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Resumo

A presente tese de Doutorado compreende dois experimentos e é apresentado em quatro
capitulos. No primeiro, apresentamos uma introducdo geral sobre o tema da tese e no
ltimo as consideracBes finais. Os capitulos que compdem o restante da tese foram
escritos como artigos cientificos. No primeiro experimento, capitulo 2, foi avaliada a
resposta imune inata, de estresse e metabdlica de juvenis de pacu alimentados com
diferentes concentracGes de extrato de Aloe vera (0,0%; 0,5%; 1,0% e 2,0%), durante 7
dias. Depois da alimentacdo, os peixes foram inoculados através de injecdo
intraperitoneal (IP) de Aeromonas hydrophila inativada. Os peixes foram amostrados
antes, 3h, 6 h e 24 h ap6s o desafio. Os resultados mostraram que todas as concentragdes
de A. vera reduziram os niveis basais de cortisol e que, 3 h ap6s a inoculagdo bactéria, os
menores valores de cortisol foram observados nos peixes alimentados com 1,0% do
extrato. Apés 7 dias de alimentacdo, em condicdo basal, a A. vera promoveu os valores
mais elevados de atividade respiratoria dos leucécitos circulantes (ARL) nos peixes
alimentados com 0,5% e 1,0% do extrato da planta. Os niveis séricos de lisozima
aumentaram seis horas ap6s a inoculacdo bacteriana em peixes alimentados com 1,0% e
2,0% de A. vera. O sistema complemento foi ativado nos peixes que receberam 1% de
extrato da planta em todas as amostragens ap6s a inoculacdo da bactéria. A alimentacédo
por 7 dias com 1,0% de Aloe vera aumentou os niveis lipidicos no figado e musculo. O
segundo experimento, capitulo 3, avaliou a inclusdo de A. vera na dieta (0,0%;0,5%;1,0%
e 2,0%) por um periodo de alimentagdo de 15 dias seguida por desafio dos peixes com
injecdo IP de A. hydrophila inativada. Os peixes foram amostrados antes, 3, 6 e 24 horas
apo6s o desafio. Os dados deste experimento compdem o capitulo 3. Os resultados
mostraram elevac&o do cortisol circulante causado pelo indculo, em todos os tratamentos,
e confirmaram o efeito redutor dos niveis de cortisol da A. vera, observado nas condicdes
experimentais deste experimento, 3 horas ap6s o indculo. Observamos elevacdo das
concentracdes plasmaticas de glicose 3 h apds inoculacdo da bactéria e reducdao maior que
do grupo controle nos peixes que receberam o extrato de A. vera. As concentracGes da
lisozima sérica de peixes controle aumentaram 3 h apds inoculacdo e se mantiveram até
24 h. Nos peixes que receberam extrato de A. vera esse aumento foi inibido as 3 h, mas
se elevaram a partir de 6 h, sendo o valor mais alto observado nos peixes que receberam
2,0% do extrato, 24 h apos inoculacdo. Observamos, ainda, efeito do extrato de A. vera
que aumentou a quantidade de lipideo no masculo e depésito visceral. Em conjunto, o0s
dados apresentados nesta tese indicam que o extrato de A. vera tem acgdes redutora de
estresse, imunostimulante e lipogénica em juvenis de pacu, com pequena variacdo no
tempo de deteccdo de seus efeitos quando a alimentacdo é oferecida por 7 ou 15 dias. Isto
nos permite sugerir o uso desta planta como suplemento na alimentacdo do pacu como
protocolo alternativo para reforcar e melhorar os mecanismos de defesa imune, reduzir
surtos de doengas e aumentar a resisténcia dos peixes, ou em periodos em que 0 peixe
necessita poupar os estogues de energia, sem prejuizos para o peixe, para 0 consumidor e
para o meio ambiente.

Palavras-chave: Aloe vera, resposta imune, plantas medicinais, estresse, metabolismo
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Abstract

This Doctoral thesis comprises two experiments and is presented in four chapters. In the
first, we present a general introduction on the topic of the thesis and in the last, the final
considerations. The chapters that make up the rest of the thesis were written as scientific
articles. In the first experiment, chapter 2, the innate, stress and metabolic responses of
pacu juveniles fed different concentrations of Aloe vera extract (0.0%; 0.5%; 1.0% and
2.0%) were evaluated, for 7 days. After feeding, the fish were inoculated by
intraperitoneal (IP) injection of inactivated Aeromonas hydrophila. The fish were
sampled before, 3h, 6h and 24h after the challenge. The results showed that all
concentrations of A. vera reduced baseline levels of cortisol and that, 3 h after bacterial
inoculation, the lowest values of cortisol were observed in fish fed 1.0% of the extract.
After 7 days of feeding, in basal condition, A. vera promoted the highest values of
respiratory activity of circulating leukocytes (ARL) in fish fed with 0.5% and 1.0% of the
plant extract. Serum lysozyme levels increased six hours after bacterial inoculation in fish
fed 1.0% and 2.0% A. vera. The complement system was activated in fish that received
1% of plant extract in all samples after inoculation of the bacteria. Feeding for 7 days
with 1.0% Aloe vera increased lipid levels in the liver and muscle. The second
experiment, chapter 3, evaluated the inclusion of A. vera in the diet (0.0%; 0.5%; 1.0%
and 2.0%) for a 15-day feeding period followed by a fish challenge with IP injection of
inactivated A. hydrophila. The fish were sampled before, 3, 6 and 24 hours after the
challenge. The data from this experiment comprise chapter 3. The results showed an
increase in the circulating cortisol caused by the inoculum, in all treatments, except in
fish fed with 2% A. vera, confirmed the reducing effect of the extract on cortisol levels,
observed in the experimental conditions of this experiment. We observed elevation of
glucose plasma concentrations, with a reduction 6 h after bacterial inoculation, more
intensely in fish fed with the extract. The serum lysozyme concentrations of control fish
increased 3 h after inoculation and were maintained up to 24 h. In fish that received A.
vera extract, this increase was inhibited at 3 h, but increased after 6 h, the highest value
being observed in fish that received 2.0% of the extract, 24 h after inoculation. We also
observed an effect of A. vera extract that increased the amount of lipid in the muscle and
visceral deposit. Taken together, the data presented in this thesis indicate that A. vera
extract has stress-reducing, immunostimulating and lipogenic actions in pacu juveniles,
with little variation in the time of detection of its effects when feeding is offered for 7 or
15 days. This allows us to suggest the use of this plant as a supplement in pacu feeding
as an alternative protocol to reinforce and improve immune defense mechanisms, reduce
disease outbreaks and increase fish resistance, or in periods when the fish needs to to
preserve their energy reserves, without impairment to fish health, to the consumer and to
the environment.

Keywords: Aloe vera, immune response, medicinal plants, stress, metabolism
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Introduction

Aguaculture is increasing worldwide (FAO 2014); however, fish rearing involves
many challenges. One of the biggest problems is the outbreak of diseases caused by
environmental pathogens and the consequent financial implications for the industry. To
control disease outbreaks, several antimicrobial and other drugs have been used
indiscriminately. The major concerns with treating fish with antimicrobials are the
potential impacts on the aquatic environment and the risks associated with the
development of antimicrobial resistance by fish pathogens (WHO 2016; Miranda et al.
2018). Due to the risks involved with the intense use of antibiotics, it is necessary to
intensify efforts to develop alternative, and more ecofriendly, treatments.

Immunostimulants are considered an alternative for antibiotics to boost the immunity
of fish, thus effectively combating the pathogens.

Recent reviews have emphasized the use of herbs as an emerging approach to
enhance the health and immune system of cultured fish, which may have substantial
benefits for the aquaculture industry (Galina et 2009; Citarasu 2010; Harikrishnan et al
2011; Bairwa et al 2012; Vaseeharan and Thaya 2014; Reverter et al 2014; Hai 2015;
Bulfon et al 2015; Awad and Awaad 2017; Wang et al 2017). Herb-derived products are
a promising source of bioactive molecules, being simultaneously easily available,
inexpensive, and more biodegradable in nature compared to synthetic drugs.

Aloe vera (Aloe barbadensis Miller) is a traditional medicinal plant belonging to the
family Aloaceae (WHO 1999) and has been reported to provide numerous benefits to
human health, including anticancer, antioxidant, antimicrobial, antiallergic, anti-
inflammatory, immunomodulatory, hepatoprotective, antiulcer, and antidiabetic
activities (Hamman 2008; Rajeswari et al 2014; Sanchez-Machado et al 2017).
Although the use
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of A. vera in aquaculture has increased in recent years (Kim et al 1999; Alishahi et
al. 2010; Farahi et al 2012; Zanuzzo et al 2012; Mahdavi et al 2013; Palermo et al
2013; Haghighi et al 2014; Dotta et al 2014; Gabriel et al 2015a, b; Zanuzzo et al
2015a, b; Zanuzzo et 2017; Alishahi et al 2017; Moghaddam et al 2017; Rohani et al
2017; Gabriel et al 2019; Mehrabi et al 2019), the biological properties of this plant that
can aid in fish farming have to be clearly defined so that effective new products can be
developed. Given the potential benefits of A. vera to physiological responses of pacu,
our purpose was to evaluate whether feeding fish with diets supplemented with plant
extract for 7 days would affect indicators of stress, innate immunity, and metabolism
before and after inoculation with heat killed Aeromonas hydrophila. Our model fish is
commercially valuable in South America and is farmed in aquaculture systems
(Valladdo et al 2018), and has been affected by outbreaks of mortality caused by
bacterial infection under intensive farming (Ferreira et al 2019).
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Conclusions

Based on our data, this study suggests that Aloe vera, mainly as a 1% extract, can
be used as a fish feed supplement to reduce stress response and improve innate
immunity. In addition, A. vera modulates the dynamics of lipid reserves, directing
the energy mobilization to visceral depots. The use of A. vera in aquaculture is
promising; however, the scarcity of data indicates that further studies focusing on the
effective use of A. vera as a feed supplement are needed. The immunomodulator effect
of the herbal extract seems clear; however, new experimental protocols will have to be
developed, and biochemical details of its action on physiological functions must be

systematically investigated.
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