
Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

i 
  

 
 

Campus de Botucatu   

UNIVERSIDADE ESTADUAL PAULISTA – UNESP 

CENTRO DE AQUICULTURA DA UNESP 

 

 

 

 

 

CANABIDIOL AUMENTA O BEM-ESTAR 

DE PEIXES 

 

 

 

Bruno Camargo dos Santos 

 

 

 

 

 

 

Jaboticabal, SP 

2022  

 



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

ii 
  

 
 

Campus de Botucatu   

UNIVERSIDADE ESTADUAL PAULISTA – UNESP 

CENTRO DE AQUICULTURA DA UNESP 

 

 

 

 

 

CANABIDIOL AUMENTA O BEM-ESTAR 

DE PEIXES 

 

 

Bruno Camargo dos Santos 
 

 

Orientadora: Dra. Profa. Adj. Percília Cardoso Giaquinto  
 

 

 

 

Dissertação apresentada ao Programa de 
Pós-graduação em Aquicultura do Centro de 
Aquicultura da UNESP - CAUNESP, como 
parte dos requisitos para obtenção do título 
de Mestre.  
 

 

Jaboticabal, SP 

2022  



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

iii 
  

 
 

Campus de Botucatu   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Santos, Bruno Camargo dos 

S237c Canabidiol aumenta o bem-estar de peixes / Bruno Camargo dos Santos. – 

– Jaboticabal, 2022 

 vi, 81 p. : il. ; 29 cm 

  

 Dissertação (mestrado) - Universidade Estadual Paulista, Centro de 

Aquicultura, 2022 

 Orientadora: Percília Cardoso Giaquinto 

Banca examinadora: Ana Carolina Luchiari, Renato Filev 

 Bibliografia 

  

 1. Comportamento social dos animais. 2. Cannabis. 3. Stress (Fisiologia). 

4. Reprodução. 5. Tilápia-do-Nilo. I. Título. II. Jaboticabal-Centro de 

Aquicultura. 

  

CDU 639.3.05 

  
Ficha Catalográfica elaborada pela STATI - Biblioteca da UNESP 

Campus de Jaboticabal/SP - Karina Gimenes Fernandes - CRB 8/7418 



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

iv 
  

 
 

Campus de Botucatu   

CERTIFICADO DE APROVAÇÃO 

 

TÍTULO DA DISSERTAÇÃO: Canabidiol aumenta o bem-estar de peixes 

 

 

AUTOR: BRUNO CAMARGO DOS SANTOS 

ORIENTADORA: PERCILIA CARDOSO GIAQUINTO 

 

Aprovado como parte das exigências para obtenção do Título de Mestre em 

AQUICULTURA, pela Comissão Examinadora: 

 

 

 
Profa. Dra. PERCILIA CARDOSO GIAQUINTO (Participaçao Virtual) 
Departamento de Biologia Funcional e Estrutural / UNESP, Campus de Botucatu  

 

 

 

 
 
Profa. Dra. ANA CAROLINA LUCHIARI (Participaçao Virtual) 
Departamento de Fisiologia e Comportamento / Universidade do Estado do Rio Grande 
do Norte  

 

 

 

 
Dr. RENATO FILEV (Participaçao Virtual) Departamento de Psiquiatria e Psicologia 
Médica / Universidade Federal de São Paulo (UNIFESP)  

 

 
Jaboticabal, 28 de janeiro de 2022 

 



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

v 
  

 
 

Campus de Botucatu   

SUMÁRIO 

AGRADECIMENTOS .......................................................................... 1 

APOIO FINANCEIRO .......................................................................... 5 

RESUMO.............................................................................................. 6 

ABSTRACT ......................................................................................... 7 

CONSIDERAÇÕES INICIAIS .............................................................. 8 

1. INTRODUÇÃO .......................................................................... 8 

2. INTRODUCTION ..................................................................... 13 

3. OBJECTIVES .......................................................................... 17 

4. MATERIAL AND METHODS ................................................... 17 

4.1. ANIMALS AND EXPERIMENTAL CONDITIONS …........... 17 

4.2. CANNABIDIOL AND TREATED FEED PREPARATION ... 17 

4.3. EXPERIMENTAL DESIGN AND PROCEDURES .............. 19 

4.4. SOCIAL STIMULI – MIRROR TEST ................................... 21 

4.4.1. Aggressive behavior ............................................................ 21 

4.4.2. Stress response – Ventilation rate ...................................... 22 

4.5. NON-SOCIAL STRESS – CONFINEMENT ........................ 22 

4.5.1. Ventilation rate .................................................................... 23 

4.5.2. Plasmatic cortisol level ........................................................ 23 

4.6. FEED INGESTION AND GROWTH VARIABLES ............... 24 

4.7. MORPHOLOGICAL AND HISTOLOGICAL VARIABLES OF 

REPRODUCTION ............................................................... 24 

4.8. STATISTICAL ANALYSIS ................................................... 25 

5. RESULTS ................................................................................. 26 

5.1. AGGRESSIVE BEHAVIOR ……………............................... 26 

5.2. SOCIAL STRESS …………………....................................... 28 

5.3. NON-SOCIAL STRESS ………………….............................. 30 

5.4. FEED INGESTION AND GROWTH VARIABLES …............ 32 

5.5. MORPHOLOGICAL AND HISTOLOGICAL VARIABLES OF 

REPRODUCTION ………………………………………..……. 33 

6. DISCUSSION ............................................................................ 35 

7. CONCLUSIONS ........................................................................ 47 

REFERENCES ..................................................................................... 48 

 

 



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

1 
  

 
 

Campus de Botucatu   

AGRADECIMENTOS 

Gostaria de agradecer primeiramente minha família. Durante toda minha 

vida sempre ouvi que a família é a nossa maior base, mas acho que nunca de fato 

me dei conta do sentido real e mais profundo dessa frase. Ao longo de minha vida 

venho a ressignificando e hoje posso dizer que tenho muita sorte em ter uma família 

como a minha, na qual me sinto muito amado e acolhido por todos sem exceção, 

muito obrigado de verdade por todo carinho.  

Gostaria de fazer um agradecimento especial às mulheres mais incríveis 

desse mundo, minha mãe Selma Maria Leite de Camargo e minha avó Marta 

Guidolino. Não tenho nem palavras pra descrever tudo o que vocês já fizeram em 

minha vida. Obrigado por nunca deixarem faltar amor, por sempre me apoiarem de 

todas as formas possíveis, por todos os ensinamentos e por todos os valores 

transmitidos. A cada dia que passa, vejo cada vez mais que sou uma versão menor 

de dona Selma, com lampejos de dona Marta. E tenho muito orgulho disso! Mãe 

você é a pessoa mais batalhadora que eu conheço, determinada, honesta, muito 

“humana” em um mundo cada vez menos humano, consegue enfrentar qualquer 

parada, carregar o peso do mundo nas costas, e sempre com uma alegria 

inabalável e com um olhar carinhoso pra quem está ao seu lado. Obrigado por 

sempre apoiar meu sonho de talvez um dia vir a me tornar um pesquisador. Num 

mundo onde a profissão incrível de “biólogo” ainda é muito desvalorizada e mal 

remunerada, você nunca me questionou sobre tal escolha, sempre me deixou livre 

pra trilhar meus caminhos e correr atrás de meu sonho. Até mesmo em cenários 

muito adversos como o que vivemos hoje na ciência, você nunca deixou de me 

apoiar e acreditar em mim, você não tem ideia da força que me dá pra seguir em 

frente. Escrever essa dissertação hoje é o mínimo de retribuição que eu poderia 

dar por todo esse apoio, espero poder lhe retribuir muito ainda com a pessoa e 

profissional que venho me tornando durante essa caminhada, obrigado por me 

permitir sonhar. E vó, não posso deixar de reconhecer o quão batalhadora a 

senhora também é, além de uma excelente mãe, pois criou 7 filhos sozinha (todos 

excelentes pessoas) e também contribuiu para minha criação e formação como 

uma segunda mãe. Obrigado por ser uma grande ouvinte e conselheira, por toda 

paciência, por todos ensinamentos e por sempre me nutrir com muito amor. Como 

eu disse acima sou uma pequena Selma, mas as vezes tenho que resgatar minha 



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

2 
  

 
 

Campus de Botucatu   

Dona Marta interior pra contrabalancear essa vida louca. Meus mais sinceros 

agradecimentos às duas, amo vocês demais! 

Agradeço também a todo meu laboratório. Estava meio reflexivo durante a 

escrita da dissertação e me dei conta que fazem 6 anos que faço parte deste 

laboratório. Nestes 6 anos conheci pessoas incríveis, que me fizeram crescer como 

profissional e também como pessoa. Obrigado à: Vanessa, Rafaela, Adriana, 

Clarissa, Marciano, Juliane Campos, Isabela Mello, Nina, João, Juliana Lunardi, 

Raúl, Fábio, Assaf, Prof. Rodrigo, Prof. Helton, Renata, e outros que tiveram 

passagens mais rápidas no laboratório, pela convivência, ajuda neste trabalho, 

crescimento e também por me aturarem, que as vezes não é fácil. Gostaria de 

agradecer ao Bruno Goiano em especial, por todo o acolhimento logo que entrei no 

laboratório, foi muito bom e importante ter alguém tão curioso, empolgado e pronto 

pra discutir ciência em qualquer momento como você ao meu lado, você não tem 

ideia do quanto contribuiu para minha formação! Não poderia deixar de agradecer 

minha orientadora Dra. Percília Cardoso Giaquinto, que durante todos estes 6 anos 

esteve presente em minha caminhada. Lembro de quando fui pedir estágio para 

senhora, numa aula de fisiologia comparada. Perguntei como estava minha 

situação de faltas na disciplina, e logo em seguida já emendei um estágio. Nunca 

imaginei que continuaria 6 anos neste lugar que pedi esse estágio tão 

despretensioso. E hoje agradeço por ter me acolhido, pela convivência e todo 

aprendizado durante todos esses anos. Gosto muito da relação orientador-

orientado que construímos, pautada sempre em muita honestidade e debate. 

Obrigado por toda paciência, por sempre me deixar livre para trabalhar com o que 

tenho interesse, por sempre buscar transmitir ensinamentos sobre escrita e 

metodologia científica, os quais hoje vejo que fazem total diferença na formação de 

pesquisadores de qualquer área, essa escola Volpato é forte mesmo. Obrigado 

também por me acolher no mestrado, onde passava por um momento difícil em 

minha vida, e por confiar no meu trabalho. Acho que meu perfil profissional 

encontrou um ótimo “fit” com sua orientação, o que contribuiu demais para meu 

crescimento científico. Além da relação orientador-orientado também agradeço 

pela amizade que desenvolvemos durante todo esse período. Ainda temos mais 

um ano juntos pela frente no laboratório, e depois, independente dos caminhos 

espero levar essa relação sempre junto de mim. 



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

3 
  

 
 

Campus de Botucatu   

Agradeço também a CNPq pelo financiamento e ao CAUNESP por todo 

suporte. Agradeço ao Dr. Renato Filev, à Prof. Dra. Eliane Gonçalves-de-Freitas, 

ao Prof. Dr. Rafael Henrique Nóbrega, à Maira da Silva Rodrigues e ao Daniel 

Fernandes da Costa pelo apoio de cada um neste trabalho, que foi fundamental 

para a construção desta dissertação. Agradeço também ao meu psicólogo Edson 

Laino, que não me ajudou com o conteúdo específico dessa dissertação, mas sua 

ajuda foi fundamental para que eu completasse esse ciclo do mestrado. 

Gostaria de agradecer a todos os amigos que Botucatu me proporcionou, 

com certeza vocês contribuíram e contribuem muito também para a pessoa e 

profissional que venho me tornando. Obrigado a todo pessoal da não mais existente 

república Só-Kanela que me acolheu ao chegar em Botucatu. A convivência 

naquela sala tão marcante em minha memória, ajudou a contribuir e muito pelo meu 

interesse pela ciência. Conviver com alunos de graduação, mestres e doutores das 

mais distintas áreas, tomando uma Bavária e discutindo ciência, da aplicação dos 

nano sensores com o Bogomiu até o silenciamento genético das larvas do 

Lacrimoso, tentando juntar tudo isso com comportamento e fisiologia de peixes, 

gerando ideias que nunca saíram do plano dos pensamentos (mas que um dia 

sairão), foi um diferencial em minha trajetória, obrigado! Agradecer também em 

especial ao meu querido amigo Tonelada, por todo apoio emocional, 

companheirismo, e aumento de bem-estar que você me proporcionou durante todo 

mestrado. O bar do Concha não é mais o mesmo sem você, obrigado por me ajudar 

a me manter bem e lúcido durante esse período tão desgastante psicologicamente. 

Gostaria de agradecer em especial também a minha casa de veraneio em 

Botucatu, composta por: Isabela Guermandi, Marina Bellot e Stephanie Grimaldi. 

Essa casa também ganhou um lugar especial em minha memória, seja na 

realização dos Happy hours depois do laboratório, que de duas cervejinhas 

acabavam muitas vezes se transformando em muito mais, ou mesmo nas trocas de 

ideias cotidianas sobre problemas da vida, cada um sempre apoiando o outro e 

nunca deixando ninguém cair, ou mesmo em momentos que só nos reuníamos pra 

falar um milhão de groselhas e fofocar. Obrigado de verdade, o meu período de 

mestrado foi muito mais feliz com vocês ao meu lado. Abro parênteses para a 

Marina e Isabela, que além de grandes amigas durante longa data, foram também 

companheiras de laboratório durante todo mestrado e iniciação científica. O 



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

4 
  

 
 

Campus de Botucatu   

crescimento que vocês me proporcionaram profissionalmente e pessoalmente 

durante o mestrado com certeza me mudou significativamente como pessoa, e pra 

melhor (p <0.001)! Carrego hoje na forma de pensar, de escrever, de me relacionar 

com os outros um mix de nós três, e tenho muito orgulho disso, pois vocês são 

pessoas e profissionais incríveis! Marina e Isabela já defenderam seus trabalhos 

de mestrado e estão trilhando outros caminhos, e eu também trilharei caminhos 

diferentes, então independente de onde a vida nos levar saibam que sempre 

carregarei um pouco de vocês em quem eu sou e sempre serei muito grato por tudo 

que já fizeram e fazem por mim, contem sempre comigo, amo vocês! 

Por último e não menos importante gostaria de agradecer a minha namorada 

Ana Clara, que ao menor sinal de perturbação de minha homeostase emocional 

sempre se fez presente e pronta pra me ajudar, seja ouvindo longos desabafos e 

dando ótimos conselhos, seja com demonstrações de carinho, seja com sua 

simples presença. Sou muito sortudo em ter uma pessoa com tamanha 

sensibilidade ao meu lado como parceira. Obrigado muitas vezes por segurar o 

rojão que explode quando chego em meu limite de estresse e por me ensinar a ser 

mais paciente, você não tem ideia do quanto nosso convívio e relação me ajudam 

manter emocionalmente estável num mundo, e caminho profissional tão instáveis. 

Tenho muito orgulho da relação que estamos construindo, da pessoa que você é e 

vem se tornando, e por ter o privilégio de poder caminhar e crescer junto com você, 

muito obrigado por tudo, te amo! 

Acho que como conclusão desses longos agradecimentos, tenho que os 

laços afetivos que construí com familiares, amigos, colegas de trabalho e minha 

namorada são o que fazem valer a pena toda essa trajetória científica, muito mais 

que qualquer p < 0.05. O carinho de vocês me dá muita força para continuar 

seguindo atrás do meu sonho de me tornar um pesquisador na área de 

comportamento animal. Obrigado de coração a todos por estarem presentes e me 

ajudarem durante toda essa caminhada, a presença de vocês em minha vida 

aumenta o meu bem-estar muito mais que o CBD ou qualquer fármaco! 

 

 



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

5 
  

 
 

Campus de Botucatu   

APOIO FINANCEIRO 

O presente trabalho foi realizado com apoio do Conselho Nacional de 

Desenvolvimento Científico e Tecnológico (CNPq), Bolsa de Mestrado, Nº do 

processo: 130881/2019-8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

6 
  

 
 

Campus de Botucatu   

RESUMO 

Na aquicultura, investigar estratégias para melhorar o bem-estar dos peixes, 

mitigando os efeitos adversos do ambiente de criação, é de grande importância. 

Uma substância que tem potencial para aumentar o bem-estar dos animais de 

criação, é o canabidiol (CBD). Em alguns vertebrados, o CBD apresenta 

propriedades ansiolíticas, diminui a agressividade e o estresse, regula a 

reprodução, entre outros efeitos. Portanto, nosso objetivo é verificar o efeito de 

diferentes doses de CBD (0,1,10 e 20 mg/kg) em variáveis comportamentais e 

morfofisiológicas relacionadas ao bem-estar da tilápia-do-Nilo (Oreochromis 

niloticus), como agressividade, estresse e reprodução. A tilápia-do-Nilo é uma 

espécie agressiva e um dos peixes mais cultivados em todo o mundo, constituindo 

um bom modelo de estudo. O CBD foi administrado aos peixes por 5 semanas 

através da dieta. A dose de 10 mg/kg diminuiu a agressividade dos animais ao 

longo do tempo, enquanto a dose de 20 mg/kg atenuou o estresse não-social, e 

ambas as doses diminuíram o nível basal de cortisol e aumentaram o índice 

gonadossomático. Porém, o CBD diminuiu o número de espermatozoides dos 

peixes. Nenhuma dose de CBD afetou qualquer variável de alimentação ou 

crescimento, consequentemente, demonstrando não alterar a produção de carne. 

Assim, a suplementação com CBD pode trazer benefícios para a vida dos animais 

e produtores. Nosso estudo foi o primeiro a utilizar o CBD como ferramenta para 

aumentar o bem-estar dos animais de produção, sendo promissor em peixes e 

apresentando grande potencial a ser explorado em outros animais de produção e 

cativeiro. 

 

Palavras-chave: Comportamento social dos animais, Cannabis, Stress 

(Fisiologia), Reprodução, Tilápia-do-Nilo. 
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ABSTRACT 

In aquaculture, investigating strategies to improve fish welfare mitigating adverse 

effects of the rearing environment is of great importance. A substance that has the 

potential to increase farming animals’ welfare, is cannabidiol (CBD). In some 

vertebrates, CBD presents anxiolytic proprieties, decreases aggressiveness and 

stress, regulates reproduction, among other effects. Therefore, we aimed to verify 

the effect of different CBD doses (0,1,10, and 20 mg/kg) on behavioral and morpho-

physiological variables related to the welfare of Nile tilapia (Oreochromis niloticus), 

such as aggressiveness, stress, and reproduction. Nile tilapia is an aggressive 

species and one of the most farmed fish worldwide. CBD was administered through 

diet to fish for 5 weeks. The 10 mg/kg dose decreased fish’s aggressiveness over 

time, while the 20 mg/kg dose attenuated non-social stress, and both doses 

decreased the non-stressed cortisol level and increased the gonadosomatic index. 

However, CBD decreased the spermatozoa number. CBD did not affect any feeding 

or growth variable, and consequently the meat production. Thus, CBD 

supplementation can bring benefits to animals’ life and producers. Our study was 

the first to use CBD as a tool to increase farming animals’ welfare, being promising 

in fish, and presenting a great potential to be explored in other husbandry and 

captivity animals. 

 

Keywords: Social behavior of animals, Cannabis, Stress (Physiology), 

Reproduction, Nile Tilapia.  
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CONSIDERAÇÕES INICIAIS 

 A tese de mestrado intitulada “Canabidiol aumenta o bem-estar de peixes” 

será apresentada a seguir escrita inteiramente em Inglês. Entretanto, foi incluída 

uma seção inicial “Introdução” em português, para situar o leitor que não tem 

domínio da língua inglesa sobre o assunto que foi pesquisado neste trabalho. 

Gostaria de ressaltar que o conteúdo apresentado nas seções “Introdução” e 

“Introduction” são iguais, mudando apenas a língua em qual este é apresentado. 

1. INTRODUÇÃO 

O bem-estar animal (BEA) vem crescendo como ciência, e diversos estudos 

mostraram a importância de atender às necessidades dos animais para garantir-

lhes uma melhor qualidade de vida (BROOM, 2011; SARAIVA; ARECHAVALA-

LOPEZ, 2019; VON KEYSERLINGK; WEARY, 2017). Existem três principais 

concepções científicas do que é AW. A primeira é baseada em uma abordagem 

“natural-living”, e para estar em um bom nível de bem-estar, os animais precisam 

ser capazes de expressar em cativeiro comportamentos que eles teriam em 

ambientes naturais (FRASER et al., 1997; VON KEYSERLINGK ; WEARY, 2017). 

A segunda concepção de AW leva em conta as preocupações com o “estado 

afetivo” dos animais. Assim, para estar em boas condições de vida, os animais 

precisam estar livres de sofrimentos intensos e prolongados de dor, medo, fome e 

outros estados afetivos negativos (DUNCAN, 2004; FRASER et al., 1997). A 

terceira e última concepção de AW é a mais adotada pelos pecuaristas e se baseia 

em uma “abordagem funcional”, na qual, para estar em um bom nível de bem-estar, 

os animais devem ter uma boa funcionalidade dos sistemas biológicos e boa saúde 

quando são lidar com seus ambientes (FRASER et al., 1997; MARTINS et al., 

2012). No entanto, Fraser et al. (1997) sugeriram que essas três concepções de 

AW estão intrinsecamente conectadas e que as melhores práticas de AW irão 

abordar as preocupações dessas três abordagens. Por exemplo, permitir que o 

gado leiteiro procure sombras em dias quentes (comportamento natural), evita que 

as vacas se sintam desconfortáveis com o calor (estado afetivo) e também reduz 

os problemas de saúde associados ao estresse térmico (funcionalidade biológica) 
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(VON KEYSERLINGK et al., 2009; VON KEYSERLINGK; WEARY, 2017). Os 

preceitos dessa abordagem integrativa de AW estão sendo incluídos 

gradativamente na pecuária, como bovinos e aviários, porém, na aquicultura, essa 

abordagem ainda é incipiente (SARAIVA; ARECHAVALA-LOPEZ, 2019).  

Na aquicultura, os animais são geralmente expostos a diversos estressores 

que afetam seu bem-estar, como, por exemplo, alterações na qualidade da água 

(MARTINS et al., 2009), manejos (por exemplo, classificação, captura e transporte 

(CONTE, 2004)) e altas densidades de estoque (ELLIS et al., 2002; MARTINS et 

al., 2012). Em geral, todos esses estressores induzem alterações fisiológicas, como 

aumento dos níveis de cortisol por exemplo (BARRETO; VOLPATO, 2006; 

MARTINS et al., 2012; WINBERG; OVERLI; LEPAGE, 2001). Essas respostas 

fisiológicas ao estresse podem levar a efeitos comportamentais e morfológicos nos 

peixes, como diminuição do desempenho reprodutivo (BILLARD; BRY; GILLET, 

1981; CONTE, 2004), redução da ingestão alimentar e, consequentemente, ganho 

de peso (MARTINS et al., 2012; WENDELAAR BONGA, 1997). Em particular, a alta 

densidade de estoque na aquicultura pode aumentar o número de confrontos 

agressivos em espécies hierárquicas e territoriais (CONTE, 2004; KEELEY, 2000; 

MARTINS et al., 2012). Embora as interações agressivas sejam um componente 

natural do comportamento de muitas espécies de peixes, altas densidades de 

criação podem aumentar a ocorrência desse tipo de comportamento a níveis acima 

dos observados em ambientes naturais (abordagem natural-vida) (GONÇALVES-

DE-FREITAS et al., 2019). A intensificação da agressividade dos peixes a um nível 

não natural pode ter diversas consequências em cativeiro, como maior gasto 

energético dos animais, aumento do estresse social decorrente da hierarquia de 

dominância, e também aumento de lesões corporais (GONÇALVES-DE-FREITAS 

et al., 2019). Como consequência do aumento das lesões corporais, os peixes 

também sentirão mais dor (estado afetivo). Assim, as condições de criação da 

aquicultura exacerbam o comportamento agressivo dos peixes e diminuem seu 

valor adaptativo (GONÇALVES-DE-FREITAS et al., 2019). 

Todas essas alterações comportamentais e fisiológicas desencadeadas 

pelos ambientes de aquicultura comprometem o bem-estar dos peixes do ponto de 

vista de uma abordagem integrativa de AW, levando em conta as preocupações 

das 3 principais concepções de AW: vida natural, estado afetivo e funcional. 
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Portanto, investigar estratégias que melhorem o bem-estar dos peixes em cativeiro, 

mitigando ao máximo os efeitos adversos gerados pelo ambiente de criação da 

aquicultura, com baixo custo e fácil implantação, mesclando benefícios à vida dos 

animais e do agricultor, é de grande importância.  

Uma substância que atua em diversos sistemas do organismo e, portanto, 

pode ter um grande potencial para aumentar o bem-estar dos animais de criação, 

é o canabidiol (CBD) (IFFLAND; GROTENHERMEN, 2017). O CBD apresenta 

muitas propriedades farmacológicas e grande potencial medicinal, auxiliando no 

tratamento de diversas doenças e transtornos psiquiátricos (CUNHA et al., 1980; 

DEVINSKY et al., 2014; HARTMANN et al., 2019). O CBD é um dos principais 

canabinoide da planta Cannabis sativa, e em mamíferos apresenta efeitos 

ansiolíticos (ALMEIDA et al., 2013; MOREIRA; AGUIAR; GUIMARÃES, 2006) e 

antidepressivos (SARTIM; GUIMARÃES; JOCA, 2016; ZANELATI et al., 2010), 

diminui a agressividade (CORSETTI et al., 2021; HARTMANN et al., 2019; 

HUSSAIN et al., 2015) e o estresse (CAMPOS; FERREIRA; GUIMARÃES, 2012; 

RESSTEL et al., 2009), tem efeitos anti-inflamatórios (BURSTEIN, 2015), auxilia a 

ingestão alimentar e ganho de peso (GÁLL et al., 2020), e regula a fertilidade 

(AMOAKO et al., 2013; PANDELIDES et al., 2020; STEGER et al. , 1990). 

Os mecanismos de ação do CBD responsáveis pela maioria de seus efeitos 

ainda não estão totalmente elucidados. No entanto, sabe-se que a droga atua 

indiretamente na ativação dos receptores endocanabinoides CB1 e CB2 

(HARTMANN et al., 2019), e atua diretamente na ativação dos receptores 

serotoninérgicos 5-HT1A (HARTMANN et al., 2019; RUSSO et al. al., 2005), entre 

outros receptores (BISOGNO et al., 2001; O'SULLIVAN, 2016; RYBERG et al., 

2007). O CBD diminui a agressividade em mamíferos por meio de um mecanismo 

associado à ativação de ambos os receptores, 5-HT1A e CB1 (HARTMANN et al., 

2019). A ativação dos receptores 5-HT1A pela droga também está relacionada à 

diminuição do estresse e da ansiedade (XIN et al., 2020). Os receptores 

endocanabinoides também exercem efeito regulatório sobre o eixo hipotálamo-

hipófise-adrenal (HPA), responsável por mediar as respostas ao estresse em 

mamíferos (HILL; GORZALKA, 2006), além de ter papel fundamental na ingestão 

alimentar e no ganho de peso corporal (IGNATOWSKA -JANKOWSKA; 

JANKOWSKI; SWIERGIEL, 2011). Além disso, o sistema endocanabinoide está 
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envolvido na regulação da fertilidade masculina (AMOAKO et al., 2013; BATTISTA 

et al., 2007; PANDELIDES et al., 2020) e feminina (CECCONI et al., 2019). 

Embora muitos desses efeitos do CBD e seus mecanismos subjacentes 

descritos em mamíferos não sejam comprovados em peixes, ambos os táxons 

apresentam receptores 5-HT1A muito semelhantes (KHAN; DESCHAUX, 1997; 

WINBERG; NILSSON, 1996), e o sistema endocanabinóide é altamente 

conservado entre os táxons (ELPHICK, 2012), em que os receptores CB1 de peixes 

apresentam cerca de 70% de similaridade com os receptores CB1 de roedores e 

humanos (OLTRABELLA et al., 2017). Assim, espera-se que os efeitos do CBD em 

mamíferos envolvam a ativação desses dois receptores, sendo semelhantes em 

peixes. De fato, alguns estudos já mostraram que em zebrafish (Danio rerio) o CBD 

apresenta um efeito ansiolítico (NAZARIO et al., 2015), diminui o ritmo natatório, 

auxilia na diferenciação e regulação de genes de imunidade (JENSEN et al., 2018), 

e também regula a fecundidade masculina e feminina, apresentando toxicidade 

reprodutiva para machos e melhorando alguns parâmetros reprodutivos em fêmeas 

(PANDELIDES et al., 2020). Na tilápia do Nilo (Oreochromis niloticus), o CBD 

diminui ligeiramente alguns biomarcadores secundários de estresse em peixes 

estressados e não estressados, porém, essas diferenças não são significativas 

(MORTUZA; MASON; MUSTAFA, 2021). Embora essas reduções não tenham sido 

significativas, isso pode ser um indicador de que o CBD também pode modular as 

respostas ao estresse dos peixes, se administrado em uma dosagem e tempo 

apropriados. Além disso, outros efeitos do CBD demonstrados em mamíferos, 

como diminuição da agressividade, aumento da ingestão de alimentos e ganho de 

peso corporal ainda não foram estudados em peixes. 

Assim, espera-se que os efeitos do CBD em mamíferos envolvendo a 

ativação desses dois receptores sejam semelhantes em peixes. De fato, alguns 

estudos já demonstram que em zebrafishs (Danio rerio) o CBD apresenta efeito 

ansiolítico 47, diminui o ritmo natatório, auxilia na diferenciação e regulação de 

genes de imunidade 48 e também regula a fecundidade de machos e fêmeas, 

apresentando toxicidade reprodutiva para machos e melhorando alguns 

parâmetros reprodutivos em fêmeas 32. Na tilápia-do-Nilo (Oreochromis niloticus), 

o CBD diminui ligeiramente alguns biomarcadores secundários de estresse em 

indivíduos estressados e não estressados, no entanto, essas diferenças não são 
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significativas 49. Mesmo que essas diminuições não tenham sido significativas em 

estudos anteriores, sua ocorrência pode ser um indicador de que o CBD também 

pode modular as respostas ao estresse dos peixes, se administrado em uma 

dosagem e tempo adequados. Além disso, outros efeitos do CBD demonstrados 

em mamíferos, como diminuição da agressividade, aumento da ingestão alimentar 

e ganho de peso corporal, ainda não foram estudados em peixes. 

Portanto, conhecendo os efeitos do CBD em mamíferos e os potenciais 

efeitos da droga em peixes, o CBD pode auxiliar na melhoria do bem-estar dos 

peixes em ambientes de cativeiro, principalmente em espécies agressivas de alta 

importância na aquicultura, como a tilápia do Nilo. A tilápia do Nilo é uma espécie 

territorialista e hierárquica, altamente agressiva (GIAQUINTO; VOLPATO, 1997), e 

um dos peixes mais cultivados no mundo (FAO, 2020). Um estudo recente testou 

os efeitos da suplementação da dieta da tilápia do Nilo com óleo de cannabis no 

crescimento, hematologia e metabolismo de peixes (SAOUD et al., 2018). O óleo 

de cannabis apresentou efeito negativo na taxa de conversão alimentar e também 

não melhorou a resposta imune em peixes (SAOUD et al., 2018). No entanto, o óleo 

de cannabis apresenta todos os compostos vegetais, incluindo outros 

canabinóides, como o tetrahidrocanabinol (THC). Juntos, todos os canabinóides 

vegetais podem causar efeitos diferentes no organismo em comparação ao CBD 

sozinho (FREEMAN et al., 2019). Além disso, mesmo sem significância estatística, 

o CBD diminui levemente alguns biomarcadores de estresse secundário da espécie 

(MORTUZA; MASON; MUSTAFA, 2021). Provavelmente, se administrado em dose 

e tempo adequados, pode apresentar alguns resultados positivos quanto à 

atenuação do estresse. Neste estudo, objetivamos verificar o efeito de diferentes 

doses de CBD sobre variáveis comportamentais e morfofisiológicas relacionadas 

ao bem-estar da tilápia do Nilo, como agressividade, estresse e reprodução. O CBD 

foi administrado por meio da dieta, por ser um método de administração simples e 

não invasivo, e de fácil replicação em pisciculturas. Devido às propriedades 

farmacológicas e ampla gama de efeitos do CBD no organismo, levantamos a 

hipótese de que o medicamento terá um grande potencial de melhorar muitas 

variáveis relacionadas ao bem-estar dos animais de criação. 
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2. INTRODUCTION 

 Animal welfare (AW) has been growing as a science, and several studies 

showed the importance of meeting animal needs to ensure them a better quality of 

life (BROOM, 2011; SARAIVA; ARECHAVALA-LOPEZ, 2019; VON 

KEYSERLINGK; WEARY, 2017). There are three main scientific conceptions of 

what is AW. The first one is based on a “natural-living” approach, and to be at a 

good welfare level, animals need to be able to express in captivity behaviors that 

they would perform in natural environments (FRASER et al., 1997; VON 

KEYSERLINGK; WEARY, 2017). The second conception of AW takes into account 

concerns about the “affective state” of animals. Thus, to be in good living conditions, 

animals need to be free of suffering intense and prolonged pain, fear, hunger, and 

other negative affective states (DUNCAN, 2004; FRASER et al., 1997). The third 

and last conception of AW is the most adopted by animal farmers and is based on 

a “functional approach”, in which to be at a good welfare level, animals must have 

a good functionality of the biological systems and good health when they are coping 

with their environments (FRASER et al., 1997; MARTINS et al., 2012). However, 

Fraser et al.(FRASER et al., 1997) suggested that these three conceptions of AW 

are intrinsically connected and that the best practices of AW will address the 

concerns of these three approaches. For example, allowing dairy cattle to search 

for shades on hot days (natural behavior), prevents cows from feeling uncomfortable 

with the heat (affective state) and also reduces health problems associated with 

thermal stress (biological functionality) (VON KEYSERLINGK et al., 2009; VON 

KEYSERLINGK; WEARY, 2017). The precepts of this integrative approach of AW 

are gradually be included in animal farming, such as cattle and poultry, however, in 

aquaculture, this approach is still incipient (SARAIVA; ARECHAVALA-LOPEZ, 

2019). 

In aquaculture, animals are usually exposed to diverse stressors that affect 

their welfare, for example, changes in water quality (MARTINS et al., 2009), 

handlings, (e.g., grading, capturing, and transporting (CONTE, 2004)), and high 

stock densities (ELLIS et al., 2002; MARTINS et al., 2012). In general, all these 

stressors induce physiological alterations, such as increasing in cortisol levels for 

example (BARRETO; VOLPATO, 2006; MARTINS et al., 2012; WINBERG; 

OVERLI; LEPAGE, 2001). These physiological stress responses can lead to 
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behavioral and morphological effects in fish, such as decreasing in reproductive 

performance (BILLARD; BRY; GILLET, 1981; CONTE, 2004), a reduction in food 

intake, and consequently weight gain (MARTINS et al., 2012; WENDELAAR 

BONGA, 1997). In particular, the high stock density in aquaculture can increase the 

number of aggressive confronts in hierarchical and territorial species (CONTE, 

2004; KEELEY, 2000; MARTINS et al., 2012). Although aggressive interactions are 

a natural component of the behavior of many fish species, high rearing densities 

can increase the occurrence of this type of behavior to levels above the observed in 

natural environments (natural-living approach) (GONÇALVES-DE-FREITAS et al., 

2019). The intensification of fish aggressiveness to an unnatural level can have 

several consequences in captivity, such as a higher energy expenditure of animals, 

increasing social stress arising from the dominance hierarchy, and also an increase 

in body injuries (GONÇALVES-DE-FREITAS et al., 2019). As a consequence of the 

body injuries increase, fish will also experience more pain (affective state). Thus, 

the aquaculture rearing conditions exacerbate fish’s aggressive behavior and shrink 

its adaptive value (GONÇALVES-DE-FREITAS et al., 2019).  

Collectively, all these behavioral and physiological alterations triggered by 

the aquaculture environments compromise fish welfare from the point of view of an 

integrative AW approach, taking accounting the concerns of the 3 main AW 

conceptions: natural living, affective state, and functional. Therefore, investigating 

strategies that improve fish welfare in captivity, mitigating as many as possible the 

adverse effects generated by the aquaculture rearing environment, with a low cost 

and easy implantation, merging benefits to animals’ life and farmers, is of great 

importance. 

A substance that acts in diverse systems of the organism, and thus, may have 

a great potential to increase the welfare of farm animals, is cannabidiol (CBD) 

(IFFLAND; GROTENHERMEN, 2017). The CBD presents many pharmacological 

properties and great medicinal potential, assisting in the treatment of many diseases 

and psychiatric disorders (CUNHA et al., 1980; DEVINSKY et al., 2014; 

HARTMANN et al., 2019). The CBD is one of the major cannabinoids from the 

Cannabis sativa plant, and in mammals presents anxiolytic (ALMEIDA et al., 2013; 

MOREIRA; AGUIAR; GUIMARÃES, 2006) and antidepressant effects (SARTIM; 

GUIMARÃES; JOCA, 2016; ZANELATI et al., 2010), decreases the aggressivity 
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(CORSETTI et al., 2021; HARTMANN et al., 2019; HUSSAIN et al., 2015) and stress 

(CAMPOS; FERREIRA; GUIMARÃES, 2012; RESSTEL et al., 2009), has anti-

inflammatory effects (BURSTEIN, 2015), assists the food intake and weight gain 

(GÁLL et al., 2020), and regulates the fertility (AMOAKO et al., 2013; PANDELIDES 

et al., 2020; STEGER et al., 1990). 

The action mechanisms of CBD responsible for most of its effects are still not 

totally elucidated. However, it is known that the drug indirectly acts in the activation 

of CB1 and CB2 endocannabinoids receptors (HARTMANN et al., 2019), and 

directly acts in the activation of 5-HT1A serotoninergic receptors (HARTMANN et 

al., 2019; RUSSO et al., 2005), among other receptors (BISOGNO et al., 2001; 

O’SULLIVAN, 2016; RYBERG et al., 2007). The CBD decreases aggressivity in 

mammals through a mechanism associated with the activation of both receptors, 5-

HT1A and CB1 (HARTMANN et al., 2019). The activation of 5-HT1A receptors by 

the drug is also related to the decrease in stress and anxiety (XIN et al., 2020). The 

endocannabinoid receptors also have a regulatory effect on the hypothalamic-

pituitary-adrenal axis (HPA), responsible for mediating stress responses in 

mammals (HILL; GORZALKA, 2006), besides having a key role in the food intake 

and body weight gain (IGNATOWSKA-JANKOWSKA; JANKOWSKI; SWIERGIEL, 

2011). Moreover, the endocannabinoid system is involved in the regulation of male 

(AMOAKO et al., 2013; BATTISTA et al., 2007; PANDELIDES et al., 2020) and 

female fertility (CECCONI et al., 2019). 

Although many of these CBD effects and their underlying mechanisms 

described in mammals are not proven in fish, both taxa present 5-HT1A receptors 

very similar (KHAN; DESCHAUX, 1997; WINBERG; NILSSON, 1996), and the 

endocannabinoid system is highly conservated between the taxons (ELPHICK, 

2012), in which fish CB1 receptors have about 70% similarity with CB1 receptors of 

rodents and humans (OLTRABELLA et al., 2017). Thus, it is expected that the CBD 

effects in mammals involve the activation of these two receptors, being similar in 

fish. Indeed, some studies already showed that in zebrafish (Danio rerio) CBD 

presents an anxiolytic effect (NAZARIO et al., 2015), decreases the natatory rhythm, 

assists in the differentiation and regulation of immunity genes (JENSEN et al., 

2018), and also regulates the male and female fecundity, presenting reproductive 

toxicity for males and improving some reproductive parameters in females 



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

16 
  

 
 

Campus de Botucatu   

(PANDELIDES et al., 2020). In the Nile tilapia (Oreochromis niloticus), CBD slightly 

decreases some secondary stress biomarkers in stressed and non-stressed fish, 

however, these differences are not significant (MORTUZA; MASON; MUSTAFA, 

2021). Even though these decreases were not significant, this could be an indicator 

that CBD can also modulate fish stress responses whether administrated in an 

appropriate dosage and time. Moreover, other CBD effects demonstrated in 

mammals, such as aggressivity decrease, increase in food intake, and body weight 

gain was not studied in fish yet.  

Therefore, knowing the CBD effects has on mammals and the potential 

effects of the drug in fish, CBD can assist to improve fish welfare in captivity 

environments, mainly in aggressive species of high importance in aquaculture, such 

as the Nile tilapia. The Nile tilapia is a territorialist and hierarchical species, highly 

aggressive (GIAQUINTO; VOLPATO, 1997), and one of the most farmed fish in the 

world (FAO, 2020). A recent study tested the effects of the supplementation of the 

Nile tilapia diet with cannabis oil in fish growth, hematology, and metabolism 

(SAOUD et al., 2018). The cannabis oil presented a negative effect on food 

conversion rate and also did not improve the immune response in fish (SAOUD et 

al., 2018). However, cannabis oil presents all the plant compounds, including other 

cannabinoids, such as tetrahydrocannabinol (THC). Together, all the plant 

cannabinoids can cause different effects in the organism compared to the CBD 

alone (FREEMAN et al., 2019). In addition, even no statistical significance was 

found, CBD slightly decreases some secondary stress biomarkers of the species 

(MORTUZA; MASON; MUSTAFA, 2021). Probably, whether administrated in a 

suitable dose and time it can present some positive outcomes regarding stress 

attenuation. In this study, we aim to verify the effect of different CBD doses on 

behavioral and morpho-physiological variables related to the welfare of Nile tilapia, 

such as aggressiveness, stress, and reproduction. The CBD was administered 

through diet, since it is a simple and non-invasive method of administration, and it 

is easy replication in piscicultures. Due to the pharmacological proprieties and wide 

range of CBD effects in the organism, we hypothesized that the drug will have a 

great potential of improving many variables related to the welfare of farmed animals.   
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3. OBJECTIVES 

Here, we tested the effect of different CBD doses (0,1,10 and 20 mg/kg) on 

the (i) aggressive behavior, (ii) stress and (iii) reproductive development of the Nile 

tilapia. 

 

4. MATERIAL AND METHODS  

4.1. ANIMALS AND EXPERIMENTAL CONDITIONS  

Juveniles of Nile tilapia (Supreme strain and sexually reversed – all males) 

were obtained from fish farming (at Botucatu – SP, Brazil) and used to constitute a 

stock population. These animals were maintained in a 500L tank (100 fish) for a 

month and were fed three times a day with a commercial diet (Presence Nutripiscis 

– extruded ration, pellets of 3-4mm) at 1% of their body weight (3% per day). The 

water temperature was maintained between 25-27ºC, and the stock tank was 

supplied with constant aeration and a recirculating water system with a continuous 

flow of dechlorinated water. After one month at the stock tank, 60 fish were selected 

and individualized in 23L aquaria (40 x 23 x 25 cm) without visual contact at the 

beginning of the experiment. The experimental aquaria were supplied with constant 

aeration, and 40% of water was partially changed every two days, to maintain 

acceptable and good water quality parameters, that were checked twice a week. 

The pH was maintained between 6.8-7.2 and ammonia and nitrite were below 0.5 

and 0.05 ppm, respectively. The temperature of the experimental aquaria was 

maintained between 25-27ºC. Fish received daily a commercial diet corresponding 

to 3% of their body weight fractionated at three meals (9:00h, 13:00h, and 17:00h; 

1% per meal). The average fish weight at the beginning of the experiment was 29.5 

± 2.8g (mean ± SD). 

 

4.2. CANNABIDIOL AND TREATED FEED PREPARATION  

The CBD dose of each treatment (0 mg/kg, 1 mg/kg, 10 mg/kg, and 20 mg/kg) 

was calculated based on the initial fish weight (approximately 30g; Table 1), without 

adjustments through all experimental period, since such adjustments may induce 

additional stress to animals. Fish were fed three times a day, with 4h intervals 
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between each feeding period (9:00h, 13:00h, and 17:0hh), a time that CBD 

maintains its peak action through oral administration (MILLAR et al., 2018). The 

CBD remains bioavailable in the organism after an oral and chronic administration 

for 5 days (MILLAR et al., 2018). 

The CBD used in this study was isolated in salt (99% concentration) and was 

obtained from the Brazilian Center of Information about Psychotropic Drugs – 

CEBRID (Psychobiology department – UNIFESP). CBD is a drug highly liposoluble 

(MECHOULAM; PARKER; GALLILY, 2002), therefore, to add it to the fish diet, CBD 

was diluted in soybean oil and a top coating with this CBD oil was applied on 

commercial pellets (Presence Nutripiscis – extruded ration, pellets of 3-4mm). 

The treated feed preparation was conducted in a room without any light due 

to the CBD photosensitive property (MECHOULAM; HANUŠ, 2002). For each 

treatment 2Kg of pellets were used. The CBD amount applied to the feed of each 

treatment was calculated based on the following formula:  

𝐶𝐵𝐷 𝑎𝑚𝑜𝑢𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑓𝑒𝑒𝑑 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 

=  𝑇𝑜𝑡𝑎𝑙 𝐶𝐵𝐷 𝑎𝑚𝑜𝑢𝑛𝑡 𝑖𝑛𝑔𝑒𝑠𝑡𝑒𝑑 𝑑𝑎𝑖𝑙𝑦 𝑏𝑦 𝑎 𝑓𝑖𝑠ℎ 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑡𝑟𝑒𝑎𝑡𝑒𝑚𝑒𝑛𝑡 (𝑚𝑔)

× 15 𝑓𝑖𝑠ℎ (𝑁 𝑏𝑦 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡)  × 35 𝑑𝑎𝑦𝑠(𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑡𝑖𝑚𝑒) 

The total CBD amount of each treatment feed (Table 1) was dissolved in a 

quantity of soybean oil corresponding to 2% of the total ration weight (2 Kg). To 

dissolve CBD in the soybean oil, a Heat Magnetic Stirrer (Biomixer AM-10), at 60ºC, 

rotating at 3000 rpm was utilized. After dissolving CBD in the oil, the feed pellets 

were placed homogeneously on a smooth and straight surface, and the oil with CBD 

was applied to it with a hand sprayer. The pellets were turned four times during the 

oil application, to ensure that the CBD was applied in all superficies. After this top 

coating was described, the pellets were kept in a plastic bag and manually shaken 

for 3 minutes, to ensure CBD homogenization in all feed. Posteriorly, the pellets 

were placed again over a surface and left out at room temperature to dry for one 

day. After this procedure, the treatment feeds were stored in opaque pots that did 

not allow the entrance of light. The same procedure was done to the preparation of 

the control group feed, however, without the CBD addition. 
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Table 1 – General information about the CBD amount applied in each treatment feed (2 Kg 

of feed per treatment) and ingested daily by fish of each treatment. The CBD doses of the 

treatments (0, 1, 10 e 20 mg/kg) were calculated based on the fish’s initial weight. 

Treatments 

(mg of CBD1/ 

Kg of fish) 

Initial fish 

weight (kg) 

Total CBD amount 

ingested daily by a 

fish (mg) 

Total CBD amount 

applied to diet (mg) 

CBD percentage on the 

feed (%) 

Control 0.03 ± 0.003 0 0  0 

CBD1 (1 mg/kg) 0.02967 ± 0.003 0.03 16.5 0.0033 

CBD10 (10 mg/kg) 0.02867 ± 0.002 0.3 166.5 0.0333 

CBD 20 (20 mg/kg) 0.02833 ± 0.003 0.6 333 0.0666 

1 CBD – Cannabidiol. 

In “Initial fish weight”, values are mean ± SD.  

 

4.3. EXPERIMENTAL DESIGN AND PROCEDURES 

To verify the CBD effect on behavioral and morpho-physiological variables 

related to Nile tilapia welfare, fish were distributed in four treatments (N = 15). Each 

treatment was submitted to diets supplemented with different CBD doses, as follow: 

(1) CBD 1 treatment, received 1 mg/kg body weight of CBD per day; (2) CBD 10 

treatment, received 10 mg/kg body weight of CBD per day; (3) CBD 20 treatment, 

received 20 mg/kg body weight of CBD per day; and (4) control treatment, received 

a diet with the same formulation but without the CBD addition. The animals were 

allowed to acclimatize to the experimental aquaria for 1 week. During this period all 

fish received a diet without CBD. The experimental period in which fish received the 

treated diet, started after the acclimatization week and lasted 5 weeks (35 days). All 

tests were performed during this period were conducted at 8:00-12:00h, with fasted 

animals. 

During the first four experimental weeks, the aggressive behavior and the 

responses to a social stressor were evaluated in fish (Figure 1A). The aggressive 

behavior (“Mirror Test”; more details below) and the responses to a social stressor 

(“Ventilation Rate -VR”; more details below) were measured in five sampling time 

points: basal (the first day of the experimental period, before fish received the 

treated diets for the first time) and once a week (week 1, week 2, week 3 and week 

4) (Figure 1A). Firstly, the VR pre-stress was measured, followed by the Mirror Test 
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(aggressive behavior test and also a social stressor), and lastly, the VR post-stress 

was collected (Figure 1A). Fish were measured and weighted right before being 

placed at experimental aquaria and after the end of the fourth experimental week. 

In the fifth experimental week, some stress responses induced by a non-

social stressor (confinement – Figure 1B) were measured. On the first day of this 

week, a blood sample was collected for further analysis of fish baseline cortisol. On 

the last day, confinement stress was applied to the fish. The VR was collected pre-

stress and post-stress. Right after the VR post-stress measurement, fish were 

anesthetized and another blood sample was collected for further analysis of the 

stress-induced cortisol level (post-stress). Posteriorly, the animals were euthanized 

after an overdose of clove oil (1500µl/l (STRYKOWSKI; SCHECH, 2015), 

measured, weighed and their gonads were collected for further morphological and 

histological analysis (Figure 1B).  

 

 

Figure 1 – Experimental design. The sequence of the experimental procedures is divided 
into two phases: (A)The first phase, in which fish were acclimatized for 1 week to individual 
aquaria followed by the start of the CBD administration through diet and the beginning of 
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the experimental weeks. In the first four experimental weeks the aggressive behavior and 
responses to a social stressor were accessed; and (B) the second phase, composed of the 
fifth and last experimental week, in which some stress responses to a non-social stressor 
were evaluated. 

 

 

4.4. SOCIAL STIMULI – MIRROR TEST 

4.4.1. Aggressive behavior 

The aggressive behavior was analyzed through the mirror test in the first four 

experimental weeks, and was measured over five sampling time points (basal, week 

1, week 2, week 3, and week4). The mirror test is a reliable method to evaluate fish 

aggressive behavior in several species, including the Nile tilapia (ARCHARD; 

BRAITHWAITE, 2011; BARRETO et al., 2009; CAMARGO-DOS-SANTOS et al., 

2021; DESJARDINS; FERNALD, 2010; REDDON; BALSHINE, 2010; ROS; 

BECKER; OLIVEIRA, 2006). A recent study showed that a cleaner fish species 

(Labroides dimidiatus) can recognize its own reflected image on the mirror (KOHDA 

et al., 2019). However, the cichlid fishes (for example, the Nile tilapia) are not able 

to recognize their image on the mirror, perceiving it as another conspecific entering 

their territory, and thus, exhibiting aggressive interactions against the mirror 

(HOTTA; KOMIYAMA; KOHDA, 2018). The mirror test was chosen as a stimulus to 

evaluate fish aggressivity instead of another conspecific to avoid any possible bias 

created by the use of a conspecific in the aggressive behavior of focal fish. Size, 

aggressiveness, color, and sex are examples of characteristics of conspecifics that 

could influence the aggressive behavior of the focal fish. Thus, the advantage of the 

mirror test is the control of the “virtual opponent”, and the results are assigned only 

to the focal individual behavior (REDDON et al., 2012). Besides that, there is no 

difference in the aggressivity motivation when the Nile tilapia encounters a 

conspecific or their image in the mirror (REDDON et al., 2012). 

 In the mirror test, each fish was recorded for ten minutes. On one side of the 

aquarium, a mirror of the same size as the lateral wall is placed parallel to this, 

covered by an opaque divisor. The recording started when the opaque divisor is 

removed. The latency for the animal to perform the first aggressive behavior against 

the mirror was analyzed, besides the frequency of the following aggressive 

behaviors: number of bites, number of touches, and lateral fights (ALVARENGA; 
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VOLPATO, 1995). Moreover, the total number of aggressive behaviors was also 

accounted for.  

 

4.4.2. Stress response – Ventilation rate 

The mirror test used to measure the aggressive behavior is a social stimulus 

that triggers some stress responses in fish REF 60. The mirror image can induce 

increase the EGR-1 activity in the hippocampus, a transcription factor for later acting 

genes that code for stress responses (DESJARDINS; FERNALD, 2010). Also, the 

mirror image can cause fear in fish, because it is a completely new and 

unpredictable stimulus (DESJARDINS; FERNALD, 2010). The VR in response to 

the mirror test was measured. The VR is a physiological stress response of fish and 

a reliable measure of stress level since it increases in response to a stressor and is 

related to the metabolic rate (BARRETO; VOLPATO, 2011). The stress can induce 

catabolic responses and thus, modulates the metabolism and consequently causes 

alterations in VR (BARRETO; VOLPATO, 2011; MOMMSEN; VIJAYAN; MOON, 

1999). To measure the VR, the time that fish took to realize 20 successive opercular 

or buccal movements was accounted for (ALVARENGA; VOLPATO, 1995; 

BARRETO; VOLPATO, 2011). Through an estimate, it was calculated how many 

opercular beats per minute each fish executed. The VR before the stress applying 

(VR pre-stress) and after the stress applying (VR post-stress) were measured. Both 

VRs (pre-and post-stress) were measured three times per fish in three consecutive 

minutes. The mean for each fish was calculated and used for further analysis 

(BARRETO; VOLPATO, 2011). In addition, the variation of VR in response to a 

stressor (ΔVR = VR post-stress – VR pre-stress) was calculated for each fish. 

 

4.5. NON-SOCIAL STRESS – CONFINEMENT 

In the fifth week of the experiment, the fish stress responses to non-social 

stress were measured. On the last day of this week, a confinement acute stressor 

was applied as a non-social stressor. For this, an opaque partition was used to 

confine fish to a small side of the aquarium, restricting the animal to only 10% of the 
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aquarium volume for 30 minutes. Two physiological stress responses to 

confinement were measured: the VR and the plasmatic cortisol level. 

4.5.1. Ventilation rate 

 The same procedure described above to measure the VR in response to a 

social stimulus was done to measure the VR in response to a non-social stressor. 

The VRs before confinement (VR pre-stress) and after the confinement (VR post-

stress) were collected, and afterward, the ΔVR was calculated for each fish. 

4.5.2. Plasmatic cortisol level 

Two blood samples were collected during a week for further cortisol analysis. 

The first blood collection was done on the first day of the week (baseline cortisol 

level) and the second one was done on the last day of the week, post confinement. 

The isolation period of fish for five weeks before the first blood sample collection 

was necessary to ensure that animals had similar environments before the 

sampling, and to guarantee there was no other factor modulating fish baseline 

cortisol level that was not the CBD. For example, fish social hierarchy position, or 

the number of aggressive confronts between individuals in the rearing tanks could 

have influenced the baseline cortisol level of fish if it was measured in the first 

experimental weeks (ANTUNES et al., 2021; GONÇALVES-DE-FREITAS et al., 

2019).  

 For the blood sample procedure, fish were taken out of their aquaria with an 

aquarium dip net, anesthetized by immersion in an aquarium with clove oil (280 

mg/l), and afterward, a blood sample was collected (0.4ml) through cardiac 

punction, with hypodermic needles and heparinized syringes. Posteriorly to this 

procedure, fish were returned to their experimental aquaria. The handling time 

between removing and returning fish to the aquarium, lasted less than 5 minutes for 

all individuals, to avoid any bias of handling time in the cortisol levels. The blood 

was centrifuged at 3000 rpm for 10 minutes, to the separation of approximately 0.1 

ml of plasma, which was frozen at -20ºC for further cortisol assays. The cortisol was 

measured by ELISA – Enzyme-Linked Immunosorbent Assay, using commercial 

cortisol kits (DRG).  
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4.6. FEED INGESTION AND GROWTH VARIABLES 

During the first four experimental weeks, the fish feed ingestion and some 

growth variables were measured. The fifth experimental week was not included in 

the analysis due to the handling of the animals to the blood sample, stressful even 

which can alter the motivation to feed (LEAL et al., 2011). However, to ensure that 

was no effect of possible different feed ingestion between CBD treatments on the 

stress responses to confinement, the feed ingestion was also measured and 

analyzed separated in the fifth week. The feed ingestion was measured every day, 

accounting for the number of pellets eaten daily by each fish. Each day, 39 pellets 

were offered (approximately 0.9g) to each fish, which is equivalent to about 3% of 

the animals’ initial weight. This daily amount of pellets was divided into three 

meals (9:00h, 13:00h, and 17:00h). After 4h of a feeding period, the number of 

pellets left in each aquarium was accounted for, and afterward, these pellets were 

removed from the aquaria. The feed ingestion was measured by taking into 

account the number of pellets eaten per day per fish, and the consumed mass of 

feed was inferred from this value. The mean mass of feed consumed by each 

week was calculated for further analysis. Regarding fish growth, the following 

response variables were analyzed: Final standard length, final weight, average 

weight gain (AWG), feed conversion (FC), specific growth rate (SGR), and 

condition factor (K). The AWG, FC, SGR, and K were calculated through the 

following formulas respectively:  

𝐴𝑊𝐺 = 𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 

𝐹𝐶 =  
𝑂𝑓𝑓𝑒𝑟𝑒𝑑 𝑓𝑒𝑒𝑑 (𝑔)

𝐴𝑊𝐺
 

𝑆𝐺𝑅 =
ln 𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) − ln 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑝𝑒𝑟𝑖𝑜𝑑 (𝑑𝑎𝑦𝑠)
 × 100 

𝐾 =
𝐹𝑖𝑛𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝐹𝑖𝑛𝑎𝑙 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑙𝑒𝑛𝑔𝑡 (𝑐𝑚)3
 × 100 

 

4.7. MORPHOLOGICAL AND HISTOLOGICAL VARIABLES OF 
REPRODUCTION 
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At the end of the fifth experimental week, testes were collected for 

morphological and histological analyzes (N = 10 for each treatment). Right after 

being collected, the gonads were weighed and the gonadosomatic index (GI) were 

calculation flowing the formula: 

𝐺𝐼 =
𝐺𝑜𝑛𝑎𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝐹𝑖𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
× 100 

  

Afterward, the testicular explants were fixed in 4% Karnovsky at 4°C for at 

least 24h, dehydrated, and embedded in a Technovit (7100) historesin (Heraeus 

Kulzer, Germany). Subsequently, the samples were sectioned at 3µm of thickness 

and stained with 0.1% toluidine blue to further quantify spermatozoa number. The 

relative number of spermatozoa in fish was estimated per field as previously 

described by Fallah et al., Tovo Neto et al., and Rodrigues et al.(FALLAH et al., 

2019, 2021; RODRIGUES et al., 2021; TOVO-NETO et al., 2020). Thus, 20 non-

overlapping fields were chosen randomly and photographed using a Leica 

DMI6000 microscope (100x objective lens total magnification). The ImageJ 

software was used to analyze the number of spermatozoa in each field. For this 

purpose, photos were transformed from “RGB-color” type to “32-bits” type and the 

threshold adjustment tool was applied, resulting in a black and white image, in 

which cells were highlighted in black color. The photos were treated with the “filling 

holes” tool and with the “watershed tool”, which splits merged cells. Areas 

containing spermatozoa in the image were identified by the cell’s classic 

characteristics (the small area compared to other spermatogenesis cells and the 

circle format  (SCHULZ et al., 2010) and selected using the “freehand selection” 

tool. Afterward, the spermatozoa number by field was counted through the 

"analyze particle" tool. The areas with spermatozoa were selected in the image to 

avoid any interference from other small and circle black particles in the cell 

counting. 

4.8. STATISTICAL ANALYSIS 

All the statistical analyses were performed in the R environment software 

(v3.6.0.). Shapiro-Wilk and Levene tests were used to test respectively the normality 

and homoscedasticity of data. For the non-social stress responses (VR and cortisol 

level pre-stress, VR and cortisol level post-stress, ΔFV and Δcortisol level), growth 
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response variables (final standard length, final weight, AWG, FC, SGR, and K) and 

morphological variables of reproduction (GI and spermatozoa number by field) an 

ANOVA one-way were performed when the data met the parametric assumptions 

and a Kruskal-Wallis test was done when data did not meet any parametric 

assumption. All the response variables mentioned above were predicted by 

“treatment”, a 4-level (levels: control, CBD 1, CBD 10, CBD 20) categorical 

independent variable. Post-hoc comparisons were performed using the Tukey HSD 

test.  

Regarding the following responses variables: aggressive behavior (number 

of attacks, latency for the first aggressive behavior, number of bites, number of 

touches, and lateral fights), social stress responses (VR pre-stress, VR post-stress, 

and ΔFV) and feed ingestion, Linear Mixed Models were performed. The 

independent categorical variable “treatment” (levels: control, CBD 1, CBD 10, CBD 

20) and sampling time points (e.g., levels: basal, week 1, week 2, week 3, and week 

4) were set as fixed factors in the models, and “fish ID” was included as a nested 

random factor. The normality of residuals assumption was checked through visual 

analysis of Normal quantile-quantile plots (QQ plots) of residuals (using the 

“qqnorm” function in R), and also Shapiro-Wilk tests, and the assumption was valid 

for all mixed models built on this study. Post-hoc comparisons were performed using 

the Tukey HSD test. The significance level for all statistical tests performed in this 

work was set at α = 0.05. 

 

5. RESULTS 

5.1. AGGRESSIVE BEHAVIOR 

In the total number of attacks, we did not observe a significant treatment 

effect (F(3, 55.94) = 0.362, p = 0.78). However, we observed a significant effect of the 

sampling time points (F(4, 222.1) = 2.516, p = 0.042) and the interaction between 

treatments and sampling time points (F(12, 222.11) = 2.424, p = 0.006; Figure 2A). Fish 

from the CBD 10 treatment decreased the number of attacks significantly over the 

sampling time points, comparing their basal mean with the attack numbers of weeks 

3 and 4 (p <0.001). This decrease in the number of attacks was not observed in the 

other treatments (Figure 2A). 
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Regarding the latency for the first aggressive behavior, we observed a 

significant effect of the sampling time points (F(4, 222.638) = 3.03, p = 0.018) and a 

significant effect of the interaction between treatments and sampling time points 

(F(12, 222.644) = 1.986, p = 0.027; Figure 2B), while we did not observe a significant 

effect of the treatments (F(3, 56.266) = 1.253, p = 0.299). Fish from the control treatment 

became more motivated to attack the mirror image, decreasing their latency to the 

first aggressive behavior over the sampling time points. In the third week, fish from 

the control group presented a significant decrease in the latency to attack the mirror 

compared to their basal mean (p = 0.042). This pattern was not observed in any 

other treatment exposed to CBD (1, 10, and 20 mg/kg). Interestingly, in the 10 mg/kg 

treatment we observed even the opposite pattern: fish present an increase in the 

latency for the first aggressive behavior over the sampling time points. However, 

this increase was not statistically significant (p = 0.7347; Figure 2B). 

In the number of bites, we did not observe a significant effect of the 

treatments (F(3, 55.905) = 0.504, p = 0.681), or sampling time points (F(4, 222.041) = 0.433, 

p = 0.785). However, we observed a significant effect of the interaction treatments 

and sampling time points (F(12, 222.043) = 2.469, P = 0.005; Figure 2C). Similar to the 

number of attacks, fish from treatment 10 mg/kg decreased their number of bites 

over the sampling time points, significantly decreasing the bite number between the 

basal measure and the fourth week (p = 0.039). This decrease over the sampling 

time points was not observed in the other treatments (Figure 2C). 

In the number of lateral confronts we did not observe a significant effect of 

the treatments (F(3, 56.015) = 0.412, p = 0.745 ), or interaction between treatments and 

sampling time points (F(12, 222.262) = 1.305, p = 0.217), however, we observed a 

significant effect of the sampling time points (F(4, 222.258) = 11.452, p < 0.001; Figure 

2D). In general, fish from all treatment decrease their number of touches over the 

sampling time points. In the weeks 2, 3 and 4 fish significantly decrease their number 

of touches against the mirror in relation to their basal measure (p < 0.001; Figure 

2D). Regarding the number of lateral fights, we did not observe a significant effect 

of the treatments (F(3, 56.063) = 1.126, p = 0.346), or sampling time points (F(4, 222.217) 

= 1.175, p = 0.323) or the interaction between treatments and sampling time points 

(F(12, 222.22) = 0.643, p = 0.804; Figure 2E). 
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Figure 2 – Effect of diets containing different CBD doses, 0 (control), 1, 10, and 20 mg/kg 
on (A) the number of attacks, (B) the latency for the first aggressive behavior, (C) the 
number of bites, (D) the number of touches and (E) the number of lateral fights of Nile 
tilapias. These response variables were evaluated over five sampling time points, Basal, 
Week 1, 2, 3, and 4. The arrow indicates the beginning of the application of the treated 
diets. In Figures 2A, 2B, and 2C, the highlighted p-values indicate significant differences 
between the groups under the Tukey Test (p < 0.05). In Figure 2C, the uppercase letters 
indicate a significant difference between the sampling time points, unifying all treatments 
(Tukey Test; p < 0.05). The absence of highlighted p-values or letters indicates there is no 
significant difference between the treatments or sampling time points (Figure 2E; p > 0.05). 
Values are mean ± SD (N = 15). 

5.2. SOCIAL STRESS 

In the VR pre-stress, we did not observe a significant treatment effect (F(3, 60) 

= 0.589, p = 0.624), or sampling time points  (F(4, 240) = 1.785, p = 0.132), however, 
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we observed a significant effect of the interaction between treatments and sampling 

time points (F(12, 240) = 3.742, p < 0.001; Figure 3A). In general, in the week 1, the 

VR was significantly higher in the CBD 10 treatment compared to the control (p < 

0.01) and CBD 1 (p = 0.045) groups. Moreover, in the week 1, the VR of the CBD 

10 treatment was significant higher compared to their basal measure (p = 0.045) 

and to the week 4 (p < 0.01). Further, in the week 1, the VR pre-stress of the control 

treatment was significant lower compared to the basal measure (p = 0.045) and the 

week 3 of the group (p = 0.037; Figure 3A). 

 Regarding the VR post-stress, we did not observe significant treatment effect 

(F(3, 60) = 1.346, p = 0.268), however, we observed a significant effect of the sampling 

time points (F(4, 240) = 4.529, P = 0.001) and a significant effect of the interaction 

treatments and sampling time points (F(12, 240) = 4.503, p < 0.001; Figure 3B). The 

CBD 1 treatment decreased the VR in week 1 compared to their basal measure (p 

< 0.01). On the other hand, the CBD 10 treatment increased the VR in week 1 

compared to their basal (p = 0.019), week 3 and 4 (p < 0.01) measures. Moreover, 

in the week 1, fish from the CBD 10 treatment also presented a higher VR compared 

to the control (p = 0.027) and CBD1 (p < 0.01) treatments within the same sample 

time point (Figure 3B). 

 In relation the variation in the VR, naming ΔVR (VR post – VR pre-stress), 

we did not observe a significant treatment effect (F(3, 60) = 1.929, p = 0.134), or 

sampling time points effect (F(4, 240) = 0.867, p = 0.484), or effect of the interaction 

between treatments an time sampling points (F(12, 240) = 0.62, p = 0.824; Figure 3C). 
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Figure 3 – Effect of diets containing different CBD doses, 0 (control), 1, 10, and 20 mg/kg 
on (A) the ventilation rate (VR) pre-stress, (B) the VR post-stress, and (C) the ΔVR (VR 
post – VR pre-stress) of Nile tilapias. The stress applied was social stress, using the fish 
image reflected on the mirror to induce stress in fish. These response variables were 
evaluated over five sampling time points, Basal, Week 1, 2, 3, and 4. The arrow indicates 
the beginning of the application of the treated diets. In Figures 3A and 3B, the uppercase 
letters indicate significant differences between treatments within a sampling time point 
(Tukey Test, p <0.05), and lowercase letters indicate significant differences between 
sampling time points within the same treatment (Tukey Test, p <0.05). The absence of 
uppercase letters indicates there is no significant difference between the treatments or 
sampling time points (Figure 3C; p > 0.05). Values are mean ± SD (N = 15). 

5.3. NON-SOCIAL-STRESS 

We did not observe a significant effect of CBD on the VR pre-stress (H(3)= 

4.258, p = 0.235; Figure 4A) and post-stress (F(3, 45) = 0.336, p = 0.799; Figure 4B). 

However, we observed a significant effect of CBD on the ΔVR (VR post – VR pre-

stress). Fish from treatment CBD 20 increased less the VR after the confinement 

stressor, presenting a lower ΔVR compared to the control fish (p = 0.045; Figure 

4C). 
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Figure 4 – Effect of diets containing different CBD doses, 0 (control), 1, 10, and 20 mg/kg 
on (A) the ventilation rate (VR) pre-stress, (B) the VR post-stress, and (C) the ΔVR (VR 
post – VR pre-stress) of Nile tilapias. The stress applied was non-social stress through a 
confinement stressor. In Figure 4C, the highlighted p-value indicates a significant difference 
between the groups under the Tukey Test (p <0.05). The absence of highlighted p-values 
indicates there is no significant difference between the treatments (Figure 4A and 4B; p > 
0.05). Values are mean ± SD (N = 15). 

 

 Regarding the cortisol level pre-stress, we observed a significant effect of the 

CBD (F(3, 24) = 7.621, p < 0.001; Figure 5A). The cortisol level pre-stress of fish from 

the CBD 10 and CBD 20 groups was lower compared to the control group (p = 0.023 

and p < 0.01, respectively). However, in relation to the cortisol level post-stress and 

the variation of cortisol level after the confinement stressor (Δcortisol), we did not 

observe a significant effect of the CBD (F(3, 27) = 0.99, p = 0.412, Figure 5B; F(3, 24) = 

0.688, p = 0.568, Figure 5C, respectively). 
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Figure 5 – Effect of diets containing different CBD doses, 0 (control), 1, 10, and 20 mg/kg 
on (A) the plasma cortisol level pre-stress, (B) the plasma cortisol level post-stress, and (C) 
the Δplasma cortisol level (cortisol post – cortisol pre-stress) of Nile tilapias. The stress 
applied was non-social stress through a confinement stressor. In Figure 5A, the highlighted 
p-values indicate a significant difference between the groups under the Tukey Test (p 
<0.05). The absence of highlighted p-values indicates there is no significant difference 
between the treatments (Figure 5B and 5C; p > 0.05). Values are mean ± SD (N = 15). 

5.4. FEED INGESTION AND GROWTH VARIABLES 

The growth response variables: Final standard length (F(3, 55) = 0.233, p = 

0.873), final weight (H(3) = 1.09, p = 0.779), average weight gain (AWG; (H(3) = 0.37, 

p = 0.946), feed conversion (FC; (H(3) = 0.128, p = 0.988), specific growth rate (SGR; 

F(3, 55) = 0.096, p = 0.962) and condition factor (K; H(3 )= 1.757, p = 0.624) did not 

significant differ between the treatments (Table 2). In relation to the feed ingestion, 

during the first four weeks, we did not observe significant treatment effect (F(3, 60) = 

0.641, p = 0.591) and effect of the interaction between treatments and sampling 

time points (F(9, 180) = 0.892, p = 0.533). However, we observed a significant effect 

of sampling time points (F(3, 180) = 5.304, p = 0.002). Fish from all treatments ingested 

more feed in the week 1 compared to the week 3 and 4 (p = 0.034 and p = 0.003, 

respectively; Figure 6). The feed ingestion in the fifth week was analyzed apart from 

the other weeks, due to the manipulation of fish to the blood samples collection in 

this week, factor which may decrease fish feed ingestion compared to the other 
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weeks. Therefore, we also did not observe a significant effect of the treatments in 

the feed ingestion of fish in the week 5 (H(3) = 3.084, P = 0.379). 

 

Table 2 – Growth response variables of Niles tilapias fed during 28 days with diets 

containing different CBD doses. The absence of asterisks indicates there is no significant 

difference between the treatments under one-way ANOVA or Kruskal-Wallis tests.  

Treatments 
Final standard 

length (cm) 
Final weight (g) AWG 1 (g) FC 2 (g/g) SGR 3 (%) K 4 (%) 

Control 11.04 ± 0.697 47 ± 9.024 17 ± 7.512 1.742 ± 0.895 1.242 ± 0.492 3.483 ± 0.484 

CBD5 1 11.043 ± 0.746 47.667 ± 7.761 18 ± 7.746 1.737 ± 1.158 1.337 ± 0.534 3.476 ± 0.481 

CBD 10 10.932 ± 0.512 45.286 ± 6.65 16.357 ± 6.935 1.707 ± 0.395 1.37 ± 0.369 3.503 ± 0.477 

CBD 20 10.909 ± 0.794 45.333 ± 10.431 19.545 ± 8.409 1.681 ± 0.983 1.286 ± 0.489 3.454 ± 0.507 

1 AWG – Average weight gain. 2 FC – Feed conversion. 3 SGR – Specific Growth Rate. 4 K 

– Condition Factor. 5 CBD – Cannabidiol. 

Values are mean ± SD (N = 15). No significant differences between the treatments using 

one-way ANOVA or Kruskal-Wallis tests. 

 

Figure 6 – Effect of diets containing different CBD doses, 0 (control), 1, 10, and 20 mg/kg 
on the feed ingestion of Nile tilapias. The mean feed ingestion of fish was calculated by 
week, for 4 weeks. The uppercase letters indicate significant differences between the 
weeks, unifying all treatments (Tukey test, p < 0.05). Values are mean ± SD (N = 15). 

5.5. MORPHOLOGICAL AND HISTOLOGICAL VARIABLES OF 
REPRODUCTION 

We observed a significant effect of CBD on the gonadosomatic index (GI; 

(F(3, 34) = 11.121, p < 0.001; Figure 7). Fish from the CBD 10 treatment presented a 

higher GI than those from control (p = 0.004) and CBD 1 (p = 0.031) treatments. 
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Similarly, fish from CBD 20 treatment also presented a higher GI compared to fish 

from control and CBD 1 treatments (p < 0.001; Figure 7) 

 

Figure 7 – Effect of diets containing different CBD doses, 0 (control), 1, 10, and 20 mg/kg 
on the gonadosomatic index (GI) of Nile tilapias. The uppercase letters indicate significant 
differences between the treatments (Tukey test, p < 0.05). Values are mean ± SD (N = 10). 

 

 Histomorphometric analysis revealed a significant effect of CBD on the 

number of spermatozoa by field (F(3, 13) = 18.588, p < 0.001; Figure 8E). The CBD 

doses of 1 mg/kg and 10 mg/kg decreased the number of spermatozoa by field of 

Nile tilapias compared to the control treatment (p < 0.001 and p = 0.418, 

respectively). The 20 mg/kg dose also decreased the number of spermatozoa by 

field compared to the control fish (~40%), however, this decrease was not significant 

(p = 0.63; Figure 8). 
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Figure 8 – Ex vivo effects of 0 (control), 1, 10, and 20 mg/kg of CBD on Nile tilapia 
spermatogenesis. (A, B, C, D) Histological sections of Nile tilapia testes following 35-days 
of exposure to CBD. Spermatozoa (SPZ) are indicated in each figure (scale: 50 μm). (E) Ex 
vivo effects of 0 (control), 1, 10, and 20 mg/kg of CBD on the mean SPZ number by field 
(total of 20 fields by fish) in testicular explant from Nile tilapias. Different uppercase letters 
indicate significant differences between treatments (Tukey test, p < 0.05) The number of 
SPZ was determined by morphophysiological analysis using ImageJ software (mean ± SD; 
N = 5). 

 

6. DISCUSSION 
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In this study, we investigated the CBD effect on behavioral and morpho-

physiological variables related to the welfare of Nile tilapia. We found that the 10 

mg/kg dose of CBD was efficient in reducing fish aggressiveness over 28 days. 

Regarding the social stress, CBD was not efficient in mitigating the stress responses 

of fish induced by their image reflected in a mirror (social stressor). However, the 20 

mg/kg dose of CBD was efficient in attenuating the VR increase induced by 

confinement stress (non-social stressor). Moreover, in the fifth week of the 

experiment, fish from CBD 10 and CBD 20 treatments presented a lower level of 

cortisol when not submitted to an acute stressor. None CBD dose altered feed 

ingestion or any growth response variable. In addition, the 10 mg/kg and the 20 

mg/kg CBD doses still increased fish GI. However, even increasing the testes of 

fish, CBD at doses of 1 and 10 mg/kg significantly reduced the number of 

spermatozoa. CBD 20 treatment did not show a significant decrease in the 

spermatozoa number of fish; however, the group also presented a slightly reduce in 

spermatozoa numbers (~40%). Therefore, in general, our results demonstrated that 

CBD in different doses can be incorporated into the fish diet to increase animal 

welfare in captive and artificial environments. 

The CBD efficacy in decreasing aggressiveness of animals was proved only 

in mammals, more specifically, in rats and dogs (CORSETTI et al., 2021; 

HARTMANN et al., 2019), but not so far in other taxa. This study was the first to 

show that CBD is efficient in reducing the aggressiveness of fishes. In dogs, oral 

CBD administration through 45 days decreased the aggressive behaviors toward 

humans (CORSETTI et al., 2021). Regarding rats, intraperitoneal doses between 5 

and 60 mg/kg of CBD decreased aggressiveness, in which the intermediate doses 

of 15 and 30 mg/kg were the most efficient (HARTMANN et al., 2019). We observed 

that CBD oral administration through 28 days was also efficient in decreasing fish 

aggressiveness. Differently, the results found in rats, only the intermediate 10 mg/kg 

dose of CBD was efficient in reducing fish aggressive behavior. Lower doses (1 

mg/kg) and higher doses (20 mg/kg) did not decrease the animals’ aggressive 

behaviors. Proving that CBD decreases aggressiveness in multiple species is 

important to identify evolutionary conservated mechanisms and common effects of 

the drug between all these species. These common mechanisms and effects of CBD 

may probably be shared not only by the studied species but also with other species, 



Mestrando: Bruno Camargo dos Santos         Orientadora:  Dra. Percília Cardoso Giaquinto 

37 
  

 
 

Campus de Botucatu   

such as humans (GERLAI, 2014). Ultimately, this can help researchers to develop 

CBD treatments for disorders related to aggressiveness increment in humans. 

CBD decreases rats’ aggressive behavior through a mechanism associated 

with the activation of the 5-HT1A serotoninergic receptors and CB1 

endocannabinoid receptors (HARTMANN et al., 2019). Although we did not have 

investigated the mechanism involved in CBD anti-aggressive effects in fish, 

probably this was similar to the mechanism described in mammals. Firstly, fish 

5HT1-A receptors show high similarity to mammals’ 5HT1-A receptors (KHAN; 

DESCHAUX, 1997; WINBERG; NILSSON, 1996), and in both taxa, the present 

receptor plays a role in the aggressiveness decrease (CLOTFELTER et al., 2007). 

In addition, the endocannabinoid system is highly conservated between fish and 

mammals (ELPHICK, 2012; OLTRABELLA et al., 2017), and the CB1 receptors 

show about 70% similarity between the taxa (OLTRABELLA et al., 2017). The 

activation of the endocannabinoid system by CBD and other cannabinoids, many 

times triggers biphasic effects in behavioral responses, such as feeding behavior, 

locomotor activity, and anxiety-like behavior (REY et al., 2012). Biphasic effects are 

characterized when a low dose of a drug trigger an effect, while higher doses did 

not trigger the effect, or even trigger the opposite effect, and vice-versa (REY et al., 

2012). Regarding the effect of CBD on anxiety-like behavior, for example, lower and 

intermediate doses induce anxiolytic-like responses, while higher doses result in the 

opposite effect, triggering anoxygenic-like responses (REY et al., 2012). Probably, 

we found the same classic CBD biphasic effect in our results of aggressive behavior, 

in which an intermediate dose of 10 mg/kg decrease fish aggressiveness, while a 

higher dose of 20 mg/kg did not decrease. 

To be in good welfare conditions, animals must express natural behaviors in 

captive environments (FRASER et al., 1997; VON KEYSERLINGK; WEARY, 2017). 

The Nile tilapia is an aggressive cichlid and one of the most farmed fish in the world 

(ALVARENGA; VOLPATO, 1995; FAO, 2020). Thus, one of the conditions for the 

species to be considered at a good welfare level in aquaculture environments, is 

that fish must present aggressive behaviors in the stock tanks since it is a natural 

component of their natural behavior. However, the environmental conditions in 

aquaculture tanks, mainly the high stock densities which fish are subject, are 

responsible for intensifying the aggressive behavior of many species to an unnatural 
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level (GONÇALVES-DE-FREITAS et al., 2019). This leads to an increase in social 

stress and fish injuries, shrinking the adaptive value of the aggressive behavior in 

the current environment. As a consequence of all these effects together, there is a 

decrease in fish welfare (GONÇALVES-DE-FREITAS et al., 2019). Then, the 

reduction of aggressive behaviors observed in the CBD 10 treatment is important to 

mitigate the effects of the aquaculture environments on Nile tilapia behavior and 

maintain fish aggressiveness level in captivity close to the level observed in natural 

environments. This effect is important to preserve the adaptive value of the 

aggressive behavior for the species in artificial environments, and consequently, 

increase Nile tilapia welfare. 

 Regarding the social stress, surprisingly, we observed that in the first week 

of receiving the treated diet, fish from the CBD 10 group increased their VR pre and 

post-stress (Figure 3A and 3B). In the next weeks of the experiment, the VR values 

of the group returned to the baseline level. The VR is a reliable indicator of stress 

(BARRETO; VOLPATO, 2011) and anxiety-like effects on fishes (MAXIMINO et al., 

2010; YOSHIDA, 2022) since it was closely related to the increment of the metabolic 

rate, which by your turn increases in stressful situations (BARRETO; VOLPATO, 

2011; MOMMSEN; VIJAYAN; MOON, 1999) and anxiety-like situations (MAXIMINO 

et al., 2010; YOSHIDA, 2022). The exposition to new environments and drugs are 

two experiences that induce an anxiogenic-like effect in fish and consequently 

increase their VR (YOSHIDA, 2022). Although we have not carried out any test to 

analyze the CBD effect on fish anxiety-like responses, the previous results 

described may be related not only to a stress response but also to a possible 

anxiogenic-like effect of CBD, since fish increased their VR independent of the 

presence or not of an acute stressor. Some cannabinoids show an anxiogenic effect 

a few days after their administration, but this effect seems to attenuate over time 

(CABERLOTTO et al., 2004; HILL; GORZALKA, 2006). The CBD intraperitoneal 

acute administration was reported to decrease anxiety-like behavior in fish and 

mammals (NAZARIO et al., 2015; SCHIER et al., 2012). However, similar to our 

results, a chronicle of short-term CBD administration (11 days) results in an 

anxiogenic-like effect in rats (ELBATSH et al., 2012). Thus, further studies are 

necessary to detangle whether the chronicle CBD administration can present an 
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anxiogenic-like effect in the first days of its application, as well as other 

cannabinoids. 

CBD did not significantly alter fish VR variation (ΔVR) after a social stressor 

(Figure 3C). It is important to highlight that even did not find any significant effect (p 

= 0.84), we observed a minor effect, since CBD groups seem to present a pattern 

over the experiment. All CBD treatments had a lower VR variation when exposed to 

a social stressor compared to the control treatment, which presents a constant ΔVR 

through all experimental periods (Figure 3C). Further studies are necessary to 

elucidate whether this minor effect observed in our study can be a real significant 

effect. 

There are some divergences in the CBD effect on stress attenuation. Some 

studies showed that CBD decreases stress based on heart rate levels (RESSTEL 

et al., 2009) and cortisol levels (HURD et al., 2019) in dogs and humans 

respectively. However, some studies demonstrated that CBD is not efficient in 

decreasing cortisol levels in humans  (APPIAH-KUSI et al., 2020; ZUARDI et al., 

1993) and dogs (MORRIS et al., 2020). This divergence can be related to an 

inefficient dose of the drug for the desired effect or can be related to the choice of 

an inadequate administration-via or administration-time (MILLAR et al., 2018), or 

even though, can be due to a different effect of CBD depending on the stressor type 

applied (e.g., social or non-social). 

We observed that the higher the CBD dose, the lower was the increase in the 

VR (ΔVR) in response to non-social stress (Figure 4C). The dose of 20 mg/kg 

significantly reduce the VR increase in response to the confinement stress 

compared to the control group. Interestingly, here the CBD effect was dose-

dependent and not biphasic. The CBD can promote both types of responses in 

organisms (EWING et al., 2019; PANDELIDES et al., 2020). Therefore, CBD was 

efficient in attenuating the VR increase in response to a non-social stressor but was 

not efficient in response to a social stressor. One possible explanation for this result 

could be the time that fish were exposed to the CBD diet. The non-social stress was 

applied only in the fifth week, while the social stressor was applied during the first 

four experimental weeks. Studies showed that a long-term CBD exposition (28 days 

– 10 mg/kg) had an anxiolytic-like and antidepressant effect in rats exposed to 

chronic unpredictable mild stress (GÁLL et al., 2020). Thus, the long-term CBD 
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administration may also affect the attenuation of some stress responses, such as 

the VR in fish. 

Besides the time of exposition to CBD, the type of stressor, or in other words, 

whether it was a social or non-social stressor, may be influenced by the differences 

in the stress-attenuation effect of the drug. In rats, CBD doses of 10 and 20 mg/kg 

were efficient in reducing physiological responses (namely, an increase in heart 

rate) to a non-social stressor (restraint stress (RESSTEL et al., 2009)). Similarly, in 

humans, CBD 10 mg/kg dose decreased the cortisol level in response to a non-

social stressor (drug induction (HURD et al., 2019)). However, the same CBD dose 

was ineffective in attenuating the cortisol increase in response to a social stressor 

(“trier social stress test”) in humans patients with a high risk of psychosis (APPIAH-

KUSI et al., 2020). Moreover, seems that CBD stress-attenuation effect do not 

depend only on the type of stressor applied to animals, and the chosen dose also 

plays an important role in the effect, since a dose of 1.4 mg/kg did not reduce the 

cortisol levels in response to a non-social stressor in dogs (fireworks (MORRIS et 

al., 2020)). Therefore, further studies are necessary to unravel whether indeed CBD 

attenuates only the stress responses to non-social stressors and does not attenuate 

the responses to social stressors. In addition, it is important to investigate the 

appropriate dosage for each stressor type.  

Even the VR is a reliable secondary stress biomarker in fish (BARRETO; 

VOLPATO, 2011), other physiological stress responses can be evaluated, such as 

other secondary stress responses (e.g., blood glucose), and the main stress 

hormone in fish, cortisol (ANTUNES et al., 2021). To have a broader evaluation of 

the stress response in an animal, it is recommended to evaluate the maximum of 

the stress responses possible (GONÇALVES-DE-FREITAS et al., 2019; STOLTE 

et al., 2008). In this sense, we decided to measure also the increasement of cortisol 

levels in response to non-social stress. The stress-induced cortisol level and the 

Δcortisol were not altered by the exposure to CBD. Similarly, Mortuza et 

al.(MORTUZA; MASON; MUSTAFA, 2021) found that CBD did not significantly 

decrease other stress biomarkers, such as glucose, hematocrit, and plasma protein 

in stressed and non-stressed Nile tilapias. Although Mortuza et al.(MORTUZA; 

MASON; MUSTAFA, 2021) did not find significant effects, CBD groups that received 
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about 1 mg/kg of CBD per day for only three days, slightly reduced some of the 

secondary stress responses measured in their study.  

Cortisol plays a role in the increase of metabolism in fish (BARTON; 

SCHRECK, 1986; DAVIS; SCHRECK, 1997). The VR also increases with the 

metabolic rate increase (BARRETO; VOLPATO, 2004; CLAIREAUX; LAGARDÈRE, 

1999). Although these two stress markers present a positive correlation in fish 

(BARRETO; VOLPATO, 2004), cortisol alone after stress is unlikely to increase the 

metabolic rate, a process which depends on other factors, such as the whole-body 

lactate for example (BARRETO; VOLPATO, 2004; DAVIS; SCHRECK, 1997). Thus, 

the decrease in the ΔVR in response to the confinement stress found in our results 

may be related to other mechanisms that are not the stress-induced cortisol levels, 

such as other secondary stress biomarkers. Although we did not observe any effect 

of CBD on the stress-induced cortisol levels and the Δcortisol, we found that in the 

fifth week CBD substantially decreased the baseline cortisol levels. 

The decrease of the baseline cortisol levels induced by CBD is promisor to 

the welfare improvement of captive fish. The lower baseline cortisol levels can be 

beneficial to organism functioning, since higher cortisol levels lead to the impairment 

of the reproduction system (SCHRECK; CONTRERAS-SANCHEZ; FITZPATRICK, 

2001), depress immunity (POTTINGER, 2008), impair the growth and organs 

development (FERNANDES; VOLPATO, 1993; SOPINKA et al., 2016), among 

other negative effects on the organism functioning (SOPINKA et al., 2016). 

However, the cortisol increasing as a stress response, is also adaptive to animals, 

helping them cope adequately with environmental challenges and improving their 

survival chance and their fitness (WENDELAAR BONGA, 1997). Our results 

showed that CBD decrease only the baseline cortisol hormone concentration. Thus, 

when fish treated with CBD are submitted to an acute stressor, they increase their 

cortisol level similar to fish not submitted to CBD, showing an adequate stress 

response that allows them to present the expected physiological responses and 

behavior alterations to cope with the stressor. From an integrative welfare 

perspective, this is important, since CBD may improve the functionality of fish 

organisms in a rearing condition without any acute stressor. Meanwhile, whether a 

stressful event occurs, fish can trigger a normal stress response, which may allow 

them to express their natural behavior to cope with a stressor in captivity.  For 
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example, in a risky situation, such as the presence of a threat, chasing by a net, or 

in an intraspecific territorial fight, fish will present a normal increase in cortisol levels, 

which can allow the appropriate behavior responses for each stressful situation. 

In addition to playing a role in the regulation of the aggressiveness and stress 

axis (PACHER; BÁTKAI; KUNOS, 2006), the endocannabinoid system also plays a 

role in the regulation of body weight gain and food intake (DI MARZO, 2008; 

IGNATOWSKA-JANKOWSKA; JANKOWSKI; SWIERGIEL, 2011; PERTWEE, 

2009). Thus, cannabinoids such as CBD that modulate this system can affect growth 

variables and animals’ food intake (GÁLL et al., 2020; IGNATOWSKA-

JANKOWSKA; JANKOWSKI; SWIERGIEL, 2011). Some studies showed that CBD 

alters the body weight gain in rats, however, the results are divergent, since CBD 

can increase the body weight gain (GÁLL et al., 2020), did not affect it (OSBORNE 

et al., 2017), or even decrease the body weight gain (IGNATOWSKA-JANKOWSKA; 

JANKOWSKI; SWIERGIEL, 2011). Regarding fish, females zebrafish exposed to 

CBD at the larval stage had a reduction of their size (weight and length) in adulthood, 

while males did not present any alteration in their size (PANDELIDES et al., 2020). 

Similarly, in our results, juvenile males of Nile tilapia supplemented with different 

CBD doses did not show alterations in any of the growth response variables 

measured, nor in the food intake. The food intake only decreased in the last 

experimental weeks but for all experimental treatments. First of all, it is relevant to 

highlight that diet supplemented with CBD was not unpalatable for fish, validating 

this CBD-administration method for the taxon. Moreover, it is important to 

emphasize that CBD supplementation improves fish welfare and did not reduce their 

body weight gain, which is beneficial for both, animals and fish farmers since CBD 

can provide a better quality of life in captivity environments for Nile tilapias, and also 

maintain the same level of meat production for the fish farmers. 

S to our results, a CBD dose of 10 mg/kg did not affect the weight gain in rats 

(OSBORNE et al., 2017). However, (GÁLL et al., 2020) observed that this same 

dose increased the body weight gain and food intake of sucrose in rodents. (GÁLL 

et al., 2020) exposed the rats to a chronic unpredictable mild stress for 28 days. The 

chronic stress decreases the feed intake and the weight gain (MARTÍ; MARTÍ; 

ARMARIO, 1994), thus, probably the weight gain induced by CBD may be related 

to some effect of the drug in the attenuation of the chronic stress (GÁLL et al., 2020). 
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In our study, we did not apply any chronic stress to fish, only exposed the to some 

acute stressors. Considering that CBD did not affect any growth variable and food 

intake in the presence of only acute stressors in fish, and can induce an increase in 

the food intake and body weight gain in the presence of chronic stress in rats (GÁLL 

et al., 2020), the supplementation of fish diet with CBD may bring even better results 

in real aquaculture conditions. In aquaculture tanks, fish are subjected to some 

chronic stressors, such as high stock densities, and several acute stressors, such 

as the processes of grading, and slaughter (CONTE, 2004). Further studies are 

necessary to elucidate whether, in a real aquaculture condition, where animals are 

exposed to the chronic stress of high densities, the CBD can increase feed intake 

and body weight gain in fish. 

Although we did not observe any CBD effect on growth variables of Nile 

tilapias, the 10 and 20 mg/kg doses increased the gonadosomatic index (GI) of fish. 

The GI is a macroscopic measure used to estimate the gonadal maturation in 

several fish species (FLORES et al., 2019; VITALE; SVEDÄNG; CARDINALE, 

2006; ZEYL; LOVE; HIGGS, 2014), being also welfare indicative since high values 

of GI means that animals are in good rearing conditions (NOBLE et al., 2018). A 

factor that impairs gonadal development and consequently decreases the GI is the 

high cortisol level (CONSTEN et al., 2001). In our study, Nile tilapias treated with 

high doses of CBD (10 and 20 mg/kg) presented a decrease in their baseline cortisol 

level in the fifth experimental week. The cortisol level has not been accessed before, 

so we do not know whether the hormone level was already low in the first four 

experimental weeks. Our hypothesis is that maybe, the baseline cortisol level was 

already low during the first experimental weeks, which leads to a higher 

development of the fish testes. Additional research can elucidate what is the 

minimum time necessary to CBD decrease the baseline cortisol, and then confirm 

or reject this hypothesis. 

The corticosteroid hormones, such as cortisol, are not the only hormones that 

affect the testis’s development, sexual hormones such as testosterone, 

progesterone, and estradiol also play an important role in it (SCHOLZ; KLÜVER, 

2009). Carvalho et al. (CARVALHO et al., 2022) showed that CBD orally 

administrated for 34 days did not alter the level of the sexual hormone in rats, and 

consequently the gonadal development. The authors of this study did not measure 
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the level of any corticosteroid hormones in rats. In rats and mice, the main 

corticosteroid hormone that regulates the stress responses is corticosterone 

(GONG et al., 2015), differently in fish and humans, in which cortisol lead a key role 

in the stress axis regulation (ANTUNES et al., 2021; RUSSELL; LIGHTMAN, 2019). 

Therefore, due to these differences in the stress axis between the species, maybe 

in rats and mice, CBD did not have the same stress-attenuation effect observed in 

fish and consequently did not have the same effect on the testis’s development. 

However, in our study, we also did not measure any sexual hormones of fish. There 

are also some differences in the reproductive system and its endocrine regulation 

between fish and mammals (NISHIMURA; TANAKA, 2014; WILHELM; PALMER; 

KOOPMAN, 2007). Therefore, we did not discard that the gonadal development 

promoted by CBD in our study may also have been influenced by any effect of the 

drug on the sexual hormones of fish. We encourage evolutionary comparative 

studies to verify the CBD effects on the stress axis and reproductive system of 

different vertebrates. This will help to unravel the exact underlying mechanisms of 

the drug in the body systems, which can be very useful for medicinal purposes, 

animal behavior improvement, and other promising applications of CBD.  

Although there is an increase in the testes size of the Nile tilapias treated with 

CBD, it was not accompanied by an increase in the number of spermatozoa. Fish 

treated with 1 and 10 mg/kg of CBD presented fewer spermatozoa compared to the 

control fish. In particular, the 1 mg/kg dose drastically decreased the number of 

spermatozoa cells (Figure 8E). The endocannabinoid system plays a key role in the 

regulation of spermatogenesis (GRIMALDI et al., 2009). The CB2 receptors are 

expressed in all the cell stages of spermatogenesis, and it was suggested that their 

activation by endocannabinoids, such as the anandamide, is related to the 

regulation of the mitotic cells of the spermatogenesis (Chronic exposure to 

cannabidiol induces reproductive toxicity in male Swiss miceCARVALHO et al., 

2018). Meanwhile, another target receptor of anandamide, the transient receptor 

potential cation channel subfamily V member 1 receptors (TRPV1), are highly 

expressed in the meiotic stage, and possibly are involved in the control of this 

spermatogenesis stage (Chronic exposure to cannabidiol induces reproductive 

toxicity in male Swiss miceCARVALHO et al., 2018). The CBD promotes an 

increase of anandamide, blocking the fatty acid amide hydrolase enzyme (FAAH), 
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which is responsible for degrading the endocannabinoid. This increase of 

anandamide leads to high activation of CB2 receptors (Chronic cannabidiol 

exposure promotes functional impairment in sexual behavior and fertility of male 

miceCARVALHO et al., 2018; CARVALHO; ANDERSEN; MAZARO-COSTA, 2020). 

However, CBD can also block the CB2 receptors or activate the TRPV1 receptors, 

depending on the dose (Chronic cannabidiol exposure promotes functional 

impairment in sexual behavior and fertility of male miceCARVALHO et al., 2018; 

CARVALHO; ANDERSEN; MAZARO-COSTA, 2020). The CBD action mechanism 

described above can help us to have a better understanding of many of their 

biphasic effects in the organism since depending on the dose, the drug can activate 

one or another receptor (Chronic cannabidiol exposure promotes functional 

impairment in sexual behavior and fertility of male miceCARVALHO et al., 2018; 

HARTMANN et al., 2019). For example, low doses of CBD inhibit sexual behavior, 

by indirect activation of CB1 receptors, while higher doses improve it, blocking CB1 

receptors or activating TRPV1 (Chronic cannabidiol exposure promotes functional 

impairment in sexual behavior and fertility of male miceCARVALHO et al., 2018). 

Therefore, different doses of the drug can cause distinct disturbances on the 

spermatogenesis axis (Chronic exposure to cannabidiol induces reproductive 

toxicity in male Swiss miceCARVALHO et al., 2018; CARVALHO; ANDERSEN; 

MAZARO-COSTA, 2020). In our results, we observed that low doses of CBD 

decrease substantially the number of spermatozoa, and higher doses promote a 

smaller decrease in it (Figure 8). We did not analyze the effect of CBD on other 

stages of spermatogenesis, such as cells pre-meiotic. Maybe, smaller doses such 

as the 1 mg/kg dose led to an increase of pre-meiotic cells and a decrease in the 

post-meiotic cells, while higher doses could have the opposite effect. Further studies 

are necessary to elucidate how the CBD biphasic effect regulates the entire 

spermatogenesis. 

Other studies did not find a CBD effect on the number of spermatozoa, as 

our results (CARVALHO et al., 2022), however, they reported other reproductive 

toxicity CBD effects on the male reproductive system in a large number of animals 

(sea urchins (SCHUEL et al., 1987); rats (CARVALHO; ANDERSEN; MAZARO-

COSTA, 2020); and zebrafish (PANDELIDES et al., 2020), such as deregulation on 

spermatogenesis, impairment on sperm quality and motility (Chronic exposure to 
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cannabidiol induces reproductive toxicity in male Swiss miceCARVALHO et al., 

2018, 2022; PANDELIDES et al., 2020), and also reduction in sperm fertility 

(SCHUEL et al., 1987). However, there is an active debate about the reversibility or 

not of reproductive toxicity effects of CBD on the male reproductive system, having 

divergences about it (CARVALHO; ANDERSEN; MAZARO-COSTA, 2020). Some 

authors suggest that an important factor that can lead to reversible or irreversible 

effects of CBD on the reproductive system is the period in which animals are 

exposed to the drug (CARVALHO; ANDERSEN; MAZARO-COSTA, 2020). There 

was suggested that exposures during the gonadal development can lead to 

irreversible and long-term effects (CARTY et al., 2019; CARVALHO; ANDERSEN; 

MAZARO-COSTA, 2020), while exposures after this period lead to reversible effects 

(Chronic exposure to cannabidiol induces reproductive toxicity in male Swiss 

miceCARVALHO et al., 2018; CARVALHO; ANDERSEN; MAZARO-COSTA, 2020). 

Therefore, to use CBD as a tool to improve animal welfare, we have to take into 

count these toxicity effects on the males’ reproductive system and also elucidate 

better whether these effects are reversible or irreversible, and at what age the use 

of CBD is safer to the male reproductive system. 

Finally, the stress and aggressiveness reduction, besides the increase in the 

GI reflects an improvement in fish welfare. The stress level is a classic and highly 

validated welfare indicator (MARTINS et al., 2012), and its reduction leads to an 

improvement in fish’s quality of life in artificial environments. About aggressiveness, 

aggressive interactions are a natural component of the behavior of many social 

species of fish, including the Nile tilapia (ALVARENGA; VOLPATO, 1995). However, 

the aquaculture environment conditions increase the number of aggressive 

behaviors to an exacerbated level, in which it is no longer adaptive, leading to an 

increase in bodily injuries and the social stress of fish (GONÇALVES-DE-FREITAS 

et al., 2019). Therefore, the aggressiveness reduction of fish in aquaculture 

environments can act as an adjustment mechanism, regulating the aggressive 

behavior of the Nile tilapia to a level considered natural for the species, restoring the 

adaptive value of this behavior in the current environment, and ultimately improving 

fish welfare. Regarding the GI, it also has been considered a relevant welfare 

indicator, since high values of GI indicate good rearing conditions that allows a 

better gonadal development (NOBLE et al., 2018).   
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7. CONCLUSIONS 

Therefore, we conclude that CBD can be offered in fish diets to improve their 

welfare in aquaculture and captivity environments. The 10 mg/kg dose reduced fish 

aggressive behavior, reduced non-social stress and baseline cortisol levels, and 

also improved the GI. However, it is important to take into account that this CBD 

dose significantly reduced the spermatozoa number of fish, and it is necessary to 

caution when using it to improve the welfare of Nile tilapias reared for reproduction 

purposes. The 20 mg/kg dose presented the best results in the reduction of non-

social stress, reducing baseline cortisol levels, and in increasing GI. This dose did 

not significantly reduce the number of spermatozoa, however, the CBD 20 fish 

presented ~40% fewer spermatozoa than the control fish. So, it is also necessary to 

have some caution when using CBD at this dosage to improve fish welfare, mainly 

when fish are reared for reproduction purposes. Therefore, CBD at 20 mg/kg can 

be a promising tool to improve the welfare of non-aggressive social fish species, 

while CBD at 10 mg/kg dose can be used to improve the welfare of aggressive fish 

species, such as the Nile tilapia. This improvement of fish welfare by the CBD 

administration is accompanied by a non-reduction in fish growth. This can be 

beneficial for the animals, which presents a better quality of life, and also for the fish 

farmers, who can keep the same level of fish production that they will have using 

feed without CBD, with the advantage of producing animals with a better-added 

value due to the rearing conditions. Our study was the first to explore the potential 

of CBD effects as a tool to improve the welfare of captivity and farming animals, 

being effective in fish. Currently, CBD is not a cheap resource, but the low 

concentrations used in our study already presented promising results. Besides, with 

the constant increase in cannabis acceptance by society, accompanied by the trend 

of the legalization and farming of the plant in many countries, CBD prices may 

decrease in a near future (MORTUZA; MASON; MUSTAFA, 2021). However, further 

studies focusing on the CBD effect on the quality of fish meat, as well as whether 

there is an accumulation of the drug in the meat and the water are necessary before 

the implementation of this welfare improvement method in aquacultures. We 

encourage researchers to investigate the efficacy of the CBD in the welfare 

improvement of other captivity and farming animals. 
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