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APRESENTACAO

Esta dissertacdo estd organizada em dois capitulos. O primeiro apresenta o referencial
tedrico que fundamenta a pergunta cientifica do estudo, e o segundo é composto por um artigo
cientifico que contém os resultados experimentais, estruturado para publicacdo na Revista

Brasileira de Psiquiatria.



CAPITULO I: REFERENCIAL TEORICO



2.1 Transtornos Psiquiatricos e Terapias Psicodélicas

A Organizagdao Mundial da Saide (OMS) classifica os transtornos psiquidtricos como
transtornos mentais, comportamentais ou do neurodesenvolvimento, que incluem condigdes
como transtornos de ansiedade, depressivos, psicéticos, relacionados ao estresse € ao uso de
substancias (OMS, 2019). Além de afetarem de maneira significativa a sadde fisica e mental
dos individuos, os transtornos mentais impdem um expressivo Onus social, refletido em
prejuizos nas relagdes interpessoais, redu¢do do desempenho académico e profissional, maior
envolvimento em comportamentos de risco e sobrecarga dos sistemas publicos de saide
(VASCONCELOS et al., 2008; UNODC, 2023). Os transtornos psiquidtricos estao entre as
principais causas de morbidade global, atingindo aproximadamente 1,1 bilhdo de pessoas em
todo o mundo, segundo o estudo de Carga Global de Doencas (GBD) (GLOBAL BURDEN
OF DISEASE COLLABORATIVE NETWORK et al., 2024). O GBD 2019 ndo encontrou
evidéncias de uma reducdo global dessa morbidade desde 1990, apesar de pesquisas
demonstrarem que intervencdes podem alcancar uma reducdo nesse O6nus (GBD 2019
MENTAL DISORDERS COLLABORATORS et al., 2019).

Apesar dos progressos obtidos na formulacdo e na ampliacdo das opgdes terapéuticas
de psicofarmacos e abordagens clinicas, as terapias atualmente disponiveis para os transtornos
psiquidtricos apresentam limitagcdes significativas. Uma parcela substancial dos pacientes nao
alcanca resposta clinica adequada, mesmo apds mdltiplas tentativas terapéuticas,
caracterizando a chamada resisténcia ao tratamento. Além disso, muitos individuos exibem
apenas resposta parcial, com persisténcia de sintomas residuais que comprometem o
desempenho funcional e a qualidade de vida. A eficdcia limitada das intervengdes &
frequentemente agravada pela ocorréncia de efeitos adversos prolongados, que podem reduzir
a adesdo ao tratamento e restringir o uso de doses ou combinagdes potencialmente mais
eficazes. Esses desafios refletem, em parte, a complexidade clinica e biologica dos transtornos
psiquidtricos e a limitada compreensdo dos mecanismos neurobiolégicos subjacentes,
reforcando a necessidade de estratégias terapfuticas mais eficazes, seguras e direcionadas
(HOWES, THASE, PILLINGE, 2021).

Diante de um cendrio marcado por limitagdes terap€uticas persistentes, observa-se um
interesse crescente por terapias alternativas no campo da psiquiatria, motivado pela
necessidade de ampliar as possibilidades de intervengdo, superar a resisténcia ao tratamento e
contemplar a diversidade de perfis clinicos. Nas ultimas décadas, tem-se verificado um

renovado interesse cientifico pelas terapias psicodélicas, impulsionado por evidéncias de seu



potencial terapéutico em transtornos psiquidtricos, especialmente em quadros de dificil
manejo clinico (CALDER, HASLER, 2022).

A nocdo de psicodélico, proposta pelo psiquiatra Humphry Osmond, estd associada a
expressao ou revelacdo de estados da mente, sem implicar necessariamente um mecanismo
biolégico definido (NICHOLS, NICHOLS, HENDRICKS, 2023). Os psicodélicos classicos
sdo compostos agonistas do receptor de serotonina 5-HT2A diretamente, como o dietilamida
do 4cido lisérgico (LSD), a psilocibina, a 2,5-dimetoxi-4-iodoanfetamina (DOI), a 5-metoxi-
N,N-dimetiltriptamina (5-MeO-DMT) e a N,N-dimetiltriptamina (DMT) (CALDER,
HASLER, 2022; MITCHELL, ANDERSON, 2023). A ingestdo de substancias psicodélicas
produz um estado mental alterado que se manifesta por intensas modifica¢cdes na percep¢ao
sensorial, no processamento cognitivo € no estado emocional, frequentemente incluindo
experiéncias visuais incomuns e a evocagdo vivida de memdrias emotivas (HOVMAND,

POULSEN, ARNFRED, 2024).

2.2 Ayahuasca

A ayahuasca (AY) € uma bebida psicoativa obtida por meio da decoccdo da liana
Banisteriopsis caapi (Malpighiaceae), geralmente preparada em associacdo com outras
espécies vegetais, sendo a associacdo mais comum com Psychotria viridis (Rubiaceae)
(SOUSA et al., 2022). O preparado € um liquido espesso, de coloracdo marrom-escura e sabor
amargo caracteristico. Seu uso estd historicamente inserido em contextos ritualisticos e
religiosos, especialmente entre povos indigenas da AmazoOnia e, mais recentemente, em
religides ayahuasqueiras brasileiras, como o Santo Daime, a Unido do Vegetal e a Barquinha,
nas quais a bebida é empregada como sacramento com finalidades espirituais, terapéuticas e
de autoconhecimento, em estruturas cerimoniais especificas (RUFFELL et al., 2023).

Banisteriopsis caapi, também conhecida como jagube, mariri, yagé ou caapi, € um
cipod nativo da regido amazoOnica, rico nos alcaloides B-carbolinicos harmina, harmalina e
tetraidro-harmina. Esses compostos atuam como inibidores reversiveis da monoamina oxidase
do subtipo A (MAO-A), enzima responsavel pela degradacdo de monoaminas endégenas e
aminas exogenas, incluindo o DMT. O DMT, presente nas folhas de P. viridis, ndo apresenta
biodisponibilidade significativa quando administrado isoladamente por via oral, devido a sua
rapida metabolizacdo pela MAO-A. Dessa forma, a inibicdo dessa enzima pelas -carbolinas
de B. caapi permite a absorcdo sist€émica do DMT, aumentando consideravelmente sua
exposicdo e resultando em efeitos psicodélicos mais intensos e prolongados

(SCHIMMELPFENNIG, JANKOWIAK-SIUDA, 2025).
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As folhas do arbusto P. viridis, popularmente conhecido como chacrona, contém DMT.
O DMT ¢ um alcaloide inddlico com propriedades psicodélicas, capaz de induzir um estado
alterado de consciéncia intenso e imersivo, sem provocar redugcdo do estado de vigilia. A
administracdo aguda dessa substincia estd associada a profundas alteracdes na percepcdo e na
cognicdo, frequentemente acompanhadas por imagens vividas e complexas, emocdes intensas
e evocacdo de memdrias autobiogrificas (TIMMERMANN et al., 2023). O DMT apresenta
um perfil farmacolégico complexo, atuando como agonista em diferentes receptores, com
destaque para os subtipos serotoninérgicos 5-HT1A, 5-HT2A e 5-HT2C, além do receptor
sigma-1. A ativagdo do receptor 5-HT1A estd relacionada a modulagdo do humor, da
ansiedade e de respostas autondmicas, desempenhando papel regulador nos estados
emocionais. O receptor 5-HT2A, por sua vez, constitui o principal mediador dos efeitos
psicodélicos, estando associado a alteracdes na percep¢do, cognicdo e processamento
sensorial. Enquanto o receptor 5-HT2C participa da regulacio do humor e de fungdes
cognitivas, exercendo influéncia moduladora sobre circuitos emocionais. Adicionalmente, o
DMT interage com o receptor sigma-1, uma proteina intracelular envolvida na regulacdo da
plasticidade neuronal, na promog¢ao da sobrevivéncia celular e na resposta ao estresse celular,
o que sugere que seus efeitos transcendem a neurotransmissdo serotoninérgica cldssica e
envolvem mecanismos neurobioldgicos mais amplos (CARBONARO, GATCH, 2016).

Essa decoccdo tem sido utilizada ha séculos, possivelmente milénios, em contextos
rituais por povos indigenas da Amazdnia. Contudo, observa-se que a AY deixou de ser uma
pratica restrita a bacia amazoOnica, tradicionalmente associada a paises como Brasil, Peru,
Colombia, Equador, Bolivia e Venezuela, passando a ser consumida em diferentes contextos
culturais ao redor do mundo. Atualmente, seu uso se expandiu para regides como a América
do Norte, a Europa e a Austrdlia, incluindo ambientes religiosos, terapéuticos € neo-
xamanicos (PERKINS et al.,, 2021). Nesse cendrio, a AY tem despertado interesse como
potencial ferramenta no manejo de transtornos psiquidtricos, especialmente os relacionados ao
humor, a ansiedade e ao uso de substancias. Paralelamente a essa expansiao, observa-se um
crescimento expressivo da pesquisa cientifica, abrangendo estudos observacionais e clinicos
com seres humanos, investigacdes pré-clinicas em modelos animais e experimentos in Vitro,

voltados a elucidacdo de seus efeitos celulares (MAIA et al., 2023).

2.3 Evidéncias Experimentais e Clinicas
Ensaios clinicos randomizados e controlados por placebo demonstram que a AY

promove reducdes rdpidas e sustentadas dos sintomas depressivos em pacientes com
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depressdo resistente ao tratamento, acompanhadas por alteracdes em marcadores
neurobioldégicos associados a regulacdo do estresse e do humor, incluindo niveis de cortisol e
componentes do eixo hipotdlamo-hip6fise-adrenal (PALHANO-FONTES et al, 2019;
SOUSA, 2022). Além disso, estudos clinicos exploratérios indicam que a AY modula o
sistema endocanabinoide tanto em voluntdrios sauddveis quanto em individuos com
transtorno de ansiedade social (SANTOS et al., 2022). No contexto do uso de substincias,
investigacdes observacionais com usudrios religiosos de AY relatam reducdo significativa ou
cessacao do consumo de dlcool e tabaco (BARBOSA et al., 2018; DALDEGAN-BUENO et
al., 2022a).

Ratos e camundongos sao amplamente utilizados como modelos experimentais na
pesquisa biomédica, assim, estudos utilizando esses roedores contribuiram para elucidar
alguns dos mecanismos de acdo da AY. Werle et al. (2024) demonstraram que a AY favorece a
reducdo de respostas associadas ao estresse e ao trauma, promovendo a reorganizacdo e a
extingdo de memorias aversivas, 0 que sugere um impacto positivo sobre mecanismos de
regulacdo emocional. De forma complementar, Daldegan-Bueno et al. (2022b) observaram
efeitos comportamentais compativeis com reducdo da ansiedade, associados ao aumento da
ativacdo de dreas cerebrais envolvidas no processamento emocional e na modulacdo de
sistemas neuroquimicos relacionados ao humor. Em consonancia, Almeida et al. (2022)
relataram que a AY foi capaz de atenuar alteragdes comportamentais induzidas pela exposicao
ao etanol, indicando um possivel papel na modulacdo de processos neurobiolégicos
envolvidos na dependéncia alcodlica. Ademais, Joaquim et al. (2025) demonstraram efeitos
neuroprotetores da AY em um modelo experimental de acidente vascular cerebral,
evidenciados pela reducdo de processos inflamatdrios e de estresse oxidativo, o que reforca
seu potencial terapéutico em condi¢des associadas a lesdo neural.

Estudos in vitro com células cerebrais humanas ainda sdo limitados na literatura sobre
a AY e seus componentes. At€ o momento, poucos trabalhos investigaram diretamente seus
efeitos em modelos celulares humanos, sendo um deles conduzido com neur6nios humanos
indiferenciados da linhagem SH-SYS5Y (KATCHBORIAN-NETO et al., 2020). Outros
estudos concentraram-se na avaliacdo de compostos isolados presentes na AY, como a
harmina, analisada em células progenitoras neurais humanas, e o DMT, investigado
especificamente em culturas primdrias de astrocitos humanos (DAKIC et al, 2016;
ZANDONADI et al., 2023). Nesse ultimo modelo experimental, as andlises metabdlicas em
astrocitos humanos indicaram que o DMT pode modular vias bioquimicas relacionadas a

neurotransmissdo dopaminérgica, ao metabolismo de vitaminas do complexo B e ao
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metabolismo de aminodcidos, sugerindo efeitos sobre processos celulares associados a fungdo

e a homeostase do sistema nervoso central (ZANDONADI, 2023).

2.4 Disfuncao Astrocitaria em Transtornos Psiquiatricos

Apesar do avango das investigacdes sobre os efeitos da AY, ainda permanecem lacunas
importantes no entendimento das respostas dos astrdcitos a esse composto. Os astrdcitos
constituem o tipo celular glial mais abundante e heterogéneo do Sistema Nervoso Central,
exercendo funcgdes essenciais para a manutencdo do equilibrio do ambiente cerebral e para o
funcionamento adequado das redes neuronais. Essas células atuam no suporte metabdlico aos
neurdnios, na captagdo e reciclagem de neurotransmissores, na liberacdo de sinais quimicos
que modulam a comunicacdo sindptica, bem como na formacdo, organizacdo e remodelacdo
das sinapses. Além disso, contribuem para a manutengao da barreira hematoencefilica e para
o controle do fluxo sanguineo local, adequando a oferta de nutrientes e oxigénio as
necessidades do tecido neural (VERKHRATSKY, NEDERGAARD, 2014; VERKHRATSKY,
NEDERGAARD, 2018; ESCARTIN et al., 2021). Em situa¢des de lesdo, estresse prolongado
ou em diferentes condicdes neuroldgicas e psiquidtricas, os astrécitos podem assumir um
estado reativo, caracterizado por alteragdes morfologicas e funcionais que podem exercer
tanto efeitos protetores quanto efeitos deletérios para o tecido nervoso (VERKHRATSKY,
NEDERGAARD, 2014; ESCARTIN, 2021).

Astrécitos humanos normais (Normal Human Astrocytes — NHA) representam um
modelo in vitro de elevada relevancia para a investigacdo de potenciais estratégias
terap€uticas voltadas ao sistema nervoso central (SNC), uma vez que se trata de células
humanas ndo transformadas que mantém propriedades fisioldgicas tipicas dos astrdcitos
encontrados no tecido cerebral saudavel (RUDNYTSKA et al., 2022). Esse modelo tem sido
frequentemente empregado como uma ferramenta experimental relevante em investigagcdes
voltadas a compreensdo de processos associados a neurotoxicidade, a neurogénese, as lesoes
cerebrais e as doencas neurodegenerativas (SHAO et al., 2012; SUTINEN et al., 2012; AZIZI,
KRYNSKA, 2013). Portanto, as células NHA constituem um sistema in vitro adequado para a
avaliacdo de compostos com potencial a¢do no sistema nervoso central, pois permitem a
investigacao de respostas celulares humanas diretamente relevantes aos processos fisiologicos
e patologicos do SNC, superando algumas das limitacdes inerentes aos modelos animais,
cujas diferencas bioquimicas, estruturais e funcionais em relacdo aos astrécitos humanos

podem comprometer a traducdo dos achados a clinica (RZEPKA et al., 2020).
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Estudos conduzidos em pacientes com diferentes diagnosticos psiquidtricos tém
demonstrado alteragdes funcionais relevantes nos astrdcitos, corroborando sua participa¢ao
direta nos mecanismos patofisioldégicos desses transtornos. Em condi¢cdes como esquizofrenia,
transtornos de humor, dependéncia quimica e transtornos do neurodesenvolvimento, essas
alteracdes envolvem disfuncdes na captacdo e no metabolismo do glutamato, na producao de
D-serina, na liberagdo de fatores neurotréficos e na comunicacdo intercelular (KOYAMA,
2015). Tais disfungdes comprometem a homeostase sindptica, a plasticidade neural e a
modulacdo da neurotransmissdo, processos essenciais para o funcionamento adequado do
sistema nervoso central. Cabras et al. (2010) demonstraram que a imipramina exerce efeitos
diretos sobre astrécitos humanos in vitro, promovendo alteragdes morfolégicas e a expressao
de marcadores associados a um fendtipo neuronal, sugerindo que esse farmaco pode
influenciar a plasticidade e o estado funcional dos astrécitos. Silva et al. (2024) demonstraram
que os antipsicoticos risperidona e haloperidol modulam de forma distinta a fungdo astroglial
em culturas de astrocitos e fatias hipocampais de ratos, sendo a risperidona associada a
respostas anti-inflamatérias e a modulacdo de fatores tréficos, enquanto o haloperidol induziu
um perfil pré-inflamatdrio, evidenciando a¢des diretas desses farmacos sobre a inflamagao e o
suporte tréfico mediado por astrécitos.

Considerando o aumento do consumo de AY nas ultimas décadas e a relevancia
crescente dos astrocitos como elementos ativos na fisiopatologia dos transtornos psiquiatricos,
este estudo investigou os efeitos do extrato bruto de AY em astrdécitos humanos, utilizando um
modelo in vitro. Apesar de evidéncias prévias apontarem para a¢des neuromoduladoras de B.
caapi, P. viridis e de seus principais constituintes, os mecanismos subjacentes a esses efeitos
permanecem parcialmente elucidados; assim, o objetivo foi avaliar se a AY promove
alteracdes funcionais e moleculares em astrdcitos, com potenciais implicacdes em processos
relacionados a inflamacdo, a protecdo celular e a manutengdo da homeostase e da plasticidade

do Sistema Nervoso Central.

2.5 Marcadores Estudados e sua Relacao com os Astrécitos no Contexto de Doencas

. A interleucina-6 (IL-6) é uma citocina pleiotropica central na interface entre inflamacao
periférica e neuroinflamagdo, exercendo papel relevante na fisiopatologia de diversos
transtornos psiquidtricos. Evidéncias clinicas robustas indicam que niveis elevados de IL-6
circulante estdo consistentemente associados a diferentes diagndsticos psiquidtricos, incluindo
transtorno depressivo maior, transtornos de ansiedade, esquizofrenia e transtorno bipolar,

sugerindo a existéncia de um eixo inflamatério comum subjacente a essas condi¢des (LI et al.,
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2020; ZHANG et al, 2023). A administracio de AY tem sido associada a efeitos
antidepressivos e imunomodulatérios, porém seus impactos sobre a IL-6 variam conforme o
contexto experimental. Em estudos clinicos, apesar da melhora rdpida dos sintomas
depressivos, as alteracdes nos niveis de IL-6 nem sempre sdo consistentes ou significativas
(PALHANO-FONTES et al.,, 2019). Em modelos animais, especialmente sob condigdes
inflamatorias prévias, a AY pode reduzir a producdo de citocinas pré-inflamatdrias, incluindo
a IL-6 (KOYAMA, 2015; SOUSA et al., 2025).

. A proteina fibrilar glial 4dcida (GFAP) € frequentemente empregada em andlises
histolégicas e imunocitoquimicas de astrocitos. A GFAP € uma proteina estrutural pertencente
a familia dos filamentos intermedidrios tipo III, responsdvel pela sustentacao e integridade do
citoesqueleto dos astrdcitos (PEKNY, 2014). Em condicdes fisioldgicas, a expressdao de GFAP
reflete o grau de diferenciacdo e a estabilidade estrutural das células gliais; contudo, sob
estimulos de lesdo, inflamagdo ou estresse metabdlico, ocorre uma superexpressao dessa
proteina, fendmeno amplamente reconhecido como astrogliose reativa (SOFRONIEW, 2010).
O aumento da expressio de GFAP é apenas um indicador da astrogliose que também se
caracteriza pela intensificacdo de suas funcdes de suporte.Evidéncias indicam que o aumento
da expressdo de GFAP ndo deve ser interpretado exclusivamente como um marcador de
disfungdo astrocitdria, podendo refletir respostas adaptativas associadas a efeitos funcionais
benéficos, especialmente em contextos de reparo tecidual e suporte a plasticidade neural
(TOOPS et al., 2012; BELAYA et al., 2020). Toops et al. (2012) observaram que o aumento
da expressao de GFAP em astrdcitos esteve associado a maior extensao do crescimento axonal
em explantes de retina mantidos em condi¢cdes favordveis, indicando que niveis elevados
dessa proteina podem contribuir para o suporte estrutural necessario ao crescimento neuritico.
Belaya et al. (2020) observaram que o aumento da reatividade astrocitdria marcada por GFAP
decorrente de exercicio fisico voluntdrio em modelo de Alzheimer foi acompanhado por
alteracoes morfologicas de astrocitos e aumentos de fatores associados a plasticidade
sindptica, como BDNF e PSD-95, sugerindo que a modulagdao de GFAP pode estar ligada a
efeitos neuroprotetores e de melhora cognitiva nesse contexto.

. O receptor do fator de crescimento nervoso NGFRp75 € um receptor de baixa
afinidade para neurotrofinas, incluindo NGE, BDNF e suas formas precursoras, atuando como
um importante modulador da sinalizacdo neurotréfica no Sistema Nervoso Central. O
NGFRp75 exerce fungdes contextuais € altamente dependentes do microambiente celular,
podendo regular processos como sobrevivéncia celular, remodelacdo estrutural, resposta ao

estresse e plasticidade tecidual. Evidéncias experimentais demonstram que a ativacdo dessa
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via participa ativamente da adaptacdo celular frente a insultos neurolégicos, como observado
em modelos de doenca de Parkinson e epilepsia, nos quais a modulacdo da via proNGF
mediada por NGFRp75 e sortilina ou a indugdo isolada de NGFRp75 estd associada a
respostas neuroprotetoras e reorganizacdo do tecido neural (SAMOYLENKO et al., 2009;
VONDRAN et al., 2014). Em astrécitos, a expressaio de NGFRp75 tem sido
consistentemente relacionada a estados de ativacdo funcional, particularmente em condi¢des
de lesdo ou desafio ao tecido nervoso. Chen et al. (2022) demonstraram que a inducdo de
NGFRp75 em astrécitos apds lesdao cortical penetrante promove a proliferacdo dessas células,
sugerindo um papel direto desse receptor na expansao e reorganizacdo do compartimento glial
durante processos de reparo. De forma complementar, Cragnolini et al. (2009) demonstraram
que a sinalizacio do NGF mediada por NGFRp75 regula a proliferacdo de astrécitos,
atenuando o ciclo celular de maneira dependente do contexto, atuando tanto como regulador
negativo quanto positivo do ciclo celular, a depender do estado de ativagdo e do ambiente
molecular circundante. Em conjunto, esses achados reforcam a no¢ao de que o NGFRp75 nao
atua exclusivamente como um marcador de estresse ou dano, mas integra redes de sinaliza¢io
que conferem aos astrocitos um fendtipo mais plastico e responsivo.

. A proteina S100B ¢ amplamente reconhecida como um biomarcador de lesdo cerebral,
pois sua concentracdo se eleva em resposta a danos gliais e ao comprometimento da
integridade do tecido nervoso. Pertencente a familia das proteinas S100 ligadoras de célcio, a
S100B ¢ predominantemente expressa por astrocitos maduros e participa de multiplos
processos celulares relacionados a homeostase e a comunicag¢do glia—neurdnio (DONATO et
al., 2013). Diferentemente da GFAP, que exerce fungdo estrutural, a S100p ¢ uma proteina
solivel e ativamente secretada, podendo ser liberada no meio extracelular e alcancar a
circulacdo sistémica, especialmente em condi¢gdes associadas a lesdo cerebral e a disrup¢do da
barreira hematoencefdlica (KAPURAL et al., 2002).Em concentragdes fisiologicas, a S1003
desempenha efeitos neurotréficos e citoprotetores, contribuindo para a sobrevivéncia
neuronal, a modulacdo da plasticidade sindptica e o suporte metabdlico. Contudo, quando
presente em niveis elevados, essa proteina pode adquirir propriedades pré-inflamatdrias e
neurotdxicas, ativando vias associadas a inflamacdo e ao estresse oxidativo e, assim,
favorecendo a progressdo de processos neurodegenerativos (DONATO, 2013; MICCHETTI et
al., 2023).
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Abstract

Objective: Ayahuasca, a potent psychedelic containing N,N-dimethyltryptamine (DMT),
harmine, harmaline, and tetrahydroharmine, has been associated with neural plasticity and
therapeutic effects in psychiatric disorders. This study aimed to investigate whether ayahuasca
induces astrocytic alterations with potential beneficial effects on cellular and molecular
mechanisms involved in central nervous system homeostasis and synaptic plasticity.
Methods: A normal human astrocyte cell line was used. Crude ayahuasca extract at
concentrations ranging from 0.5 to 300 pg/mL was applied in cell viability assays, assessed by
resazurin reduction and calcein/propidium iodide staining after 24 and 72 hours.
Concentrations of 10 and 50 pg/mL were selected for reactive oxygen species assays,
evaluated after 1, 3, and 24 hours, and for immunofluorescence analyses of S1003, GFAP, IL-
6, and NGFRp75 after 24 hours of exposure.

Results: Treatment with 50 pg/mL of ayahuasca significantly increased GFAP and NGFRp75
expression, indicating changes in astrocytic structural organization and associated signaling
pathways. The extract did not affect cell viability, did not induce oxidative stress, and did not
alter S100B or IL-6 expression, suggesting preservation of astrocytic integrity under the
experimental conditions.

Conclusion: Ayahuasca appears to positively modulate adaptive and plasticity-related
mechanisms in astrocytes while demonstrating a favorable safety profile in vitro. These
findings add to the growing evidence on the neurobiological effects associated with ayahuasca

exposure.

Keywords: Psychedelic Agents; Neuroplasticity; Cell Signaling; Central Nervous System



25

Introduction

Ayahuasca (AY) is a psychoactive beverage obtained through the decoction of the
Amazonian liana Banisteriopsis caapi (Malpighiaceae), used in combination with other plant
species.! Traditionally consumed by shamans in ritualistic and Indigenous ceremonial
contexts in the Amazon, its use has expanded markedly over the past four decades, becoming
incorporated into religious, therapeutic, and spiritual practices in different regions worldwide.
The most common formulation of AY consists of B. caapi, which is rich in B-carbolines:
harmine, harmaline, and tetrahydroharmine, combined with the leaves of the shrub Psychotria
viridis (Rubiaceae), which contain N,N-dimethyltryptamine (DMT).>* Acute administration
induces an altered mental state characterized by changes in perception and cognition,
visionary experiences, intense emotions, and the retrieval of autobiographical memories.’

AY has been investigated in clinical and observational studies as a potential
therapeutic approach for psychiatric disorders, including depression, anxiety, substance use
disorders, alcoholism, and tobacco use. Evidence indicates that AY may promote rapid and
sustained reductions in depressive and anxiety symptoms, including in individuals with
treatment-resistant depression, as well as being associated with decreased alcohol and tobacco
use. In light of these findings, its effects have been considered comparable to, and in some
contexts superior to, those observed with conventional pharmacological and
psychotherapeutic approaches, particularly in refractory populations.*®

Rats and mice are widely used as experimental models due to their high genetic and
functional similarity to humans.>!® Accordingly, studies using these rodents have contributed
to elucidating some of the mechanisms of action of AY. AY demonstrated utility in stress- and
trauma-related disorders by promoting the reconsolidation and extinction of aversive
memories through the activation of serotonergic receptors.!! Complementarily, AY showed
anxiolytic effects associated with increased activation of brain regions involved in emotional
processing and the serotonergic pathway.!> AY was able to attenuate ethanol-induced
withdrawal syndrome through the modulation of serotonergic receptors and prodynorphin,
suggesting a potential therapeutic role in the treatment of alcohol use disorder.!> Moreover,
AY may represent a promising therapeutic approach for stroke by reducing levels of
inflammatory and oxidative stress markers in rats subjected to a middle cerebral artery
occlusion model.!*

In vitro studies using human brain cells are scarce. To date, only one article has used

undifferentiated neurons (SH-SY5Y)."> Two others examined AY components: harmine in
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human neural progenitor cells (h(NPCs) and DMT in primary astrocytes.'®!” The latter study
examined the metabolic effects of DMT on human astrocytes, identifying modulation of
pathways associated with dopamine biosynthesis, vitamin B6 and B3 metabolism, and
branched chain amino acid (BCAA) metabolism.!”

Significant gaps remain in understanding astrocytic responses to AY exposure.
Astrocytes are the most abundant and heterogeneous glial cell type in the central nervous
system (CNS) and maintain homeostasis and brain defense through multiple mechanisms:
regulation of neuronal energy metabolism, uptake and recycling of neurotransmitters, release
of gliotransmitters (e.g., ATP), coordination of synaptogenesis and synaptic plasticity,
maintenance of blood—brain barrier integrity, and local blood flow modulation.'®!® Under
conditions of injury, chronic stress, or neuropsychiatric disease, astrocytes adopt a reactive
phenotype, characterized by morphological and functional changes that can be either
protective or detrimental.?’

Although some neuromodulatory properties of B. caapi, P. viridis, and their
components have been demonstrated, further experimental evidence is required to elucidate
the mechanisms underlying these effects. In the present study, we investigated whether AY is
capable of inducing relevant astrocytic alterations, with potential beneficial effects on cellular
and molecular mechanisms involved in inflammation, cellular protection, and the

maintenance of homeostasis and plasticity of the central nervous system in human astrocytes.

Methods

Cell culture

Normal human astrocytes (NHA) consist of primary, normal, non-transformed, and
non-immortalized cells that preserve the physiological mechanisms of cell cycle control,
genomic stability, and the functional phenotype characteristic of astrocytes.?! The NHA cell
line, obtained from the European Collection of Authenticated Cell Cultures (ECACC, UK),
was provided to our research group by Prof. Dr. Rosy lara Maciel de Azambuja Ribeiro,
Experimental Pathology Laboratory, Federal University of Sao Jodo del-Rei (UFSJ). The cells
were maintained in a humidified incubator (AutoFlow NU-8500, NuAire, USA) with 5% CO»
at 37 °C and cultured in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with
10% fetal bovine serum (FBS) and 1% penicillin-streptomycin (P/S). All reagents were
obtained from Sigma-Aldrich (USA). This study did not require ethical approval, as the data
were obtained exclusively from commercially acquired cell lines, in accordance with

Communication No. 13/2012 of the Research Ethics Committee involving Human Subjects of
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the Federal University of Uberlandia (CEP/UFU), which states that research of this nature

does not require ethical review.

Plant material

A single batch of AY was used throughout the study. It was prepared and provided free
of charge by the Centro Espiritual AYA Medicina, located in the city of Uberlandia, Minas
Gerais, Brazil. After receipt of the prepared decoction, the material was stored at —80 °C in an
ultra-low temperature freezer (CryoCube F570, Eppendorf, Germany). After 24 h, it was
transferred to a lyophilizer (L101, Liobras, Brazil) and lyophilized for 36 h. This study was
registered in the National System for the Management of Genetic Heritage and Associated
Traditional Knowledge (SisGen; registration no. ASOACS1). The lyophilized AY extract was
dissolved in dimethyl sulfoxide (DMSO) (Nova Biotecnologia, Brazil) to obtain a stock
solution at a concentration of 1 g/mL. For the experiments, the stock solution was diluted in

DMEM to the desired concentrations.

Cell viability assay

NHA cells were seeded in 96-well plates at a density of 1 x 10* cells per well, with
four wells per experimental group, under basal culture conditions, and maintained for 24 h in
a humidified incubator at 37 °C with 5% CO; to allow cell adhesion. After this period, the
experimental treatments were initiated. The AY groups were treated with the extract at
concentrations of 0.5, 1, 2, 5, 10, 20, 50, 100, 200, and 300 pg/mL. The control group
received DMEM only, whereas the vehicle control groups were treated with DMSO at
concentrations of 0.3, 0.05, and 0.01%, corresponding to the final DMSO concentrations
present in the AY-treated groups at 300, 50, and 10 pg/mL, respectively. DMSO was used as a
solvent at concentrations below 0.5%, based on literature evidence indicating the absence of
relevant effects on cell viability, morphology, and GFAP expression in astrocytes under these
conditions.?

In parallel, an additional experiment with a 72 h treatment period was performed,
including the AY10 and AY50 groups, control, and vehicle control groups (0.05 and 0.01%
DMSO), with the aim of investigating potential cytotoxic effects resulting from prolonged
exposure. The assessment of cell viability at 24 and 72 h allowed the identification of acute
and prolonged effects, respectively, providing a more comprehensive evaluation of toxicity.*?
Cell viability was assessed using the resazurin reduction assay, which is directly proportional

to the number of metabolically active cells.?* Briefly, four hours before the end of the
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treatment period, resazurin (Sigma-Aldrich) was added to each well at a final concentration of
10%. After four hours of incubation, the absorbance of the reduced dye, resorufin, was
measured at wavelengths of 570 and 600 nm. Cell viability was expressed as a percentage
relative to the control group (DMEM only). Data were analyzed using one-way ANOVA
followed by Tukey’s post hoc test.

Cytochemistry: calcein and propidium iodide

NHA cells were seeded in 96-well plates at a density of 1 x 10* cells per well, with
two wells per group, and maintained until adhesion. Subsequently, cells were treated for 24 or
72 h. The experimental groups AY10 and AY50 were treated with 10 and 50 pg/mL of the
extract, respectively, whereas the control group and the vehicle control corresponding to the
AY50 group received DMEM medium alone and 0.05% DMSO, respectively. Cells were then
incubated for 30 min with 3 puM calcein-AM and 2.5 pM propidium iodide (both from Sigma-
Aldrich). Calcein-AM is a lipophilic molecule that permeates the membrane of living cells
and is hydrolyzed by intracellular esterases, generating green fluorescentcalcein and thereby
selectively labeling metabolically active cells. In contrast, propidium iodide penetrates only
cells with compromised membranes, intercalates into nuclear DNA, and emits red
fluorescence, enabling the identification of dead cells.?® After incubation, cells were analyzed
using an inverted fluorescence microscope (Nikon Tsi, Nikon, Japan) at 200x magnification.
Cell counting was performed in four distinct fields from two wells using ImagelJ software to
determine the proportion of live and dead cells under each condition. Statistical analysis was

performed using one-way ANOVA followed by Tukey’s post hoc test.

Oxidative stress assessment: measurement of reactive oxygen species

Cells were seeded in black 96-well plates at a density of 1 x 10* cells per well, with
four wells per group, and maintained until adhesion. Cells were then treated for 1, 3, or 24 h.
The experimental groups AY10 and AYS50 received 10 and 50 pg/mL of the extract,
respectively, whereas the control group and the vehicle control groups corresponding to AY 10
and AY50 received DMEM medium alone and DMSO at concentrations of 0.05% and 0.01%,
respectively. After treatment, the medium was removed, and cells were incubated with 10 uM
2'7'-dichlorodihydrofluorescein diacetate (DCFH-DA) (Cayman Chemical, USA) for 30 min.
For autofluorescence control (blank group), 100 uL. of PBS was added to six wells. DCFH-
DA is internalized by cells and cleaved by intracellular esterases to form

dichlorodihydrofluorescein, which, upon oxidation by reactive oxygen species (ROS), is
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converted into the fluorescent molecule dichlorofluorescein.?® After incubation, fluorescence
was measured using a microplate fluorescence reader (Synergy LX, BioTek, USA) with an
excitation filter at 495/20 nm and an emission filter at 530/30 nm. Results were expressed as
the mean fluorescence of each group after subtraction of the mean blank value, and values are
presented in units of 10°. The Kruskal-Wallis test followed by Dunn’s post hoc test was
applied.

Immunofluorescence

Cells were seeded in 96-well plates at a density of 1 x 10* cells per well, with three
wells per group, and maintained until adhesion. They were then treated for 24 h. The extract
was administered to the AY10 and AYS50 groups at concentrations of 10 and 50 pg/mlL,
respectively, whereas the control and AY50 vehicle control groups received only DMEM
medium and 0.05% DMSO, respectively. After this period, the treatment was removed, and
cells were washed twice with 0.01 M phosphate-buffered saline (PBS, pH 7.4) and fixed with
4% paraformaldehyde (ExodoCientifica, Brazil) for 15 min.

Primary antibodies [rabbit anti-GFAP (Dako, Denmark), rabbit anti-NGFRp75 (Imuny,
Brazil), rabbit anti-IL-6 (Santa Cruz Biotechnology, USA), and rabbit anti-S1008 (Imuny)]
were incubated for 24 h in 1% BSA (Sigma-Aldrich) and 0.1% Tween at 4 °C. After two
washes with PBS, the secondary antibody [goat anti-rabbit Alexa Fluor 594 (Thermo Fisher
Scientific, USA)] was incubated for 2 h at room temperature in the dark. Following two
additional PBS washes, the nuclear marker DAPI (Sigma-Aldrich), diluted in PBS and
glycerol (Imbralab, Brazil) (1:1), was added and incubated for 10 min in the dark. After a
final wash, five images per well were acquired using an inverted Nikon Tsi fluorescence
microscope at 200x magnification.

Microscope settings were adjusted to achieve an optimal signal-to-noise ratio and
standardized based on the control group, and then maintained for all other groups. Mean
fluorescence intensity was determined by image processing using ImageJ software, and
results were expressed as pixel density in units of 10°. Data were analyzed using one-way

ANOVA followed by Tukey’s post hoc test.

Statistical analysis
Graphs and statistical analyses were performed using GraphPad Prism software
(version 8.4.0; GraphPad Software, USA). Data normality was assessed using the Shapiro—

Wilk test. All data are presented as mean + SEM, and results were considered statistically
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significant when p < 0.05, as determined by one-way ANOVA followed by Tukey’s multiple
comparisons test for parametric data, or by the Kruskal-Wallis test followed by Dunn’s

multiple comparisons test for nonparametric data.

Results

AY did not induce cytotoxic effects in NHA cells at concentrations up to 50
pg/mL.

Cell viability was initially assessed to determine whether the samples exerted toxic
effects on NHA cells. Overall, most tested concentrations did not induce significant
cytotoxicity, as determined by the 24 h resazurin reduction viability assay (Figure 1A). The
control group exhibited a mean viability of 100.0 £ 1.1%, whereas cells exposed to increasing
doses of AY (ng/mL) showed the following values: 0.5, 96.4 + 2.3%; 1, 97.8 = 2.2%; 2, 99.9
+0.6%:; 5, 99.0 £ 2.5%; 10, 99.0 £ 0.5%; 20, 95.0 £ 0.4%; and 50, 95.7 + 0.7%.

In contrast, higher concentrations of AY (100, 200, and 300 pg/mL), which yielded
viabilities of 88.3 + 3.0%, 86.0 + 1.6%, and 83.4 + 1.8%, respectively, resulted in reductions
in cell viability exceeding 10% and were statistically significant compared with the control
group (p < 0.05). The vehicle DMSO proved to be safe, as it did not affect cell viability at any
tested condition. Vehicle control values corresponding to AY doses of 300, 50, and 10 pg/mL
were 100.8 £ 0.8%, 101.7 £ 1.2%, and 103.4 + 1.2%, respectively.

Based on the determination that 50 pg/mL was the highest non-cytotoxic dose,
concentrations of 10 and 50 pg/mL of crude AY extract were selected for subsequent
experiments. At a dose of 10, a different response from the control was initiated, and from a
dose of 50 onwards, cell viability began to be compromised; therefore, the chosen doses were
10 and 50 pg/mL.Over a 72 h treatment period, AY at 10 and 50 pg/mL likewise did not affect
cell viability (Figure 1B). The control group showed a viability of 100.0 = 1.1%, whereas
cells treated with AY at 10 and 50 pg/mL exhibited viabilities of 97.1 + 0.3% and 95.4 +
1.7%, respectively. The corresponding vehicle control groups presented viabilities of 97.1 +
0.3% and 98.6 + 1.3%, respectively.

Cell viability was also assessed using calcein-AM and propidium iodide staining. As
expected, the treatment was well tolerated at the tested doses, both after 24 hours (Figure 2A
and C) and after 72 hours of exposure (Figure 2B), as the proportions of live and dead cells
across all experimental groups were comparable to those of the control, with no statistically
significant differences. After 24 hours, cell viability in the control group reached 98.0 + 0.5%.
Cells treated with AY at concentrations of 10 and 50 pg/mL exhibited viabilities of 97.9 +
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0.6% and 95.1 + 0.7%, respectively, whereas the vehicle group presented a viability of 98.3 +
0.6%. After 72 hours, the control group displayed a viability of 95.5 + 2.1%. Under the same
conditions, AY-treated groups at 10 and 50 pg/mL achieved viabilities of 99.3 + 0.2% and
98.3 £ 0.4%, respectively, while the vehicle group reached 96.9 + 0.7%.

ROS quantification was also not affected by AY. Analyses were performed at 1, 3, and
24 hours (Figure 2D). Fluorescence results are expressed in units of 10°. At the 1-hour time
point, values of 6.7 = 1.1 were observed for the control group, 6.5 £ 0.8 and 5.5 + 0.5 for AY
doses of 10 and 50 pg/mL, respectively, and 7.1 £ 0.8 for the vehicle group. At 3 hours, the
values were 6.2 £ 0.5 for the control, 7.0 = 0.7 for the 10 pug/mL dose, 6.2 £ 0.4 for the 50
pug/mL dose, and 6.3 + 0.7 for the vehicle. At 24 hours, the results were 5.1 + 0.3 for the
control, 5.1 £ 0.2 for the 10 pug/mL dose, 5.0 £ 0.3 for the 50 pg/mL dose, and 5.2 + 0.3 for

the vehicle group.

AY increases GFAP expression without altering S100p levels

Astrocytes treated with 50 pg/mL AY exhibited a significant increase in GFAP levels
(Figure 3F-J), reaching 2.8 + 0.2 compared with the control group (p = 0.0036). The
remaining groups showed values similar to the control (1.8 £ 0.2); treatment with 10 pg/mL
AY resulted in 2.2 + 0.2, and the vehicle group showed 1.8 + 0.2. In contrast, S100B levels
remained unchanged at both AY doses (Figure 3A—E). The control group (8.1 + 0.5) was
comparable to all other groups: AY 10 pg/mL (6.8 £ 0.5), AY 50 pg/mL (7.2 + 0.4), and
vehicle (7.0 £ 0.5).

IL-6 and NGFRp75 indicate positive effects of AY treatment

Administration of AY and the vehicle resulted in significant reductions in interleukin-6
(IL-6) expression (p < 0.01), as illustrated in Figure 3K—O. The control group exhibited a
value of 3.2 £ 0.2, whereas treatment with AY at 10 and 50 pg/mL decreased this parameter to
2.4 £ 0.1 and 2.3 + 0.1, respectively, an effect comparable to that observed in the vehicle
group (2.2 + 0.1). Notably, the vehicle-treated group displayed a reduction similar to that of
the AY-treated groups relative to the control, indicating that this effect may be attributable to
the vehicle DMSO.

In contrast, exposure to AY at 50 pg/mL markedly increased NGFRp75 expression (p
< 0.0001), as shown in Figure 3P-T. Expression levels were 5.6 + 0.5 in the control group, 5.9
+ 0.5 in the vehicle group, 5.8 + 0.6 in the AY 10 group, and 10.8 + 0.7 in the AY50 group.
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Discussion

Normal Human Astrocytes (NHA) constitute a relevant in vitro model for
investigating CNS-targeted therapies, as they are non-transformed human cells that preserve
key physiological characteristics of astrocytes found in normal brain tissue.?” This model has
been widely used in studies on neurotoxicity, neurogenesis, brain injury, and
neurodegenerative disorders.”>? Therefore, NHA cells provide an appropriate system for
evaluating CNS-directed compounds, as they recapitulate human-specific responses, avoid
species-related limitations of animal models, and allow more direct and controlled analyses of
cellular effects.’!

The use of AY has increased markedly in recent decades, reflecting its growing
consumption and stimulating scientific interest in its biological effects and therapeutic
potential. AY may exert significant effects on astrocytes, which is particularly relevant given
that psychiatric disorders such as depression, anxiety, and stress-related conditions—where
AY has been investigated—are associated with astroglial dysfunction.*® In these conditions,
astrocytes show impairments in neurotransmitter modulation, inflammatory regulation, and
synaptic homeostasis.*> Thus, AY may influence key molecular mechanisms underlying these
disorders, highlighting the importance of understanding its effects on astroglial function to
better elucidate its therapeutic potential.

In our study, treatment with AY promoted a significant increase in the expression of
GFAP and NGFRp75. In addition, its safety was evidenced by the absence of changes in cell
viability, ROS production, and the inflammatory markers evaluated.

In this context, treatment of astrocytes with AY did not alter cell viability at any time
point, indicating that AY neither induces cell death nor stimulates proliferation, as it did not
decrease or increase viability values. Cell viability was also assessed by calcein and
propidium iodide staining, expressed as the difference between live and dead cells.®* Analyses
performed under the same time and dose conditions confirmed the previous findings, further
supporting the safety of the treatment.

ROS play essential roles in the regulation of several physiological processes in all
cells, including intracellular signaling, modulation of signal transduction pathways, and gene
expression. However, excessive ROS production promotes oxidative stress, compromising
cellular integrity through macromolecular damage, alterations in mitochondrial function, and
activation of pathways that may culminate in apoptosis or necrosis.>* Treatment with AY did
not affect ROS production at 1, 3, or 24 hours, as no statistically significant differences were

observed among the experimental groups at any of the evaluated time points. Nevertheless,
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the 24-hour time point exhibited overall ROS levels lower than those observed at 1 and 3
hours, suggesting cellular adaptation over the incubation period, independently of the
treatment.> Additionally, DMSO, although described in the literature as an antioxidant, did
not exert a measurable antioxidant effect at the 0.05% concentration, as the vehicle control
group presented ROS levels statistically equivalent to those of the control group.’® These
findings were consistent with the cell viability data, since the maintenance of physiological
ROS levels was accompanied by preservation of cellular integrity and metabolism, indicating
that the treatment did not induce oxidative stress.

Interleukin-6 (IL-6) is a pro-inflammatory cytokine implicated in neuroinflammation
and psychiatric disorders, with elevated levels reported in patients with mental disorders and
in astrocytes exposed to stress.’”*® In the present study, AY treatment did not significantly
alter IL-6 levels compared with the vehicle group. This finding should be interpreted with
caution, as DMSO, used as a vehicle, exhibits well-documented anti-inflammatory properties
that may have masked extract-specific effects, suggesting that the reduction observed relative
to the untreated control is predominantly attributable to the vehicle.>® Overall, evidence
indicates that AY-related effects on IL-6 are heterogeneous and depend on the experimental
model, inflammatory context, and concentration employed.*#%:4!

GFAP, a structural protein belonging to the type III intermediate filament family, is
responsible for maintaining the structural support and cytoskeletal integrity of astrocytes and
reflects their level of activity; in this context, increased GFAP expression indicates adaptive
astrocytic activation.*** The increase in GFAP expression observed at the dose of 50 ug/mL
suggests the activation of an astroglial response consistent with a functional state of
astrogliosis, associated with adaptive mechanisms of structural support, neural plasticity, and
maintenance of tissue homeostasis, rather than processes of injury or cellular damage.

NGFRp75 is a low-affinity receptor for neurotrophins, including nerve growth factor
(NGF) and brain-derived neurotrophic factor (BDNF), and plays a relevant role in the
regulation of glial plasticity, cellular adaptation to stress, and signaling pathways associated
with neural survival and remodeling.***> In astrocytes, the expression of this receptor has
been associated with states of functional activation, in which these cells may acquire a
phenotype that is more responsive to the lesional microenvironment.*¢ In addition, NGFRp75
has been implicated in injury-related responses, including astrocyte proliferation and
neuroprotective signaling, as well as in pathological conditions such as Parkinson’s disease
and epilepsy, where its expression is upregulated following neural damage or hyperexcitable

states.***% In this context, the increase in NGFRp75 expression observed concomitantly with
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the elevation of GFAP indicates that the treatment induced not only structural changes but
also potentially functional modifications in astrocytes. Thus, the concomitant upregulation of
GFAP and NGFRp75 suggests that the treatment promoted structural and possibly functional
alterations in astrocytes, consistent with an adaptive response of the nervous tissue.

S100p acts as a biomarker of brain injury, as its concentration increases in response to
glial damage. It is a member of the S100 family of calcium-binding proteins and is also
widely used as a marker of mature astrocytes.*’ Unlike GFAP, S100B is a soluble and secreted
protein, released into the extracellular milieu mainly under conditions of tissue damage,
which makes it an important serum biomarker of brain injury.***’ At physiological levels,
S100B exerts neurotrophic and protective effects; however, at elevated concentrations, it may
act in a pro-inflammatory and neurotoxic manner, contributing to the progression of
degenerative processes.*’ In the present study, no changes in S100p levels were observed in
human astrocytes treated with AY, corroborating the safety profile observed in the other
assays, including cell viability, ROS production, and IL-6 expression.

Some limitations should be considered when interpreting these findings. The
experimental design was based primarily on short exposure periods of 24 hours, with only one
viability assay extended to 72 hours, which restricts conclusions to acute effects and does not
allow assessment of long-term responses. In addition, DMSO was used as the solvent, and its
known anti-inflammatory properties may have interfered with the evaluation of the
inflammatory marker IL-6, potentially masking specific effects attributable to AY.

In conclusion, AY’s action on astrocytes, evidenced by the increased expression of
GFAP and NGFRp75, reinforces its potential as a modulator of glial function. Notably, this
study provides the first evidence demonstrating that ayahuasca modulates the astrocytic
markers p7SNGFR and GFAP, representing a novel contribution to thefield. These findings are
relevant, as reduced levels of these markers have been associated with astrocytic dysfunction,
a recurring component in the pathophysiology of different psychiatric disorders.Thus, the
results broaden the understanding of the cellular mechanisms of AY and support its possible
therapeutic role in conditions associated with astrocytic dysfunction. The versatility and broad
capacity of AY to modulate astrocytic functions underscore promising prospects for future
research on this compound. It is expected that this initiative will contribute to the
development of more effective therapies capable of restoring glial homeostasis and
attenuating dysfunctions associated with various psychiatric and neurological disorders,

thereby expanding the translational potential of AY.
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Figure and Legends
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Figure 1. Analysis of cell viability of human astrocytes treated with different concentrations
of ayahuasca. A) 24-hour resazurin reduction test with increasing doses of AY (0.5 to 300
pug/mL), control (DMEM only), and vehicle (0.3, 0.05, and 0.01% DMSO). B) 72-hour
resazurin reduction test with two non-toxic doses (10 and 50 pg/mL, identified in A), control

(DMEM only), and DMSO vehicle (0.05 and 0.01%). * indicates p < 0.05



43

B.
150+ 150+

g 100+ & 1004

%,

Cell Viability (
Cell Viability (%

50+

T T T T =7 T
Control Vehicle AY10 AY50 Control Vehicle AY10 AYS50

control 24 h

£
<
™~
o
5
<

B 3 control B AY10
P =2 vehicle E@ AY50
: |.F :

S Al I u 3T:
o ] & &
© ol e
% 4 ] :
? ]
o i
: 2 .
(7] 4]
8 5]
0 T T T
1h 3h 24h

Figure 2. A—B) Effect of ayahuasca on cell viability measured by markers of live (calcein-
AM) and dead (propidium iodide) cells in human astrocytes at 24 and 72 hours, respectively.
Experimental groups included a DMEM-only control, ayahuasca at 10 and 50 pug/mL, and
vehicle controls containing 0.05% and 0.01% DMSO. C) Representative images of calcein
(green) and propidium iodide (red) labeling in control cultures and after 24 hours of treatment
with AY at a dose of 10 pg/mL. D) ROS production measured with DCFH-DA in human
astrocytes at 1, 3, and 24 hours. The following groups were analyzed: DMEM-only control,
ayahuasca at 10 and 50 pg/mL, and a vehicle control containing 0.05% DMSO.
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Figure 3. Immunofluorescence in human astrocytes in the following groups: control (treated
only with DMEM), ayahuasca at 10 pg/mL and 50 pg/mL. A-D) Photomicrographs with blue
(nucleus-DAPI) and red (S100B) labeling. E) Graph showing pixel quantification of red
labeling intensity for S100B. F-I) Photomicrographs with blue (nucleus-DAPI) and red
(GFAP) labeling. J) Graph showing pixel quantification of red labeling intensity for GFAP. K-
N) Photomicrographs with blue (nucleus-DAPI) and red (IL-6) labeling. O) Graph showing
pixel quantification of red labeling intensity for IL-6. P-S) Photomicrographs with blue
(nucleus-DAPI) and red (NGFRp75) labeling. T) Graph showing pixel quantification of red
labeling intensity for NGFRp75. * indicates p < 0.05 and ** indicates p < 0.01. Scale bar: 100

pum.
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