (1996), a manifestagéo de
dor abdominal advém da sindrome colica devido a dificuldade de micgdo. O estimulo
da dor age diretamente no centro gastrico, o que provoca a anorexia e a depressao
da motilidade das cadmaras gastricas, o que justifica a presenga de ovinos com apetite
e motilidade ruminal diminuidos ou ausentes. A febre, taquicardia e taquipneia
também podem estar relacionadas a dor, pois esta desencadeia a liberacido de

prostaglandina, adrenalina e noradrenalina que sdo mediadores destes processos
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(Van Metre e Divers, 2006; Radostits et al., 2007). Além disso, ha reag&o inflamatoria
provocada pela atividade irritativa dos urdlitos nos tecidos que pode ser agravada por
infeccéo bacteriana secundaria (Confer e Panciera, 1998) e desencadear a liberagao
dos mediadores da inflamacao (Van Metre e Divers, 2006).

O local em que o urdlito aloja-se, no processo uretral, pode necrosar (Figura 9)
Pugh (2004), e é possivel haver ruptura da bexiga urinaria ou da uretra, ocasionando
a morte, em horas ou dias (Rogers, 2001). A desidratagao observada esta relacionada
a ruptura de bexiga urinaria e consequente sequestro de liquido para a cavidade
abdominal (Donecker e Bellamy, 1982). Segundo Radostits et al. (2007), a ruptura de
uretra ou extravasamento de urina para o tecido subcutaneo devido a distenséo uretral
excessiva causa edema e o prolapso de mucosa prepucial. A congestdo de mucosas

esta relacionada a uremia decorrente da estase urinaria (Confer e Panciera, 1998).
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Figura 9. Necrose de processo uretral (setas) e congestao de glande e prepucio (*)
decorrentes de obstrugao por urdlitos.
Fonte. Arquivo pessoal

2.4 Diagnéstico

O diagndstico baseia-se principalmente na histéria e nos achados clinicos da
urolitiase (Weeren et al., 1987; Pugh, 2004; Meneses et al. 2007; Radostits et al.,
2007; Afonso e Guarana, 2008; Riet-Correa et al., 2008; Stuchi et al., 2010). Mas,
exames complementares podem auxiliar o diagnéstico e prognostico da doenca
(Braun et al., 1992; Pugh, 2004). Destes, os exames laboratoriais: urinalise,

bioquimica clinica, hemograma e a caracterizagdo dos urodlitos sdo os mais usados na
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rotina das clinicas (Tiruneh, 2000; Tiruneh, 2006; Guimaraes et al., 2007; Stuchi et al.,
2010; Vinodhkumar et al., 2010).

2.5 Analises laboratoriais

No inicio da urolitiase a contagem de células sanguineas encontra-se normal,
mas, posteriormente ocorre leucocitose com desvio a esquerda (Navarre, 2007,
Hunter et al., 2012). No entanto, VinodhKumar et al. (2010) e Guimaraes et al. (2012)
observaram linfocitopenia e hemoconcentragdo. De acordo com Pugh (2004) e Van
Metre e Divers (2006), esses achados sdo comuns nos casos de infecg&o renal aguda,
cistite e uretrite. A estase urinaria e a reabsorcdo de ureia e creatinina provocam
quadro de azotemia pods-renal (Coelho, 2002; Van Metre e Divers, 2006; Fettman e
Rebar, 2007).

O funcionamento do sistema urinario pode ser avaliado por meio da urinalise
(Garcia-Navarro, 1996). Significativa cristaluria foi encontrada por Smith e Sherman
(2009) na analise do sedimento da urina de ovinos com urolitiase. Ja Guimaraes et al.
(2012) observaram hematuria em mais de 80% de seus casos estudados. Tal
condigao € encontrada com frequéncia em casos de obstru¢do parcial da uretra (Pugh,
2004; Radostits et al., 2007; Riet-Correa, 2007; Riet-Correa et al., 2008; Vinodhkumar
et al., 2010), provavelmente em decorréncia das lesdes provocadas pelos urdélitos na
mucosa do trato urinario (Confer e Panciera, 1998). A alta concentracao de células
epiteliais, eritrocitos, leucdcitos, bactérias, muco ou cristais tornam a urina de aspecto
turvo (Figura 10) (Garcia-Navarro, 1996; Hendrix, 2006).
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Figura 10. Analise do sedimento urinario. A — cristais de fosfato triplo e células
epiteliais escamosas; B — hematuria.
Fonte. Arquivo pessoal

Elevacdo da creatinina, hipercalemia ou normocalemia, hiponatremia,
hipocloremia e elevagcdo das enzimas musculares aspartato aminotransferase e
creatina quinase séo achados laboratoriais frequentes na urolitiase (George et al.,
2007). Concentragdes dos ions Na* e K™ dentro dos padrdes de normalidade para a
espécie ovina foram descritos por Ferreira et al. (2014) que registraram em suas
pesquisas valores de 139 a 152 mmol/L e 3,9 a 5,4 mmol/L, respectivamente. Por
outro lado, hipercloremia foi relatada por Kaneko et al. (2008) que observaram valores
entre 95 a 103 mmol/L, possivelmente decorrente do cloreto de amdnio que compunha
a dieta experimental, visto que os niveis de CI" voltaram a normalidade apds a
interrupgao.

A grave proteinuria observada na urolitiase ocorre como resultado da
glomerulonefrite, nefrite intersticial, pielonefrite ou nefrose onde as proteinas
atravessam a membrana glomerular e apenas as de baixo peso molecular s&o
reabsorvidas (Garcia-Navarro, 1996). No entanto, cautela € necessaria durante a
interpretacdo de resultados quando ha inflamagbées no trato urogenital,
hemoglobinuria e hematuria, pois estas condigdes podem influenciar no teste e
provocar resultados falso positivos de proteina (Dirksen et al., 1993; Garcia-Navarro,
1996; Pugh, 2004).

De acordo com Confer e Panciera (1998), o extravasamento de proteinas para
o filtrado glomerular e para a urina reflete doenga glomerular, enquanto que a
glicosuria indica lesao tubular. Van Metre e Divers (2006) detalharam que, para haver
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insuficiéncia renal, aproximadamente 75% dos néfrons de ambos os rins devem estar
perdidos, o que provoca inadequada excre¢cao de ureia e creatinina, proteinuria,
glicosuria e aumento da celularidade do sedimento urinario. Guimaraes et al. (2012)
observaram altas dosagens de ureia e creatinina sem comprometimento da filtragéo
renal da maioria dos ovinos avaliados (Coelho, 2002). Para os autores supracitados,
tal fato se justifica pela estase urinaria e consequente reabsorgéo da ureia e creatinina,
0 que caracteriza azotemia pds-renal e ndo por insuficiéncia renal. Essa concluséao é
apoiada pelo fato das dosagens de glicose terem sido encontradas dentro dos
parametros de normalidade, além disso, a proteinuria pode ter sofrido influéncia da
significativa quantidade de leucdcitos e de hemacias urinarios.

VinodhKumar et al. (2010) constataram pH urinario entre 8,0 e 8,2 em ovinos
com urolitiase. E estes resultados diferem dos descritos por Guimarées et al. (2012)
que constataram aciduria. Garcia-Navarro (1996), Van Metre e Divers (2006) atribuem
a aciduria, a dieta com grande quantidade de graos, que provoca queda no pH.

Urdlitos sdo agregados de material cristalino e matriz que se forma quando a
urina se torna saturada com substancias cristalogénicas e a analise de sua
composi¢ao facilita a tomada de medidas profilaticas (Ulrich et al., 1996). Para
Guimaraes et al. (2012), a formacao dos urdlitos so constitui um problema quando
esses causam obstrugdo que impede o fluxo urinario. Os urdlitos podem ser
classificados quanto a sua composi¢ao quimica, como: fosfato de amdnia e magnésio
hexahidratado (estruvita), e fosfato de calcio (apatita), e de acordo com a sua
localizagdo: nefrolitos (rendlitos), ureterdlitos, urocistolitos e uretrdlitos (Osborne e
Clinton, 1986).

Segundo Pugh (2004), a composigao do urodlito geralmente é de sais de calcio
e complexos de fosfatos (apatita de calcio, fosfato de calcio diidratado, carbonato de
calcio, fosfato amdnio magnesiano). Monoghan e Boy (1993) adicionaram ainda que
a composicado é frequentemente reflexo da dieta, que os urdlitos sdo usualmente
constituidos de sais de fosfato e especialmente de calcio e de ambnio magnesiano,
este ultimo apontado por Ribeiro (2007), como o principal tipo encontrado em
pequenos ruminantes no Brasil. Mas ovinos que pastejam em areas com plantas ricas
em oxalatos e silica podem desenvolver urdlitos de oxalato (Pugh, 2004; Radostits et
al., 2007).
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2.6 Hemogasometria como auxilio diagndstico e prognéstico de doengas

A preservacao da vida animal depende de uma série de reag¢des organicas para
manutencdo da homeostase e do correto funcionamento do organismo (Levraut et
al.,1996; Almosny, 2003). O pH sanguineo merece destaque, pois precisa permanecer
dentro de limites estritos. Para que isso acontega, o organismo utiliza trés
mecanismos: 0 tamponamento quimico, especialmente pelo bicarbonato, o ajuste
respiratorio e a excrecdo de ions pelos rins. Enquanto os sistemas tampao e
respiratorio atuam em poucos minutos, os rins respondem lentamente ao excesso de
acido ou de base (Guyton e Hall, 2002; Houpt 2006), demonstrando a importancia dos
pulmdes, intestinos, rins e figado na manutencao desse equilibrio (Quiroz-Rocha et
al., 2000).

Uma série de doengas que se relacionam com o sistema urinario, digestério,
respiratorio e enddcrino causam desequilibrio acido-basico dos ruminantes (Quiroz-
Rocha et al., 2000; Ortolani, 2003). A acidose metabdlica se caracteriza pela redugao
do pH e do bicarbonato sanguineos, enquanto a alcalose metabdlica por sua
elevacdo. Nesses processos estdo envolvidos mecanismos complexos nos quais 0s
rins assumem papel primordial (Quiroz-Rocha et al., 2000; Martinelli, 2006; DiBartola,
2007). Na acidose respiratéria, ha aumento da pCO, causado por hipoventilagdo
alveolar, o oposto ocorre na alcalose respiratoria (Almosny, 2003; DiBartola, 2007).

Embora muitas situacdes que causam desequilibrio acido-basico proporcionem
poucos transtornos ao organismo, por serem transitorias ou devidamente
compensadas pelo animal, em determinadas circunstédncias a corregdo do
desequilibrio € essencial para a sobrevivéncia. Uma forma de avaliacdo rapida e
pratica do estado acido-basico dos animais € a analise hemogasométrica do sangue
(Figura 11) (Sucupira e Ortolani, 2003). O exame fornece resultados das pO2, pCOo,
pH, HCOg3', tCO,, e EB.
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Figura 11. A — Amostra de sangue da espécie ovina refrigerada par exame
hemogasométrico; B — hemogasometria em aparelho portatil OPTI CCA-
TS.

Fonte. Arquivo pessoal

Segundo Gonzalez e Silva (2017) os valores hemogasométricos normais para
a espécie ovina séo pH (7,28 a 7,42), HCO3 (19 a 25), EB (-4 a 2) e pCO; (37 a 42).
Levraut et al. (1996) relataram que o sangue arterial, coletado sob anaerobiose em
heparina sdédica e refrigerado, compde o material ideal para a analise
hemogasomeétrica rapida. No entanto, Sucupira e Ortolani (2003) demonstraram que
0 sangue venoso também reflete com precisdo o estado acido-basico, diferindo
apenas quanto a pCO; e a pO; que sao maiores no sangue venoso e arterial
respectivamente. Ortolani (2003) e DiBartola (2007) sugeriram que ap0s coleta deve-
se avaliar inicialmente o pH, o qual indicara o quadro de acidose ou alcalose, e em
seguida, identificar o parametro que esta alterado e caracterizar como metabdlico ou
respiratorio. Um fator considerado, por muitos anos, como limitante na realizacéo
desse exame € o curto tempo de processamento das amostras pds coleta. No entanto,
Leal et al. (2010) comprovaram viabilidade e confiabilidade de andlise na espécie
ovina em até 24 horas apods a coleta, desde que mantido sob refrigeragéo (0 a 4°C), e
Lisboa et al. (2001) demonstraram semelhante viabilidade para a espécie bovina por
até seis horas, desde que mantido em banho de agua gelada (0 a 4°C).



23

2.7 Proteinas de Fase Aguda na predigao das doengas

A inflamagéo aguda ocorre como resposta fisiolégica do organismo a infecgéo
ou injuria, na tentativa de manter a integridade tecidual e limitar os danos locais (Gruys
et al., 2006). No entanto, o monitoramento dessa resposta pode ser desafio ao médico
veterinario porque os sinais da inflamag¢ao nem sempre se manifestam clinicamente.
As PFA sao constituidas por glicoproteinas sintetizadas pelos hepatdcitos como
resposta a injuria tecidual, e sdo encontradas na circulagdo sanguinea (Murata et al.,
2004; Jacobsen, 2007). Por esses motivos, quando comparadas a outras variaveis,
tais como hipertermia e a presenga de leucocitose associados a neutrofilia, sao
consideradas biomarcadores precoces mais efetivos da resposta inflamatoria
sistémica (Jain, 1989).

A resposta aguda € uma reacao inespecifica do hospedeiro que ocorre
rapidamente apds a injuria tecidual. Tem inicio quando ha liberagcdo de produtos do
metabolismo fosfolipidico e peptideos, ou citocinas pelos tecidos lesionados e, como
resultado, ha aumento da sintese hepatica de PFA, que s&o importantes limitadores
da inflamagéo e da regulagao da resposta imune (Gruys et al., 2006; Eckersall e Bell,
2010). Baseando-se nos principios de eletroforese, as proteinas séricas sé&o
classificadas em q, R e y globulinas, estando as PFA incluidas nas categorias a e 3.
Entre elas estao o fibrinogénio, a haptoglobina, a ceruloplasmina, a amiloide A sérica,
a proteina C reativa e a a-1glicoproteina acida (Meyer e Harvey, 2004). De acordo
com Kjelgaard-Hansen e Jacobsen (2011) deve haver aumento de pelo menos 25%
nas concentracdes séricas de PFA durante o processo inflamatério. Essa elevacao
deve ocorrer no inicio da doencga inflamatéria ou infecciosa e permanecer até que haja
resposta ao tratamento, s6 entdo seus niveis passam a diminuir. Tal comportamento
permite demonstrar sua capacidade ndo apenas diagnostica, como biomarcador
precoce da inflamagdo, mas também de progndstico e de tratamento (Martinez-
Subiela et al., 2003).

Ha varios métodos para a determinacdo das concentragdes séricas das PFA
disponiveis (Céron et al., 2005). De acordo com Simplicio et al. (2013, 2015) e Sabes
et al. (2017), a eletroforese em gel de poliacrilamida é excelente forma de quantificar

as PFA devido aos seus diferentes pesos moleculares que permitem o fracionamento
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das mesmas ao longo do gel. De acordo com esses autores, embora o fibrinogénio
plasmatico tenha sido a PFA mais comumente utilizada na clinica médica de
ruminantes, outras PFA apresentam excelente valor preditivo como a haptoglobina,
ceruloplasmina e a-1glicoproteina acida em diferentes enfermidades, e portanto,

precisam ser investigadas.

2.8 Morfologia na avaliagao de processos patolégicos

A morfologia e morfometria tém sido utilizadas como metodologia laboratorial
para ampliar os conhecimentos das alteragbes das estruturas dos 6érgéos, tecidos e
células, em animais de laboratério, contribuindo para os esclarecimentos e os avangos
das ciéncias (Cotrim et al., 1990; Pardini e Assis, 2005).

Pesquisas tém sido realizadas para avaliar as alteragdes morfologicas e
morfométricas sofridas pelos 6rgaos, tecidos e células em decorréncia de doengas
que acometem os diferentes sistemas organicos (Rodrigues et al., 1998; Pereira et al.,
2002; Rech et al., 2006; Duarte et al. 2007; Melo, 2007; Lima et al., 2010). Dentre elas,
varias incluem diferentes aspectos morfométricos do sistema urinario ovino, tais como
enfermidades do desenvolvimento fetal (Peters et al., 1991; Shibata et al., 2001;
Thiruchelvam et al., 2003), enfermidades materno-fetais (Gibson et al., 2007),
influéncia de doencgas infecciosas, como a brucelose (Carvalho-Junior et al., 2012),
manipulagdo do desenvolvimento pds-natal (Kibria et al.,, 2016) e comparagao de
determinadas estruturas em diferentes idades (Belotta et al., 2017). N&o foram
encontrados estudos morfométricos do trato urinario em ovinos acometidos por
urolitiase, até o momento. Como a analise morfométrica fornece suporte a avaliagcao
macroscopica e histopatologica, por meio da contagem e mensuragao de estruturas
de interesse, sugere-se que estudo morfométrico do sistema urinario de ovinos podera
contribuir com aprimoramento de parametros diagndsticos e de progndsticos na

urolitiase.
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ABSTRACT

Background: Urolithiasis is an economically important disease that has considerable
significance for sheep farming. With the tissue and biochemical changes resulting from the
development of this disease, metabolic disorders and immune response are established.
Hemogasometric evaluation allows the identification of systemic acid-base imbalances quickly.
Acute phase proteins (APP) have in the last two decades had become the biomarkers of choice
in human and veterinary medicine. To date, no biomarker studies have been published for sheep
with urolithiasis. Thus, this study aimed to analyze the hemogasometric kinetics in urolithiasis

in sheep and the APP that can be used as early biomarkers in this disease.

! Este capitulo corresponde ao artigo cientifico publicado na revista Acta Scientiae
Veterinariae (ISSN 1679-9216), 47: 1698, 2019.
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Materials, Methods & Results: In this study, 14 healthy male Santa Iné€s sheep, aged
approximately 90 days, were fed on calculogenic diet for 120 days. The sheep were examined
weekly to observe the clinical signs. Blood and urine analysis were also performed. For
comparative analysis purposes, at the end of the experiment, sheep that developed urolithiasis
were extracted from the initial experimental group D, (without urolithiasis) and moved to the
second experimental group D. (with urolithiasis). In the pre-experimental period and on the day
of slaughter, venous blood was sampled for hemogasometric tests, with a maximum time of 15
minutes between collection and analysis to ensure the reliability of the results obtained. The
pH, pCO.,, pO., EB, tCO,,HCO.,, stHCO., tHb, sO, and Hct, Na‘, K- and Ca* ions were quantified.
To identify and measure immunoglobulins (A and G) and APP, samples from sheep that
developed urolithiasis (D.) were analyzed. Blood samples were harvested weekly until the
clinical manifestation of the disease, totaling 16 samples, of with IgA, IgG, ceruloplasmina
(101kDa), transferrin (75kDa), al-antitrypsin (60kDa), haptoglobina (44kDa) and al-acid
glycoprotein (38kDa) concentrations were measured. Elevation of pCO. was observed between
D, and D., but there was a significant difference (P < 0.05) only in the final moments (FMs).
Although EB, tCO., HCO,, stHCO, increased between moments in the same group and between
groups at the same time, significant differences were recorded only in the FMs. Higher values
were observed for Na+, K- in the FMs. The APP of sheep that developed the disease oscillated
between moments, however, significant difference (P < 0.05) over time was observed only in
haptoglobin and transferrin.

Discussion: The disease occurred in five of the 14 studied sheep, demonstrating the
effectiveness of the formulated diet in inducing the disease. Through the analysis of blood
gases, plasma bicarbonate concentration and excess base or deficit it was possible to diagnose

disturbances in acid base balance, characterizing a picture of metabolic alkalosis in sheep with
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urolithiasis. Mean pH was not significantly different between groups, but sheep that developed
urolithiasis had alkalosis. Final values of tCO, and HCO, indicate the compensatory organic
response, that which, together with the analysis of the averages of HCO. and EB, reflect the
metabolic alkalosis picture. The APP have different responsiveness among them. Haptoglobin
and transferrin were the most reliable biomarkers among the studied APP to predict urolithiasis,

with transferrin showing atypical behavior, characteristic of positive APP.

Keywords: Urinary tract, acid-base balance, transferrin, haptoglobin, small ruminants.

INTRODUCTION

Monitoring the inflammatory response is a challenge because the signs of inflammation
are not always clear [27]. Hemogasometry is an important technique for assessing acid-base
balance in various diseases, capable of clarifying severity and predicting clinical evolution
[15,26,28]. However, in the acute phase of disease, it may not detect changes suggestive of
inflammatory process [1].

Acute phase proteins are early markers of inflammation, capable of providing an
alternative means of monitoring animal health, in addition to those commonly used in clinical
routine, such as blood count and biochemistry [12]. There is a difference in responsiveness of
different APP due to varied inflammatory stimuli. During the acute phase response, the serum
concentration of these proteins changes dramatically [3].

Although the feasibility of venous blood samples for hemogasometric examination is
short [15] compared to APP dosing [27], both analyzis may provide diagnostic and prognostic

information if adequate sampling time is warranted [19,28].
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Due to the clinical, surgical and economic importance of urolithiasis in sheep, besides
the scarcity of studies on hemogasometric kinetics [8] and on acute phase proteins in urinary
disorders [5,7], added to the inexistence of studies on APP in this disease, this study aims to
analyze the behavior of these variables in urolithiasis disease in sheep and APP that can be used

as early biomarkers to predict the development of this disease.

MATERIALS AND METHODS

Animals used

Fourteen healthy male (non-castrated) Santa Inés sheep, approximately 90 days old,
were used. To maintain animal health and prevent interference from other diseases,
parasitological examinations, control of endoparasites with oral sulfaquinoxaline
(Sulfaquinoxaline)' and sodium closantel (Diantel 10%)” and vaccination against clostridiosis

(Poly-Star)® were performed in the pre-experimental period (15 days).

Facilities, diets and experimental groups

Sheep were confined in the small ruminant experimentation pen of Garanhuns
Academic Unit (UAQG), of the Federal Rural University of Pernambuco (UFRPE), in individual
masonry pens, 2.0 m x 1.0 m, throughout the experimental period. Natural source water was
supplied in plastic containers to measure daily consumption. In the pre-experimental phase, the
animals received a balanced diet (Table 1), and subsequently, there was a gradual decrease in

the roughage: concentrate ratio for 15 days to adapt the rumen microbiota.
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Starting the experiment, the sheep received, for 90 days, experimental diet with
calculogenic potential, Ca/P ratio 1:2 (Table 1). After this period, the diet was modified to
obtain a 1:3 Ca/P ratio, provided for 30 days. Diets were fed fractionally at two times, at 8 and
14 hours, in plastic troughs with dimensions of 50x20x30 cm, and the leftovers were weighed

daily to determine consumption.

Table 1. Percent composition of experimental diets.

Pre-experimental diet Experimental diet

Ingredient Roughage/conc. Roughage/conc. (30/70)
(70/30) Ca/P ratio (1:3)
Ca/P ratio (1.9:1) '

Tifton,, Hay 70 30

Crushed corn 18.05 56.07

Soybean meal 10 9.6

Anhydrous Dibasic Sodium Phosphate 29

(disponibility 95,4%) ’

Mineral supplement * 1.5 1.5

* Ovinofés* Mineral Salt: Zinc (3,800.00 mg), Sodium (147,00 g), Manganese (1,300,00 mg),
Cobalt (40,00 mg), Iron (1,800,00 mg), Copper (590,00 mg), Sulfur (18.00 g), Selenium (15.00
mg), lodine (80.00 mg), Chromium (20.00 mg), Molybdenum (300.00 mg), Calcium (120.00
g), Fluorine (max — 870.00 mg), Phosphorus (87.00 g).

The total confinement period of 119 days was established to ensure urolith formation.
For the purpose of comparative analysis, at the end of the experiment those that developed
urolithiasis were extracted from the initial experimental group D; (without urolithiasis), and
moved to started a second group D, (with urolithiasis).

For experimental safety, the feed ingredients were submitted to bromatological analysis,

and the water, to its chemical composition analysis.
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Clinical evaluation and sample collection

The sheep were examined daily, which allowed the immediate identification of
urolithiasis [6].

Samples of 2 mL of jugular vein blood with sodium heparin were harvested from all
sheep in the pre-experimental period (IM) and on the day of slaughter (FM) for the performance
of hemogasometric tests [28] following the care of sample conservation [16]. The maximum
time elapsed between collection and blood gas analysis was 15 minutes.

To identify and measure APP with predictive value for urolithiasis, we analyzed the
samples of sheep that developed the disease (D,). Blood samples were harvested from all
individuals weekly until clinical manifestation of the disease, totaling 16 samples. All blood
collections were performed prior to feeding between 6 h and 8 h. To this end, blood was
collected by jugular venipuncture after local antisepsis, using vacuum tubes® without
anticoagulant. After blood coagulation, the samples were centrifuged for ten minutes. The
obtained serum was separated by aspiration, and 1 mL aliquots were stored in 2 mL plastic

tubes” and frozen at -20°C until processing.

Hemogasometric analysis

The pH, pCO,, pO,, EB, tCO,, HCOs., stHCOs_, tHb, sO, and Hct were measured in a
blood gas analyzer with electrolyte measurement®. In addition to these, it was determined Na,
K" and Ca*" ion values using specific cassette according to the manufacturer's recommendations

[4,24]. After the introduction of the blood aliquot in the hemogasometer, the hemoglobin and
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temperature values were corrected, since the standard value of the device is related to the human

species.

Determination of serum concentrations of acute phase proteins

APP analyzis were performed at the Research Support Laboratory of the Department of
Veterinary Clinic and Surgery (UNESP-Jaboticabal). Serum total protein (TP) concentrations
were obtained by the biuret method, with the aid of reagent kits’ in a semi-automatic
biochemical analyzer. Protein fractionation was performed by polyacrylamide gel
electrophoresis containing sodium dodecyl sulfate (SDS-PAGE). After fractionation, the gel
was stained for 10 min in Coomassie Blue solution, followed by washing in 7% acetic acid
solution to remove excess dye until the protein fractions became clear. The concentration of
these proteins was determined by means of a computerized densitometer®. As a reference, a
marker solution with molecular weights 29,000, 45,000, 66,000, 97,400, 116,000 and 205,000
daltons (Da) was used, as well as purified proteins’ - IgA, IgG, ceruloplasmin, transferrin,

albumin, al-antitrypsin, haptoglobin and al-acid glycoprotein.

Statistical analysis

For hemogasometric analysis, a comparison was made between two groups. Data from
each group were subjected to the Shapiro-Wilk normality test. With normality (P > 0.05), the
two groups were compared by parametric tests. Initially, the variances were compared using
the F test. If the variances were equal (P > 0.05), both groups were compared using the t test;

if not, the groups were compared by the Welch test. When data were not normal, the comparison



41

was performed by means of the Wilcoxon rank sum test. Significant difference was considered
when P < 0.05. Analyzes were performed using the R software.

For the analysis of APP an evaluation of the effect of time was made. To this end, it was
used the methodology of longitudinal data analysis (repeated measures over time) by
nonparametric ANOVA [2]. The analysis was performed using the nparLD package, software

R.

RESULTS

During the 119 days of the experimental period, five of the 14 sheep manifested total
obstructive urolithiasis. At the onset of clinical signs, appetite was not affected but was reduced
or absent after 24 hours. The disease was clinically manifested by: apathy or restlessness,
strangury, contraction and abdominal kicking with exposure and penis licking, postural changes
(back arching, pelvic limbs abduction and raised tail), congested glans and urethral process and
areas of necrosis and rigid to palpation, as well as discomfort and sensitivity to the urogenital
tract examination. Different degrees of ruminal repletion were observed, ranging from
moderately empty to full, and decreased motility. Meteorism was observed in only one of the
sheep. Emphasis should be given to the depraved appetite (gnawing cuttings and stall walls)
observed in some sheep.

There was dehydration in all sheep, but in varying degrees (from mild to severe),
enophthalmia and slightly congested conjunctivae, slight elevation of heart and respiratory rates
(124 £ 19 beats/min. and 60 + 35 movements/min., respectively) revealing a mild metabolic
alkalosis. Penile urethral rupture occurred in only one animal, which presented anuria, edema

and tenderness to palpation of the ventroabdominal region (from xiphoid cartilage to scrotal
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region) and swollen foreskin preventing exposure of the penis, as well as vocalization, bruxism
and digging movements.

The hemogasometric findings confirmed the pCO; elevation observed between the
initial moment (IM) (39.6 + 3.65) and the final moment (FM) (41.6 = 3.78) in the group of
sheep with urolithiasis, however, significant difference (P < 0.05) was found only when there
was a comparison between groups in the FMs (healthy 36.33 + 4.18, and affected 41.6 + 3.78).
The EB analysis showed elevation between moments in the same group and between groups at
the same moment, with significant difference (P < 0.05) for FM (healthy 1.34 + 3.22, and
affected 6.9 + 3.67) between groups. This behavioral pattern was also observed for tCO;
(healthy 26.2 + 3.47, and affected 32.24 + 3.58), HCOs. (healthy 25.06 + 3.37, and affected
30.98 £ 3.55) and stHCOs. (healthy 25.44 + 2.61, and affected 30.16 + 3.20), with significant
differences only in the FMs. Although there was no significant difference between Na', K and
Ca” ions at the moments or groups, higher values were observed at the final moments for
sodium and potassium, with an increase in sodium values and a decrease in potassium and

calcium concentrations between IM and FM (Table 2).
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Table 2. Mean and standard deviation of hemogasometric profile of venous blood of young
male sheep, submitted to calculogenic diets (n = 14).

D. (Wlt.ho.u t DZ. (Wlth P (t/Welch P (nonparametric
Parameters urolithiasis) urolithiasis) test) test)
(n=9) (n=5)

IM pH 739 +0.04 7.42+0.05 0.21 -
FM pH 7.45+0.03 749 £0.05 0.14 -
IM pCO, 4044 +343 39.6 +3.65 0.67 -
FM pCO, 36.33 £4.18 41.6 £3.78 0.04* -
IM pO, 36.11 £3.76 322+701 0.20 -
FM pO, 3722 +447 40 £9.11 0.46 -
IM EB -1.04 £1.36 042+2.24 0.15 -
FM EB 1.34 +3.22 6.9 + 3.67 0.01* -
IM tCO, 2506 +1.15 26.08 +2.04 0.25 -
FM tCO, 26.2 +347 3224 +3.58 0.01 0.02*
IM HCO;, 2382+ 1.13 24.88 +2.03 0.23 -
FM HCO; 25.06 +3.37 30.98 +3.55 0.01 0.02*
IM st HCO:; 23.23+1.03 24.64 + 1.88 0.09 -
FM st HCO, 2544 £2.61 30.16 £ 3.20 0.01* -
IM tHb 13.79 £ 0.59 1346 +1.20 0.50 -
FM tHb 12.68 + 1.05 10.18 £ 3.97 0.23 0.06
IM sO, - - - 0.67
FM sO, 70.13 £+4.05 7575 +7.27 0.11 -
IM Ht 4133 +1.80 404 £3.78 0.54 -
FM Ht 38.11 £3.06 36.6 +3.85 0.43 042
IM Na- 138.78 £32.94 1494 +2.07 0.36 1.0
FM Na- 148.56 £ 1.13 151 +£4.85 0.33 0.63
IM K- 449 +0.57 4.74 £ 0.60 0.45 -
FM K- 3.68 £0.26 4+1.06 0.54 -
IM Ca- 1.29+0.10 1.17+0.14 0.12 -
FM Ca- 0.56 £0.07 0.68 £0.19 0.24 -

IM — Initial Moment
FM - Final Moment
D, — without urolithiasis
D, — with urolithiasis
* Significant difference between groups (P < 0,05).
pCO, (mmHg), pO. (mmHg), EB (mmol/L), tCO, (mmol/L), HCO, (mmol/L), tHb (g/dL), sO,

(%), Ht (%), Na- (mmol/L), K- (mmol/L), Ca: (mmol/L).

The IgA and IgG and APP analysis of sheep that developed urolithiasis showed a
temporal oscillation behavior of the means (Tables 3 and 4). IgA showed peak concentration at
M5 (39.86 + 8.45) and lowest value at M14 (10.99 + 5.92). IgG increased from MO (1,286.80

+ 459.01) to M8 (1,698.25 + 315.03), starting to oscillate and decreasing at M15 (1586.67 +
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674.06). Ceruloplasmin had lower means at M0 (30.76 + 10.74) and M9 (30.50 + 12.03), with
similar values, but with substantial elevation and peak at M12 (68.90 + 18.32), decreasing until
M15 (67.70 £ 73.00), when it presented new elevation. Already al-antitrypsin and al-acid
glycoprotein maintained close average values between MO0 (244.60 + 94.44 and 64.60 + 35.41)

and M15 (313.00 + 129.98 and 59.63 + 41.09) respectively.

Table 3. Acute phase protein kinetics in healthy young male sheep until clinical manifestation

of urolithiasis (D.— n =5).

Ceruloplasmin  o.-antitripsin 1iggarccl)?ein Haptoglobin*  Transferrin*
(mg/dL) (mg/dL) g (mé’/ dL) (mg/dL) (mg/dL)

MO 30.76 + 10.74 244.60 +94.44 64.60 + 3541 1334 +2.45 351.00 +£52.36
M1 39.74 + 19.24 159.00 £ 11544 66.04 + 44 48 32.94 +25.36 359.50 £ 40.07
M2 58.38 +34.26 150.40 + 148.22 74.04 +£29.11 123.78 £92.10 39520 £ 84.71
M3 39.52 +4.69 237.80 £ 155.38 56.60 +27.23 30.28 +£32.70 391.40 £ 61.66
M4 39.78 + 13.05 203.60 + 124.18 50.24 + 18.36 7.62+2.11 400.40 £ 57.99
M5 4122 +13.25 208.00 + 121.74 50.60 +24.71 18.66 + 27.40 432.00 £ 59.55
M6 56.82 +20.90 199.20 + 120.22 48.40 +31.64 131.48 £52.39 508.00 + 61.48
M7 43.06 + 15.99 201.60 + 121.20 50.38 +26.90 8.07+691 510.80 £ 70.94
M8 3552+ 19.11 260.50 + 38.17 57.10+31.74 539 +3.88 486.50 + 89.89
M9 30.50 + 12.03 25450 £ 114.73 41.15+23.72 726 +3.12 536.75 +£90.48
MI10 39.06 + 15.65 305.00 + 112.60 72.70 + 44 .45 6.80 £ 4.62 520.33 £125.43
Ml11 58.70 £ 26.55 255.66 +40.50 65.76 +42.16 13.88 +7.86 559.00 +43.55
MI12 68.90 + 18.32 26733 +72.52 61.46 +45.08 40.84 +42.06 585.67 +£85.29
M13 54.76 + 30.32 259.00 + 57.58 66.70 + 37.24 77.56 £55.33 490.00 = 157.77
Ml14 45.53 +14.18 262.00 +72.18 63.96 + 38.33 46.61 +57.45 588.00 + 87.50
M15 67.70 £ 73.00 313.00 + 129.98 59.63 +41.09 69.50 + 96.08 599.66 + 98.05

D, — with urolithiasis
Data presented as mean =+ standard deviation.
* Variables with significant time effect: Transferrin (P = 0.0061) and Haptoglobin (P =

0.0276).

Other variables without significant effect of time (P > 0.05).
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Table 4. Serum immunoglobulin A (IgA) and IgG concentrations (mg/dL) in healthy young
male sheep until clinical manifestation of urolithiasis (n = 5).

IgA IgG
MO 3748 + 14.65 1286.80 + 45901
M1 30.62 +21.77 1371.80 +278.97
M2 32.20 + 28.70 1780.20 + 861.19
M3 32.08 +£29.62 1676.60 + 367.69
M4 31.60 £ 12.25 1571.00 + 179.14
M5 39.86 + 8.45 1596.00 + 174.05
M6 25.82 + 14.13 1602.40 + 139.05
M7 32.16 2097 1615.80 + 15581
M8 2465+ 11.19 1698.25 +315.03
M9 15.60 + 6.42 1541.75 + 18247
M10 14.99 + 6.49 1649.67 + 43249
Mi1 26.93 +7.36 1522.67 + 238.04
MI12 39.16 + 20.04 5674.33 +7176.02
M13 19.43 +0.70 1561.67 + 298.87
M14 10.99 +5.92 1661.33 + 389.42
M15 29.90 + 15.69 1586.67 + 674.06

Data presented as mean =+ standard deviation.
Variables without significant effect of time (P > 0.05).

Significant difference (P < 0.05) could be noted in haptoglobin, which showed large
oscillations over time, with peaks at three moments, M2 (123.78 £ 92.10), M6 (131.48 £ 52.39)
and M13 (77.56 + 55.33), and lowest value recorded in M8 (5.39 + 3.88). Similarly, transferrin
showed a significant increase from M3 (400.40 + 57.99) to M7 (510.80 + 70.94), and occasional
decreases in values, as recorded in M13 (490.00 + 157.77), but with minimum and maximum

values at MO (351.00 + 52.36) and M15 (599.66 + 98.05), respectively (Fig. 1).
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Figure 1. Temporal evolution of haptoglobin and transferrin in healthy sheep until clinical
manifestation of urolithiasis.

DISCUSSION

The symptoms observed in the present study for sheep that manifested the clinical
picture of urolithiasis is in agreement with the reports of other authors [18,23,25]. Symptoms
are due to the release of prostaglandins, adrenaline and noradrenaline after urinary stasis and
pain [22,30]. Thus, to evaluate the systemic effects of this disease on blood gas variables,
healthy sheep (D,) were compared with those that developed the disease (D.).

The harvesting of jugular blood proved to be effective in reflecting the metabolic status
and acid-base balance when compared to the arterial, presenting even easier sampling in
ruminants [28]. The methodology of this experiment used the maximum time of 15 minutes for
the hemogasometric analysis, deadline already established [16]. Researchers demonstrated the
viability of bovine venous blood stored in a cold water bath for up to six hours after harvesting

for this examination, and may extend to sheep for up to 24 hours [15].
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Hemogasometry provides information that reflects acid-base balance quickly and
practically through blood gas analysis, plasma bicarbonate concentration, and base excess or
deficit [9]. The mean recorded pH (7.4 + 0.05) showed no significant difference between
groups, but based on the reference values described [11] the sheep that developed urolithiasis
had alkalosis.

The averages observed for HCO, and EB were higher than those described (19 to 25
mmol/L and -4.0 to 2.0 mmol/L) respectively [11], and reflect the installed metabolic alkalosis
in sheep with urolithiasis, also observed in goats [10,14].

Metabolic alkalosis can settle in different situations. A consequent digestive
disturbance, anorexia and cessation of rumination, as well as diseases that result in tubular
injury that cause accumulation of blood bicarbonate [21], conditions that could justify such
elevations in the group with urolithiasis.

The average recorded for pCO. in FMs (41.6 + 3.78) in sheep with urolithiasis showed
a significant difference in the comparison between groups, but with values close to the
described upper limit of normality (37 to 42 mmHg) [11]. Unfeasibility of generalizing blood
gas analysis between ruminant species can be verified when compared with the goat species.
Goat normality data for tCO, [20] were higher than those proposed for sheep in Brazil (19 to 26
mmol/L) [21].

In this study, the final tCO, values observed in the urolithiasis group (32.24 + 3.58) were
higher than the normal range recorded for the species. And it was found that the higher the
bicarbonate contents IM (24.88 +2.03) and FM (30.98 + 3.55), the higher the tCO.,, IM (26.08
+ 2.04) and FM (32.24 + 3.58) values, a fact also observed for bovine species [28]. These
findings, together with the pCO., values reflect the compensatory organic response due to the

installed metabolic alkalosis, in which the organism tends to retain CO.. The difference between
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bicarbonate and tCO. concentrations in this study was between 1 and 2 mmol/L, indicating
correct sample conditioning and anaerobic maintenance [13].

Mean sodium values for the urolithiasis (149.4 + 2.07 and 151 + 4.85) and potassium
(4.74 £ 0.60 and 4 + 1.06) groups in IM and FM respectively were within normal range for
sheep (139 to 152 mmol/L and 3.9 to 5.4 mmol/L) [8,13].

The APP have different species responsiveness based on the inflammatory stimulus that
has settled, becoming in the last two decades the biomarkers of choice in human medicine and,
by extension, in veterinary medicine. Acid al-glycoprotein was considered effective as a
biomarker for early diagnosis in monitoring the prognosis of sepsis [31], such potential has
been proved in cattle with mastitis and photosensitization [27]. Moreover, they demonstrated
the sensitivity of ceruloplasmin and haptoglobin in cattle with mastitis, photosensitization and
onfalophlebitis.

Some biomarkers have already been used for the early evaluation of urinary injuries
such as Neutrophil Gelatinase-Associated Lipocalin (NGAL) and fetuin-A in humans [17].
Since haptoglobin, ceruloplasmin and albumin, among other acute phase proteins, were
increased in camels with urinary tract infection, the authors recommend the investigation of
these biomarkers in other species [7].

To date, no early biomarker studies for sheep with urolithiasis have been reported. Thus,
we investigated ceruloplasmin, albumin, a.1-antitrypsin, a.1-acid glycoprotein, haptoglobin and
transferrin, and immunoglobulins (A and G) in an attempt to identify other biomarkers besides
those already studied [7] for urinary tract infections. Haptoglobin and transferrin were the most
reliable biomarkers among APP studied in this species to predict urolithiasis.

Although transferrin is classified as negative APP, it was elevated until urolithiasis

manifested. Similar behavior has been observed in chickens [29,32], and although this
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mechanism remains unexplained so far, it is believed to be involved in passive immunity, which

aids host nonspecific defenses against microbial challenges.

CONCLUSIONS

The formulated diet was effective in inducing the disease and can be used as an
experimental model in future research.

Hemogasometric evaluation of bases and venous blood gases showed alterations in
urolithiasis, which lead to acid-base imbalance, characterized by metabolic alkalosis with an
attempt to compensate by retaining CO2.

Hemogasometric evaluation allowed to evaluate gravity of clinical state, but not help in
prediction of disease.

Haptoglobin and transferrin were sensitive biomarkers for urolithiasis in sheep, with

transferrin presenting atypical behavior characteristic of positive APP.
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Highlights
Rich grain diets provided for long periods result in kidney damage as discrete
multifocal areas to moderate congestion of glomerular tufts that predispose the

development of urolithiasis.

Summary: Urolithiasis affects the urinary tract of small ruminants, causing the
premature exit of animals for breeding. The morphometric study of the organs can be
used as a diagnostic aid method. Thus, this study aimed to describe the macroscopic,
histopathological and histomorphometric changes of the urinary tract of sheep with
urolithiasis. For this purpose, 14 healthy male Santa Inés sheep, approximately 90
days old, were used and given an experimental diet. After the development of
urolithiasis the animals were reorganized into two groups D4 (without urolithiasis) and
D, (with urolithiasis) for comparative data analysis. The sheeps were necropsied, for
description of the pathological changes, followed by macroscopic morphometric
analysis and described for histopathological and histomorphometric characteristics.
Urethral process necrosis and full urinary bladder were observed in all animals that
developed the disease. The comparison between sheep with and without urolithiasis
showed no significant difference (P < 0.05) in the evaluated macroscopic morphometric
variables, except for the right ureter width. Regarding the histopathological evaluation,
multifocal areas of mild to moderate congestion of the glomerular tufts and protein in
the tubular lumen in the kidneys were observed. In the liver, mild to moderate fatty

degeneration was noted in the centrolobular regions, and only in one animal was
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observed an ulcerated focal area in the bladder mucosa. The present research
demonstrated that the formulated diet was effective in clinical disease induced. In
acute urolithiasis in sheep tissue lesions in liver and urinary tract are observed,

although there are no significant histomorphometric changes.

Keywords: Ram, Morphometry, Histopathology, Hydronephrosis, Urolith.

1 Introduction

Urolithiasis is the most economically important urinary tract disease in sheep
breeding because it has a high mortality rate (Ortolani, 1996; Afonso and Guarana,
2008). Guimaraes et al. (2012) reported lethalities of 69.70% and 30.30% for animals
with total and partial obstruction respectively.

Although the processes involved in biomineralization are not fully elucidated, it
is known that the formation of uroliths results from the interaction of numerous common
factors between ruminants reared in production systems such as anatomical,
physiological, nutritional (Smith end Sherman, 1994; Belknap and Pugh, 2002), animal
species and sex (Doria et al., 2007). These factors, associated with low water
consumption, which makes the urine saturated, favor precipitation and crystallization
of solutes (Radostits et al., 2007).

The chemical composition of the urolith is directly related to the diet, being
commonly reported the formation of struvite (ammonium magnesium phosphate) and

apatite (calcium phosphate) crystals in animals treated with high grain diets (Sun et al.,
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2010; Pam et al., 2011). Calcium tartrate uroliths, calcium citrate, hydrated sodium
oxalate and hydrated potassium oxylate can also be found (Maciel et al., 2016).

One technique that has been employed to assist in the diagnosis of some
diseases is morphometric analysis (Rech et al., 2006; Duarte et al., 2007; Pagnano et
al., 2008). In vivo, morphometric parameters can be analyzed by complementary
examinations such as radiographic and ultrasound images that help the diagnosis and
possible prognosis, when there is an increase or decrease in size, or radiolucency and
echogenicity changes of a given organ or tissue (Campos et al., 2013).

Different researchers described morphometric changes in urinary tract of sick
animals. Lima et al. (2009) and Martins et al. (2013) reported dilated ureters and
increased renal volume in cats with lower urinary tract disease. Gooneratne et al.
(1986) stated that glomerular and tubular damage is proportional to the degree of
hemolysis in copper-poisoned sheep. Farrugia et al. (2006) reported basal urothelium
apoptosis in sheep fetuses after 30 days of urethral and uracal obstruction. Lu et al.
(2017) observed that reduced storage capacity and bladder emptying ability is a
consequence of bladder fibrosis in urinary tract obstructions. These descriptions
demonstrate the importance of knowledge and the pathological and histomorphometric
analysis in the clinical routine.

Given the above and considering the relevance of this disease for sheep, the
purpose of the present study was to verify the effect of phosphorus-rich hyperproteic
diet on the development of urolithiasis. Thus, one has described macroscopic,
pathological and histomorphometric changes of urinary tract of male Santa Inés sheep
with urolithiasis, compared to healthy animals, to contribute to the understanding of the

disease.
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2 Materials and methods

2.1 Approval of the ethics committee

All methodology adopted for the development of the present research was
submitted and approved by the Ethics Committee on the Use of Animals (CEUA) of
the Federal Rural University of Pernambuco (UFRPE), Recife-PE, under protocol

number 13726 / 2012-97.

2.2 Study location, animal selection and management

The animals were confined in an experimentation pen for small ruminants in the
Academic Unit of Garanhuns (UAG), Rural Federal University of Pernambuco
(UFRPE) in individual stalls 2.0 m x 1.0 m, masonry, throughout the trial period. Natural
source water was supplied through plastic containers to measure daily consumption.

Fourteen healthy Santa Ines sheep were used, male (non-castrated), aged
approximately 90 days and weighing 23.13 + 4.08 kg. Prior to the beginning of the
experiment, faecal parasitological examination and endoparasite control with oral
Sulfaquinoxaline and Sodium Closantel (Sulfaquinoxalina® Vansil and Diantel® 10%)
and clostridial vaccination (Poli-Star© Valle, Sdo Paulo, SP, Brazil) were performed.
The pre-experimental phase for adaptation of the rumen microbiota corresponded to
fifteen days, in which all animals received the same balanced diet. Then, there was a

gradual daily reduction in the ratio of roughage / concentrate until reaching 30%
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roughage and 70% of concentrate that remained in this proportion until the end of the

experiment.

2.3 Experimental Design

The animals were fed for 90 days with feed consisting of Tifton 85 crushed hay
(3 to 5 cm fiber) and a mixture of crushed corn and soybean meal, plus anhydrous
dibasic sodium phosphate P.A., and Tortuga commercial salt (Ovinofés®) to obtain Ca
/ P imbalance 1:2 and containing 30:70 forage / concentrate ratio (Table 1). After this
period the Ca/P ratio was changed to 1:3 and the animals received the new diet for the

period of 29 days.

Table 1. Chemical and calculated composition of experimental diets.
Calculogenic diet

. Pre-experimental /kg of DM
Ingredients diet (g}ig of DM) (ga? P ratio)
(unbalanced)
Tifton85 hay 700.00 300.00
Crushed corn 180.50 560.70
Soybean meal 100.00 96.00
Anhydrous dibasic sodium phosphate ) 22 00
(disponibility 95,4%) '
Mineral supplement * 15.00 15.00
Chemical composition

Dry matter (g / kg DM) 860.57 860.94
Crude protein (g / kg DM) 121.79 121.36
Metabolizable Energy (kcal) 2.446 2774
Ether extract (g / kg DM) 34.00 45.58
Calcium (g / kg DM) 5.67 4.16
Phosphorus (g / kg DM) 2.95 8.38

* QOvinofés® Mineral Salt: Zinc (3,800.00 mg), Sodium (147.00g), Manganese
(1,300.00 mg), Cobalt (40.00 mg), lron (1,800.00 mg), Copper (590.00 mg) Sulfur
(18.00 g), Selenium (15.00 mg), lodine (80.00 mg), Chromium (20.00 mg),
Molybdenum (300.00 mg), Calcium (120.00 g), Fluorine (max) (870.00 mg),
Phosphorus (87.00 g).
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The total ration was fed fractionally in two moments, 8 and 14 hours, in plastic
troughs with dimensions of 50 x 20 x 30 cm and the leftovers were weighed daily to
determine the consumption.

For experimental safety the total ration was submitted to bromatological analysis

(Table 2) and water was submitted to chemical analysis (Table 3).

Table 2. Nutritional composition of experimental diets ingredients

ltem Crushed Dibasic Sodium

Tifton Hay Corn Soybean Phosphate
(disponibility 95,4%)

Dry matter 860.13 860.34 880.01 990.00

Crude protein 82.90 90.00 470.08 :

(9/kg)

Mineral matter 75 30 10.70 6250 )

(9/kg) ' ' '

Ether extract (g/kg) 28.50 65.39 33.40 -

Phosphorus (g/kg) - - - 230

Sodium (g/kg) - - - 16

Table 3. Chemical analysis of water

Variables Values
Conductivity 0.633mS/cm
Ph 5.8
Total solids 0.532 ppm
Calcium 6.4 ppm
Magnesium 8.1 ppm
Toughness 42 ppm
Chlorides 7.9 ppm

ppm = parts per million; mS/cm = MiliSiemens per centimeter.

The total confinement period (119 days) was established in this experiment to
ensure sufficient time and conditions for urolith formation and development of
urolithiasis (Figure 1). After the end of the experiment, the animals were reorganized,
forming two distinct experimental groups Di (without urolithiasis) and D, (with

urolithiasis) for the comparative analysis of the data. The average total feed intake was
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6.01% of live weight and at the end of the experiment the animals weighed 36.12 +
7.02 kg, and the average weight gain and standard deviation per group of 0.11 + 0,04

kg and 0.14 + 0.05 kg respectively.

Day 0 15 90 119
Experimental : : ; i Reorder
Group Calculogenic Diet Calculogenic Diet
i . D4 (n=9)
i i (Ca/P 1:2 and R/C 30:70) el s Lo
= 30:70) D, (n=5)

Figure 1. Experimental design scheme.

Legend:

C - concentrate

Ca - Calcium

D1 - (Without urolithiasis)
D, - (With urolithiasis)

P - Phosphorus

R - Roughage

2.4 Harvesting and Analysis

The sheeps were examined every seven days, following the technique
described by Dirksen et al. (1993) throughout the experimental period. Immediately
after clinical confirmation of the development of urolithiasis, the affected sheep were
slaughtered according to the current legislation for the species and necropsied.

Macroscopic necropsy findings were photocumented and described. Bilateral

morphometric analysis of the kidneys was performed with the aid of a digital caliper



63

(Mastercraft®), measuring length (distance between cranial and caudal poles),
thickness (dorsoventral distance of the mid portion of the organ) and width (distance
from the medial to the lateral margin), besides the thickness of the renal cortex and
medulla.

The ureters were measured for width and length (from the renal hilum to urinary
bladder insertion, excluding the intramural region). For the urethral process the length
was recorded, taken from its insertion to the apex. The ureters width and the urethral
process length were measured with a digital caliper (Mastercraft®) and the ureters
length with a common millimeter ruler.

For histopathological and histomorphometric analysis, 2 cm samples from the
liver (right and left hepatic lobes), kidneys (longitudinal section involving cortical and
medullary region) and urinary bladder (bladder neck - bladder trigone and adjacencies)
were fixed in buffered formaldehyde 10% and underwent the histological routine. After
48 hours, the samples were dehydrated in increasing series of ethanol, diaphanized
with xylol and impregnated with paraffin. Serial 5 ym sections were then performed
and the slides were stained with Hematoxylin and Eosin (HE) (Tolosa et al., 2003). The
histological slides were observed on 4x, 20x and 40x objective lenses in an Olympus
binocular photomicroscope and the changes were documented and described.
Subsequently, the diameter of the renal corpuscles and hepatocytes was measured
and the hepatocyte count per field was performed using the Olympus software (Cell
Sens 1.14). The nomenclature used is in accordance with the Nomina Anatomica

Veterinaria (ICVGAN, 2017).
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2.5 Statistical Analysis

For macroscopic morphometry, the data were analyzed using the computer
program Statistical Analysis System (SAS, 2009), using the GLM procedure. For all
statistical analyzis performed the significance level (P) of 5% was adopted. In cases
where there was significance in the F test, the means were compared by the minimum
significant difference (msd) of the SNK test.

For histomorphometry, data from each group were submitted to the Shapiro-
Wilk normality test. With normality (P > 0.05), the two groups were compared by
parametric tests. Initially, the variances were compared by the F test. If had occurred
equality of variances (P > 0.05), the two groups were compared by the t test; if not, the
groups were compared by the Welch test. When data were not normal, the comparison
was made by the Wilcoxon rank sum test. Significant difference was considered when

P < 0.05. Analyzes were performed using the R software.

2.6 Results and discussion

Physical examination allowed vouching the health of all sheep at the beginning
of the experiment, which remained active and fed normally during the experimental
period. Over time, faecal changes from solid to pasty were observed in all sheep. Pugh
(2002) attributes this change to ruminal acidosis caused by diets with a high
percentage of fermentable carbohydrates and starchy foods (cereal grains, wheat,

oats, corn and sorghum).
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The first case of urolithiasis occurred 56 days after the starting of the
experiment, and during the established experimental period of 119 days. Five out of
14 animals showed total urolithiasis confirming the calculogenic potential of the
formulated diet, but approximately 64% of sheep did not develop the disease, probably
due to high water consumption which minimizes urine saturation and salt precipitation
(Tiruneh, 2006, Radostits et al., 2007). Furthermore, the change in diet with initial
levels of calcium / phosphorus in the ratio 1:2 to 1:3 may have favored the adaptation
of ruminal microbiota to the calculogenic diet optimizing the metabolized phosphorus.
Either individual or genetic factors may have contributed to the absence of urolithiasis
development in these animals.

The sheeps that manifested the disease presented several typical clinical signs,
including: apathy or restlessness, stranguria, abdominal contraction and kicking with
exposure and licking of the penis, postural changes (arching of the back, abduction of
the pelvic limbs and raised tail), congested glans and urethral process and with areas
of necrosis and firm to the palpation, as well as discomfort and sensitivity at the
examination of the urogenital tract. There were more exacerbated signs in one of the
animals that presented urethral rupture. These signs were not observed by Santarosa
et al. (2016), although the animals in their experiment were confined for a total period
of 56 days, sufficient time for the uroliths development. They were found at necropsy
exclusively in the renal pelvis, without causing obstruction. Therefore, the authors
reported absence of signs such as dysuria, urethral obstruction, or bladder rupture.
Ferreira (2009, 2013) correlates this absence of signals in confined lambs for slaughter
to the short time of termination, which after weaning around 60 days, lasts an average

of 39 days.
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Penile urethral rupture occurred in only one animal, which presented anuria,
edema and sensibility to palpation of the ventroabdominal region (scrotal region to
xiphoid cartilage) and swollen foreskin preventing penile exposure, as well as
vocalization, bruxism and digging movements. The same signs were observed in
27.4% of sheep and goats studied by Morais (2012). Hay and Suttle (1991) and Riet-
Correa et al. (2008) stated that in cases of urethral necrosis and bladder rupture occur
leakage of urine into the connective tissue of the ventral abdominal wall and prepuce
or abdominal cavity causing edema, tissue irritation, necrosis, urine resorption and
uremia.

The main necropsy findings of the affected animals observed were full bladder
with extensive area of hemorrhage, necrosis of the urethral process, and dilation of the
ureter and renal pelvis (Figure 2), as reported by Lima et al. (2009). Santarosa et al.
(2016) observed hydronephrosis and unilateral dilatation of the ureter in only one

sheep without presenting clinical pain symptoms.
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Figure 2. Necropsy findings of sheep with urolithiasis. (a) Panoramic view of the urinary
tract. It is observed discreetly dilated ureter (arrow) and markedly distended urinary
bladder (*). (b) Urinary bladder at longitudinal section. Marked necrohemorrhagic
cystitis (arrow) was noticed in the body of urinary bladder. (c) Urethral process with
extensive area of necrosis and hemorrhage (arrow). (d) Hydronephrosis, characterized

by moderate dilation of the renal pelvis (*) and evidence of renal chalices (seta).
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Uroliths were mostly deposited in the urinary bladder, although they were also
found in the renal pelvis and urethra, especially in sigmoid flexure and the urethral
process, mainly obstruction points (Figure 3). While Santarosa et al. (2016) reported
sandy aspect calculations exclusively in the kidneys, Assis et al. (2009) observed
uroliths mainly in the right kidney and in the bladder outlet to the urethra and sigmoid
flexure. Such findings are frequent and their severity is directly related to the clinical

evolution of the condition and the degree of obstruction.

Figure 3. Urinary bladder and kidney of sheep treated with a calculogenic diet (a)

Urinary bladder full of irregular yellowish-white uroliths (arrow). (b) Kidney. Irregular

yellowish-white uroliths are observed in renal crest (arrows).

In addition to the described lesions above, one of the animals presented urethral
rupture. In the region of the penile path there was a large reddish and gelatinous area
characteristic of edema. The dissection showed rupture area containing compacted
mineral content completely obstructing the urethral lumen (Figure 4), as previously

described by Radostits et al. (2007) and Assis et al. (2009).
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Figure 4. Necropsy findings of sheep fed a calculogenic diet with ruptured urethra. (a)
Subcutaneous edema around the foreskin, characterized by deposition of slightly
reddish gelatinous material (arrow). (b) Urethral rupture with compressed mineral

content (arrow).

Although not correlated with urolithiasis, the more cranial anatomical position of
the right kidney reflected significantly higher averages for right ureters (P < 0.05)
compared to the left ones is a normal condition (Figure 5), as reported by Dyce et al.
(2010). In a study to evaluate the renal morphometry of healthy goats by
ultrasonography, Rossi et al. (2012) also confirmed the more cranial position of the

right kidney.



70

Figure 5. Overview of sheep urinary tract illustrating the right kidney in cranial position

(@), ureter (b), full urinary bladder (c), pelvic urethra (d) sigmoid flexure (e), penile

urethra (f) and glans with urethral process (g).

When sheep that developed urolithiasis were compared with sheep that did not
have the disease, there was no significant difference in the macroscopic morphometric
variables evaluated, except for the right ureter width.

Although D, animals presented higher values of length, width and thickness of
kidneys, there was no statistical difference between groups (Figure 6 and Table 4).
Some of these data corroborate the report by Assumc¢ao et al. (2018), who observed
increased renal volume and weight and cortical volume in rats submitted to

contralateral nephrectomy after 24h of ureter obstruction. However, the hypertrophic
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response did not occur when the obstructed kidney or ureter was not removed. These
authors concluded that the lack of a kidney is less harmful to the contralateral organ
than a blocked kidney or ureter. Sisson and Grossman (1986) reported length of 7.5
cm and width of 5 cm of the kidneys of this species, values numerically higher than
those found in this study, which may reflect the breed, size and age of the evaluated

animals.

Figure 6. Morphometric evaluation of the sheep urinary tract. (a) measuring kidney

width; (b) measurement of renal cortex height; (c) measurement of the ureter; and (d)

measurement of the length of the urethral process.
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Table 4. Analysis of variance and mean values + standard deviation of morphometry (mm) of Santa Inés sheep kidneys (n =

14).
Right kidney Left kidney
Groups Length  Width  Thickness ﬁo.”ex Thickness ~ortex  Medulla
eight height  height
D4 63.3133.61 40.73:5.77  35.64:7.41  8.8+0.90 63.99+3.92 42.36+553 32.86%5.07 8.32:+0.88 16.74%1.79
D, 65.00:+7.16 46.15:¢6.38  36.03+8.90  8.39+1.28 68.72¢6.60 47.27+6.52 35.00+7.55 8.48+1.72 17.50+2.69
P (t/ Welch test) 0.56 0.13 0.93 0.50 0.53 0.82 0.53

- There was no significant difference (P < 0.05) in the comparison between groups.

D1 - without urolithiasis (n = 9)
D, - with urolithiasis (n = 5)
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Sheep that developed urolithiasis (D) presented larger ureter widths compared
to the other group (D+), but statistical difference occurred only for the right ureter, which
may have contributed to less stone retention at this site (Table 5). These data
corroborate the one described by Santarosa et al. (2016), who observed unilateral
dilatation of the ureter and Lima et al. (2009), who reported dilated ureters and
increased renal volume in domestic cats with lower urinary tract disease, a fact also
observed by Martins et al. (2013) when performing image analysis on animals with the
same disease. Newman et al. (2009) ensured that ureter dilation and hydronephrosis
occur as a result of the delay between the clinical manifestation of the first signs of
urolithiasis and slaughter. Faria et al. (2011) also observed right ureter and right kidney
dilation in dogs with hydronephrosis and pionephrosis caused by chronic urethral

obstruction.

Table 5. Analysis of variance and mean values + standard deviation of length (cm) and
width (mm) of ureters and length (cm) of urethral process of Santa Inés sheep (n = 14).

Right ureter Left ureter Urethral process
Groups Length width Length Width Length
D 2550+2.70 2.71+056 225+287 295+1.15 4.10 + 0.51
D, 26.75+1.26 3.55+253 225+1.29 3.34+1.65 3.96 + 0.45
P (t/ Welch test) 0.40 0.50 1.0 0.61 0.63

- (*) - significant difference between groups (P < 0.05).
D1 - without urolithiasis (n = 9)
D, - with urolithiasis (n = 5)

Regarding the length of the urethral process, there was no statistical difference
between the studied groups. It is common in urolithiasis in sheep obstruction of the
urethral process that progresses to necrosis (Maciel et al., 2017) and a treatment

option is the amputation. However, there is a great chance of stenosis beyond

urethrostomy and penectomy (Sousa et al., 2011).
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Histopathological examination of the kidneys of three animals showed vascular
lesions of inflammatory nature, such as discrete multifocal infiltrates of lymphocytes,
plasma cells and macrophages in medular region, and discrete to moderate congestion
of multifocal areas of the glomerular tufts, located mainly in the medullar region, and
mild presence of protein in the tubular lumen. Nevertheless, Santarosa et al. (2016),
described renal vascular congestion with mild and moderate presence of protein in the
lumen tube in sheep urolithiasis. According to Frelier et al. (1990) and Garcia-Navarro
(2005) the presence of protein in the tubular lumen occurs due to lower resorption
capacity, indicating tubular lesion, while post-renal proteinuria characterizes
glomerular disease.

In the liver, it was observed in the centrolobular regions, mild to moderate fatty
degeneration, characterized by the presence of large and unique vacuoles in the
hepatocyte cytoplasm (Figure 7). In the left lobe of the liver, fatty degeneration was
higher in group D4 (P < 0.05). In one animal, mild multifocal inflammation with random
hepatocyte necrosis was observed. According to Aroeira (1998) and Jones et al.
(2000) this fat accumulation occurs as a consequence of the imbalance between the
uptake of fatty acids by the liver and its utilization capacity. Souza (2003) highlights the
fat cow syndrome, cattle ketosis, pregnancy toxemia in beef cows, sheep and goats,
as the main diseases causing lipidosis, reinforcing that husbandry with the provision of

hypercaloric diets favor the development of this disease.
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Figure 7. Photomicrographs of liver and kidney of sheeps with experimental
urolithiasis. A) Mild fatty degeneration is observed in the centrolobular region (arrow)
in the liver. HE. Bar = 100 ym. B) Large and unique, well-defined vacuoles (arrows) in
the cytoplasm of hepatocytes characteristic of hepatic fatty degeneration. HE. Bar =
50 ym. C) Mild congestion in the glomerular tufts (large arrow) and blood vessels in
the cortical region of the kidney (small arrow). HE. Bar = 100 ym. D) Renal intratubular

protein deposition (*). HE. Bar = 100 ym.

The other histological morphometric variables did not differ statistically between
the groups, as well as between the animals that developed urolithiasis and those that

did not (Table 6).



Table 6. Renal and hepatic histomorphometric data of Santa Inés sheep (n = 14).
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Variable Without urolithiasis (D1, n=9) Urolithiasis (D2. n=5) P (t/ Welch test)

Centrolobular Fatty Degeneration RL 1.22 +1.09 1.2+1.30 0.973
RL Degeneration Distribution 1.67 £1.41 1.6 £1.52 0.936
RL congestion 0.56 £ 0.53 0 -

Centrolobular Fatty Degeneration LL 1.22£1.09 1.67 £1.53 0.588
LL Degeneration Distribution 1.67 £1.41 2+1.73 0.743
LL congestion 0.56 £ 0.53 0 0.013
Cortical Congestion R Kidney 0.22+0.44 0 0.169
Spinal Cord Congestion R Kidney 1.78 £ 0.97 0.8+0.84 0.084
Intratubular Protein R Kidney 1+£0.5 1.2+045 0.472
Cortical Congestion L Kidney 0.22+0.44 0 0.290
Spinal Cord Congestion L Kidney 1.56 + 0.88 1+0.71 0.252
Intratubular Protein L Kidney 1+£0.5 1.4 £ 0.89 0.297

- There was no significant difference (P <0.05) in the comparison between groups.
D1 - without urolithiasis (n = 9)

D, - with urolithiasis (n = 5)

R - Right

L - Left

RL - Right Lobe

LL - Left Lobe

Congestion: Absent (0), Discreet (1), Moderate (2), Severe

Intratubular Protein: Absence (0), Discrete (1), Moderate (2)

Centrolobular Fat Degeneration: Absent (0), Discrete (1), Moderate (2), Severe (3)
Degeneration Distribution: Absent (0), Focal (1), Multifocal (2), Diffuse (3)
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No histological changes were observed in liver and kidneys concerning
morphometry (quantity and diameters of glomeruli and hepatocytes) reflecting the
resilience of the cells of these organs to acute injuries. Gooneratne et al. (1986)
evaluated copper-poisoned sheep and reported that until the onset of hemolysis renal
the functions were not altered. In hemolysis, glomerular and tubular damage were
proportional to its severity. In animals that recovered from hemolysis, renal functions
were restored with time. About three weeks after the hemolytic crisis, tubular function
returned to normal, although glomerular function decreased to % from the prehemolytic
value, indicating the presence of residual glomerular damage.

Therefore, in the acute phase of urolithiasis, as well as in copper intoxication,
the renal parenchyma showed high adaptability (resilience) to the organ challenges.
Howie et al. (1990) mentioned that although there is consensus on the low correlation
between renal excretory function and histological changes in the kidney, especially in
acute renal failure and postmortem examination, they have developed an
immunohistological method that marks tubules brush edge antigens, mainly from the
Henle loop, indicating tubular lesions. They reported that this method was useful and
practical in correlating function and structure, which can be used even in the
postmortem kidney.

Most sheep's ureters and urinary bladder were unchanged macro and
microscopic. Fact also observed by Santarosa et al. (2016), who reported only mild
vascular congestion and mononuclear inflammatory infiltrate, justified by the absence
of macroscopic bladder lesions and the non-development of urolithiasis.

Only one animal presented ulcerated focal area in the mucous layer, due to the

aggression caused by bladder distension associated with the presence of uroliths.
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Farrugia et al. (2006) observed basal urothelium apoptosis in sheep fetuses after 30
days of urethral and uracal obstruction. Additionally, Lu et al. (2017) observed bladder
fibrosis in functional or anatomical urinary tract obstructions, reducing bladder storage

capacity and emptying ability.

3 Conclusions

The formulated feed was effective in inducing clinical disease after 56 days of
consumption, demonstrating that the high grain diet predisposes to the development
of urolithiasis, and can be used as an experimental model in future research.

The development of clinical disease from 56 days of consumption demonstrates
that high-grain diets, when given for long periods, result in renal lesions that predispose
the development of urolithiasis and, therefore, should be used with caution in the
feeding of elite sheep. Its supply must be restricted to short periods of time, and
preferably interspersed with a 70:30 diet (roughage / concentrate).

In acute urolithiasis in sheep are observed inflammatory vascular lesions such
as discrete multifocal infiltrate of lymphocytes, plasmocytes and macrophages in the
medullar region, associated with multifocal areas from mild to moderate congestion of
the glomerular tufts and protein in the tubular lumen in the kidneys. Similarly in the

liver, there is mild to moderate fatty degeneration in the centrolobular regions.
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CAPITULO 4 - CONSIDERAGOES FINAIS

A dieta formulada foi eficaz na indugdo de doencga clinica apds 56 dias de
consumo, demonstrando que a alimentacdo rica em gréos predispde ao
desenvolvimento da urolitiase e pode ser utilizada como modelo experimental em
pesquisas futuras.

O desenvolvimento da doenca clinica a partir de 56 dias de consumo demonstra
que dietas ricas em graos, quando administradas por longos periodos, resultam em
lesdes renais que predispdem ao desenvolvimento da urolitiase e, portanto, devem
ser usadas com cautela na alimentacado de ovinos de elite. Seu forneccimento deve
ser restrito a curtos periodos de tempo e, de preferéncia, intercalado com uma dieta
70:30 (volumoso / concentrado).

A avaliagdo hemogasométrica de bases e gases sanguineos venosos mostrou
alteracbes na urolitiase, que levam ao desequilibrio acido-base, caracterizado por
alcalose metabdlica com a tentativa de compensacéao pela retencao de CO..

A avaliagdo hemogasométrica permitiu avaliar a gravidade do estado clinico,
mas ndo ajudou na predigdo da doenca.

Haptoglobina e transferrina foram biomarcadores sensiveis para urolitiase em
ovinos, com a transferrina apresentando comportamento atipico caracteristico de PFA
positiva.

Na urolitiase aguda em ovinos, sdo observadas lesbes vasculares
inflamatorias, como leve infiltrado multifocal de linfocitos, plasmdcitos e macréfagos
na regido medular, associado a congestéo leve a moderada dos tufos glomerulares e
proteinas no lumen tubular nos rins. Da mesma forma no figado, ha degeneragao

gordurosa leve a moderada nas regides centrolobulares.
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APENDICE A — Fluxograma dos momentos de coletas de material
biolégico para analises e de ocorréncia de urolitiase
MO *0a7dias
M1 8al4dias
M2  e15a21dias
M3 «22a28dias
M4  *29a35dias
M5  *36a42dias
M6 *43a49dias
Animal 14
M7  *50a56dias
M8 57 a63dias
Animal 7
M9 <64 a70dias
M10 +71a77dias
M11 +78a84dias
M12 +85a91dias
M13 92298 dias
Animal 8
M14 *99a 105 dias
Animal 6

M15 106 a 112 dias

M16

Animal 1
*113 a 119 dias

Legenda: Animais que desenvolveram urolitiase e os momentos de manifestagdo dos
sinais clinicos em vermelho, em negrito os dias de coletas. M = momento de coleta.



