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RESUMO

BAGETTI FILHO, Hélio José Santos. Avaliacédo do parénguima renal em ratos submetidos a
isquemia-reperfusdo apds clampeamento arteriovenoso e arterial. 2012. 46 f. Tese
(Doutorado em Fisiopatologia e Ciéncias Cirurgicas) — Faculdade de Ciéncias Médicas,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2012.

A técnica de isquemia-reperfusdo tem sido utilizada em cirurgias conservadoras do
rim como a nefrectomia parcial e em transplantes renais. Para se realizar a isquemia pode-se
fazer o bloqueio do fluxo sanguineo da artéria renal ou o blogueio simultaneo da artéria e da
veia renal. O evento isquémico acarreta em dano celular ao rim principalmente pelo estresse
oxidativo local e a liberacdo de radicais livres assim como o0 aumento da resposta
inflamatoria. Diversos autores verificaram lesdo renal apos a isquemia-reperfusdo, porém,
apenas testes funcionais foram realizados até 0 momento. Os autores gque tentaram avaliar a
lesdo morfoldgica do rim apenas fizeram a quantificacdo de escores subjetivos. O nosso
objetivo é avaliar por quantificacdo estereoldgica o dano causado pela isquemia-reperfusdo
comparando o clampeamento somente arterial com o clampeamento arteriovenoso.
Utilizamos 24 ratos wistar, machos, de quatro meses de idade. Os animais foram divididos em
trés grupos: o grupo Sham (n=8), o grupo de clampeamento somente da artéria renal (n=8) e o
grupo de clampeamento simultaneo da artéria e da veia renal (n=8). Os animais foram
submetidos a laparotomia mediana. Os animais do grupo Sham permaneceram os 60 minutos
anestesiados mas sem obstrucdo do fluxo sanguineo de seus vasos renais. Os animais do
grupo de clampeamento arterial foram submetidos a clampeamento de sua arterial renal
esquerda por 60 minutos e os animais do grupo de clampeamento arterial e venoso tiveram
Sseus vasos renais esquerdos clampeados simultaneamente e em bloco pelo mesmo tempo.
Apdbs os 60 minutos os animais foram suturados e mantidos por 30 dias em caixas proprias
sendo mortos por sobredose anestésica apds decorrido esse tempo. Os rins foram coletados e
mantidos em solucdo de formalina tamponada e posteriormente processados para analise
histoldgica e estereoldgica. Foram analisados a densidade volumétrica (Vv) dos glomérulos, o
nimero de glomérulos/mm>*(Nv) e o volume glomerular médio (VGM). A Vv e Nv se
encontrou reduzida nos rins esquerdos submetidos a isquemia mas foi somente significativa
nos animais do grupo de clampeamento arterial e venoso. Mesmo usando o rato como modelo
animal experimental, a partir de nossos resultados recomendamos o uso do clampeamento
somente arterial nos casos em que minina lesdo ao rim € imperiosa.

Palavras-chave: Estereologia. Rato. Rim. Isquemia-reperfuséo.



ABSTRACT

BAGETTI FILHO, Hélio José Santos. Assessment of the renal parenchyma in rats
undergone to ischemia-reperfusion after arteriovenous and arterial clamping. 2012. 46 f.
Tese (Doutorado em Fisiopatologia e Ciéncias Cirurgicas) — Faculdade de Ciéncias Médicas,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2012.

The ischemia-reperfusion has been used in renal surgery such as conservative partial
nephrectomy and kidney transplantation. To perform ischemia we can block the blood flow of
renal artery or simultaneous blockade of the renal artery and vein. The ischemia leads to
cellular damage to the kidney mainly by local oxidative stress and releasing free radicals as
well as increased inflammatory response. Several authors related renal injury after ischemia-
reperfusion, however; only functional tests were carried out to date. The authors attempted to
evaluate the morphological lesion of the kidney using subjective scores. Our goal is assess by
stereological quantification of the renal parenchyma after ischemia-reperfusion injury
comparing arterial only clamping and arteriovenous clamping. We used 24 Wistar rats, males,
four months old. The animals were divided into three groups: Sham group (n = 8), the group
of clamping of the renal artery (n = 8) and the group of simultaneous clamping of renal artery
and vein (n = 8). The animals underwent laparotomy. Sham group animals remained
anesthetized for 60 minutes without blood flow obstruction of their renal vessels. The group
animals underwent arterial clamping have had his left renal artery clamped for 60 minutes and
the animals in the group of arterial and venous clamping had their left renal vessels clamped
simultaneously for the same time. After 60 minutes the animals were sutured and kept for 30
days in their own boxes being killed by anesthetic overdose after that. The kidneys were
collected and kept in formaldehyde solution and subsequently processed for histological and
stereological analysis. We analyzed the volume density (\Vv) of the glomeruli, the number of
glomeruli/mm3 (Nv) and mean glomerular volume (MGV). The Vv and Nv was reduced in
the ischemic left kidney but was only significant in animals of the group of arterial and
venous clamping. Even using the rat as experimental animal model, from our results we
recommend the use of arterial clamping only in cases where minimum injury to the kidney is
imperative.

Keywords: Estereology. Rat. Kidney. Ischemia-reperfusion.
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INTRODUCAO

A evolucdo dos conhecimentos sobre a doenca renovascular (doenca obstrutiva renal)
comegou com os trabalhos pioneiros de Goldblatt et al (1934), através da colocacdo de clipes
nas artérias renais de cées, fornecendo novos modelos de estudo e uma maneira reproduzivel
de induzir hipertensdo experimental, e desde entéo, a producao de estenose nas artérias renais
tem sido realizada em diversas espécies animais (KONOPKA et al., 2007).

A técnica de isquemia/reperfusdo é amplamente utilizada em cirurgia renal
conservadora (SEVESO et al., 2005). A patologia oclusiva das artérias renais pode produzir
dois tipos de condigdes clinicas diferentes e independentes: hipertensdo renovascular e
insuficiéncia renal (KONOPKA et al., 2007). A lesdo provocada pela isquemia/reperfusao
renal continua sendo o principal problema no periodo peri-operatério (PARK et al., 2008),
sendo responsavel frequentemente por insuficiéncia renal aguda (JO et al., 2006; LEE et al.,
2006; ALDERLIESTEN et al., 2007) e crbnica (SECIN, 2008). Além de também ser
responsavel pelo aumento nos indices de rejeicdo em transplantes renais (LEE et al., 2006;
NERI et al., 2007).

Com a reducao do fluxo sanguineo, o metabolismo celular passa para a via anaerobica;
0 6rgdo entra em disfuncdo, mas suas células ainda permanecem vivas (METZE, 1998).
Durante a isquemia/reperfusdo ha dano endotelial, estresse oxidativo e aumento da resposta
inflamatoria, a qual resulta em lesdes renais (PARK et al., 2008). A consequente liberacdo de
radicais livres como o superoxido e a hidroxila, € um importante mecanismo de lesdo celular
em tecidos submetidos a isquemia e reperfusdo (UNAL et al., 2002).

Vaérios tipos de células inflamatérias foram relatadas infiltrando o rim apds a
isquemia/reperfuséo, os papeéis dos neutrofilos e das células-T foram demonstrados em muitos
estudos e os macrdfagos devem contribuir com a leséo renal pela producédo de uma variedade
de citocinas pré-inflamatérias como o fator de necrose tumoral-o. (TNF-a), interleucina-1
(IL-1B) e o interferon-y, ou ainda, enzimas proteoliticas causando dano tecidual ou pela
promogcé&o de resposta imune pela apresentacéo de antigenos aos linfocitos (JO et al., 2006).

O o6xido nitrico (NO) desempenha papel importante na exacerbagdo da doenca renal
nos modelos de rim remanescente por alteracbes hemodindmicas, ja que o bloqueio da sintese
de NO foi associado com uma perda maior de células endoteliais capilares do glomérulo que
predispdem o tufo capilar ao colapso e a glomeruloesclerose e perda de células endoteliais

peritubulares prejudicando o envio de oxigénio aos tubulos aumentando a lesdo isquémica e
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estimulando a fibrose, além de estar associada a uma resposta endotelial proliferativa reduzida
(KANG et al, 2002).

A isquemia renal pode ser produzida ocluindo a artéria renal por clampeamento
(SCHUMER et al., 1992; KANE et al., 2004; ALDERLIESTEN et al., 2007) ou pela ocluséo
simultdnea, também por clampeamento, da artéria e da veia renal (UNAL et al, 2002;
SHEKARRIZ et al, 2004; RUBISTEIN et al, 2005; JO et al., 2006).

O tempo de isquemia em procedimentos cirdrgicos renais em humanos varia de 12 a
40 minutos (GRASSO et al., 1999; SEVESO et al., 2005). O tempo de isquemia renal em
ratos utilizados em procedimentos experimentais que avaliam o dano apds o evento isquémico
tem variado de 25 a 45 minutos (SCHUMER et al., 1992; UNAL et al., 2002; JO et al., 2006;
ALDERLIESTEN et al., 2007; PARK et al., 2008). O tempo de isquemia em procedimentos
para producdo de alteragdes renais secundarias a isquemia considerada severa, em ratos, é de
60 minutos (PERSY et al., 1999; YSEBAERT et al., 2000). Park et al. (2008) relataram que a
recuperacdo apds 30 minutos de isquemia renal foi completa e o tempo de 90 minutos de
isquemia renal causou alta mortalidade; enquanto o tempo de 60 minutos de isquemia renal
produziu necrose tubular severa, mortalidade aceitavel e dano morfoldgico residual.

Ysebaert et al (2000), observaram em rins de ratos submetidos a 60 minutos de
isquemia necrose tubular aguda nas primeiras 12 a 24 horas p@s-isquemia com uma
importante atividade da mieloperoxidase renal refletindo ativacdo de células inflamatérias de
adesdo (células polimorfonucleares e principalmente de macréfagos/mondcitos).

Apesar de Plaine e Hinman (1965) ndo terem encontrado, usando o coelho como
modelo animal, diferenca na funcéo renal entre as técnicas de oclusdo somente arterial e de
oclusdo simultanea da artéria e da veia renal, outros estudos utilizando o suino como modelo
animal, demonstraram que a oclusdo arterial e venosa simultinea é mais prejudicial em
relacdo a funcdo renal sugerindo que uma veia renal aberta, sem estar ocluida, permite a
perfusdo retrograda e evita a congestdo venosa do rim (NEELY et al, 1959; ORVIETO et al,
2007; TRACY et al., 2010). A oclusdo venosa em ratos resultou numa leséo funcional do rim
mais importante quando comparada com a oclusdo somente arterial (PARK et al., 2008).
Esses estudos prévios avaliaram os danos secundarios a isquemia-reperfusdo dos rins através
de testes funcionais utilizando o clampeamento arterial e arterial e venoso.

Jablonski et al (1983) realizou a avaliacdo morfoldgica dos rins de ratos submetidos a
clampeamento da artéria renal direita, porém, esta foi realizada através de instituicdo de
escores subjetivos levando-se em conta a perda da borda em escova, a necrose das células

tubulares, a vacuolizacao celular e a perda do epitélio tubular. Konopka et al (2007), também
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realizou estudo morfolégico em rins de ratos submetidos a isquemia por clampeamento da
artéria renal esquerda, utilizando critérios semiquantitativos analisando a auséncia ou
presenca de colapso glomerular, auséncia ou presenca de hipertrofia do glomérulo,
intensidade e distribuicdo da glomeruloesclerose, atrofia de tabulos proximais e sua
distribuicéo e presenca, auséncia e distribuicdo de infiltrado intersticial.

Park et al (2008) comparou a lesé&o por isquemia-reperfusdo do rim em ratos
comparando o clampeamento somente da artéria renal com o clampeamento somente da veia
renal, utilizando critérios semiquantitativos e analisando somente os tdbulos proximais e
distais para percentual de dano aos tubulos por secéo e graduou a severidade ao dano tubular
conferindo escores de 1 a 5.

Recentemente De Souza et al (2012) demonstrou, utilizando o suino como modelo
animal, que a densidade glomerular diminui no parénquima renal apos a nefrectomia parcial
laparoscopica com isquemia. Até o presente momento o nimero de glomérulos renais ndo

havia sido quantificado.
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1 OBJETIVO

O objetivo do trabalho foi avaliar quantitativamente o dano glomerular causado pelo
clampeamento arterial e pelo clampeamento arteriovenoso, comparando o resultado das duas

técnicas.
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2 MATERIAL E METODO

O estudo foi realizado no laboratério de Pesquisa Urogenital da Universidade Estadual
do Rio de Janeiro (UERJ). Foram utilizados 24 ratos Wistar, machos, de quatro meses de
idade. Os 24 animais foram acondicionados em caixas proprias para ratos, com o0 maximo de
quatro animais acondicionados por caixa, no biotério do Laboratdrio de Pesquisa Urogenital,
recebendo agua e racdo ad libitum. Para a realizacdo do procedimento cirirgico os animais
foram divididos em trés grupos com oito ratos em cada. Os grupos foram assim divididos:
grupo sham (GS), grupo isquemia arteriovenosa (GAV) e grupo isquemia arterial (GA).

No GS os animais foram anestesiados e submetidos apenas a procedimento de
laparotomia mediana pelo periodo de 60 minutos. Apos esse periodo foi procedida a rafia
abdominal em dois planos, muscular e cutaneo.

No GAV os animais foram anestesiados e submetidos a laparotomia mediana,
afastamento de visceras abdominais para identificagdo do rim esquerdo e de seu hilo (Figura
1) com clampeamento da artéria e veia renais simultaneamente, em bloco, com pinca bulldog
(Figura 2) pelo periodo de 60 minutos. As visceras foram cobertas com gaze embebida em
soro fisioldgico durante o tempo de isquemia. Ao final desse periodo a pinga foi retirada e
observada macroscopicamente a reperfusdo renal pela alteracdo da coloracdo de sua
superficie. Por fim, os animais foram submetidos a rafia abdominal em dois planos assim
como o0s animais do GS.

No GA os animais foram anestesiados e submetidos a laparotomia mediana,
afastamento das visceras abdominais e apds a identificacdo do rim esquerdo e do seu hilo foi
realizada disseccdo, identificacdo e separacdo da artéria renal (Figura 3) com clampeamento
desta Gltima com pinca tipo bulldog pelo periodo de 60 minutos. As visceras abdominais
foram cobertas com gaze embebida em soro fisioldgico durante o periodo de duracdo da
isquemia. Ao final desse periodo foi retirada a pingca e também foi observada a reperfuséo
renal macroscopicamente e foi procedida a rafia abdominal como os animais dos GS e GAV.

Para o procedimento cirdrgico os animais foram mantidos em protocolo anestésico de
quetamina 10% e xilazina 2% na proporcdo de 1:1, utilizando dosagem de 0,2 ml para cada
100g de peso, por via intramuscular. Nenhum medicamento foi dado aos animais apds o
procedimento cirdrgico. Esses animais retornaram para suas caixas imediatamente apos a
cirurgia em sala com temperatura ambiente. ApOs total recuperacdo anestésica foram

realocados no biotério e mantidos com agua e racdo ad libitum.
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Ap6s 30 dias da realizacdo do procedimento cirdrgico os animais foram mortos por
sobredose anestésica com injecao intraperitoneal de tiopental. Apds a morte, os animais foram
submetidos a toracotomia com exposicdo do coracdo para perfusdo com pressao controlada
via cardiaca de solucdo a 10% de formaldeido tamponado. Apos a formolizacdo do animal o
abdémen foi aberto para a coleta de ambos o0s rins que apds a retirada da sua capsula adiposa
foram acondicionados por imersdo em recipientes contendo também solucdo a 10% de
formaldeido tamponado.

O volume dos rins foi calculado utilizando-se 0 método de Scherle onde o registro do
peso (W) é dado através do deslocamento de uma solugdo salina isotdnica pelo volume do
orgdo. Como a densidade (o) da solucdo salina isotonica ¢ 1,0048 e o volume (V) é obtido
pela formula: V=W/c, o valor do volume ¢ semelhante ao peso (V=W). Normalmente o peso
é mensurado em gramas, mas se faz a conversdo para a unidade de volume onde um grama
equivale a 10° mm?.

A érea proporcional do cortex e da medular foi calculado utilizando-se o método de
Cavalieri com a utilizacdo do software ImagelJ. Os rins foram seccionados em fatias
transversais de dois mm de espessura e uma superficie de cada fatia foi fotografada junto com
uma régua milimetrada para posterior calibracdo. Através do Imagel as imagens foram
analisadas. Primeiro, calibrando-se através da régua a distancia ocupada por um numero
determinado de pixels da imagem em milimetros. Depois da calibracdo foi verificada a area
total da fatia e a area da regido medular em cada imagem e através de subtracdo, calculada a
area da regido cortical. Através do volume obtido pelo método de Scherle foi possivel calcular
0 volume de cada regido, cortical e medular.

Fragmentos isotrépicos, uniformes e randémicos dos rins foram obtidos através do
método de sec¢do vertical. Esses fragmentos foram embebidos em parafina e apds seccdo de
fatias de 5 um de espessura as mesmas foram coradas pelo método de hematoxilina e eosina
para a verificacdo da densidade volumétrica (Vv) e do volume glomerular médio (VGM).

Para o calculo da Vv a qual indica o volume ocupado pelos glomérulos no cortex de
cada rim, foram analisados 25 campos histologicos obtidos de cinco diferentes sec¢fes do
cortex renal, sendo esta estimada pelo método de contagem de pontos M42 onde é sobreposto
a imagem a ser analisada uma grade de area quadrangular delimitada por linhas e que contém
21 pares de pontos (42 pontos) unidos por uma linha de comprimento conhecido. Os
glomérulos que sdo tocados ou atravessados pelas linhas inferior e lateral direita sdo
eliminados da analise. Os glomérulos restantes dentro da area quadrangular entram na

avaliacdo e os pontos que se sobrepdem a eles sdo contabilizados e o Vv é dado por Pp/Pt,
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onde Pp é o numero de pontos que se sobrepdem aos glomeérulos e Pt o nimero total de
pontos da grade. O Vv é dado em porcentagem e através do volume cortical obtido pelo
método de Scherle chega-se ao valor numérico do Vv.

O VGM foi estimado usando o método de interceptacdo de pontos, analisando cinco
campos microscopicos por seccdo e cinco secgdes por rim. Sobre o comprimento do
glomérulo interceptado pela linha de uma grade com linhas paralelas entre si, € colocada uma
régua logaritmica de 32 mm de comprimento composta de uma série de 15 classes (barra de
Cali). Essa grade é colocada sobre a imagem em angulos randomicamente selecionados,
sendo recalculado o angulo para cada imagem analisada. Cada interceptacdo individual foi
elevada ao cubo e todos os valores foram multiplicados por n/3 para se obter o VGM.

O numero de glomérulos por milimetro cubico de cortex renal (Nv) foi calculado
dividindo-se o Vv pelo VGM.

Todos os animais foram pesados no dia anterior a cirurgia e trés e 30 dias apds a
cirurgia e correlacionados com o volume renal.

Foi utilizado o software GraphPad Prism para a analise estatistica. A analise de
variancia com o poés-teste de Bonferroni foi usado para comparacdo das médias dos dados
estereoldgicos e a correlagdo entre 0 peso do animal e o volume renal foram avaliados por
correlagéo linear. Para todas as comparagdes p<0,05 foi considerado significante.

Todo o experimento foi realizado de acordo com a legislacdo brasileira para uso
cientifico de animais e foi aprovado pela Comissio de Etica para o Cuidado e Uso de Animais
Experimentais da Uerj com numero de protocolo CEUA/012/2012.

Figura 1 - Abertura da cavidade abdominal do rato e identificacao do hilo renal

Fonte: O Autor
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Figura 2 - Clampeamento da artéria e da veia renal simultaneamente e em bloco

) )

Fonte: O Autor
Figura 3: Dissec¢do do hilo renal para identificagdo e isolamento da artéria renal e posterior

clampeamento da mesma.

Fonte: O Autor
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3 RESULTADOS

A Vv dos rins esquerdos nos animais do grupo GA foi de 14,65% (11,19 a 18,58), nos
animais do grupo GAV foi de 12,02% (3,81 a 19,80) e a Vv dos animais do GS foi de 16,03%
(8,61 a 21,86) (Figura 4). Nos rins direitos obteve-se a Vv de 16,48% (12,13 a 22,20) nos
animais do grupo GA; 18,60% (15,16 a 22,49) nos animais do grupo GAV e 16,09% (8,59 a
25,41) nos animais do GS. A Vv encontrou-se reduzida nos rins esquerdos, ou seja, dos rins
submetidos a isquemia quando comparados com os rins direitos nos animais submetidos a
ambos os tratamentos, GA (11,1%) e GAV (35,4%). Entretanto, a diferenca s6 foi
significativa somente no grupo GAV (p=0,0074). Além disso, ndo houve diferenca entre 0s
rins direito e esquerdo dos animais do GS.

O Nv dos rins esquerdos dos animais do GA foi de 13,89 glomérulos/mm?® do cértex
renal (11,3 a 18,65); nos animais do grupo GAV o Nv foi de 12,34% glomérulos/mm3 do
cortex renal (4,06 a 20,50) e no GS foi de 14,74 glomérulos/mm3 do cértex renal (7,15 a
19,91) . Nos rins direitos o Nv do grupo GA foi de 15,72 glomérulos/mm?® do cértex renal
(11,75 a 19,58), grupo GAV foi de 17,98 glomérulos/mm? do cortex renal (14,98 a 23,55). O
Nv se encontra reduzido nos rins esquerdos, submetidos a isquemia, quando comparados com
os rins direitos em ambos os grupos GA e GAV em 11,6% e 31,4%, respectivamente. Porém,
a diferenca somente foi significativa no grupo GAV (p=0,0167). N&o foi encontrada diferenca
entre os rins direito e esquerdo nos animais do GS.

O VGM nos rins esquerdos foi de 1,07 10% um® (0,80 a 1,34) nos animais do grupo
GA,; de 0,97 10% um® (0,80 a 1,17) no grupo GAV; e foi de 1,10 10° um® (0,85 a 1,30) no GS.
Nos rins direitos 0 VGM foi de 1,06 10° um?® (0,77 a 1,29) nos animais do grupo GA; foi de
1,04 10° pum® (0,85 a 1,27) nos animais do grupo GAV e de 1,07 10° um?® (0,94 a 1,15) nos
animais do GS. O VGM dos rins esquerdos foi semelhante quando comparados os rins
direitos e esquerdos em ambos 0s grupos GS e GA e encontrou-se diminuido em 6,7% no

grupo GAV, porém, ndo significante.
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Tabela 1 - Dados estereoldgicos dos rins submetidos & isquemia arterial, isquemia

arteriovenosa e do grupo sham (VGM = volume glomerular médio; Vv =

densidade volumétrica; Nv = niimero de glomérulos/mm?®)

Clampeamento Arterial Clampeamento Arterio-venoso Sham
Direito esquerdo direito esquerdo direito esquerdo
VGM 1.06 1.07 1.04 0.97 1.07 1.1
(x0.16) (x0.19) (£0.12) (£0.13) (x0.09) (x0.16)
Vv[glom] 16.48 14.65 18.6 12.02 16.09 16.03
(x3.28) (x2.95) (£2.82) (£ 5.23) (£5.77) (x4.55)
Nv[glom] 15.72 13.89 17.98 12.34 15.1 14.75

(£2.62)  (£3.01) (£3.2) (£ 4.92) (£5.72) (£4.12)
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Figura 4: Fotomicrografias do cértex renal dos rins esquerdos

e

Legenda: Grupos Sham (A), Clampeamento Arterial (B) e Clampeamento Arterial e Venoso (C) onde se observa
0 ndmero reduzido de glomérulos no grupo de Clampeamento Arterial e Venoso em relagdo aos
grupos Sham e de Clampeamento arterial (aumento de 200x).

Fonte: O Autor.
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4 DISCUSSAO

No grupo GAV, a Vv e Nv no cortex renal se encontraram significantemente
reduzidos nos rins esquerdos submetidos a isquemia, quando comparados com os rins direitos
que néo sofreram ocluséo vascular — 35,4% e 31,4%, respectivamente.

Mesmo havendo redugdo da Vv e do Nv nos rins esquerdos do grupo GA (11,1% e
11,6, respectivamente), as diferencas ndo foram significativas (p=0,2603 e 0,2147
respectivamente).

N&o houve diferenga entre os rins esquerdos e direitos do GS. Demonstra-se neste
estudo morfoldgico, pela primeira vez, que a oclusdo simultanea da artéria e da veia renal em
ratos causou mais danos estruturais ao parénquima renal que a oclusdo somente arterial.

Recentemente foi demonstrado que a oclusdo arteriovenosa durante a nefrectomia
parcial laparoscopica no suino reduziu significantemente o numero de glomérulos no
parénquima renal (DE SOUZA et al., 2012). Porém, a limitacdo deste estudo se deu pela
realizacdo da nefrectomia parcial laparoscopica concomitantemente a oclusdo arteriovenosa.
Sendo assim, ndo ficou caracterizado se o dano glomerular ¢é resultado somente da isquemia
ou dos dois procedimentos em conjunto. Essa diferenca é ainda mais importante quando
estimado o restante do parénquima renal de uma nefrectomia parcial onde uma porgao do rim
foi removida.

Corpos apoptoticos podem ser encontrados nos tubulos renais distais ap6s 5 minutos
de ocluséo arterial dentro de 48 horas de reperfusdo em ratos. Apos 30 minutos de oclusdo, a
apoptose se encontra em todos os tlbulos renais a apds 45 minutos a apoptose se encontra em
todo o rim com aumento da necrose tubular (SCHUMER et al., 1992). Ysebaert et al (2000)
demonstraram em ratos submetidos a 60 minutos de clampeamento arteriovenoso, que 0s
primeiros sinais de regeneracdo apareceram no segundo dia de reperfusdo e ao décimo dia de
reperfusdo metade dos tubulos proximais estava completamente regenerada. Esses achados
apoiam a estimativa de que o nimero de glomérulos é um parametro mais confiavel para
avaliar a lesdo estrutural do rim ap6s isquemia-reperfusdo, ja que os tabulos lesados podem
regenerar e 0s glomérulos néo.

Assim, a diminuicdo no numero de glomeérulos sugere um dano permanente do
parénquima renal (NYENGAARD et al., 1999; DE SOUZA et al., 2011).

O clampeamento arterial e arteriovenoso tem sido estudado em humanos em relagéo a
funcdo renal pds-operatoria (GONG et al., 2008) e as alteracbes morfologicas também foram

comparadas entre as técnicas de oclusdo arterial e arteriovenosa em modelos animais
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(ORVIETO et al., 2007; TRACY et al., 2010; FORMIGA et al., 2011). O clampeamento
arterial parece ser menos danoso, preservando a morfologia renal. O mecanismo da prevencao
do dano na oclusdo arterial parece estar relacionada com o refluxo venoso, diminuindo os
radicais livres e a trombose capilar e aumentando a disponibilidade de substratos para o
metabolismo e oxigenagéo renal (TRACY et al., 2010). Formiga et al (2011), comparando o
clampeamento arterial, arteriovenoso e intermitente, demonstrou que o clampeamento
intermitente tem a vantagem de carrear os catabolitos do metabolismo anaerdbio e aumenta a
saturacdo de oxigénio no tecido renal. Tracy et al (2010) demonstraram que a oxigenacgéo
tecidual é maior na oclusdo arterial apdés 30 a 35 minutos de isquemia renal. Assim, a
oxigenacdo do tecido renal parece ser a diferenca mais importante entre os clampeamentos
arterial e arteriovenoso, levando a prevencdo significante de dano renal na oclusdo arterial.
Adiciona-se a isso ao fato de que a ativacdo de macrdfagos e a infiltragdo de neutrofilos
parece estar exagerada na ocluséo da veia renal (PARK et al, 2008).

Uma das limitagcdes desse estudo foi o uso do rato como modelo animal devido as
diferencas anatbmicas do rim humano tais como volume renal, possuir o rim unipiramidal e
um sistema caliceal rudimentar. Entretanto, o uso de um modelo animal foi imperativo para a
obtencdo de um rim inteiro para a realizacdo da técnica de andlise estereoldgica. Outra
limitacdo do nosso estudo é em relacdo a cirurgia, ja que realizamos uma cirurgia aberta ao
invés de usar a técnica laparoscopica, assim o impacto do pneumoperiténio nao foi avaliado.
A avaliacdo funcional, como o clearance de creatinina, ndo foram realizados, porque nos
mantivemos o rim contralateral para usar como controle do rim submetido a isquemia.

A chave para uma cirurgia renal conservadora ter sucesso é a preservagdo do
parénquima renal restante num estado de bom funcionamento. A chave para que uma
nefrectomia parcial obtenha sucesso é a preservacdo do parénquima renal remanescente em
um bom estado funcional. Assim, o uso de todas as medidas disponiveis é importante para
isso. Do mesmo modo, cada paciente deve ser avaliado para a escolha do tratamento mais
efetivo (RUBISTEIN et al, 2005). O tempo de clampeamento de 60 minutos de oclusdo
arterial ndo reduziu o nimero de glomérulos no rato. Gong et al (2008) demonstraram que 0
clampeamento arterial ndo levou a uma maior dificuldade durante a nefrectomia parcial
laparoscopica, entdo esse método de isquemia renal deve ser considerada quando outras
medidas nédo estdo disponiveis, assim como em situacdes em que o resfriamento renal torna-se
mais dificil, tanto pela perfusdo de salina ou o uso de gelo (SHIKANOV et al, 2010). O

clampeamento arterial deve também ser considerado especialmente em pacientes com funcao
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renal previamente prejudicada. Ultimamente, entretanto, mais estudos devem ser realizados
sobre o beneficio do clampeamento arterial durante a nefrectomia parcial laparoscopica.

O clampeamento da artéria renal por 60 minutos ndo provocou dano significativo
glomerular, enquanto o clampeamento arteriovenoso por 60 minutos causou uma diminuicdo
significativa no numero de glomérulos no rato. Alguns autores ja haviam sugerido a utilizacdo
do clampeamento arterial para uma menor leséo renal (ORVIETO et al, 2007; GONG et al,
2008; PARK et al 2008), porém, foram utilizados testes funcionais tais como a dosagem de
creatinina sérica e o clearance de creatinina e avaliacdo semiquantitativa conferindo-se
escores subjetivos para verificar e graduar a lesdo renal ou até mesmo a verificacdo da
oxigenacdo renal apo6s oclusdo vascular (TRACY et al, 2010) através de técnica de
diagnostico utilizando a técnica de imagem hiperespectral gerando um mapa em tempo real da
oxigenacdo do tecido. Nossos resultados confirmam os resultados de relatos anteriores, porém
de uma forma quantitativa e demonstrando uma lesdo irreversivel através da verificacdo da
perda de glomérulos. Assim, embora o experimento tenha sido realizado em modelo animal
que apresenta anatomia e fisiologia diferentes do humano o clampeamento arterial deve ser
recomendado quando a isquemia renal é necessaria em pacientes com comprometimento

prévio da funcéo renal a fim de minimizar a injdria ao rim.
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CONCLUSAO

O clampeamento da artéria renal por 60 minutos ndo provocou dano significativo
glomerular, enquanto o clampeamento arteriovenoso por 60 minutos causou uma diminuigado

significativa no niamero de glomérulos no rato.
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APENDICE A — Perspectivas futuras do projeto

A diminuicdo da biodisponibilidade de 6xido nitrico (NO) é um mecanismo comum
envolvido na patogénese de varias desordens vasculares, incluindo hipertenséo, aterosclerose,
diabetes e lesdes de isquemia/reperfusdo (DURANTE ; JOHNSON; JOHNSON, 2007).

A inibicdo da sintese de NO é conhecida por exacerbar a doenca renal nos modelos de
rim remanescente por alteracdes hemodinamicas (KANG et al, 2002).

Ha ampla evidéncia documentada dos efeitos benéficos da arginina exdgena em ambos
o0s estudos animais e clinicos e tanto a administracéo oral aguda como em longo prazo de L-
arginina foi associada com uma significante melhora na vasodilatacdo dependente de NO em
coelhos alimentados com colesterol, em humanos saudaveis tanto a infuséo intravenosa como
a administracdo oral induziram a vasodilatacao (JOSHI et al, 2007).

MacKenzie e Wadsworth (2003) demonstraram em ratos normais, que a liberacéo de
NO e promocéo de relaxamento arterial foi obtida com aumento da concentragéo extracelular
de L-arginina, concluindo que a alteracdo da concentracdo de L-arginina extracelular ¢ um
ponto regulador na via do NO em tecidos saudaveis o que valida a oferta racional de L-
arginina em doengas arteriais.

Joshi et al (2007), demonstraram em culturas de células endoteliais que a arginina
exdgena pode agir como um agonista para os receptores de membrana ativando a 6xido
nitrico sintetase para produzir NO.

Andoh et al (1997) e Kurus et al (2005) observaram efeitos benéficos da administracdo
oral de L-arginina em ratos tratados com ciclosporina A, presumivelmente por aumentar a
producdo de NO (aumentando a biossintese de NO). Esses efeitos foram a inibicdo do
desenvolvimento de fibrose intersticio-tubular e prevenindo a diminuicdo da taxa de filtracdo
glomerular.

O trabalho de Kang et al (2002) apdia a hipdtese de que as alteracdes vasculares
independentes da pressdo sanguinea induzidas pelo blogueio da NO sintetase pode ser um
mecanismo adicional para a progressdo da doenga renal. A inibicdo da sintese de NO foi
associada a perda significante da microvasculatura e com um prejuizo para a angiogénese
local. O bloqueio de NO também foi associado com doenca vascular pré-glomerular mais
severa. Ambos os efeitos podem prover um mecanismo para inducdo de isquemia renal com a
estimulacdo de processo de cicatrizacdo renal.

O objetivo deste trabalho sera avaliar se a suplementacdo com L-arginina protege de

maneira significativa o parénquima renal apos a isquemia-reperfusdo, de forma aguda em
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animais que serdo mortos trés dias apds a cirurgia e de forma crénica no grupo que sera morto
apos 30 dias da cirurgia.

Serdo utilizados no total, quatro grupos. Dois grupos serdo compostos de sete ratos
wistar, cada, machos, adultos. Ambos os grupos, serdo submetidos a isquemia-reperfusdo
durante 60 minutos clampeando-se simultaneamente sua artéria e veia renal esquerda visto
que somente animais submetidos a esta técnica de clampeamento tiveram seus glomérulos
significativamente diminuidos. Os vasos direitos, artéria e veia renal, serdo mantidos livres
para que o respectivo rim direito seja utilizado como controle. Os animais dos dois grupos
receberdo dose diaria de 650 mg/kg de L-arginina, por via oral através de gavagem, diluida
em cinco ml de solucgdo salina a 0,9%. A gavagem dos animais ocorrera dois dias antes, no dia
do procedimento cirdrgico e dois dias ap6s o mesmo. Um dos grupos terd seus individuos
mortos apos trés dias de realizacdo do procedimento cirlrgico e 0 outro grupo tera seus
animais mortos 30 dias apés a realizacdo da cirurgia.

Um terceiro e quarto grupos (sham), morto trés dias apds e 30 dias apds o
procedimento cirdrgico, respectivamente, serdo realizados com os animais submetidos ao
mesmo tratamento dos animais dos grupos isquemia, porém, serdo gavados com cinco ml de
solucéo salina 0,9% apenas.

Todos os animais ap6s serem mortos por sobredose anestésica de tiopental, terdo seus
rins coletados, armazenados em solucdo de formalina tamponada e processada para realizacéo
de estudo histoldgico e realizacdo de estereologia para quantificacdo glomerular.

Esperamos verificar o efeito protetor da L-arginina sobre o parénquima renal e a

possivel preservacdo do nimero de glomérulos apés a isquemia-reperfusao.
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APENDICE B - Artigo cientifico publicado - A proposed new classification for the
renal collecting system of cattle

A proposed new classification for the renal
collecting system of cattle

Marco A. Pereira-Sampaio, DVM, PhD; Helio ]. 5. Bagetti Filho, DVM, MS; Francismar S. Carvalho, DVM;
Francisco ]. B. Sampaio, MD, PhD; Robert W. Henry, DVM, PhD

Objective—To evaluate the intrarenal anatormy of kidneys obtained from cattle and to
propose a new classification for the renal collecting system of cattle.

Sample Population—37 kidneys from 20 adult male mixed-breed cattle.

Procedures—Intrarenal anatormy was evaluated by the use of 3-D endocasts made of the
kidneys. The number of renal lobes and minor renal calyces in each kidney and each renal
region (cranial pole, caudal pole, and hilus) was quantified.

Results—The renal pelvis was evident in all casts and was classified into 2 types (nondi-
lated [28/37 {75.7%} or dilated [9/37 {24.3%}). All casts had a major renal calyx associated
with the cranial pole and the caudal pole. The number of minor renal calices per kidney
ranged from 13 to 64 (mean, 22.7). There was a significant correlation between the number
of renal lobes and the number of minor renal calices for the entire kidney, the cranial pole
region, and the hilus region; however, there was not a similar significant correlation for the
caudal pole region. Major and minor renal calices were extremely narrow, compared with
major and minor renal calices in pigs and humans.

Conclusions and Clinical Relevance—The renal collecting system of cattle, with
a renal pelvis and 2 major renal calices connected to several minor renal calices by an
infundibulum, differed substantially from the renal collecting system of pigs and humans.
From a morphelogical standpoint, the kidneys of cattle were not suitable for use as a model

in endourclogic research and training. (4m J Vet Res 2010;71:1264-1269)

he renal collecting system varies among domestic

mammals. The renal pelvis is a common cavity
around the renal crest in dogs, cats, sheep, and goats."
In horses, the renal pelvis is a comparatively small
central space with 2 terminal recesses extending into
the renal poles.! Renal calices are evident in cattle and
pigs. but they are absent in other domestic mammals."
In pigs? and humans,* a minor renal calyx surrounds
the renal papilla and drains into the major renal calices,
which join to form a renal pelvis. When compared with
kidneys in other mammals, the kidneys of pigs and hu-
mans have differences in the morphology of the pelvi-
calyceal system, mainly in regard to the size and shape
of the renal pelvis, with some renal pelvises lacking a
dilatation.**

Received June 20, 2009,

Accepted October 26, 2000.

From the Urogenital Research Unit, State University of Rio de Ja-
neiro, Rio de Janeiro, R] 21941-972. Brazil (Pereira-Sampaio,
Bagetti Filho, Sampaio); the Department of Morphology, Biomedi-
cal Institute, Fluminense Federal University, Niteroi, R] 24230-220,
Brazil (Pereira-Sampaio); Health Science Center, College of Veteri-
nary Medicine, Serra dos Orgaos University Center, Teresopolis, R]
23964-004, Brazil (Bageui Filho, Carvalho); and the Department of
Comparative Medicine, College of Veterinary Medicine, University
of Tennessee, Knoxville, TN 37066 (Henry).

supported by grants from the Foundation for Research Support of Rio
de Janeiro (FAPER] - E-26/110.419/2008), Brazil.

The authors thank Marcelo Vieira Caetano for technical assistance.

Address correspondence to Dr. Pereira-Sampaio (sampaio@vm.uff.br).

In 1 anatomy textbook.® the renal calices are sub-
ordinated under the renal pelvis. A similar scheme for
characteristic calyceal-type kidneys is reported in an-
other anatomy textbook.” However, the renal calyces
are not subordinated under the renal pelvis in Nomina
Anatomica Veterinaria,® which leads to confusion, espe-
cially for the note referring to cattle that states that these
animals do not have a renal pelvis but instead have re-
nal calyces. However, it does not specify whether both
major and minor renal calyces are present.® Hence, the
literature is laden with references to the presence of mi-
nor renal calyces'™® or the presence of both minor and
major renal calyces.”'® The anatomy of the renal collect-
ing system of cattle has generated controversial reports.
In fact, there is general agreement that several minor re-
nal calyces are present, but there are conflicting points
of view regarding the existence of major renal calyces
and a renal pelvis.!™#!"-* Nomina Anatomica Veterinar-
ia® describes the renal pelvis as a dilatation at the end of
the ureter and reports that the bovine kidneys have no
such dilatation. Most textbooks of veterinary anatomy
describe the bovine renal collecting system as lacking
a renal pelvis at the end of the ureters."™*"-"* Further-
more, some authors depict the origin of the ureter as a
simple junction of 2 ureteral branches'7#'*" or 2 major
renal calyces,” whereas other authors'''* describe many
major renal calyces and a tubular renal pelvis.

The kidneys of pigs are the most important renal
tissues of domestic animals used for urological experi-
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ments because of their similarities with the kidneys of
humans.***'* Kidneys of other domestic animals, such
as dogs'™** and rabbits,*** have also been used in uro-
logical experiments. Kidneys of cattle have been used
for the development of new techniques in laparoscopic
partial nephrectomy*** The use of bovine kidneys in
urological research and the controversial nomenclature
and description of the bovine renal collecting system
in the literature have stimulated interest in the study
of bovine renal anatomy. Recently, the external gross
anatomy was evaluated and important differences, such
as kidney length and size of the renal hilus, were identi-
fied between the kidneys of adult cattle and humans.*
However, there has not been a detailed description of
the renal collecting system of cattle, which would aid
understanding of the anatomy. Such a description would
help researchers conduct reliable urological training.
Therefore, the objective of the study reported here was
to evaluate the collecting system of the kidneys of cattle
and to propose a classification that would help resolve
the controversy surrounding the anatomy of the bovine
renal collecting system.

Materials and Methods

Sample population—Kidneys (n = 40) were col-
lected from 20 adult male mixed-breed (Nelore X An-
gus) cattle (mean body weight, 480 kg; mean age, 3
years) immediately after slaughter at a slaughterhouse.
All cattle underwent a clinical examination prior to
slaughter, and inspections were performed during
slaughter. The Institutional Animal Review Committee
of the Serra dos Orgaos University Center approved the
research protocol for the use of these bovine kidneys.

Procedures—A 3-D polyester resin corrosion endo-
cast was made of the collecting system of each kidney.
Casts were obtained by use of a technique described
elsewhere.” Briefly, a cannula was inserted into the ure-
ter. Then, 15 to 20 mL of a yellow polyester resin® was
placed in a syringe. Methyl ethyl peroxide® (3% [by
volume]) was added to the resin as a catalyst, and the
materials were mixed. The resin mixture was manually
injected via the cannula to fill the renal collecting sys-
tem. All injections were performed by the same inves-
tigator (FSC). Resin was injected until the minor renal
calyces could be palpated beneath the kidney surface
and some resistance could be felt on the plunger of the
syringe. Photographs were obtained of both surfaces of
the kidney (dorsal and ventral) after the injection to
record the identity of the cranial and caudal poles and
the hilus region in the casts as well as the relationship
between the renal lobes and the minor renal calices.
The next day, the kidneys were immersed in a bath of
concentrated hydrochloric acid (30%).° Kidneys were
immersed for 48 hours to achieve total corrosion of the
organic matter until only the cast of the renal collecting
system remained.

Anatomic evaluation—For each kidney, the pres-
ence, shape, and size of the renal pelvis were deter-
mined at the origin of the ureter. The number of renal
lobes and minor renal calyces in the entire kidney and
in each renal region (cranial pole, caudal pole, and hi-
lus) was recorded.

Statistical analysis—Differences in numbers for
each variable were evaluated by use of an unpaired
Student ¢ test. Pearson correlations and Student ¢ tests
were used o estimate the linear correlation between the
number of renal lobes and number of minor renal ca-
lyces. Length and thickness of the major renal calyces
at the cranial and caudal poles were evaluated by use
of an unpaired Student ¢ test. Results were considered
significant at values of P < 0.05.

Results

Three casts were not in perfect condition. There-

Figure 1—Dorsal photographic views of resin casts of represen-
tative renal collecting systems of adult male cattle in which the
renal pelvis has a lateral border (dotted line) that is convex (A)
or concave (B). The medial aspect of the dilated funnel-shaped
renal pelvis {p) is indicated (solid line; A and B), which is formed
by the 2 major renal calyces (1 cranial licr] and 1 caudal [cd]) and
continues into the ureter (u).

Figure 2—Darsal photographic views of resin casts of renal col-
lecting systems of adult male cattle. A nondilated renal pelvis
(p [circle]) is formed by the major renal calyces and continues
into the ureter. A—The |ateral border of the renal pelvis (armow)
is concave. B—The lateral border of the renal pelvis is marked by
an incisure {arrowhead) between the 2 major renal calyces. See
Figure 1 for remainder of key.
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fore, the final analysis was conducted with the remain-
ing 37 casls.

Figure 3—Schematic drawing of the 2 types of renal pelvis (dilated
[A) and nondilated [B]} in bovine kidneys. See Figure 1 for key.

Table 1—Length and thickness of the major renal calyces at the cranial and caudal

pole of 37 kidneys obtained from 20 adult male cattle.

The origin of the ureter was dilated in 9 of 37
(24.3%) casts of the renal collecting system (Figure 1).
A dilated renal pelvis was less common (9/37 [24.3%]
casts) than a nondilated renal pelvis and was represent-
ed by a large funnel-shaped cavity at the proximal end
of the ureter. The lateral border of a dilated renal pelvis
was either convex and bulging, caused by a branch aris-
ing from its lateral aspect, or was concave with a coni-
cal appearance.

In the remaining 28 (75.7%) casts, there was no
dilatation and the origin of the ureter was formed by a
funnel-like region at the union of the major renal ca-
lyces (Figure 2). A nondilated renal pelvis was more
common (28/37 [75.7%] casts) and was represented by
a small flared region in the proximal end of the ureter.
The lateral border of a nondilated renal pelvis was con-
cave or had an incisure at the junction of the 2 major
renal calyces.

Therefore, a renal pelvis was present in all casts
and could be classified into 2 types: nondilated and di-
lated (Figure 3).

All casts, with or without the dilated origin of the
ureter, had a major renal calyx toward the cranial and the
caudal poles. Length of the major renal calyx at the cranial
and caudal poles ranged from 11.87 to 54.58 mm (mean,
35.59 mm) and from 17.24 to 60.99 mm (mean, 34.93
mm), respectively (Table 1).

The greatest thickness of the major
renal calyx at the cranial and caudal poles
ranged from 4.55 to 12.77 mm (mean,

Length Thickness

8.53 d fi 5.58 to 19.52
Variable Cranial Caudal Cranial Caudal | (0o m) an mm), respectively Many
Mean = SD [mm) 3550 =022 3493 + 892 853 = 1.76 939+ 278 minor renal calycfs were connected to
E’I“Fn?um (mm) ﬁg} ﬁ_gi ?-ggg EEE; these 2 major renal calyces by an infun-
Maximum {mm) 5458 60,00 1277 1852 dibulum; each infundibulum drained

CV = Coefficient of variation.

F.WMJ-_

Ko, of minor renal calyces/infundibulum

B
20
) ’_I
o [_- — [ .
1 2 3 4 - ]

Mo, of miner renal calycas/nfun dibulum

Figure 4—The number of minor renal calyces per infundibulum
in the major renal calyx of the cranial pole (&) and caudal pole
(B) in the right kidney (white bars), left kidney (gray bars), and
both kidneys (black bars) for 37 kidneys obtained from 20 adult
male cattle. The percentages were calculated from the number
of infundibula with the indicated number of minor renal calyces/
the total number of infundibula per indicated region.

¥4 8 &8 B

Pofednt

H

-
[

1 to 6 minor renal calyces (Figure 4;
Table 2).

The number of minor renal calyces
per kidney ranged from 13 to 64 (mean, 22.7). The to-
tal number of minor renal calyces in each kidney and in
each renal region (cranial pole, caudal pole, and hilus)
was slatistically analyzed (Table 3). Each bovine kid-
ney had 13 to 25 renal lobes (mean, 20.6 renal lobes).

A significant correlation was detected between the
number of renal lobes and the number of minor renal
calyces for the entire kidney, the cranial pole region,
and the hilus region (Table 4). However, there was not
a significant correlation between the number of renal
lobes and the number of minor renal calyces for the
caudal pole region.

The number of renal lobes and the number of mi-
nor renal calyces differed significantly for the caudal
pole region (Student ¢ test, —4.41; P = 0.005) and the
hilus region (Student t test, 4.47; P = 0.002). However,
there was not a significant difference for the number
of renal lobes and the number of minor renal calyces
for the entire kidney (Student t test, -1.09; P = 0.353)
and the cranial pole region (Student t test, —1.20; P =
0.312).

Discussion
I

In the study reported here, the renal pelvis was di-
lated in @ of 37 (24.3%) casts. In the other 28 (75.7%)
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Table 2—Mumber of minor renal calices per infundibulum in the cranial pole region, caudal pole region, and the entire kidney for 37

kidneys obtained from 20 adult male cattle.

Cranial pole Caudal pole
No. of calyces/
infundibulum  Right kidney  Left kidney Total Right kidney Left kidney Total Entire kidney
1 12.15(10/66)  37.04(30/81)  27.21({401147) 21.79(17/78) 15.79 (12/76) 18.83 (29/154)  22.92 (69/301)
2 4697 (31/66) 20063 (24/31)  37.41(55M147) 46.15 (36/78) 44,74 (34/76) 45.45 (70/154)  41.53 (125301}
3 30.3 (20/66) 17.28 (14/81)  23.13(347147) 21.79(17/78) 23.68 (18/76) 2273(35/154)  22.92(69/301)
- 3.03 (2/66) 1111 (9/81) 7.48 (117147) 8.97 (7/78) 9.21 (7/76) 9.09 (14/154) 8.31(25/301)
5 3.03 (2/66) 247 (2/81) 272 (4N47) 1.28 (1/78) 3.95 (3/76) 26 (4/154) 2.66 (8/301)
6 1.52 (1/66) 247 (281) 2.04(3M147) 0(0/78) 263 (2/76) 1.3(2154) 1.66 {5/301)

Values reported are percentages, which were calculated as the number of infundibula with the indicated number of calices/the total number
of infundibula ([shown in parentheses).

Table 3—Mumber of minor renal calices and number of renal lobes in various regions of 37 kidneys obtained from 20 adult male

cattle.
Minor renal calyces Renal lobes
Variable Cranial pole Hilus Caudal pole Total Cranial pole Hilus Caudal pole Total
Mean = 50 443 =247 719+ 37 NN =716 2273 1051 38 +2m 1M05+426 576+214 2062 ~553
CV (%) 55.76 4455 64.45 16.24 52.76 3855 .15 2682
Minimum 1 3 2 13 2 13
Maximum 13 17 39 64 g 25 12 35

CV = Coefficient of variation.

Table 4—Carrelation between the number of renal lobes and the
number of minor renal calices in various regions of 37 kidneys
obtained from 20 adult male cattle.

Renal region Equation*® r tvalve P value
Cranial pole y=105x+043 0.86 1012 0.0002
Hilus y=044x+2.38 0.58 4.28 00013
Caudal pole NA 016 0.97 0.3856
Entire kidney  y=1.62x—-10.75 0.85 963 0.0004

For each equation, y is the number of minor renal calices and x
is the number of renal lobes.
MA = Not applicable.

casts, there was no noticeable dilatation of the renal
pelvis. Many authors'™® describe the renal pelvis as
the dilated proximal end of the ureter within the renal
sinus; however, they report that the renal pelvis is ab-
sent in the kidneys of cattle. Those authors also indi-
cate that the bovine ureter is formed by the junction of
2 ureteral branches'™® or by the junction of the major
renal calyces at the cranial and caudal poles™ which
differs from the results of the present study in which we
identified a renal pelvis. Therefore, we propose that the
renal pelvis was present in all casts and could be clas-
sified into 2 types (ie, nondilated and dilated; Figure
3). A nondilated renal pelvis was more common (28/37
[75.7%] casts) and represented a small flared region in
the proximal end of the ureter. The lateral border of
this type of renal pelvis was concave or had an incisure
at the junction of the 2 major renal calyces (Figure 2).
The lateral incisure made the lateral limit between the
2 major calyces more definitive. A dilated renal pelvis
was less common (9/37 [24.3%] casts) and had a large
funnel-shaped cavity at the proximal end of the ure-
ter. The lateral border of this type of renal pelvis was
convex, with a rounded appearance caused by a branch

arising from it, or concave, with a conical morphologi-
cal aspect (Figure 1).

In Nomina Anatomica Veterinaria,® the renal calyces
are not subordinated to the renal pelvis because there is
no description of a renal pelvis in cattle, at least as a dil-
atation at the end of the ureter. In domestic mammals
and humans, the renal collecting system (ie, the renal
pelvis and its subdivisions [inc?ucging the renal caly-
ces]) forms embryologically as an outgrowth of the ure-
teric bud. In calyceal-type kidneys, the major renal ca-
lyces subdivide into many minor renal calyces to drain
the renal papilla.®* However, there is controversy as to
the presence of major renal calyces in cattle because of
the numerous interpretations by different authors. This
adds to the controversy concerning the presence of a
renal pelvis in the bovine renal collecting system. De-
tailed evaluation of the renal collecting systems of pigs*
and humans® revealed differences in the types of the
renal pelvis.® In a classification of the renal collecting
system in humans, investigators reported® various types
of renal pelvis, including a small renal pelvis similar
to that found in cattle in the present study. Similar to
humans, the renal collecting system of pigs was evalu-
ated and classified as a small renal pelvis® by the use
of endocasts. Because porcine and human kidneys may
have a small renal pelvis, a small renal pelvis would not
be unexpected in bovine kidneys.

All casts, with or without the dilated origin of the
ureter, had 2 branches (1 toward the cranial pole and 1
toward the caudal pole). These branches are considered
by some authors'™® as the cranial and caudal branches
of the ureter; however, to resolve the controversy, it
would be more correct to consider these as major re-
nal calyces because they drain the minor renal calyces
to the renal pelvis via several branches of various sizes
(Figures 1 and 2). Because the renal pelvis is evident at
the origin of the ureter, it would be better to consider
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the tubular extensions of the renal pelvis as major renal
calyces instead of as ureteral branches because they are
not connected to the ureters but instead are connected
to the renal pelvis. By assigning this nomenclature to
the bovine renal collecting system, confusion could be
eliminated and terms could be standardized and har-
monized with those of the human and porcine kidneys
because the ureteric bud is developmentally responsible
for this tubular system in mammals.® In contrast, other
authors'-"* report that the renal pelvis is located at the
proximal end of the ureter, without dilatation, and is
formed by 2 long cylindrical tubes that directly receive
the minor renal calyces'™" or that receive many ma-
jor renal calyces draining the minor renal calyces.''*
In the study reported here. minor renal calyces were
connected via an infundibulum to the major renal caly-
ces of the cranial and caudal poles. These connections
have been termed major calyces by some authors,'**
whereas other authors'™" do not mention these struc-
tures and instead report that the minor renal calyces
drain directly into the long ureteral branches.

Mean length of the major renal calyces associated
with the cranial and caudal poles was 35.59 and 34.93
mm, respectively. The greatest mean thickness of the
major renal calyces at the cranial and caudal poles was
8.33 and 9.39 mm, respectively. Minor renal calyces
were connected to the 2 major calyces by an infundib-
ulum, which drained 1 to 6 minor renal calyces. The
most frequent situation was 1 infundibulum draining
2 minor renal calyces (125/301 [41.5%] infundibula),
except in the cranial pole of the left kidneys, where the
most common situation was 1 infundibulum draining
1 minor renal calyx (30/81 [37.0%] infundibula). In
addition, the correlation between the number of renal
lobes and the number of minor renal calyces has not
been studied before. The number of renal lobes varied
significantly among the renal areas, with the greatest
number of renal lobes in the hilus region (mean, 11.1
renal lobes) and the smallest number of renal lobes in
the cranial pole region (mean, 3.8 renal lobes; Table 3).
We detected significant correlations between the num-
ber of renal lobes and the number of renal minor ca-
lyces in the cranial pole region, the hilus region, and
the entire kidney. However, we did not detect a signifi-
cant correlation between the number of renal lobes and
the number of renal minor calyces in the caudal pole
region.

The hilus region had significantly (P = 0.002) more
renal lobes (11.1) than minor renal calyces (7.2). This
finding is in agreement with results of other reports'";
in those studies, investigators found 4 and 2 to 3 papil-
lae/minor renal calyx. respectively. In contrast, the cau-
dal pole had significantly (P = 0.005) more minor renal
calyces (11.1) than renal lobes (5.8). This suggested
that in the caudal pole, the cortex of the renal lobes
could be fused externally, which would correspond to
= 1 pyramid internally.

In this study, each bovine kidney had from 13 to 64
minor renal calyces (mean, 22.7 minor renal calyces).
This range differs substantially from values reported in
other studies (15 to 20 minor renal calyces' and 18
to 24 minor renal calyces''"'¥). No other investigators
have detected such a large number (> 30) of minor re-

nal calyces. Furthermore, the mean number of minor
renal calyces varied significantly (P = 0.01) among the
renal regions, with the greatest number of minor renal
calyces in the caudal pole region and the smallest num-
ber of minor renal calyces in the cranial pole region.
The number of minor renal calyces in the kidneys of
cattle is greater than that in the kidneys of pigs® (range,
4 to 19; mean, 8.2) or humans® (range, 5 to 14; mean,
8.2).

In the present study, major and minor renal ca-
lyces in the kidneys of cattle were extremely narrow,
compared with those in pigs’ and humans.® There-
fore, bovine kidneys are not appropriate for use as a
model in endourologic training, especially for research-
ers for which intrarenal access is of utmost impor-
tance (eg, in situations when researchers need to use a
nephroscope).”

The bovine renal collecting system is variable and
has 2 types of renal pelvis (dilated and nondilated). The
renal pelvis has 2 major renal calyces (1 cranial and 1
caudal) that are connected to several minor renal caly-
ces by an infundibulum. This characterization of the
bovine renal collecting system is suitable for compari-
son with that of other domestic mammals and is an at-
tempt to resolve the controversy regarding the presence
of a renal pelvis and major renal calyces.

a.  Resina polyester cristal, Resi-line Comercial ltda, Rio de Janeiro,
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DIFFERENT FROM RENAL ARTERY ONLY CLAMPING, ARTERY AND VEIN CLAMPING CAUSES A
SIGNIFICANT REDUCTION IN NUMBER OF RAT GLOMERULI DURING WARM ISCHEMIA.
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Abstract

Purpose: To evaluate glomerular injury in the rat model during renal warm ischemia (WI), comparing artery and vein (AV) clamping with artery only
(AO) clamping. Materials and Methods: Twenty-four adult male rats underwent 60 minutes of renal W1 in the left kidney. The animals were divided into
3 groups: AV clamping, AO clamping and Sham surgery. After 30 days, the animals were euthanized and both kidneys were processed for paraffin
embedding and stained with HE. Glomerular volume density (Vv[glom]). mean glomerular volume (MGV) and number of glomeruli per mm3 (Nv{glom])
were evaluated in the renal cortex. Results: The Ww[glom] was reduced in the left kidney (ischemic) when compared to the right kidney in both AV and
AO groups by 11.1% and 35.4%. respectively: however, the difference was significant only in the AV group. The Nv{glom] was reduced in left kidney
when compared to the right kidney in both AV and AO groups by 11.6% and 31.4%, respectively; nevertheless, the difference was significant only in
the AV group. The MGV of left and right kidneys was the same in both Sham and AO groups, and was diminished by 6.7% in the AV group, not
significant. Conclusion: AV clamping causes a significant decrease in the number of glomeruli in the rat model, while AO clamping reduces the
glomerular number, but not significantly. To minimize renal injury. AO clamping may be preferred over AV clamping, when W1 is necessary in patients
with previous compromised renal function
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ABSTRACT

Purpose: To evaluate glomerular injury in the rat model during renal warm ischemia (WI),
comparing artery and vein (AV) clamping with artery only (AO) clamping.

Materials and Methods: Twenty-four adult male rats underwent 60 minutes of renal W1 in the
left kidney. The animals were divided into 3 groups: AV clamping, AO clamping and Sham
surgery. After 30 days, the animals were euthanized and both kidneys were processed for
paraffin embedding and stained with HE. Glomerular volume density (Vv[glom]), mean
glomerular volume (MGV) and number of glomeruli per mm3 (Nv[glom]) were evaluated in
the renal cortex.

Results: The Vv[glom] was reduced in the left kidney (ischemic) when compared to the right
kidney in both AV and AO groups by 11.1% and 35.4%, respectively; however, the difference
was significant only in the AV group. The Nv[glom] was reduced in left kidney when
compared to the right kidney in both AV and AO groups by 11.6% and 31.4%, respectively;
nevertheless, the difference was significant only in the AV group. The MGV of left and right
kidneys was the same in both Sham and AO groups, and was diminished by 6.7% in the AV
group, not significant.

Conclusion: AV clamping causes a significant decrease in the number of glomeruli in the rat
model, while AO clamping reduces the glomerular number, but not significantly. To
minimize renal injury, AO clamping may be preferred over AV clamping, when WI is

necessary in patients with previous compromised renal function.

INTRODUCTION

Renal warm ischemia (WI) is commonly used in laparoscopic partial nephrectomy, but
parenchymal damage still is the main concern during the perioperative period* and is the most
frequent cause of chronic? and acute®* renal failure. Renal ischemia is also responsible for an

increased risk of rejection in renal transplantation.>®



37

Ischemia-reperfusion causes endothelial damage, oxidative stress and increased
inflammatory response, which leads to several renal injuries.! The release of free radicals, as
superoxide and hydroxyl, is an important mechanism of cell injury in tissues subjected to
ischemia-reperfusion.” Mechanisms of protection of ischemic renal injury are of utmost
importance to better outcomes in nephron sparing surgery.”

Renal WI can be performed using artery only (AO) clamping®®® or artery and venous
(AV) clamping together.*"***! Although Plaine and Hinman*? found no difference in renal
function between AO and AV occlusion in rabbits, other studies in the porcine model
demonstrated that the AV occlusion is more harmful for renal function, suggesting that the
open renal vein enables retrograde perfusion and avoids venous congestion of the kidney."**
Renal vein only occlusion in rats resulted in a more severe functional injury than AO
occlusion.® However, these studies used only functional tests to assess the effects of warm
ischemia during AO and AV clamping. The morphological evaluation was performed by
subjective scores, usually considering brush border loss, tubular cell necrosis, cellular
vacuolation and tubular epithelial loss.'® Until now, the renal parenchyma was not quantified
in order to evaluate the real and long term damage caused by AO compared to AV clamping.
Recently, it was demonstrated in the porcine model that the glomerular density decreases in
the remaining renal parenchyma after laparoscopic partial nephrectomy.*’

Mean time of AO occlusion of 43 minutes during LPN seems to have no negative
effect on renal function, challenging traditional concepts of maximum renal ischemia of 30
minutes. Despite these encouraging results, these studies also evaluated the renal function
using nuclear renography and serum creatinine analysis.® Renal W1 of 25 to 45 minutes has
been used in several experiments to assess the renal damage in rats."**"® However, Park and
colleagues® reported that recovery after 30 minutes of renal ischemia was complete and 90
minutes of ischemia caused high mortality; while 60 minutes of renal ischemia produced
severe renal tubular necrosis, acceptable mortality and residual morphological damage.

The aim of this study was to evaluate, by using unbiased stereological methods, the
effects of two methodologies of vascular clamping (artery only vs artery and vein) in a rat

model after 60 minutes of renal warm ischemia (WI).

MATERIALS AND METHODS

Twenty four male Wistar rats, 4 months old were used. They were divided into 3
groups of 8: 1. Artery only (AO) clamping, 2. Artery and vein (AV) both clamped and 3.
Shem (S) operated.
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The rats were anesthetized via intramuscular ketamine 100 mg/kg and xylazine 20
mg/kg, prepped for surgery, and a ventral midline incision was used to expose the abdominal
contents which were displaced to the right side. The left renal artery and vein were isolated.
One of the three procedures (AO, AV, S) was performed: AO — the renal artery was occluded
with a bulldog clamp for 60 minutes; AV — the renal artery and vein en bloc were clamped for
60 minutes; or Sham — vessels were isolated, but no clamp was applied. The abdominal
contents were replaced and the incision was covered with moistened gauze during the
ischemic period. At the end of the ischemic period (60 minutes), the clamps were removed
and reperfusion was observed. Finally, the abdominal wall was closed.

All experiments were performed according to the National law for scientific use of
animals, and this project was formally approved by the local Ethics Committee for animal
experimentation.

All animals were euthanized 30 days after surgery by intravenous injection of a high
dose of pentobarbital. Both left and right kidneys were harvested and fixed in 10% buffered
formaldehyde. Renal volume was estimated by the Scherle’s method®® and the proportional
area of the cortex and medulla was calculated by the Cavalieri’s method™® using Image-J
software. Random samples from all 48 kidneys were processed for paraffin embedding,
sectioned at 5um thickness, and stained with hematoxylin & eosin. From each kidney, 25
histological fields obtained from 5 different sections of the renal cortex were examined.
Glomerular volume density (Vv[glom]), which indicates the volume occupied by the
glomeruli in the cortex, was estimated by the point-counting method.*°

The mean glomerular volume (MGV) was estimated by using the “point-sampled
intercepts method”,* analyzing 5 microscopic fields per section and 5 sections per kidney.
Randomly, crossed glomerular length was performed with a 32-mm long logarithmic ruler
composed of a series of 15 classes. Each individual intercept was cubed, and the mean of all
values was multiplied by n/3 in every case to obtain the MGV.%?°

The number of glomeruli per cubic millimeter of renal cortex (Nv[glom]), was
calculated by dividing the Vv[glom] by the MGV.

Animals were weighed one day before surgery, on postoperative days 3 and 30 and
correlated with the renal volume.

The analysis of variance with Bonferroni®* post-test was used for stereological data
mean comparisons. Animal weight and renal volume correlation was assessed by linear
correlation. For all comparisons, p<0.05 was considered significant. The analyses were

performed using GraphPad Prism software.
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RESULTS

The AO Vv[glom] was 14.65% (range 11.19 to 18.58); the AV Vv[glom] was 12.02%
(range 3.81 to 19.80); and the S Vv[glom] was 16.03% (range 8.61 to 21.86) in left kidneys.
In right kidneys: the AO Vv[glom] was 16.48% (range 12.13 to 22.20); the AV Vv[glom] was
18.60% (range 15.16 to 22.49); and the S Vv[glom] was 16.09% (range 8.59 to 25.41). The
Vv[glom] was reduced in left kidneys (ischemic) when compared with right kidneys in both
AO and AV groups by 11.1% and 35.4%, respectively; however, the difference was
significant only in AV (p = 0.0074). Furthermore, there was no difference between left and
right kidneys from the Sham group (Fig. 1).

The AO Nv[glom] was 13.89 glomeruli/mm? of renal cortex (range 11.13 to 18.65);
the AV Nv[glom] was 12.34 glomeruli/mm?® of renal cortex (range 4.06 to 20.50); and the S
Nv[glom] was 14.74 glomeruli/mm?® of renal cortex (range 7.15 to 19.91) in left kidneys. In
right kidneys: the AO Nv[glom] was 15.72 glomeruli/mm? of renal cortex (range 11.75 to
19.58); the AV Nv[glom] was 17.98 glomeruli/mm?® of renal cortex (range 14.98 to 22.92);
and the S Nv[glom] was 15.10 glomeruli/mm?® of renal cortex (range 9.09 to 23.55). The
Nv[glom] was reduced in left kidneys (ischemic) when compared with right kidneys in both
AO and AV groups by 11.6% and 31.4%, respectively; nevertheless, the difference was
significant only in AV (p = 0.0167) (Fig. 2). Moreover, there was no difference between left
and right kidneys from the Sham group (Fig. 1).

The AO MGV was 1.07 10°um® (range 0.80 to 1.34); the AV MGV was 0.97 10%um?
(range 0.80 to 1.17); and the S MGV was 1.10 10%um? (range 0.85 to 1.30) in left kidneys. In
right kidneys: the AO MGV was 1.06 10°um® (range 0.77 to 1.29); the AV MGV was 1.04
10°um® (range 0.85 to 1.27); and the S MGV was 1.07 10%um?® (range 0.94 to 1.15). The
MGV of left kidneys was almost the same of the right kidneys in both Sham and AO groups,
and diminished by 6.7% in AV group, not significant (Table 1).

DISCUSSION

Despite the advanced development of laparoscopic partial nephrectomy (LPN)
techniques, which can mimic almost completely the open surgery,? renal cooling techniques
to minimize renal damage by warm ischemia are not easily performed during laparoscopic
surgery.® Recently, ice-slurry has been tested in a porcine model for renal hypothermia
during LPN, but it has still not gained clinical acceptance.®* Bleeding control during renal

surgery can be accomplished by several ways, but vascular occlusion is still very important
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for reducing bleeding in the surgical field, enabling accurate tumor resection and precise
collecting system closure.?®> However, vascular occlusion results in a transient period of warm
ischemia that may affect renal function.?

Since the main purpose of conservative renal surgery is to preserve the largest number
of nephrons and as the glomeruli can not be produced after birth, an objective evaluation of
the number of glomeruli after the WI is of great importance to compare AO and AV
occlusion. Such is the unbiased stereological method used in this study, which can accurately
estimate the number of glomeruli in the kidney.*®

In the current study, glomerular volume density (Vv[glom]) and glomerular number
(Nv[glom]) in the renal cortex were significantly reduced in left (ischemic) kidneys when
compared with right (nonoccluded) kidneys of AV groups by 35.4% and 31.4%, respectively.
Even though there was reduction of VVv[glom] and Nv[glom] in AO left kidneys (11.1% and
11.6% respectively), the differences was not significant (p = 0.2603 and 0.2147 respectively).
Furthermore, there was no difference between left and right kidneys from the Sham group
(Fig. 1). To our knowledge, the present morphological study demonstrated for the first time
that the AV clamping caused more structural damage in the renal parenchyma than the AO
clamping in rats. Recently, it was demonstrated that the AV occlusion during LPN in a
porcine model significantly reduced the number of glomeruli in the renal parenchyma.'’ This
difference is more important when estimated for the remaining parenchyma of a partial
nephrectomy, where a portion of the kidney has been removed.

Apoptotic bodies can be found in the distal renal tubules after 5 minutes of AO
occlusion within 48 hours of reperfusion in rats. After 30 minutes of occlusion, the apoptosis
spreads for all renal tubules and after 45 minutes the apoptosis spreads throughout the kidney
with increasing of tubular necrosis.? Ysebaert and colleagues?’ demonstrated in rats submitted
to 60 minutes of AV clamping, that the first signs of regeneration appeared at the second day
of reperfusion and at the 10th day of reperfusion, half of the proximal tubules were
completely regenerated. These findings support the estimating of glomerular number as a
more reliable parameter for assessing the structural renal injury after ischemia/reperfusion,
since the tubular injury can regenerate, while glomeruli will not regenerate. Therefore, the
decreasing of the glomerular number suggests a permanent damage of the renal
parenchyma.??°

AO and AV clamping have been studied in humans with regard to postoperative renal
function®® and the morphological changes are also compared between AO and AV occlusion

in animal models.”***?® The AO clamping seemed to be less hazardous, preserving the renal
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morphology. The mechanism of damage prevention in the AO occlusion seems to be related
with the venous backflow, decreasing free radicals and capillary thrombosis, and increasing
availability of substrate for metabolism and renal oxygenation.** Formiga and colleagues,®
comparing AO, AV and intermittent occlusion, demonstrated that the intermittent clamping
has the advantage of washing out catabolites from anaerobic metabolism and increase the
oxygen saturation in the renal tissue. Tracy and collaborators,"® shown that the tissue
oxygenation is higher in AO occlusion, after 30 to 35 minutes of warm ischemia. Therefore,
the oxygenation of the renal tissue seems to be the most important difference between the AO
and AV occlusion, leading to a significant prevention of renal damage in the AO occlusion.

One of the limitations of this study is the use of a rat model, due to the anatomical
differences from human kidneys, such as renal volume, unipapillary kidney and rudimentar
caliceal system. However, the use of an animal model was imperative to obtain the entire
kidney for performing the technique of stereological analysis. Another limitation of the study
is regard to surgery, because we perform an open surgery instead of laparoscopic approach, so
the impact of the pneumoperitoneum was not assessed. Functional evaluation, as a creatinine
clearance, was not used, because we kept the contralateral kidney to use as a control for the
kidney that underwent ischemia.

The key to a successful nephron sparing surgery is the preservation of the remaining
parenchyma in good functional status. Thereby, the use of all available measures is important
for this. Likewise, each patient must be evaluated to choose the most effective treatment.
The AO occlusion for 60 minutes did not reduce the number of glomeruli in the rat model.
Gong and colleagues® demonstrated that the AO clamping did not lead to higher difficulty
during LPN, then this method of ischemia should be considered when other measures are
unavailable, as well as in situations that make the renal cooling difficult, either by perfusion
of saline or use of ice-slurry.** The AO clamping must also be considered especially in
patients with prior impaired renal function. Ultimately, however, more studies should be
performed regarding the benefit of AO clamping during LPN.

In conclusion, the AO clamping for 60 minutes does not cause significant glomerular
damage, while the AV clamping for 60 minutes causes a significant decrease in the number of
glomeruli in the rat model. Thus, the AO clamping could be recommended when WI is

necessary or in patients with previous compromised renal function, to minimize renal injury.
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Table 1. Stereological data of kidneys from animals submitted to Artery only
clamping, Artery and vein clamping and Sham surgery

Artery only clamping  Artery and vein clamping Sham
right left Right left right left

MGV 1.06 1.07 1.04 0.97 1.07 1.1

(£0.16) (£0.19) (£0.12) (£0.13) (= 0.09) (£ 0.16)
Vw[glom] 16.48 14.65 18.6 12.02 16.09 16.03

(£3.28) (£2.95) (£2.82) (£5.23) (x5.77) (= 4.55)
Nv[glom] 15.72 13.89 17.98 12.34 15.1 14.75

(£2.62) (£3.01) (£3.2) (£4.92) (£5.72) (x4.12)

Data expressed as mean + standard deviation. MGV — Mean glomerular volume,
Vv[glom] — Glomerular volume density, Nv[glom] - number of glomeruli per cubic
millimeter of renal cortex
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Figure 1: Number of glomeruli per mm?® of renal cortex in both right and left kidneys from
group Sham (A), group Artery Only clamping (B) and group Artery and Vein clamping (C).
Glomerular density in renal cortex in both right and left kidneys from group Sham (D), group
Artery Only clamping (E) and group Artery and Vein clamping (F). The results are expressed
as mean and standard error. *p < 0.05.

Figure 2: Photomicrographs of renal cortex of left kidneys from group Sham (A), group
Artery Only clamping (B) and group Artery and Vein clamping (C). Note a reduced number
of glomeruli in group Artery and Vein clamping when compared to group Sham and group
Artery Only clamping. HE, X200.
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