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RESUMO

O desvio gastrico em Y de Roux é a técnica cirirgica mais utilizada no
tratamento da obesidade morbida. Esta operacéo reduz o volume do estbmago
e o comprimento do intestino delgado, gerando alteracbes estruturais e
metabdlicas que podem influenciar no resultado de exames cintilograficos de
pacientes operados. Com o objetivo de avaliar a biodistribuicdo pos-operatoria
do pertecnetato de sédio (Na*™Tc) em 6rgdos de ratos Wistar submetidos &
técnica do bypass (desvio) gastrico em Y de Roux (BGYR), foram utilizados 12
ratos distribuidos aleatoriamente em grupo tratado (n=6), submetido a cirurgia
do BGYR e o grupo controle (C; n=6). No 15° dia de pos-operatorio foi
administrado 0,1 mL via plexo orbital de Na**"Tc aos animais dos dois grupos,
com atividade radioativa média de 0,66MBg. Apos 30 minutos, os ratos foram
mortos e retirados fragmentos de tiredide, coracao, pulméo, figado, estbmago,
rim e fémur. As amostras foram lavadas com solucao salina 0,9%, pesadas e
submetidas ao Contador Gama 1470, Wizard™ Perkin-Elmer-Finlandia para
determinacao do percentual de atividade radioativa total por grama (%ATI/g) de
cada O6rgdo. Empregou-se o teste t de Student para andlise estatistica,
considerando-se significantes as diferencas das meédias quando p<0,05.
Reducéao significante na meédia de %ATI/g foi observada no figado, estbmago e
fémur dos animais submetidos a cirurgia de BGYR comparada ao grupo
controle (p<0,05). Nos demais 6rgdos nado houve diferenca estatisticamente
significativa entre os grupos. Em conclusdo, a cirurgia BGYR em ratos
modificou a biodistribuicdo do Na®"Tc em alguns 6rgdos, podendo ter

implicacdes clinicas na interpretacdo de exames cintilograficos. Este estudo



teve um carater multidisciplinar com a participacdo de pesquisadores das areas
de Cirurgia Experimental, Farmacia, Radiobiologia, Medicina Nuclear e

Estatistica.

Palavras chave: Biodisponibilidade biolégica. Cirurgia bariatrica. Pertecnetato

Tc 99m de Sdédio. Radiofarmacos. Derivacdo Gastrica. Anastomose em Y de

Roux.
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1 INTRODUCAO

A obesidade € um problema de saude publica mundial. Caracteriza-se como
obeso moérbido o paciente com indice de Massa Corpoérea (IMC = peso/altura2) maior
que 40 ou que esta 100 kg acima do peso ideal'.

Considerada uma sindrome metabolica, a obesidade morbida esta associada
ao diabetes mellitus, hipertensdo arterial, acidente vascular cerebral, doencas
articulares, apnéia do sono, asma, entre outras comorbidades que reduzem a
expectativa de vida e consomem altos custos em tratamento®.

Mudancas no estilo de vida bem como a terapia medicamentosa utilizados em
pacientes obesos moérbidos sédo ineficazes na manutencdo da perda ponderal a
longo prazo, devido a ndo aderéncia a programas dietéticos, exercicios fisicos e
efeitos adversos de anorexigenos®.

A cirurgia bariatrica, nas ultimas quatro décadas, tornou-se o tratamento de
escolha dessa sindrome metabdlica, controlando as comorbidades, reduzindo o
peso e a morbi-mortalidade, com melhora na qualidade de vida*®.

As operacdes bariatricas sao classificadas em trés tipos distintos: restritivo,
disabsortivo e misto®.

As técnicas restritivas criam um pequeno reservatorio gastrico com ajuda de
um anel de silicone, reduzindo o volume do estdmago, promovendo saciedade
precoce. S8o conhecidas como técnicas restritivas a banda gastrica horizontal e
vertical, utilizadas desde 19802, O desvio intestinal € uma técnica disabsortiva, hoje
em desuso, que induz a perda ponderal por interferir na digestdo e absorcado do

alimento?.
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As operacdes bariatricas mistas combinam o0s mecanismos anteriormente
citados em um Udnico procedimento, por isso sdo as mais eficientes e,
consequentemente, as mais utilizadas®.

O bypass gastrico em Y de Roux (BGYR) € a técnica mista de cirurgia
bariatrica mais realizada no momento. Nessa estdo contidos a reducao volumétrica
do estdbmago e o desvio intestinal (bypass) que juntos promovem um efetivo
emagrecimento®. Por esse motivo é utilizada como uma alternativa de re-intervencao
nos pacientes que nao obtiveram bons resultados com outros procedimentos,
restritivos ou disabsortivos isoladamente’.

Devido ao seu carater misto, sdo descritas no poés-operatério alteracdes
hormonais, estruturais e bioquimicas, necessitando controle e reposi¢cdo nutricional.
Isso tem provocado a realizagdo de pesquisas para identificar e quantificar tais
mudancas®™“.

A cintilografia com o emprego de radiofarmacos € um método diagndstico

1518 Desde a década de 60, o

utiizado no estudo de alteragbes organicas
9MmTecnécio vem sendo empregado na area biomédica devido a sua natureza fisica,
guimica e econbmica como um elemento biodistribuivel, sendo o radiofarmaco mais
utilizado em medicina nuclear*®°.

Ensaios experimentais evidenciaram alteragbes na biodistribuicdo do
¥MTecnécio provocadas por agentes terapéuticos (quimio e fitoterapicos) e

operacdes abdominais®%’,

Contudo, ndo ha na literatura pesquisas que
correlacionem sua atividade tecidual no pds-operatorio da cirurgia bariatrica, em
particular o BGYR.

Eventuais alteragdes na biodistribuicdo desse radiofarmaco em qualquer dos

orgaos em estudo, levam a suspeitar de que exames cintilograficos pés-operatérios
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podem produzir resultados falso-positivos ou falso-negativos, obrigando sua
repeticdo e exposicao de pacientes a radiacdes ionizantes indesejaveis.

Deve-se ressaltar o carater multi e interdisciplinar desta pesquisa, uma vez
que contou com a participagdo ativa e a constante troca de conhecimentos entre
profissionais das areas de Medicina Nuclear, Cirurgia Geral, Farmacia, Biologia e
Estatistica.

Tratando-se de uma operacdo mutilante, de importantes repercussoes
metabdlicas, o trabalho principal anexado a esta tese teve como objetivo avaliar a
biodistribuicdo pés-operatéria do *°"Tecnécio na forma de pertecnetato de sédio
(Na**™Tc) em 6rgdos como tiredide, coracéo, pulmao, figado, estdmago, rim e fémur
de ratos Wistar submetidos a técnica do BGYR.

Adicionalmente, outros dez trabalhos experimentais estdo anexados neste
volume, publicados em periddicos com indexacdo internacional, fazendo parte da

formacgéo da autora como Doutora em Ciéncias da Saude.



2 REVISAO DA LITERATURA

2.1Desvio ( bypass ) gastricoem Y de Roux (BGYR)

A cirurgia do BGYR foi inicialmente descrita por Mason e Ito em 1966. Griffen
modificou o procedimento com uma gastrojeunostomia retrocélica em Y de Roux, de
modo que as complicagOes de refluxo biliar fossem significativamente reduzidas.
Desde entdo, tornou-se a operagao mais realizada para perda de peso, considerada
como o procedimento bariatrico "padréo ouro" ha trés décadas’?®. Seus sucessos na
perda ponderal com baixa morbidade e melhor qualidade de vida tém assegurado a
sua utilizacdo continuada na era moderna®.

A operacao realizada por videolaparoscopia desde 1994, consiste na criacéo
de uma pequena bolsa gastrica, que pode conter 30-50 mL de sélidos ou liquidos.
Tal reservatério € construido imediatamente abaixo da juncdo gastroesofagica,
aplicando-se um grampeador linear horizontal na pequena curvatura e em sentido
cefélico ao angulo de His (Figura). Com a divisdo, um remanescente gastrico é
criado, dito estbmago excluso, que juntamente com o duodeno e o jejuno proximal
irdo formar o canal biliopancreatico®.

Em seguida, o jejuno proximal e o mesentério sédo divididos a uma distanicia
de 30-40 cm do ligamento de Treitz. O segmento distal jejunal é trazido em direcéo a
nova bolsa gastrica como canal alimentar, onde se realiza uma anastomose com
grampeador circular reforcada por suturas interrompidas. O comprimento deste
segmento é cuidadosamente medido em 75-150 cm, altura em que o canal
biliopancreatico é anastomosado ao canal alimentar, originando o canal comum,
contendo apenas 75-150 cm para a digestédo e absorcéo (Figura). O tempo cirargico

é geralmente de 2-4 horas®**°.



Bolsa Gastrica Desviada
(Estdbmago excluso)

Canal Alimentar

Canal
Biliopancreatico

Canal Comum

Figura. Medeiros AC. Desvio (bypass) gastrico em Y de Roux.

A cirurgia aberta é reservada para cenarios dificeis, como nos pacientes
superobesos (IMC>50Kg/m?), formas corporais andréides, historia de cirurgia
gastrintestinal prévia, e quando os cirurgides nao tém experiéncia e habilidade
técnica com o acesso laparoscopico®.

InUmeras variacdes desta técnica sdo descritas, porém contendo desfechos
em comum: alterac&o do fluxo biliar, restricdo do tamanho do estdbmago, mudancas
na anatomia intestinal e no fluxo de nutrientes, manipulagdo hepatica e vagal intra-
operatérias, bem como modulacdo dos horménios intestinais e do tecido adiposo®"
33.

A eficacia da técnica BGYR esta comprovada em termos de perda de peso e
melhora de comorbidades. No entanto, esta intervencéo néo € isenta de riscos e um
seguimento a curto e longo prazo é necessario por varias razées>*. Em primeiro
lugar, hd o potencial de complicagBes cirirgicas mediatas (vazamentos, fistula,

ulceracdo, hemorragia, obstrucdo, estenose da anastomose, hérnia interna,
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insuficiéncia hepatica) particularmente no caso de pacientes com sintomas
digestivos agudos®2.

Além disso, é essencial acompanhar as comorbidades e ajustar o0s
tratamentos, em especial medicamentos hipoglicemiantes e antihipertensivos™°.

Por fim, a operacdo pode ter um forte impacto psicolégico e social sobre os
pacientes, sendo descritos casos de depressao e encefalopatias, o que requer apoio
multidisciplinar®*2.

Em qualquer caso, a cirurgia resulta em alteragbes importantes na fisiologia
digestiva: refluxo alcalino, estdbmago excluso, assinergia entre as diferentes
secrecbes (enzimas, acidos, hormdnios) e o0s nutrientes, resultando em ma
absorcao®.

Como consequéncia, a operacdo pode induzir altera¢des patoldgicas no tubo
digestivo e demais Orgaos: halitose, aftas, desgaste dentario, defeitos de
mastigacao, esofagites, cancer no estbmago excluido, sindrome do intestino curto,
hiperplasia pancreética, hipoglicemia, complica¢des funcionais (vomitos, desordens
intestinais, sindrome de dumping)®>#44’.

Os pacientes podem apresentar a médio e longo prazo desnutricdo protéico-
caldrica, hipovitaminoses, hiperparatireoidismo secundario, osteopenia e

osteoporose, 0s quais requerem vigilancia e suporte nutricional pés-operatérios*?*®

51

Com base nos argumentos supracitados, torna-se implicita a necessidade de
exames poés-operatorios que auxiliem no diagnéstico de tais alteragcbes. Dentre
estes, um dos mais utilizados na medicina nuclear é a cintilografia, com uso de
radiofarmacos, elementos radiobiocomplexos que podem sofrer alteragdes na sua

biodistribuicdo, em virtude das modificagdes estruturais e metabdlicas causadas pela
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cirurgia bariatrica em tela, levando ao falseamento de resultados, com exposicao

excessiva dos pacientes operados a radiacao.

2.2 Medicina nuclear

O uso de radionuclideos como tracadores ou radiofdrmacos tém sido

|20 Técnicas inovadoras com radionuclideos necessitam

extremamente (ti
constantemente de um contato permanente com 0s avang¢os nesta area. Este
conhecimento é utilizado em procedimentos de medicina nuclear, que ajudam
profissionais da saude no diagndstico e tratamento de infec¢des, doencas
hematolégicas, em oncologia e outras condi¢des patolégicas®?.

Os procedimentos de medicina nuclear estado principalmente relacionados com
o diagnostico de doencas e uso da cintilografia, tomografia por emissdo de foton
anico (SPECT) bem como a tomografia por emissdao de pdésitrons (PET) tém sido
aplicado em varios paises®>**. Além disso, a terapia de doencas com radiofarmacos
assume papel relevante na melhoria e desenvolvimento de diferentes compostos
com esse proposito.

O uso dos radionuclideos depende de ensaios em radiofarmacia e do
estabelecimento de modelos experimentais®?.

Como a maioria dos pacientes que precisam de exames de medicina nuclear
estdo sob terapia com varios medicamentos ou em pdés-operatério de grandes
intervencdes cirdrgicas, torna-se mandatoério tentar entender melhor o fendmeno
desta interacdo com radiofarmacos e as consequéncias para a sua
biodisponibilidade®*®%°. Este conhecimento evita erros diagnésticos e a repeticdo
de exames nucleares, uma vez que como sao utilizados com frequiéncia, o dominio
da radiobiologia e o controle de qualidade em radioprotecdo cuminam em uma dose

de radiacéo desprezivel para o paciente aliado a um minimo impacto ambiental®**°,



2.3 Cintilografia

A aplicabilidade da cintilografia nas diversas areas da saude é variada. Este
exame utiliza, dentre outros, o °"Técnecio na forma de pertecnetato de sodio
(Na®™®™Tc) ou ligado a radiotracadores, que carreiam de maneira especifica o
radiobiocomplexo ao local a ser examinado, pois possuem afinidades proprias as
diferentes estruturas e moléculas®.

Estudos clinicos enfatizam sua importancia no diagndstico patolégico e
avaliacdo funcional de 6rgédos como tireéide, coracdo, pulméo, figado, ossos e rim>®
% contribuindo também para localizacéo de focos infecciosos através da marcacao
de leucécitos e mediadores inflamatérios®” .

No ambito da cirurgia bariatrica, exames cintilograficos sdo realizados no
poOs-operatorio para avaliar o esvaziamento gastrico, a paténcia de anastomoses,
bem como a ocorréncia de fistulas e hemorragia digestiva, complicacdes precoces
ou tardias deste procedimento mutilante’®">.

Em oncologia, a cintilografia figura como um meétodo de alta sensibilidade e
especificidade na pesquisa de mestastases e seguimento de doencas neoplasicas a
longo prazo’® 8.

A cintilografia é realizada por meio de gama camera que capta energia de
um determinado radionuclideo na forma de foton. Esse pulso luminoso é
transformado em imagem de acordo com a distribuicdo do elemento radioativo no
organismo™. Para ser utilizado em exame cintilografico, o radiofarmaco tem de emitir

baixa radiacao, toxicidade toleravel, ser estavel e possuir meia vida suficiente para o

preparo e realizacdo do exame, sem causar maiores danos ou seqiielas®.



2.4 ®"Tecnécio

O ¥™Tecnécio é um dos radionuclideos mais utilizados em medicina nuclear
assim como em pesquisa basica. Ele preenche muitos dos critérios de um
radionuclideo ideal, possui baixa radiacdo, uma meia vida de 6h, sofrendo 10% de
convers&o interna, o que resulta em minima dose para o paciente?>*?,

A forma quimica utilizada para leitura em gama camera € o pertecnetato de
s6dio (Na**™Tc) que necessita de reducéo ibnica para a marcacéo de substancias,
células ou 6rgdos em estudo. Para tal processo a substancia mais utilizada é o
cloreto estanoso. Apesar disso, o Na®"Tc pode entrar ou sair do meio intracelular
livremente, num processo de difusdo passiva’>®.

Estudos experimentais evidenciaram a interferéncia de quimioterapicos e
ansioliticos na biodistribuicdo do Na®*"Tc em células sanguineas e tecidos
organicos?*8183,

A terapia com extratos obtidos de plantas medicinais pode alterar a
marcacao das fracdes solluvel e insoluvel de constituintes sanguineos e resultar em
efeitos inesperados na captacao radioativa®*%°

Os dados da literatura demonstram que, apesar de utilizado em exames
cintilograficos pés-operatérios, ndo se conhece a influéncia que o BGYR pode ter na
atividade do Na®™™Tc como radiofarmaco. Portanto, no presente estudo procurou-se

analisar, em modelo animal, a interferéncia da cirurgia do BGYR na biodistribuicdo

do Na*"Tc.
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3 ANEXACAO DE ARTIGOS

3.1 Artigo |

Publicado na Acta Cirdrgica Brasileira. Vol.25(1),2010.

Biodistribution of sodium pertechnetate after Rouxen-Y gastric bypass (Capella
technique) in rats.

Biodistribuicdo do pertecnetato de sédio apds degastrico em Y de Roux (Técnica
de Capella) em ratos.

Amélia Cinthia Meneses Régo Irami Araujo-Filho ", italo Medeiros Azevedd', Daniel
Torres Jacomé’, Rachel Alcantara Oliveira Ramalhd’, Aldo Cunha Medeiros’

' Fellow Master degree, Postgraduate Program in k&aliences, Federal University of Rio Grande
do Norte (UFRN), Natal, Brazil.

"PhD, Associate Professor, Department of SurgerlgNJMNatal, Brazil.

" Statistician, Department of Surgery, UFRN, NatahA.

v Graduate Student, Scientific Initiation PrograrfRIN, Natal, Brazil.

V'Chairman, Full Professor, Department of SurgeryRNFNatal, Brazil.

ABSTRACT

Purpose: The biodistribution of sodium pertechnetate, thesthhused radiopharmaceutical in nuclear
medicine, has not been studied in details afteiatvér surgery. The objective was to investigdie t
effect of Roux-en-Y gastric bypass (RYGB) on bstdbution of sodium pertechnetate fRE¢) in
organs and tissues of ratdethods: Twelve rats were randomly distributed into two upe of 6
animals each. The RYGB group rats were submittatiédRoux-en-Y gastric bypass and the control
group rats were not operated. After 15 days, & waere injected with 0.1mL of R¥'Tc via orbital
plexus with average radioactivity of 0.66 MBq. Af&) minutes, liver, stomach, thyroid, heart, lung,
kidney and femur samples were harvested, weighaetl arcentage of radioactivity per gram
(%ATI/g) of each organ was determined by Gamma @GouWizard Perkin-Elmer. We applied the
Student t test for statistical analysis, considepr0.05 as significanResults Significant reduction

in mean %ATI/g was observed in the liver, stomaath #mur in the RYGB group animals, compared
with the control group rats (p<0.05). In other argao significant difference in %ATI/g was observed
between the two group£onclusion This work contributes to the knowledge that treiddric
surgery RYGB modifies the pattern of biodistributiof N&°™Tc .

Key words: Biological availability. Bariatric surgery. Raglibarmaceutical. Pertechnetate. Rats.

RESUMO

Objetivo: Avaliar o efeito da cirurgia de desviastrico em Y de Roux (BGYR) na biodistribuicéo
do pertecnetato de sodio (N&¢c) em 6rgéos e tecidos de ratMétodos: Doze ratodNistar foram
aleatoriamente distribuidos em dois grupos de aisi cada. O grupo BGYR foi submetido a técnica
cirargica do desvio gastrico em Y de Roux e o grapotrole ndo foi operado. No 15° dia de pés-
operatério foi administrado 0,1 ml de R& ¢ via plexo orbital aos animais dos dois grupos, com
atividade radioativa média de 0,66MBq. Apos 30 nueuos ratos foram mortos e retirados
fragmentos de figado, estdbmago, tiredide, corggdloao, rim e fémur. As amostras foram lavadas
com solucéo salina 0,9%, pesadas e submetidasrdadoo Gama 1470, Wizdfl Perkin-Elmer para
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se determinar o percentual de atividade radiotoragpama (%ATI/g) de cada 6rgdo. Empregou-se 0
teste t deStudentpara analise estatistica, considerando p<0,05 csigwificante. Resultados:
Reducéo significante na média de %ATI/g foi obsdavao figado, estbmago e fémur nos animais
submetidos a cirurgia de BGYR comparado com o gagrole (p<0,05). Nos demais 6rgaos nao
houve diferenca significante no %ATI/g entre ossdpiuposConclusdo A cirurgia BGYR em ratos
modificou a biodistribuicdo do N&Tc em alguns érgédos, podendo ter implicacdes aknica
interpretacdo de exames cintilogréficos.

Descritores: Biodisponibilidade. Cirurgia bariatrica. Pertectetd&adiofarmaco. Ratos.

'Research performed at the Department of Surgetyo@mf Medicine, Federal University of Rio Grande
Norte, (UFRN), Natal, Brazil.

INTRODUCTION

Obesity is rapidly increasing in the United Statesth the prevalence of class 3
obesity approaching 8% in some populatidn©verall, in the past decades, the Brazilian
population has experienced relatively rapid so@aemic improvement, resulting in many
lifestyle modifications that have promoted increhggevalence of obesity and associated
diseases, such as diabetes and dyslipidénfiagrent treatment options for morbid obesity
include pharmacologic agents, low-calorie dietshadwsoral modification, exercise, and
surgery.Dietary treatments produce an initial weight lo$dess than 15% of the starting
weight, and weight reductions generally decay to z¢ 5 years The failure of most current
approaches to control morbid obesity has led tathelopment of surgical procedures of the
upper gastrointestinal tract designed to induceltdbss (bariatric surger)

The goal of bariatric surgery is to reduce calorteke by either restricting the amount
of calories that an individual can take in (resivie procedure) or reducing the amount of
calories absorbed from the gastrointestinal tracalébsorptive procedure). This can be
accomplished in a number of ways. The most commdascribed techniques are the Roux-
en-Y gastric bypass (restrictive and malabsorptivieparoscopic adjustable banding
(restrictive only), and the bilio-pancreatic diviers with duodenal switch (malabsorptive and
restrictive). Roux-en-Y gastric bypass (RYGB), I tpredominant approach used in the
United State$ RYGB also creates a small stomach pouch to cé$trod intake, but a portion
of the jejunum is attached to the pouch to alloadfto bypass the distal stomach, duodenum,
and proximal jejunum. Bypassing this segment ofgastrointestinal tract might contribute to
the clinical success of RYGB by altering the saorebf hormones that influence glucose
regulation and the perception of both hunger arigtga®. Although the procedures can be
successful, they can be associated with a numberwiplications. Unfortunately, these
complications can sometimes be subtle and diffitmltliagnose early. Since these patients
have limited physiologic reserve, it is imperatibat complications are identified early by
image procedures and appropriately managed

One of the most used diagnostic methods in identfg great number of diseases and
metabolic disorders is the use of radiopharmacaigticradioactive compounds used in
diagnostic procedures as sources of radiationamett’. Examination of gastric emptying,
liver function, thyroid function, bone disordersstdnt metastasis, etc, are used frequently in
patients undergoing bariatric surg€ryRadiopharmaceuticals biodistribution may provide
important information about its uptake to some ¢argrgans, but post-surgery data are
scarcé’. It is relevant to investigate sodium pertechreethiodistribution after RYGB,
because it is highly secreted by gastric mucosterAhis operation, the stomach is mostly
bypassed and alterations are expected to occurodlistribution. Several drugs and surgery
may interfere with the biological behavior of rgol@rmaceuticals used in scintigraphic
examinations and sodium pertechnetate is used ime ntban 80% of scintigraphic
examination¥ % They may change the biological effects of the sodpertechnetate and
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their uptake to some organs. As a major surgeryGBYnay result in important anatomical
and metabolic changing and unpredictable comptioati So, scintigraphic studies may be
needed in the postoperative period. If the sodi@meghnetate biodistribution is changed in
important organs and tissues due to bariatric syrgeintigraphic examinations can generate
false-positive or false negative images, leadingefeetition of nuclear medicine procedures
with unnecessary radiation exposure for patients.

The aim of this study was to analyze the effectR¥fGB on biodistribution of sodium
pertechnetate in several organs and tissues of rats

Methods

The use of laboratory animals followed the Coufanilinternational Organization of
Medical Sciences Ethical Code for animal experiragom and the Brazilian guidelines for
scientific use of animals (Law n° 11.794). Thetpcol was approved by the Ethical
Committee of Research, UFRN. Rats were observeaidividual polypropilene cages in
room temperature of 24°C, 45% relative humidity;hb2ir light/dark cycles, and they had
free access to their diet and tap water. For prabipe procedures, rats were deprived of food
for 16 to 18 hours and were anesthetized with mtigcular injection of 0.1 mL/100g weight,
of a solution prepared with 1.0 mL of ketamine (®dmL) and 1.0 mL of xilazine
(20mg/mL). For postoperative pain control, tenoricgRoche, Brazil) 1.5 mg/kg, was given
IM to the rats postoperatively, once a day for §sda

Operative and laboratory procedures

Twelve Wistar rats (349.3 +10.7 g) were equallyidiyd into RYGB and control groups.
The rat abdomens were shaved and prepared with a6éhol. A midline incision was
performed, and the stomach and distal esophagus exgrosed. The stomach was divided 1
cm down of the esophagus and both gastric ends weeesewn using a running 6-0
polypropilene suture, and the suture lines werereaated. The jejunum was divided 16 cm
below the ligament of Treitz, creating a 16 cmdrifipancreatic limb. A 4 to 5 mm end-to-
side gastrojejunostomy was sewn using interrupt@dpblypropilene sutures on the anterior
surface of the gastric fundus. The stump of prokijpmunum was closed with a running
suture. A 7 to 8 mm side-to-side jejunojejunostomas sewn 10 cm below the
gastrojejunostomy. The procedure lasted approxijma&@ minutes and the abdomen was
closed in layers, using a running 4-0 nylon sut&ats drank water and a 10% glucose plus
2% saline solution starting 24 hours after the apen and for the first 3 days. This was
followed by a solid diet (Labina-Purina). For thestf three postoperative days, rats were
hydrated with normal saline solution (20ml) injettubcutaneously to prevent dehydration.
A surgical microscope with 10x magnification (DFséancelos, S&o Paulo, Brazil) was used
for the anastomosis. A single intramuscular dosé5oig/kg of ceftriaxone sodium (Roche,
Brazil) was given as antimicrobial prophylaxis 3thates before the surgical procedures. The
control group rats (n=6) were not operated.

The animals remained under observation fordags after surgery and were then
injected with 0.1 ml of sodium pertecnetatta the orbital plexus, corresponding to
radioactive activity of 0.66 MBqg. Thirty minuteftex radiopharmaceutical administration,
the animals were killed with an anesthesia overdtsepental sodium, intracardiac) and
underwent surgery for removal of samples from tiver| kidney, heart, lung, thyroid,
stomach and femuiThe tissue samples were washed in 0.9% salingheedion a precision
scale (Mark 160®, Bel equipment, Italy) and theadioactivity was determined in an
automatic gamma counter (Wizard 1470, Perkin-ElrRerland). The results were shown in
counts per minute (CPM), corrected by disintegretiper minute (DPM). The efficiency of
the gamma counter was 86%, as specified by the f@etower. The specific activity of each
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sample was calculated by dividing its absolute tonrDPM by its weight (DPM/g). The

percentage of radioactivity of each sample (% A@s calculated by dividing its specific
activity (DPM/g) by the total radioactivity of ea@mimal. The total activity administered to
each animal was calculated from the average oétpatterns with the same volume injected.

The data were expressed as mean = standard deviéiatistical analysis for
comparison between groups was performed by theeStudest, using a significance level of
0.05.

Results

All animals survived for the duration of the studyable 1 summarizes the descriptive
results of the percentage of radioactivity (% AJlitgorgans of rats from groups RYGB and
control. We applied the Student t test for indemenndsamples. The significance level
established for the test was 5%.

TABLE 1 - Percentage of radioactivity (% ATI/g) of eaclyan sample in animals submitted
to Roux-en-Y gastric bypass and controls.

Organs %ATI/g P
RYGB Control

Liver 0.33+0.05 0.56+ 0.08 0.024
Kidney 0.58+ 0.22 0.41+ 0.07 0.119
Heart 0.21+0.05 0.2 0.07 0.128
Lung 0.53+0.18 0.3# 0.14 0.098
Tyroid 2.91+0.97 3.46t 1.67 0.506
Stomach 0.54+ 0.32 2.99+ 1.65 0.005
Femur 0.14+0.03 0.22+ 0.07 0.035

The values appear as meatandard deviation. RYGB, Roux-en-Y gastric bypass

In the kidney and lung we observed an increaseakepdf radioactivity on rats submitted
to RYGB, comparing with controls, but the differenwas statistically insignificant (p>0.05).
However, in the RYGB rats a significant decreasetha radioactive uptake (%ATI/Q)
occurred in the stomach, liver and femur, compawitg controls (p<0.05). When comparing
the difference between the radioactive uptake afth@nd thyroid from RYGB and control
rats, there was a tendency for a further decraa%e ATI/g of RYGB animals, although this
was not statistically significant (p>0.05).

Discussion

Obesity has become an epidemic condition, and enUhited States the percentage of
obese adults increased from 15.3% in 1995 to 23192005. Approximately 4.8% of patients
are considered morbidly obese. Worldwide it ismeated that over 300 million people are
obesé*. Obesity results in an increased risk for seridiseases, including diabetes mellitus,
cardiovascular disease, hypertension, dyslipidemegenerative arthritis, some forms of
cancer and respiratory problems, and to generaie-ssonomic and psicossocial disturbs
Thus, some weight loss therapies, such as diephadnaceutical systems complemented by
physical exercises have been proposed. Howevensalgb% of patients who have morbid
obesity (BMI> 40kg/m) fail to achieve satisfactory weight I1d8sTherefore, many efforts
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have been implemented to get good results withiclrgechniques, and the bariatric
operations have obtained good results at a sigmifisveight loss for many yeafsDespite
the good results, bariatric surgery can cause ame#b and metabolic complicatiofis The
diagnosis of these disturbs may require imagingméxations such as radiography and
scintigraphy.

The technetium-99m is the most widely used radibdecin nuclear medicine and
research studies. It has a short half-life (6h)itetow radiation and small doses are needed
for diagnostic procedur€s Changes in the biodistribution of sodium pertéateein organs
and tissues are well identified in several clinis@ldies. It has been used in vivo and in vitro,
in the study of diseases, drugs, chemotherapy dadtsp that interfere with their
distributiorf®* However, in the postoperative period of majog&al procedures, there are
few studies that focus on the biodistribution ofliogpharmaceuticals. To understand and
explore the relationship between the RYGB and Istodbution of radiopharmaceuticals in
organs and tissues, we used a reproducible and whracterized animal model.
Scintigraphic examinations in the postoperativeigoerare used to diagnose bleeding in
gastrointestinal tract gastroesophageal reflux thedpatency of anastomosi®iagnosis of
metastases by cancer and postoperative changée kidneys, liver, lung, heart and other
organs are made using scintigraphy with radiotsaeed sodium pertecnetitein this study,
the RYGB did not affect the biodistribution of sodi pertecnetatthe heart, lung, kidney and
thyroid.

The stomach is often examined in the postoperadivbariatric surgery, primarily for
diagnosing the presence of fistulas, since thepesfram the anastomosis may be early or late
complication of this operation. A large case sené$3 patients with leaks after RYGB
reports that most were not detected by CT imagimd) that most of them required surgery
(63%), with morbidity of 53% and mortality of 1385 In case of small fistulas, the rate of
escape of contrast will be small, so that leaks rhayoverlooked by radiography. The
morphofunctional radionuclide evaluation provides efficiency of anastomosis of digestive
tract, by showing the emptying time of the gastnnant, excluding reflux and any
radionuclide stagnation. Using scintigraphy, a $madount of diffused sodium pertechnetate
is absorbed by the gastric mucosa due to the Hfgfity for this radiopharmaceutical. It has
been suggested that scintigraphy has high accuiracdiagnosis of complications in
postoperative bariatric surgéfy In this study the uptake of sodium pertechnetases
significantly decreased in the remnant functionedmach post RYGB, meaning that
scintigraphic examination of this organ in the ppstative of bariatric surgery must be
interpreted considering this finding.

Several different mechanisms may explain the olesechanges in bone metabolism after
bariatric surgery. Poor absorption of minerals aamins, including calcium and vitamin D
has been documenfédA sustained deficiency of vitamin D in obese @ais may result in
metabolic and skeletal abnormalities, which may detected before and after bariatric
surgery. The increased turnover and reduced bongerali density may occur as a
physiological adaptation of weight loss and changabe mechanics of the skeleton or as a
result of pathophysiological responses to surgell these metabolic changes, especially
the increase in bone turnover may explain the @serein biodistribution of sodium
pertecnetate in the femur of the animals submittedRYGB as compared to the control
group. In our study the uptake of sodium pertededis the liver of rats submitted to RYGB
was significantly lower than in control rats, meapthat the liver function may be affected in
operated animals. This results need to be treatddsome caution. In fact, some authors
demonstrated significant improvement in the lewélaminotransferases and gamma glutamyl
transferase in the postoperative of obese patimntsnitted to RYGE’, and others found
postoperative values of aminotransferases tramgigmreased by fivefold to eightfold The
rat model for RYBG appears to be a reasonable mawi@lwill enable continued research
involving metabolic changes, in order to validatar dindings on biodistribution of



15

radiopharmaceuticals. In conclusion, this work dbaotes to the knowledge that the bariatric
surgery RYGB modifies the pattern of biodistributiof sodium pertechnetate.
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ABSTRACT

PURPOSE: Many patients with metastatic bone dishase to use radiopharmaceuticals associated
with chemotherapy to relieve bone pain. The airthf study was to assess the influence of docetaxel
on the biodistribution of samarium-153-EDTMP in benand other organs of rats. METHODS:
Wistar male rats were randomly allocated into 2ugsoof 6 rats each. The DS (docetaxel/samarium)
group received docetaxel (15 mg/kg) intraperitolyeah two cycles 11 days apart. The S
(samarium/control) group rats were not treated \dithetaxel. Nine days after chemotherapy, all the
rats were injected with 0.1ml of samarium-153-EDTM® orbital plexus (25uCi). After 2 hours, the
animals were killed and samples of the brain, tidyrtung, heart, stomach, colon, liver, kidney and
both femurs were removed. The percentage radidigctiveach sample (% ATI/g) was determined in
an automatic gamma-counter (Wizard-1470, PerkineE|fRinland). RESULTS: On thd"@lay after

the administration of the "2 chemotherapy cycle, the rats had a significant glteiloss
(314.50+22.09g) compared (p<0.5) to pre-treatmeeigt (353.66+ 22.8). The % ATI/g in the
samples of rats treated with samarium-153-EDTMPaanificant reduction in the right femur, left
femur, kidney, liver and lungs of animals treatedhwdocetaxel, compared to the control rats.
CONCLUSION: The combination of docetaxel and sammaril53-EDTMP was associated with a
lower response rate in the biodistribution of tleliopharmaceutical to targeted tissues. Further
investigation into the impact of docetaxel on b#ddbution of samarium-153-EDTMP would
complement the findings of this study.

Key words: Taxoids. Samarium. Biological Availatyli Drug Therapy. Rats.

RESUMO

OBJETIVO: Muitos pacientes com metastases 0sseasaados com radiofarmacos associados com
quimioterapia para alivio da dor 6ssea. O objafivdrabalho foi estudar a influéncia do docetaxel n
biodistribuicio do EDTMP-153-samario nos ossos &rosudrgdos de ratos. METODOS: Ratos
Wistar foram aleatoriamente alocados em 2 grupos 6deanimais cada. O grupo DS
(docetaxel/samario) recebeu docetaxel (15 mg/kggaperitoneal em dois ciclos com 11 dias de
intervalo. Os ratos do grupo S (samario/controf® foram tratados com docetaxel. Nove dias apés a
quimioterapia, todos os animais receberam 0,1n#IEMP-153-samario via plexo orbital (25uCi).
ApGs 2 horas, os animais foram mortos e retiradassttas de cérebro, tiredide, pulméo, coracéo,
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estdmago, colon, figado, rim e fémures. O percédiaadioatividade por grama (%ATI/g) de tecido
de cada biépsia foi determinado em contador gantaretico (Wizard-1470, Perkin-Elmer,
Finland).RESULTADOS: No 9° apds 2° ciclo de docetars ratos tiveram perda de peso
significante, passando de 353,66+ 22,89 (contr@efmtamento) para 314,50+22,09¢g (p<0,5). Os %
ATl/g nos oOrgdos dos ratos tratados com EDTMP-Es8&io e docataxel tiveram reducdo
significante nos fémures direito e esquerdo, rigado e pulméo, quando comparados com 0s nao
tratados com docetaxel. CONCLUSAO: A combinacialoectaxel com EDTMP-153-samario foi
associada com resposta mais baixa na biodistribuilth radiofarmaco em 6rgdos alvo. Futuras
investigacdes sobre o impacto do docetaxel na dirdaliicio do EDTMP-153-samério poderéo
complementar os achados teste estudo.

Descritores:  TaxoOides.  Samario.  Disponibilidade I&j@ca. Quimioterapia.  Ratos.

Introduction

Bone metastases are a frequent complication ofecaaccurring in up 70% of
patients suffering from advanced breast or prostateef. Bone metastases patients often
present with severe bone pain, especially in thameced stage of dised$e The major pain
mechanism of small metastases appears to be tmelation of nerve endings in the
endosteum by a variety of chemical mediators. Liabg&e metastases produce stretching of
the periosteum, which leads to paiifhe resulting bone pain interferes with the pate
quality of life and requires effective treatmennfbrtunately, various non-radiotherapeutic
modalities such as analgesics, hormone therapyjidactomy, cytostatic and cytotoxic
drugs, bisphosphonates, and surgery are not eféeictiall cases, especially in the late stage
of the disease. Systemic radionuclide therapy using boneseekimtiopharmaceuticals is
considered a valuable and effective method fortitrgagpatients with widespread skeletal
metastases and increased bone turnover, espeigfigtients with bone metastases from
prostate and breast cantér

In the 1980s the radiopharmaceutical samarium-158ylenediamine
tetramethylene phosphonate (Sm-153-EDTMP) with tsploysical half-life was developed,
and has been considered effective in the treatmiehbne paift®. Docetaxel is one of the
taxane class chemotherapies that is being incrglgsused to treat various solid tumors,
including those of prostate and breast cancerctd by Bcl-2 protein inactivation in the
metastatic cells, causing the death of tumor dejisapoptosi® In patients with prostate
cancer, docetaxel has been suggested in variodgestas the first-line choice for treating
metastatic hormone-refractory disease. This tre@tmecreases survival, compared to
previously accepted chemotherapy schémes

A significant number of patients with metastaticnbodisease are often
subjected to a series of concomitant treatmentfdmg the use of radioisotopes to relieve
bone pain, associated with chemotherapy. Accordirtble aim of this study was to assess
the influence of docetaxel on the biodistributidrSon-153-EDTMP, especially in the bones
of rats, enabling a more thorough knowledge ofyiglicability.

Methods

We used male rats provided by the Health ScienceeCeivarium, Federal
University of Rio Grande do Norte, Brazil. The aalsrwere randomly allocated into 2
groups of 6 rats each. They were weighed and plexcedlividual cages with water and food
(Labina Puring) "ad libitum" and acclimatized in the lab for 7yda The rats were kept
under temperature (21°C), humidity (60 - 70%) aglting (12 / 12 hour cycle light / dark)
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control and they were handled in accordance withrirational Standards of Care and Use of
Laboratory Animals, following the guidelines of thBrazilian College of Animal
Experimentation.

The animals of the DS group (docetaxel/samariumyewadministered
docetaxel (Trixoter& Novartis, Sdo Paulo, Brazil), intraperitonealiging a 15 mg/kg dose
in two administration cycles 11 days apart. Ther@ig (samarium/control) rats were not
treated with docetaxel. The animals remained unteervation for 9 days after th& 2ycle
and were then injected with 0.1 mL of Sm-153-EDTM#& the orbital plexus, corresponding
to radioactivity of 925 Bq (25uCi). Two hours aftadiopharmaceutical administration, the
animals were killed with an anesthesia overdossgéntal sodium, via the intracardiac
cannula) and underwent surgery for removal of samfiom the brain, thyroid, lung, heart,
stomach, colon, liver, kidney and both femurs. Tissue samples were washed in 0.9%
saline, weighed on a precision scale (Mark® @&l equipment, Italy) and their radioactivity
was determined in an automatic gamma counter (\Wiz470, Perkin-Elmer, Finland). The
results are shown in counts per minute (CPM), cbteck by disintegrations per minute
(DPM). The efficiency of the gamma counter was 86%ospecified by the manufacturer. The
specific activity of each sample was calculateddbyding its absolute count DPM by its
weight (DPM/g). The percentage of radioactivityeafch sample (% ATI/g) was calculated
by dividing its specific activity (DPM/g) by the tld radioactivity injected in each animal.
The total activity administered to each animal veatculated from the average of three
patterns with the same volume injected.

The data were expressed as mean + standard davigtatistical analysis for
comparison between groups was performed by theeStudnd Tukey tests, using a
significance level of 0.05.

Results

No animal died during the experiment. On the elévesay after the i
chemotherapy cycle with docetaxel, the animals gltbweight loss (mean 329.16+£29.2 g),
but not significantly different from pre-treatmentight (mean 353.66x 22.8). Meanwhile,
on the § day after administration of thé%hemotherapy cycle, there was significant weight
loss (314.50+22.09g) compared to pre-treatmenthweigigure 1). We observed no changes
in animal behavior or side effects, such as diarrdéwed hair loss. During the laparotomy to
remove organ samples, few peritoneal adhesions wbserved in DS group rats. No
macroscopic changes were detected in the abdowrigahs.

The analysis of the percentage of total activitypof-153-EDTMP injected per
gram of tissue (% ATI/g) in the samples analyzedwsd greater radiopharmaceutical
activity in the liver, kidney, right femur, left feur and thyroid, when compared to other
organs, in both the DS group (treated with docdjaxad control group S (Table 1). In the
rats treated with docetaxel, the Sm-153-EDTMP #gtiwas smaller in all the organs
studied, when compared to the control group, exicetite brain. Using the Student t-test, we
showed that this reduction was statistically sigaifit in the right femur, left femur, kidney,
liver and lungs of animals treated with docetaxa@mpared to the control group rats
(p<0.05). Consequently, there was no significadtiction in radioactivity biodistribution in
brain, thyroid, heart, stomach and colon samplebl@1).
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TABLE 1 - Comparison of percentage of radioactivity/g (% ATL'g) of samples from each organ of rats treated with Sm-
153-EDTMP (group S) and with docetaxel + Sm-153-EDTMP (group DS)

% ATl/g
Organs p
Group S Group DS
Brain 0.01 £ 0.002 0.01 £0.005 0.753022
Thyroid 0.40 £ 0.079 0.30 £ 0.066 0.07301
Lung 0.17 £ 0.033 0.13 £0.025 0.043126
Heart 0.12+0.019 0.11 £0.019 0.300239
Stomach 0.18 £0.042 0.14 £0.032 0.091458
Colon 0.13+0.041 0.11+0.038 0.484202
Liver 1.48 £ 0.187 0.96 £0.267 0.007438
Kidney .21 £0.160 0.86 £0.144 0.007411
Femur (right) 0.73 +£0.105 0.46 +0.093 0.0024 84
Femur (left) 0.72 + 0.004 0.50 £0.086 0.003599

Mean = 5D, Student t test. S, samanum: DS, docetaxel+samarm.
Discussion

Bone pain is a common symptom of metastatic camcdrmay be difficult to
control with analgesic medication alone. Systemiger#s such as chemotherapy,
bisphosphonates and hormonal therapy, as well &snex beam radiation in the form of
hemibody or focal bone irradiation are also useg@akative measures to control metastatic
bone paif. Radiation in the form of radiopharmaceuticals besn investigated for the relief
of bone metastasis pain and several systemicaligirastered beta-emitters have been
evaluated for the treatment of painful bone met&statwo of which (32-P and 89-Sr) have
been studied extensivélyBoth agents are effective in relieving pain frarsteoblastic
metastases, but they have properties that limit treefulness. The very high beta energy of
32-P coupled with a low lesion-to-normal bone rdtes inhibited widespread use of this
radiopharmaceutical as a palliative agent for boaie’. The long physical half-life of 89-Sr
(50.5 days) results in a slow delivery of the ridiadose. Consequently, the onset of pain
relief may not occur for several weeks after adstiatiof. The long half-life can also
produce a prolonged and variable suppression ofatmpunietic elements limiting the
availability or efficacy of concurrent myelosupmiz®e therapies (e.g. external radiation,
surgery or chemotherapy) that these patients frayueequire. Therefore, we used 153-
samarium in this study because of its physical biwdbgical proprieties, ease of use in
laboratory, as well as its efficacy in treating bquaint. The physical half-life of 153-Sm is
46.3 h, and its beta particle has a maximum rarige7omm in bone and 3.1 mm in soft
tissue. The gamma emission at 103 keV (29% abumjlascsuitable energy for imaging
using standard scintigraphic cameras, and is loougim result in minimal external exposure
levels when administered at therapeutic levetdthough many radiopharmaceuticals have
been examined for bone pain palliation, samariu®-bAas been the most extensively
examined in clinical trials. The advantages of eptiarmaceutical use include the ease of
administration, the ability to treat multiple siteEmetastatic disease, the improved potential
therapeutic ratio due to bone location and the ratieof combining with chemotherapy
agents and external beam radiation for an enhahesdpeutic effeéf. A subset of trials has
suggested improved pain palliation by combining aiopharmaceutical agent with
chemotherap*2
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Taxanes (docetaxel and paclitaxel) are currently ainthe most extensively
studied new chemotherapeutic agents for metadiegst cancer. Single-agent docetaxel has
demonstrated significant survival advantages ovkerorecognized regimens in two trials
involving patients with anthracycline-pretreatedtaseatic breast canc¢rSome data suggest
that docetaxel is one of the most active agentiadla for treating these patiefits

The primary objective of this study was to evalubt®mbined chemotherapy
interferes with the biodistribution of Sm-153-EDTM#®bone and other organs. It was based
on the possibility of using Sm-153-EDTMP combinedhwdocetaxel for the treatment of
bone metastasis pain in patients with prostate remdt cancer. Recently, Ricet all?
reported that Sm-153-EDTMP is effective in bonenpalief, with minimal toxicity. When
administered in combination with chemotherapy @estrstine phosphate or mitoxantrone
plus prednisone), it prolonged survival.

Many factors, such as drug therapy, radiation fheraurgery, in addition to
the pathological process, could affect the bioitistion of different radiopharmaceutichis
5 In this work, when Sm-153-EDTMP was administetedrats previously treated with
docetaxel, the biodistribution of the radiopharmaical to bone, kidney, liver and lung was
significantly lower than that of controls. Basedtbese data, we can infer that an additional
dose of Sm-153-EDTMP may be necessary to get tlsrede pain relief effect when
docetaxel is used in combination with this radiopteceutical. It was reported that the
average duration of bone pain palliation in pasentated with Sm-153-EDTMP alone was
about 3-4 months, while it was about 9-10 monthspatients who started receiving
estramustine phosphate or mitoxantrone plus predaisafter treatment with the bone-
seeking radionuclidé However, information about the clinical effectdsfcetaxel associated
to Sm-153-EDTMP is scarce. The results obtaingtienpresent work provide a rationale for
further studies aimed at assessing combined chemapth and bone-targeted radiotherapy
(docetaxel plus Sm-153-EDTMP) as a therapeutictegiya in patients with advanced
hormone resistant prostate cancer.

In conclusion, the combination of docetaxel and BF8-EDTMP was
associated with a lower response rate in the Wmoligion of the radiopharmaceutical to
targeted tissues. Further investigation into thpaot of docetaxel on the biodistribution of
Sm-153-EDTMP would complement the findings of ttisdy.
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ABSTRACT

This study aimed to evaluate if the splenectongr ddtodistribution of Tc99m-DMSA and

renal function in Wistar rats. Used the groups:esmctomy (n = 6) and control (n = 6).

Afterl5 days postsplenectomy, administration .@md of TcO9m-DMSA IV (0.48 MBQ).
Thirty minutes later, biopsies from kidney, hedug, thyroid, stomach, bladder, femur,
blood. Samples were weighed and the percentagadibactivity/g (%ATI/g) counted with

Wizard Gamma Counter Perkin-Elmer. Serum urea am@tmine, hematocrit, leukocytes
and platelets were measured. Statistics by t sggtjficance p< 0.05. There was a significant
reduction in %ATI/g in kidney and blood (p <0.05)splenectomized animals, a significant
increase (p <0.05) of urea (88.8 £18.6 mg / dL)asreatinine (0.56 £ 0.08), compared to
the controls (51.5+1.6, 0.3740.02mg/dL, respeciyehs well as leukocytosis, increase in
platelets and hematocrit reduction. Conclusion: rats, splenectomy changed the renal
function and the uptake of Tc-99m-DMSA.

Key-words: Splenectomy, Biodistribution, Technetium, Rats.

INTRODUCTION congestion in every organ as well as bleeding
may occur. Frequent causes of death are
The spleen has a complex physiologic roleprogressive renal failure, pneumococcal
as evidenced by its multiple immunologic,sepsis, DIC, hemorrhage, pulmonary and
filtration, reservoir, and hematopoieticrenal congestion (Tajiri et al., 2007). In spite
functions. Several immunologic roles areof the evidence of renal complications in the
uniquely exercised by the spleen. It is morgostoperative of splenectomy, this problem
efficient in  removing non-opsonized has been scarcely studied.
bacteria, mostly encapsulated organismgechnetium-99m-dimercaptosuccinic  acid
than is the liverlt is the main site of the (Tc-99m-DMSA) scintigraphy is the
opsonins, tuftsin and properdin, as well as aftandard method used to evaluate permanent
immunoglobulin-M  antibody  synthesis renal damage in children with urinary tract
(Brendolan et al., 2007)Splenectomy has infection (Stokland et al., 2007; Piepsz et al.,
been indicated for trauma, tumor andl999). The use of Tc-99m-DMSA for renal
hematological disorders (Petroianu, 2005)cortical scintigraphy, introduced in the
In some splenectomized patients sever#970s, has been shown to be sensitive and
infection and disseminated intravasculaspecific for diagnosing pyelonephritis in
coagulation (DIC) with  post-mortem children (Majd & Rushton, 1992).
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Quantitative single-photon emissionMATERIAL AND METHODS
computed tomography (SPECT)
measurement of Tc-99m-DMSA uptake byMale Wistar rats, weighing 295+31g, were
the kidneys is a reproducible method that casupplied by the Center of Experimental
reliably be used to monitor serial changes ilsurgery of the Federal University of Rio
individual renal function. The method Grande do Norte, Brazil. The animals were
provides information concerning thehoused under standard conditions, and fed
percentage injected dose per cubicodent chow and watead libitum The
centimeter of renal tissue and functionaprotocol for this study was approved by the
kidney volumes, and can obtain individualinstitutional Animal Care Committee, and all
kidney uptake, which provides a practicakurgical procedures and care administered to
index for evaluating individual renal functionthe animals were in accordance with
(Groshar et al., 1997). The renal uptake oBrazilian College of Animal
99mTc-DMSA is dependent on renal bloodExperimentation guidelines. After 7 days of
flow and proximal tubular cell membraneacclimatization in the laboratory, the rats
transport function (Taylor, 1982). were randomly allocated to two groups of 6
When a radiopharmaceutical is administeredats each. The groups were denominated
to a patient, the process of biodistributiorsplenectomy (SP) and control (C).
begins; this consists of absorptionAfter overnight fast, the rats were
distribution, metabolism and excretion. Theanesthetized with intraperitoneal thiobarbital
biodistribution and labeling of blood (20 mg/kg weight) and ketamine (50 mg/kg
constituents by radiopharmaceuticals can beeight) IM. A midline laparotomy was
changed by surgical procedures performed iperformed after the skin was shaved and
animal models (Aravjo-Filho et al., 2007;sterilized with 70% ethanol. The spleens of
Chacon et al., 2007)and by phytotherapic SP group rats were removed. The laparotomy
and allopathic drugs (Rebello et al., 2007wound was closed with 4-0 nylon in layers
Neves et al.,, 2007; Fonseca et al, 200@nd individual rats were placed in separate
Xavier-Holanda et al.,, 2006). Thecages. They were allowed watad libitum
biodistribution of radiopharmaceuticals isand rat chow after 24 h postoperatively. The
based on the same pharmacokineti€ rats (n=6) were neither anesthetized nor
principles described for therapeutic agentoperated on. Hydration was performed with
So, when a patient is using a given drug, anormal 0.9% saline (10 mL/100g weight)
was previously submitted to a surgicalinjected subcutaneously in the back of the
procedure, the biodistribution of arats for the first two postoperative days.
radiopharmaceutical injected intravenouslyPostoperative pain was treated with
to perform scintigraphy might change. It maytenoxicam(Roche Pharm., Brazil); 10 mg/kg
bypass the target organ and undermine thegas given IM to the rats once a day for the
effectiveness of image diagnostic methods dirst three daysBody weight was monitored
nuclear medicine (Braga et al., 2000). weekly throughout the entire 15-day
Therefore, the present study aimed a¢xperimental period. Activity, mucosa and
investigating whether splenectomy, arskin color were observed daily.
operation that may alter immunology,On the 15th day all the animals were
coagulation and hematologic functionsanesthetized again, and injected with 0.ImL
could change the biodistribution of Tc-99m-of Tc-99m-DMSA (corresponding to
DMSA to some organs, especially the kidneyadioactivity of 0.66MBq) in the orbital
of rats. An additional objective was toplexus. After 30 min, blood was collected by
determine if splenectomy could affect thecardiac puncture for dosages and the animals
red/white blood cell and platelet count, asvere killed by a lethal dose of anesthetic.
well as renal function. Samples of the kidney, heart, lung, thyroid,
stomach, bladder, femur and blood were
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harvested. The samples were washed in 0.9&sing ANOVA and the post-hoc Student test,
saline, weighed on a high-precision digitalWwith a significance level set at p<0.05.

scale (Bel-Mark 160-11 Italid) and

subjected to radioactivity detection using

1470 Wizard” Gamma Counter - Perkin-ahESULTS

Elmer, Finland, with automatic correction of

radiation decline. The percentage of Table 1 shows significantly lower kidney

radioactivity/g (%ATI/g) of each organ wasand blood uptake levels of Tc-99m-DMSA

calculated by dividing the activity per gramin animals subjected to splenectomy, than
of the sample tissues by the total activitfthose found in control rats (p<0.05). The
administered to each animal. radioactive uptake predominated in the
Serum urea and creatinine were measurdddney and bone (femur), the main target
with a Konelab 60i Spectrophotometerﬁssues for Tc-99m-DMSA. Specifically, the

(assay kit from Weiner, Sdo Paulo, Brazil)lung demonstrated higher uptake in
Hematological analysis of hematocrit (HCT),Splenectomized rats than in controls
white blood cells (WBC) and platelets was(P=0.008). In the other organs (heart,
performed using an  Abbot Cell Dyn 35oothyr0|d, stomach, bladder and femur) we did
Automatic Analyzer, Sdo Paulo, Brazil. Thenot detect significant differences in Tc-99m-
data were expressed as mestandard DMSA uptake between splenectomized and

deviation (SD). Group comparison was madé&ontrol rats (p>0.05).

Table 1 - Results of Tc-99m-DMSA biodistribution in eacigan, and the p value to
investigate the existence of statistically sigmifit differences between splenectomy and
control groups.

%ATI/g
Organs P
Splenectomy Control
Kidney 2.10+£ 0.30 3.2A# 0.81 0.041
Heart 0.13+ 0.04 0.12+ 0.02 0.066
Lung 0.23+ 0.05 0.12+ 0.06 0.008
Thyroid 0.07+£ 0.02 0.06+ 0.02 0.357
Stomach 0.08+ 0.02 0.06t 0.02 0.225
Bladder 0.34+0.43 0.42+ 0.35 0.736
Femur 2.04+0.01 1.93: 0.01 0.924
Blood 0.30+ 0.09 0.53: 0.16 0.012

MeantStandard deviation; %ATI/g, percent of radioacsiyper gram.

Postsplenectomy symptoms such as hematuria, patesawand lethargy were observed in 6
animals, but not in control rats. We observed ngnificant body weight loss in
splenectomized rats, compared to controls.
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Table 2 — Values of urea, creatinine, platelets, hematdeiCT) and white blood cell
(WBC) count at the 1% postoperative day following splenectomy, compated
controls.

Dosages Splenectomy Control P
Urea (mg/dL) 88.3+ 18.5 51.# 1.3 0.01
Creatinine (mg/dL) 0.56+ 0.08 0.3% 0.02 0.0014
Platelets(kiL) 1252+ 248 530t 251 0.002
HCT (%) 22.8t4.7 46.89.02 0.0002
WBC (k/uL) 15.2+2.9 3.30.8 <0.001

Meantstandard deviation; WBC, white blood cells; p-valu@n t test for independent
samples; HCT, hematocrit.

To examine the effects of prior splenectomy on &idmjury, we assessed the levels of
urea and creatinine. (Table 2). In splenectomia¢si urea and creatinine values (88.3
18.5 mg/dL and 0.5& 0.08 mg/dL respectively) were significantly (p<®)thigher
than in controls (51.% 1.3 mg/dL and 0.3% 0.02 mg/dL respectively). Changes in
platelet and WBC counts are summarized in Tabl&t2postoperative day 15,, the
number of platelets and WBC was significantly highe splenectomized rats than in
controls (p<0.05). Hematocrit was significantly kw in splenectomized rats
(22.8t4.7%) than in controls (46£8.02%; p=0.0002).

DISCUSSION

Splenectomy is recognized as having a significamininomodulating effect, best
described with regard to postsplenectomy sepsigyeafti survival after renal transplant
(Shaw & Print, 1989)During thelast ten years, non operative management has leecom
the primary method of preserving the spleen. Sglemey is now required for around
50% of splenic trauma injuries (Velmahos et alQ®@0 Sepsis following splenectomy,
known as postsplenectomy infection syndrome andcasted with a high mortality
rate, is the most feared postoperative complicaf\dalangoni et al., 1984; Chhaikof &
McCabe, 1985)

The white blood cell count (WBC) is an integral tpaf sepsis diagnosis. Early WBC
trends alert the physician about the possibilitysepsis and allow prompt therapeutic
response. However, postsplenectomy diagnosiedis based on elevated WBC is
confounded by the fact that leukocytosis is a phlggic response to splenectomy,
similar to the phenomenon of elevated postsplenggctplatelet count (Bessler et al.,
2004; Horowitz et al., 1992)Some reports suggest that postsplenectomy WBC in
patients with sepsis is greater and more persistemt the WBC in patients without
sepsis (Rutherford et al., 1994).

In our study, we sought to determine if splenectomgs able to change the
biodistribution of Tc-99m-DMSA to some organs, espky to the kidneys, the
preferential uptake target of this radiopharmacalitiAs all animals had hematuria,
leukocytosis and a significant platelet increase, suspect that the splenectomized
animals were affected by sepsis associated wigedigated intravascular coagulation.
Increased white blood cell count and platelets fezguently the only hematological
abnormalities observed in splenectomized patieRtstrgianu et al.,, 2006). The
phenomenon of temporary leukocytosis following spleomy has been well known for
many decades as a physiologic response to rembtta spleen. Leukocytosis is also a
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prominent finding of postoperative sepsis, a comrant much feared complication of
splenectomy. Therefore, confusion exists as to mérepostsplenectomy leukocytosis
should be considered a normal finding or a warngign mandating treatment
(Horowitz et al., 1992). Associated with hematutize animals in this study had
significant kidney function impairment, due to therease in urea and serum creatinine.
These findings may explain the marked reductio¢f@9m-DMSA uptake by renal
parenchyma, reinforcing the characterization otgmenectomy renal failure in rats.
Some physiological and pharmacological propertelated to the radiobiocomplex
sodium pertechnetate (RIATcO,) have been reported. After intravenous injectiofis it
weakly bound to serum proteins (70-80%). The paretate ion%™TcOy) diffuses
slowly through the capillary membranes to the stigal fluids, from where it is
cleared by various organs. In the kidne{/8TcOy is filtered in the glomeruli, but 86%
is reabsorbed in the proximal tubes. When assathtth the radiotracer DMSA, the
uptake will occur mainly in the kidneys. (Owunwaretel., 1995; Zuckier et al., 2004).
Most investigators encourage using DMSA scintigsafan the early diagnosis of many
diseases, because of its cost-effectiveness aetlysaf focal reduction or absence of
uptake in one or more areas of the kidney is cemsd abnormal, indicating renal
damage. In positive cases, DMSA scintigraphy isntbuo be highly sensitive in
detecting multiple lesiongPiepsz et al., 1999; Stogianni et al., 2007). @esi
leukocytosis and renal impairment evidenced by ghann urea and creatinine, we
observed that the splenectomized animals had etamemia associated with low
hematocrit in all operated rats. In fact, theysslbwed clear signs of pale mucosa and
hematuria at the 15th postoperative day. Certaitiigse hematologic findings
contributed to the renal failure and to the lowalket of the radiopharmaceutical in the
blood of splenectomized animals.

In conclusion, the results suggest that splenectomyats results in important
hematological changes as well as impairment inlré&nation and Tc-99m-DMSA
uptake.
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RESUMO

Estudo com objetivo de avaliar se a esplenectofteaaaa biodistribuicdo do Tc99m-
DMSA em ratos Wistar e a funcdo renal. Usados 2apuesplenectomia(n=6) e
controle(n=6) animais ndo operados. Apos 15 d@mirdstracdo de 0,1 ml de Tc99m-
DMSA via plexo orbital (0,48 MBq). 30 minutos deppiretiradas biopsias rim,
coracao, pulmao, tiredide, estbmago, bexiga, fésamrgue. Apds pesadas as amostras,
foi determinado o percentual de radioatividade/gA%¥/g) em cada uma delas, com o
Wizard Gama Counter Perkin-Elner Dosadas uréia e creatinina sérica, hematdcrito,
plaquetas e leucécitos. Estatistica pelo tesigrtifisancia 0,05. Foi observada reducéo
significante no %ATI/g no rim e sangue (p<0,05) dosmais esplenectomizados,
aumento significante (p<0.05) da uréia (88,8+18d@/di) e creatinina (0,56+0,08),
comparado aos controles (51,5+1,6; 0,37+0,02mgrfdEpectivamente) assim como
leucocitose, aumento de plaquetas e reducdo detdmita Conclusdo: em ratos a
esplenectomia alterou a captacdo de Tc99m-DMSAmalce a funcao renal.
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ABSTRACT

Drugs and surgery can interfere with the biodistition of radiopharmaceuticals and
data about the effect of splenectomy on the matbadf phytate-Tc-99m are scarce.
This study aimed at evaluating the interferencesjplienectomy on phytate-Tc-99m
biodistribution and liver function in rats. The S§oup rats (n=6) underwent
splenectomy. In group C(control) the animals weoé operated on. After 15 days, all
rats were injected with 0.1mL of Tc-99m-phytateoriaital plexus (0.66MBq). After 30
minutes, liver samples were harvested, weighedtlamgercentage of radioactivity per
gram (%ATI/g) was determined by a Wizard Perkindbama counter. The ATI%l/g
in splenectomized rats (0.9940.02) was significahiigher than in controls (0.410.02),
(p=0.034). ALT, AST and HDL were significantly lowe SP rats (p= 0.001) and
leukocytosis was observed in SP rats. In conclyssptenectomy in rats changed the
hepatic biodistribution of Tc-99m-phytate and lieszimatic activity.

Key-words: Splenectomy, Sodium phytate, Biodistribution, Live

INTRODUCTION

The spleen is the largest lymphoid
organ in the body. Its functions are
many, but they are generally related to 1
of 4 categories: filtration, immunologic,

reservoir, and hematopoietic. Many of
the spleen’s immunologic functions,
therefore, are common to other
immunologic organs. For example, the
spleen is efficient at removing non-
opsonized bacteria, mostly encapsulated
organisms (Muftiglu et al.,, 2000).

Splenectomy is frequently performed
for a multitude of reasons, including
trauma and various pathologic

processes. Blunt abdominal trauma
remains the most common indication
for splenectomy, but patients with a
variety of hematologic disorders also
benefit from this procedure. Loss of the
spleen, however, leads to a lifelong
higher risk of sepsis and severe
infection (Bader-Meunier et al., 2001,
Waghorn et al.,, 1997and may be

associated with an increased rate of
thromboembolic complications,

enhanced arteriosclerosis, and late
coronary heart disease (Schilling, 1997).
It has been reported that splenectomy
might promote hepatic regeneration,
prevent liver fibrosis (Akahoshi et al.,



2002, Murata et al., 2001)reduce
serum bilirubin  concentration and
improve liver function (Shimada et al.,
2000, Lin et al.,, 1999). However,
considering the relationship between the
spleen and liver physiology, nuclear
medicine may have an important role in
studying the diagnosis and physiology
of the liver after splenectomy.

Since its introduction a number of years
ago, Tc-99m-phytate colloid has been
used as an imaging agent for the liver
and spleen (Huet et al., 1980).
Subjective assessment of parameters
such as liver dimension, colloid shift,
and radiopharmaceutical uptake in the
bone marrow have been used for both
liver disease diagnosis and evaluation of
its progression. Subjective assessment
of radiocolloid distribution has been
shown to be unreliable, and quantitative
techniques have been used to evaluate
liver function (Jago et al., 1987). The
distribution of radiocolloid uptake in the
liver and bone marrow has been shown
to correlate well with the severity of
chronic liver disease, the severity of
histologic fibrosis, prognosis, and
hepatic function (Hoefs et al., 1997).
Thus, quantitation of liver uptake of
99mTc-phytate colloid provides a
practical index of hepatic function, by
using planar and single photon

emission computed  tomography

(SPECT) techniques (Strauss et al.,
1984). The abilty to quantitate
individual organ  volumes and
radiopharmaceutical concentrations
with SPECT (Front et al., 1987,

losilevsky et al, 1989) stimulates the
use of Tc-99-phytate  colloid
scintigraphy of the liver as a
quantitative test of hepatic function.
Radiopharceutical biodistribution may
provide important information about its
uptake to some target organs but post -
surgery data are scarce (Chacon et al.,
2007, Araujo-Filho et al., 2007).
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This study aimed at evaluating if
splenectomy interferes with liver
function and the biodistribution of Tc-
99"-fytate in the liver of Wistar rats.

MATERIAL AND METHODS

Animals: Male Wistar rats weighing
2741219 were obtained from the Center
for Health  Sciences  vivarium,
Universidade Federal do Rio Grande do
Norte (UFRN), Brazil. The animals
were housed in polypropylene cages
and fed standard rat chow and waddr
libitum. Prior to surgery, the rats were
fasted overnight in separate cages. After
7 days of acclimatization, they were
allocated to two groups of 6 animals
each. The groups were denominated
splenectomy (SP) and control (C). The
protocol for this study was approved by
the Institutional ~ Animal Care
Committee, and the research was
performed in accordance with Brazilian
College of Animal Experimentation
guidelines

Surgical procedure for splenectomy:
The rats were anesthetized with
ketamine 50 mg/kg IM and thiopental
(20 mg/kg IP), shaved and placed on an
operating board and secured with tape.
Midline  laparotomy (3cm) was
performed after skin sterilization with
70% ethanol. The animals were then
covered with a small sterile drape with a
6cm circular opening. In group SP
(n=6) the spleen was identified and
resected after ligature of the splenic
vessels with vicryl 5-0 (Ethicon, Sao
Paulo, Brazil). The peritoneal cavity
was irrigated with warm (37°C) normal
saline. The laparotomy wound was
closed with 4-0 nylon in layers and
individual rats were placed in separate
cages. They were allowed watad
libitum and rat chow 24 h
postoperatively. The C rats (n=6) were
neither anesthetized nor operated on.
Hydration was done with normal saline
(10 mL/200g  weight) injected



subcutaneously in the back of the rats
for the first two postoperative days.
Postoperative pain was treated with
tenoxicam (Roche Pharm., Brazil); 10
mg/kg was given i.m. to the rats once a
day for three days.

Body weight and clinical observation:
Body weight was monitored weekly
throughout the entire 15-day
experimental period. Activity, mucosa
and skin color were observed daily.
Radioactivity count: Sodium
pertechnetate (Nd"TcO,) was obtained
by elution of a®Mo/*®™Tc generator
(Instituto de Pesquisas Energéticas e
Nucleares, Comissdo Nacional de
Energia Nucleay Brazil), and 99mTc-
phytate was prepared. On the 15th day
all the animals were anesthetized again,
and injected with O.ImL of 99mTc-
phytate in the orbital plexus,
corresponding to radioactivity of
0.66MBq. After 30 min, blood was
collected by cardiac puncture for
dosages and the animals were killed by
lethal dose of anesthetic. Samples of the
liver were harvested. The samples were
washed in 0.9% saline, weighed on a
high-precision digital scale (Bel-Mark
160-Il Italiad) and subjected to
radioactivity detection using a 1470
Wizard” Gamma Counter - Perkin-
Elmer, Finland, with  automatic
correction of radiation decline. The
percentage of radioactivity/g (%ATI/Q)
of each organ was calculated by
dividing the activity/g of the hepatic
tissue by the total activity administered
to each animal.

Laboratory analysis: A  blood
sample was used for hematological
analysis of white blood cells (Abbot
Cell Dyn 3500 automatic analyzer) and
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for the serum measure of alanine
aminotransferase  (ALT), aspartate
aminotransferase (AST) and lactic
desydrogenase activity, we used the
Konelab 60i spectrophotometer (assay
kit from Weiner, S&o Paulo, Brazil).

Statistics: The data were expressed as
meartstandard deviation (SD). The
groups were compared using ANOVA

and the post-hoc Student test,
considering a significance level of
p<0.05.

RESULTS

Postsplenectomy symptoms such as
hematuria, pale mucosa and lethargy
were observed in 3 animals but not in
control rats. We observed no significant
body weight loss in splenectomized rats,
compared to controls. Radioactivity per
gram of liver tissue ((%ATI/g) was
increased by prior splenectomy in the
SP group rats (0.99.2), when
compared to the control (C) group
(0.4+0.2). The difference between the
two groups was significant (p=0.034;
Table 1). To examine the effects of
prior splenectomy on liver function, we
assessed the levels of ALT, AST and
LDH activity, as a marker of liver
injury, at 15 days postsplenectomy
(Table 1). In splenectomized rats, ALT,
AST and LDH values were markedly
reduced, compared with the control
group rats (p=0.001; Table 1). In
addition, splenectomy resulted in
increased white blood cell counts in the
SP rats (138 2.7 kiL), when
compared to the C rats (239 kfulL;
Table 1).
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Table 1 — Results of percentage of radioactivity per gi&mATI/g) of liver, hepatic

enzyme activity and WBC count

Examinations Splenectomy Control p®
Liver (%ATI/g) 0.99+ 0.2 0.4+ 0.2 0.034
ALT (U/L) 114.6+£ 10.9 157.513.2 0.001
AST (U/L) 51.6+7.8 62.0+ 2.5 0.041
LDH (mg/dL) 8.2+ 2.4 16.1+ 1.1 0.001
WBC (kfuL) 13.8:2.7 2.50.9 <0.001

Mearntstandard deviation; ALT, alanine aminotransfer®¢&T, aspartate aminotransferase; LDH,
lactic dehydrogenase; p-value from t test for irahelent samples; WBC, white blood cells.

DISCUSSION

Based on current knowledge, there is no
doubt that the spleen is a lymphoid

organ. Filtration, immunology,
reservoir, and hematopoiesis are such
important  functions, that partial

splenectomy or the preservation of the
organ by suture is indicated in cases of
traumatic injuries (Resende and
Petroianu., 2003). Various
complications and beneficial effects of
the operation are described in
postoperative splenectomy (Cadili and
Gara., 2008). Splenectomy might
promote hepatic regeneration to a
certain extent and prevent liver fibrosis
(Murata et al.,2001, Chen et al., 1998).
In this study we demonstrated that in
splenectomized rats the biodistribution
of 99mTc-phytate to the liver was
higher than in controls, suggesting that
the operation favored the hepatic uptake
of the radiopharmaceutical. This result
coincided with the improvement in liver
function, confirmed by the better
alanine  aminotransferase, aspartate
aminotransferase and lactic
dehydrogenase activities in
splenectomized rats, compared with
controls. In some studies splenectomy
promoted hepatic regeneration
(Akahoshi et al., 2002, Murata et al.,
2001), prevented liver fibrosis (Chen et
al.,, 1998), reduced serum bilirubin
concentration and, consequently,
reflected the effect of splenectomy on

reducing the burden of hepatocyte
bilirubin metabolism, improving liver
function (Shimada et al, 2000, Lin et al.,
1999).

Tomikawa et al (1996) reported that
splenectomy increased hepatocyte
growth factor (HGF) activities in
plasma, suggesting that the spleen
played an inhibitory role in hepatic
regeneration. HGF, first identified as
the most potent mitogen for primary
hepatocytes, not only stimulates hepatic
regeneration but also accelerates liver
function. Moreover, the fact that a large
amount of splenic tissue connects to
liver tissue through the portal vein
system, suggests the existence of a
humoral factor originating in the spleen,
which thus inhibits hepatic regeneration
and promotes liver fibrosis. In rats
submitted do hepatic
ischemia/reperfusion, prior splenectomy
ameliorated acute multiple organ
damage (Jiang et al., 2007). These
findings, associated to the favorable
serum activity of ALT, AST and LDH
in our splenectomized rats, partially
explain the high hepatic biodistribution
of 99mTc-phytate in the operated
animals.

The postsplenectomy diagnosis of
sepsis based on elevated white blood
cell (WBC) counts is confounded by the
fact that leukocytosis is considered a
physiologic response to splenectomy
(Horowitz et al., 1992) Some reports
suggest that postsplenectomy WBC



counts in patients with sepsis are greater
and more persistent than the WBC in
patients without sepsis (Weng et
al.,2005, Rutherford et al., 1994).

In this study we were not able to
diagnose sepsis in the splenectomized
rats. Nevertheless, all the operated
animals had leukocytosis (WBC ranging
from 11 to 18 kiL) in the 1
postoperative day. It has been reported
that by the fifth day following post-
traumatic splenectomy, the WBC count
may help the physician to confirm the
development of sepsis and the need for
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should seriously consider treatment by
empiric  antibiotics and  further
diagnostic follow-up to prevent the
untoward sequelae of postsplenectomy
sepsis (Toutouzas et al., 2002). In
conclusion, splenectomy improved the
liver uptake of Tc-99m-phyate in rats,
coinciding with changes in hepatic
enzymatic activity.
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treatment. If the WBC is greater than
15x10/uL on that day, the physician

RESUMO

O radiofarmaco fitato-Tc-99m. é usado no diagnosiitavés de exames de imagem, na
dependéncia de sua biodistribuicdo. O objetivo @dalho foi avaliar efeito da
esplenectomia na biodistribuicdo do fitato-Tc-99rfuecdo hepatica em ratos Wistar.
Sob anestesia e técnica asséptica, o0s animais dpo gSP (n=6) foram
esplenectomizados. Grupo C(controle; n=6) ndo operdpos 15 dias, injecdo de
0,1ml de fitato-Tc-99m via plexo orbital (0,66MBghp6s 30 minutos, retiradas
bidpsias hepaticas para determinacéo do percadualdioatividade/grama (% ATI/Q),
usando-se contador gama WizardPerkin-ElmeRealizada dosagem de ALT, AST e
HDL, e leucometria. Estatistica pelo teste t, digincia 0,05. O %ATI/g nos ratos
esplenectomizados foi 0,990,2 e nos controles 0,400,2 (p=0,034). ALT, AST e
HDL tiveram dosagens significativamente menores eg@enectomizados (p=0,01),
com leucocitose, comparando com controles. Em ue&glem ratos a esplenectomia
provocou alteracdo na captacdo de fitato-Tc-99no dédado, coincidindo com
alteracédo da funcéo hepatica.
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RESUMO

OBJETIVO: Avaliar efeitos do uso topico do mel da abelhaesilkeMelipona subnitidana
evolucdo de feridas infectadas de peMETODO: Ratos Wistar foram distribuidos
aleatoriamente em grupos de 6, anestesiados c@antad sddico 20mg/Kg IP e cetamina
30mg/Kg IM e submetidos a exérese de segmentocé tle pele total do dorso. Os ratos do
grupo C (ndo infectado) foram tratados com solwggmma sobre a ferida diariamente e no
grupo MEL (n&o infectado) as feridas foram trataztas mel uma vez por dia. Nos grupos C/I
e MEL/I as feridas foram inoculadas com solu¢adngiotobiana. Culturas foram feitas 24
horas apds. Caracterizada a infec¢do, as feridasnferatadas com solucdo salina e mel,
respectivamente. No terceiro dia de tratamentddibd nova cultura. Apds epitelizacdo foi
contado o tempo de cicatrizacdo e as feridas fbiapsiadas para histopatologia e dosagem de
TNF-0, IL-1B e IL-6 no tecidoRESULTADOS: O tempo médio de cicatrizagdo do grupo
MEL/I foi menor que nos demais grupos (P<0,05).ifieu-se que a densidade de colageno,
leucécitos, fibroblastos e dosagem de citocinape(@almente TNF) foi maior no grupo
infectado e tratado com mel que nos demais gruposve significante reducdo de bactérias
Gram-negativas e positivas nas feridas ap6s onteatto com melCONCLUSAO: O uso
tépico de mel ddelipona subnitideem feridas infectadas da pele de ratos estimutesosta
imunoldgica, reduziu a infec¢do e o tempo de dizartfo.

Descritores: Mel; Abelha; Himendpteros/classificacdo; Cicatriacde feridas; Citocinas;
Agentes antibacterianos/uso terapéutico; Infecgho;

ABSTRACT

BACKGROUND: The current study investigated the antimicrobiaymunological and
healing effects of Melipona subnitida honey on ddel wounds of rat skin.
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METHOD: Wistar rats were anesthetized with sodium thiogle2@mg/Kg IP and ketamine 30
mg/kg IM. We evaluated the effects of honey usiig by generating 1 érfull-thickness skin
wounds on the dorsum. The wounds of Group C ratsiffected) were treated daily with topic
saline solution (0.9%) and in the Group HONEY (imdected) the wounds were treated with
topic honey once a day. In the Groups C/I (infecadl HONEY/I (infected) the wounds were
inoculated with polymicrobial solution, and tissbhacterial culture was performed 24 hours
later. These wounds were treated with topic saolation and honey, respectively. In the third
day of treatment it was made a new bacterial celtéfter epithelialization, wound tissue
biopsies were used for cytokines dosage and higgtoRESULTS: The HONEY/I wounds
showed more rapid healing and re-epithelializatitan in the other groups, and the difference
was significant (p<0.05). It was observed thatdbasity of collagen, fibroblasts, macrophages
and the expression of TNF-a, IL1-4 and 1I-6 werghkr on the HONEY/I wounds then in the
other groups. After the treatment with honey, theant of Gram-positive and Gram-negative
bacteria in the infected wounds decreased signiicaCONCLUSION: The results may
encourage the use of honey in skin infected wolnedgause it stimulated cytokine production,
reduced the healing time and had antibacterialiacti

Key words: Honey; Bee; Hymenoptera/classification; Wound khegl Cytokines; Anti-
bacterial agents/ therapeutic use; Infection; Rat.

INTRODUCAO

O tratamento de feridas infectadas continua senaio tema de grande
importancia médica, particularmente na praticargioa, numa época em que 0 uso
indiscriminado de antimicrobianos tem dificultado tatamento hospitalar dos
pacientes, com repercussdo no aparecimento cadanaem de microorganismos
resistentes aos antimicrobianos. Diversas teragtiemativas tém sido testadas, dentre
as quais 0 uso tépico de substancias com elevaalaridadé, sendo o aglicar e seus
derivados citados como agentes cicatrizantes mntibianoé®. Nesse sentido, o uso
do mel de abelha como elemento terapéutico temratustresultados promissores.
Tem sido demonstrada sua atividade como antibanter facilitador da cicatrizacéo
no tratamento de feridhe queimaduras, atuando como importante barreiGosés
impedindo a entrada de substancias e a perda ideslpara o meio externd A
atividade antibacteriana do mel ocorre devido aateosmolaridade, que o faz agir
como bactericida e bacteriostafic&studosn vitro tém observado que o mel é eficaz
contra bactérias antibiético-resistentes conitstaphylococcus aureesPseudomonas
aeruginos§ ™

Tendo em vista estas propriedades do mel de abelpegsente trabalho teve
como objetivo avaliar a influéncia do mel #elipona subnitida,abelha silvestre
comum no nordeste Brasileiro, conhecida como Jemdab tratamento de feridas
infectadas da pele de ratos.

METODO

Foram usados 24 ratos da raca Wistar, com pes@Ide IBg, provenientes do
Biotério do Nucleo de Cirurgia Experimental da Unisidade Federal do Rio Grande
do Norte. O protocolo foi aprovado pelo Comité imsional de Etica em Pesquisa e 0
manuseio dos animais seguiu as normas e orientad@e€olégio Brasileiro de
Experimentacdo Animal (COBEA). Foram selecionadeatariamente e alocados em
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quatro grupos, com seis ratos cada: Grupo C — redos feridas néo infectadas,
submetidos a tratamento topico com solucao salBfa.0Grupo C/l — ratos com feridas
infectadas tratadas com solucao salina. Grupo MEktes com feridas nao infectadas
tratadas com mel. Grupo MEL/I — ratos com feriddsdtadas tratadas com mel.

Metodologia empregada na confeccdo das ferida®s ratos foram anestesiados com
tiopental sédico 20 mg/Kg IP e cetamina 30 mg/Kg $Mbmetidos a depilacdo da pele
dorsal e antissepsia com alcool 70% (Figura 1Akté&mrmente, foi provocada uma
ferida aberta pela retirada de um fragmento de’ tienpele total do dorso (Figura 1B).
Nos grupos de feridas infectadas C/I e MEL/l agdéer foram inoculadas com duas
gotas de solucdo polimicrobiana de fezes frescapdiprios animais (Figura 1C). Esta
solucao foi preparada diluindo-se 1g de fezes emll@e solucao salina estéril com
posterior tamizacdo com gaze dobrada quatro véweseridas de todos os animais
foram cobertas com lamina de polietileno esteulézdixada sobre a lesdo com quatro
pontos simples de monofilamento de nylon 4-0 (Figlib). A dor pos-operatoéria foi
tratada com tenoxicam (Roche Farm., Brasil); 10kgdbram injetados no subcutaneo
uma vez por dia durante trés dias.

[, -

Figura I - 14, antizsepsia da pele com dicool @ T0%; 1B, Excisdo de
fem? de fragmenta de pele do dorsa do animal; 1C, inoculagde com
solugdo polimicrobiana; 10, provegdo da ferida com ldminag de
pofietitena fivada com fiode mylon 4-0.

Tratamento das feridas -Nos animais dos Grupos C (nao infectado) e Cié¢bado)

as feridas receberam tratamento tépico com uma diése de duas gotas de solucéo
salina. Nos Grupos MEL (n&o infectado) e MEL/I éctiado) as feridas foram tratadas
com duas gotas de mel, uma vez por dia.

Andlise do mel —Foi utilizado o mel da abelhslelipona subnitidaadquirido do C.

Sertanejo, Natal-RN, Brasil. A analise fisico-quianido mel foi realizada no
Laboratério de Tecnologia de Alimentos do Departamale Farmacia da UFRN.
Todos os parametros analisados foram resultantesiétha de trés repeticbes. A
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umidade das amostras foi determinada por meio deetnatdmetro Abbe com escala
de refracdo (ND) 1300-1720 e 0-95%, temperatur2@€, modelo 2 Waj, Biobrix,
S&o Paulo, Brasil. A prova do Hidroximetilfurfur@HMF) foi realizada para se
verificar a possibilidade de adulteracdo por ad@@cucar, estocagem inadequada ou
superaquecimento, através da determinacdo da abstbda amostra, utilizando
espectrofotdmetro digital, com faixa de 200-1000(nmonofeixe), banda de passagem
de 5 nm (fixa), modelo SP-220, Bioespectro, SaddRd&rasil. O teor de cinzas das
amostras foi determinado em forno mufla Splaboo, B&ulo, Brasil, a 600°C por cinco
horas, com temperatura maxima de trabalho permitid®0°C. Foi utilizado o
pHmetro digital de bancada modelo pH21, Hannaunstnts, Sdo Paulo, Brasil, para a
medida do pH e a acidez total foi dosada pelo neéttad titulagdo simples. Solidos
insolliveis em agua foram determinados com uso tldaeS15-Fanem, Sao Paulo,
Brasil, a 135°C, apos lavagem do mel em agua a Baf& eliminacdo de acgucares.
Todos esses parametros foram comparados com dxelesidos pelo Regulamento
Técnico de Identidade e Qualidade do mel do Miritsga Agricultura, Brasil, 2006,
Andlise microbioldgica do mel foi feita utilizand® os meios de cultura agar sangue e
agar McConkey.

Procedimentos utilizados para avaliacdo das feridasVinte e quatro horas apés a
inoculacgéo, foi feita coleta de secrecédo de toddsradas com swab estéril para cultura
microbiolégica, utilizando os meios agar sangugya &McConkey para identificacdo

de microrganismos Gram positivos e Gram negatigspactivamente. No terceiro dia
de tratamento foi feita nova cultura para se \&ifia acdo do mel sobre os
microrganismos identificados na primeira cultura.

Foi considerado tempo de cicatrizacédo o intervatoeea confeccéo da ferida e
a manhd em que as feridas apresentavam-se comeigtanepitelizadas. Apos
epitelizacdo as feridas foram biopsiadas, utilipasel metade dos materiais para
dosagem de citocinas teciduais e outra metadehpgt@atologia. Os materiais foram
triturados e o homogeneizado foi utilizado paraades das citocinas fator de necrose
tumoral alfa (TNFea), interleucina-1 beta (ILfl) e interleucina 6 (IL-6), utilizando-se
Kit Preprotec, USAe técnica ELISA. Um segmento de cada ferida ifcado em
formalina 10% e incluido em parafina. Cortes de m foram corados com
hematoxilina e eosina e analisados através de scimpia Optica por patologista
experiente, sem conhecimento prévio dos respeajiges. A analise quantitativa foi
feita quanto ao montante de leucocitos, fibrobmgtdibras coldgenas, utilizando um
sistema digitalizador e analisador de imagens.ea &otal dos campos microscopicos
foi observada em microscopio Optico (Olympus BX%0ja imagem foi capturada por
cameraSamsungle alta resolucéo e digitalizada atravésSdétware Image Pro-plus
(Media Cybernetics- LP, USACada campo digitalizado foi quantificado em adliels
pixel com coordenadas definidas, sendo avaliados cinecop@® microscopicos
aleatorios por lamina. Apds selecionada a resolud@gejada, as imagens foram
armazenadas para quantificacdo da densidade deoredigmatoria.

Estatistica —A avaliacdo estatistica foi realizada por meio dalise de variancia
(ANOVA), seguida pelo teste de Bonferroni, consaaelo-se diferencas significantes
quando p<0,05.
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RESULTADOS

A analise fisico-quimica do mel utilizado demonstgue todos os parametros
estavam de acordo com o estabelecido pelas normadimstério da Agricultura,
Brasil, podendo ser considerado de boa qualidadbe(@ 1). O exame de cultura
revelou que o mel ndo apresentava contaminacaerizam.

Tabela 1- Pardmeiros da andlise fisico-guimica do mel de Melipona subnitida (jandaira), comparados
com os estabelecidos pela legislagdo do Ministério da Agricultura-Brasil.

Amostras Umidade(%) HMF{mgKg) mH  Acidez(meqgkg) Cinzas (%) Solidos Insoliveis (%)
Mel de jandaira 18.06 2390 385 4166 001 0.01
Referéncia: Mikimo20  Mixmodd 35a46  Maximo50  Miximo0.6 Méxima 0,1

Ministério Agricultura

HME, hidroximesilfurfieral.

N&o houve diferenca significante no tempo de dikatBo das feridas dos
animais dos Grupos C, C/l e MEL (p>0,05) (Tabela E)tretanto, quando feridas
infectadas foram tratadas com mel (Grupo MEL/Isekiou-se diminuicdo significante
no tempo de cicatrizagao, quando comparado corerasid grupos. (Figura 2)

Tabela 2 - Comparagdo do tempo de cicatrizagiio entre os
grupos estudados.

Grupos Dias

C 13,5 086
i 14.0£ 2.5
MEL 140+ 26
MEL/ 113£22%

* P=i).05 comparade com C, /e MEL.

PR, L S 4 " e

Figura 2 — e histeddgrico da cicatrizagdo das feridas, A densidade
dor coldgeno, leucocitos e fibvablastos em fdmina de animal do grupo
comirale, B a densidade dos elementos estudados mosira-se maior no
grupa MEL do que no grupo contrale, O aspecto histolégico de ferida
infectada tratada com solugdo salina (grupo OO D alta densidade de
lencocitos, coldgena fibroblastos e arrmal dogrpo MELAE (HE, T,
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O tratamento de feridas infectadas com mel (GrifiL/l) resultou em reacéo
cicatricial com densidade de colageno, leucocitoBbmblastos significativamente
maior do que nos demais grupos. lgualmente, a mgasdo mel em feridas nao
infectadas fez surgir colageno, leucdcitos e filastios com densidade maior do que no
Grupo controle (C), caracterizando diferenca sigaiite (p<0,05) ( Tabela 3).

Tabela 3 - Densidade do coldgeno e fibroblasios na pele de ratos tratados ou ndo iratados com mel
de abelha jandaira.

Observaciio até a Epitelizaciio das Feridas

Animal GrupoC Grupa T/l Grupo MEL GrupoMELI

| 43387 2890 772,12 800,84

2 386,40 35023 (33,28 1137.30

3 54322 280,78 681,40 1 256,89

4 456,66 32167 20243 103,65

5 39712 25588 74427 950,12

6 427,80 402,90 651,89 933,50
Médiatdp 4408 £ 562 3067 £ 643 TIT56L 425 [4538L 142,8*

*Diferenga signiffcante pelo teste 1 de Borferroni, comparado eom ox grupos C, OO, MEL (p=0.03),

A presenca do mel de abelha em feridas ndo imfastéGrupo MEL) estimulou a
producao das citocinas TNFe IL-13, uma vez que, comparando-se os valores com 0s
observados nas feridas dos ratos controles, aseniff@s foram estatisticamente
significantes (p<0,05). Quanto a IL-6, ndo foi d&a€o aumento significante na
dosagem tecidual no grupo MEL, quando comparadaamtrole (Tabela 4). Nos
tecidos cicatriciais das feridas infectadas tratadam mel (Grupo MEL/I) foi
observado um aumento significante (p<0,05) da esgedas citocinas TNFIL-1p e

IL-6, em comparagéo com as feridas infectadasdaataom solucéo salina (Grupo C/I)
(Tabela 4).

Tabela 4 - Dosagem de citocinas de acordo com os grupos

estudados,

Grupos  TNF-ot IL-1p 1L-6

C 77+ 82 53 £ 946 8 £ 71
MEL O £ 4.7* 84 £ B3* 53 £ 89
Cil 15 12 a] £ 11 84 * a6
MELT 175 £ 184 154 £ |T*% 122 £ 102%**

*p< (1015 comparado com C. **p<0.05 comparado com C, MEL,
[

Na secrecado das feridas limpas dos animais doso&r@p e MEL nao ocorreu
crescimento de microrganismos nos meios de culNaa. feridas infectadas tratadas
com solucgédo salina (Grupo C/1) foi observado cresaito de bactérias Gram-positivas
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(Staphylococcus 3 Gram-negativad(oteus mirabilis, Klebsiella sp, Acinetobacter
sp, Escherichia coli e Pseudomonas isp primeira cultura, 24 horas apos a inoculagao
das feridas. Na segunda cultura de secrecéo catinidarceiro dia de observacéo as
mesmas bactérias estavam presentes nos meiostdeactlos animais cujas feridas
infectadas foram tratadas com mel (MEL/l) obserseugque em 100% dos casos o
tratamento foi eficaz na eliminacdo de microrgawsmGram-negativos como
Pseudomonas sp, Klebsiella sp, Acinetobacter spsehdtichia coli. O mel de
Melipona subnitidainibiu com menor eficacia, porém de modo signiitea o
crescimento d€roteus mirabilise deStaphylococcus sfiEsse efeito ocorreu em 50%
dos espécimes em que esses microrganismos estipeeaentes nas feridas infectadas,
por ocasiao da primeira cultura (Tabela 5).

Tabela 5 = Microrganismos isolados nas feridas infectadas tratadas com mel (grupo MELD na I cudtvra
24 hapos inocufacdo das feridas ¢ no 3" dia de tratamento com mel

Raton®  1*cultura 2*Culiura (3° dia de tratamento com mel,)
(24 horas apds inoculagio das feridas) das feridas infectadas
01 Sraphviococcus sp Protens mirabilis

Acinetobacter sp
Brotens mirabilis

02 Sraphvlococccus sp Staphylococeus sp
Klebsiella sp; Acinetobacter;
Protems mirabilis

03 Staphvlocacus sp; Pyeudomonas sp; Frotens mirabilis
Acinetobacter; Proteus mirabilis

04 Sraplviococcus sp; Proveus mirabilis
Pseudomonas sp; Proteus mirabilis
05 Staphwvlococcus sp; Psewdomaonas sp, Staphylocaccus sp

Acinetobacter; Proteus mirabilis
06 Sraplviococcus sp; Staphylococcus sp
Pseudomonas sp; Escherichia coli

DISCUSSAO

Nos ultimos cinco anos tem aumentado o intereseeus® do mel de abelhas
no tratamento de feridas, mas ainda ha pouca esiaérentifica para dar suporte ao
seu uso topico em feridas e queimadtiraso presente trabalho, foram estudados os
efeitos em feridas infectadas, do melMelipona subnitidauma abelha silvestre sem
ferrdo, conhecida como Jandaira, comum na regiasedu-arido do Nordeste do
Brasil. Seu mel tem sido utilizado empiricamenteneicina popular para tratamento
de doencas respiratorias, doencas de pele e tauioles, e ndo ha na literatura relatos
a respeito do seu uso para tratamento de ferisaga$ e infectadas. A andlise
microbiolégica e fisico-quimica do mel ddelipona subnitidausado na pesquisa
revelou que se encontrava de acordo com as norengsialidade estabelecidas pelo
Ministério da Agricultura-Brasil, adequado para msopresente trabalho. Para uso do
mel em humanos deve ser assegurada boa proce@éseguranca do ponto de vista
fisico-quimico e microbiolégico, aliado ao fatotde boa relacéo custo-efetiVo

O mel de abelhas em geral € composto por cercddede frutose, 20% de
agua, aminoacidos, vitaminas (&cido nicotinico,idpkina e tiamina), enzimas
(diastase, invertase, catalase e glicose-oxidgsgfixido de hidrogénio, e minerais
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(potassio, ferro, magnésio, fésforo, cobre, zincoakio)>'® Em nosso estudo, a
avaliacdo microbiologica nas feridas infectadas alimais dos Grupos MEL/I e C/I
mostrou atividade antimicrobiana do mel da ab&leipona subnitidecontra bactérias
Gram-negativas, incluindo seu efeito a@sieudomonasOs resultados desse estudo
também mostraram claramente que o mel tem potem@Eah ser usado como
antimicrobiano para prevenir e controlar infeccogsor Gram-positivos
(Staphylococcys Estudoin vitro realizado por Frenctet al’ demonstrou esse
potencial e outros trabalhos tém apontado eficdmimel contra cocos Gram-positivos
e Pseudomonagonsiderados multiresistenté8 A atividade antibacteriana do mel
esta relacionada com algumas propriedades: é ulmgéscsupersaturada com potente
atividade osmdtica, tem o pH entre 3,2 e 4,5 e a&sitdez é suficiente para inibir o
crescimento de muitos microrganismos. A propositopH do mel deMelipona
subnitidafoi caracterizado como sendo 3,85. O peroxidoidegénio produzido pela
glicose-oxidade € certamente o componente antifi@otemais importante do mel e
varios outros fatores fitoquimicos e imunoquimiessio sendo avaliado$. Estudo
comngativo entre mel e acucar demonstrou que e&meis eficaz contra infeccéo de
feridas”.

No presente estudo a andlise histopatoldgica ddmdeinfectadas e tratadas
com mel revelou significante aumento da presencalededcitos, notadamente
macrofagos, fibroblastos e colageno nos tecidomealos. Macrofagos séao células
importantes para a regulacdo da cicatrizacdo ddatrde modo que substancias
topicas que ativam macrofagos podem gerar estimpudanflamatério, proliferacéo
celular e progress&o do processo cicatfitial

Estabelecidos os efeitos do mel de abelhas enatelichpas e infectadas, resta
0 esclarecimento a respeito dos mecanismos respisgiela aceleracdo do processo
de cicatrizac&o e atividade antimicrobiana. Estuéos mostrado que o efeito do mel
na cicatrizacdo de feridas pode estar relacionadamuenento na liberacdo de TNE
No presente trabalho conseguimos detectar que @ giressao de citocinas ocorreu
com o TNFe, seguido das interleuninas ILB & IL-6 nos tecidos de feridas infectadas
e tratadas com mel. Este achado pode em partecaxpliaceleragdo da cicatrizacdo
dessas feridas quando comparado com aquelas nddasacom mel. De fato, ap0s
estudo realizado por Tonks al?* em que utilizaram mel de abelha e mel artificiiap
elucidar a liberacao das citocinas TMAL—-1p e IL-6 por mondcitos, foi sugerido que
os efeitos regulatérios do mel sobre a cicatrizaddi® feridas estdo relacionados a
outros componentes além dos acucares presentes eho alguns fatores ainda
desconhecidos, que induzem a liberacdo de citacBeais estudo demonstrou que a
atividade dos mondcitos, intimamente envolvidos aieatrizacdo das feridas, é
modulada pelo mel. Entretanto, os mecanismos plas 0 mel afeta a liberacdo de
agentes antiinflamatorios, pro-inflamatérios e faso do crescimento sao
desconhecidos, podendo atuar em mondécitos, maosifagglulas endoteliais e
fibroblastos.

Em conclusdo, nossos achados sugerem que partdicdaice do mel de
Melipona subnitideem melhorar a cicatrizagéo e tratar a infeccadegidas pode ser
devida a um incremento na defesa imunoldgica ocgamei tecidual, além de sua
atividade antimicrobiana.
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ABSTRACT

Study with the purpose to examine the effects addémal switch (DS), regularly
performed in morbidly obese patients, on biodisiitn of sodium pertechnetate in
several organs of rats. There was no early orrfaigality in either rats groups. The
values of percent radioactivity per gram of tisg@ATI/g), showed no significant
difference in liver, stomach, small bowel, duodenkumdney, heart, bladder, bone and
brain, when compared the DS rats with sham andralsntats. A postoperative
significant increase (p<0.05) in mean %ATI/g lewalss observed in spleen, pancreas
and muscle in group DS rats, as compared to groapdSC rats. In the lung there was
an increase and in thyroid a decrease in mean %AIDS rats, when compared to
sham rats (p<0.05). In conclusion, the biliopanttegdiversion with duodenal switch in
rats modified the biodistribution of sodium perteetate in thyroid, lung, pancreas,
spleen and muscle.

Key words: Bariatric surgery, duodenal switch, sodium pertetate, biodistribution

INTRODUCTION

Worldwide, it is estimated that more than 300 rmoiilipeople are obese (Haslam
& James, 2005). Obesity, particularly abdominalsitye is associated with increased
risks of hypertension, diabetes, hyperlipidemieeplapnea, coronary heart disease, and
stroke (Li et al., 2005). The accumulating evidememntifying obesity-related mortality
and comorbidities is an important factor that hex$ o increased numbers of patients
seeking treatment through bariatric surgery. Thisi isurgical procedure that reduces
caloric intake by modifying the anatomy of the gaisitestinal tract and provides
effective treatment for many patients with morbidlesity. Bariatric operations are
classified as either restrictive or malabsorptiestrictive procedures limit intake by
creating a small gastric reservoir with a narrowvleiuo delay emptying. Malabsorptive
procedures bypass varying portions of the sma#sime where nutrient absorption
occurs (DeMaria & Jamal., 2005). The biliopanciediversion with duodenal switch
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(DS) is a hybrid operation involving both comporgenf weight loss surgery. In the
DS, a lateral gastrectomy provides a restrictedrigasolume, while excess fat

absorption is limited by shortening the functionlaggth of the intestine. This involves
diversion of the biliopancreatic secretions by itiarting the bowel into two limbs — an

alimentary channel, and the biliopancreatic (afierémb. These two limbs of small

bowel are reconnected to form the common channetgHL998; Marceau et al., 1998).
DS produces a sustained weight loss, with low sifiects and without any increase in
the perioperative morbidity and mortality rate, qgmring to other bariatric operations
(Biron et al., 2004; Rabkin., 2004; Anthone et 2003).

There are numerous complications that may arideviolg any of the bariatric
surgical procedures that require understandingdatideation of the specific anatomy
of the operation performed. These complications malude nutrient deficiencies or
gastrointestinal pathology. Anastomotic leak arrettsire commonly occurs (Schauer
et al., 2000; DeMaria et al., 2002). The most ferdly reported complication of gastric
band placement is prolapse of stomach superiortputth the band producing
obstruction at the band (O'Brien et al., 1999). iBgmhphs and scintigraphies may
show an air fluid level in the gastric pouch, maigion, angulation of the band bands,
problems with gastric emptying, and gastric obstomc(O'Brien et al., 2005).

The radiopharmaceuticals are frequently used ingmdistic procedures
(Bingener-Casey et al.,, 2002, Carter & Kotlyaro®02). Examinations of gastric
emptying, patency of anastomoses, enterogastrigxrefiepatic and thyroid diseases,
osteoporosis and metastasis, frequently are caafiedbariatric surgery (Kitabaiashi et
al., 2002; Fonseca et al., 2000; Badiali et alQ12@bradovic et al., 2000). Several
works have studied the relationship between cheenafly, phytotherapy and other
drugs with the biodistribution of sodium pertectatet(Braga et al., 2000; Oliveira et
al., 2002; Gomes et al., 1998; Ripoll-Hamer etl@R5; Simdes et al., 1997; Feliciano
et al., 2002, Abreu et al.,, 2006., Santos et &#95). With regard to potential
consequences of bariatric surgery in the biodigtidm of radiopharmaceuticals, little
or no study was published until now.

As DS is a restrictive and malabsorptive operatmiraised anatomical and
metabolic repercussion, postoperative evaluatiopatients through scintigraphy can
be necessary. If the biodistribution of sodium @ehhetate to organs and tissues is
modified as a result of bariatric surgery, scirggric examinations can be false-
positive or false-negative, resulting in repetitioh examinations with unnecessary
exposition of patient to ionizing radiations. Tharpose of this study was to examine
the effects of DS, similar to that performed in bidly obese patients, on
biodistribution of sodium pertechnetate in severghns and tissues of rats.

MATERIAL AND METHODS

Male Wistar rats (12 weeks of age and weighing 32888g) were obtained
from Center of Experimental Surgery-UFRN, Brazil.nials were housed in
polypropilene cages for 1 week to acclimatize themthe study laboratory: 12-h
light/dark cycle, room temperature of 25°C, and 5@8fative humidity. Rats were
allowed free access to water and standard rat ¢hahina, Purina®). The study was
approved by the Institutional Animal Care Commitiegfethe University Hospital-



49

UFRN, Brazil, and the international guidelines the care and use of laboratory
animals were followed throughout the study.

Rats were randomly divided into three groups: duateswitch group (DS),
control group (C), and sham-operated group (S)erAf2 h of food deprivation, rats
were anesthetized with a ketamine and xylazineurex{200 mg: 5 mg, 0.1 ml/100 g,
IM), the abdomen was shaved and prepared, andpheations were performed with
aseptic technique. All the surgical procedures vperformed by the same investigator,
a well trained and experienced surgeon in animajesy and three previous series of
experiments were performed in sequence to develmp @S model. A single
intramuscular dose of 75 mg/kg of ceftriaxone sod{Roche, SP, Brazil) was given as
antimicrobial prophylaxis 30 minutes before thegstal procedures.

In the DS rats (n=7) the surgery was performedanaupper 3 cm midline
incision. A sleeve 75% longitudinal gastrectomy pasformed leaving a tabularized
stomach. (Figure. 1). The duodenum was divided abaim beyond the pylorus. The
stump of duodenum was closed with running sutures. small bowel was divided at
its midpoint, and the distal end (alimentary limkas anastomosed to the proximal
duodenum. The proximal end of the divided small dowow the distal end of the
iliopancreatic limb, was anastomosed to the ileuronbfrom the ileocecal valve to
create a 10cm common channel. (Figure 1). The eamasis were hand sewn using
interrupted polypropilene 6-0 sutures (Profénéthicon), using a surgical microscope
(DFV- M900, Sao Paulo, Brazil). The hydration wameé with normal saline (10ml)
injected subcutaneously into the back of the ratstlie first 2 postoperative days.
Postoperatively pain was treated with tenoxicamc{iRoPharm., Brazil); 0.5 mg/kg
was given to the rats once a day for 3 days.

75% subtotal
gastrectomy

Biliopancreatic
Limb

Alimentary
Limb 7

channel

Figure 1 - The biliopancreatic diversion with duodenal switch operation

Rats were allowed to drink and eat 24 h after syrdaquid diet (Nestogeno, Nestlé,
Brazil, 1 cal/g) was provided for the first 2 daysllowed by ground Purina Labina
chow. The sham rats (n=7) were submited to a lapary and soft malipulation of
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stomach, duodenum and small bowel. The control(ret3) were not operated. Body
weight, using a digital scale (Filizola®, Sao Palaazil), and operative complications
were evaluated daily for 10 days.

On the 10th day all the animals were anaesthetigaih, and injected with 0. mL of
Na®™cO, in the orbital plexus, corresponding to activity @66 MBq. After 30
minutes, the animals were killed by lethal doseanésthetic. Samples of the liver,
spleen, stomach, small intestine, duodenum, pasciadney, heart, lung, thyroid,
bladder, muscle, bone (femur) and brain were htadedhe samples were washed in
0.9% NaCl, weighed on a high-precision digital scéBel-Mark 160-I1 ItaliaO ) and
subjected to radioactivity detection using a 1472amM™ Gamma Counter- Perkin-
Elmer, with automatic correction of radiation deeli The percentage of activity/g
(%ATI/g) of each organ was calculated by dividihg tactivity/g of the tissue by the
total activity administered to each animal.

Data are expressed as mean + standard deviatiatistiéal analysis was performed
using one-way analysis of variance and the Tukey &s appropriatgp<0.05 were
considered to be statistically significant.

RESULTS

There was no early or late mortality either rat groups. The values of all
sodium pertechnetate biodistributions, expressedeasent radioactivity per gram of
tissue (%ATI/g), are shown in Table 1. There wasigaificant difference in %ATI/g
in liver, stomach, small bowel, duodenum, kidnesath, bladder, bone and brain, when
compared the DS rats with S and C rats. A posttigeraignificant (p<0.05) increase
in mean %ATI/g levels was observed in spleen, maxmand muscle in DS rats, as
compared to S and C rats. Looking at each groupratgly, in the lung there was a
significant (p>0.05) increase and in thyroid a éase in mean %ATI/g of DS rats,
when compared to sham rats.

Preoperative and postoperative dataedjht loss of DS rats are summarized in
Figure 2. Before treatments, there were no sigmiticlifferences between the groups in
terms of weight. The operative time for the sharerapon was equivalent to that of
DS. Postoperatively in group DS there was a sigaifi decrease in body weight during
the 10 days of observation attributed to the eff@ftoperation (p<0.05). Body weight
in the C and S groups gradually increased by daywh@n the rats were euthanized
(Figure 2). So, the differences in the mean wegdHdS rats at the end of the 10 days
were significant, when compared to C and sham(pat8.05).

Body weight decreased significantly (p&).th the duodenal switch group when
compared with the sham and control groups. No miffee was observed between sham
and control rats.

In day 1 (operative day) no differencesvadoserved among all the rat weights,
meaning that the groups were uniform.
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DISCUSSION

Obesity has become an epidemic camdittnd in the United States, the
percentage of adults who are obese increased fE08%lin 1995 to 23.9% in 2005.
Approximately 4.8% are considered to be extremelynorbidly obese. Worldwide, it
is estimated that more than 300 million peopledrese (Ogden et al., 2006; Haslam &
James, 2005).

Obesity results in a major risk for serious diseasacluding diabetes mellitus,
cardiovascular disease, hypertension, dyslipidedeggenerative arthritis, certain forms
of cancer and respiratory problems and may resubcioeconomic and psychosocial
impairment (Ali et al., 2006). Therefore many weiwering therapies, such as
dietary and pharmaceutical regimens completed thilgsical exercise, have been
proposed. However, almost 95% of morbidly obese (BXO kg/nf) patients fail to
achieve acceptable long-term weight loss with amgnfof non-operative treatment Ali
et al., 2006). Hence, great efforts have been madachieve better results using
surgery. The bariatric operations have proved \srgcessful and cost effective in
achieving marked and maintained weight loss. Itespi good results, bariatric surgery
may cause anatomic and metabolic complications @&Met al., 2002). The
diagnostic of these side effects may require imeg@ms such as radiography and
scintigraphy.

To understand and explore the rebatiip between bariatric surgery and
biodistribution of radiopharmaceuticals to organd #issues, a well-characterized and
reproducible animal model was used. To achieve ghipose, this is a report of the
experience with a biliopancreatic diversion wittodanal switch rat model.

Technetium-99m (99mTc) is the mostdusalioisotope in nuclear medicine as
well as in basic research. It has a low mean 6f@)( low radiation and a low doses is
needed for diagnostic procedures (Braga et al.6200has been used in vivo and in
vitro under the form of sodium pertechnetate, ie ttudy of diseases, drugs,
chemotherapics and phytoterpics that interferetsnbiodistribution (Oliveira et al,
2002; Amorim et al., 2003). Red blood cells andk@amytes labeled with 99mTc have
been used in the study of drugs, and in the evaluaif the mononuclear system
(Palestro et al., 2006).

Postoperative scintigraphic exams aceomplished to diagnose digestive
bleeding (Bingener-Casey et al., 2002), gastrogsaflareflux (Adachi et al., 19993s
well as anastomoses patency (Blachar, 20Ddggnosis of cancer metastasis (Leen.,
1999) and postoperative chances in kidney, liver, Idregrt and other organs are done
using scintigraphy with radiotracers and perteciiee{Aktas et al., 2005; Chalela,
1999).

In the present work the DS did not efféhe biodistribution of sodium
pertechnetate in liver, stomach, small bowel, daodg kidney, heart, bladder, bone
and brain. The stomach is commonly examined irptstoperative of bariatric surgery
to diagnose mainly leaks, because leakage frometfexvoir or the connecting tube is a
late complication of bariatric surgery. In smakks the escape rate of a radio-contrast
agent may be low, and hence these leaks may bdooked on radiography. By
contrast, using scintigraphy, the slowly diffusipgrtechnetate is re-absorbed by
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peritoneal blood vessels and subsequently absanb@the gastric mucosa, because of
high gastric affinity for pertechnetate. This famay explain because, in this study,
biodistribution of pertechnetate was not affectedstomach. It has been suggested a
higher accuracy of scintigraphy as compared witliography in the assessment of
leakage in bariatric surgery. (Van DenBossche ¢t2802). The liver, small bowel,
duodenum, kidney, heart, bladder, bone and brane hafew affinity for pertechnetate
and we did not find alteration in biodistributiohtbis radiopharmaceutical in them. So,
if a scintigraphy is to be done to study anyoneraliariatric surgery, false results
certainly are not expected.

The biodistribution of pertechnetat®@whd elevated in spleen and this organ
may be the target of future scintigraphies. Splemag during exploratory laparotomy
after bariatric surgery significantly increases hdity and mortality. Peters et al,
(1990) related that six of 200 patients having @rynor revisional vertical banded
gastroplasty for morbid obesity or failure of praws bariatric surgery had splenic
injury. Eventual scintigraphy in these patientsidtidoe interpreted with caution.

Obese patients often complain of dyspaespite not having demonstrable lung
disease It has been hypothesized that increasexd wlal mass along with increased
abdominal size imparts a restrictive ventilatorjedg which then imposes an increased
work of breathing (Sahebjani, 1996). The bariaiocedures are performed in
morbidly obese patients who tend to have reducedtalall compliance, reduced lung
volume, less functional residual capacity, and eased physiologic intrapulmonary
shunt during mechanical ventilation (Damia et 4888). Therefore, morbidly obese
patients may be at risk for intraoperative and @ostative complications, which may
be diagnosed by scintigraphy. Together, pulmonampadi, anastomotic leaks, and
respiratory failure account for 80 percent of ahths in the first 30 days following
bariatric surgery (Virji & Murr, 2006). As in thistudy the biodistribution of
pertechnetate was higher in lungs of operatedthats in controls, the interpretation of
eventual lung exams (Giordano et al., 1997) ingmédisi has to be with caution.

In the past five years, several confirmades of pancreatic disorders occurred in
persons who had undergone bariatric surgery (Sergical., 2005). Some patients
presented with repeated episodes of symptoms offoynd postprandial
neuroglycopenia associated with endogenous hypsinesnic hypoglycemia and
demonstration of diffuse beta-cell hypertrophy dnyperplasia in resected pancreatic
tissue. A plausible explanation, with broader iroglions, is that bariatric surgery
results in long-term stimulation of beta-cell growand activity by gut hormones
(glucagon-like peptide 1) that are perturbed assalt of the altered gastrointestinal
transit. These metabolic disorders may explain high radioactivity observed in
pancreas of DS operated rats (D'Alessio & Vahl,420Moreover, at least in rodents,
GLP-1 triggers beta-cell neogenesis and proliferativhile inhibiting apoptosis
(Brubaker & Drucker, 2004).

In this study the %ATI/g in thyroid wasaleased in DS rats compared to sham
rats. Paradoxically, a great percentage of obeenps have hypothyroidism, that is
improved after bariatric surgery (Raftopoulos et &004). The reduction in the
%ATI/g in thyroid can be related to the postopeeatnergy deficiency, knowing that
half of the small bowel is defunccionalyzed and dt@mach is highly reduced. Steps et
al had attributed this phenomenon to a reductiontred transport of sodium
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pertechnetate to the thyroid gland, as happen widme in malnourished patients
(Passos et al., 2000; Passos et al., 2002). Fistheies are necessary to explain these
findings.

Bariatric surgery has become the treatnoérthoice for morbid obesity and it
greatly changes the body composition for year®valhg surgery. The lean body mass
(muscle) is significantly reduced in the postopegeaperiod (Tanner et al., 2002). In
this study we found a paradoxical relationship ket weight loss, muscle loss, and
increased muscle %ATI/g. So that, questions rematin regard to the physiological
mechanisms and pathophysiological consequences wijdetal switch, and
biodistribution of radiopharmaceuticals is one bém. It has been related that the
polyneuropathy and miopathy after bariatric surgemy resultant of the deficiency of
B12 vitamin, tiamin and vitamin D respectively (Koian et al., 2006)The highly
significant muscular uptake of sodium pertechneitateS rats may be a consequence
of muscle inflammation for vitamin D deficit (Plokoff & Quigley, 2003).

In conclusion, the data of this study npés the conclusion that the
biliopancreatic diversion with duodenal switch ats modified the biodistribution of
sodium pertechnetate in tiredide, lung, pancrgadsesa and muscle.
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Biodistribution of the radiophamarceutical sodium pertechnetate
(Na®™TcO,) after massive small bowel resection in rats
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ABSTRACT

PURPOSE: To evaluate the biodistribution of sodium perteate (N&°"TcQ,) in organs and
tissues, the morphometry of remnant intestinal ma@nd ponderal evolution in rats subjected
to massive resection of the small intestidETHODS: Twenty-one Wistar rats were
randomly divided into three groups of 7 animalsheathe short bowel (SB) group was
subjected to massive resection of the small imtestthe control group (C) rats were not
operated on, and soft intestinal handling was pevad in sham rats. The animals were
weighed weekly. On the 30th postoperative daymil.lof N&°™TcO,, with mean activityof
0.66 MBq was injected intravenously into the orbgiexus. After 30 minutes, the rats were
killed with an overdose of anesthetic, and fragmesftthe liver, spleen, pancreas, stomach,
duodenum, small intestine, thyroid, lung, hearnkly, bladder, muscle, femur and brain were
harvested. The biopsies were washed with 0.9% N&€@.radioactivity was counted using
Gama Counter Wizaftf 1470, PerkinElmer. The percentage of radioactipéy gram of tissue
(%ATI/g) was calculated. Biopsies of the remainjeginum were analysed by HE staining to
obtain mucosal thickness. Analysis of variance (AM() and the Tukey test for multiple
comparisons were used, considering p<0.05 as migntft RESULTS: There were no
significant differences in %ATI/g of the RPATcO, in the organs of the groups studied
(p>0.05). An increase in the weight of the SB ra#s observed after the second postoperative
week. The jejunal mucosal thickness of the SBwas significantly greater than that of C and
sham rats (p<0.05)CONCLUSION: In rats with experimentally-produced short bowel
syndrome, an adaptive response by the intestinatogsau reduced weight loss. The
biodistribution of N&™TcO, was not affected by massive intestinal resecsoggesting that
short bowel syndrome is not the cause of misleatitegpretation, if an examination using this
radiopharmaceutical is indicated.

Key words: Short Bowel Syndrome. Sodium Pertechnetate Tc. ¥®marmacokinetics. Rat.
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RESUMO

OBJETIVO: Avaliar em modelo animal com ressec¢do extensantistino delgado a
biodistribuicdo de pertecnetato de s6dio’REcO,) em 6rgdos e tecidos, a evolucdo ponderal
e a morfometria da mucosa do intestino delgado meseenteMETODOS: Vinte e um ratos
Wistar foram aleatoriamente divididos em trés gruposede animais cada. O grupo intestino
curto (IC) foi submetido a resseccéo extensa dssfimo delgado, o grupo controle (C) néo foi
operado e o grupshamfoi submetido a leve manipulacao cirargica daaslgtestinais. Todos
foram pesados semanalmente. No 30° dia p6s-oper&dadministrado 0, mL de N&'TcO,

aos animais dos trés grupbsno plexo orbital, com atividade radioativa méd& 0,66MBg.
Apbs 30 minutos os ratos foram mortos e retiradagnfientos do figado, baco, pancreas,
estomago, duodeno, intestino delgado, tirediden@al coragéo, rim, bexiga, musculo, fémur,
e cérebro. As amostras foram lavadas com solucda@t 0,9%.A radioatividade foi contada
pelo Contador Gama 1470, Wiz8fdPerkin-Elmer e calculado o percentual de atividade
radioativa por grama (%ATI/g) de cada 6rgdo. Biapsio jejuno foram submetidas a anélise
da espessura da mucosa (coloracdo HE). Utilizoarsaliacdo estatistica paramétrica
(ANOVA) e teste de Tukey, considerando p<0,05 caigmificante. RESULTADOS: Nao
houve diferencas significantes da %ATIl/g nos 6rg@los grupos estudados (p>0,05).
Verificou-se acentuada reducao inicial de pesoseguida um aumento do peso dos animais
tratados a partir da segunda semana de obserga@imento da espessura da mucosa jejunal
do grupo IC, comparado com os dem@&NCLUSAO: Em ratos com sindrome do intestino
curto, uma adaptagéo na espessura da mucosa ganpéra reversdo na perda de peso inicial
e para que a biodistribuicdo do RHcO, ndo fosse afetada pela resseccdo extensa do
intestino, sugerindo que o intestino curto ndo ésaade interpretacdes duvidosas, quando
exame cintilografico com este radiofarmaco estirdicado.

Descritores Sindrome do Intestino Curto. Pertecnetato Tc9@mSddio. Farmacocinética.
Ratos.

Introduction

Radioisotopes are used in nuclear medicine for nistic and therapeutic
purposes. The labelling capacity of these isotdpedhe plasmatic proteins is well
known, and their bioavailability and pharmacokiogtcan be modified by drugs and
diseases”. Among the most useful artificial radioisotopeschnetium-99m, in the
chemical form of sodium pertechnetate (N c0,), is the most important. Its use in
nuclear medicine is due to the emission of gamnsaggnof 140 KeV, enabling it to
take advantage of the scintillation detectors dotdin enhanced image quality; this is
known as scintigrapfy It has a short life, is low cost, and is obtdirfeom a
molybdenum/technetium generatdiMo/*°™Tc)2 It is easily distributed through the
vascular fluid, intersticial space with uptake b tsalivary glands, thyroid, stomach,
intestines and other organ# is rapidly eliminated by the urine and whendrmporated
to specific substances, produces organ images iffereht densities and
functiond. Experimental studies carried out with the labellof red blood cells with
9mre identified important biological effects, in aiut to alterations in the labelling
proces3’. Gomes et al carried out a study with mitomicink@t described alterations
in the labelling of red blood ceflsThe literature reports that several natural drugs
reduce the efficiency of labelling red blood celith *°™c’. An experimental study
with Vincristin, used in oncology protocols, showad interaction of this drug with
9™re in several orgafis However, there are no reports of research stgdyire
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biodistribution of radiopharmaceuticals after soayiprocedures. In the present study,
we used an experimental model of massive resectibnthe small intestine,
characterizing the short bowel syndrome, whichltesa unsuitable water and nutrient
absorption, causing malnutritidtf. In spite of the short bowel syndrome, the intesti
can be adapted through physiologic, cellular andecutares mechanisrhsin some
patients, dilation and lengthening of the remnamall intestine occur as a
phenomenon of functional adaptation. Surgical teghes have been reported that
attempt to lengthen this intestinal segment. Sucbcqulures are complex and
frequently ineffective, and call for assessmentsttafir efficacy’. Recently, new
therapeutic methods, such as isolated small ineeiansplantation or combined with
liver transplantation, have been an alternativecéses of hepatic failure due to total
parenteral nutrition in the treatment of short bbwsyndromé® Given the
antiabsorptive effect of the operation, with gregpercussions on the metabolism,
radioisotope images may be necessary in the pastioge in order to control the series
of pathological conditions resulting from short @wsyndrome. Scintigraphy can be
used in the postoperative of intestinal resectitmsassess the morphology and
metabolism of several organs. Under these conditibribecomes relevant to study the
biodistritubion of N&™Tc0, in specific organs and tissues. Therefore, thegoriepaper
aims to study, in an animal model of massive rezeodf the small intestine, the
biodistribution of N&™TcO, in several organs by means of radiation countimg i
organs and tissues in the postoperative period. dlge evaluated the ponderal
evolution of the animals after the operation, al§ a®the mucosal morphometry of the
remnant small intestine.

Methods

Twenty-one Wistar rats, age around 180 days, weggRi659+31g were used.
They were supplied by the animal colony of the Muslfor Experimental Surgery of
the Federal University of the Rio Grande do NoBeazil. All the animals were
weighed and observed in individual cages with wated food (Labina ® Purinagd
libitum and acclimated in the laboratory for 7 days. Thegre maintained under
temperature control (21°C), air humidity (60 — %€ and lighting (12/12 hours
light/dark cycle) and handled in accordance with Animal Experimentation Code of
Ethics (Council for International OrganizationsMédical Sciences ) and the rules of
the Brazilian College of Animal Experimentation. ejhwere randomly divided into
three groups: the experimental group rats, dendaednshort bowel, (SB, n=7) were
subjected to massive resection of the small imeg®0%); control group rats were not
operated on (C, n=7) and the third group undenaesimulated operation, called sham
(n=7). Rats were fasted overnight before surgend anesthetized with sodium
pentobarbital (20mg/kg intraperitoneal) and ketam{80mg/kg intramuscular); they
were operated on under sterile conditions. A 3 cigline laparotomy was performed
and intestinal transections were done 5 cm aboxé@dbcecal junction and 5 cm from
the duodenojejunal transition. With the aid of agstal microscope (DF Vasconcelos,
Séo Paulo, Brazil), interrupted sutures of 6-0 gmel (Ethicon®, Brazil) were used for
bowel anastomosis. The animals typically have allsbaavel length of 100 cm, and
accordingly, residual length was 5 cm of jejunund & cm of ileum (10 cm),
corresponding to 90% of resection. After surgehye abdomen was closed with
interrupted sutures of 4-0 nylon suture (Ethicon®he animals were allowed water
immediately after surgery and food on the secorstqperative day. The sham rats
were subjected to a 3 cm medium laparotomy and miéchipulation of the small
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bowel. The rats were weighed weekly with a digstedle (Filizola® Sao Paulo, Brazil)
and observed for 30 days. On the 30th day all tiaa@s were anaesthetized again, and
injected with 0.ImL of N&™cO, in the venous orbital plexus, corresponding to
radioactive activity of 0.66MBq. After 30 minutethie animals were killed by lethal
dose of anesthetic. Samples of the liver, spleancigas, stomach, duodenum, small
intestine, thyroid, lung, heart, kidney, bladdeustie, femur and brain were harvested.
The samples were washed in 0.9% NaCl , weighecadmngh-precision digital scale
(Bel-Mark 160-11 ltaliaO) and subjected to radigeity detection using a 1470
Wizard™ Gamma Counter- Perkin-Elmer, with automatic cdioec of radiation
decline. The percentage of radioactive activitydA(l/g) of each organ was
calculated by dividing the activity/g of the tisshg the total activity administered to
each animal. Samples with 2cm of jejunum were tsete 2 cm below the
anastomosis. After washed in 0.9% saline, thesexciissues were fixed in 10 %
buffered formalin for 48 h, dehydrated and embeéddeparaffin. Sections cut at 5mm
thickness were stained with hematoxilyn and eosthraorphology was assessed by an
observer, who was unaware of the tissue origin. fth@ morphometric study of
intestinal mucosa, Media Cybernetics — LP, USA,dem&ro-Plus software was used
with an Olimpus BX-50 microscope fitted with a daji (Samsung®) video camera.
The video camera transferred the image from theasdope to the computer screen.
The measurement of the mucosal thickness was detimiith a computer mouse from
the apex of the villus to theuscularis mucosaand was expressed in microns (mm).
The analysis was made under 40x magnification usgegimens in which thalli and
the crypts were perpendicular to theuscularis mucosaé&or the analysis of the
different data related to postsurgical weight ladegthe measurements of total mucosal
thickness, and to the biodistribution of sodiumt@ehnetate of the different groups,
parametric variance (ANOVA) was used. For the rplétcomparisons, the Tukey test
was used. A significance level of 5% (p<0.05) wsislalished.

Results

All the animals survived the surgical procedur@sible 1 shows the results of
the differences in %ATI/g among groups SB, C amahs. We observed an increase in
the biodistribution of N&™TcO, in the thyroid and duodenum of SB rats, when
compared to control rats. However, since the stahdeviation was high, there was no
significant difference (p>0.05). In the stomach, apparent tendency for reduced
biodistribution of the %ATI/g occurred in the SBtsacompared to sham rats, but
without statistical significance (p>0.05). In sealerorgans the percentages of
radioactive activity (%ATI/g) had very similar vas among the groups, without
significant differences (Table 1). The weight of &&s decreased during the first and
second weeks of survival and, after that, theirgwegradually increased until the"30
postoperative day, when it was nearly the samé¢hasC and SHAM rats, which
continually increased their weight over time (Figur). The differences in the mean
weight of SB rats at the end of the second weele wgnificant, when compared to C
and SHAM rats (p<0.05). The presence of an incr@asetestinal mucosa thickness
was detected in all IC rats, when compared to C SiHAM rats until the end of the
observation period, as seen in Table 2 (p<0.05)~aaate 2.
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TABLE 1 - Biodistribution of Na"*TcO, in the organs of the respective groups

%d 1 g _

(Frgrans ANOVA L
SB c Sham

Laver 0.35 & (08D 36 = 0079 0390113 O 7944000
Spleen 0,22 &+ 0,09 018 =0.031 019 4 0044 0.565470
Estomach 258 £ 0730 27220014 4010 & 1.793 O 1Talsd
Smadl bowel 028+ 0107 020 0,052 G284 0,130 0. 6907
Duodenum |73+ 1 814 4] = d062 1,13 1.71%9 0.3TRT23
Pancreas 0.6+ 0063 014 = 0055 O 18 £ 0,125 0811183
Kidney 041 + 08a 142 = Q082 036G+ 0187 0738872
Her 017+ 0,075 027 = 0.057 017 & 0084 0 076831
Lz 035 £ 0,105 380125 031 %0058 0581337
Thyroid 335+ 1979 3T+ 1256 3.8+ 1.058 O 187603
Biadder 039+£0.114 033 =0.10% 027+0.139 0.309540
Muscle D.O07T+£0.028 006 =0.019 .05 £ 0.033 (.570391
Femur 0.16 £ 0.055 014 = 0036 0,15 0.050 0760950
Brain 0.02+£0013 001 =0.003 003 £ 0.027 0.482193

Wlenn £ Standwrd deviation
{11 P from amilysis of vanunce | ARNUWAY
Il results of the test did net show stotistionlly significont differences (p=0 05, for sl the vannkles. %AT R pervent
radiosginity per gram of Hssoe
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FIGURE 1 — Mean weight of rats in each group and
postoperative period; SB, short bowel.
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TABLE 2 - Jejunal mucosa thickness of rats and their respective groups

Groups

Fariahic ANOVA'™L
5B L Sham

Mucosal thickness in pm™ 3343422509 194 40 = 39.4¢ 19422 £33.2° OO

FoA = T

Values expressed in Mean = Stundord devistion
(13 pvalue of amabysis of varianess (ANONA)
I;"llfi'nl||||x wenbified with the same leiter dilfior \I:\-.Iﬂiril.'isﬁll'\ lon Bevie] of 3% Tukey festd
3R = Short bowel, C = condrol

FIGURE 2 — Small intesting morphology and mucosal cell proliferation on day 30 in short bowet (A) control (B) and
sham (C}animals. Massive intestinal resection (A) induced significant increases in total mucosal thickness
(arrows), when compared Lo control and sham animals (B, C) (see Table 2; p<0.05). HE, 40x

Discussion

The alterations in the biodistribution of N&TcO, in organs and tissues
are very well identified in several studies thaedisio experimental surgical models
1.6.813.1% However, in the postoperative of major surgicebcgdures, there are no
reports concerning the biodistribution of radiophaceuticals. The present
experimental model of the short bowel syndromeais submitted to massive resection
of the small intestine was used to determine thdisiribution profile of N&™TcO4 in
several organs and tissues. Intestinal failureh@racterized by malnutrition and/or
dehydration as a result of the inadequate digesdiwh absorption of nutrients. The
most common cause of intestinal failure is shosidédosyndrome, which occurs when
the functional small bowel mass is reduced belo@ ldvel necessary for adequate
nutrient and water absorption. This condition fremly results from a massive
resection of the small bowel. Following resectitirg intestine is capable of adaptating
in response to enteral nutrients as well as othgphic stimulation. Rodents are
commonly used in well-characterized models to a&sdbe process of intestinal
adaptatior?. Following small bowel resection in the rat, teennant intestinal mucosa
undergoes compensatory alterations in an attenmetstore normal absorptive capacity.
Morphologic and functional changes include increasemucosal length, enterocyte
proliferation, as well as increased electrolytajcgse and amino acid uptaké’. In
humans, the alterations of intestinal absorptioa thumassive resection of the small
intestine usually cause significant weight fdssiowever, in rodents, there is a rapid
adaptation of the intestinal mucous membrane, whiatimizes weight los§. These
mechanisms of intestinal adaptation take placehgsiplogic, cellular and molecular
levels and they do not correspond to what occurtfiénhuman intestin¥. Nutrients,
electrolytes, hormones, cytokines and other elesn&ake part in the process, which
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involves mainly the intestinal mucous membrane. phecess begins with apoptosis
and continues with an increase in epithelial celigsities and mucosal crypts, and a
consequent remodeling of their architecture. Fonetily, this allows for increased
substance transport through the intestinal muéosa the present study a significant
decrease was observed in the weights of ratsisigldnio massive intestinal resection,
in the immediate postoperative period, and weighovery beginning at the end of the
second week. These data coincide with a classidystn the subject, where
morphological and functional adaptations of theimem were observed between the
first and second postoperative weksThis phenomenon was also shown in the
morphometry of the jejunal mucous membrane of thienals subjected to massive
resection of the present study. Therefore, the nsicoembrane hyperplasia observed
in the jejunal mucosa of the SB rats of the pres&periment, likely contributed to the
rapid weight recovery of the animals, starting fréime second postoperative week.
Welters et al (2002) verified that intestinal fuoaot recovery begins with the
hyperplasia of the intestinal mucosa and that rpibse function depends on the
maturity of the enterocytes, a fundamental factor futrient metabolishi. The
precocious postoperative recovery of the animaepresented by weight and
morphology of the intestinal mucosa recovery, dratealthy behavior of the SB rats,
comparable to the controls, certainly contributedhte absence of significant clinical
alterations and malnutrition. Consequently, ther@as no negative effect on the
biodistribution of N&°™TcO, in the vital organs. In an experimental study gsin
malnutrition-inducing diets, Passos €0a{2000) showed that malnutrition affected the
biodistribution of N&™TcO,in different organs such as the thyroid, braintrgtoh and
heart. In their study, the intestine was not safycmanipulated. Studies in animals
have been investigating substances that regulage atbsorptive function of the
intestiné’. These mechanisms are mediated by multiple factoctuding enteral or
parenteral nutrition, hormones and growth fa¢foiRecently, studies on the use of the
human growth hormone (GH), the epidermal growthdia(EGF) and the glucagons-
like peptide-2 (GLP-2), produced in the L-cellstioé small intestine, have confirmed
them as agents that increase intestinal adaptaften massive resectioh The study
suggests that, whereas GLP-2 is important in cimgoadaptation, there are spatial or
regional systems in place that use varying pathwdyse significant increase in
nutrient-stimulated GLP-2 secretion suggests tha®-@ is involved not only in the
initiation, but also in maintaining the ongoing ptige process. The increases in
mucosal proliferation that are temporally assodat&h a maintained GLP-2 release,
suggest that GLP-2 is important in initiating andimtaining the small intestines
adaptive response to resecfibrCurtis et al (1984) studied rats submitted to sivas
resection of the small intestine using mark8iCr*™C and protein, and observed the
animals for one week. They concluded that the watsno alteration in absorption and
digestion time when compared to the treated graoupthe control; this demonstrated
the fast physiological adaptation of the anirffal& growing number of tissue factors
are being investigated for having great potentiapiomoting intestinal adaptation in
animals and humans with short bowel syndrome, e hbpe of obtaining effective
therapies for the syndrome in the fufif@ In summary, massive intestinal resection in
the current study did not interfere significantlyittw the biodistribution of the
radiopharmaceutical N¥'TcO, in the organs studied. Certainly the mucosal
hyperplasia of the remnant intestine was a prepamtiéactor for the quick weight loss
reversal of the animals, and consequent presernvafitheir healthy metabolism. The
present study does not allow us to comment on teehamisms by which intestinal
resection results in the stimulation of trophiceets and mucosal adaptation, allowing
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normal biodistribution of NE™TcO; in rats. Identifying factors that may enhance the
process of intestinal adaptation is an excitingaareresearch with important potential
clinical applications. This area will require fuethstudies.

Conclusion

In rats with experimentally-induced short bowel dyome, an adaptive response
by the intestinal mucosa reduced weight loss. Tbgigtribution of N&°™TcO, was not
affected by massive intestinal resection, sugggdtmat short bowel syndrome could
not be the cause of misleading image interpretatiben an examination with this
radiopharmaceutical is indicated.
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ABSTRACT

PURPOSE: This study explores the potential of the simvasted ameliorate inflammation
and infection in open infected skin wounds of rMETHODS: FourteenVistarrats weighing
2851129 were used. The study was done in a grousaviopen infected skin wounds were
treated with topical application of sinvastatinacraemulsion (SIM, n=7) and a second group
with wounds treated with saline 0.9 % (SAL, n=7)b&cteriological exam of the wounds fluid
for gram positive and gram negative bacteria, duédtial expression of TNFa and IL-14 by
imunohistochemical technique, and histological wsial by HE stain were performed.
RESULTS: The expression of TNFa could be clearly demoretram lower degree in skin
wounds treated with simvastatin (668.6 + 74.7)ithan in saline (2120.0 + 327.1 3min
comparison, wound tissue from SIM group displayaakbcyte infiltration significantly lower
than that observed in SAL group (p<0.05). Cultwsutts of the samples taken from wound
fluid on fourth post treatment day revealed wourfddtion in only one rat of group simvastatin
(SIM), whereProteus mirabilis, Escherchia calindEnterobacter spvere isolated. In the rats
whose wounds were treated with saline (SAL), potyobial infection with more than 100,000
CFU/g was detected in all the woun@ONCLUSION: In addition to its antiinflammatory
properties, the protective effects of simvastatirnfected open skin wounds is able to reduce
infection and probably has antibacterial actione Plotential to treat these wounds with statins
to ameliorate inflammation and infection is promgsi

Key Words: Statin. Inflammation. Wound Healing. Wistar rakirs Cytokine.

RESUMO

OBJETIVO: O presente estudo avaliou o potencial da sinvaatpaira atenuar a inflamacao e
a infeccdo em feridas abertas infectadas de pelatds. METODOS: Foram utilizados 14

ratosWistar pesando 285+12g. O estudo foi realizado com umpayde animais cujas feridas
abertas infectadas foram tratadas com aplicacdoatdfe sinvastatina microemulsdo (SIM,
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n=7) e um segundo grupo com feridas tratadas cdog@m salina 0,9% (SAL n=7). Foi
realizado exame bacteriologico do fluido das fevidara deteccdo de bactérias gram positivas
e negativas, a expressao tecidual de TNFa e Ilefépnohistoquimica e analise histologica
pela coloragdo H-ERESULTADOS: A expressdo do TNFa pode ser claramente demoastrad
em menor grau nas feridas de pele tratadas corastatina (668.6 + 74.7 fndo que no grupo
salina (2120.0 + 327.1 fin Em comparacéo, os tecidos das feridas do griigonSstrou
infiltrag&@o leucocitéria significantemente menorgiee a observada no grupo SAL (p<0,05). O
resultado das culturas realizadas no fluido daddsmo 4° dia de tratamento revelou infec¢éo
em apenas um rato do grupo sinvastatina (SIM), dhdécus mirabilis, Escherchia coé
Enterobacter spforam isolados. Nos ratos cujas feridas foramatia$ com solucdo salina
(SAL), infeccdo polimicrobiana com mais de 100,Q06C/g foi detectada em todas as feridas.
CONCLUSAO: Além de suas propriedades antiinflamatorias, doefeotetor da sinvastatina
em feridas abertas e infectadas de pele é capeder a infec¢do e provavelmente tem acao
antibacteriana. O potencial da droga para atenflamacéo e infeccéo de feridas é promissor.

Descritores: Estatinas. Inflamacé&o. Cicatrizacdo de Feridag Réastar. Pele. Citocinas.

Introduction

The healing of open skin wounds involves the epiihe and underlying
stroma. Processes such as angiogenesis, activamigmation, and proliferation of
fibroblasts, myofibroblasts and endothelial ceftesymation of granulation tissue; and
wound contraction are needed to close these défecBome wounds are also
frequently inflamed and, in general, stromal inwshent and inflammation greatly
increase the risk of subsequent complicatirihe repair process begins immediately
after injury by the release of various growth fastocytokines, and low-molecular
weight compounds. Disruption of blood vessels &sads to the formation of the blood
clot, which is composed of cross-linked fibrin, avfdextracellular matrix proteins such
as fibronectin, tenascin, and thrombospondiwound infection develops in 2% to 5%
of patients undergoing surgical procedures each ipemost hospitals world-wide and
continues being considered one of the most impon@oblems in surgical wards
nowadays. It is one of the main factors that aherphysiologic evolution of the wound
healing”’ The bacteria inhibit the angiogenesis, secretsnpitaogen activators, and
proteolitic enzymes that may affect the extracelutaatrix, blocking the wound
contractio Several substances have been used to treat ihfekta wounds, like
honey, sugar, antibiotics, phytotherapit®s->*2*3Statins are a class of compounds that
competitively inhibit the enzyme 3-hydroxy-3-methiyitaryl coenzyme A (HMG-
CoA) reductase, the first committed step in cheledtbiosynthesis. Increasingly, the
pleiotropic properties of statins are being desttibin endothelial cells, all of these
effects seem to result from the inhibition of clebégol's precursor mevalonic acid,
which is critical to the isoprenylation of a diverfamily of protein"!° Simvastatin, a
HMG-CoA reductase inhibitor, have been shown to il@kh important
immunomodulatory effects independent of lipid loimgt®. These pleiotropic effects
have been demonstrated to include anti-inflammatacgions’. improvement of
endothelial and microvascular function, modulatidrendothelial nitric oxide synthase
(eNOSY?® ischemia/reperfusidiand sepsf8 . However, statins have not been used to
treat skin infected wounds. We thus approached qirestion of whether topical
treatment with simvastatin might improve the heglai skin infected wounds in a rat
model.
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Methods

The experimental protocol was approved by the RebkeRthics Committee
(Animal Research Ethics Division) of the Universitpspital-UFRN, Brazil. Animals
were handled in accordance with the Guide for tteweCand Use of Laboratory
Animals, Brazilian College of Animal Experimentatio

Animals

Wistar rats Rattus norvegicus albinus, Rodentia mammakaighing 2827?79
were used. They were housed in polypropilene cagdsmaintained under controlled
temperature conditions on a 12h light-dark cycld afowedad libitum access to
commercially available rat chow (Labina, Purina®y avater

Experimental design and procedures

The animals were randomly separated in two grofigeven rats each. After 12
hours of fasting, the rats were anesthetized nanmiscular injection of 30mg/Kg of
ketamine and thiopental 20mg/Kg intraperitoneateAtiorsal skin depilation and anti-
sepsis with 1% povidona, the surgical proceduresewmerformed under aseptic
conditions. An open skin squared wound (f);mas done in the dorsal skin of all the
rats. Immediately after the surgical procedure, Wwinds were contaminated with
topical application of 0.5mL of multibacterial sbbn prepared with 1g of rats fresh
feces and 10mL of saline. In the following day, thiected wounds of the simvastatin
group (SIM) (n=7) were topically treated with 0.2 of simvastatin microemulsion
(10mg/mL) once a day. The wounds of group salifd_j§n=7) rats were treated with
0.2 ml of saline solution daily. When the woundseviotally epithelialized, the healing
time was recorded and the resection of the scarpgsesrmed under anesthesia. The
healed tissues were used for histopathologicalystundl immunohistochemical dosage
of tumor necrosis factor-a (TNF-a) and interleukin@L-1b).

Immunohistochemical staining of TNFand IL-1b.

Immunohistochemical staining for TNF-a and IL-1lbswaerformed on tissue
samples obtained from the healing skin. These sssnplere fixed in 4%
paraformaldehyde, processed in routine techniquieinto 5mm-thick frozen sections,
and dried at room temperature. Absolute methanotatoing 3% hydrogen peroxide
was added to block endogenous peroxidase. Afteetlwashings with a phosphate-
buffered solution (PBS) for 5 min each, these sesti were treated with 1%
polyoxyethylene-10-octylphenyl ether in PBS for i&ih at room temperature. After
washing in the same way, these were reacted whnil®f biotinylated anti-rat TNF-a
monoclonal antibody (Pharmingen, San Diego, CA)bamtinylated anti-rat IL-1b
monoclonal antibody (Pharmingen), diluted in 9 nfLP&BS and 1 ml of whole goat
serum at room temperature in a moist chamber for After washing, the preparations
were incubated, with two drops each of avidin sotutand biotinylated peroxidase
solution in 4.5 ml of PBS and 0.5 ml of 5% skim knibr 2 h at 37°C. After PBS
rinsing, diaminobenzidine and nickel were applied 8 min to achieve permanent
color change. Six views were selected randomlyetwh section and observed under a
light microscope (x100). The mean number of reactrells in the six views was
regarded as the data for each sample. Sequentaglesnof microscopic sections were
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photographed within 72 hours after immunostainbmga digital camera (Sony, Tokyo,
Japan) mounted on a light microscope (Olympus B-B%0kyo, Japan) at a
magnification of 100x, and saved in jpg file formanhages were then analyzed in
ImagePro-Plus software (Media Cybernetics, LP, UB&iefly, the entire area colored
by cytokines was marked, and the total marked weesacalculated. The area stained by
the antibody of interest was identified and caltadaby using the software color
algorithm. The integrated optical areas stainecy-bodys were then recorded. The
score index was calculated for each of the antdmdnd it was averaged.

Histopathology

The biopsies of skin wounds were processed follgviire routine and stained
with hematoxilin and eosin (HE) for histologicaladysis of the inflammatory reaction,
using the optical microscope Olympus B-50, Japaky®d. The quantification of cells,
fibers and elements of the inflammatory reactios warformed by the Image Pro-Plus
Média Cybernetics software, LP, USA.

Bacteriological examination

At the 4" postoperative day, exsudato was collected from vibends for
microbiology and for quantitation of bacterial péadion. The materials were processed
and cultured on selective MacConkey's agar, blgaa and salt manitol agar. The agar
plates were incubated at 37 °C and examined favthrafter 24, 48 and 72 hours. Any
growth in the plates of bacteria of the same bietgs cultured in the wounds was
considered positive and expressed as colony-formniig per gram of tissue (CFU/qg).
All procedures were performed under laminar aix.flu

Statistical analysis

Data are presented as the meanzstandard deviResults were analyzed with
ANOVA and Student t test. Statistical significaweas assumed at p< 0.05.

Results
Tumor necrosis factor alpha (T

The expression of TNFa could be clearly demonstratdower degree in skin
wounds treated with simvastatin (668.6 + 74.7)ithan in saline (2120.0 + 327.19m
treated wounds, as can be shown in figure 1 arld falso, a distinct decrease of tissue
reactivity occurred when the simvastatin microenoumswas applied to the infected
wounds.
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FIGURE 1 - Mean areas corresponding to the expression of
TWFo Significant difference comparing the
groups simvastatin and saline (p<0.05).

TABLE 1 - Mean and statistical analysis of optical density
related to the expression of cytokines in
tissues of skin infected wounds treated with
simvastatin and saline (pm2).

Groups | Simvastatin | Saline p=value
Cytokines (SIM)* (SALY

TNFo OOR.6+74.7 | 21200+£327.1 | 0.00001
IL-1B 46764552 | 69161674 0.00001

* Mean £ Standard deviation

I — Difference statistically significant comparing the groups SIM
SAL (Smdent t test),

Image Pro-plus software Media Cybernetics was used.

Interleukin-1b

IL-1b expression was significantly more enhanced irstime (SAL) group than in the
Simvastatin (SIM) group after total epithelializati of the skin wounds. A clearly
decreased immunohistochemical stainability coulahdséced in the SIM group, whose
data are expressed in figure 2 and table 1.



73

L1

:

-
o =

pm?
§ 8 ¢8

1 196°SE

!
. .

Salina

FIGURE 2 - Mean arcas corresponding to the expression of
IL-1P Significant difference comparing the
groups simvastatin and saline (p=0.05).

Histopathology

Contamination of skin wounds with multibacteriatdé solution caused intense
inflammatory reaction in tissues of group SAL ratgh edema and marked leukocyte
infiltration consistent with acute injury (Figurg.3n comparison, wound tissue from
SIM group displayed leukocyte infiltration sign#ictly lower than that observed in
SAL group. (p<0.05). These pathologic changes wedeced by the administration of
simvastatin topically in the infected wounds (TaB)eThe histological slides (figures 3
and 4) suggest differences in neutrophil accunutatetween the SAL and SIM
groups.

FIGURE 3 - Histological section of wound tissue taken from
a SAL group rat, demonstrating significant
neutrophil infiltration, giant cells and folicules,
HE, 100k,
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TABLE 2 - Histological grading based in the optical density
related related to the inflammatory reaction in
tissues of skin infected wounds treated with
simvastatin and saline (pm?)

Crroups | Simvastatin | Saline p-value
Inflammatic (SIM)* (SALY™
Inflammatory
reaction BT L0652 | 34160142334 000001

* Mean £ Standard deviation

I - Difference statistically significant comparing the groups SIM/
SAL (Smdent t test),

Image Pro-plus software Media Cybernetics was used.

FIGURE 4 - Histological section of wound tissue taken from
SIM group rat, demonstrating low neutrophil
infiltration and good epithelial regeneration.
HE. 100x.

Bacteriological examination

Culture results of the samples taken from wounl fan fourth post treatment
day revealed wound infection in only the rat numbeof group simvastatin (SIM),
whereProteus mirabilis, Escherchia caindEnterobacter spvere isolated. In the rats
whose wounds were treated with saline (SAL), potyohial infection with more than
100,000 CFU/g was detected in all the wounds (Ta@hl& he most frequently isolated
microorganisms can be observed in table 3.

Discussion

Cutaneous wound healing is a complex process imghblood clotting,
inflammation, new tissue formation, and finallysti® remodelirfd- It is well described
at the histological level and many experimental eliriical studies have demonstrated
varied, but in most cases beneficial, effects obgexous substancés®® on the
healing process. However, the roles played by thessgenous treatments have
remained largely unclear. HMG-CoA reductase inbisit(statins) are used clinically
for lowering hypercholesterolemia because of thehibitory effect on hepatic
biosynthesis of cholesterol at the mevalonate?t@pese statins such as simvastatin
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have been shown to exhibit important immunomodwaédfects independent of lipid
lowering®® These pleiotropic effects have been demonstratedintlude anti-
inflammatory actiort$. The present study is one of the first to demanistthat HMG-
CoA reductase inhibitors significantly improve heglof infected skin wounds in an
experimental model in rats. The improvement in amfinatory reaction and in
cytokines expression corroborates some resultsariterature that clearly demonstrate
that simvastatin is a potent and effective endaiheprotective agent that reduces
leukocyte—endothelial cell interactions indepentjeat its well-known lipid-lowering
effects. This effect has been found to be at Ipagtally mediated via downregulation
of P-selectin expression on the microvascular dredioim. Thus, HMG-CoA reductase
inhibitors like simvastatin have important antitathmatory effects besides their well-
known lipid-lowering actiof??® In the present study we demonstrated that thieabp
application of simvastatin microemulsion attenuatbd inflammatory reaction in
wound healing of infected tissues, but to datentieehanism is not clear. Prueffer et
al”’.demonstrated a protective effect of simvastatin eandonditions of acute
inflammation induced by an exotoxin within the naicirculation. In particular, they
provide strong evidence that simvastatin is ableati@nuate enhanced leukocyte-
endothelium interaction afted aureustoxin administration. Pore-formin§ aureus
toxin is known to provoke inflammatory acctivattbf®*® These evidences may
explain hour results with the topical use of sina&is in the healing of infected
wounds. Statins affect the production of many agitase reactants, including CRP,
which is produced in the liver under stimulation bytokines (IL-1 and IL-6). In
nonatherosclerotic huCRP transgenic mice, statatsedsed basal and Ilb-induced
plasma huCRP levels independently of cholestenskting and of an effect on IL-6
productiorf* . In fact, in this work simvastatin was able tdiice a marked decrease in
TNFa anf IL-1b in healing tissues, as demonstratednmunohystochemical analysis.
A probable antibacterial effect was also obserasd, the exact mechanism to explain
this action is to be described. In an other stimydretreatment was found to decrease
cytokine-stimulated transcription factor activatiand iINOS expression in the
endothelium, stating that simvastatin affect cytels with several ways

Conclusion

In addition to its antiinflammatory properties, th@otective effects of
simvastatin in infected open skin wounds is ableettuce infection and probably has
antibacterial action. The potential to treat thesmunds with statins to ameliorate
inflammation and infection is promising.
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ABSTRACT

PURPOSE: To investigate the role of b-(1-3)-D-glucan BfiTc labelledEscherichia
coli translocation and cytokines secretion in rats stibohi to small bowel
ischemia/reperfusion injuMETHODS: Five groups (n=10 each) of Wistar rats were
subjected to control(C), sham(S), group IR subgtte45 min of bowel ischemia/60
min of reperfusion(l/R), and group I/R+glucan subgel to 45 min of bowel
ischemia/60 min of reperfusion(l/R) and injectedthwi2zmg/Kg intramuscular.
Translocation of labelled bacteria to mesenterrodlg nodes, liver, spleen, lung and
serum was determined using radioactivity/count eoldny forming units/g(CFU/g).
Serum TNFa, IL-1b, IL-6, IL-10 were measured by &Al RESULTS: CFU/g and
radioactivity/count were higher in I/R than in I/§tcan rats. In C, S and S+glucan
groups, bacteria and radioactivity/count were saddtected. The I/R+glucan rats had
enhancement of IL-10 and suppressed productioreafns TNFa, IL-1b and, IL-6,
compared to I/R untreated animaONCLUSION: The b-(1-3)-D-glucan modulated
the production of pro-inflammatory and anti-inflamtory cytokines during bowel
ischemia/reperfusion, and attenuated translocatidabelled bacteria.

Key words: Bacterial translocation. Glucan. Intestine. IsclemReperfusion.
Prophylaxis.

RESUMO

OBJETIVO: Investigar o papel da b-(1-3)-D-glucana na trarejéo deEscherichia
coli marcada com®™Tc e na secrecdo de citocinas em ratos submetitkzpiamia e
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reperfuséo intestinaMETODOS: Cinco grupos (n=10 cada) de ratos Wistar foram
denominados controle (G3ham(S), grupo IR submetido a 45 minutos de isquemia do
intestino delgado e 60 minutos de reperfusdo(gR)po I/R+glucana com 45 minutos
de isquemia e 60 minutos de reperfusdo(l/R) e dostacom glucana 2mg/Kg
intramuscular. Translocacdo Escherichia colimarcada coni®™Tc, para Linfonodos
mesentéricos, figado, baco, pulmdo e soro foi adali usando contagem de
radioatividade e de unidades formadoras de col@nigsFC/g) Dosagem sérica de
TNFa, IL-1b, IL-6, IL-10 foi realizada pelo méto@i.ISA. RESULTADOS: CFU/g e
contagem de radioatividade foi significantementéomaos ratos do grupo I/R do que
no grupo I/R+glucana. Nos grupos C, S e S+glucatééhbas e contagem radioativa
foram raramente detectadas. Os ratos do grupo liRaiga tiveram aumento de IL-10
sérica e significante reducdo da expressao de TINFd e IL-6, quando comparados
com os animais ndo tratados do grupo UBNCLUSAO: A b-(1-3)-D-glucana
modulou a producdo de citocinas pro-inflamatoriagngi-inflamatérias durante a
isquemia/reperfusdo intestinal e contribuiu pamduzé a translocacdo de bactérias
marcadas.

Descritores: Translocacdo bacteriana. Glucana. Intestino. IsguerReperfuséo.
Profilaxia.

Introduction

Maintenance of bacteria and their products in thtestine is done by both
mucin and a layer of epithelial cells, the intestibarrier that is essential for health and
survival. These gut cells are in constant divisimetabolizing rapidly and forming an
impermeable barrier to harmful intestinal conterBecause they are metabolically
active, they are also susceptible to oxygen depoivawith subsequent ischemic
damage to enterocytes and their supporting strestuFhis insult results in epithelial
cell damage, decreased absorptive function, andldee of basement membrane
integrity leading to translocation of bactériaBacterial translocation (BT) was
originally defined and described by Berg and Gatbhm® as the passage of viable
bacteria through the intestinal mucosa into theemtesic lymph nodes (MLN) and to
other tissues and organs. It has been suggesteguhaschemia/reperfusion induces
disruption of the intestinal mucosal barrier, aliogv translocation of bacteria and
endotoxin from within the bowel into the blood, event that may initiate a systemic
inflammatory response and the secretion and amiivaif inflammatory mediators,
including cytokine§ Although it has been difficult to show BT in dkial cases,
patients suffering from hemorrhagic shock or paesggal syndrome are quite
susceptible to endotoxemia and multiple organ fedlub-(1-3)-glucan purified from
fungi have been shown to have broad anti-infectieivitiesS. It have been shown to
bind to receptors on leukocytes and stimulate someune responses, such as cytokine
releasé and generation of nitric oxifleSoluble b-glucan has also been shown to
enhance the clearance of bacteria from the blood,raduce mortality in rat sepsis
modelS. The present experiment was designed to analyzefthct of soluble b-(1-3)-
glucan in rats submitted to bowel ischemia, withd amithout reperfusion, on
translocation of*°™Tc labelled bacteria from the intestinal mucosaMbN, liver,
spleen, lung and serum. Additionally, the levelssefum cytokines were studied and
correlated with BT and b-(1-3)-glucan administratio
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Methods
Radiolabelling of bacteria

Escherichia coliwere labelled with®®™Tc, as follows. Briefly, a sample (0.1
mL) of E. coli ATCC-10536 culture, grown overnight in soybean taseedium, was
incubated in 10mL of the same medium, under aerata 4 hour at 37°C. After that,
different amounts of stannous chloride were adae@ tL of the medium to reach
final concentrations of 40, 130, 290, 400 and 580, mespectively. The samples were
then incubated at 37°C for 10, 20, 40 and 60 mfterAncubation, 37.0 MBq of™Tc
were added to each preparation and kept at 37°QGomin. The tubes were then
centrifuged at 3000x g for 25 min, washed and mesoded with normal saline. After
three washes with saline, tA&"Tc E. coli were incubated at 37°C for 36h. Aliquots
(100 mL) of supernatant and resuspended precipitatgaline were withdrawn for
determination of radioactivity. This procedure wagpeated three times. In order to
evaluate the bacterial viability, aliquots wereelalrom the last suspension, spread into
a solid culture medium and incubated at 37°C foh2%he effect of the procedure on
the bacterial viability was assessed by comparireg dolony-forming units per mL
(CFU/mL) of labelled and unlabelldgl coli.

Animals

Male Wistar rats weighing 285+14g were maintainediar conditions with
controlled temperature, on a 12h light-dark cyeld &edad libitumwith commercially
available rat chow and water.They were randomlyideit into four groups (n=10
each), and named, respectively: C group, for naraipd rats, which were the
controls, S group, for sham-operated, I/R for satismitted to 45 minutes of intestinal
ischemia and 60 minutes reperfusion, and I/R+glucarthose ischemia/reperfusion
group treated with glucan (2mg/Kg) intramusculalt.tAe animals were gavaged with
™T¢ E. coli, two hours before the operative procedures. Afisting overnight, the
animals were anesthetized with intramuscular ketam{50mg/kg) and xilazine
(7mg/kg). In the I/R and I/R+glucan groups, theesigr mesenteric artery (SMA) was
occluded with a microvascular clamp. The laparotontysion was then closed, to be
opened 45 minutes later for removal of the clamgpdRfusion was confirmed by the
return of pulsation to the mesenteric arcade. Tiogsion was again closed and the
animals were killed with overdose of anesthetierGQutes later.

Glucan administration

For each experiment, soluble b-(1-3)-D-glucan (loglocanO) was
administered intramuscularly to 10 rats of I/R+@glna group, at a dose of 2mg/Kg of
body weight.
Measurement of radioactivity, bacterial countinglasytokines

At the end of the procedures, under aseptic candifia midline laparotomy

was performed and blood was collected from thegbatin for culture, counting and
cytokines assays. One mL of serum was aliquotedaftioactivity counting. One gram



82

of MLN complex, spleen, liver and lung were removedcounting and culture, if 1g
of tissue was available; otherwise, the entire rgeas weighed. Tissues were
homogenized and solubilized. Aliquots of 0.2mL weocessed and were then
counted in a PerkinElmer - Wizard TM Gama Coung@ther portions (0,2mL) were
cultured on selective MacConkey's agar and blo@d &g detection of gram-negative
and gram-positive bacteria, respectively. The platere examined after 24 and 48
hours of incubation at 37°C. Portal blood samplesewused for measurement of tumor
necrosis factor-alfa (TNFa), interleukin-1b (IL-1b)nterleukin-6 (IL-6), and
interleukin-10 (IL-10) assayed using ELISA. Sendyi of detection was 30 pg/ml for
all cytokines. Procedures involving animals andirtheare were conducted in
conformity with theGuide for the Care and Use of Laboratory Anim&l§ National
Research Council, 1996. The data analysis wereoeed using the BioEstat 2.0
program. The results were tabulated and compare®N§)VA using post hoc analysis
with Newman-Keuls test. P<=0.05 was consideredssitzlly significant.

Results

All animals survived the experimental protocol. Thacterial viability test
showed that the number of colony forming units (GFaf the E. coli under
radiolabelling procedure was the same as that griowabsence of*"Tc (data not
shown). When the C and S groups were comparedlidthand I/R+glucan groups, a
significant variation on the labelled bacteria raigyn to different organs was found.
As shown in Table 1, the concentration of radicelkdal E. coli was the greatest in the
MLN, lung, and liver in ischemia/reperfusion (IR¥s. So, the MLN, spleen, liver, lung
and serum from I/R rats had significantly higherels of radioactivity than did the
organs from the I/R+glucan (p<0.01). The level okitve cultures with CFU was
significantly higher in I/R rats than in I/R+glucgnoup (Table 2). The C group was the
only one where the organs and serum were freeybaaterial colony. In the S group
the bacteria were rarely detected. As observed thithmean count of radioactivity,
bacteria were less detected in the spleen thaneirother organs studied (Tables 1,2).
The most common bacteria cultured from the orgams serum wereE. coli and
EnterococcusTNF-a, IL-1b, IL-6, and IL-10 were not detectedtire serum of the C
group, while there concentrations in the serum op&rated rats were 41,7+9,4pg/ml,
34+11pg/mL, 144+17pg/mL and, 94+21pg/mL respecyivédignificant increase in
serum level of TNF-a (753.7£91pg/ml), IL-1b (5881DHpg/ml), IL-6
(422.1+56pg/ml) and, IL-10 (311+52pg/mL) was observin I/R group, when
compared with C and S rats (p<0,01). The I/R+glucas had the serum levels of
TNF-a (98£23pg/mL), IL-1b (122+19pg/ml) and, IL-@10+31pg/mL) significantly
lower than that observed in the I/R rats (p<0,Mgvertheless, an inverse result was
observed in the IL-10. There was a significantéase (p<0,01) in the level of IL-10 in
the I/R+glucan group when compared to the I/R (@&)!

Discussion

The gut has been suggested to be a port of entrpdoteria after intestinal
mucosal injury and endotoxin challed§eThe translocation process involves the initial
attachment of the bacteria to the gut wall, whighitself can elicit production of
cytokines and initiate the subsequent inflammat@sponse. Once intact microbes
penetrate the mucosa, they may be transportedstandiorgans of even the systemic
circulation’. As shown in the present study, bowel ischemiaraperfusion promoted
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bacteria translocation. In addition, when compatedthe control and sham, this
phenomenon was significantly higher for MLN, splekwer, lungs and, serum in all
other groups. Redan etaspeculate that the route of BT is through lymptsaiito the
right side of the heart and then to the lung. Thenpnary vascular bed would then
represents the first capillary system in which th@nslocated bacteria encounter
circulating phagocyte cells. In fact, a great antafrcolony-forming units of bacteria
were found in the lung. The hypoxia, followed byange in intestinal barrier function,
generates a vicious cycle of increased permeabliéigding to toxic mediators release,
and resulting in a further increase in gut permgbfacilitating the BT However,
no significant difference in radioactivity and CFWwere found when they were
compared the S group, where the intestines werdygeranipulated, and in the C
group. In this study, increased serum levels of |NH_-1b, IL-6 and IL-10 reflected
the ischemia/reperfusion injury, as demonstratedthgr in vivo trial$**> It has been
suggested that IL-6 produced by intraepithelial pjaocytes is responsible for the loss
of intestinal barrier function following hemorrhagend the extent of loss can be
correlated with plasma levels of this cytokihén the rats treated with soluble b-(1-3)-
D-glucan it was observed a significantly differerytokine response, which was
characterized by decreased production of TNF-alldl-and IL-6, suggesting that
immunomodulation with soluble glucan might act &press the inflammatory cytokine
response. The decrease in secretion of these fimoamatory cytokines coincided with
the increase in IL-10 expression and could, att legsart, be explained by the action of
this cytokine known to have anti-inflammatory atttivin fact, IL-10 has been shown
to inhibit lipopolissacharide-induced monocyte uisgactor expression in whole blood
7 and to decrease TNF-a production in human mons€yte a model of murin€é.
coli sepsis, TNF-a and IL-1 levels in soluble glucaated mice were significantly
lower than in untreated control animdlsThe levels of radioactivity and colony
forming units of bacteria on MLN, spleen, liver,ngs and, serum were lower
I/R+glucan rats than the I/R ones, meaning thautdeof soluble glucan resulted in an
overall decrease in bacterial translocation.

Conclusion

Based on the present data, we conclude that stilmulaof the
reticuloendothelial system by soluble b-(1-3)-Deagln modulated the production of
pro-inflammatory and anti-inflammatory cytokines  ritig intestinal
ischemia/reperfusion, and attenuated the transtocaf *°™Tc labelled bacteria.
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ABSTRACT

PURPOSE: Statins are widely recognized as hypolipemic drugst some studies have
observed anti-inflammatory and immunomodulatorge$, known as pleiotropic. The aims of
this work was to study possible anti-inflammatoffeets of simvastatin in abdominal sepsis.
Serum pro-inflammatory cytokines and leukocytesntomere determined in an experimental
model of abdominal sepsis, using cecal ligation podcture (CLP) in ratsMETHODS:
Twenty eigth Wistar rats weighing 285+12g were @anty divided in: CLP/Sinvastatin rats
(n=7), treated with 10 mg/Kg of oral simvastatin &8 2 hs berofe CLP; CLP/Saline group
rats (n=7), treated with oral saline; group Shami@istatin (n=7), treated with simvastatin, and
group Sham/Saline (n=7), treated with saline. SefliM#-a, IL-1b and IL-6 by ELISA and
total leukocytes, neutrophils, lymphocytes, andregshils were determined 24 hs after CLP.
ANOVA and Tukey test were used considering sigaific p<0.05.RESULTS: It was
demonstrated that serum TNF-a, IL-1b and IL-6 wesspectively 364,8+42pg/mL;
46,3+18pg/mL and 28,4+13pg/mL in CLP/Sinvastatits raignificantly lower (p<0.05) than in
group CLP/Saline (778,5t86pg/ml; 176,9+46pg/ml; 6321 pg/ml, respectively). The same
results were observed in total leukocytes and ophils counts. CONCLUSION: These
results clearly demonstrate that simvastatin ieffective agent that reduces cytokines levels
and leukocyte count in sepsis, independently ofvigdl-known lipid-lowering effects. Thus,
HMG-CoA reductase inhibitors like simvastatin hawgortant anti-inflammatory effects in
abdominal sepsis in rats.

Key words: Statin. Inflammation. Abdominal sepsis. Wistar 2ytokine. Leukocyte.

RESUMO

OBJETIVO: As estatinas sdo agentes reconhecidamente hipaipts. Varios estudos tém
revelado que eles tém acbes pleiotropicas, comdinftarhatéria e imunomoduladora.
Tentando-se entender o papel antiinflamatério deastatina na sepse, foram analisados os
niveis de citocinas proé-inflamatorias e contagenhededcitos em modelo de sepse abdominal
por ligadura e puncéo do ceco (LPC) em rakd&TODOS: Foram utilizados 28 ratd#/istar
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pesando 285+12g, assim divididos: grupo sepse {n=sldbmetidos a LPC e grumham
(n=14), submetidos a laparotomia e manipulacdoesadiavceco. No grupo LPC/sinvastatina
(n=7) os ratos receberam 10mg/kg de sinvastatanaral 18 e 2 horas antes da LPC e no grupo
LPC/salina (n=7) os ratos receberam injecdo oratalecdo salina 0,9 %. Os animais dos
gruposshamsinvastatina (n=7) e sham/salina (n=7) receberanesmo tratamento. Dosagem
de TNF-a, IL-1b e IL-6 por ELISA e contagem de I&titos totais, neutrdfilos, linfocitos e
eosindfilos foram realizadas em todos os animaiglide estatistica foi feita pelo ANOVA e
teste de Tukey, com significancia p<0,08ESULTADOS: Ficou demonstrado que as
dosagens de TNF-a, IL-1b e IL-6 atingiram valores 364,8+42pg/ml; 46,3+18pg/ml e
28,4+13pg/ml no grupo submetido & sepse e trateolmssinvastatina, significantemente mais
baixos do que no grupo sepse néo tratados (7755488 176,9+46pg/ml; 133,621 pg/ml,
respectivamente). O mesmo ocorreu na contagem deddieos totais e neutrofilos.
CONCLUSAO: A sinvastatina mostrou acao anti-inflamatéria eatos Wistar, diminuiu
niveis de citocinas e leucécitos, sugerindo usermial na prevencdo ou atenuagdo dos efeitos
da sepse abdominal.

Descritores: Estatina. Inflamacéo. Sepse abdominal. Rato WidEitocinas. Leucdcitos.

Introduction

Statins are powerful hypolipemic drugs with pledpic effects and have been
shown to improve survival in the primary and se@gdorevention of atherosclerosis
in numerous large randomized clinical tridls By inhibiting 3-hydroxy-3-
methylglutaryl-coenzyme A (HMG-Co0A) reductase ameé tmevalonate pathway to
cholesterol, statins reduce not only cholesterolaigo the production of several of its
nonsteroidal isoprenoid precursor intermediiteghich are necessary to membrane
anchor proteins critical to the binding of signgliproteins involved in various cell
functions. Several cellular and animal models destrate the pleiotropic activity of
statins, including antiinflammatory and antioxidatiproperties, immunomodulatory
effects, improvement in endothelial function, relut in blood thrombogenicity, and
increased nitric oxide (NO) bioavailability. Someadl of these effects may account for
a substantial potential impact of statins on thenglex pro and anti-inflammatory
sequence of events occurring during sepsis. Extemesearch has been invested in the
last 2 decades and sepsis remains the leading ousath among patients treated in
intensive care units, with mortality rates ranglmegfween 30% and 70% Sepsis is
generally viewed as a disease aggravated by tlpprogriate and inefficient immune
response encountered in the affected individuattiGsteroid§”, activated protein &
tumor necrosis factor (TNF) antagonistinterleukin-1 receptor antagoni€tsanti-
endotoxin antibodiéd, and ibuprofetf have all been evaluated in a clinical setting,
with improved outcome demonstrated recently forvattd protein C. HMG-CoA
reductase inhibitors (statins) such as simvastaire been shown to exhibit important
immunomodulatory effects independent of lipid loingt®. These pleiotropic effects
have been demonstrated to include anti-inflammatacyions®, improvement of
endothelial and microvascular function, and modotetof endothelial nitric oxide
synthase (eNO%) However, statins have thus far not been usedrdat tsevere
inflammatory states such as sepsis. Knowing tHatfion is an important risk factor to
operated people and that statins have anti-inflatmmpand antioxidant properties, we
hypothesized that simvastatin pretreatment wouldph®ective against abdominal
sepsis in rats.
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Methods

The experimental protocol was approved by the Rebkdathics Committee of
the University Hospital-UFRN, Brazil. Animals wehandled in accordance with the
Guide for the Care and Use of Laboratory Animal§ National Research Council,
1996.

Animals

Wistar rats weighing 285??6g were used. Rats weusdd in polypropilene
cages and maintained under controlled temperaturdittons on a 12h light-dark cycle
and allowedad libitum access to commercially available rat chow (LabParinaO)
and water.

Experimental design

A total of 28 Wistar rats were randomly distributedo the following four
groups: In the sepsis group (n=14), a half of BeR/Sinvastatin) rats (n=7) received
10 mg/Kg of simvastatin microemulsion via gavag8, dnd 2 hours before cecal
ligation and puncture (CLP). The remaining (CLPi#8abroup) rats (n=7) were treated
with oral injection of saline 18 and 2 hs beforeRCln the group sham, 7 rats were
treated with simvastatin (Sham/Simvastatin group) & with saline (Sham/Saline
group) as sepsis group.

Surgical models

Animals were fasted 12 hr before the experiment aneésthetized with
intramuscular injection of 0.1 mL/100g weight, osalution prepared with 1.0 mL of
ketamine (50mg/mL) and 1.0 mL of xilazine (20mg/mLhey breathed spontaneously
throughout the procedures. After shaving, the abdahskin was disinfected with 70%
alcohol. All procedures were performed under sgserdnditions. Midline laparotomy (3
cm) and gentle manipulation of cecum was perforingtie sham group. In the sepsis
group the cecum was exposed, ligated with silk 28 cm distally to the ileocecal
valve to avoid intestinal obstruction. Four punetiwere performed with a 22-gauge
needle, squeezed gently to force out a small amoiufgces, and then it was returned
to the abdominal cavity. The abdominal incision wiased with 4-0 nylon sutures. All
animals were observed for 24 hours, weighed agath anesthetized with ketamine
intramuscular (50 mg/kg). Thorax was opened, blead collected by cardiac puncture
for cytokine assay and leukocyte count.

Experimental design
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FIGURE 1 - Experimental design: 14 rats were divided mto
group CLP/sepsis treated with simvastatin
(CLP/Simvastatin n=7) and with saline (CLP/
zaline n=7). In group sham (n=14), rats were
treated with simvastatin (Sham/Simvastatin
n=7) and with saline (Sham/Saline n=7).

Cytokine assays

Blood samples were used for measurement of tumaeroses factor-alfa
(TNFa), interleukin-1b (IL-1b) and interleukin-6L¢(b) , determined using enzyme-
linked immunoassay kits (all from PeproTech, Roekl, NJ, USA), according to the
manufacturer's recommended protocols. The fluoresce&vas measured by a Bio-Tec
Instruments EL 808 ultra microplate reader, usinG4Kv/3.0 analysis software.
Sensitivity of detection was 20 pg/ml for cytokines

Leukocyte count

Whole blood was collected by cardiac puncture éokbcyte cell counts using a
commercially available automated cell counter (Abi&ell-Dyn 3500R- CD 3500 5L,
USA).

Statistical analysis

Data are reported as meant SEM. Statistical armlygsre conducted with
commercially available software SPSS 14.0.1 for d@ms. Values of p were reported
in cases in which tests were performed. A valup<di.05 was considered significant.
ANOVA with post hoc Tukey's test was used to corafhe groups.

Results

All the animals survived to experiments. The resulere tabulated and
exhibited as mean+SD. Leukocyte counts obtaineB4ahours after CLP confirmed
significant lowering of WBC and neutrophils in siastatin treated (CLP/simvastatin)
rats of the sepsis group, when compared with theeated (CLP/saline) rats (p<0.05),
as can be seen on Table 1. To address possiblegehan WBC, neutrophils,
limphocytes and eosinophils, secondary to the sbperation, we studied the cells
count. No difference was observed comparing thevastatin (Sham/Simvastatim)
treated and saline (Sham/Saline) treated rats Qp»0To investigate the effects of
sepsis and simvastatin treatment on cytokinesnsavas isolated from all groups of
rats (CLP/saline, CLP-simvastatin, sham/saline, sdradn/simvastatin) and subjected to
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ELISA assay. The levels of TNFa, IL-1b and IL-6rfradCLP/simvastatin treated rats
were significantly decreased compared with that GifP/saline rats (Table 2).
Cytokines from CLP animals, treated or untreatethvgimvastatin, displayed an
increased levels compared with the sham operatsdpa0.05), as observed in Table
2. No difference was detected among the valuegtokmes (pg/mL) from sham rats
treated with simvastatin and sham-operated ratetlewith saline. (p>0.05). This
observation indicates that the simvastatin hasrference with the expression of
cytokines in septic animals, but not in the absericepsis.

Discussion

The 3-hydroxy-3-methylglutaryl coenzyme A (HMGCo#f9ductase inhibitor
class of drugs (statins) was introduced into céhigractice in the 1980s. They have
become the most widely used drugs for lowering mkasholesterol. Patients with
coronary artery disease, highrisk elderly patieatsd those having major surgery,
benefit from statin therapy*®. Some works have been presenting several effants (
inflammatory, antitrombotic, immunomodulator, etd)the statins, those denominated
together as pleiotropic effects, that do not depemdhe reductions in the cholesterol
level€®?*2% Enlarging the classic use of the statins, thdlemge in subject is to
evidence other actions of these molecules seenrttaaty pleiotropic effects have been
told, as well as anti-inflammatory properties, awctin the endotelial function and
benefits in the hemosta&i&>. In the best attempt to understand the anti-infteatory
effects of the simvastatin in the sepsis, rats vpeesiously treated with this drug and
submitted to the model of abdominal sepsis by CLie levels of pro-inflammatory
cytokines and counting of total leukocytes, neutilsp lymphocytes and eosinphils
were analyzed, considering that they are factoeg tharticipate actively of the
inflammatory process. The experimental model is ohéhe main means to study
sepsis of abdominal origin. The study of the sepsigxperimental models can be
driven with administration lipopolissacarides (LAB{ravascular, bacterial peritonitis
induced by introduction of feces or bacteria in phexitonial cavity, opening of an
intestinal segment or cecal ligation and punéfiffe The CLP model was adopted in
this work by presenting some advantages, as sy eeproducible, simple, it is not
necessary the standardization of an inocule. Bhikd model that better approaches the
human sepsis. The sepsis is polymicrobial and sitesilithe perforated appendicitis or
diverticulitis?®. It is believed that this experimental model is @ppropriate study
method to evaluate and to control the septic phemanfrom its installation to the
moment of failure of the organs and systems inedtffit times in this procé8s The
experimental design of this study was elaboratealsaoch way that the evidences of the
anti-inflammatory effect of the sinvastatin in thbdominal sepse were evaluated in
currently used biological models. After the statmt treatment of the results, a
discerning analysis of these data resulted in sioneeesting observations. Except for
the groups without infection (group sham), the ltdéakocytes count indicated an
accumulation of these cells as a consequence afadtima and ischemia on the tissues.
The use of simvastatin in the infected rats inbibithe accumulation of the neutrophils,
but not in the absence of sepsis. On the other,hamds observed that in the septic
groups, the simvastatin didn't promote significafteration in the lymphocytes and
eosinophils counts. In relation to the cytokinesalges, it was observed that the
simvastatin didn't result in a significant changehe levels of TNFa, IL-1b and IL-6 in
the sham rats. The abdominal sepsis served to degrate a significant anti-
inflammatory effect of simvastatin. This fact cae borroborated by the significant
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reduction of the levels of these cytokines in tifected animals, when simvastatin was
administered. These data suggest an importaniaetfiip between the statin and the
cells of the immune system in the validity of theahanisms of repair of the traumatic
damage, as well as during the activation of the ongtes. Therefore, it was
demonstrated in the present work that the serumalNME1b, IL-6, total leukocytes
and neutrophils had statistically significant retitut (p <0,05) in the groups submitted
to the sepsis and treated with simvastatin, contparth those non treated rats. These
data corroborate with the work of Villa efalwhere the levels of TNF-a, IL-1b and
IL-6 became altered in the same model of CLP patyotial abdominal sepsis. Koo et
al*® demonstrated in CPL model that the expressiorenés for these cytokines happen
during the abdominal sepse, not only in the int@$tsite, but also in other organs. The
results obtained in the present work are also meegent with those visualized by
Merx et af’. They demonstrated that the simvastatin, inje2tetours after CLP in the
same concentration used in the present study (10nh)g increased the time of
survival, as well as it preserved the heart anddu@namic functions of the studied
rats. In this same work it was demonstrateditro that the monocytes adhesion was
increased in the group sepsis, when compared \Wehgtoup sham. The adhesion
decreased when these cells were incubated withesitaitin. The increasing adhesion is
an important factor in the physiopathology of thepsis. The benefit of the anti-
inflammatory action of the statins was also analylzg Merx et af**2 who studied the
effect of the atrovastatin, pravastatin, simvastaind fluvastatin in the survival in a
CLP model in murines. The authors demonstratedttieatreatment after 6 hours of the
induction of the sepse increased the time of satvif the animals, except the
fluvastatin, that didn't alter the survival. In theesent study we did not find difference
in survival between the groups, because no mortaditurred. The host reaction to the
peritoneal sepsis involves antibodies productioammplement activation, cellular
immunity and bacterial destruction by polymorphdeac leukocytes and
macrophage€d®. The mechanism of the anti-inflammatory actionsishvastin is not
completely elucidated. However, some hypothesisteta explain its action. The
bacterial toxins are recognized by a variety ofeptors in the monocyte surface,
macrophages and granulocytes. The cytokines (TMF, &and IL-6) increase the
expression of adhesion molecules (selectines aAME] recruiting neutroéfilos for the
infection sité. The IL-1 produces several effects similar to ékegen TNF, as fever,
anorexia and hypotension. It also produces incr@aghe leukocyte adhesion, bone
reabsorption, inhibition of the lipoprotein-lipaaad the synthesis of collagénGreat
efforts have been used in the attempt of elucidatire action of the statins in the
sepsis, because there great therapeutic potértiaFew clinical studies have been
published recently to support the hypothesis ofattteon of therapy with simvastatin in
sepse. Almog et & performed a prospective observacional cohort stadyetermine
the impact of pre-treatment with statins in theusoence of severe sepse in infected
patients. Of the 361 patients with bacterial infact 82 (23%) had received statins at
least 4 weeks before admission. The mortality tees iow and it didn't differ
significantly among the 2 groups (3.7% vs 8.6%, .RE)) Severe sepsis developed in
the 2.4% and 19%, of the patients respectivelytha group with statin and without
statin. In other retrospective revision of 388 @aitiwith bacteremia, Liappis et*al
described a significant reduction in the patiemtsttality when they received statins in
the period of the admission, compared with thosbaut this therapy.
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Conclusion

The data of the present study suggest that sintuasias potential to attenuate
or to prevent the effects of the abdominal sepsisis subjected to cecal ligation and
punture, represented by the reduction of the levkterum cytokines, total leukocytes
and neutrophils.
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ABSTRACT

PURPOSE: Laparoscopic surgery is associated with reducegical trauma, and less
acute phase response, as compared with open surggtgkines are important
regulators of the biological response to surgical anesthetic stress. The aim of this
study was to determine if G@neumoperitoneum would change cytokine expression,
gas parameters and leukocyte count in septicMBREBHODS: Wistar rats were
randomly assigned to five groups: control (anesthesnly), laparotomy, C®
pneumoperitoneum, cecum ligation and puncture Iparl@omy, and laparoscopic
cecum ligation and puncture. After 30 min of theqadures, arterial blood samples
were obtained to determine leukocytes subpopulsittpn hemocytometer. TNFa, IL-
1b, IL-6 were determined in intraperitoneal fluidy(ELISA). Gas parameters were
measured on arterial blood, intraperitoneal andpsritoneal exsudate RRESULTS:
Peritoneal TNFa, IL-1b and IL-6 concentrations wWesger in pneumoperitoneum rats
than in all other groups (p<0.05). TNFa, IL-1b dheb expression was lower in the
laparoscopic than in laparotomic sepsis (p<0.0%3tsRfrom laparoscopic cecum
ligation and puncture group developed significapgbdrcarbic acidosis in blood and
subperitoneal fluid when compared to open proceduoep. Total white blood cells
and lymphocytes were significantly lower in lapamgic cecum ligation and puncture
rats than in the laparotomic (p<0.01). Nevertheldss laparotomic cecum ligation rats
had a significant increase in blood neutrophils andinophils when compared with
controls (p<0.05). CONCLUSIONS: This study demonstrates that the O
pneumoperitoneum reduced the inflammatory respansean animal model of
peritonitis with respect to intraperitoneal cytodsn white blood cell count and clinical
correlates of sepsis. The pneumoperitoneum produgpdrcarbic acidosis in septic
animals.

Key words: Pneumoperitoneum. Carbon Dioxide. Sepsis. Acidasiscocytes.
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RESUMO

OBJETIVO: A cirurgia laparoscépica estd associada com traredazido e baixa
resposta na fase aguda do trauma, quando compacedaa cirurgia aberta. As
citocinas e o balangco acido-base sao fatores impms da resposta bioldgica ao
trauma cirdrgico-anestésico. O objetivo deste estudi determinar se o
pneumoperitbneo com GQltera a expressado das citocinas, a gasometr@etagem
diferencial de leucécitos em ratos com sepse ab@wnmVIETODOS: Ratos Wistar
foram aleatoriamente distribuidos em 5 grupos: rotmt (somente anestesia),
laparotomia, pneumoperitdneo com £Ogadura e puncédo do ceco por laparotomia,
ligadura e puncdo do ceco por laparoscopia. AposnBlutos dos procedimentos,
sangue arterial foi colhido para leucometria difieral em hemocitometro. TNFa, IL-
1b e IL-6 foram dosadas no liquido intraperitor{pal ELISA). Os parametros gasosos
foram medidos no sangue arterial e nos exsudatogpéaritoneal e subperitoneal.
RESULTADOS: Os valores de TNFa, IL-1b e IL-6 foram significamiente menores
nos ratos submetidos ao pneumoperitbneo do que@ws bs outros grupos (p<0.05).
Expressao de TNFa, IL-1b e IL-6 foi menor no greppse induzida por laparoscopia
do que por laparotomia (p<0.05). Os ratos submetidligadura e puncéo do ceco via
laparoscopica desenvolveram acidose hipercarbicasamgue arterial e exsudato
subperitoneal, mais intensa do que no grupo sepgardtdmica. Leucopenia e
linfopenia foram mais acentuadas no grupo sepsedapdpica (p<0.01). Entretanto, os
animais submetidos a sepse laparotbmica desensolvaignificante aumento de
neutréfilos e eosindfilos quando comparados com amtroles (p<0.05).
CONCLUSOES: Este estudo demonstrou que o pneumoperitdneo @scdhtribuiu
para reduzir a resposta inflamatéria em ratos stibosea modelo de sepse abdominal,
no que diz respeito a expressao de citocinas etitapeais e leucometria diferencial.
O pneumoperitbneo também contribuiu para instalat@acidose hipercarbica nos
ratos sépticos.

Descritores: Pneumoperitdnio. Dioxido de Carbono. Sepse. A@dbsucdcitos.

Introduction

Operative laparoscopy brought a new dimension tgical practice, and many
experimental and clinical studies have demonstrigasibility, safety, cost-benefit, and
pathophysiologic occurrences. The intraabdomirglfiitation of carbon dioxide (CO2)
is the most widely used technique for the creatiba pneumoperitoneum. Insufflation
under a continuous monitoring of intraabdominalsptee throughout the surgical
procedure provides adequate exposure of the opgragild. As alternatives, different
gases (e.g., helium, argon, nitrous oxide, air) rbayused, but they have not been
adopted clinically***>® The actual knowledge concerning pneumoperitoneuen
sometimes inconsistent about the physiologic camseces induced by insufflation of
the peritoneal cavity with CO Results from animal models about the effects of a
pneumoperitoneum in certain pathologic conditiores ften alarming However, the
clinical impact of these changes is unknown, sitioe majority of patients who
undergo laparoscopic procedures do not exhibitaaiwerse clinical effects either in the
short or the long-term course. Laparoscopic surgeryapplied increasingly to
abdominal diseases complicated by diffuse or laedliperitonitis such as appendicitis,
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perforated peptic ulcers and diverticufifls A specific paper has reported the use of
laparoscopy in diverticulitis complicated by loc&d peritonitis with intra-abdominal
abscess formatidhh and diagnostic laparoscopy is being advocateddiffuse
peritonitis after blunt abdominal traulaHowever, a theoretical concern with the use
of laparoscopic techniques in clinical cases cocapdid by intra-abdominal infection
and peritonitis, is that carbon dioxide pneumopeeum may increase the risk of
bacteraemia and sepsis by increasing intra-abddnpiressure. Some studies have
demonstrated immunossuppressive effects of carbomidé on neutrophil and
macrophage function. In one study, £0locked superoxide release from activated
polimorphonuclear leukocytes and significantly reetl the secretion of IL-1 from
human peritoneal macrophalfedVhereas these effects might be considered béalefic
from the standpoint of inflammation following ele@ surgery, experimental evidence
suggests that the G@nduced immunossuppression might be deleterioubarsetting

of infection>. This may have an adverse effect on clinical auavhen compared
with open procedures. Although some evidences,data exist regarding the effect of
pneumoperitoneum and increased intra-abdominakpren sepsis and physiological
outcome. The aims of the current study were to shgate the influence of
laparoscopic procedures, in particular CO2 instiffitg on the response to sepsis in an
animal model—cecal ligation and puncture (CLP) Ire trat. Clinical evolution,
gasometry, pro-inflammatory cytokines and leukosytere analyzed.

Methods

Male Wistar rats (Animal Colony from Nucleus of Expnental Surgery,
Federal University of Rio Grande do Norte, Brazi2,to 13 weeks old, were housed in
cages where standard chow and water were avaikadbldibitum. The rats were
acclimatized to the laboratory environment for dan arrival and then fasted for 12
hours before any procedures. Anesthesia was oltaisig pentobarbital 20 mg/Kg
intraperitoneal and ketamine 50 mg/Kg intramuscufdl surgical procedures were
performed under aseptic conditions. The animals ewallowed to breathe
spontaneously for the duration of the experimerite Group C (control) rats were
subjected to anesthesia only (n=6). In the LAPditapmy) group (n=7) the following
procedures were performed: after anesthesia andepsis with povidone, a 5cm
laparotomy kept the peritoneal cavity exposed ®rbom air during 30 minutes and
the abdominal wall was sutured with nylon 4-0. AP rats (n=7) were subjected to
CO, pneumoperitoneum using a Veress needle under 3grio-30 minutes. On the
CLP/LAP (n=6) the CLP was performed after laparotorA cecum ligation and
puncture (CLP) by laparoscopy under pneumoperitonavere performed on the
CLP/PNP rats (n=6).

Cecal ligation and puncture Pneumoperitoneum was achieved by introducing a
Veress needle into the peritoneal cavity and itetifig (Endomed insufflator) the
abdomen with 3 mmHg CO Laparoscopic procedures were performed using 3-mm
instruments (Henke-Sass, W3lj introduced into the abdomen. Cecal ligation and
puncture (CLP) consisted of dissection of the cecligation midway between the
ileocecal valve and the terminal cecum using acBt@mic catgut tie, and 8-punctures
of the isolated cecum with a hollow 25-gauge neéedleduced through the abdominal
wall. Laparotomy, for the open CLP group, consistédh 5-cm midline abdominal
incision. The duration of the total procedure, déimerefore the duration of anesthesia,
pneumoperitoneum, and laparotomy, was standardize2D minutes for all groups.
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Postoperatively, animals were resuscitated withulacgtaneous injection of lactated
Ringer's (30 mL/kg) and were again housed in cagesre water was available ad
libitum. The experimental protocol was approvedhry Research Ethics Committee of
the Federal University of Rio Grande do Norte, Bramnd adhered to the Guide for the
Care and Use of Laboratory Animals, US Nationalddesh Council, 1996.

Gasometry and cytokines dosagéifter the surgical procedures, 5mL of buffered
saline were injected in peritoneal cavity and thdamnen was softly massaged for 1
minute. Thirty minutes later, whole blood was caiésl by cardiac puncture and liquid
exsudate was collected from peritoneal cavity amuinfsubperitoneal space, using
heparinized capilar tube, for determination of p€,0, and pQ. An automatic AVL
(Roche®) equipment was used. TNFa, IL-1b and IL-6revdetermined in the
intraperitoneal exsudate, by enzyme-linked immunmsat assay, using cytokine-kits
from PeproTec (Rocky Hill, NJ,USA).

Leukometry -Animals were evaluated 24 hours postoperativetycfmical signs of
CLP-induced sepsis (i.e., dark halo around the,qy&serection and lethargy). Whole
blood was collected by cardiac puncture for leuke©gll counts and the rats were then
kiled via anesthetic overdose. The determinatidnleukocyte cell counts was
preformed using a commercially available automatelll counter (Abbott Cell-Dyn
3500R- CD 3500 5L, USA).Data were expressed as sstamdard deviation.
Statistical significance was established usingotine way analysis of variance ANOVA
followed by Newman-Keuls test. Probabilities ledsart 0.05 were considered
significant.

Results

Cytokines release in peritoneal exsudatRats in the control, LAP and PNP groups
exhibited normal activity and had no piloerectiomridg the 24 hours after
interventions. In contrast, all rats that underw€hP exhibited decreased activity and
significant piloerection. The cytokine levels on RAats were higher than PNP ones;
however, the difference between these groups wassigoificant (p<0.05). Both
surgical procedures, PNP/CLP and LAP/CLP, indudgtdr TNFa, IL-1b and IL-6 in
the peritoneal fluid than were found in the contgobup. In contrast, the peritoneal
fluid TNFa, IL-1b and IL-6 levels in the pneumoperieum (PNP) group were
significantly lower than in the other groups (p<).0The PNP/CLP rats had a
significantly lower elevation of TNFa, IL-1b and-B.expression in the peritoneal fluid
than LAP/CLP rats (p<0.05) (Figures 1, 2 and 3).
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FIGURE 1 - No statistical difference was observed between
groups C and LAP. When comparing 1L-1p
expression in groups LAP/CLP and PNP/
CLP**_ the difference was significant. (p <0.05)




IL-6 release

c LAP PI‘:P* LAP/CLPPNP/CLP**

FIGURE 2 - The laparoscopic sepsis group (PNP/CLP)
expressed IL-6 significantly lower than
laparotomic group (p < 0.05). *p< 0,05 vs C,
PNP/CLP, LAP/CLP

TNFa release
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S
T

TNFa pg/mL

=
T

c LAP  PNP*" LAP/CLPPNP/CLP**

FIGURE 3 - TNF-t levels were significantly lower in
laparoscopic sepsis rats (PNP/CLP) than
when sepsis was induced by laparotomy
(LAP/CLP) (p=0.05)
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Gasometry Arterial blood gas parameters (pH, pO2) in fedm the control group (C)
remained significantly higher than in rats from LAPNP and PNP/CLP groups
(p<0.01). Rats from PNP/CLP group developed sigaift hypercarbic acidosis with
mean pH of 7.18+0.05 and p@®0.7+10.2 when compared to LAP/CLP group. The
LAP/CLP rats acidosis was not hypercarbic (Table The pCQ was significantly
higher on PNP/CLP rats than controls (p<0.01). Baantly reduced pC® was
observed following LAP/CLP, compared to LAP, PNPdaRNP/CLP (p<0.01).
Intraperitoneal exsudate gas analysis revealedosisidn the PNP group, and the
difference was significant when compared with C BA® groups (p<0.01). However,
the septic rats subjected to £@eumoperitoneum (PNP/CLP) developed a profound
intraperitoneal acidosis, as a consequence of;E@fdificantly higher (p<0.01) than in
all other groups (Table 3). In contrast, the;p@s significantly lower than in C and
LAP/CLP groups (p<0.05). While subperitoneal exsedaH (6.5+0.05) following
laparoscopic CLP using GAPNP/CLP) was significantly lower (p<0.01) thanGn
LAP and LAP/CLP rats, the difference did not reasthtistical significance when
compared with the acidotic pH (6.7+0.08) of PNP ugro(Table 3). The C©
pneumoperitoneum produced a significant increasep@®, in the subperitoneal
exsudate, when compared with all the other gropg6.01).

TABLE 1 — Arterial blood gas parameters

GROUP pH pCO2 pO2

C 7,36 +0,08" 43.4+4.7§ 66,5 +29
LAP 7.23+0.03 50.1+9.2 62.4+19
PNP 7.2240.07 48.6+9.6 61.2+15
PNP/CLP TI8+0,05™ 60.7+10.2 68,7+ 18
LAP/CLP 7.26+0,04 3545+£79% 494 + 19

*P<0,01 vs LAP, PNP, PNP/CLP; **p=<0.01 vs LAP/CLP: § p<0.,05
vs PNP/CLP; 7 p=<0.05 vs LAP, PNP, PNP/CLP

TABLE 2 - Intraperitoneal exsudate gas parameters

GROUP pH pCO2 pO2

C 7,3140,16 33,6870 113,3423
LAP 7.3020.1 39.7+10 05431
PP 71640, 16% 47497 102+15
PNP/CLP H. 810,257 86,541 .37 82,3+15§
LAP/CLP 7.27H0,11 483194 122,3+19

*P<0,01 vs C, LAP, PNP, LAP/CLP; **p=0.01 vs C, LAP; § p=0,05
vs C, PNP/CLP
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TABLE 3 — Subperitoneal exsudate gas parameters

GROUP pH pCO2 pO2

C 7.16+0.2 2148 14612
LAP 7.0402 1849.6 161420
PNP 6.7+0.08 15444 130419
PNPICLP  65:005*  46:3.8* 12248.9*
LAPICLP  7.1640.] 2419 8% 165+10.8**

*p<0,01 vs C, LAP, LAP/CLP; **p<0,01 vs PNP/CLP

Leukocytes White blood cell count in pneumoperitoneum andatapcopic CLP was
similar to those of controls (Table 4). Signifidgnteduced white cell counts were
observed following laparoscopic CLP compared tonopéP (p<0.01). No significant
difference in blood neutrophil and lymphocyte cowmts found among control, LAP,
PNP and PNP/CLP rats. Nevertheless, the LAP/CL$ hatl a significant increase in
blood neutrophils when compared with controls (p58). as can be observed in Table
4,

The PNP/CLP and LAP/CLP procedures produced a fgignt reduction in

lymphocyte count, compared with controls (p<0.0&dlditionally, the reduction in

lymphocytes was significantly higher in open CLFAR/CLP) rats than in PNP/CLP
(p<0.05). There was a significant reduction in eophil count in PNP, LAP/CLP and
PNP/CLP, compared with controls (p<0.05). The deseen LAP/CLP eosinophil was
greater than in PNP/CLP rats.

Discussion

Because laparoscopic surgery is increasingly usedréating peritonitis and
other septic states, a theoretic concern is reldtedthe hypothesis that GO
pneumoperitoneum may increase bacteremia with adweffects for the patient. Some
studies have reported technical feasibility of ragaopic appendectomy, perforated
peptic ulcer, perforated diverticulitis and othepsc surgical situatiod$***° They are
small studies with low numbers of included patietiisit can not give strong evidence
about improved safety of laparoscopic surgery iiggr septicemia. Study in rats
showed that pneumoperitoneum causes intestinaknsiehwith oxygen free radical
production and bacterial translocation, relatednechanical pressure of GO Other
studies focused on whether a pneumoperitoneum f@spthe extent and severity of
peritonitis or of bacteremia in various animal mstfe®?%?! Findings from these
investigations are controversial. Whereas some oasithieported no increase in
bacteremia, intraperitoneal abscess formation,ooretates of sepsis, others reported
increased bacterial translocation and severity esftgnitis and sepsis. Laparoscopic
surgical technique requires the maintenance of rdiramus positive intraperitoneal
pressure in patients (approximately 10-15 mmHg)fsualization and manipulation of
the viscera. In cases of peritonitis, viable baatand bacterial byproducts (including
endotoxin) exist free in the peritoneal cavity. iBes intraperitoneal pressure may
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increase bacteraemia and endotoxaemia, and thuswuoesen clinical sepsis. As
experience with laparoscopic surgery increasesisigsin more debilitated and critically
ill patients is being reportéd These patients often have sepsis and suffer ditiose
peritonitis of unclear aetiology, usually the résafla perforated viscus. It has not been
clear whether a laparoscopic approach worsensdpigcsstate or whether minimally
invasive surgery is beneficial in these criticaily patients. Experimental mode}
Several animal models of peritoneal sepsis haven lwascribed varying in many
respects, including the specific animal utilized! ahe method of sepsfs>24?> The
model of creating sepsis used in this study wagtedarom the work of Hanly etZl
The convenience of the model of laparoscopic CLPrats, used in the present
experiment, is two-fold. First, the use of a septitmal model magnifies the stress
induced by a surgical procedure to more clearlyndate the modifying effects of
laparoscopy on the inflammatory response. Sectredcdmbined stressors of bacterial
contamination of the peritoneal cavity and boweth&mia present following
laparoscopic CLP provide an environment analogouslihical situations in which
laparoscopy is used to aid in the diagnosis aratrtrent of patients with peritonitis.
The model used in this study presupposes that GluBed sepsis and that the injury
caused by CLP was equivalent between groups. Vdblested the presence or absence
of sepsis in rats by evaluating each rat for tress@nce or absence of periorbital dark
halo, the presence or absence of piloerection anchal or decreased activity. All 12
rats that were subjected to CLP were identifiethasng clinical sepsis, and all 20 rats
considered control, or that had received otherguores, were identified as not having
sepsis.

Cytokines- In the present study we observed a significactehse of TNF4, IL-1a and
IL-6 in rats subjected to GQOpneumoperitoneum with and without sepsis, andethes
findings coincided with acidosis in arterial bload,intraperitoneal and subperitoneal
exsudates. These data are in agreement with othestigators, who showed inhibition
of human peritoneal macrophage cytokine producttben these cells were incubated
in an acidic extracellular environment, lowered th&acellular pH and attenuated
cytokine releas®. Similarly, Carozzi et &° showed decreased spontaneous release of
IL-1, IL-6, IL-8, and TNF when incubations were fegmed in pH 5.5 medium
compared to much higher cytokine levels from celtzibated in medium with a pH of
7.4. In the present study the PNP and PNP/CLPerditbited arterial, intraperitoneal
and subperitoneal acidosis, suggesting intracellaeidosis. West et &f. have
proposed relative intracellular acidosis as the haeism by which the decrease in
cytokines is exertéd Redmond et &’ showed that circulating monocytes obtained
from patients after laparoscopic cholecystectomyilated reduced TNF release
compared to those from patients who had open chstiectomy. They also reported
that peritoneal macrophages derived from animaldergoing CQ laparoscopy
released less TNF in response to lipopolyssactaideS) than those undergoing air
laparoscopy. West et af> have shown that murine peritoneal macrophagessexpm
CO2 in vitro exhibit inhibition of LPS-stimulated.4l and TNF cytokine release,
suggesting that this effect is related to the mriice of the CO2 environment. These
findings contribute to explain the reduction of akine release when animals and
patients are operated under effect of ;Gfbeumoperitoneum. Whereas these effects
might be considered beneficial from the standpofnhflammation following elective
surgery, one experimental study suggests thati@duced immunossuppression might
be deleterious in the setting of infectidnThe clinical significance of these findings
remains unknown. In studies where laparoscopy veaspared to open surgery for
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peritoneal infection such as appendicitis, thers m@ clear augmentation of infectious
complications associated with the use of,@®eumoperitoneuri

Gas analysis- The effect of pneumoperitoneum on hemodynamiod blood gas
variables has been studied extensively in nonsepiimals®, and to a lesser degree in
acute models of sepsis. In the present study, poperitoneum alone and associated
with CLP sepsis induced alterations of the acicehaslance, such as fall of pH, and
elevation of pCQ@ , in arterial blood, intraperitoneal and subperéal exsudate,
without correlation to p@ The decrease in pH, that was more accentuatddQuP,
was similar to what has been repoftedhese findings were substantiated by other
investigators, who found that intraabdominal pH idishes with application of a GO
pneumoperitoneum. CQOused as an insufflation gas appeared to lowenqoeral,
blood, and subcutaneous pH more than helium, witiduced smaller chang8s
Gandara et &} stated that, in addition to G@bsorption, this might be a phenomenon
of tissue hypoperfusion. Nevertheless, in our sty was not affected by
pneumoperitoneum in septic and non septic ratss fihding can be explained by the
fact that pneumoperitoneum was performed with 3 rgmkessure, sufficient to keep a
normal and spontaneous respiration in rats. Thesgure was used in rats by other
investigatord’. By the way, Kuntz et &l. showed that, after insufflation with GO
intraperitoneal pH was inversely related to theaiabdominal pressure.

Leukocytes All rats subjected to CLP were found at autopsying darkish, foul-
smelling peritoneal fluid consistent with grossédecontamination of the abdominal
cavity. In the present study the total white celut and circulating neutrophil were
significantly lower following laparoscopic CLP ugirCG, than following LAP/CLP.
Laparotomic CLP produced a significant reductiodyimphocyte count compared to
laparoscopic CLP using CO2, corroborating with dfaten other authofd. Another
work has shown a profound drop in white blood cefisanimals subjected to
laparotomy or pneumoperitoneum under intraperitoimegulation ofEscherichia coli,
without difference between them. These data sugbastsome results are conflicting,
but there is a tendency to leucopenia and lymphagadter laparoscopic CLP.

Conclusions

The CQ pneumoperitoneum reduced the inflammatory respamsas animal
model of peritonitis with respect to intraperitohegtokines, white blood cell count
and clinical correlates of sepsis. The pneumopeeiton produced hypercarbic acidosis
in septic rats.
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4 COMENTARIOS, CRITICAS E CONCLUSOES

As vantagens da cirurgia bariatrica no tratamento da obesidade tém
sido muito difundidas nos ultimos anos. Estudos enfatizam que o tratamento
cirirgico permite um controle de peso a médio e longo prazo, reduzindo as
comorbidades. Isto possibilitou um maior conhecimento da eficacia, como
também das alteracdes organicas provocadas pelos diversos procedimentos,
em particular, as atribuidas ao BGYR.

Dado o crescente volume de procedimentos bariatricos realizados nos
tempos atuais, sobretudo apos o advento da videolaparoscopia, € mister
salientar a necessidade de acompanhamento desses pacientes. Para tanto, a
realizacdo de exames cintilograficos pos-operatorios nao esta descartada.

Partindo destes principios, julgamos importante utilizar a técnica do
bypass géastrico e observar, essencialmente, se havia ou ndo alteracdes na
biodistribuicdo do pertecnetato de s6dio no pos-operatorio.

Araujo-Filho et al. (2007) observaram alteracdes na biodistribuicdo do
pertecnetato de sédio apos intervencdo cirargica de grande porte, conhecida
desvio biliopancreético com switch duodenal, um tipo misto de cirurgia
bariatrica, ocasido em que nao foram utilizados ratos obesos?>.

Dando continuidade aos estudos nessa linha de pesquisa,
desenvolvemos um modelo experimental utilizando, desta vez, a técnica do
BGYR, a mais utilizada atualmente no tratamento da obesidade morbida.

Além do trabalho principal aqui descrito, participamos ativamente da
elaboracdo de outros estudos durante o periodo de dois anos no Programa de
Pos-graduacdo em Ciéncias da Saude, todos publicados em periddicos com

indexacdo internacional, o que trouxe como contribuicdo o enriquecimento do
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ponto de vista critico e cientifico da autora, correspondendo as expectativas e
possibilitando o cumprimento de um cronograma prévio.

A presente tese teve como mérito a criacdo de um modelo
experimental de cirurgia bariatrica que contribuira para futuras pesquisas e
publicacbes nesta éarea, possibilitando a autora o seu aperfeicoamento
cientifico nos aspectos inter e multidisciplinar.

Durante a trajetéria na Pos-graduacdo houve sempre a participacao de
alunos de Iniciagdo Cientifica e de outros colegas poés-graduandos na
execugcdo dos trabalhos experimentais, contribuindo sobremaneira para o
crescimento pessoal em todos os sentidos, bem como dos demais colegas da
Pés-graduacédo e Graduacéo.

Dentre as dificuldades encontradas, houve o fato de se tratar de uma
intervencao cirdrgica de grande porte, realizada em pequenos animais, 0 que
necessitou do uso de microscopio e instrumental cirirgico especial para
realizacdo dos procedimentos.

Um projeto piloto com pelo menos trés séries de experimentos foi
necessario, até que se conseguisse sistematizar a técnica com baixa morbi-
mortalidade e observar os animais dentro do periodo pré-estabelecido.

Além disso, trabalhando com material radioativo, utilizamos
equipamentos de radioprotecdo como aventais de chumbo, que dificultaram as
manobras operatérias. O carater mutilante da técnica empregada limitou o
tempo de observacgéo pds-operatorio.

No presente estudo foi possivel determinar alteragdes pos-operatorias
na biodistribuicdo do pertecnetato de sédio em 6rgdos do aparelho digestivo e

a distancia. Contudo, possiveis justificativas para as altera¢des descritas ficam
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na fase de hipoteses, uma vez que tais explicagcbes ndo foram o objetivo
principal deste experimento.

Outros aspectos pds-operatdrios necessitam ser analisados a respeito
da cirurgia bariatrica, com o objetivo de explicar as mudancas decorrentes do
catabolismo excessivo, alteracdes imunolégicas, moleculares, hormonais,
dentre outras. Estudos subsequentes serdo realizados na busca do
esclarecimento sobre quais repercussfes da cirurgia bariatrica empregada
podem explicar as alteracdes na biodistribuicdo radioativa observadas no
presente trabalho.

O primeiro ensaio experimental anexado a esta tese tem como
contribuicdo adicional alertar sobre possiveis disturbios na biodistribuicdo do
pertecnetato na avaliagdo pds-operatdria de pacientes submetidos a cirurgia
bariatrica, especialmente aqueles que venham a utilizar exames cintilograficos.
Tal fato pode implicar na protecdo contra repeticdo de exames, interpretagcao

duvidosa de resultados e reducao de custos.

4.1 Perspectivas de trabalhos na mesma linha de pes  quisa

Como perspectivas de estudos posteriores, algumas perguntas podem
ser respondidas em trabalhos futuros relacionados com a cirurgia bariatrica,
tais como: as técnicas restritivas ou disabsortivas isoladamente podem ter o
mesmo comportamento do bypsass gastrico? Até que ponto tais alteracdes
seriam significativas, com potencial para produzir implicagbes clinicas em
humanos operados? Somente ensaios clinicos futuros com uso de exames de

imagem da medicina nuclear podem contribuir para elucidar a davida.



110

A linha de pesquisa tera continuidade, a procurar explicagcbes em
estudos futuros para as alteragbes de biodistribuicdo observadas, através de

parametros laboratoriais, estudos histolégicos e microbiolégicos.

4.2 Conclusdo

A partir do modelo experimental utilizado no presente estudo, os dados
permitem concluir que a cirurgia do bypass (desvio) gastrico em Y de Roux
altera a biodistribuicdo do pertecnetato de sédio no figado, estbmago e 0sso de

ratos operados.
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Abstract

The Roux-en-Y gastric bypass (RYGB) is the surgical technique used in the
treatment of morbid obesity. This reduces the volume of the stomach and small
intestine length, generating structural and metabolic changes that may influence
the results of scintigraphic examinations of patients. In order to evaluate the
postoperative biodistribution of sodium pertechnetate (Na**™Tc) in organs of
rats subjected to the technique of Roux-en-Y gastric bypass (RYGB), we used
12 rats randomly divided into treatment group (n = 6), submitted to surgery
RYGB and the control group (C, n = 6). On the 15th day after surgery was 0.1
mL administered of Na®*™Tc by orbital plexus of both groups, with mean activity
of 0.66 MBg. After 30 minutes, the rats were killed and fragments of thyroid,
heart, lung, liver, stomach, kidney and femur were removed. The samples were
washed with 0.9% saline solution, weighed and submitted to the 1470 Gamma
Counter, Perkin-Elmer WizardTM-Finland to determine the percentage of total
radioactivity per gram (% ATI / g) of each organ. We applied the Student t test
for statistical analysis, with a confidence interval of 95%. Significant reduction in
mean% ATI / g was observed in the liver, stomach and femur of animals
underwent surgery RYGB compared to the control group (p <0.05). In other
organs there was no statistically significant difference between the groups. In
conclusion, surgery RYGB in rats modified the biodistribution of Na**™Tc in
some organs and may have clinical implications in the interpretation of
scintigraphic examinations. This study was a multidisciplinary involving
researchers at the Experimental Surgery, Pharmacy, Radiobiology, Nuclear

Medicine and Statistics.
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