
UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL 

INSTITUTO DE CIÊNCIAS BÁSICAS DA SAÚDE 

CURSO DE GRADUAÇÃO EM BIOMEDICINA 

 

 

 

 

 

Camila Vieira Pinheiro 

 

 

 

 

 

COMPARAÇÃO ENTRE VIAS DE ADMINISTRAÇÃO DE CÉLULAS-TRONCO EM 

CAMUNDONGOS NEONATOS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Porto Alegre 

2018 



1 
 

 

 

 

 

 

 

Camila Vieira Pinheiro 

 

 

 

 

 

 

 

COMPARAÇÃO ENTRE VIAS DE ADMINISTRAÇÃO DE CÉLULAS-TRONCO EM 

CAMUNDONGOS NEONATOS 

 

 

 

Trabalho de conclusão de curso de graduação 

apresentado ao Instituto de Ciências Básicas da Saúde 

da Universidade Federal do Rio Grande do Sul como 

requisito parcial para a obtenção do título de 

Bacharel(a) em Biomedicina. 

 

 

 

Orientador: Prof. Dr. Guilherme Baldo 

Co orientadora: M.ª Édina Poletto 

 

 

 

 

 

Porto Alegre 

2018 



2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CIP - Catalogação na Publicação 

Pinheiro, Camila Vieira 

   COMPARAÇÃO ENTRE VIAS DE ADMINISTRAÇÃO DE CÉLULASTRONCO EM 

CAMUNDONGOS NEONATOS / Camila Vieira Pinheiro. -- 2018. 

   61 f.  

 

   Orientador: Guilherme Baldo. 

   Coorientadora: Édina Poletto. 

 

   Trabalho de conclusão de curso (Graduação) -Universidade 

Federal do Rio Grande do Sul, Instituto de Ciências Básicas 

da Saúde, Curso de Biomedicina, Porto Alegre, BR-RS, 2018. 

 

   1. Células-tronco hematopoiéticas. 2. Célulastronco 

mesenquimais. 3. Biodistribuição de célulastronco. 4. Vias de 

administração. 5. Camundongos neonatos. I. Baldo, Guilherme, 

orient.  II. Poletto, Édina, coorient. III. Título. 

 

 

Elaborada pelo Sistema de Geração Automática de Ficha Catalográfica da UFRGS com os dados fornecidos pelo(a) autor(a). 



3 
 

 

 

 

Camila Vieira Pinheiro 

 

 

 

COMPARAÇÃO ENTRE VIAS DE ADMINISTRAÇÃO DE CÉLULAS-TRONCO EM 

CAMUNDONGOS NEONATOS 

 

 

Trabalho de conclusão de curso de graduação apresentado ao Instituto de Ciências Básicas da 

Saúde da Universidade Federal do Rio Grande do Sul como requisito parcial para a obtenção 

do título de Bacharel(a) em Biomedicina. 

 

 

Aprovado em: ____ de _______ de _____. 

 

 

 

BANCA EXAMINADORA 

 

 

 

__________________________________________ 

Dra. Talita Giacomet de Carvalho – UFRGS  

 

 

__________________________________________ 

Prof. Dra. Ana Helena da Rosa Paz – UFRGS 

 

 

_____ _____________________________________ 

Prof. Dr. Guilherme Baldo – UFRGS  (orientador)



4 
 

AGRADECIMENTOS 

Agradeço primeiramente aos meus pais, Roseli e Lucival, por sempre estarem do meu 

lado me proporcionando todo tipo de apoio necessário para a conclusão desta etapa da 

graduação. E a minha irmã, Karina, que também sempre esteve comigo em todos os momentos, 

tanto nas horas de descontração e alegria como também nas nossas sessões de desabafo. Faço 

tudo por vocês! 

Agradeço o pessoal que me deu a primeira oportunidade de ingressar no mundo da 

pesquisa, abrindo as portas do lab 222 do CBioT e me ensinando e incentivando muito desde o 

início. À prof. Irene, Amanda, Gabi, Laura, Scheila, Tiago e, principalmente, a Fran, que 

sempre ensinou com muito amor e didática. 

Agradeço também ao pessoal do segundo e atual lab, do CTG/HCPA, por também 

terem me aceitado e me acolhido com muito carinho logo no início. Ao meu orientador prof. 

Guilherme Baldo, Grazi, Luisa, Esteban, Hallana, Marti, Thiago, Rose, Bruna, Gisele, e 

principalmente a minha co orientadora, Édina Poletto, por confiar em mim na realização dos 

experimentos e por ensinar o que sabe de forma clara e didática também. 

A Flávia, da Unidade de Patologia Experimental (HCPA), que me ensinou e ajudou 

muito na realização deste trabalho, fora as risadas e as conversas compartilhadas. 

A todos os colegas de graduação pelo convívio, dividindo as angústias pelas provas e 

alegrias quando o semestre acabava. 

As amigas, que estão ao meu lado a muitos anos, e que apesar dos nossos diversos 

compromissos, sempre damos um jeito de nos ver e nos divertir, como ainda nos tempos de 

colégio; Carol D., Karol, Giovana e Luana. 

Ao HCPA, pela ótima qualidade estrutural para a realização deste trabalho. 

A UFRGS, pelo ensino de excelência através da qualidade dos professores, servidores 

e técnicos. 

A Capes e o CNPQ pelo apoio financeiro. 

  



5 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Por vezes sentimos que aquilo que fazemos não é senão uma gota de água no 

mar. Mas o mar seria menor se lhe faltasse uma gota”. 

(Madre Teresa de Calcutá) 



6 
 

RESUMO 

 

Células-tronco são amplamente estudadas para a busca de novas formas de terapias para 

diversas doenças devido a sua capacidade de auto renovação e de se diferenciar em vários outros 

tipos celulares. As células tronco melhor caracterizadas são as células-tronco hematopoiéticas 

(CTH) e células-tronco mesenquimais (CTM), ambas sendo encontradas principalmente na 

medula óssea. No entanto, não existem estudos em que se observe como é a biodistribuição 

dessas células em camundongos neonatos nem por qual via de administração esses transplantes 

seriam mais eficazes, sendo que esses dados seriam importantes visando a busca por novas 

formas terapêuticas, principalmente de doenças em que a progressão é rápida e uma intervenção 

precoce seja relevante. O objetivo do presente trabalho foi avaliar a biodistribuição das CTH e 

CTM injetadas em camundongos neonatos de dois dias de vida, avaliando órgãos como fígado, 

pulmão, baço, coração, rim, córtex cerebral e medula óssea. As células foram injetadas por três 

vias de administração distintas (seio venoso retro orbital,  veia temporal e via intraperitoneal) e 

os animais foram avaliados em diferentes tempos (48 horas e 30 dias pós-transplante). Para 

isso, foram utilizados camundongos C57BL6-GFP como doadores de células e camundongos 

129SV como receptores, pois dessa forma se torna viável a detecção das células transplantadas. 

As células provenientes da medula óssea dos doadores foram purificadas e contadas em câmera 

de Neubauer para realização dos transplantes. Os órgãos dos animais transplantados foram 

analisados por imunohistoquímica utilizando anticorpo anti-GFP. As CTM não foram 

encontradas em quantidades significativas em nenhum dos tecidos analisados. O principal 

resultado encontrado foi a determinação da via da veia temporal (VT) como a mais eficiente. 

CTH estavam presentes após 48 horas no fígado e no baço e, em 30 dias, na medula óssea e no 

baço, em animais que havam sido imunossuprimidos pré-transplante. Embora tenha sido 

observada diferença estatística somente na medula óssea e no baço em 30 dias e pela via VT, 

os demais órgãos também apresentaram células GFP+ e, mesmo que em pouca quantidade, 

talvez seja o suficiente para auxiliar no tratamento de determinas condições. 

 

Palavras-chave: Células-tronco hematopoiéticas. Células-tronco mesenquimais. 

Biodistribuição de células-tronco. Vias de administração. Camundongo neonatos.  
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ABSTRACT 

 

Stem cells are widely studied aiming  new forms of therapies for various diseases due to their 

ability to self renew and differentiate into several other cell types. The most characterized stem 

cells are hematopoietic stem cells (HSCs) and mesenchymal stem cells (MSCs), both of which 

are mainly found in the bone marrow. However, there are not studies analysing the 

biodistribution of these cells in newborn mice, nor testing different routes of administration in 

which the transplants would be more effective, and such data are important for developing new 

therapeutic approaches, mainly for diseases with rapid progression and where early intervention 

is relevant. The aim of this study was to evaluate the biodistribution of HSCs and MSCs in two-

days-old newborn mice in organs such as liver, lung, spleen, heart, kidney, cerebral cortex and 

bone marrow. Cells were injected by three different administration routes (venous retro-orbital 

sinus, temporal vein and intraperitoneal route) and engraftment was evaluated at different times 

(48 hours and 30 days post-injection). C57BL6-GFP mice were used as cell donors and 129SV 

as recipients, in order to detect the transplanted cells. Cells from donor’s bone marrow purified 

and counted in a Neubauer camera to perform the transplants. The organs from transplanted 

animals were analyzed by immunohistochemistry using anti-GFP antibody. We did not find 

MSC at any organs analysed. The temporal vein (TV) was the most efficient route and the 

bisdistribution of HSC in 48 hours was more concentrated in the liver and spleen; and in 30 

days in the bone marrow and spleen, in animals that suffered immunosuppression before 

transplant. Although there was statistical difference only in the bone marrow and spleen in 30 

days and via the TV route, other organs also presented few GFP+ cells which may be sufficient 

to assist in the treatment of certain conditions. 

 

Keywords: Hematopoietic stem cells. Mesenchymal stem cells. Biodistribution of stem cells. 

Routes of administration. Newborn mice. 
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1 INTRODUÇÃO COMPREENSIVA 

 

1.1 CÉLULAS-TRONCO 

Células-tronco (CT) são células caracterizadas por sua capacidade de auto renovação 

e de se diferenciar em outros tipos celulares. Elas são amplamente utilizadas em estudos 

científicos como uma alternativa para a terapia celular de diversas doenças, seja na substituição 

de células já existentes no tecido ou lhes fornecendo suporte, produzindo compostos necessários 

para o tratamento de determinadas condições. A classificação das CT pode ser feita da seguinte 

forma: (a) células-tronco pluripotentes induzidas; (b) células-tronco embrionárias; e (c) células-

tronco fetal e de adultos – ou somáticas – (BUZHOR et al., 2014) (figura 1). 

 

Figura 1: As diferentes origens das células-tronco (embrionárias, pluripotente induzidas ou 

fetal e de adultos). Adaptado de (BUZHOR et al., 2014). 

 

As células-tronco pluripotentes induzidas, mais conhecidas pela sigla iPS (do inglês 

induced pluripotent stem cell), são células somáticas reprogramadas em laboratório para 

tornarem-se células pluripotentes (capazes de se transformarem em todas as células dos folhetos 
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germinativos, como ectoderma, mesoderma e endoderma; com exceção apenas da placenta e 

do tecido extra-embrionário, sendo essas últimas incluídas na categoria de células totipotentes, 

ou seja, além dos três folhetos germinativos). As iPS foram descritas pela primeira vez em 2006, 

no Japão, pelo pesquisador Yamanaka, o qual utilizou quatro fatores de transcrição – Oct3/4, 

Sox2, c-Myc e Klf4 – para reprogramar células de fibroblastos, fatores esses que hoje são 

mundialmente conhecidos como “fatores de Yamanaka” (TAKAHASHI et al., 2007). Apesar 

dessas células serem muito semelhantes às células-tronco embrionárias, há algumas diferenças 

no nível de metilação do DNA e na expressão de determinados genes endógenos, mostrando 

um potencial cancerígeno e teratogênico no uso dessas células (TAKAHASHI et al., 2007). O 

uso dessas células  tem sido focado como uma ferramenta para estudar o epigenoma de células 

cancerígenas (SEMI; YAMADA, 2015) e também para produzir células cancerígenas 

induzidas, para melhor estuda-las (OSHIMA et al., 2014). 

As células-tronco embrionárias, também pluripotentes, são derivadas da massa celular 

interna de embriões na fase de blastocisto, 4 a 5 dias após a fecundação (THOMSON et al., 

2009). Devido as questões éticas envolvidas no uso dessas células, seu uso terapêutico se 

resume basicamente a estudos em animais. Um exemplo de seu potencial científico, através do 

desenvolvimento de um protocolo padrão (HEUER et al., 1993), consiste em testes de 

embriotoxicidade, onde se utiliza células-tronco embrionárias murinas para testar o potencial 

tóxico de diversos compostos, como: a embriotoxicidade de ervas comumente usadas por 

mulheres grávidas na China (LI et al., 2015), a toxicidade de Bisfenol A – componente de 

plásticos o qual é lixiviado para a comida – e de genisteína – fitoestrógeno derivado da soja e 

outras leguminosas – (KONG et al., 2013) e também na triagem de embriotoxicidade de 

nanopartículas, visto que essa é uma técnica em crescente estudo em engenharias biomédicas 

(CAMPAGNOLO et al., 2013).  

Por último, encontram-se as células-tronco somáticas, provenientes de tecido fetal ou 

de adultos de diversas partes do corpo, como: medula óssea, tecido adiposo, sangue periférico, 

sangue de cordão umbilical, placenta, polpa dentária e dos respectivos órgãos do corpo humano 

– para que assim a manutenção e renovação de todos os órgãos ocorra quando necessário 

durante a vida de um indivíduo – (EHNINGER; TRUMPP, 2011). Diferente dos outros dois 

tipos de CTs citadas anteriormente, as somáticas são consideradas multipotentes, pois são 

células ligeiramente mais diferenciadas que as demais, capazes de originarem apenas células 

de um mesmo folheto germinativo.  Mas, apesar dessa pequena limitação quanto ao seu poder 

de diferenciação e auto renovação, essas células apresentam vantagens por possuírem 

facilidades quanto às questões éticas de aquisição, manutenção do cultivo em laboratórios e, 
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principalmente, às suas perspectivas terapêuticas (como o uso das células-tronco dos próprios 

órgãos e tecidos para as diversas patologias que acometem cada órgão, tornando a pesquisa 

mais direta para tratamentos mais específicos).  

Logo, vem crescendo o número de estudos que procuram entender melhor as CTs 

provenientes de cada órgão, principalmente as células-tronco neurais (GALLI et al., 2003) e 

células-tronco cardíacas (JOHNSON; SINGLA, 2017), por serem de órgãos de suma 

importância e cujo os índices de mortes por enfermidades que acometem esses órgãos serem 

altos em toda a população. Porém, existem dois tipos de CTs somáticas que são estudadas por 

mais tempo, as células-tronco hematopoiéticas (CTH) e células-tronco mesenquimais (CTM). 

Apesar de já se ter muito conhecimento sobre essas células, muitas pesquisas ainda devem ser 

conduzidas para investigar seu potencial de plasticidade (OGAWA; LARUE; MEHROTRA, 

2015; WANG et al., 2014), uma vez que elas podem ser aplicadas em terapias de doenças de 

vários órgãos ou sistemas e são, então, uma possível alternativa mais abrangente que as CT 

órgão-específicas. Deste modo, essas células foram escolhidas para a realização deste trabalho 

e, portanto, uma maior abordagem sobre elas será desenvolvida abaixo.  

 

 

1.1.1 Células-tronco hematopoiéticas 

As células-tronco hematopoiéticas (CTH) são células responsáveis pela constante 

produção de componentes sanguíneos e imunes, podendo ser eles de origem mieloide 

(eritrócitos, plaquetas, eosinófilos, monócitos, basófilos e neutrófilos) ou de origem linfoide 

(linfócitos T e B); sendo esse processo denominado hematopoese (figura 2), o qual ocorre 

majoritariamente na medula óssea. Porém, as CTH também podem ser encontradas no sangue 

de cordão umbilical e em sangue periférico, embora que em pouca quantidade (COPELAN, 

2006). 

O estudo sobre essas células se iniciou durante a segunda guerra mundial, 

principalmente devido aos ataques com bombas nucleares, onde se tinha grande emissão de 

radiação à população, a qual começou a desenvolver diversos sintomas e complicações que os 

levavam a morte por insuficiência medular (COPELAN, 2006). Na época, na tentativa de 

remediar a situação, utilizava-se sangue placentário armazenado para transfusão, porém a 

melhora era quase que insignificante. Somente anos mais tarde que se descobriu que o motivo 

dessa baixa eficiência era devido à falta de histocompatibilidade (LORENZ, E; UPHOFF, D; 

REID, TR; SHELTON, R; SHELTON, 1951). 
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Após a segunda guerra é que essas células foram melhor estudadas. Estudos com 

animais intencionalmente expostos à radiação mostraram que a proteção prévia dos órgãos 

hematopoiéticos com chumbo – como baço ou algum osso longo – evitava o óbito do animal, 

pois parte do tecido responsável pela atividade hematopoiética se mantinha íntegro; já os 

animais não protegidos com chumbo desenvolviam sintomas similares aos humanos durante a 

segunda guerra. Anos mais tarde, foi observado que, além da radiação, alguns fármacos também 

tinham esse poder destrutivo em relação às CTH (HO; PUNZEL, 2003). 

Então, no início da década de 60, os genes do complexo HLA (Human leucocyte 

antigen) foram estudados, tornando possível o transplante alogênico de medula óssea, onde as 

células transplantadas não precisam ser geneticamente idênticas às células do receptor 

(COPELAN, 2006). Outro fato importante foi a imunofenotipagem dessas células, para que 

assim se conhecesse quais moléculas e anticorpos eram expressos nas CTH para, então, separa-

las das demais, enriquecendo o número de CTH para um tratamento mais eficaz, sendo o 

principal marcador a molécula CD34 (CHEVALLIER et al., 2013). A partir disso, as CTH 

começaram a ser fortemente utilizadas como terapia celular de diversas doenças como: 

linfomas, leucemias, imunodeficiências congênitas, anemias e erros inatos do metabolismo 

(COPELAN, 2006). 

Logo, faz mais de 50 anos que as CTH são usadas na prática clínica, o que aumentou 

significativamente a expectativa de vida dos pacientes. Porém, complicações em decorrência 

dos transplantes também aumentaram, principalmente pelo fato de os pacientes precisarem 

passar por processos de ablação de sua medula óssea para melhor receber as células 

transplantadas. Além desse condicionamento, o paciente deve fazer uso de tratamento com 

imunossupressores durante toda a vida, o que previne rejeição contra o transplante mas que 

pode implicar no desenvolvimento da Doença do Enxerto Contra Hospedeiro (DECH) ou outras 

complicações sistêmicas (DEAN et al., 2018; HOSPITAL, 2004). 

Outra característica que vem sendo bastante estudada é a possível aplicação dessa 

terapia em outras doenças não hematológicas, cujos estudos mostram um potencial dessas 

células de se diferenciarem em outros tipos celulares, como células endoteliais, hepatócitos e 

fibroblastos (PILAT; UNGER; BERLAKOVICH, 2013). 

Assim sendo, é importante continuar estudando cada vez mais essas células, 

principalmente pela hipótese delas servirem de tratamentos para outras doenças as quais ainda 

não possuem uma terapia eficaz e, também, para fazer com que o transplante de CTH, para as 

doenças nas quais essa terapia já é aplicada, se torne cada vez mais segura com consequente 

diminuição dos efeitos adversos. 
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Figura 2: Representação da hematopoese a partir das células-tronco hematopoiéticas com 

seus respectivos progenitores e células diferenciadas. Adaptado de (SARVOTHAMAN et 

al., 2015). 

 

1.1.2 Células-tronco mesenquimais 

Assim como as CTH, as células-tronco mesenquimais (CTM) também podem ser 

encontradas na medula óssea, porém podem também ser provenientes de outros tecidos, como 

músculo, tecido adiposo e derme  (CAPLAN, 2007; CAPLAN; PH, 2005; GARCÍA-CASTRO 

et al., 2008). Têm por principais características a aderência ao plástico, a capacidade de 

diferenciar-se em linhagens osteogênica, condrogênica e adipogênica e expressar marcadores 

de superfície como CD105, CD73 e CD90 (DOMINICI et al., 2006). As CTM foram observadas 

pela primeira vez em 1970, onde os cientistas acreditavam ser fibroblastos, principalmente por 

apresentarem aderência à placa de cultura e possuirem uma forma fusiforme (FRIEDENSTEIN; 

CHAILAKHJAN; LALYKIN, 1970). Só em 2006 que se convencionou que, para ser uma 

CTM, ela deve apresentar as três características citadas anteriormente. 

Ainda não se sabe muito bem o papel dessas células. No início, acreditava-se que era 

somente na diferenciação e manutenção das respectivas células as quais elas podem dar origem 

(como osteócito, condrócito e adipócito – figura 3), mas vem crescendo o número de pesquisas 

onde se investiga o papel das CTM como coadjuvantes da imunomodulação do microambiente 
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a qual se encontram, exercendo um efeito parácrino. Já foi observado que as CTMs são capazes 

de secretar moléculas antiapoptóticas, neoangiogênicas e pró-mitóticas (MELIEF et al., 2013; 

NAGAYA, 2004; ORTIZ et al., 2003); e também que as CTM favorecem a liberação de 

substâncias anti-inflamatórias como IL-4 e IL-10 e inibem citocinas pró-inflamatórias como 

IFN-γ e TNF-α (MARIGO; DAZZI, 2011; WATERMAN et al., 2010). 

Apesar dos tratamentos utilizando as CTM, como uma alternativa à terapia celular 

convencional, ainda não terem sido aprovados pela FDA (Food and Drug Administration) ou 

outros órgãos de igual importância, estudos têm sido conduzidos para aplicação dessas células 

em doenças como infarto agudo do miocárdio, doenças renais, doenças pulmonares, diabetes e 

também para a Doença Enxerto Contra Hospedeiro (DECH); onde se associa a terapia celular 

das CTH com as CTM para uma melhor resposta ao transplante, diminuindo os efeitos adversos 

(LE BLANC et al., 2008). Logo, nota-se o quanto é promissor continuar estudando as CTM, 

tanto isoladas quanto associadas às CTH. 

 

Figura 3: Potencial de diferenciação das células-tronco mesenquimais. (DAS; SUNDELL; 

KOKA, 2013). 

 

 



16 
 

1.2 TERAPIA CELULAR ASSOCIADA À TERAPIA GÊNICA 

A terapia gênica consiste na aplicação de diferentes métodos para tentar corrigir e 

reparar genes de células que não estejam cumprindo sua função devidamente, que, dependendo 

do gene em questão, pode resultar no desenvolvimento de diversas doenças. Essa manipulação 

de genes pode ser in vivo¸ quando vetores são administrados diretamente no paciente; ou ex 

vivo, quando se faz uso de células retiradas do próprio paciente (normalmente células-tronco), 

para a então manipulação gênica in vitro e posterior reimplantação dessas células de volta ao 

organismo – sendo essa uma associação da terapia celular com a terapia gênica (COTRIM; 

BAUM, 2008). 

No início da década de 60, questionou-se sobre a possibilidade dos vírus serem 

utilizados na terapia gênica, devido a sua capacidade natural de carregar e introduzir seu 

material genético infectante nas células (FRIEDMANN, 1997). Depois de estudar essa 

possibilidade, foram desenvolvidos vetores virais sem fatores de virulência, mas que 

mantinham sua capacidade de transduzir células eucarióticas (MACHIDA, 2002). Eles são os 

vetores mais eficientes na questão de entrega do material genético às células, porém podem 

gerar eventos adversos relacionados ao sistema imune. 

Os vetores não virais, como, por exemplo, os plasmídeos (VOSS, 2007) e as 

nanoestruturas (FENSKE; CHONN; CULLIS, 2008), surgiram como alternativas mais seguras 

para a entrega de ácidos nucleicos às células. Além da utilização de sequências que contanham 

o cDNA do gene de interesse junto a um promotor para expressão, pode-se lançar mão de 

técnicas de edição gênica, que utilizam nucleases guiadas por domínios proteicos – como Zinc 

Finger Nucleases (ZFN) e Transcription Activator-Like Effector Nucleases (TALEN) – ou por 

sequências de RNA – como Clustered Regularly Interspaced Short Palindromic 

Repeats/CRISPR associated protein (CRISPR/Cas) (figura 4) (MAEDER; GERSBACH, 

2016). Logo, torna-se interessante relacionar a terapia celular das células-tronco (tanto 

hematopoiéticas quanto mesenquimais) com a terapia gênica para desenvolver tratamentos para 

as mais diversas doenças de forma mais específica. 
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Figura 4: Técnicas utilizadas para proporcionar a manipulação gênica. (MAEDER; 

GERSBACH, 2016). 

 

1.3 MODELO ANIMAL E VIAS DE ADMINISTRAÇÃO 

O desenvolvimento de novas terapias é um processo longo, que requer numerosos 

passos para a comprovação de segurança e eficácia do tratamento. Inicialmente, estudos que 

demonstrem o mecanismo de ação e a toxicidade de novos tratamentos costumam ser realizados 

em cultivo celular. Se aprovado nos primeiros testes, o tratamento é testado em animais de 

pequeno porte, para avaliação da distribuição e da interação entre os sistemas do organismo. 

Muitas vezes, tratamentos promissores em cultivo de células são contestados nos testes com 

animais, por serem metabolizados e degradados, por não chegarem ao tecido alvo ou por 

gerarem muitos efeitos adversos, por exemplo. Só após a comprovação da eficiência e da 

segurança em animais é que o tratamento é conduzido para ensaios clínicos (NORMAN, 2016). 

Dessa forma, embora haja uma mobilização para redução da experimentação animal, o uso de 

modelos animais ainda se faz muito necessário. 

Em camundongos, existem vários estudos que procuram entender melhor como 

funciona o transplante de células-tronco, quais mecanismos estão envolvidos, visando o 

aperfeiçoamento do procedimento na prática clínica. Dentre alguns mecanismos encontrados 
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na literatura, podemos citar os seguintes trabalhos:  o uso do fármaco FTY720, um 

imunomodulador que depleta os linfócitos T naive e com isso diminui a incidência da DECH 

(LAKSHMIKANTH et al., 2016) e; o bloqueio de Notch2 – uma molécula de sinalização 

importante para as CT – que aumenta a mobilização de CTH e suas progenitoras e proporciona 

o homing dessas células (LAKSHMIKANTH et al., 2016). 

Além desses estudos – e de vários outros – que procuram por formas de aprimorar os 

transplantes de CT com base no uso ou no bloqueio de moléculas ou fármacos (tanto para 

direcionar essas células, purificar melhor um tipo celular, quanto para diminuir o ataque pelo 

sistema imune), existe outro ponto importante de se avaliar que é a administração em si dessas 

células. A escolha da via de administração é um passo significativo e deve mimetizar o 

procedimento feito em humanos, tanto para a adminsitração de células quanto de outros 

compostos, pois dessa forma se pode favorecer determinados sistemas, ainda mais considerando 

que as CT podem se diferenciar em diferentes tipos celulares. 

Em camundongos adultos, há estudos comparando diferentes vias de administração 

(KUSHIDA et al., 2001; LEON-RICO et al., 2015). A via intravenosa é normalmente a de 

escolha e possui dois acessos principais: a veia caudal lateral e o seio venoso retro-orbital. 

Ambos os acessos conferem distribuição semelhante para injeção de células (LEON-RICO et 

al., 2015), de anticorpos (SCHOCH et al., 2014) e de fármacos (STEEL et al., 2008), embora 

alguns autores sugiram que o seio venoso retro-orbital é o mais acessível e o que requer menor 

treinamento, além de causar menos estresse ao animal. Outra via intravenosa bastante utilizada 

é a da veia temporal, cuja utilização só é possível em camundongos neonatos devido a sua 

localização superficial (FLORES et al., 2010; PIEVANI et al., 2015). Além das vias 

intravenosas citadas acima, existe ainda outra via que é bastante utilizada para a administração 

de vários compostos: a via intraperitoneal. Essa, por sua vez, mostrou-se mais viável em 

comparação à via intravenosa em alguns trabalhos (GUICHARD; LOCHON; 

PHARMACOLOGIE, 1998; YOUSE et al., 2013). 

Em camundongos neonatos, de até dois dias de vida, não há trabalhos que comparem 

as diferentes vias de administração. Sendo esse um protocolo importante de ser estabelecido, 

principalmente quando se pretende estudar formas de terapias para patologias que necessitam 

de tratamento precoce, devido à rápida progressão de sintomas. 
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2 JUSTIFICATIVA 

Justamente por haver esta falta de informação sobre qual a melhor via de administração 

em neonatos – ou seja, a que comporta maior volume administrado, que distribui mais 

uniformemente os compostos injetados e que representa menor desconforto aos animais – é 

importante que se realize uma análise comparativa entre as rotas mais utilizadas e, assim, que 

se crie e se otimize um protocolo de injeção. Dessa maneira, podemos estabelecer um protocolo 

definitivo de transplante de CTH e CTM em camundongos neonatos, visando à utilização desse 

modelo em conjunto com protocolos de terapia gênica ex vivo para o tratamento de doenças 

hereditárias, principalmente as de progressão rápida que requerem intervenção precoce. 
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3 OBJETIVOS 

 

 

3.1 OBJETIVO GERAL 

 

Estabelecer um protocolo de injeção de células-tronco hematopoiéticas e 

mesenquimais em camundongos neonatos. 

 

 

3.2 OBJETIVOS ESPECÍFICOS 

 

a) Injetar células-tronco hematopoiéticas e mesenquimais pelas três principais vias de 

administração (seio venoso retro-orbital, veia temporal e intraperitoneal) em camundongos 

neonatos de até dois dias de vida;  

 

b) Observar qual via apresenta maior facilidade de injeção pelo manipulador;  

 

c) Avaliar a distribuição das células transplantadas em diversos tecidos, como medula 

óssea, fígado, baço, rim, pulmão, coração e córtex cerebral.  
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ABSTRACT 

 

Stem cells are widely studied aiming  new forms of therapies for various diseases due to their 

ability to self renew and differentiate into several other cell types. The most characterized stem 

cells are hematopoietic stem cells (HSCs) and mesenchymal stem cells (MSCs), both of which 

are mainly found in the bone marrow. However, there are not studies analysing the 

biodistribution of these cells in newborn mice, nor testing different routes of administration in 

which the transplants would be more effective, and such data are important for developing new 

therapeutic approaches, mainly for diseases with rapid progression and where early intervention 

is relevant. The aim of this study was to evaluate the biodistribution of HSCs and MSCs in two-

days-old newborn mice in organs such as liver, lung, spleen, heart, kidney, cerebral cortex and 

bone marrow. Cells were injected by three different administration routes (venous retro-orbital 

sinus, temporal vein and intraperitoneal route) and engraftment was evaluated at different times 

(48 hours and 30 days post-injection). C57BL6-GFP mice were used as cell donors and 129SV 

as recipients, in order to detect the transplanted cells. Cells from donor’s bone marrow purified 

and counted in a Neubauer camera to perform the transplants. The organs from transplanted 

animals were analyzed by immunohistochemistry using anti-GFP antibody. We did not find 

MSC at any organs analysed. The temporal vein (TV) was the most efficient route and the 

bisdistribution of HSC in 48 hours was more concentrated in the liver and spleen; and in 30 

days in the bone marrow and spleen, in animals that suffered immunosuppression before 

transplant. Although there was statistical difference only in the bone marrow and spleen in 30 

days and via the TV route, other organs also presented few GFP+ cells which may be sufficient 

to assist in the treatment of certain conditions. 

 

 

Keywords: Hematopoietic stem cells. Mesenchymal stem cells. Biodistribution of stem cells. 

Routes of administration. Newborn mice. 
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INTRODUCTION 

 

Hematopoietic stem cells (HSCs) and mesenchymal stem cells (MSCs) are cells that 

are self-renewing and have the ability to differentiate into several cell types. Both can be found 

in the bone marrow, but the HSCs can be also found in peripheral blood and umbilical cord 

blood and the MSCs in muscle, adipose tissue and dermis, among other tissues (1–4). These 

cells can be used as cell therapy for a variety of diseases such as lymphomas, leukemias, 

congenital immunodeficiencies, anemias, and inborn errors of metabolism (1), to name a few.  

In an animal model, there are many ways to improve the efficacy of hematopoietic 

stem cell transplantation (HSCT), from the targeting of these cells to some specific organ, 

enrichment of cellular niches and in the attempt to reduce the attack by the immune system. 

However, there is a significant step which is not very studied, related to the route of 

administration of these cells and their biodistribution. Considering that these cells can 

differentiate into many cell types, it is interesting to know if any route of administration favors 

any organ or system, which organ is more receptive to HSCs and MSCs and whether this is 

pathway dependent. 

Regarding adult mice, there are studies comparing different routes of administration 

(5,6). The intravenous route is usually the one of choice and has two main accesses: the lateral 

caudal vein and the retro-orbital venous sinus. Both approaches provide a similar distribution 

for injection of cells (6), antibodies (7) and drugs (8), although they suggest that the retro-orbital 

venous sinus is the most accessible and requires less training, in addition to causing less stress 

to the animal (6,7,8). Another commonly used intravenous access is the temporal vein, where 

it is only possible to usein newborn because of its superficial location (9,10). In addition to the 

intravenous routes mentioned, there is another route that is also widely used for the 

administration of various compounds: the intraperitoneal route. There are studies comparing 

these routes (intraperitoneal and intravenous) and, in these studies, the intraperitoneal route was 

a more viable option (11,12). 

However, in the case of newborn mice up to two days old, there are no studies 

comparing the different routes of administration. This is an important protocol to be established, 

especially when one intends to study therapies for pathologies in which early treatment is 

necessary. 

Therefore, the objective of the present study was to inject HSCs and MSCs by the three 

main administration routes (retro-orbital venous sinus, temporal vein and intraperitoneal) in 2 
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days old mice and to evaluate the biodistribution of transplanted cells to several tissues, such 

as bone marrow, liver, spleen, kidney, lung, heart and cerebral cortex. 

 

MATERIALS AND METHODS 

Animals 

This research project was approved by the Ethics Committee for the Use of Animals 

(CEUA) of the Hospital de Clínicas of Porto Alegre under number 16-0260. C57BL6-GFP and 

129SV mice, as donors and recipients, respectively, were used. After weaning at 21 days of 

age, animals from the same litter were kept in plastic boxes with a maximum of 5 animals/box 

in a controlled environment (temperature 20-24ºC, 40-60% relative humidity and air exhaust 

systems) with cycles of 12 hours of light and 12 hours of dark, standard commercial feed for 

the species and water ad libitum. Euthanasia was performed using isoflurane inhalation 

anesthetic overdose. 

Treatment 

Three large groups were created: one group of animals was injected with MSCs in the 

concentration of 1x105 cells/50uL without myeloablation; a second group received HSCs at 

same regimen and dose. In the third group, animals were injected with HSCs at a concentration 

of 1x106 cells/50uL with a myeloablative regimen (busulfan 20mg/kg administered 

intraperitoneally 24 hour before transplant). These groups were divided into the three 

administration routes tested: retro-orbital venous sinus (RO), temporal vein (TV) and 

intraperitoneal (IP); and then each route was subdivided at different euthanasia times: 48 hours 

and 30 days after cell injections (figure 1). The negative control group was composed of adult 

129SV animals without any intervention, while the positive control group was composed of 

adult GFP+ animals. Three to five animals were used for each group analyzed. 

Obtaining HSCs and MSCs 

Cells from donor animals were obtained from bone marrow of the femur and tibia of 

adult GFP mice by flush extraction with saline solution. For HSCs obtention, total bone marrow 

was processed with the Lineage Cell Depletion Kit (Miltenyi Biotec) – which removes the 

differentiated cells and enriches the HSCs population through different antibodies expressed in 

these cells – according to manufacturer’s protocol. For MSCs obtention, homogenized whole 
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bone marrow was cultured in DMEM medium, supplemented with 20% FBS and 1% 

penicillin/streptomycin. The culture medium was changed every 72 hours for the removal of 

cells in suspension, to enrich the MSCs population. Cells were expanded and transplanted 

between passages 3 and 6. After obtention of cells, they were counted in Neubauer's camera at 

the previously mentioned concentrations in a final volume of 50 uL. The cell suspension was 

aspirated into BD Ultrafine II 0.5mL 6mm needle syringes and injected slowly into manually 

immobilized animals by experienced veterinarians. 

Immunohistochemistry 

To evaluate the cellular biodistribution, the immunohistochemistry technique was 

performed using anti-GFP antibody, to detect cells from the donor. The organs were processed 

in paraffin blocks, cut in thin sections and placed in an oven for 1 hour at 75ºC. After dewaxing, 

antigen retrieval was performed by incubation with 10mM citrate buffer pH 6 for 35 minutes at 

94 °C. Slides were incubated with primary anti-GFP antibody (1:600 dilution; rabbit polyclonal 

IgG from Santa Cruz Biotchnology), overnight at 4 °C in a dark camera. Finally, slides were 

incubated with peroxidase-conjugated goat anti-rabbit IgG (1: 200; Santa Cruz Biotchnology) 

secondary antibody for 90 minutes at room temperature on a dark camera and then developed 

through the DAB Kit (Dako) through chromogen 3-3'-diaminobenzidine (DAB). After 

immunohistochemistry, slides were analyzed by the ImageJ software, through the Color 

Deconvolution plugin, resulting in the expression of the results in percentage of area occupied 

by GFP+ cells in the field, analyzing 3 fields of each organ. 

Statistical analysis 

The results obtained were categorized, and the following comparisons were made: 

Difference of migration to the same organ, at the same time, by different routes; and difference 

of migration to the same organ at different times. The data were analyzed by two-way ANOVA, 

comparing differences between the groups with Tukey test as post hoc when the values had 

normal distribution. The level of significance was 5%. 

 

RESULTS 

 

Injection of HSCs and MSCs without myeloablation 
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We performed injections of HSCs or MSCs at the concentration of 1x105 cells/50uL 

without performing myeloablation, and the results of this first step are shown in table 1.  

Under these conditions, we did not detect any GFP+ cell (from the donor) in most of 

the organs, indicating that the transplantation was not efficient. As we can also see in table 1 

and figure 2, in some organs we could observe GFP+ cells but they were very few, without 

statistical difference from untreated mice. In this way, it was not possible to make any 

correlation between the administration routes with the times in which we analyzed, nor even a 

tendency of one of the cellular types to be migrating for any organ. 

 

Injection of HSCs with myeloablation  

After the initial results, we decided to increase the concentration of cells injected to 

1x106 cells/50uL and to perform myeloablation prior to the tranplant, through the 

immunosuppressant drug Busulfan, which destroys the bone marrow cells of the recipient 

animal to increase the possibility of homing of the injected cells. We started with HSCs and we 

will continue this work with the MSCs in a future study. 

In 48 hours, there was no statistical difference between groups (figure 3-A), but a 

considerably larger number of GFP+ cells were found compared to the group of animals that 

were injected with HSCs without myeloablation (1/3 compared to immunosuppressed animals). 

Another result observed was that the IP pathway was the only route in which no GFP+ cells 

were found in any organ. Among the analyzed organs, the heart was the only organ that did not 

present positive cells in any of the routes; and in the cerebral cortex only few positive cells were 

visualized by RO route, although the result was almost equal to the negative control (RO = 

0.092, and negative = 0.054 %GFP+/area). However, the organs that stood out the most in 48 

hours were the spleen and the liver; and for the spleen the best route was TV (equivalent to 44% 

of the positive control) and for the liver the RO pathway (65% in relation to the positive 

control). These results have no statistical difference but show a trend of biodistribution of HSCs 

to these organs analyzed in a short time. 

In 30 days, no positive cells were found in the cerebral cortex and very little in the 

heart (less than 1% in relation to the positive control). The organs that had the most cells in 30 

days (long time) were the spleen and the bone marrow, which obtained statistical difference in 

relation to the negative control through the TV pathway. Although the RO and IP pathways had 

no statistical difference for the spleen and bone marrow, their results were not very different 

from the TV pathway. In the case of the bone marrow of the transplanted animals, the number 
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of GFP+ cells were higher than in the positive control. The other organs did not show statistical 

difference, but it is important to note that: for the liver, the three routes and positive control 

were very similar between them (although the RO route was slightly better), showing that even 

if it had few GFP+ cells in the liver, the same result was achieved regardeless of the 

administration route; for the lung, the RO route was highlighted from the others, presenting 

results equivalent to 60% of the positive control; for the kidney, the result was more discrete, 

but GFP+ cells were found in the three routes, the TV being slightly better (14% of the positive 

control) (Figures 3-B and 4). 

Another data observed was the ease of manipulation of the animals for each route of 

injection analyzed, which were performed by experienced veterinarians. According to them, the 

IP route was the easiest, followed by the RO route and later the TV route. Although the IP route 

was the easiest, in the first injections it was seen that there was reflux of the administered 

volume, which was solved after standardizing the needle gauge and application plane. The RO 

route was the second easier to apply and not a single lesion to the eyes were observed, though 

it was doubtful if the whole volume had been administered correctly. The TV route was the one 

that demanded more training and which the veterinarians had the most difficulty performing, 

as the vessel’s caliber is almost as thick as the needle it self. However, the success of 

administration via TV was easily assessed, once immediate subcutaneous edema is formed 

when the solution is injected outside the vessel, leaving no room for doubt. 

 

DISCUSSION 

Some studies discuss wheter to perform myeloablative conditioning or not before 

hematopoietic stem cell transplantation (HSCT), both using drugs and irradiation. Conditioning 

is usually done because it is believed that this frees up space so that cells from the donor can 

establish themselves and proliferate. For Zhong et al. (2002) (14) ablated or non-ablated 

animals harbor the donor cells in the same way, but non-ablated animals do not proliferate these 

cells as much as the ablated animals, because they do not have the stimulation from the 

drug/irradiation that destroys the recipient cells and then stimulates the proliferation of donor 

cells. However, in our study, we saw that not only the proliferation of these cells was 

compromised, but also the egraftment of these cells in the bone marrow, inferring that the 

myeloablative conditioning made a difference so that the graft remained in the donor. 

Analyzing the data from groups transplanted without myeloablation (table 1), although 

without statistical difference, the HSCs showed a tendency to be more bio-distributable among 
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the organs than the MSCs; for this reason, we conducted another set of experiments to evaluate 

the biodistribution of HSC by different routes using myeloblation. We did a pilot group with 

myeloablative conditioning and same number of HSCs (1x105 cells/50uL), but the distributions 

was also unsatisfactory, therefore we increased the dose of cells to 1x106/50uL, which finally 

generated more pronounced results. 

Regarding the biodistribution of these cells, for the spleen and the bone marrow, we 

already expected them to present positive results, since both are hematopoietic organs (1). It 

has been shown that HSCs are not normally found in the spleen (15), but under certain 

conditions, such as myeloablation, this organ begins to perform extramedullary hematopoiesis 

(16). In the case of the liver, it has been shown that HSCs are able to originate hepatocytes (17) 

but the author of the study mentioned that in cases of HSC this is a very rare event. This 

corroborates our findings, because although the liver has presented a moderate number of GFP+ 

cells (much alike the positive control), these cells do not have hepatocyte’s morphological 

characteristics but rather of cells of the immune system, such as Kupffer’ cells. In fact, these 

findings apply to the other organs, where the GFP+ cells found do not correspond to the cell 

types of each organ, but to cells of the immune system. We expected to find GFP+ cells in the 

cerebral cortex, as the blood brain barrier (BBB) is not yet completely closed in newborn mice 

(18), but this was not observed in our study.  

Regarding the analyzed times, we saw that in 48 hours the organs that stood out most 

were the liver and the spleen (although without statistical basis). We believe that in the short 

term these cells have not had enough time to reach the bone marrow, hitting the liver and spleen 

first by the very anatomy of the site of the injections, reaching those organs more easily through 

the bloodstream. But also, and especially, because these two organs are considered 

hematopoietic organs. The spleen we have already seen in the previous paragraph and the liver 

is described as the main hematopoietic organ during the fetal period, ceasing to be after birth. 

However in cases of marrow damage, the liver can also perform extramedullary hematopoiesis 

in newborn mice (19). In 30 days, we have seen - with statistical difference - enough cells in 

the bone marrow, indicating that the homing of injected HSCs occured and derived cells 

(lymphoid and myeloid) were possibly produced and migrated to the other organs. 

Considering the routes of administration,  TV route was the one that needed more 

training by the veterinarians, but it was the one that obtained the best results. We believe that 

the best performance of this route was because it was the way we were most sure of the success 

of the injections, where it was seen that all the volume administered entered the vessel and did 

not form edema (which was an indication that part of the volume injected had come out of the 
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vase). Therefore, investing in the improvement of technique is important and should be taken 

into account. 

In conclusion, the TV pathway was the route that best biodistributed the HSCs in 

newborn mice, and in 30 days there was a statistical difference for the bone marrow and spleen, 

although GFP+ cells were also observed in the other organs such as liver, kidney and lung; only 

in the heart and in the cerebral cortex that this finding was extremely low or null. 
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Figure 1: Representation of the methodology used. A) Two-day-old animals were injected 

with MSCs at a concentration of 1x105 cells/50ul and then divided into groups with 

administration routes (TV, RO and IP) and at different times (48 hours and 30 days). B) Same 

conditions as in "A" but with HSCs. C) Only HSCs were injected with an additional stage of 

myeloablation with the drug busulfan – 24 hours before the injections of the cells – and with an 

increase in the number of cells injected to 1x106 cells/50ul. Key: TV- Temporal vein; RO- Retro 

orbital; IP-Intraperitoneal. HSCs- Hematopoietic stem cells;  MSCs- Mesenchymal stem cells. 
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Table 1: Results of injections of HSCs and MSCs without myeloablation. Results shown as 

“% GFP+ area / field” *. 

  

 

    
Cerebral 
Cortex 

Kidney Spleen Liver Lung Heart 
Bone 

Marrow 

C
O

N
TR

O
LS

 + 0.69 ± 0.24 7.68 ± 1.90 7.64 ± 0.23 0.99 ± 0.13 5.18 ± 1.06 23.9 ± 4.53 7.76 ± 9.45 

- 
0.054 ± 
0.071 

0.071 ± 
0.035 

0.76 ± 0.69 0.01 ± 0.01 1.01 ± 0.89 0.04 ± 0.03 0.65 ± 0.24 

W
T 

+
 M

SC
s 

TV 48h - - - - 1.43 ± 0.43 - 1.27 ± 1.08 

TV 30d - - 
1.582 ± 

1.43 
- - - - 

RO 48h 
0.078 ± 
0.042 

- - - - - - 

RO 30d - 0.34 ± 0.47 - - - 0.05 ± 0.03 - 

IP 48h - - - - - - - 

IP 30d - - - - - 0.20 ± 0.29 - 

W
T 

+
 H

SC
s 

TV 48h 
0.049 ± 

0.01 
- - 

0.014 ± 
0.015 

- - 0.47 ± 0.19 

TV 30d - - - 0.02 ± 0.02 - - - 

RO 48h 0.28 ± 0.40  0.85 ± 0.16 0.08 ± 0.12 - - - 

RO 30d 
0.022 ± 

0.04 
- - - 1.40 ± 0.68 

0.064 ± 
0.028 

- 

IP 48h - - 1.03 ± 0.47 - - - - 

IP 30d - - - - 1.12 ± 0.21 - - 
 - : No GFP+ cells found. * mean ± standard deviation 
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Figure 2: Immunohistochemistry images of transplanted animals without myeloablation. 

These images represent injections with HSCs (1x105 cells/50uL). We can observe that very few 

GFP+ cells were found (red arrows). Magnification 400x. 
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Figure 3: Biodistribution of HSCs (1x106 cells/50uL) in organs of transplanted mice, after 

immunosuppression with busulfan. A) Observed data in 48 hours; and B) Data observed in 

30 days. TV- Temporal vein; RO- Retro orbital; IP- Intraperitoneal. BU- Busulfan. * p <0.05. 
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Figure 4: Immunohistochemistry images of animals transplanted with myeloablation and 

HSCs (1x106 cells/50uL). A) The organs that obtained statistical difference of p <0.05, bone 

marrow and spleen. B) The other organs, although not giving statistical difference, presented 

some GFP+ cells. Magnification 400x. 
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Figure 5: Summary of the results found in relation to the biodistribution of HSCs in 

newborn mice. Where much of these cells were observed in the spleen and bone marrow; a 

moderate amount in the lung, liver and kidney; and very little or no GFP+ cells in the cerebral 

cortex and heart. 
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5 CONCLUSÕES E PERSPECTIVAS  

 

Como principais conclusões deste trabalho, temos que: a) a via de administração que 

melhor biodistribuiu as células tronco hematopoiéticas para os órgãos analisados – fígado, baço, 

medula óssea, pulmão, rim, coração e córtex cerebral – foi a via da veia temporal, por mais que 

seja uma das vias que mais requer treinamento, foi observado que dessa forma se garante que 

as injeções sejam todas corretas e padronizadas, pois era possível analisar se parte do volume 

injetado havia extravasado para fora do vaso; e b) em relação à biodistribuição das CTH, em 

48 horas os órgãos onde se detectou uma maior quantidade de células GFP+ provenientes do 

transplante, foram o fígado e o baço; já em 30 dias foi a medula óssea e o baço.  

Por mais que só tenha sido observado diferença estatística na medula óssea e no baço 

na via TV em 30 dias, é importante ressaltar que talvez o pouco de células GFP+ encontradas 

nos demais órgãos já seja o suficiente para auxiliar no tratamente de determinadas patologias. 

Para o estudo das perspectivas, é importante considerar as limitações do trabalho. Sob 

esta ótica, é essencial ressaltar que não foram encontradas CTM nos tecidos listados. No entanto 

os dados de CTM e CTH não são diretamente comparáveis, pois foi realizado um teste adicional 

com as CTH, com dose maior e mielossupressão. Experimentos subsequentes serão realizados 

para verificar a distribuição das CTM nas mesmas condições. Outro ponto a ser considerado é 

a caracterização completa das CTM, que será realizada através de imunofenotipagem e testes 

de diferenciação. 

Este trabalho faz parte de um projeto maior, no qual objetiva desenvolver um 

tratamento de terapia gênica ex vivo para mucopolissacaridose tipos I  e II – utilizando o modelo 

animal da doença e mimetizando um transplante autólogo de células tronco geneticamente 

modificadas. 

Logo, outras perspectivas deste trabalho são: prosseguir os experimentos com a edição 

gênica in vitro das células tronco e seu transplante em animais com mucopolissacaridose tipo I  

e tipo II para avaliação da eficácia do tratamento. 
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5. Submitting your manuscript  

5.1 ORCID  

5.2 Information required for completing your submission  

5.3 Permissions 

6. On acceptance and publication  

6.1 SAGE Production  

6.2 Online First publication  

6.3 Access to your published article  

6.4 Promoting your article 

7. Further information 

1. WHAT DO WE PUBLISH? 1.1 

AIMS & SCOPE 

Before submitting your manuscript to Laboratory Animals, please ensure you have read the 

Aims & Scope. 1.2 Article Types 

Working Group Reports  

Articles describing the recommendations or conclusions from working parties or groups 

mandated by one or more subscribing associations. These should be up to 7,500 words including 

references (of which there should be no more than 50), abstract, figure/table captions and the 

abstract. A hyperlink to additional information or the full deliberations of the Working Group will 

be accommodated and hosted as supplementary information on the journal website. All cited 

members of working parties will be considered as authors for the purposes of copyright. 

Review Articles  

Articles of a substantial and topical nature. These should be up to 7,500 words 

including abstract, figure/table captions and references. 

Original Articles  

Articles describing substantial original research that fall within the aims and scope of the journal. 

These should be up to 5,500 words including the abstract, figure/table captions and references 

and have no more than six displays (figures and tables). Structured headings are required and 

must include: Introduction; Animals, Material and Methods; Results; Discussion; 

Acknowledgements and References. The abstract must be unstructured and consist of a single 

paragraph with fewer than 250 words. Please refer to section 6.4 regarding required information 

on animals, and their conditions of husbandry and care. For manuscripts whose word counts 

exceed 5,500 or more than six displays, the additional information and displays can be submitted 

as supplementary information.  

Case Reports  

The journal also publishes case reports or case series which report one of the following: 
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a) A new and/or emerging disease; b) A new association or variation in a disease process; c) An 

unreported or unusual adverse drug reaction; d) An unexpected or unusual presentation of a 

common problem or an unexpected event in the course of observing or treating an experimental 

animal that has not been previously reported; e) Findings that shed new light on the possible 

pathogenesis of a disease or an adverse effect; f) A case which could be used as a teaching 

exercise in deductive reasoning and clinicopathological correlation and/or a practical lesson for 

the investigation and/or management of similar cases. 

Word count should not exceed 3,000 words, including abstract and references. Word count for 

the abstract should be 250 words. No more than 4 displays (tables and/or figures). Up to 30 

references. 

Short Reports  

Technical notes and preliminary communications with adequate methodological details and 

conclusions. These should have fewer than 1,500 words including abstract, figure/table captions 

and references. The abstract should have fewer than 200 words, and have no more than two 

figures or tables.  

Letters to the Editor  

Letters to the Editor will be considered for publication but only on issues related to the scientific 

or ethical content of the journal, and authors will be given the opportunity to publish a reply to 

any letters. 

News Items   

Submissions are only accepted from Subscribing Societies.   

Submissions should be no more than 1,500 words including abstract and references. If two 

pictures are included the word limit reduces to 1,000 words. Articles can be in the language of 

the societies and/or in English. Contributions to the News section are not subject to peer review 

and they reflect the opinion of the subscribing society. If accepted for publication, authors will be 

required to provide contact details and sign an electronic copyright form. Questions may be sent 

to the Editorial Office at laeditorial@sagepub.co.uk. 

1.3 WRITING YOUR PAPER 

The SAGE Author Gateway has some general advice and on how to get published, plus links to 

further resources. 

1.3.1 Make your article discoverable 

When writing up your paper, think about how you can make it discoverable. The title, keywords 

and abstract are key to ensuring readers find your article through search engines such as Google. 

For information and guidance on how best to title your article, write your abstract and select your 

keywords, have a look at this page on the Gateway: How to Help Readers Find Your Article Online. 

Back to top 

http://www.lal.org.uk/associations
http://www.lal.org.uk/associations
http://www.lal.org.uk/associations
https://us.sagepub.com/en-us/sam/how-to-get-published
https://us.sagepub.com/en-us/sam/how-to-get-published
https://us.sagepub.com/en-us/sam/how-to-get-published
https://us.sagepub.com/en-us/sam/how-to-get-published
https://us.sagepub.com/en-us/sam/help-readers-find-your-article
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2. EDITORIAL POLICIES 

2.1 PEER REVIEW POLICY 

Contributions are reviewed by independent referees, and the final decision on acceptance or 

rejection remains with the Editorial Board.  

2.2 AUTHORSHIP 

Papers should only be submitted for consideration once consent is given by all contributing 

authors. Those submitting papers should carefully check that all those whose work contributed 

to the paper are acknowledged as contributing authors. 

The list of authors should include all those who can legitimately claim authorship. This is all those 

who: 

1. Made a substantial contribution to the concept or design of the work; or acquisition, analysis 

or interpretation of data, 

2. Drafted the article or revised it critically for important intellectual content, 

3. Approved the version to be published, 

4. Each author should have participated sufficiently in the work to take public responsibility for 

appropriate portions of the content. 

Authors should meet the conditions of all of the points above. When a large, multicentre group 

has conducted the work, the group should identify the individuals who accept direct responsibility 

for the manuscript. These individuals should fully meet the criteria for authorship. 

Acquisition of funding, collection of data, or general supervision of the research group alone does 

not constitute authorship, although all contributors who do not meet the criteria for authorship 

should be listed in the Acknowledgments section. Please refer to the International Committee of 

Medical Journal Editors (ICMJE) authorship guidelines for more information on authorship. 

2.3 ACKNOWLEDGEMENTS 

All contributors who do not meet the criteria for authorship should be listed in an 

Acknowledgements section. Examples of those who might be acknowledged include a person 

who provided purely technical help, or a department chair who provided only general support.  

2.3.1 Writing assistance 

Individuals who provided writing assistance, e.g. from a specialist communications company, do 

not qualify as authors and so should be included in the Acknowledgements section. Authors must 

disclose any writing assistance – including the individual’s name, company and level of input – 

and identify the entity that paid for this assistance. 

It is not necessary to disclose use of language polishing services. 

Please supply any personal acknowledgements separately to the main text to facilitate 

anonymous peer review. 

http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
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2.4 FUNDING 

Laboratory Animals requires all authors to acknowledge their funding in a consistent fashion 

under a separate heading.  Please visit the Funding Acknowledgements page on the SAGE Journal 

Author Gateway to confirm the format of the acknowledgment text in the event of funding, or 

state that: This research received no specific grant from any funding agency in the public, 

commercial, or not-for-profit sectors.  

2.5 DECLARATION OF CONFLICTING INTERESTS 

It is the policy of Laboratory Animals to require a declaration of conflicting interests from all 

authors enabling a statement to be carried within the paginated pages of all published articles. 

Please ensure that a ‘Declaration of Conflicting Interests’ statement is included at the end of your 

manuscript, after any acknowledgements and prior to the references. If no conflict exists, please 

state that ‘The Author(s) declare(s) that there is no conflict of interest’. For guidance on conflict 

of interest statements, please see the ICMJE recommendations here. 

2.6 RESEARCH ETHICS  

All research involving animals submitted for publication must be approved by an ethics 

committee with oversight of the facility in which the studies were conducted. The journal has 

adopted the Consensus Author Guidelines on Animal Ethics and Welfare for Veterinary Journals 

published by the International Association of Veterinary Editors. 

Papers will only be published if the experimental procedures employed conform with the 

accepted principles of how animals are used in biomedical science. Usually the principles applied 

will be those specified in the European Convention for the Protection of Vertebrate Animals used 

for Experimental and Other Scientific Purposes and its appendices and/or the National Research 

Council Guide for the Care and Use of Laboratory Animals. 

If the experimental design or programme of work reported in the manuscript raises particular 

ethical or welfare concerns, the Editorial Board will consider the current UK legislation Animals 

(Scientific Procedures) Act 1986 and its contemporary interpretation. 

Submitted manuscripts should conform to the ICMJE Recommendations for the Conduct, 

Reporting, Editing, and Publication of Scholarly Work in Medical Journals, and all papers reporting 

animal and/or human studies must state in the methods section that the relevant Ethics 

Committee or Institutional Review Board provided (or waived) approval. Please ensure that you 

have provided the full name and institution of the review committee, in addition to the approval 

number. 

2.6.1 Animals, materials and methods 

The journal requires detailed information on the animals and their conditions of husbandry (see 

Laboratory Animals 1985;19:106–108). The methodology for the euthanasia of animals should 

be consistent with recommendations in previously published reports (see Laboratory Animals 

1996;30:293– 

316 and 1997;31:1–32). The journal recommends referring to the American Veterinary Medical 

Association document on euthanasia also 

(https://www.avma.org/KB/Policies/Documents/euthanasia.pdf). The protocols and studies 

https://us.sagepub.com/en-us/sam/funding-acknowledgements
https://us.sagepub.com/en-us/sam/funding-acknowledgements
https://us.sagepub.com/en-us/sam/funding-acknowledgements
https://us.sagepub.com/en-us/sam/funding-acknowledgements
https://us.sagepub.com/en-us/sam/funding-acknowledgements
https://us.sagepub.com/en-us/sam/funding-acknowledgements
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/author-responsibilities--conflicts-of-interest.html#two
http://www.veteditors.org/consensus-author-guidelines-on-animal-ethics-and-welfare-for-editors/
http://www.veteditors.org/consensus-author-guidelines-on-animal-ethics-and-welfare-for-editors/
http://www.veteditors.org/consensus-author-guidelines-on-animal-ethics-and-welfare-for-editors/
http://www.veteditors.org/consensus-author-guidelines-on-animal-ethics-and-welfare-for-editors/
http://www.veteditors.org/consensus-author-guidelines-on-animal-ethics-and-welfare-for-editors/
http://www.veteditors.org/consensus-author-guidelines-on-animal-ethics-and-welfare-for-editors/
http://www.veteditors.org/consensus-author-guidelines-on-animal-ethics-and-welfare-for-editors/
http://conventions.coe.int/treaty/en/treaties/html/123.htm
http://www.nap.edu/readingroom/books/labrats/index.html
http://www.nap.edu/readingroom/books/labrats/index.html
http://www.nap.edu/readingroom/books/labrats/index.html
http://www.nap.edu/readingroom/books/labrats/index.html
http://www.nap.edu/readingroom/books/labrats/index.html
http://www.nap.edu/readingroom/books/labrats/index.html
http://www.archive.official-documents.co.uk/document/hoc/321/321-xa.htm
http://www.archive.official-documents.co.uk/document/hoc/321/321-xa.htm
http://www.archive.official-documents.co.uk/document/hoc/321/321-xa.htm
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://www.icmje.org/icmje-recommendations.pdf
http://la.rsmjournals.com/cgi/content/abstract/19/2/106
http://la.rsmjournals.com/cgi/content/abstract/19/2/106
http://la.rsmjournals.com/cgi/content/abstract/19/2/106
http://la.rsmjournals.com/cgi/content/abstract/19/2/106
http://la.rsmjournals.com/cgi/content/abstract/19/2/106
http://la.rsmjournals.com/cgi/content/abstract/19/2/106
http://la.rsmjournals.com/cgi/content/abstract/19/2/106
http://la.rsmjournals.com/cgi/content/abstract/19/2/106
http://la.rsmjournals.com/cgi/reprint/30/4/293
http://la.rsmjournals.com/cgi/reprint/30/4/293
http://la.rsmjournals.com/cgi/reprint/30/4/293
http://la.rsmjournals.com/cgi/reprint/30/4/293
http://la.rsmjournals.com/cgi/reprint/30/4/293
http://la.rsmjournals.com/cgi/reprint/30/4/293
http://la.rsmjournals.com/cgi/reprint/30/4/293
http://la.rsmjournals.com/cgi/reprint/30/4/293
http://la.rsmjournals.com/cgi/reprint/30/4/293
http://la.rsmjournals.com/cgi/reprint/30/4/293
http://la.rsmjournals.com/cgi/reprint/31/1/1
http://la.rsmjournals.com/cgi/reprint/31/1/1
http://la.rsmjournals.com/cgi/reprint/31/1/1
http://la.rsmjournals.com/cgi/reprint/31/1/1
http://la.rsmjournals.com/cgi/reprint/30/4/293
https://www.avma.org/KB/Policies/Documents/euthanasia.pdf
https://www.avma.org/KB/Policies/Documents/euthanasia.pdf
https://www.avma.org/KB/Policies/Documents/euthanasia.pdf
http://la.rsmjournals.com/cgi/content/abstract/34/2/131
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involving fish should be reported in the manner detailed in Laboratory Animals 2000;34:131– 

135. Please read the Editorial entitled 'You and your research report: implementing the ARRIVE 

Guidleines' for further clarification.  

Of particular note, the source and full strain nomenclature of any laboratory animal stock must 

be specified according to international recommendations. Authors should note this information 

is available from source laboratories and animal vendors. A brief statement describing the 

legislative controls on animal care and use should be provided. Measures to refine experimental 

techniques to benefit animal welfare can be described in detail and the disposition and fate of 

the animals at the end of the experiment should be clear. Products used (e.g. drugs, equipment, 

feed, bedding) should be described in the format “generic description (trade name, vendor name, 

city and country where vendor located)".   

The experimental design and the statistical analysis should be detailed, particularly in relation to 

using only the appropriate numbers of animals (see Festing M et al. The Design of Animal 

Experiments: Reducing the use of animals in research through better experimental design 2nd 

Edition, available from SAGE). Pre-test power analyses should be presented in justification of 

sample size or number of animals required whenever possible. Power analyses for many common 

statistical procedures both parametric and non-parametric are given in Zar J. Biostatistical 

Analysis, 4th edn. When reporting variability about the mean, variances, and/or discussing 

significance or non-significance of statistically derived values, the Zar recommendations should 

be considered, and claims of statistical non-significance should be accompanied by post-test 

power analyses whenever possible. 

2.7 REPORTING GUIDELINES 

If your research involves pre-clinical studies, please confirm that you have carefully read and 

adhered to all the guidelines and isntructions to authors provided in the ARRIVE guidelines before 

submitting your manuscript. Please read the Editorial entitled 'You and your research report: 

implementing the ARRIVE guidelines' for further clarification.  

The relevant EQUATOR Network reporting guidelines should be followed depending on the type 

of study. For example, systematic reviews and meta-analysis shoudl include the completed 

PRISMA flow chart as a cited figure and the completed PRISA checklist should be uploaded with 

your submission as a supplementary file. The EQUATOR wizard can help you identify the 

appropriate guideline.  

Other resources can be found at NLM's Research Reporting Guidelines and Initatives.  

2.8 DATA 

SAGE acknowledges the importance of research data availability as an integral part of the 

research and verification process for academic journal articles. 

Laboratory Animals requests all authors submitting any primary data used in their research 

articles alongside their article submissions to be published in the online version of the journal, or 

provide detailed information in their articles on how the data can be obtained. This information 

should include links to thirdparty data repositories or detailed contact information for third-party 

http://la.rsmjournals.com/cgi/content/abstract/34/2/131
http://la.rsmjournals.com/cgi/content/abstract/34/2/131
http://la.rsmjournals.com/cgi/content/abstract/34/2/131
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http://journals.sagepub.com/doi/full/10.1177/0023677216679442
http://journals.sagepub.com/doi/full/10.1177/0023677216679442
http://journals.sagepub.com/doi/full/10.1177/0023677216679442
http://journals.sagepub.com/doi/full/10.1177/0023677216679442
http://journals.sagepub.com/doi/full/10.1177/0023677216679442
http://journals.sagepub.com/doi/full/10.1177/0023677216679442
http://journals.sagepub.com/doi/full/10.1177/0023677216679442
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
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https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
http://www.equator-network.org/
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http://www.equator-network.org/reporting-guidelines/prisma/
http://www.peneloperesearch.com/equatorwizard/
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data sources. Data available only on an author-maintained website will need to be loaded onto 

either the journal’s platform or a third-party platform to ensure continuing accessibility. Examples 

of data types include but are not limited to statistical data files, replication code, text files, audio 

files, images, videos, appendices, and additional charts and graphs necessary to understand the 

original research. The editors may also grant exceptions for data that cannot legally or ethically 

be released. All data submitted should comply with Institutional or Ethical Review Board 

requirements and applicable government regulations. For further information, please contact the 

editorial office at: LAeditorial@sagepub.co.uk.  

Back to top 

3. PUBLISHING POLICIES 

3.1 PUBLICATION ETHICS 

SAGE is committed to upholding the integrity of the academic record. We encourage authors to 

refer to the Committee on Publication Ethics’ International Standards for Authors and view the 

Publication Ethics page on the SAGE Author Gateway 

3.1.1 Plagiarism 

Laboratory Animals and SAGE take issues of copyright infringement, plagiarism or other 

breaches of best practice in publication very seriously. We seek to protect the rights of our 

authors and we always investigate claims of plagiarism or misuse of published articles. Equally, 

we seek to protect the reputation of the journal against malpractice. Submitted articles may be 

checked with duplication-checking software. Where an article, for example, is found to have 

plagiarised other work or included third-party copyright material without permission or with 

insufficient acknowledgement, or where the authorship of the article is contested, we reserve 

the right to take action including, but not limited to: publishing an erratum or corrigendum 

(correction); retracting the article; taking up the matter with the head of department or dean of 

the author's institution and/or relevant academic bodies or societies; or taking appropriate legal 

action. 

3.1.2 Prior publication 

If material has been previously published it is not generally acceptable for publication in a SAGE 

journal. However, there are certain circumstances where previously published material can be 

considered for publication. Please refer to the guidance on the SAGE Author Gateway or if in 

doubt, contact the Editor at the address given below. 

3.2 CONTRIBUTOR'S PUBLISHING AGREEMENT 

Before publication, SAGE requires the author as the rights holder to sign a Journal Contributor’s 

Publishing Agreement. SAGE’s Journal Contributor’s Publishing Agreement is an exclusive licence 

agreement which means that the author retains copyright in the work but grants SAGE the sole 

and exclusive right and licence to publish for the full legal term of copyright. Exceptions may exist 

where an assignment of copyright is required or preferred by a proprietor other than SAGE. In 

this case copyright in the work will be assigned from the author to the society. For more 

information please visit the SAGE Author Gateway. 

http://publicationethics.org/files/International%20standards_authors_for%20website_11_Nov_2011.pdf
http://publicationethics.org/files/International%20standards_authors_for%20website_11_Nov_2011.pdf
https://us.sagepub.com/en-us/sam/ethics-responsibility
https://us.sagepub.com/en-us/sam/prior-publication
https://us.sagepub.com/en-us/sam/prior-publication
https://us.sagepub.com/en-us/sam/contributor-agreement
https://us.sagepub.com/en-us/sam/contributor-agreement
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3.3 OPEN ACCESS AND AUTHOR ARCHIVING 

Laboratory Animals offers optional open access publishing via the SAGE Choice programme. For 

more information please visit the SAGE Choice website. For information on funding body compliance, 

and depositing your article in repositories, please visit SAGE Publishing Policies on our Journal Author 

Gateway. Back to top 

4. PREPARING YOUR MANUSCRIPT FOR SUBMISSION 

4.1 FORMATTING 

Preferred formats for the text and tables of your manuscript are Word DOC, RTF, XLS. LaTeX files 

are also accepted. The text should be double-spaced throughout and with a minimum of 3cm for 

left and right hand margins and 5cm at head and foot. Text should be standard 10 or 12 point.  

4.2 ARTWORK, FIGURES AND OTHER GRAPHICS 

For guidance on the preparation of illustrations, pictures and graphs in electronic format, please 

visit SAGE’s Manuscript Submission Guidelines. 

Figures supplied in colour will appear in colour online regardless of whether or not these 

illustrations are reproduced in colour in the printed version. For specifically requested colour 

reproduction in print, you will receive information regarding the costs from SAGE after receipt of 

your accepted article.  

4.3 SUPPLEMENTARY MATERIAL 

This journal is able to host additional materials online (e.g. datasets, podcasts, videos, images etc) 

alongside the full-text of the article. For more information please refer to our guidelines on 

submitting supplementary files. 

4.4 REFERENCE STYLE 

Laboratory Animals adheres to the SAGE Vancouver reference style. View the SAGE Vancouver 

guidelines to ensure your manuscript conforms to this reference style. 

If you use EndNote to manage references, you can download the SAGE Vancouver EndNote 

output file. 

4.5 ENGLISH LANGUAGE EDITING SERVICES 

Authors seeking assistance with English language editing, translation, or figure and manuscript 

formatting to fit the journal’s specifications should consider using SAGE Language Services. Visit 

SAGE Language Services on our Journal Author Gateway for further information.  

Back to top 

5. SUBMITTING YOUR MANUSCRIPT 

Laboratory Animals is hosted on SAGE Track, a web based online submission and peer review system 

powered by ScholarOne™ Manuscripts. Visit http://mc.manuscriptcentral.com/la to login and submit 

your article online. 
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share, and measure the impact of their article. Find out how to maximise your article’s impact 
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