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KAMURA, B. C. Atividade in vitro do extrato rico em canabidiol na expressão gênica 

de citocinas inflamatórias e fatores neurotróficos de células-tronco mesenquimais 

equinas. Botucatu, 2022. 46p. Dissertação (Mestrado) – Faculdade de Medicina 

Veterinária e Zootecnia, Campus de Botucatu, Universidade Estadual Paulista. 

RESUMO 

As lesões ao sistema nervoso periférico são relativamente comuns na espécie equina, sendo 

as causas mais frequentemente observadas as originadas por processos traumáticos e 

inflamatórios. Muitas vezes lesões de maior gravidade, que apresentam uma maior 

distância entre as extremidades remanescentes ou um maior tempo de evolução, podem 

carecer de estímulos inflamatórios e neurotróficos, essenciais para o processo de limpeza 

dos debris celulares e preparo do ambiente para que ocorra a regeneração axonal. A 

instituição de terapias que visem o restabelecimento de um ambiente propício à 

regeneração, do mesmo modo que nutra e estimule o processo de reparo tecidual, muitas 

vezes se mostram benéficas. Assim, a interação do canabidiol com receptores, moléculas e 

vias de sinalização celulares têm se mostrado mecanismos importantes para o 

desencadeamento de respostas anti-inflamatórias e neurorregenerativa. Neste trabalho, 

hipotetizamos que as CTM equinas derivadas do tecido adiposo, quando cultivadas com 

extrato de Cannabis sativa rico em canabidiol, apresentam aumento do seu potencial 

imunomodulatório e neurorregenerativo. Assim, analisamos a capacidade do extrato rico 

em canabidiol em estimular as CTM-TA equinas à expressar genes relacionados ao seu 

potencial anti-inflamatório e neurotrófico em ambiente inflamatório. Foram utilizadas CTM 

derivadas do tecido adiposo equino proveniente do banco de células do nosso laboratório e 

previamente caracterizadas, demonstrando potencial de diferenciação nas linhagens 

adipogênica, osteogênica e condrogênica, expressão dos marcadores de superfície CD105, 

CD44 e CD90 e baixa expressão ou ausência dos marcadores CD34 e MHC II. As CTM de 

quatro animais distintos foram separadas em seis grupos experimentais e incubadas por 24 

e 48 horas. A taxa de viabilidade e proliferação celular foi analisada por meio do teste de 

MTT, sendo realizada em seis grupos experimentais: Grupo controle (CTM-TA), Grupo 

veículo (CTM-TA + 0,05% DMSO) e grupos tratados com extrato rico em canabidiol nas 

doses de 3 µM (CTM-TA + CBD 3 µM), 5 µM (CTM-TA + CBD 5 µM), 7 µM (CTM-TA 
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+ CBD 7 µM) e 9 µM (CTM-TA + CBD 9 µM) nos momentos 24 e 48 horas. A análise da 

expressão gênica foi realizada nos seis grupos experimentais: Grupo controle (CTM-TA), 

Grupo estimulado com LPS (CTM-TA + 10 ng/ml LPS), Grupo veículo (CTM-TA + LPS + 

0,05% DMSO) e grupos estimulados e tratados extrato rico em canabidiol nas doses de 3 

µM (CTM-TA + 10 ng/ml LPS + CBD 3 µM), 5 µM (CTM-TA + 10 ng/ml LPS + CBD 5 

µM) e 7 µM (CTM-TA + 10 ng/ml LPS + CBD 7 µM) em dois momentos distintos (24 e 

48 horas). A viabilidade das CTM equinas se apresentou reduzida apenas quando cultivadas 

com o extrato rico em canabidiol na dose de 9µM por um período de 24 horas. Foi possível 

notar a redução na expressão dos genes relacionados às citocinas pró-inflamatórias IL-6 

(P<0,001) e IL-1ß (P<0,05), assim como a redução de NGF (P<0,001). Os resultados 

obtidos indicam que o tratamento in vitro das CTM-TA equinas com extrato rico em 

canabidiol foi capaz de promover o aumento de sua capacidade imunomodulatória. 

Entretanto, não foi eficiente no aumento do potencial neurorregenerativo das CTM-TA 

equinas. Novos estudos devem ser realizados com diferentes arranjos experimentais para a 

melhor compreensão dos efeitos imunomoduladores e neuroregenerativos da estimulação in 

vitro dos receptores canabinoides das CTM-TA equinas.    

Palavras chave: Cannabis, imunomodulação, neurorregeneração, neurotrofinas, terapia 

celular. 
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KAMURA, B. C. In vitro activity of cannabidiol-rich extract in the gene expression of 

inflammatory cytokines and neurotrophic factors in equine mesenchymal stem cells. 

Botucatu, 2022. 46p. Dissertação (Mestrado) – Faculdade de Medicina Veterinária e 

Zootecnia, Campus de Botucatu, Universidade Estadual Paulista. 

ABSTRACT 

Injuries to the peripheral nervous system are relatively common in the equine species, 

and the most frequently observed causes are those originating from traumatic and 

inflammatory processes. Often more severe lesions, which present a greater distance 

between the remaining extremities or a longer evolution time, may lack inflammatory and 

neurotrophic stimuli, essential for the process of cleaning cellular debris and preparing the 

environment for axonal regeneration. Thus, the institution of therapies that aim to restore an 

environment conducive to regeneration, as well as nourish and stimulate the tissue repair 

process, often prove to be beneficial. Thus, the interaction of cannabidiol with receptors, 

molecules and cellular signaling pathways have been shown to be important mechanisms 

for triggering anti-inflammatory and neuroregenerative responses. In this work, we 

hypothesized that equine MSCs derived from adipose tissue, when cultivated with 

Cannabis sativa extract rich in cannabidiol, show increased immunomodulatory and 

neuroregenerative potential. Thus, we analyzed the ability of the cannabidiol-rich extract to 

stimulate equine Ad-MSC to express genes related to its anti-inflammatory and 

neurotrophic potential in an inflammatory environment. MSCs derived from equine adipose 

tissue from the cell bank of our laboratory and previously characterized were used, 

demonstrating potential for differentiation in adipogenic, osteogenic and chondrogenic 

lineages, expression of surface markers CD105, CD44 and CD90 and low expression or 

absence of CD34 markers and MHC II. MSCs from four different animals were separated 

into six experimental groups and incubated for 24 and 48 hours. The cell viability and 

proliferation rate was analyzed using the MTT test, being performed in six experimental 

groups: Control Group (Ad-MSC), Vehicle Group (Ad-MSC + 0.05% DMSO) and groups 

stimulated and treated with extract rich in cannabidiol in doses of 3 µM (Ad-MSC + CBD 3 
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µM), 5 µM (Ad-CTM + CBD 5 µM), 7 µM (Ad-CTM + CBD 7 µM) and 9 µM (Ad-CTM 

+ CBD 9 µM) at 24 and 48 hours. Gene expression analysis was performed in the six 

experimental groups: Control group (Ad-MSC), LPS-stimulated group (Ad-MSC + 10 

ng/ml LPS), Vehicle group (Ad-MSC + LPS + 0.05% DMSO) and groups stimulated and 

treated with cannabidiol-rich extract at doses of 3 µM (Ad-MSC + 10 ng/ml LPS + CBD 3 

µM), 5 µM (Ad-MSC + 10 ng/ml LPS + CBD 5 µM) and 7 µM (Ad-MSC + 10 ng/ml LPS 

+ CBD 7 µM) at two different times (24 and 48 hours). The viability of equine MSCs was 

reduced only when cultivated with the extract rich in cannabidiol at a dose of 9µM for a 

period of 24 hours. It was possible to notice the reduction in the expression of genes related 

to the pro-inflammatory cytokines IL-6 (P<0.001) and IL-1ß (P<0.05), as well as the 

reduction of NGF (P<0.001). The results obtained indicate that the in vitro treatment of 

equine Ad-MSC with an extract rich in cannabidiol was able to promote an increase in its 

immunomodulatory capacity. However, it was not efficient in increasing the 

neuroregenerative potential of equine Ad-MSC. New studies should be carried out with 

different experimental arrangements for a better understanding of the immunomodulatory 

and neuroregenerative effects of in vitro stimulation of cannabinoid receptors of equine Ad-

MSC. 

Keywords: Cannabis, cell therapy, immunomodulation, neuroregeneration, neurotrophins. 
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Capítulo 1  

1.1 INTRODUÇÃO 

Em humanos, as neuropatias periféricas apresentam uma incidência anual de 77 

pessoas a cada 100.000 habitantes (LEHMANN et al., 2020). Um levantamento realizado 

por Peitersen (2002), no qual foram analisados 2.570 casos de paralisia do nervo facial num 

período de 25 anos, constatou-se que a principal causa era a de origem idiopática, 

responsável por cerca de 66% dos casos, sendo o restante referente a afecções congênitas, 

infecciosas, traumáticas, metabólicas, inflamatórias, neoplásicas, vasculares, entre outras. 

Na espécie equina, as causas mais comumente encontradas de lesões ao sistema 

nervoso periférico são as de origem traumática e inflamatória (DE LAHUNTA; GLASS; 

KENT, 2015; BOORMAN et al., 2020). As lesões nervosas periféricas podem resultar em 

perda motora, sensitiva e autonômica, e embora o restabelecimento funcional possa ocorrer, 

fatores como gravidade, tipo de lesão, distância dos cotos axonais, o não alinhamento das 

extremidades e a possibilidade ou não de intervenção acabam influenciando sua taxa de 

recuperação (UDINA et al., 2011). 

Devido à sua capacidade de proliferação, diferenciação, potencial anti-inflamatório, 

imunomodulador e de secreção de fatores neurotróficos, as CTM têm se mostrado uma 

importante ferramenta no tratamento de lesões que acometam o sistema nervoso periférico 

(SANCHEZ et al., 2017). Como adjuvante à terapia celular, pesquisas realizadas com CTM 

in vitro ou em modelo murino in vivo já demonstraram a capacidade do composto derivado 

da Cannabis sativa, canabidiol (CBD), no auxílio do tratamento de doenças que afetam o 

sistema nervoso central e periférico (MARCHALANT  et al., 2008; RODRIGUES et al., 

2019; WONG; CAIRNS, 2019). Essa capacidade se dá devido à interação deste 

fitocanabinóide com receptores de membrana, canabinóides endógenos e enzimas de 

degradação presentes no organismo, os quais fazem parte do sistema endocanabinóide, 

embora também apresente ação sobre vias não correlacionadas a tal sistema (COORAY; 

GUPTA; SUPHIOGLU, 2020). Assim, a interação do CBD com receptores, moléculas e 
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vias de sinalização celulares são as responsáveis por desencadear suas respostas anti-

inflamatórias e neurorregenerativas (LIBRO et al., 2016; PEYRAVIAN et al., 2020).  

1.2 REVISÃO DE LITERATURA  

1.2.1 Sistema nervoso periférico 

O sistema nervoso periférico é formado pela interação entre três principais 

componentes: os neurônios, que podem ser compostos por fibras sensoriais, motoras e 

autonômicas e são as células responsáveis pela condução do estímulo nervoso; as células de 

Schwann, produtoras da bainha de mielina e capazes de secretar citocinas e fatores 

neurotróficos; e o tecido conjuntivo, responsável por fornecer suporte mecânico e proteção 

às fibras nervosas (MENORCA; FUSSELL; ELFAR, 2013). 

De acordo com a sua localização, função e composição, o tecido conjuntivo pode ser 

diferenciado em endoneuro, perineuro e epineuro (OSAWA et al., 1999; VERHEIJEN et 

al., 2003). O endoneuro é a camada mais interna do tecido conjuntivo, a qual se mantem em 

contato direto com os axônios e células de Schwann (UBOGU, 2013). Este fator, associado 

à presença de vasos sanguíneos em sua composição, faz com que seja o responsável pelo 

suprimento de oxigênio e nutrientes necessários para os processos celulares (GRINSELL; 

KEATING, 2014). Um grupo de axônios com suas respectivas bainhas de mielina e 

endoneuro formam os fascículos, os quais são envoltos pelo perineuro (UBOGU, 2013). 

Ainda, o perineuro apresenta em sua composição as chamadas células perineurais ou 

mioepiteliais, as quais devido às suas propriedades elásticas e de contração promovem certa 

proteção mecânica à forças externas (LIU; WANG; YI, 2018). O epineuro é a camada mais 

externa do tecido conjuntivo, envolvendo grupos de fascículos e toda a fibra nervosa 

(GRINSELL; KEATING, 2014). 
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1.2.1.1 Classificação das lesões nervosas periféricas 

Atualmente são conhecidos dois métodos de classificação das lesões ao sistema 

nervoso periférico, os quais são baseados na presença e na extensão dos danos à bainha de 

mielina, axônio e tecido conjuntivo (MENORCA; FUSSELL; ELFAR, 2013). 

Segundo Seddon (1943), as lesões podem ser classificadas em três tipos: a 

neuropraxia, na qual ocorre o comprometimento do funcionamento apenas da bainha de 

mielina, com o axônio e tecido conjuntivo íntegros; a axonotmese, definida como lesão ao 

axônio, bainha de mielina, endoneuro e perineuro, porém sem comprometimento do 

epineuro; e a neurotmese, havendo perda da função axonal, da bainha de mielina e perda da 

continuidade do tecido conjuntivo local. 

O modelo descrito por Sunderland (1951) apresenta uma classificação que varia do I 

ao V, sendo os modelos I e V equivalentes à neuropraxia e neurotmese de Seddon, 

respectivamente. Já os graus II, III e IV, embora também tenham relação com a 

classificação de axonotmese descrita anteriormente, apresentam algumas particularidades: 

enquanto o grau II é definido pela lesão apenas do axônio e bainha de mielina, os graus III 

e IV fazem referência ao acometimento também do endoneuro e perineuro, 

respectivamente. 

A neuropraxia, ou Sunderland I, é uma lesão caracterizada pela alteração da condução 

do estímulo nervoso, não interferindo na integridade axonal (BURNETT; ZAGER, 2004). 

Assim, o seu prognóstico é bom a reservado, obtendo um retorno considerável à 

funcionalidade mesmo sem intervenção (KAMBLE; SHUKLA; BHAT, 2019). Por outro 

lado a axonotmese e neurotmese, ou Sunderland II a V, são lesões que cursam com 

comprometimento axonal, o que devido a diversas alterações celulares e moleculares locais 

promove a degeneração do axônio em sua região distal à lesão (BURNETT; ZAGER, 2004; 

ROTSHENKER, 2011). Com isso, o seu prognóstico é reservado a ruim, principalmente 

nos casos de neurotmese ou Sunderland V, sendo muitas vezes necessária a intervenção 

cirúrgica para que o retorno parcial ou completo seja alcançado (PEREIRA et al., 2014; 

CRUZ; DE JESUS, 2021). 
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1.2.1.2 Lesões ao sistema nervoso periférico 

Após as lesões nervosas periféricas, diversos eventos celulares e moleculares tomam 

início com o objetivo de promover a regeneração axonal e a reinervação do tecido alvo, o 

que recebe o nome de degeneração Walleriana (ROTSHENKER, 2011). Este processo de 

reparação é influenciado por diversos fatores, como natureza e gravidade da lesão, distância 

ao órgão-alvo, idade, tipo de fibra lesada, entre outros (DA SILVA; CAMARGO, 2010). 

A degeneração Walleriana é caracterizada pela degeneração do citoesqueleto axonal na 

região distal à lesão, fagocitose dos debris celulares e promoção de um ambiente que 

suporte o crescimento e regeneração axonal (GRIFFIN; THOMPSON, 2008). Esta fase 

também pode ser dividida em dois momentos distintos, no qual o primeiro, que ocorre antes 

da chegada dos macrófagos ao local da lesão, é caracterizado pela produção de citocinas 

pró-inflamatórias, como TNF-ɑ, IL-1ɑ, IL-1ß, fator estimulador de colônias de granulócitos 

e macrófagos (GM-CSF) e IL-6, enquanto a segunda fase, que ocorre após a chegada dos 

macrófagos, é caracterizada pela produção de moléculas anti-inflamatórias, como IL-6, IL-

10 e fator inibitório de GM-CSF (ROTSHENKER, 2011). 

Nos primeiros estágios das lesões nervosas periféricas, o aumento da produção de 

citocinas inflamatórias IL-1ß, IL-6,  TNF-ɑ e IFN-ɣ é promovido pelas próprias células de 

Schwann, macrófagos e células de defesa locais, com o objetivo de recrutamentos de 

células imunes e fagocitose dos debris celulares (LI et al., 2022). As células de Schwann 

são as primeiras a promover o aumento da expressão e produção das citocinas IL-1ß e 

TNF-ɑ o que, além de gerar o estímulo para o recrutamento de macrófagos, faz com que 

aumente a secreção de IL-6 pelos fibroblastos locais (SHAMASH; REICHERT; 

ROTSHENKER, 2002). 

A redução da produção de IL-1ß e TNF-ɑ ocorre concomitantemente à chegada dos 

macrófagos ao local da lesão, os quais devido à presença de Apolipoproteína-E e Galectina-

3 secretadas pelas células de Schwann e macrófagos durante a degeneração Walleriana, são 

polarizados para o seu fenótipo anti-inflamatório (M2), secretando uma maior quantidade 

de IL-10 (AAMAR; SAADA; ROTSHENKER,1992; SAADA et al., 1995). A IL-10 é uma 

importante citocina anti-inflamatória, atuando na redução da atividade do fator nuclear 
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kappa B (NF-κB) e consequentemente na via de sinalização responsável pela síntese de 

proteínas pró-inflamatórias, como IL-1ß e TNF-ɑ (CLARK; OLD; MALCANGIO, 2013). 

Ao mesmo tempo em que ocorre o processo de remoção dos debris celulares, liderado 

por macrófagos e células de Schwann, as próprias células de Schwann iniciam a secreção 

de diversos fatores neurotróficos como o fator de crescimento nervoso (NGF), fator 

neurotrófico derivado do cérebro (BDNF), fator neurotrófico derivado da glia (GDNF) e 

neurotrofina-3 (NT-3), que estabilizam o citoesqueleto axonal e o guiam durante a 

regeneração (TOMITA et al., 2013; CAILLAUD et al., 2019; PANDEY; MUDGAL, 

2021). 

1.2.2 Cannabis sativa 

A planta Cannabis sativa provavelmente foi introduzida no Brasil em meados de 1500, 

junto à chegada das primeiras caravelas e escravos vindos de Portugal, entretanto o seu uso 

medicinal foi reconhecido apenas ao final do século XIX. Foram nas décadas de 1920 e 

1930 que deu-se início à repressão ao uso terapêutico da cannabis, o que culminou com a 

proibição do cultivo e uso da planta (CARLINI, 2006). Apenas a partir da década de 1960, 

sob a liderança do professor Elisaldo Carlini, que os estudos acerca dos canabinóides 

ganharam maior força e visibilidade no país, principalmente no que se referia ao campo da 

neurologia (CARLINI; KRAMER, 1965; ZUARDI, 2006). 

1.2.3 Sistema endocanabinóide 

A identificação dos dois principais componentes responsáveis pelos efeitos 

terapêuticos da Cannabis sp., canabidiol (CBD) e Δ9-tetrahidronacabidiol (THC), se deu 

respectivamente nos anos de 1963 e 1964, o que iniciou os estudos acerca dos receptores e 

ligantes endógenos do que futuramente seria chamado de sistema endocanabinóide 

(GAONI; MECHOULAM, 1964; MECHOULAM; SHVO, 1963). Assim, no final da 

década de 1980 e início da década de 90, deram-se as descobertas do receptor canabinóide 

tipo 1 (CB1) e tipo 2 (CB2) e de seus ligantes endógenos anandamida (AEA) e 2-
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araquidonoilglicerol (2-AG) (DEVANE et al., 1988; DEVANE et al., 1992; MUNRO; 

THOMAS; ABU-SHAAR, 1993; MECHOULAM et al., 1995).  

Atualmente, o sistema endocanabinóide tem como base a interação entre três 

elementos: os receptores de membrana, como receptores CB1 e CB2; os agonistas 

endógenos ou endocanabinóides AEA e 2-AG, os principais e mais estudados; e os 

componentes enzimáticos responsáveis pela síntese e degradação dos endocanabinóides, 

como as enzimas N-acil fosfatidiletanolamine fosfolipase D (NAPE-PDL) e lipase de 

diacilglicerol (DAGL) e amida hidrolase de ácidos graxos (FAAH) e lipase de 

monoacilglicerol (MAGL), respectivamente (RODRÍGUEZ DE FONSECA et al., 2005; 

BATTISTA et al., 2012). O seu funcionamento apresenta grande importância na 

homeostase de diversos tecidos do organismo, sendo os seus componentes encontrados em 

diversas células e tecidos, como sistema nervoso central e periférico, cardiovascular, 

hematopoiético, gastrointestinal, entre outros, e sendo observadas alterações em suas vias 

de sinalização em estados patológicos com o objetivo de restabelecimento do equilíbrio 

(LIGRESTI; PETROSINO; DI MARZO, 2009). Os endocanabinóides são moléculas 

sintetizadas de acordo com a demanda, ou seja, sem capacidade de armazenamento, e 

exercem as suas funções principalmente por meio do mecanismo de sinalização retrógrada, 

agindo sobretudo nos receptores CB1 presentes na membrana pré-sináptica (Figura 1) 

(RODRÍGUEZ DE FONSECA et al., 2005). 

Além dos endocanabinóides, mediadores lipídicos compostos por ácidos graxos poli-

insaturados de cadeia longa e derivados do ácido araquidônico, os fitocanabinóides são 

importantes alvos de pesquisa no tratamento de diversas doenças em humanos e animais 

(PACHER; BÁTKAI; KUNOS, 2006; BATTISTA et al., 2012; SILVER, 2021). O termo 

fitocanabinóides faz referência ao grupo de componentes lipofílicos derivados da planta 

Cannabis sativa que, embora estruturalmente sejam diferentes dos endocanabinóides, 

também são capazes de se ligar e evocar respostas de receptores canabinóides e não-

canabinóides, como receptor vaniloide tipo-1 (TRPV1), receptores ativados por 

proliferadores de peroxissoma (PPAR), receptor acoplado à proteína G55, entre outros, 

sendo o CBD e o THC os principais fitocanabinóides atualmente estudados isolados da 

cannabis (FISAR, 2009; MACCARRONE, 2020). 
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Figure 1. Vias de síntese e degradação dos endocanabinóides. A síntese e degradação do 

endocanabinóide Anandamida ocorre no citoplasma do neurônio pós-sináptico, sendo 

evidenciada pela enzima de síntese N-acil fosfatidiletanolamine fosfolipase D (NAPE-

PDL) e degradação amida hidrolase de ácidos graxos (FAAH). A síntese do 

endocanabinóide 2-Aracdonoilglicerol (2-AG) ocorre na membrana plasmática do neurônio 

pós-sináptico por meio da enzima diacilglicerol (DAGL), enquanto a sua degradação se dá 

no citoplasma do neurônio pré-sináptico pela enzima lipase de monoacilglicerol (MAGL). 

(MARZO; BIFULCO; PETROCELLIS, 2014). 

1.2.4 Canabidiol 

O canabidiol (CBD) é o principal componente não-psicoativo encontrado na Cannabis 

sativa (MECHOULAM et al., 2007). O CBD apresenta baixa afinidade pelos receptores 
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CB1 e CB2, podendo se comportar como antagonista ou agonista inverso a depender da 

concentração tecidual destes receptores e da sua interação com outras substâncias e 

receptores não canabinóides locais (THOMAS et al., 2007; PERTWEE, 2008). Apresenta 

também mecanismos de ação não-dependentes de receptores CB1 e CB2, se ligando a 

receptores transitório vanilóide tipo I (TRPV1) e atuando em diversas vias de sinalização 

com o intuito de amenizar ou impedir a ativação da resposta imune e a produção de 

moléculas pró-inflamatórias, como o fator de transcrição (STAT) e proteínas quinase 

ativadas por mitógeno (MAPK) (LIBRO et al., 2016; PEYRAVIAN et al., 2020) 

A capacidade anti-inflamatória do CBD quando cultivado com células-tronco de 

gengiva humana já foi demonstrada, o que ocorreu devido à redução da expressão de 

proteínas, citocinas e genes relacionados à atividade pró-inflamatória, como IL-1ß, IL-6, 

IFN-ɣ e via de sinalização dependente de NF-κB (LIBRO et al., 2016). Em equinos, o seu 

potencial antiinflamatório foi evidenciado apenas quando cultivado junto a células 

mononucleares de sangue periférico, sendo observada a redução na expressão dos genes 

pró-inflamatórios TNF-ɑ e INF-γ (TURNER; BARKER; ADAMS, 2021). 

O CBD já provou eficiente ação neuroprotetora em modelos experimentais de doenças 

neurodegenerativas como Parkinson, Alzheimer e esclerose lateral amiotrófica (ELA) 

(LIBRO et al., 2016). Esta capacidade neuroprotetora e de redução da neuroinflamação se 

deu por meio da inibição da apoptose neuronal, inibição da ativação dos canais de cálcio 

celulares, modificação da micróglia para seu fenótipo antiinflamatório (M2) e aumento da 

expressão de receptores CB2 e da enzima responsável pela síntese de AEA (MORENO‐

MARTET  et al., 2014; LIBRO et al., 2016). Ainda seu potencial neurotrófico já foi 

evidenciado in vivo, o qual foi atribuído principalmente à sua afinidade com os sítios de 

ligação de fatores neurotróficos, promovendo a ativação das vias de sinalização 

semelhantemente ao que ocorre após estimulação com seus respectivos agonistas 

(SANTOS et al., 2015). 
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1.2.5 Células Tronco Mesenquimais 

O potencial terapêutico das células-tronco mesenquimais (CTM) é tema de constante 

estudo na espécie equina, tendo sido relatada sua eficácia no tratamento de afecções 

articulares, tendíneas, ósseas, reprodutivas, inflamatórias, neurológicas entre outras nesta 

espécie (GUGJOO et al., 2019; MACDONALD; BARRETT, 2020). Tais estudos se 

baseiam na capacidade proliferativa, imunomodulatória e de diferenciação das CTM o que, 

por outro lado, estimula cada vez mais o entendimento do seu modo de ação e os benefícios 

que podem trazer frente a diversas doenças nesta espécie (HWANG  et al., 2009; CORTÉS-

ARAYA et al., 2018; WANG et al., 2020). 

A identificação das CTM equinas, feita com base nos critérios mínimos definidos pela 

International Society for Cell & Gene Therapy (ISCT) e levando em consideração as 

particularidades de cada espécie e tecido, se dá pelas suas características de aderência ao 

plástico, capacidade de diferenciação nas linhagens adipogênica, condrogênica e 

osteogênica in vitro e a expressão positiva de marcadores de superfície CD29, CD44, CD90 

e CD105 e negativa de CD14, CD34, CD45, CD79ɑ e MHC II (DOMINICI  et al., 2006; 

CARRADE  et al., 2012; CARRADE; BORJESSON , 2013; BARBERINI et al., 2014). 

As CTM podem ser obtidas de uma variedade de tecidos, como medula óssea (CTM-

MO), tecido adiposo (CTM-AT), sangue de cordão umbilical (CTM-CU), tecido de cordão 

umbilical (CTM-TU), placenta (CTM-PL), entre outros, e características inerentes à 

população celular de cada tecido, como facilidade de obtenção e isolamento, potencial 

imunomodulatório, proliferativo e de diferenciação acabam influenciando na escolha das 

CTM a serem utilizadas (LEE et al., 2012; CARRADE; BORJESSON, 2013; JIN et al., 

2013; BARBERINI et al., 2014; HAO et al., 2017). 

1.2.5.1 Ativação das Células Tronco Mesenquimais 

A capacidade imunomodulatória das CTM se mostra dependente da presença de um 

ambiente inflamatório, visto que CTM cultivadas em meios que careciam de estímulos 

inflamatórios apresentaram uma menor influência na taxa de proliferação linfocitária e na 
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liberação de fatores anti-inflamatórios in vitro quando comparadas às CTM cultivadas em 

ambientes inflamatórios (CARRADE  et al., 2012). 

O LPS se trata de uma molécula presente na membrana celular externa de bactérias 

gram-negativas, sendo utilizado como agonista dos receptores toll-like 4 (TLR4) 

(BETTONI  et al., 2008). A ativação destes receptores ocorre por meio da sua ligação com 

estruturas conhecidas como Padrões Moleculares Associados a Danos (DAMPs) e Padrões 

Moleculares Associados a Patógenos (PAMPs), os quais se encontram presentes em grande 

quantidade durante afecções de carácter inflamatório ou infeccioso, respectivamente 

(IANNOTTA et al., 2021). 

Dentre os modelos inflamatórios atualmente utilizados, a ativação dos receptores toll-

like 4 (TLR4) desempenham um importante papel no reconhecimento e início da resposta 

imune inata e adquirida (BETTONI  et al., 2008). Ainda, o uso de seus agonistas, dentre 

eles o LPS, é utilizado como modelo de estudo de diversas afecções de caráter inflamatório 

e infeccioso in vivo e in vitro (HU et al., 2016; MARTIN et al., 2017). 

1.2.5.2 Participação das Células Tronco Mesenquimais na regeneração nervosa 

As CTM representam uma valiosa opção no tratamento de lesões nervosas periféricas, 

fato este decorrente de características conhecidas destas células como capacidade de 

diferenciação em células de linhagens gliais, produção de fatores neurotróficos e 

angiogênicos e modulação da resposta inflamatória local (AUDETTE  et al., 2013; 

TOMITA et al., 2013; CORTÉS-ARAYA et al., 2018; CAILLAUD et al., 2019; LI et al., 

2022). 

O potencial de diferenciação das CTM-TA humanas em células produtoras de mielina 

já foi demonstrado in vivo, enquanto o mesmo grupo evidenciou a produção de fatores 

neurotróficos BDNF, NGF e GDNF em CTM-TA humanas diferenciadas em células 

Schwann-like in vitro (TOMITA et al., 2013). 

Quanto ao seu potencial imunomodulador e angiogênico, modelos in vitro e in vivo 

demonstraram a capacidade das CTM em produzir fatores angiogênicos, como o fator de 

crescimento endotelial vascular (VEGF), de promover a redução da produção de moléculas 
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pró-inflamatórias, como IL-6, TNF-ɑ, IL-ß e GM-CSF pelas células imunes locais, além de 

aumentar a liberação de citocinas com potencial anti-inflamatório, como IL-10 e TGF-ß 

pelos macrófagos (OMI et al., 2016; LI et al., 2022)  

1.3 HIPÓTESE 

A hipótese deste estudo é de que as CTM-TA equinas, quando cultivadas com extrato 

de Cannabis sativa rico em canabidiol, apresentam aumento do seu potencial 

imunomodulatório e neuroregenerativo. 

1.4 OBJETIVOS 

1.4.1 Objetivo geral 

Analisar o potencial anti-inflamatório e neurotrófico do extrato rico em canabidiol, 

derivado da planta Cannabis sativa, sobre células-tronco mesenquimais equinas derivadas 

de tecido adiposo in vitro. 

1.4.2 Objetivos específicos 

 Analisar a taxa de viabilidade e proliferação das CTM-TA equinas nos seis grupos 

experimentais: Grupo controle (CTM-TA), Grupo veículo (CTM-TA + 0,05% DMSO) e 

grupos tratados com extrato rico em canabidiol nas doses de 3 µM (CTM-TA + CBD 3 

µM), 5 µM (CTM-TA + CBD 5 µM), 7 µM (CTM-TA + CBD 7 µM) e 9 µM (CTM-TA 

+ CBD 9 µM) por meio do teste do MTT (sal de tetrazólio) nos períodos de 24 e 48 

horas; 

 Analisar, por meio de técnica de qPCR, a expressão das citocinas INF-ɤ, TNF-ɑ, IL-1ß, 

IL-6 e IL-10 e das neurotrofinas NGF, BDNF e GDNF nas CTM-TA equinas 

estimuladas com LPS nos seis grupos experimentais: Grupo controle (CTM-TA), Grupo 

estimulado com LPS (CTM-TA + 10 ng/ml LPS), Grupo veículo (CTM-TA + LPS + 

0,05% DMSO) e grupos estimulados e tratados extrato rico em canabidiol nas doses de 3 
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µM (CTM-TA + 10 ng/ml LPS + CBD 3 µM), 5 µM (CTM-TA + 10 ng/ml LPS + CBD 

5 µM) e 7 µM (CTM-TA + 10 ng/ml LPS + CBD 7 µM) nos períodos de 24 e 48 horas; 
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SUMARY 

Introduction: Injuries to the peripheral nervous system, especially those of greater severity 

and comprising a longer gap, often result in sequels or impaired function. Therapies aimed 

at restoring an environment that supports regeneration and stimulating tissue repair often 

prove to be beneficial for a satisfactory recovery. Anti-inflammatory and neuroprotective 

potential of mesenchymal stem cells (MSCs) and cannabidiol (CBD), when associated, may 

assist in the treatment of peripheral neuropathies. Therefore, we tested the in vitro ability of 

https://home.liebertpub.com/publications/633/pdf
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CBD to promote and stimulate equine Ad-MSCs to express genes related to its anti-

inflammatory and neurotrophic potential in an inflammatory environment.  

Materials and Methods: MSC from the laboratory cell bank and previously characterized 

were used. Adipose derived MSCs from four different animals were separated into six 

experimental groups and incubated for 24 and 48 hours. Cell metabolic activity was 

analyzed using the MTT test, being performed on equine Ad-MSCs submitted to six 

different treatments: complete culture medium, vehicle of 0,05% DMSO and CBD at doses 

of 3 µM, 5 µM, 7 µM and 9 µM. According to the result of metabolic activity, analysis of 

gene expression was performed in experimental groups of Ad-MSCs submitted to six 

different treatments: 10ng/ml LPS, 10ng/ml LPS + vehicle 0,05% and Ad-MSCs stimulated 

with 10ng/ml LPS and treated with CBD at doses of 3 µM, 5 µM and 7 µM.  

Results: The viability of equine MSCs was reduced only when cultivated with the extract 

rich in cannabidiol at a dose of 9µM for a period of 24 hours. It was possible to notice the 

reduction in the expression of genes related to the pro-inflammatory cytokines IL-6 

(P<0.001) and IL-1ß (P<0.05) and neurotrophin NGF (P<0.001), while other genes related 

to IL-10, IFN-ɣ, TNF-ɑ, BDNF e GDNF showed no significant alteration. 

Conclusion: Treatment of equine Ad-MSCs with cannabidiol-rich extract is capable of 

increase its immunomodulatory capacity without interfering with their metabolic activity in 

vitro. Also, the lack of influence on the secretion of neurotrophic factors by equine MSCs 

in vitro might be a consequence of its direct action on receptor and signaling pathways 

rather than regulation of these neurotrophins. 

Keywords: Cannabis, cell therapy, immunomodulation, neuroregeneration, neurotrophins. 

INTRODUCTION 

In humans, traumatic peripheral neuropathies have an annual incidence of 45 cases per 

100,000 inhabitants resulting in motor, sensory and autonomic loss that negatively affect 

quality of life.1,2 In the equine species, traumatic nerve injuries are one of the most 

commom types lesion affecting peripheral nerve system, which can make its study in this 

species an important experimental model for the traumatic injuries that occur in humans.3 
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Mesenchymal stem cells have the ability to proliferate, differentiate into cells of glial 

lineages, immunomodulation and secretion of neurotrophic factors, having been 

demonstrated as a potential tool in the treatment of lesions that affect the peripheral nervous 

system.4–9 As an adjuvant, research carried out in vitro and in vivo has demonstrated the 

ability of the compound derived from Cannabis sativa, cannabidiol (CBD), to aid in the 

treatment of diseases that affect the central and peripheral nervous system.10–12 

After peripheral nerve injuries, several cellular and molecular events begin with the 

aim of promoting axonal regeneration and reinnervation of the target tissue.13 In the early 

stages of peripheral nerve injury, increased production of inflammatory cytokines IL-1ß, 

IL-6, TNF-ɑ and IFN-ɣ is promoted by Schwann cells, macrophages and local defense 

cells, with the aim of recruitment of immune cells and phagocytosis of cellular debris.9 The 

reduction in the production of IL-1ß and TNF-ɑ occurs concomitantly with the arrival of 

macrophages at the lesion site, which are polarized for its anti-inflammatory phenotype 

(M2), secreting a greater amount of IL-6 and IL-10.14,15 Concurrently with the removal of 

cellular debris, led by macrophages and Schwann cells, the Schwann cells themselves 

initiate the secretion of several neurotrophic factors such as nerve growth factor (NGF), a 

brain-derived neurotrophic factor (BDNF), glial-derived neurotrophic factor (GDNF) and 

neurotrophin-3 (NT-3).6,8,16 

The anti-inflammatory capacity of CBD when cultivated with human gingival stem 

cells has already been demonstrated, which occurred due to the reduction in the expression 

of proteins, cytokines and genes related to pro-inflammatory activity.17 CBD has already 

proven efficient neuroprotective action in experimental models of neurodegenerative 

diseases such as Parkinson's, Alzheimer's and amyotrophic lateral sclerosis (ALS) through 

inhibition of neuronal apoptosis, modification of microglial macrophages to their anti-

inflammatory phenotype (M2) and increased expression of CB2 receptors.17,18 Its 

neurotrophic potential has already been demonstrated in vivo, which was mainly attributed 

to its affinity with the binding sites of neurotrophic factors and promoting the activation of 

signaling pathways similarly to what occurs after stimulation with their respective 

agonists.19 

Therefore, the aim of this work was to investigate the anti-inflammatory and 
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neurotrophic potential in vitro of the cannabidiol-rich extract in equine adipose derived 

mesenchymal stem cells stimulated with LPS. 

MATERIAL AND METHODS 

Equine mesenchymal stem cells used 

Adipose derived Equine mesenchymal stem cells (Ad-MSCs) in 3rd passage (P3) 

were obtained from the equine MSC bank belonging to the Large Animal Internal Medicine 

of UNESP – Botucatu/SP. Previously collected from healthy animals as approved by the 

Ethics Committee on Animal Use of Unesp in Botucatu (Protocol 178/2011-CEUA), 

equine MSCs were isolated and previously characterized.20 MSCs showed potential of 

differentiation in adipogenic, chondrogenic and osteogenic lineages, adhesion to the plastic 

surface and characteristic surface markers. The cells used were thawed and cultured in 

culture medium composed of 90% Dulbecco's Modified Eagle's Medium (DMEM, Nova 

Biotecnologia, Brazil), 10% Fetal bovine serum (SFB, Nova Biotecnologia) and 1% 

Penicillin and Streptomycin (Gibco®) until reaching 80% confluence. 

Cannabidiol-rich extract 

The cannabidiol-rich extract was extracted from the Cannabis sativa L. plant and 

analyzed using the High Performance Liquid Chromatography (HPLC) method by the 

company DALL Soluções Analíticos e Empresariais, which was obtained by Associação 

Alternativa (Imbituba, Santa Catarina) (Supplementary material - Appendix 1). A stock 

solution of 25 mg/ml was prepared diluted in the vehicle dimethylsulfoxide (DMSO), being 

used during the course of the study. 

Analysis of cellular metabolic activity 

Prior to gene analysis and expression, MSCs were transferred to a 96-well plate 

(Sarstedt, Nümbrecht, Germany) in duplicates at a density of 104 cells/well (103cells/cm2). 
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After 24 h, the supernatant was discarded and replaced by culture medium with 10% FBS 

(control), culture medium with 10% FBS and 0.05% DMSO (DMEM with vehicle) and 

CBD at concentrations of 3, 5, 7 and 9 µM in the treated groups, for a period of 24 and 48 

hours. 

At the end of the treatment, the medium was removed and the MSCs incubated in 

MTT (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazoline bromide) solution for 4 hours at 

37°C and 5 %CO2. After removing the MTT solution, the cells were homogenized with 

200µl of DMSO and analyzed at absorbance of 570 nm in an Asys Expert Plus® microplate 

reader (BioChrom). 

Gene expression of cytokines and neurotrophic factors 

After performing the analysis of metabolic activity, gene expression of cytokines 

(INF-ɣ, TNF-ɑ, IL-1ß, IL-6 and IL-10) and neurotrophic factors (NGF, BDNF and GDNF) 

was quantified using the qPCR technique. For this, equine MSCs were transferred in 

duplicates to 24-well plates (Sarstedt, Nümbrecht, Germany) at a density of 5,104 cells/well 

(25.103cells/cm2). 

After 24 hours, the supernatant was discarded and replaced by the medium for each 

experimental group: Control group (complete culture medium); Stimulated group (complete 

culture medium + 10 ng/ml LPS); Stimulated group + vehicle (complete culture medium + 

10 ng/ml LPS + 0.05% DMSO); Stimulated group + 3 μM CBD (complete culture medium 

+ 10 ng/ml LPS + 3 μM CBD); Stimulated group + 5 μM CBD (complete culture medium 

+ 10 ng/ml LPS + 5 μM CBD); and Stimulated group + 7 μM CBD (complete culture 

medium + 10 ng/ml LPS + 7 μM CBD). Treatments were maintained for a period of 24 and 

48 hours. 

At the end of treatment, cells were lysed using 1 ml of TRIzolTM (InvitrogenTM) and 

samples kept at -80°C for subsequent analysis. RNA extraction with the same reagent was 

performed according to the manufacturer's instructions. The RNA was eluted with RNA-

free water, quantified and analyzed by spectrophotometry with the Thermo Scientific 

NanoDrop 2000 equipment (ThermoFisher Scientific, Wilmington, USA) for the 
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absorbance ratios 260/280 nm and 260/230 nm. cDNA synthesis was performed using the 

High-Capacity cDNA Reverse Transcription Kit reagents (Applied Biosystems™, Life 

Technologies Corporation, Carlsbad, USA), according to the manufacturer's instructions, 

and reverse transcription was performed to obtain cDNA with the Veriti 96 Well Thermal 

Cycler (Applied Biosystems™, ThermoFisher Scientific), under the following thermal 

cycling conditions: 10 minutes at 25ºC; 12 minutes at 37°C; and 5 minutes at 85°C. The 

cDNA samples were cryopreserved at -80ºC and used as templates for PCR reactions.  

Reactions were performed in duplicates using cDNA produced previously with 

PowerUp™ SYBR™ Green Master Mix (Applied Biosystems™, Life Technologies, 

Carlsbad, CA, USA), RNA-free water, and equine primers (Thermo Fisher Scientific, São 

Paulo, Brazil ), which were designed using Primer Express™ Software v3.0.1 (Applied 

Biosystems™, Thermo Fischer Scientific) shown in Table 1. 

Samples were tested with two reference genes, glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH) and beta-actin (ACTB). The real-time polymerase chain reaction 

(qPCR) method was performed with the QuantStudio™ 12K Flex Real-Time PCR System 

thermocycler (Applied Biosystems™, Thermo Fischer Scientific) with the following 

parameters: 50°C for 2 minutes, 95 °C for 2 minutes and 40 cycles of 95 °C for 1 second 

and 60 °C for 30 minutes with subsequent dissociation curve. The relative quantification of 

the expression of the genes of interest was performed using the ΔΔCt method.21 

Table 1. Primers used to analyze gene expression using the qPCR technique. 

PRIMER FORWARD REVERSE 

IL-1ß GCAGCCATGGCAGCAGTA ATTGCCGCTGCAGTAAGTCA 

IL-6 AACAACTCACCTCATCCTTCGAA CGAACAGCTCTCAGGCTGAAC 

IL-10 CGGCCCAGACATCAAGGA TCGGAGGGTCTTCAGCTTTTC 

INF-ɣ CTGTCGCCCAAAGCTAACCT GGCCTCGAAATGGATTCTGA 

TNF-ɑ TTGGATGGGCTGTACCTCATC GGGCAGCCTTGGCCTTT 

NGF CCAACGGAGCAGCTTTCTGT AACAACATGGACATTACGCTATGC 

BDNF TTGGATGAGGGCCAGAAAGT CAAGTCCGCGTCCTTACTGTT 

GDNF CAGGGACTCTTCCTCCATCCT TGGGCACGAGCATGTTTCT 

GAPDH GGCAAGTTCCATGGCACAGT GGGCTTTCCGTTGATGACAA 

ACTB CGGCGGCTCCATTCTG CTGCTTGCTGATCCACATCTG 
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Statistical analysis 

The results obtained in the qPCR and cell proliferation and viability analyzes were 

submitted to the non-parametric Kruskal-Wallis test at each evaluation moment separately 

(24 and 48 h) to compare the treatments (P<0.05). When there was a statistically significant 

difference, the Tukey test was performed to compare the medians of the groups within the 

same moment (P<0.05). For each group, the Wilcoxon test (P<0.05) was performed to 

compare the evaluation between moments. Analyzes were performed using the Sigma Stat 

3.5 program. 

RESULTS 

Cellular metabolic activity 

 Only treatment at a dose of 9µM after 24 hours (median=79.6%) revealed to 

significantly affect the metabolic activity of the MSCs as shown in Figure 2, compared to 

the control (median=100%) and 0.05% DMSO groups (median= 98.3%). 
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Figure 2. Cell metabolic activity (%) of experimental groups treated with DMEM, 0.05% 

DMSO and CBD 3, 5, 7 and 9 µM after 24 and 48 hours of treatment. The group treated 

with CBD 9 µM showed a significant difference in relation to the control group (*) and 

treated with 0.05% DMSO (**) after 24 hours. P value: P<0.01. 

Gene expression of neurotrophic factors 

The expression of gene related to the neurotrophic factor BDNF showed a significant 

difference only between group stimulated with LPS (median=1.09) and treated with 0.05% 

DMSO (median=1.82) after 48 hours (Figure 3A; Appendix 2 – Table 1). Furthermore, 

there was also a significant increase between 24 and 48 hours when the values of the 

DMSO group (median=1.29; 1.82) and 3µM treatment (median=1.02; 1.45) were observed. 

Although there was no significant difference in relation to the control and stimulated 

groups, the expression of GDNF was reduced in the group treated with 7µM after 48 hours 

(median=0.73) when compared to the treatment with 3µM (median=1.22) and 0,05% 

DMSO (median= 1.33) at the same time (Figure 3B; Appendix 2 – Table 2). 

Regarding NGF, at both 24 and 48 hours, treatment with CBD at doses of 3µM 

(median=0.81; 0.74), 5µM (median=0.80; 0.79) and 7µM ( medians=0.74; 0.71) were able 

to significantly reduce their expression when compared to the group stimulated with LPS 

(medians=1.08; 0.96) (Figure 3C; Appendix 2 – Table 3). Furthermore, a significant 

reduction in its expression was observed between 24 and 48 hours within the 7µM group 

(medians= 0.74; 0.71). 

Gene expression of cytokines 

LPS was able to change only the expression of IL-1ß after 24 hours of culture, 

showing an increase in its expression in the stimulated group (median=1.58) when 

compared to control group, without stimulation (median= 0.97). At the same time, a 

significant reduction in its expression was observed when comparing the group stimulated 

with LPS with the groups treated with 3µM (median= 1.24) and 7µM (median= 0.72) 

(Figure 3D; Appendix 2 – Table 4). 
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The expression of IL-6 showed a significant difference between the groups in both 

moments (Figure 3E; Appendix 2 – Table 5). After 24 hours, there was a reduction in its 

expression when comparing the group stimulated with LPS (median= 1.31) with the 

treatments of 5µM (median= 0.42) and 7µM (median= 0.23), while after 48 hours, this 

difference between the group stimulated with LPS (median=1.8) was significant in relation 

to treatment with 3µM (median=0.4), 5µM (median=0.28) and 7µM (median=0.16). 

Furthermore, the three treated groups showed a reduction in their expression between 24 

and 48 hours, being 3µM (median=0.63;0.4), 5µM (median=0.42;0.28) and 7µM 

(median=0.23;0.16). 

No significant differences were observed between groups and time points regarding 

cytokine IL-10 and (Figure 3F; Appendix 2 – Table 6). A significant difference was 

observed in the expression of TNF-ɑ only when we compared the 0,05% DMSO group 

between the 24 hours (median= 0.78) and 48 hours (median= 1.51) (Figure 3G; Appendix 2 

– Table 7). Although there was no significant difference between the groups, stimulation 

with LPS showed a tendency to promote a significant increase in IFN-ɣ expression between 

the 24-hour (median=0.73) and 48-hour (median=1.38) (Figure 3H; Appendix 2 – Table 8). 
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Figure 3. . Relative expression of BDNF (A), GDNF (B), NGF (C), IL-1ß (D), IL-6 (E), 

IL-10 (F), TNF-ɑ (G) and IFN-ɣ (H) between experimental groups at 24 and 48 hours. Data 

were represented as median, and 25th and 75th percentiles. P values: P<0.001*, P<0.01**, 

P<0.05***. 

DISCUSSION 

In this work, the influence of cannabidiol on gene expression of factors related to the 

inflammatory and neurotrophic response of equine MSCs in vitro was evaluated. In this 

species, the anti-inflammatory capacity of CBD has already been demonstrated in culture of 

peripheral blood mononuclear cells in vitro, promoting reduction of the genic expression 

and cytokine secretion of IFN-ɣ and TNF-ɑ by circulating lymphocytes.22 However, the 

effects of cannabidiol on equine MSCs are still unknown. In this study was evidenced that 

stimulation with CBD with a dose up to 7 µM did not impair the metabolic activity of 

equine MSCs, as well as was able to reduce the gene expression of the inflammatory 

cytokines IL-6 and IL-1b in an inflammatory environment, while showing no interference 

in the direct secretion of neurotrophic factors by equine MSCs. 

Low doses of LPS is considered ideal to mimic the stimuli suffered by human MSCs in 

the face of inflammatory and infectious processes in vivo.23,24 Although the low 

concentration of LPS is capable to promote activation of human MSCs, inducing a pro-

inflammatory phenotype and increase the expression of pro-inflammatory genes, a dose-

dependent effect was also described, in which doses up to 1µg/ml promoted a progressive 

increasing in the secretion of inflammatory cytokines as IL-6 and IL-1ß.25 With the 

exception of IL-1ß, which was shown to be responsive to the dose of LPS used after 24 

hours of stimulation and perhaps more sensible, the absence of change in the values 

referring to the other immunomodulatory factors may be related to the need for a more 

intense inflammatory stimulus or a difference in the conformation of TLR-4 receptor 

between species, since previous studies described this variations in humans, rats, mice and 

chimpanzees, and which influences their ability and intensity of response to their 

agonists.5,26 

In human MSCs, CBD was able to reduce the gene expression of several genes related 

to cytokines and pro-inflammatory pathways, such as IL-1ß, TLR, IFN-ɣ receptors, NF-κB-
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dependent pathway, transcription factors (STAT) and mitogen-activated protein kinase 

(MAPK).17 Thus, the ability of CBD to inhibit one of the main pathways used by TLR-4, 

the NF-κB and STAT-dependent pathway, could partially explain its anti-inflammatory 

activity against stimulation with LPS.17,27 Still, observing the response of equine MSCs to 

the different doses of cannabidiol-rich extract used, we noticed a tendency of reduced 

cellular metabolic activity with the increasing of CBD concentration, although this 

reduction only becomes significant when close to the value of 9 µM. This finding 

corroborates that observed by other authors, who describe the toxicity of cannabidiol when 

cultured with human MSCs close to 10 µM.28–30 

Reduction in the expression of the gene related to NGF observed in the experimental 

groups at both moments are in agreement with other studies performed in vivo and in 

vitro.19,31 The neurotrophic activity of CBD was attributed to its interaction with 

tropomyosin kinase receptors A (TrkA), the main target of NGF, and the mechanism which 

canabidiol reduces the level of expression of NGF may be related to triggered responses 

evoked by its interaction with TrkA.19 

Difference in the expressed levels of BDNF was observed only between group treated 

with 0,05% DMSO and LPS stimulated after 48 hours. The expression of the tropomyosin 

kinase B receptor (TrkB) has already been observed in MSCs, and its stimulation has 

proven to play an important role in the production of BDNF by these cells.32 Sales et al. 

showed the ability of CBD to bind to TrkB and promote BDNF protein expression in vivo, 

however this elevated expression was only seen 30 minutes after CBD administration, 

returning to normal values over time.32,33 Therefore, this finding corroborate with other 

studies, where analysis on days 5 to 10 after treatment with canabidiol in vivo presented no 

difference in the expression or secretion of this neurotrophin.31,34 This can be explained by 

the fact that in the later moments of tissue damage, it is followed by the activation of 

pathways related to anti-inflammatory activity and completion of repair at the injured site, 

presenting a reduced secretion of inflammatory cytokines and neurotrophic factors.31,33,34  

No difference in GDNF expression was observed between LPS stimulated group and 

any experimental group at both time points. Similarly to seen by other authors, canabidiol 

does not seems to influence the level of GDNF in vivo and in vitro.19,31,34 Since none of the 
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cytokines, BDNF, GDNF and NGF, showed no tendency to increase their expression, one 

of the possibilities may be the fact that the neurotrophic potential of CBD is based on its 

immunomodulatory, anti-apoptotic and antioxidant capacity and its influence on other cell 

types, such as Schwann cells, rather than its direct stimulation in the production of these 

neurotrophins.34 Therefore, studies that analyze the influence of CBD and MSCs when 

inserted in an inflammatory environment, and their interaction with other cell types, are 

important for a better understanding of their exact mechanism of action. 

There was no change in IL-10 expression between the analyzed groups. Nemeth et al. 

studied the influence of bone marrow mesenchymal stem cells treatment in a murine model 

of sepsis, and infusion of MSCs from IL-10-/- animals was still able to promote the 

increase of IL-10, suggesting that other cells such as macrophages, monocytes and 

lymphocytes produce this factor.35 Production of IL-10 occurs largely by recruited 

macrophages, reaching the peak of recruitment around seven days post-injury.13,36 The 

moments of analysis, with 24 and 48 hours, may be responsible for the low genic 

expression of IL-10 in the equine MSCs, as well as the supposed low production of IL-10 

by MSCs, previously reported.35  

IL-6 is a pro-inflammatory cytokine related with acute injuries, participating in the 

recruitment of immune cells and elimination of local antigens when associated with the 

soluble complex IL-6R (sIL-6R), a membrane receptor and soluble factor found in 

neutrophils.37,38 The interaction of IL-6 with sIL-6R may function as a stimulus to 

leukocyte infiltration, extended neutrophil half-life and tissue damage.39 The ability of 

CBD to inhibit NF-κB-dependent and STAT3-related signaling pathways, some of the most 

important for the synthesis of pro-inflammatory cytokines, may be responsible by the 

decrease in the expression of IL-6 observed in the experimental groups. Therefore, 

reduction in the expression of IL-6 may be benefic in the initial phase of peripheral nerve 

injuries, preventing excessive tissue damage that may be followed by neutrophil infiltration 

and activation. 

Gene expression of IL-1ß was significantly increased in LPS stimulated group when 

compared with control group and experimental groups treated with CBD 3 and 7 µM after 

24 hours. During the beginning of the inflammatory process, macrophages, immune cells 
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and eventually resident MSCs are recruited to the site of lesion and the secretion of pro-

inflammatory molecules by local cells is initiated, reaching the peak of production 

approximately 24 hours after the injury.13,23,24 This can explain the increasing seen in the 

expression level of IL-1ß after 24 hours in stimulated group, since MSCs can play an 

important role in the immunomodulatory and chemotactic activity at the site of injury. Still, 

after the period of 24 and 48 hours characterized by cellular recruitment, MSCs at the 

lesion site begin to activate pathways related to tissue repair and reduce pathways related to 

pro-inflammatory and migratory activity.24 The reduction in IL-1ß expression in groups 3 

and 7µM at the 24-hour period can possibly be explained by the activity of CBD on the NF-

κB-dependent pathway, which would inhibit the production of pro-inflammatory cytokines 

by MSCs, corroborating with Libro et al.40,17 

Both cytokines, IL-1ß e IL-6, play an important role in the first hours after peripheral 

nerve injury, participating mainly in the recruitment of defense cells to the injury site.9  One 

of the goals of cell therapy is to promote local immunomodulation and neuroregeneration. 

However, when inserted in an inflammatory environment, the ability of MSCs to acquire a 

pro-inflammatory phenotype has already been proven, which can often cause unwanted 

effects.23,24 Therefore, the ability of CBD to promote a reduction of gene expression of both 

cytokines, which have a pro-inflammatory function in the first hours after injury, may be a 

beneficial factor when referring to the transplantation of local MSCs aiming to reduce an 

excessive and harmful initial inflammatory response. 

The increase in TNF-ɑ expression in the 0,05%  DMSO group when compared at 24 

and 48 hours can be explained by the synergy observed between this cytokine and DMSO, 

which activate the DMSO pathway signaling related to MAPK, one responsible for 

stimulating the expression of pro-inflammatory genes.41,42 Furthermore, the increased 

expression of IFN-ɣ in the LPS stimulated group between 24 and 48 hours may be possibly 

explained by the synergy of both components, IFN-ɣ and LPS, on NF-κB and STAT1-

dependent signaling pathways.42,43 

CONCLUSION 
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Cannabidiol showed a reduction in gene expression related to pro-inflammatory 

cytokines IL-6 e IL-1ß, and although it was unable to influence gene expression of 

cytokines IL-10, IFN-ɣ and TNF-ɑ, may be an important indicator of its 

immunomodulatory capacity. CBD was not able to upregulate the gene expression of NGF, 

BDNF e GDNF, however its known efficacy on the treatment of central nervous system 

diseases makes studies about its interaction with MSCs and other cells types necessary for a 

better understanding of its mechanism of action. Still, taking into account the particularities 

and sensitivity of each species to different stimuli, studies on possible protocols to be used 

as an inflammatory model for the equine species should be carried out. 
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Appendix 1 Analysis of the extract rich in cannabidiol through the method of high 

performance liquid chromatography (HPLC) by the company DALL Soluções Analíticos e 

Empresariais.  
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Appendix 2.  Tables referring to the relative gene expression of cytokines and neurotrophic 

factors 
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