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Resumo

EFEITOS DO TRANSPLANTE DE CELULAS-TRONCO DE CORDAO UMBILICAL EM MODELO EXPERIMENTAL
DE ASFIXIA NEONATAL EM SUINOS

Introducéo : A asfixia neonatal é a principal causa de leséo cerebral no periodo perinatal, tendo como consequéncias
alta mortalidade e grande numero de seqiielas neurolégicas. Atualmente, varias estratégias neuroprotetoras estao
sendo avaliadas em modelos animais na tentativa de reduzir a morte celular e melhorar os desfechos neuro-
comportamentais dos recém nascidos, mas 0s resultados sdo pouco expressivos. Estudos sugerem que o
transplante de células-tronco limitaria a expansdo de lesGes e facilitaria o reparo de tecidos lesados, podendo se
constituir numa opcédo terapéutica em casos de asfixia. Os pesquisadores optaram pelo uso de um modelo em
suinos recém-nascidos devido ao facil manejo, baixo custo e similaridade de peso e tamanho em relacdo aos bebés.
Objetivo: O objetivo deste estudo é analisar de que forma células-tronco de corddo umbilical humano, infundidas via
intra-arterial entram no cérebro, sobrevivem neste micro ambiente, e promovem a recuperacdo da funcao
neuroldgica apoés insulto hipoxico-isquémico, usando dois tipos diferentes de acessos arteriais.

Materiais e métodos: Foram utilizados 36 suinos com até dois dias de vida divididos em 4 grupos: Grupo | (Sham),
Grupo Il de controle, Grupo Ill tratado com células-tronco via artéria umbilical, e Grupo IV com células-tronco
injetadas pela artéria carétida comum.

Para a inducao da asfixia utilizou-se a associacdo simultdnea de procedimentos que causavam hipdxia e isquemia.
As células-tronco foram obtidas a partir de sangue umbilical humano.

Com 2, 7, 14 e 21 dias de vida os animais eram examinados e era aplicado um escore neuroldgico. O tecido cerebral
de animais tratados com células tronco que morreram antes de completar 21 dias foi utilizado para pesquisa de PCR
para DNA humano. Aos 21 dias os animais sobreviventes eram novamente levados a sala cirlrgica, anestesiados
profundamente a fim de serem sacrificados e realizar-se uma perfuséo trans-cardiaca com paraformaldeido para a
extracdo dos encéfalos. Logo apds, era aplicada a técnica histologica de Nissl e realizada a estimativa de volume
encefalico para avaliagdo do grau de lesdo cerebral.

Resultados: . Aos 21 dias houve diferenca entre a média dos escores do grupo que recebeu células pela car6tida
quando comparada as dos grupos controle e 0 que recebeu células pela artéria umbilical. Na pesquisa através de
PCR em animais do grupo das células-tronco pela artéria car6tida comum foi possivel a visualizagdo da banda
correspondente ao gene B-globina humano em dois dos quatro animais em diversos pontos de tecido cerebral em
amostras obtidas 15 e 24 horas apos o procedimento de asfixia. N&o se identificou PCR positivo nas coletas
realizadas 7 dias e 15 dias deste mesmo grupo bem como em nenhuma das amostras dos animais do outro grupo
pesquisado . Nao houve diferenca entre as médias dos volumes encefalicos nos quatro grupos. O volume cerebral e
o0 peso final dos animais apresentaram uma correlagdo positiva moderada.

Conclusdo: Os resultados deste estudo sugerem que a administracdo de células-tronco de cordao umbilical humano
via artéria carétida comum em modelo de hipoxia-isquemia em suinos esta associada a presenga de PCR positivo
para o gene da B-grobina humana e a uma melhora na fungéo neurol6égica com 3 semanas embora sem evidéncia de
diminuicdo da area de leséo.

Descritores : 1. Células-tronco, 2. Asfixia Neonatal, 3. Cordao Umbilical, 4. Hipoxia-isquemia encefalica, 5. Modelos

Animais, 6. Animais recém-nascido,. 7. Suinos, 8.Humanos .
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Abstract
EFFECTS OF THE UMBILICAL CORD STEM CELL TRANSPLANT IN A PIGLET MODEL OF
NEONATAL ASPHYXIA

Introduction — Neonatal asphyxia is the main cause of brain damage in the perinatal period. Studies
suggest that the stem cell transplant would curb the expansion of damages and facilitate the repair of
damaged tissues, and could thus become a therapeutic option in cases of asphyxia.

Objective : In the present study we tested whether intra-arterialy infused human umbilical cord stem
cells enter brain and survive in the brain microenvironment, and improve neurological functional
recovery after hypoxic-ischemic insult using two two different arterial access.

Materials and methods: Thirty-six healthy piglets not older than two days were divided into four
groups: Group | (Sham), Group I, which was the control group, Group lll, treated with stem cells
infused through the umbilical artery, and Group IV, treated with stem cells injected via the common
carotid artery. Stem cells were obtained from human umbilical cord blood.

For induced asphyxia, a simultaneous association of procedures that caused hypoxia and ischemia
was used. The brain tissue of treated animals that died before completing the twenty-one days was
used for PCR research for human DNA. At two, seven, fourteen, and twenty-one days after the
procedures, the animals a neurologic score was applied. After twenty-one days, the survivors were
taken to the surgery room again, deeply anesthetized and a transcardiac perfusion was performed in
order to be sacrificed. After this, the animal brains were slowly extracted and the Nissl histological
staining technigue was used to assess the degree of brain damage.

Results : At 21 days there were differences among the average scores of group treated via carotid,
when compared to those of control group and treated via umbilical artery. At other assessment
moments no differences were found. In the PCR research of animals that received stem cells via
the common carotid artery catheter it was possible to visualize the band corresponding to the
human B-globin in several points of the researched brain tissue samples of two of the four animals.
The samples with positive PCR were obtained fifteen and twenty-four hours after the asphyxia
procedure. Likewise, no positive PCR was found in any of the samples of the animals in group III.
The averages and SD of encephalic volume in four groups didn’t show differences and brain volume
and final body weight of the animals had a moderate positive correlation

Conclusion : The results of this study suggest that the administration of human umbilical cord stem
cells via the carotid artery in a hypoxia-ischemia model in piglets is associated with the presence of
positive PCR for the human B-globin gene, and led to a significant improvement in neurological
function with 3 weeks, although there was no evidence of decreased lesion area.

Key-words: 1.Stem cells, 2.Neonatal asphyxia, 3.Umbilical cord blood, 4. Hypoxic-ischemic brain

injury, 5.Animal models, 6.Animal newborns, 7.Piglets, 8. Humans.
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1. INTRODUGCAO E JUSTIFICATIVA

Esta tese foi redigida sob forma de dois artigos originais conforme as normas
do programa de Pos-Graduacao em Pediatria. O primeiro é apresentado no capitulo
Il sob o titulo “DEVELOPMENT OF AN EXPERIMENTAL PIGLET MODEL OF NEONATAL
ASPHYXIA WITH 21-DAY SURVIVAL", e descreve o desenvolvimento de um modelo
experimental de asfixia neonatal em suinos em que 0S animais apresentam
sobrevida por um periodo longo. Ja no capitulo Ill, descrevemos o segundo artigo,
intitulado “EFFECTS OF THE UMBILICAL CORD STEM CELL TRANSPLANT IN A
PIGLET MODEL OF NEONATAL ASPHYXIA” que tem como objetivo principal
analisar de que forma células-tronco de corddo umbilical humano, infundidas pela
corrente sanguinea se instalam no cérebro, sobrevivem neste micro ambiente, e
promovem a recuperacdo da fungdo neuroldgica apos insulto hipdxico-isquémico,
utilizando-se dois tipos diferentes de acessos intra-arteriais no modelo experimental
desenvolvido no estudo anterior. Os artigos foram redigidos no formato da revista

Pediatric Research.

1.1. Andxia neonatal

De acordo com a American Academy of Pediatrics e o American College of
Obstetrician and Gynecologists, andxia ou asfixia neonatal é definida como uma
agressao hipoxico-isquémica grave ao feto ou ao recém-nascido que tem como
resultado um percentual elevado de danos neurofisiolégicos permanentes e alta
mortalidade(1). Asfixia € consequéncia do bloqueio da troca gasosa que leva a trés
efeitos bioquimicos: hipoxemia, hipercapnia, e acidose metabdlica. As condicdes a

seguir caracterizam a asfixia neonatal:

. Evidéncia de acidose no sangue de corddo umbilical obtido no
parto;

. Escore de Apgar de 0-3 por 5 minutos ou mais;

. Evidéncia de seqlela neurolégica e em um ou mais dos

sistemas organicos a seguir: cardiovascular, gastrintestinal, hematolégico,

pulmonar, hepatico ou renal.
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Os recém-nascidos séao particularmente vulneraveis a asfixia durante o parto
ou imediatamente apos este. Quando ela comeca no Utero, pouco antes ou durante
o trabalho de parto, decorre geralmente de comprometimento do fluxo sanguineo da
placenta ou do corddo umbilical e apds este periodo muito provavelmente se origine

de problemas na passagem do ar pelas vias aéreas. (2, 3).

A suscetibilidade do cérebro imaturo a asfixia perinatal depende do estado
temporal e regional do processo de desenvolvimento, bem como, da proliferagéo,
migracéao, diferenciacdo, mielinizacdo, morte programada de células e da regulacéo

no fluxo sanguineo cerebral e metabolismo(3).

Atualmente, varias estratégias neuroprotetoras estdo sendo avaliadas em
modelos animais na tentativa de reduzir a morte celular apoptética e, assim,
melhorar os desfechos comportamentais. Dentre 0os novos tratamentos propostos
para recuperar o tecido cerebral lesado pelos efeitos da an6xia neonatal inclui-se:
inibidores de aminoacidos excitatérios e radicais livres, 6xido nitrico, caspases,
topiramato e hipotermia(4, 5). Mais recentemente o transplante com células-tronco

também tem sido considerado como alternativa terapéutica(6).

1.2. Modelos animais de andxia neonatal

Nenhum modelo de andxia perinatal € considerado ideal, apesar das
pesquisas em animais tém sido de grande importancia neste campo. Modelos com
porcos e ovelhas parecem ser 0os mais apropriados para os estudos de curto prazo
(até aproximadamente uma semana) e com ratos mais apropriados para estudos
mais longos (com duracdo de varias semanas). O modelo suino tem se mostrado
bom para estudos de fluxo sangiineo cerebral (FSC) e metabolismo, sendo que
atualmente estd bem padronizado. Os estudos em curto prazo tém nos ajudado a
entender a fisiopatologia da asfixia, mas estudos de maior prazo tém maior
possibilidade de oferecer evidéncias histopatoldgicas de lesédo cerebral. Nestes

altimos é possivel também avaliar achados clinicos e neuroldgicos(7-10).
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Lé blanc et al.(11, 12) desenvolveram um modelo suino com sobrevivéncia de
prazo relativamente longo utilizando a combinacdo de ocluséo de vasos cerebrais,
seguidos por um periodo de hipotensdo hemorragica e hipdxia. Neste modelo a
mortalidade foi de 30% e aproximadamente 70 a 80% dos animais sobreviventes
apresentaram déficits neuroldgicos. Munnkeby et al(13, 14) desenvolveram dois
modelos agudos de asfixia utilizando mistura gasosa de oxigénio a 8%. Em um deles
a manutencédo da hipoxia durou até a pressao sanguinea média alcancar 15 mm Hg
ou 0 excesso de base alcancar -20 mM. No outro modelo deste autor os animais
foram submetidos a 30 minutos de hipdxia simultaneo a um clampeamento bilateral
das carodtidas comuns. Nossa idéia foi fazer uma associacao entre os estudos destes
dois autores e desenvolver um modelo suino de prazo maior, em que pudéssemos
avaliar os efeitos da infusédo de células tronco. Fatores como o peso e tamanho dos
suinos recém-nascidos que sao parecidos com o de bebés, o facil manejo e o baixo
custo, fazem com que este modelo seja muito atrativo e factivel. Além disso, existe
uma quantidade consideravel de literatura relacionada a metabolismo e FSC em
suinos(7, 15, 16).

1.3. Terapia com células-tronco

As células-tronco sdo definidas funcionalmente como células que tem a
capacidade de auto-renovacdo associada a habilidade de gerar diferentes células,
ou seja, elas podem gerar células filhas idénticas a mae (auto-renovacao), além de

produzir linhagem com potencial mais restrito (células diferenciadas) (17, 18).

Pode-se classifica-las em dois tipos principais: as do tipo embrionario
existente nas primeiras semanas do periodo fetal, e as do tipo adulto que
predominam apo0s esta fase. Funcionalmente, as do tipo adulto sdo responséaveis
pelo reabastecimento tecidual ao longo da vida e estdo presentes na maioria dos
tecidos humanos, tais como, o sangue, a pele, o figado, o coracdo e o cérebro. Ha
muitos anos doencas hematologicas malignas tém sido tratadas através do
transplante de células-tronco tipo adulto de medula 6ssea ou de sangue de cordéo
umbilical e atualmente estudos em diversas doencas de variados 0rgaos e sistemas

vém testando esta terapia(18-25).
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1.4. Células-tronco e doencas neurologicas

Nos ultimos 30 anos ocorreram grandes avangos no campo do transplante
neural, e muitos estudos clinicos vem sendo propostos. Em boa parte dos trabalhos
células embrionarias sao transplantadas no cérebro de pacientes com doencas
neurolégicas, incluindo doenca de Parkinson e Huntington e, apesar de alguns
resultados controversos, existe uma concordancia geral de que esta terapia trouxe
beneficios aos pacientes (26-29). Todavia, a aplicacdo do transplante de células
embrionarias em terapia de larga escala encontra séria resisténcia relacionada a
aspectos éticos e metodolégicos, uma vez que se utiliza material abortivo.
Consequentemente, um grande esforgo tem sido devotado para encontrar fontes
doadoras alternativas, dentre as quais as células-tronco do tipo adulto provenientes
da placenta e cordao umbilical (4, 20, 28, 30-32).

1.5. Aspectos Eticos
Na coleta de sangue de corddo umbilical, embora se trate de material de
descarte, optamos por solicitar o consentimento informado de todas as gestantes

cujo material da placenta tenha sido utilizado.

O presente trabalho baseia-se no principio de valorizar a vida animal,
considerando sua sensibilidade e procurando sempre reduzir ou evitar sofrimentos
desnecessarios. Russell et al 1(33) conseguiram sintetizar com 3 palavras o Principio
Humanitario da experimentacdo animal, o que ficou definido como o principio dos 3

Rs devido a sua grafia em inglés.

Replasements, ou seja, Alternativas, indicando que sempre gque possivel
devemos usar, no lugar de animais vivos, materiais sem sensibilidade. No caso do
presente trabalho, que busca uma avaliacdo de aspectos clinicos e terapéuticos
embora haja uma fundamentacdo in vitro bem estabelecida, a complexidade dos
processos envolvidos e a impossibilidade de avaliagdo dos resultados em seres
humanos, ndo deixam alternativas sendo a experimentacdo em animais. Trata-se,
portanto, de um indispensavel estudo pré-clinico, a fim de que se obtenha
indicacdes prévias sobre a possibilidade das células-tronco apresentarem efeito

terapéutico e proporcionarem seguranca.
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Reduction, quer dizer, o numero utilizado devera ser o menor possivel,
baseado em um célculo amostral e 0 minimamente suficiente para que se alcance

resultados confiaveis pelos métodos estatisticos disponiveis.

Refinement, aprimoramento, refere-se a técnicas menos invasivas ou ao
manejo de animais somente por pessoas treinadas. No presente estudo, os
protocolos experimentais utilizados seguirdo as normas internacionais de
experimentacdo animal. Os procedimentos anestésicos, sedativos, e as técnicas
utiizadas estardo de acordo com a pratica veterinaria correntemente aceita,
evitando-se ao maximo a dor e o sofrimento. Durante a fase de recuperagdo 0s
animais ficardo em local apropriado onde pessoas treinadas serdo encarregadas da

alimentacdo, recuperacéo dos ferimentos e cuidados com a temperatura e a higiene.

1.6. Justificativa

O sistema nervoso central (SNC) € um dos principais sistemas acometidos
por lesdo tecidual no periodo perinatal, e a anOxia neonatal € a causa mais
importante de dano neurologico ocorrendo em aproximadamente 2-4:1000 nascidos
vivos a termo. (6, 34). Recentemente, muitas pesquisas estdo avaliando a aplicagéao

de células-tronco nas mais diversas doencgas, em especial no campo da neurologia.

A terapia celular poderia facilitar o reparo de tecidos lesados e exercer efeito
protetor, limitando a expanséo de lesfes. A capacidade potencial destas células em
responder a sinais sistémicos de tecidos lesados, de migrar para estas regides, de
substituir tecidos mortos ou de proporcionar protecéo por secrecdo de hormonios de
crescimento e fatores de protecdo especificos, sdo consideradas caracteristicas
desejaveis as necessidades terapéuticas da medicina perinatal. H4 também algumas
particularidades dos recém nascidos poderiam oferecer vantagens. As dimensfes
relativamente pequenas, a perspectiva de futuro desenvolvimento do bebé e a
disponibilidade de material da placenta, que € um grande reservatério de sangue

fetal, favorecem a obtencao, a aplicacéo e os efeitos do tratamento(6, 28, 35).

Existe, porém, um numero menor de estudos nesta faixa etaria. Aléem disso,
varias questdes carecem de respostas mesmo considerando os bons resultados em

estudos com modelos adultos. Exatamente que mecanismos moleculares, celulares,
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fisiologicos estariam implicados? Quais os tecidos seriam mais suscetiveis a sua
utilizacdo? Qual a duragdo dos possiveis efeitos? Que via de administracdo e

momento de aplicacédo seriam mais adequados (2, 6, 17, 20, 22, 23)?

Um estudo pré-clinico visando contribuir na elucidagdo de algumas destas
questbes é de fundamental importancia, especialmente quando levamos em

consideracao o uso desta terapia durante o periodo perinatal.

1.7.0bjetivos

Objetivo geral:

Avaliar os efeitos da injecdo de células-tronco de corddo umbilical humano em

um modelo experimental em suinos de andxia neonatal.

Objetivos especificos:
1. Testar um modelo experimental de asfixia neonatal em suinos recém-

nascidos;

2. Comparar as alteracdes histologicas, e neurocomportamentais entre
animais nao tratados e tratados com células-tronco administradas por

duas vias arteriais diferentes, ap6s serem submetidos a asfixia neonatal;

3. Detectar a migracdo das células-tronco transplantadas nas regifes
encefalicas acometidas pelo insulto hipéxico-isquémico através de PCR

humano.
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ABSTRACT: Perinatal Asphyxia is the most frequent cause ofaiegical damage in newborn.
The purpose of this study was to develop a swindahof Neonatal Asphyxia in which the animals
remain alive for a period up to twenty-one dayspieg evidence of damage throughout the study.
We used combined hypoxia and ischemia inductionnigeies in two different time regimes. Twenty
animals were divided into three groups: Group 5frer Sham , Group II(n-5), submitted to hypoxia
and ischemia for forty-five minutes, and Group ri#{0), submitted to hypoxia and ischemia for
variable periods of time, based on a combinatiolypitension and acidosis. At 2, 7, 14, and 2kday
after the procedures, the animals were examiney admormalities found were recorded, and a
neurological score was performed. After twenty-dags, the piglets were deeply anesthetized and a
transcardiac perfusion was performed to the breiraetion . To estimate the degree of brain damage
we applied a brain volume method. Most part of a&mn Group Il presented changes forty-eight
hours after the procedure but seven days late, changes were still found in just one of the atgma
In Group lll, just one of survivors did not presamy kind of abnormality after forty-eight hoursida
after the twenty-one days, four of the five survasdid not demonstrate effective sucking. There wa
a significant difference in the neurological scorean of Group Ill, if compared with the other greup

in the four evaluations. Brain volume and final hageight of Group Il were significantly higher,
compared with the other two groups. In conclustbis model of neonatal asphyxia with association
of hypoxia and ischemia was useful in a more prgdohfollow-up, thus enabling the identification of
neurological changes throughout the twenty-one déykse study, mainly when the time of the insult
was based on parameters of hypotension and aciddssbrain damage estimation based on brain

volume was not effective to determine damage.

The central nervous system (CNS) is one of the systems affected by tissue injury in the

perinatal period, and Perinatal Asphyxia is the tnfi@xjuent cause of neurological damage. It occurs
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in approximately 2-4 out of every 1,000 living infa born at full term. The damages caused by
Asphyxia to the newborn infant are the result of tissociation between hypoxia and ischemia,
affecting the organism in a generalized manner, aftehtimes leading to a severe neurological
damage, difficult to recover from, and in many amtes related to long-term repercussions (1-3).
According to the American Academy of Pediatrics d@imel American College of Obstetricians and
Gynecologists, neonatal anoxia or asphyxia is @dfias a severe hypoxic-ischemic aggression to the
fetus or newborn, which results in a high percemtafjpermanent neurophysiological damage and
high mortality rate (4) (5) .

Although research conducted with animals has bdegreat importance in this field, no
model of perinatal asphyxia is considered ideald®#® with pigs and sheep have been more widely
used in short-term studies (of approximately upre week), whereas rats are used in longer studies
(lasting several weeks). The short-term studiesuaed to study the physiopathology of asphyxid, an
the more prolonged ones are used to assess cledgacts, and these are more favorable to the
detection of histopathologic evidence of brain dgeng6-10). In this study, we chose a model in
swine. Several characteristics are interestinghia mmodel. The gyroenchephalic anatomy and the
brain vascularization of the swine are similartiose of humans, and there is a considerable amount
of literature concerning metabolism and brain blfod (6, 8, 11-13) (14). Due to the size and body
weight of the animals, the swine models enable edxgining of vascular accesses, as well as
cardiovascular and respiratory monitoring, thus @lfowing the use of neonatal intensive treatment
equipment. Nevertheless, the number of longer-&tudies is relatively small.

The objective of this study is to use a swine marfeNeonatal Asphyxia in which the
animals remain alive for a period up to twenty-adags, keeping evidence of damage throughout the
study. For this purpose, we planned to use combinypmxia and ischemia induction techniques in
two different time regimes.

METHODS

Twenty-nine healthy piglets of tigus scrofaace, obtained from a local farm and not older
than two days old, were used in this study. Iditjah pilot study was conducted, in which nine
animals were subjected to the hypoxia and ischesgaciation, with different durations. Based on the
results of the pilot, the duration of the hypoxiadaschemia was established for one of the grooips i
the subsequent phase of the study. In the negé staventy animals were divided into three groups:
Group | (Sham), Group Il, submitted to hypoxia aschemia for forty-five minutes, and Group I,
submitted to hypoxia and ischemia for variable qusi of time, based on a combination of
hypotension and acidosis. The first two groupsewaymposed of five animals, whereas the third
group had ten animal¥he protocol of this study was approved by the ReteEthics Committee of
the Medical School of PUC-RS, under the followiegistration number: CEP-PUC 06/03425.

Anaesthesia, ventilation and monitorin of physiataf variables After the stabilization

period, the animals were subjected to anesthetiticiton with inhalational halothane (3%),
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endotracheal intubation, and umbilical cord vessstheterization. For anesthetic maintenance,
ketamine(15-20 mg/kg IV or IM) and xilazine (2r{g/1V or IM) was useckvery two hours
After intubation the animals were kept on a meatenventilator (BP 400, Pr6 Médico,Séo
Paulo,Brasil) with respiratory rate of 20 breatks minute(bpm), PIP of 15 mmHg and PEEP
of 3 mmHg and oxygen concentration of 21%.

The heart rate, rectal temperature, and saturatioall animals were monitored by
transcutaneous monitoring(Ohmeda 3800,GE,Helsimkgfid). In the group Il the mean
arterial pressure was obtained via catheter irstahrough an umbilical artery and connected
to a pressure monitoring device(Kananda 2, BeloZdate, Brasil) . For the same catheter
samples  were collected for determination of  arteriablood  gases.

Protocol for hypoxic-ischemic insult and experinangroups For induced asphyxia,
a simultaneous association of procedures that dabypoxia and ischemia was used.
Hypoxia was obtained by administering an inhalalanixture of 8% O2 and 92% nitrogen
through an endotracheal tube connected to a mexasm@ntilator, and ischemia was induced
by clamping both common carotid arteries. The place was completed with the reversion
of the arterial occlusion and the replacement efitjjpoxic mixture with ambient air.

In Group I, the common carotid arteries of the aismwere dissected, but not
occluded. The animals in Group Il were subjectedh® inhalation of a hypoxic mixture
associated with the bilateral occlusion of the camnroarotid artery for a fixed time of forty-
five minutes. And the animals in Group lll were sutted to hypoxia and occlusion of the
carotid arteries until their mean arterial press(MAP) reached less than 30 mm Hg,
associated with an arterial pH of 7.28 or belowl. alimals in Group Il had one of their
umbilical arteries dissected and catheters werednted into them for the monitoring of the
arterial pressure. Arterial blood gas samples waken immediately before asphyxia was
induced and at the moment the animals’ mean arfgeasure reached 30 or below.

After the surgical procedures, the animals remaureter mechanical ventilation until
they regained spontaneous breathing and were ¢ ttansported to a shelter. In the shelter,
the animals stayed in incubators, warmed by radiaat and gavage-fed bovine milk until
they were able to suck effectively to drink thekrdirectly from the bottle.

After twenty-one days, the survivors were takerth® surgery room again, deeply
anesthetized with thiopental 50 mg/kg administerattaperitoneally for them to be
sacrificed, and so that a transcardiac perfusiomth whysiological serum and 4%
paraformaldehyde could be performed.

Neurological EvaluationAt 2, 7, 14, and 21 days after the procedures athimals
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were examined and any abnormalities found wererdech such as gait changes, palsies,
difficulty sucking, hypoactivity, and abnormal mewents. A neurological score previously
used for swine models was adapted and includedgbessment of consciousness level (0 to
15 points), brainstem function (0 to 22 pointshss®y response ( 0 to 20 points), muscle
tone (0 to 8 points),postural reflexes (0 to 8 E)in mobility ( 0 to 30), spatial orientation (O
to 20 points), activity (0 to 16 points) and seesi(0 to 10 points) (Table 1) (12).The results
were recorded and scored from O to 149

Table 1-Neurobehavioral Scoring Tool for piglets

Item Scoring code
Consciousness 0=Normal 5=clouded 10=stupor 15=coma
Brainstem functior
Respiration 0O=Normal 5=Present but abnormal  10=Abse
Pupilar light reflex 0=Normal 2=Present but abndrma 4=Absent
Corneal reflex O=Normal 2=Present but abnormal Jsehlh
Gag reflex 0=Normal 2=Present but abnormal 4=Absent
Sensory responses
Olfaction O0=Normal 2=Present but abnormal 4=Absent
Visual threat/orienting 0=Normal 2=Present but abmd =~ 4=Absent
Auditory startle/arousal 0O=Normal 2=Present butaabral 4=Absent
Pain withdrawal O=Normal 2=Present but abnormal  Hseft
Tactile localization O=Normal 2=Present but abndrma4=Absent
Muscle tone
Muscle tone, trunk O=Normal 2=Present but abnormadi=Flaccid
Muscle tone, limbs O0=Normal 2=Present but abnormad=Flaccid
Postural reflexes
Extensor thrust 0=Normal 2=Present but abnormal  b&eft
Wheelbarrow O=Normal 2=Present but abnormal 4=Absen
Mobility 0=Normal postural righting and gait

5=Ataxic, walk, but walks without falling
10=Ataxic, walks but falls frequently
15=Can't walk, but stands without assistance
20=Stands only with assistance
25=Cannot stand, but attempts to right head &trunk
30=Unable to right head, no purposeful movement
Sratial orientatior

During locomotion 0O=Normal  4=Abnormal 8=Absent
With sniffing 0O=Normal 2=Abnormal 8=Absent
Toward depth O=Present 4=Absent

Activity

Appetite O=Present 2=Abnormal 4=Absent

Vocalization 0=Present 2=Abnormal 4=Absent
Psychomotor activity O=Present 2=Abnormal 4=Absent
Social Interativiness 0=Normal(seeks contact) 2=Abnormal(aggressive)
4=Absent (no social responsiveness)
Seizures
Stimulus-induced myoclonug  0=Absent 5=Present

Clonic or tonic or seizures 0=Absent 10=Present
Total Range 0 (no deficit) — 149(maximum deficit)
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Brain Volume Estimation and histologBrain volume estimation was chosen to
assess the degree of brain damage. Brain damagsasiated with the loss of brain tissue
and the consequent decrease of brain volume.

After being extracted, the brains were photographed stored for twenty-four
hours in 4% paraformaldehyde, and then embeddpdraffin. 20- um thick coronal sections
at 1,200-um intervals were obtained by microtontee NWissl histological staining technique
(cresyl violet method) was used. Images of theolugical sections were obtained through a
video camera installed on an Olympos (BX40) micops; and later analyzed with the aid of
the software Image Pro-Plus 6. 1. The brain volesgmation was determined using the
Cavalieri principle, according to the following edwn: V(est) = T. AS, where V(est) =
volume estimation; T = distance between the andlgeetions; SA = sum of the areas (15).

Data analysisNormal distribution variables were presented asmeead standard
deviation. Comparisons between the groups wereyaea@l using one-way analysis of
variance (ANOVA), followed by the Tukey test. Inetimeurologic evaluation results, when
appropriate, the Kruskal-Wallis non-parametric gsial and post-hoc Mann-Whitney tests,
followed by the Finner-Bonferroni correction for Hiple testing were performed.

Differences were considered significanPak 0.05.

RESULTS
A total of twenty-nine animals were used. Ninetarh were used in the pilot study,
Group | had five animals, Group Il had also fivenaals, and the remaining ten piglets were
in Group lll. In the pilot study, none of the anisaubmitted to hypoxia and ischemia (H-I)
for less than forty-five minutes presented any akgical changes forty-eight hours after the
procedure, whereas no animal submitted to the duoeefor one hour or more survived for

over three days.
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Figure 1. Photograph illustrating the brain taken from a mgbf Group Il with severe brain

damage.

i iy

Figure 2 - Photomicrographs of the ischemic core to margimadezwith Nissl staining. The
right picture shows a hemisphesric brain damagplate indicated by red arrow, and the left one the

same region in a normal brain.

Physiologic variables before and during the hypagchemic insultThe groups did
not demonstrate any differences concerning bodghteage, temperature, heart rate, and arterial

saturation obtained in the pre-operative perioll¢ta)
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Table 2—- Physiological variables in the pre-operative period

Initial body
GROUPS Age (h) ) HR (bpm) Temp. (°C) Sat
weight (g)
I (n-5) 10,6 +4,1 1430 4327,1 132,6 29,72 36,54 +0,68 93,6 9,86
Il (n-5) 13,67 +7 1560 +243,41 156 42,94 36,8 +0,8 98,2 41,8
Il (n-10) 13,6 + 8,5 1635 +270,85 125,8 26,55 35,9 +1,19 97,6 +1,57

Values are presented as means + S.D.

HR = Heart rate

pressure

Sat —02. saturation

MAP = Mean Arterial Pressure

PaO2 = Partial oxygen pressure PaO2rtiaPaarbon dioxide

Sfandard deviation

In the comparison between the mean arterial pressand the variables of the

arterial blood gas samples calculated immediatedfore the induction and with those

conducted at the end of the hypoxia and ischemianmelues for the Group Il was

significantly lower (p< 0.001), as shown in table 3

Table 3- Variables of Arterial Pressure and Arterial Blooassof piglets from Group 1l

MAP pH pO2 pCO2 HCO3 CcOo2T Sat BE
Pre-
. 57,8.+8,5 7,53 40,1 81,8 14,1 34 43,1 27,7428 28,4 43,1 96,2 +2 51+2,6
Induction
Final 27,8.+8,5 7,15 40 17,5+6,8 61,7+3,3 20,5 43,3 22,4 43,5 16,5 +11,8 -8,8 43,4
Values are presented as means + S.D. MAP = Metamial Pressure pO2=partial O2 pressure pCQ@eig) CO2

pressure HCO3=Bicarbonate CO2T= Total CO2 Saturation BE= Basic excess

Survival

and posthypoxic neurological

examinatio8igns of neurological

impairment and longer survival were only identifiedthose animals whose pre-established

procedure time was forty-five minutes. For thiss@a a fixed period of forty-five minutes of

H-1 was established for Group Il in the subsequstage. All the five animals in Group Il

survived, and four of them presented changes gkt hours after the procedure. However,

seven days later, such changes were still foufusirone of the animals.

In Group lll, all of them presented some sortle&nge forty-eight hours after the

procedure, and out of the animals that survived thn¢ seventh day, just one did not show

any changes. Out of the ten animals, five survildnetheless, just one of them did not

present any kinaf abnormality after forty-eight hours, and aftke ttwenty-one days, four of the
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five survivors did not demonstrate effective sugkithus requiring the introduction of a gastric

feeding tube (Table 4).

different periods (¥, 7", 14" and 2£' days, Brain Volume, and Survival period.

Table 4- Duration of the hypoxic-ischemic insult (HI), Nelagical findings at four

Animal Duration of Brain Vol. Survival period after
Group number HI insult(min) 2 days 7 days 14 days 21 days (mm?®) HI insult (days)
10 0 NA NA NA NA 21
4 0 NA NA NA NA 21
| 1 0 NA NA NA NA 2700 21
6 0 NA NA NA NA 2956 21
7 0 NA NA NA NA 2481,6 21
2 45 Normal Normal Normal Normal 2560,8 21
Unilateral facial .
9 45 palsy Ataxia Normal Normal 2286,38 21
Lethargy
I ataxia
11 45 ataxia Normal Normal Normal 2459,18 21
bilateral facial
12 45 palsy Normal Normal Normal 21
ataxia
bilateral facial
13 45 palsy Normal Normal Normal 21
ataxia
Unilateral facial Unilateral facial
19 107 palsy; palsy; 12
Lethargy Lethargy
Ataxia
Tremulousness
poor sucking
25 60 coma 1
coma Bilateral facial Ataxia poor
30 47 palsy sucking 3190,36 21
Seizure Ataxia Lethargy Ataxia
poor
Lethargy sucking Lethargy
poor sucking
41 35 Lethargy 2
Not stand
poor sucking
42 50 Lethargy Normal Normal Normal 3912 21
Ataxia
I poor sucking
Unilateral facial Lethar poor poor
43 45 palsy 9y sucking sucking 4128 21
Lethargy poor sucking
Ataxia
poor sucking
. poor poor
45 49 Lethargy poorsucking o\ ing  sucking 363998 21
Ataxia
poor sucking
46 65 Coma >
poor poor
49 40 Lethargy Lethargy sucking  sucking  4001,56 21
Ataxia poor sucking
poor sucking
57 100 Coma 2
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When the neurological score was applied, thereansgnificant difference in the mean

score of Group lll, if compared with the other gosuin the four evaluations (figure 3).
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Figure 3— Graph shows neurological score o on the seconargbyfourteenth, and
twenty-first days

Assessment of Brain Volumiéhe means of brain volume and final body weight of

the three groups are shown in figure 4.
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Figure 4 — Brain volume and final body weight of Group Ill,nepared with the other two groups.
Values are presented as means + S.D.* P< 0,000du@ill vs. | and II.Error bars are mean +
SEM

By using the correlation test between the body tteigerified at the end of the
follow-up period and the brain volume of all thamals, a positive correlation of 0.92 (p <
0.001) was found (figure 5).
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Figure 5 — Scatter plot of brain volume (ordinate) versusdypaveight (abscissa) at the end of
the study. There was a significant correlation &2(p< 0.001).

DISCUSSION

We have developed a model of hypoxic-ischemicnbdaimage in piglets , in which
the animals survived for a prolonged period of tifibis model is suitable for examining
mechanisms of damage and evaluation of potenta@kgptive therapies after birth asphyxia.
The animals whose duration of the asphyxia was doasethe presence of acidosis and
hypotension presented longer-lasting neurologicahifestations. Moreover, mortality rate,
final mean body weight, and brain volume were digantly higher in the group where the
number of neurological changes was larger.

Finding an ideal model to study Neonatal Asphyxamains a great challenge for
researchers.

Models with rats are well standardized. Such arsraaé available in large numbers
and are widely used in testing new therapeuti¢egras. However, they become limited when
physiological monitoring is important (3, 6, 7, 1&,). These models also present difficulty
reproducing neurological changes in the long rugs Rre relatively available and allow the
access to physiological monitoring. Throughous thiork it was possible to utilize equipment
used in neonatal Intensive Care Units for variowscfions, such as heating, mechanical
ventilation, and umbilical catheterization. That contributed to the performance of the
experiment and to the maintenance care.

For the purpose of sham neonatal asphyxia, oucceheas for newborn animals. In
this experiment, notwithstanding the severe ingdveral animals recovered completely in a
short time. The damage and repair mechanisms vergréing to the stage of neuronal
maturation (18,19). Differently from the adult brain the immature brain we find neuronal
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proliferation, myelination process and apoptosig; tatio of glial cells, low metabolic need,
dependence on different substrate, and differeryraatic activity (8). Therefore, the choice
was for animals not older than two dayd. Research suggests that although in immature
animals the groups of neurons are more vulnerabldamage, they are in general more
resistant to hypoxia and ischemia, and present fatws of energy use, which makes it
difficult to study sequelae in the long run. Allege aspects explain why it is difficult to
develop a neonatal asphyxia model with a longeemasion period.

An association between hypoxia and ischemia teciesidpas been used in models of
different species (14, 20-24). . Munkeby et al(22) developed a swine model of short-term
asphyxia by using a gaseous mixture of 8% oxygenore of them, the maintenance of
hypoxia lasted until the mean blood pressure rehdiiemm Hg, or until the basic excess
reached -20mM. In another one, the animals werengtdd to thirty minutes of hypoxia
simultaneously with the bilateral clamping of th@ronon carotid arteries. In these studies,
the animals were maintained during a maximum pesiddrty-eight hours. Lé blanc et al(23-
25) developed a model in piglets with a relativielyg-term survival by using a combination
of occluded brain vessels, followed by a perioth@horrhagic hypotension and hypoxia with
a concentration of 6% O2. In this model, the maxtabte was approximately 30%, and 70%
to 80% of the surviving animals demonstrated negjiohl deficits. He kept the animals alive
for three days. However, we do not know whetheise¢hanimals would have sustained
damage if they had been kept alive for a longeiodeof time.

Nevertheless, some authors claim that the use sfwlar occlusion with regional
ischemia would represent an important limitatione do the fact that it does not occur in
human neonatal asphyxia (8). The animal diffuselyosed to aggression, with subsequent
impairment of organs such as kidneys, heart, atestines would reproduce more faithfully
the actual conditions. Nevertheless, for the objeodf this study, this proposal would pose
additional difficulties, since a larger number elverely affected systems would represent a
higher level of complication to keep the survivdl the animals, and consequently the
continuation of the neurological manifestations.

In this model, the challenge lies in provoking &isiently severe damage that may
lead to prolonged sequelae, but not so strong esgede the survival of the animal. When it
comes to balance, there is no doubt that the aduwraif the hypoxic-ischemic insult is an
important variable. At the other end of the schdetors like the use of mechanical ventilation
equipment and the anesthetic regimen employed nfluence the survival time (14). Based

on this work, a suggestion is that, in additioriite above-mentioned items, two other highly
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useful items be also included. The use of an usddilcatheter for hydration and anesthetic
maintenance, especially during the immediate ppstative period, as well as the use of an
orogastric tube until the animals are able to swekich may take several days. It was
observed that animals initially in a more sevenedition needed the gastric tube for a longer
period of time, which is a fact that also occurthwiuman newborns.

Through the analysis of neurological manifestationg/as observed that the fixed
time model was capable of provoking briefer chandpes the model in which MAP and
acidosis as a reference were used led to morengetbchanges, despite its higher mortality
rate. The scale used was effective in detectingmionous changes, although it may not have
been sensitive to detect subtle signs. New stualienecessary to develop a more sensitive
and specific scale for this model.

Brain volume determination is a widely used methodrain damage models in rats
(17, 26-29). Contrary to what we thought, the rssoff this study showed that the brain
volume in the group with more neurological changes significantly larger than that of the
other ones. Furthermore, the mean body weightedfdlanimals was also greater at the end of
the experiment. The animals with a higher leveingbairment stayed inactive or hypoactive
for longer periods of time, and were often tube-fettich would explain a greater weight
gain in this group. The comparison between thenbralume and the final body weight of all
the animals included in the study showed that thhexrg a positive correlation, which suggests
that the brain volume in newborns of this specias h direct relation to the animal's
nutritional state. Our hypothesis is that the vadugain brought about by better nutrition may
have compensated for the possible decrease in eotannsed by the loss of brain mass.

In conclusion, this model of neonatal asphyxia wietd through the association of
hypoxia and ischemia was useful in a more prolongatbw-up, thus enabling the
identification of neurological changes throughdug twenty-one days of the study, mainly
when the time of the insult was based on parameftels/potension and acidosis.

The brain volume of newborn piglets is related lte &nimals’ nutritional state
throughout the experiment. In this study, brain dgenestimation based on brain volume was
not effective to determine damage. We suggestftintdtter research be conducted to evaluate

the use of this brain damage estimation methodpe®@mental models with piglets.
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ABSTRACT : Neonatal asphyxia is the main cause of brain denmathe perinatal period.
Studies suggest that the stem cell transplant woutth the expansion of damages and
facilitate the repair of damaged tissues, and cthuld become a therapeutic option in cases
of asphyxia. In the present study we tested wdiethtra-arterialy infused human
umbilical cord stem cells enter brain and surviwethe brain microenvironment, and
improve neurological functional recovery after byjg-ischemic insult using two two
different arterial access. Thirty-six healthy ptgleot older than two days old were used in
this study. The animals were divided into four greu Group | (Sham), Group II, which
was the control group, Group lll, treated with steslls infused through the umbilical
artery, and Group 1V, treated with stem cells itgelcvia the common carotid artery. Stem
cells were obtained from human umbilical cord blodéor induced asphyxia, a
simultaneous association of procedures that cabgpdxia and ischemia was used. The
brain tissue of treated animals that died beforapieting the twenty-one days was used
for PCR research for human DNA. At two, seven, tieem, and twenty-one days after the
procedures, the animals a neurological score wadiedp After twenty-one days, the
survivors were taken to the surgery room againplgeanesthetized and a transcardiac
perfusion was performed in order to be sacrifiokitler this, the animal brains were slowly
extracted and the Nissl histological staining téghe was used to assess the degree of brain
damage. At 21 days there were differences amongikeage scores of group treated via
carotid, when compared to those of control groug &@meated via umbilical artery. At other

assessment moments no differences were foundelR@R research of animals that received
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stem cells via the common carotid artery cathetewds possible to visualize the band
corresponding to the humdnglobin in several points of the researched braisue samples

of two of the four animals. The samples with feeiPCR were obtained fifteen and twenty-
four hours after the asphyxia procedure. Likewrse positive PCR was found in any of the
samples of the animals in group Ill. The averages2D of encephalic volume in four groups
didn’t show differences and brain volume and fialdy weight of the animals had a
moderate positive correlation. The results of ttisdy suggest that the administration of
human umbilical cord stem cells via the carotiegrin a hypoxia-ischemia model in piglets
is associated with the presence of positive PCRHerhumar-globin gene, and led to a

significant improvement in neurological functiontiwn 3 weeks, although there was no

evidence of decreased lesion area.

Neonatal asphyxia is the main cause of brain damiaghe perinatal period.
Epidemiological studies report on a high mortalige and a considerable proportion of
permanent neurological sequels (6, 34, 36). Ctlyrerarious neuroprotective strategies have
been evaluated in animal models in an attempt tluae apoptotic cell death, and thus
improve the neurobehavioral outcomes of newborrmsvéver, results have not been very
expressive (4, 5). Studies suggest that the sahiransplant would curb the expansion of
damages and facilitate the repair of damaged tssared could thus become a therapeutic
option in cases of asphyxia. These cells wouldaegpo systemic signs of damaged tissues
and would then migrate to the damaged sites tolenlabé replacement of dead tissues and the
protection of the healthy areas by secreting grdwdhmones and specific protective factors
(6, 35).

Stem cells are functionally defined as cells thate the ability of self-renewal
and differentiation, that is, on the one hand, tb&y generate daughter cells identical to those
of the mother, and on the other hand, they canym®d lineage that will develop cellular
characteristics of some particular tissue. (17, TBgy can be classified into two major types:
those of the embryonic type, found in the first lseef the fetal period, and those of the adult
type, which predominate after that phase (18). #onally, the ones of the adult type are
responsible for the tissue replenishment throughideit and are present in most human
tissues. Human umbilical cord blood cells are richmesenchymal progenitor cells and
contain a large number of
endothelial cell precursors(37). Cord blood cetlstain many immature stem/progenitor cells

and have been used as a source of marrow-repopulzils for the treatment of malignant
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hematologic diseases. More recently, studies ofra¢vdiseases affecting various organs and
systems have been testing this therapy(19-25, 88, Barkinson's disease, Huntington’s
disease, Multiple Sclerosis, and Cerebrovasculacident (CVA), are some of the
pathologies studied, also in clinical trials. Basedthese studies, there is a certain agreement
that such techniques are beneficial to patientspite of some controversial results(26-29,
40).

Some particular characteristics of newborns coudfdrcsome advantages. The
relatively small dimensions, the perspective ofifatdevelopment (6, 35), and the availability
of the material in the placenta, which is a largservoir of fetal blood (37), favor the
obtaining, the application, and the effects of treatment.(37). However, the number of
studies covering this age range is smaller. Reggrtlb the potential therapeutic use of
infused Human umbilical cord stem cells (HUCSChawborns with hypoxic-ischemic insult
several questions needed to be answered What exemtild be the molecular, cellular, and
physiologic mechanisms involved? Which tissues wdag# more susceptible to its use? What
would be the duration of the possible effects? Whatild be the most adequate mode of
administration and optimum moment for the applmatwf the therapy(6, 28, 35, 37, 41, 42)?
These are questions that need to be answered,@bpatien we take into consideration the
use of this treatment during the perinatal period.

We opted for the use of newborn piglets as an raxeatal model for hypoxic-
ischemic insult due to their easy handling, lowtcaad to the fact that their weight and size
are similar to those of human babies (7-10).

In the present study we tested whether intra-afteinfused Human umbilical
cord stem cells enter brain and survive in the roraiicroenvironment, and improve
neurological functional recovery after hypoxickiemic insult using two two different
arterial access.

METHODS

Thirty-six healthy piglets of th&us scrofaace, obtained from a local farm and
not older than two days old were used in this studye animals were divided into four
groups: Group | (Sham), Group Il, which was thatod group, Group lll, treated with stem
cells infused through the umbilical artery, and @rdV, treated with stem cells injected via
the common carotid artery.

Anesthesia, ventilation and monitoring of physiatay variables. After the
stabilization period, the animals were subjectedatesthetic induction with inhalational

halothane (3%), endotracheal intubation, and ucdilicord vessel catheterization. For
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anesthetic maintenance, ketamine (15-20 mg/kg IMMhrand xilazine (2mg/Kg IV or IM)
was used every two hours. The heart rate, rectapeeature, and saturation of all animals
were monitored.

Protocol for hypoxic-ischemic insult and experinaéngroups. For induced
asphyxia, a simultaneous association of procediva&scaused hypoxia and ischemia was
used. In Group I, the common carotid arteries efghimals were dissected, but not occluded.
In the other groups, hypoxia was obtained by adstening an inhalational mixture of 8% O2
and 92% nitrogen through an endotracheal tube abedeo a mechanical ventilator, and
ischemia was induced by reversible clamping of lmafmmon carotid arteries. The procedure
was completed when the mean arterial pressure (MwBghed less than 30 mm Hg,
associated with an arterial pH of 7.28 or below.aXimals in Groups Il, 1ll and IV had one
of their umbilical arteries dissected and catheterye introduced into them for the
monitoring of the arterial pressure. Arterial blogas samples were taken immediately before
asphyxia was induced and at the moment the animagn arterial pressure reached 30 or
below.

Sources and Preparation of HUCSGtem cells were obtained from human
umbilical cord blood of placentas of newborn fersalalthough this material disposal, we
decided to seek the informed consent of all pregpmamen whose placental material has
been used. The collection of umbilical cord blocasvdone not later than twenty hours prior
to the procedure whereby the stem cells were agtenad to the animals in the experiment.
The material was kept under a temperature of 4%@hguhe transport and storage, until the
moment the cells were separated. For the collechoclosed system was used, which was
constituted of a collection bag connected to a furacneedle by a catheter(43). After the
baby’s birth, immediately prior to or following theelivery of the placenta, local asepsis was
performed and the needle was inserted into theel/e$darger caliber of the distal portion of
the umbilical cord. The bag was placed at a lowasitpn in relation to the site of the
puncture, so the blood could run down by gravityiluts flow stopped completely=inally,
the bag was homogenized and stored in a thermé&hioen with recyclable ice and a properly
adjusted thermo recorddmmediately after the collection of approximately #hl of blood,
the material was sent for preparation. For the re¢ioa of the stem cells, the blood obtained
from the human umbilical cord was diluted in RPMI4D medium (1:1) (Gibco®, USA):

This suspension was fractionated in a density gradgenerated by centrifugation over
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Histopaque® with a density of 1.077 g/L (Sigma-Adt®, USA), at 400 g for 30 minutes at
25°C. The mononuclear fraction located on the fater with Histopague® was collected and
washed twice with 0.9% sterile saline solution. I@at viability was assessed by the
exclusion method with Trypan Blue Stain 0.4%. Celle filtered through a 100-um 3M
Steri-Dual filter.

Flow cytometric analysisWWe performed flow cytometry on one sample of unchili
cord blood that was used in the transplantatiosoafie animals. Immunophenotyping surface
of the mononuclear fraction of umbilical cord bloags performed using the technique of
flow cytometry using FACS Calibur cytometer (Bectbickinson). We used the following
markers for analysis: anti-CD45, anti-CD135, anii3d, anti-CD117 and corresponding
isotype control. Samples containing 104 cells wecabated with antibodies to 5 ° C for 20
minutes in the dark. Was added 3 ml of DPBS andriéeged at 500g for 5 minutes. The
supernatant was discarded and the precipitate veaslded in 1 ml of paraformaldehyde
3.6%. The analysis was performed two days aftembation in buffer cytometry (DBPS +
sodium azide 0.2%).

HUCSC administrationThe animals in group | were not treated. Approxehat
twenty-four hours following the procedure, the aalsnin group Il were submitted to the
infusion of 5 ml of physiological serum via theearal umbilical catheter. Groups Il and IV
received an injection of 1 x $@ononuclear cells from the human umbilical corditidl in
saline. In group lll, the injection was through arterial umbilical catheter approximately
twenty-four hours following the asphyxia, whereagroup IV it was via a puncture into the
common carotid artery between three and four hafies the asphyxia.

Maintenance Care.After the surgical procedures, the animals remaineder
mechanical ventilation until they regained spontase breathing and were fit to be
transported to a shelter. In the shelter, the alsmtayed in incubators, warmed by radiant
heat and gavage-fed bovine milk until they weresabl suck effectively to drink the milk
directly from the bottle. After twenty-one daysetburvivors were taken to the surgery room
again, deeply anesthetized with thiopental 50 mglgqinistered intraperitoneally, and a
transcardiac perfusion with physiological serum d@6l paraphormaldehyde was performed
in order to be sacrificed. Immediately after thigg animal brains were slowly extracted.

Neurological EvaluationAt two, seven, fourteen, and twenty-one days dfier
procedures, the animals were examined and a neucoscore previously used for swine
models was applied, which included the assessnfetirsciousness level (0 to 15 points),

brainstem function (0 to 22 points), sensory respop0 to 20 points), muscle tone (0 to 8
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points),postural reflexes (0 to 8 points), mokil{t 0 to 30), spatial orientation (0 to 20
points), activity (0 to 16 points) and seizuresd@O0 points) (Table 1) (12).The results were
recorded and scored from 0 to 149. The completorghfof score was based, in part, on
observations of animal caregivers which had bestrunted to observe and record every
abnormalities found and completed by assessmesnahiners. As higher score number, as
worse neurologic function (Table 1).

Table 1-Neurobehavioral Scoring Tool for piglets

Item Scoring code
Consciousness 0=Normal 5=clouded 10=stupor 15=coma
Brainstem function
Respiration O0=Normal  5=Present but abnormal 10=Absent
Pupillary light reflex O0=Normal  2=Present but abnormal 4=Absent
Corneal reflex O0=Normal  2=Present but abnormal 4=Absent
Gag reflex O0=Normal  2=Present but abnormal 4=Absent
Sensory responses
Olfaction 0=Normal  2=Present but abnormal 4=Absent
Visual threat/orienting 0=Normal  2=Present but abnormal 4=Absent
Auditory startle/arousal O0=Normal  2=Present but abnormal 4=Absent
Pain withdrawal O0=Normal  2=Present but abnormal 4=Absent
Tactile localization O0=Normal  2=Present but abnormal 4=Absent

Motor function
Muscle tone, trunk O0=Normal 2=Present but abnormal 4=Flaccid
Muscle tone, limbs 0=Normal  2=Present but abnormal 4=Flaccid
Postural reflexes

Extensor thrust 0=Normal  2=Present but abnormal 4=Absent
Wheelbarrow 0=Normal  2=Present but abnormal 4=Absent
Mobility 0=Normal postural righting and gait

5=Ataxic, walk, but walks without falling
10=Ataxic, walks but falls frequently
15=Can't walk, but stands without assistance
20=Stands only with assistance
25=Cannot stand, but attempts to right head &trunk
30=Unable to right head, no purposeful movement
Spatial orientation

During locomotion O0=Normal  4=Abnormal 8=Absent
With sniffing O0=Normal  4=Abnormal 8=Absent
Toward depth O=Present 4=Absent
Activity
Appetite 0=Present  2=Abnormal 4=Absent
Vocalization 0=Present  2=Abnormal 4=Absent
Psychomotor activity O=Present  2=Abnormal 4=Absent
Social Interativiness O=Normal(seeks contact) = 2=Abnormal(aggressive, Withdrawn)

4=Absent (no social responsiveness)
Seizures
Stimulus-induced myoclonus | 0=Absent 5=Present
Clonic or tonic or seizures 0=Absent 5=Present

Total Range 0 (no deficit) — 149(maximum deficit)
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PCR research of human cord blood stem cé&lie brain tissue of treated animals that
died before completing the twenty-one days was tmeBCR research for human DNA. The
samples were taken from many places of brain aswgprshowed in figure 1. The group I
ones were collected twelve and twenty-four howsy find ten days after the procedure; and
the group IV ones fifteen and twenty-four hoursyeseand fifteen days after the cellular

infusion.

Figure 1 —Piglet brain A) Top view. B) Left and right hemispheres. Nunwhétentify brain regions used as
sample. The points 11, 12, 23 and 24 were usedlksigissue macerated from all brain areas.

DNA extraction was performed with phenol / chloroph based on the method
described by Isolaet al (44). The material collected was macerated in rtherotubes
containing the 300 pl of PBS buffer. 600 pl of Bria@d GC Biotecnologi&) and 120! of
chlorophorm were added. The contents were homogemiath the use of vortex (Genie™)
and centrifuged at 4000g during ten minutes (Eppdn8417C™). The supernatant was
preserved and isopropyl alcohol was added toat ratio of 70% of its volume. The contents
were resuspended and stored at -209€rnight The material was centrifuged again at 4000g
during ten minutes and the supernatant was disgaidepelletformed was resuspendend in
40 pl of ultrapure water. The DNA of the samples waantified spectrophotometrically, and
presented results between 3.05 ng/ pl and 13.5B(AMTO 70¢).

Human DNA detectiorf-or the identification of the human DNA (derivearr the
stem cell administration) the Polymerase Chain Rea¢PCR) was used. This technique was
devised by Kay Mullis and enables the amplificatodra specific DNA region, which can be

viewed by agarose gel electrophoresis (45). Theliioation was performed with the use of
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a thermocycler (PTC-200/MJ Research™), by emplogmmgplementarprimersin the DNA
sequence of the human 3-globin gene.

As a positive control of each reaction, DNA sammbgained from human peripheral
blood were tested together with each battery of DiflAamples of transplanted animals. The
specificprimersfor the human 3-globin gene were designed so amify specifically the
desired gene. Proper care was taken to prevenait@ification of homologous swine
regions, which was confirmed by the alignment usihg data bank of the Basic Local
Alignment Search Tool (BLAST), on the NCBI webdjitetp:// www.ncbi.nim.nih.gov/blast).

The conditions for the polymerase chain reactibe,primers and the concentration

of the reagents are described in the Table 2.

Table 2 -Primers used, reagents and amplification conditions

Primers Reagent PCR Conditions
F - 5’-caacttcatccacgttcacc-3” 6uB- H20 95°6 min.
R - 5’-gaagagccaaggacaggtac-3” 5ul — Byffex) 95°C - 1 min.
1,5ul - MgCI2 (1,5mM) 52°C - 40 sec.
2ul - dNTP (200pM) 72°C - 30 sec
1ul - Pf (10pmol) 72°C - 5 min
1pl Pr - (10pmol) 4°C - Maintenance.
0,5ul - Taq (2,5U)}
5ul - DNA

The products generated by the PCR were subject2éltagarose gel electrophoresis
containing ethidium bromide in 1x TBE buffer duritigrty minutes, at a voltage 100 V and
amperage of 400 mA. Gels were visualized with araulolet transilluminator (3UV™) and
the images were captured from the agarose gelsltingsufrom the work using
photodocumentation equipment through the softwatean@ty One™. The product of
amplification of the polymerase chain reaction vk use of complementapyimersin the
human 3-globin gene sequence generates a fragim2nd dase pairs (bp).

Brain Volume EstimatianBrain volume estimation was chosen to assess tree®f
brain damage. The presence of damage is associdgttedhe loss of brain tissue and the
consequent decrease of brain volume. After bekitpeted, the brains were photographed
and stored for twenty-four hours in 4% paraformhiake, and then embedded in paraffin. 20

pum thick coronal sections at 1,200 um intervalsewebtained by microtome. The Nissl
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histological staining technique (cresyl violet neth was used. Images of the histological
sections were obtained through a video cameralledtan an Olympus microscope (BX40),
and later analyzed with the aid of the softwaregenBro-Plus 6. The brain volume estimation
was determined using the Cavalieri principle, adcay to the following equation: V(est) = T.
AS, where V(est) = volume estimation; T = distabheéwveen the analyzed sections; SA = sum
of the areas (30).

Data analysis.Normal distribution variables were presented as maad standard
deviation. Comparisons between the groups wereyaedl using one-way analysis of
variance (ANOVA), followed by the Tukey test. Inetimeurologic evaluation results, when
appropriate, the Kruskal-Wallis non-parametric gsigl and post-hoc Mann-Whitney tests,
followed by the Finner-Bonferroni correction for laple testing were performed.
Differences were considered significanPak 0.05

RESULTS

A total of thirty-six animals were used. Five oéth were in Group | (SHAM); ten were
in Group Il, eleven in Group Ill, and ten in Grolg. The groups were not different
concerning weight, temperature, heart rate, andrialtsaturation obtained in the pre-
operative period (Table 3).

Table 3—Body weight and Physiological variables before iHduction

Values are presented as means + S.D.

Initial body

GROUPS weight (g)

HR (bpm) Temp. (°C) sat MAP

I (n-5) 1430+327,1 132,6 29,72 36,54+ 0,68 93,6 19,86

Il (n-10) 1635+ 270,8 125,8 +26,55 35,9+ 0,8 97,6 +1,5 57,8 48,56

123,18+

I1(n-11) |1615+252,9 o)

3544+12 958458  52,0949,7

IV (n-10) [ 1564 +296,2 123 18,4 35,874 97,5 +1,7 58,9 48,8

HR = Heartrate  Temp. = Temperature Sat —-ORur&#&on MAP = Mean Arterial Pressure

There was no difference regarding the time of asighynean arterial pressure (MAP),
or the arterial blood gas data during the asphsgwi@ng groups Il, Ill, and IV. The averages
and SD of pH and MAP at the end of procedure iugsdl, Ill and IV were respectively 7,15
+0,05, 7,11_+0,11 and 7,110,14, and 27,8 5,6, 29,9 #4,3 and 29,6 5,4.
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At the end of study the body weight in Groups J,Illl and IV had average and SD of
2700 g + 771,3, 5233 g H50,7, 3270 _1803g and 3191g ¥70. There was statistically
significant differences among the final weight aggs of groups Ill and IV (p=0.009).

Flow cytometric analysisThe major cell population of the mononuclear fractiof
umbilical cord blood cells sample was CD 45 +, hetag 34.35% of the population. CD34 +
had 2,43%, CD 105+ 0,38% and CD 117 + 0,06% (Fig\re

1023
1023

cD105
coT

8 ,'.. '-\.-' v 5 . .
oD Lt e
=] =]

1] 1023 1] 1023
D45 CD34

Figure 2- Immunophenotyping of the mononuclear fractioorobilical cord blood. Monoclonal
antibodies to CD34/45 FITC and PE CD117/105. Thadiieg was done with 100,000 events.

Fraction indicates negative cells not marked.

Neurological EvaluationThe comparison among the neurologic scores in ooe f
proposed moments for the groups subjected to asplshowed that, the three hypoxic-
ischemic (H-I) groups were different from the SHAM first assessment. At 21 days there
were differences among the average scores of dkgughen compared to those of groups II
and Ill (p=0.02). At other assessment moments fferdnces were found among H-I groups
(Table 4).
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Table 4 - Neurological scores in four different periods

2 days 7 days 14 days 21 days
Group Il 77 +37,4 17,5 27 10,4 +16,7 9+ 13,6
Group Il 55,33 +36 28 +38 21 +20 16,8 +18,1
Group IV 44,9 +35 4,3 +7 2,6 +4,4 0
P value 0,23 0,29 0,13 0,02

Values are presented as means + $jD< 0, 05 vs. Group Il and IlI
PCR Research of human cord blood stem céfisthe PCR research of
animals that received stem cells via the commoatichartery catheter it was possible to
visualize the band corresponding to the hunfiaglobin in several points of the
researched brain tissue samples of two of thedaumals. (Figure 3)

100phk  EA

Figure 3 — Agarose gel with the result of the amplificatafrdifferent brain regions in two piglets.
Representation of the presence of the band correlipg to the gene humghglobin gene (276bp) in the swine
brain tissue sample treated with stem cells ingctéa carotid artery at 15(E 15) and 24(E 24) hsur

Molecular weight marker (100bp) positive contr@l{) negative control (C-)
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The samples with positive PCR were obtained fifteaed twenty-four hours after the
asphyxia procedure (Table 5). No positive PCR uwlastified in the samples collected on
days seven and fifteen in group IV. Likewise, nesipee PCR was found in any of the

samples of the animals in group III.

Table 5— Result of the PCR for presence of the hughgtobin in two animals of
group IV

RO1 RO3 R04 RO6 R09 R10 R11 R12 R13 R14 R15 R16 R17 R21 R23

Al X X X X X X X X X

A2 X X X X X X X X

Al = 15 hours after infusion; A2= 24 hours after infusion. X: positive results. Regions 2, 5, 7, 8, 18, 19,
20, 22, and 24 were negative.

Estimation of brain volumé&he averages and SD of encephalic volume in foomms
were 2826 +194 mniin Group |, 3145 310 mniin Group I, 2859 896 mnd in Group ||
and 2936 +378 mniin Group IV (p=0,19). The brain volume and finaldy weight of the

animals showed a moderate positive correlationr@@eas 0,629 p=0.021).
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Figure 4 — Scatter plot of brain volume (ordinate) versus baayght (abscissa) at the end of the
study. There was a significant correlation of 0.§@9 0.021).

DISCUSSION

According to the results of this study in the congan of the average scores of the
neurologic evaluation at the end of the twenty-alays of observation, the group that
received stem cells administered via common caratidry showed a better result than the
control group or the group that received stem calisthe umbilical artery. Additionally, it
was also possible to identify through the PCR ttesgnce of humaprglobin gene in two of
the four animals tested in the group that was éckaia the carotid artery, which was not
evidenced in any sample of the group treated thrdlig umbilical cord artery.
The positive PCR suggests that there was cell mgradrom the carotid artery to the
damaged site. Probably, the pattern diffuse ofscdistribution was because there was a
generalized hypoxic- ischemic damage of this expent. These findings is compatible with
many studies showing that adult stem cells coubd fiheir way to the damaged area in
appropriate circumstances, and then differentinamselves into neurons, astrocytes, and
oligodendrocytes (46-51). However, we observed that identification of the humafi-
globin gene was positive just until twenty-four r@after the administration, and negative in
the samples collected later. Other authors desttiie evolution, for example, Keimpema et
al.(52). They administered stem cells in a modesdfiemia in adult rats through the common
carotid artery, and observed that six hours afterimjection the cells started being detected
around the lesion, increasing in the first twelheeits, but suddenly decreasing after twenty-
four hours. Two weeks after the lesion, no transelh cell was detected. Also, studies
reporting improvement in animal models show a netatack of correlation between these
results and the migration and differentiation o tonated cells. These dates suggest the
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implication of additional mechanisms. Perhaps tboa of this therapy is based more on
protection than regeneration. The transplanted aallld secrete neurotransmitters such as
dopamine, acetylcholine, or GABA, or even produae stimulate the production of
neurotrophic factors or neuroprotectors, which wlowdtop degeneration or promote
endogenous regeneration. Studies have demonstiiagéédumbilical cord blood contains
growth factors similar to the ones that exert ngoghic effects. Neurotrophins such as brain-
derived neurotrophic factor (BDNF), neurotrophirfhBT 3), and nerve growth factor (NGF)
have been found in the umbilical cord. These neopbins are widely known for their great
effects on brain plasticity. Particularly, studie#h BDNF suggest that this neurotrophin
plays a critical role in the development and mdtomain the axonal and dendritic
connections. Therefore, the effects that we obsemehis study might have been partially
mediated by the secretion of neurotrophins(6, &1,3®). Alternatively, recent studies have
attributed beneficial effects of stem cells by thmiodulation of inflammatory and immune
responses, apparently by alternative activatiomafoglia and/or macrophageBhe fate of
the noncommitted neural stem cells and its diffea¢éion potency are often under strict
regulation, and these proinflammatory mediatoransée disrupt this critical balance and
finely tune the neurogenesis pattern in the twbesocof neurogenesis, the subventricular zone
and the subgranular zone of the hippocampus. Meredhre migration ability of these stem
cells, which is important for localization to theoper site, is also affected in a major way by
the chemokines released following inflamma(&st56)

We compare 2 different kinds of arterial accesstem cell administration, one of
them central (carotid) and another peripheral (liocdd). The animals treated with stem cells
through carotid had the better performance in theé ef the observation. There is little
literature comparing the infusion through the d#éf® kinds of administration in newborn
animals(57). Procedures using the injection ofdirenchymal stem cells are associated with
tissue lesion and high surgical risk. Most studiss intravenous stem cell infusion(40). The
umbilical vases are often used in newborns to iofusf drugs, access of laboratorial samples
and get invasive monitorization. In this study, ulobl artery didn’'t seem an effective way.
It's probable that stem cells injected by periphadhninistration couldn’t get through several
barriers in the body, due to having to do a long&th. Lundberget al(58) analyzed the
amount of mesenchymal cells transplanted afteathministration via internal carotid artery,
compared with intravenous administration in an expental model of brain trauma in rats,
and showed that the administration via carotidrgrie significantly more efficient. We

speculate that the administration of cells viadbmmon carotid artery enabled the migration
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of a larger number of cells toward the damaged aitd, consequently, a better performance
on the neurologic score. According to our obseoratho complication seems to be related
clearly to the infusion through the carotid artery.

In the first 14 days of follow-up found no diffel@in neurological performance of
the groups that received stem cells compared ttralomhe use of cells from cord blood
could explain a apparently slower response torreat as happened in this experiment. In
umbilical cord stem cells transplant, the engrafin@ some cells, such as neutrophils and
platelets, is delayed. Furthermore, the limitingnioer of stem-progenitor cells in one single
cord blood collection, the immature nature of thesdls, the difficulty in programming
themselves toward differentiation, or all of thésetors combined may be responsible for the
relatively delayed blood cell engraftment(37, 3®n the other hand, some of umbilical cells
features may have contributed to the favorablean& at 21 days. These are young cells,
which, therefore, have not been exposed to the maimful environmental factors yet and
demonstrate a low incidence of graft-host disetises allowing the use of cord blood with a
greater HLA-disparity than is usually acceptablelfone marrow transplantation(38, 39).

One of our biggest challenges was to develop aererpntal model in large animal
that can be monitored for a longer period. This ehasl based in an association of hypoxia
and ischemia. Although in some animals the pH haalttiieved a significant reduction of pH
(maximum 7.28) on average in all groups the pH epgroximately 7.15, and has always
been associated with hypotension (MAP less thanad@ reversible ischemia of the common
carotid by an average of 45 min. Most of the experital hypoxia and ischemia studies
followed by stem cell infusion in newborns use @tsl mice. Compared with swine, models
with rats are better standardized and the aninralsvaailable in large numbers, which might
facilitate the detection of clinical signs. Nond#ss, small animal models also present
difficulty in reproducing neurological changes imetlong run(5, 7, 8, 36, 59). Piglets are
relatively available and allow the access to pHggical monitoring, reproducing more
accurately the environment of a neonatal IntenSiaee Unit(60-63).

An additional difficulty was to find a method thabuld allow a proper assessment of
the neurological findings. The test used was ablaldtect gross abnormalities, such as
consciousness level, motor activity and appetite, oany times we observed that animals
had different degree difficulty, and the score mided only the framework in presence or
absence of the clinical signal. Considering theupac difficulties of the assessment of
newborns, the availability of a more sensitive teghe would be useful to the comparison of

neurological outcome in this study(64, 65). Sevatdhors suggest that although in immature
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animals some groups of neurons are more vulnetaldamage, they are in general relatively
more resistant to hypoxia and ischemia, and prdsentates of energy use, which makes it
difficult to study sequelae in the long run (9).foitunately, well-standardized assessment
tools for this model are practically nonexistenfce piglets are mainly used for shorter
studies.

A further limitation of our study is the fact ofémeurologic score evaluators weren't
blinded to the groups. However, it should be com®d, that the data were strongly based on
observation of the animal caregivers who were m@tra of the treatment previously applied
and the most part of score items were objectivelseasily recognized.

Regarding the estimation of damaged brain areadifierences were found in the
average brain volume among the groups. Thereforeas not possible to determine whether
there was a greater neuronal replacement in tagettegroups. A positive correlation between
the brain volume and the weight at the end of tinelyssuggests that the nutritional state
could influence this variable. Estimation of bralamage, therefore, showed not to be the
most appropriate method for this model in swinesdftdly, a neuronal counting method
would be more appropriate.

In conclusion, the results of this study suggestt tthe administration of human
umbilical cord stem cells via the carotid arteryanhypoxia-ischemia model in piglets is
associated with the presence of positive PCR fer tbmanf-globin gene, and led to a
significant improvement in neurological functiontiwn 3 weeks, although there was no

evidence of decreased lesion area.
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ANEXO |

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
CONSENTIMENTO PARA DOACAO DE SANGUE DE CORDAO UMBICAL PARA REALIZACAO DO
PROJETO DE PESQUISA:

“AVALIACAO DO POTENCIAL TERAPEUTICO DAS CELULAS-TRO NCO EM LESAO
CEREBRAL POR ANOXIA NEONATAL EXPERIMENTAL”

A — PROPOSTA DO PROGRAMA:
Vocé esté sendo convidado a participar do projetpebquisa: “Efeitos da injecéo de células-troreeatddo
umbilical humano em modelo experimental de anégnatal”

B — OBJETIVOS DO PROGRAMA:

Durante a gravidez, o oxigénio e nutrientes esaenpassam do sangue materno para o bebé atrapécdata
e do corddo umbilical. Apés o parto, o sangue qrenpnece no cordao umbilical e na placenta é geraém
descartado. Este sangue contém um grande niumesdudas-tronco, que sdo células jovens, que corsege
reproduzir em células de seus respectivos teciesquisas em andamento buscam utilizar essas scélala
regeneracéo de 6rgdos, como o coracdo e o céphsogstas células podem se transformar em divergess
células, tais como, células sangiineas, muscudanesvosas (neurdnios).

Vocé esta sendo convidada a participar deste prdgipesquisa porque acaba de dar a luz a um Aetodeta
ocorrera apos o nascimento do seu bebé e naodatktarenhuma maneira o parto ou os cuidados despess
ao seu filho.

O objetivo deste trabalho é avaliar se as célutagzd de corddo umbilical humano podem tratar @olegrebral
de animais que sofreram asfixia no periodo do nasto.

Com a sua permisséo, o sangue do corddo umbileaked filho, podera ser usado para os objetiveslast
anteriormente. Porém, o sangue do corddo umbdieaeu filho ndo sera usado para doacgdo para fEscipune
precisam de transplante, mas apenas para pesquisa.

C — RISCOS E DESCONFORTOS POTENCIAIS:

N&o existe qualquer tipo de risco na participagégrbgrama. O sangue coletado da placenta ndoess&E®
para o seu bebé ap6s o corddo umbilical ter sidadm, uma vez que este material seria descartado.
Todas as informacgdes coletadas seréo mantidasleanfais. Nem vocé e nem seu bebé serdo identificewh
qualquer publicacdo dos dados que seja realizada.

D — BENEFICIOS:

O Unico beneficio em participar deste programaes doando o sangue da placenta de seu bebé paraspes
vocé podera ajudar-nos a conhecer o tratamentesded no cérebro de criangcas com o uso de célatamtde
cordao umbilical.

E — CUSTOS:

Nao havera, para o participante, nenhum custo ceeal&Zacdo da pesquisa proposta. Caso vocé deéma
participar do programa, ndo sofrerd nenhum prejozatendimento dispensado a vocé e a seu filldedsao
de ndo participar do programa nao ira afetar easendimento no hospital.

F — TERMO DE PARTICIPACAO:
Assuntos de importancia para vocé serdo esclaseaittes de o consentimento ser assinado.



63

G — ALTERNATIVAS PARA PARTICIPACAO:

Vocé pode decidir ndo doar o sangue da placenteddilho para o projeto. Caso decida ndo particijma
programa, 0 sangue da placenta nao sera coletadee & coletado, sera desprezado, ndo sendadtilina
pesquisa.

CONSENTIMENTO PARA DOACAO DE SANGUE DE PLACENTA

Declaro que li as informacgfes anteriormente descat respeito do projeto de pesquisa “Efeitos ggdo de
células-tronco de corddo umbilical humano em moeamerimental de andxia neonatal” e tive a opodaaé
de esclarecer todas as minhas duvidas.

Aceito participar da doacdo de sangue de placesnta @ projeto proposto, com o objetivo de pesquiéa,
sendo usado para doagao.

[/
Assinatura da méae Nome da mée
[/
Assinatura do Pesquisador Nome do Pesquisador
Este formulario foi lido para (paciente) em / / pelo
(pesquisador) enquantst@&uaepresente.
[/

Assinatura do testemunha Nome dartestea

AFIRMACAO DO INVESTIGADOR: foi oferecido ao partisante a oportunidade de tirar davidas a respeito
dos riscos e desconfortos que podem se associart@igarcdo no programa. Todas as respostas foram
devidamente respondidas.

Assinatura do Pesquisador
Telefones de contato do Pesquisador: (51) 3320-&b0@al 2173 ou (51) 99883365

Aprovado pelo Comité de Etica em Pesquisa do Halspih /|

Ndamero:



