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Ocimum gratissimum essential oil improved the
health, innate immunity and resistance to Aeromonas
hydrophila infection in Pseudoplatystoma reticulatum

Oleo essencial de Ocimum gratissinum melhorou

a saude, imunidade inata e resisténcia a infeccao

por Aeromonas hydrophila em Pseudoplatystoma
reticulatum
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Highlights

Alfavaca essential oil improved the health of Pseudoplatystoma reticulatum.
The use of up to 1% of the essential oil improved the zootechnical parameters.
The fish supplemented with alfavaca essential oil showed greater weight gain.

Abstract

The essential oil of alfavaca (Ocimum gratissimum) contains important compounds, such as 1.8-cineol
and eugenol. This study evaluated the effects of diets containing alfavaca essential oil on the zootechnical
performance, plasma glucose, leukocyte respiratory activity, haematology, and intestinal histomorphometry
in “cachara” (Pseudoplatystoma reticulatum) challenged with Aeromonas hydrophila. A total of 300 juvenile

T M.e in Zootechnics, Postgraduate in Animal Science, Universidade Estadual de Mato Grosso do Sul, UEMS,
Aquiduana, MS, Brazil. E-mail: leonardo.augusto@grad.ufsc.br

2 Post Doctora Prof?, Postgraduate in Aquaculture at Centro de Aquicultura, Universidade Estadual Paulista “Julio de
Mesquita Filho", UNESP CAUNESP, Jaboticabal, SC, Brazil. E-mail: fabiana.pilarski@unesp.br

3 Drs. Researcher, Empresa Brasileira de Pesquisa Agropecuaria, EMBRAPA, Manaus, AM, Brazil. E-mail: celio.chaves@
embrapa.br; edsandra.chagas@embrapa.br

4 Dr. Prof., Postgraduate in Animal Science, UFMS, Campo Grande, MS, Brazil. E-mail: carlos.fernandes@ufms.br

5 M.e in Aquaculture, student of the Doctoral Course, Postgraduate in Aquaculture, Universidade Federal de Santa
Catarina, UFSC, Florianépolis, SC, Brazil. E-mail: mclara.libanori@gmail.com

6 Post Doctora in Aquaculture and Fisheries Resources, Postgraduate in Aquaculture, UFSC, Floriandpolis, SC, Brazil.
E-mail: schepereira@gmail.com

7 Post Doctor Prof., Postgraduate in Aquaculture, UFSC, Florianépolis, SC, Brazil. E-mail: mauricio.martins@ufsc.br

8 Post Doctora Prof?, Postgraduate, Universidade Estadual de Mato Grosso do Sul, UEMS, Aquiduana, MS, Brazil.
Posgraduate in Animal Science at, UFMS, Campo Grande, MS, Brazil. E-mail: cmeldau@uems.br

* Author for correspondence

Received: June 22, 2021 - Approved: Sept. 27, 2021

Semina: Ciénc. Agrar. Londrina, v. 42, n. 6, suplemento 2, p. 3855-3868, 2021 385 5



I Ciéncias Agrarias
SEMINA Silva, L. A, etal.

fish, with an average total length of 14.98 + 0.28 cm and average weight of 18.84 + 1.22 g, distributed in 20
tanks of 80 L, were fed twice a day with a diet containing essential oilat 0.5, 1.0, or 1.5% or without its inclusion
in five replicates. After 45 days, blood collection and mid-intestinal bowel were sampled, before a challenge
with Aeromonas hydrophila was performed. The fish supplemented with 1.0% of essential oil presented
better weight gain, mean corpuscular volume, concentration of thrombotic and neutrophils, respiratory
activity of leukocytes, and height of villi (p < 0.05) when compared to other groups. The cumulative mortality
response was lower for fish fed 1.5% essential oil of alfavaca diets. Thus, the use of alfavaca essential oil
is recommended in the diet of cachara catfish (P. reticulatum) at the level of up to 1.0% for 45 days for
improvements in the zootechnical, haematological, and intestinal histomorphometric parameters.

Key words: Bacterial experimental infection. Blood alterations. Immunological response. Native fish.
Performance.

Resumo

O d6leo essencial de alfavaca (Ocimum gratissimum) contém componentes importantes, como por exemplo
0 1.8-cineol e o eugenol. Este estudo avaliou os efeitos de dietas contendo 6leo essencial de alfavaca
sobre o desempenho zootécnico, glicose plasmatica, atividade respiratéria leucocitaria, hematologia
e histomorfometria intestinal em cachara (Pseudoplatystoma reticulatum) desafiado com Aeromonas
hydrophila. Um total de 300 peixes juvenis, com comprimento total médio de 14,98 + 0,28 cm e peso
meédio de 18,84 + 1,22 g, distribuidos em 20 tanques de 80 L, alimentados duas vezes ao dia com dieta
contendo o 6leo essencial a 0,5, 1,0 ou 1,5 % ou sem inclusdo de 6leo em cinco repeticdes. Apds 45 dias,
foi realizada a biometria final, coleta de sangue, amostra do intestino médio e desafio com Aeromonas
hydrophila. Apds o periodo experimental, a dieta suplementada com 1,0% do 6leo essencial apresentou
melhor ganho de peso, volume corpuscular médio, concentragédo de trombdticos e neutréfilos, atividade
respiratéria de leucdcitos e altura de vilosidades (p < 0,05) quando comparada aos demais grupos. A
resposta de mortalidade cumulativa foi menor para peixes alimentados com dietas com o 6leo essencial de
alfavaca a 1,5%. Assim, o uso de 6leo essencial de alfavaca é recomendado na dieta do bagre cachara (P.
reticulatum) no nivel de até 1,0% por 45 dias para melhorias nos parametros zootécnicos, hematolégicos
e histomorfométricos intestinais.

Palavras-chave: Infeccdo bacteriana experimental. Alteracdes sanguineas. Resposta imunoldgica. Peixes
nativos. Desempenho.

Introduction piscivorous and originally from the Guianas,
Orinoco, Amazon, and Parana basins (Alves,
Pseudoplatystoma reticulatum, Varela, Moro, & Kirschinik, 2014).

commonly known as “cachara”, is a species of
greateconomic importance in South American
countries (Fantini etal., 2019). Itis a freshwater
carnivorous fish species with nocturnal habits
(Baumgartneretal., 2012)thatis predominantly

Cachara are of great commercial value
prominent for having light, tender and tasty
meat with a lack of “Y" spines (Honorato et al.,
2014). Commonly, these fish were produced
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intensive systems, however, the intensification
of their production generates stress in the
animals due to increased stocking density.
This causes the accumulation of nitrogenate
compounds in the environment that favor
the potentially pathogenic bacteria, that can
cause economic losses in fish culture due to
the high mortality rate (B. C. Silva et al., 2011).
Unfortunately, studies on P. reticulatum are
still scarce and need to be encouraged for
increasing its production.

Research on the inclusion of plant
essential oils (EOs) has already been studied,
mainlyinpoultryandswine production,showing
positive results for immunity and disease
resistance, as well as improving production
and development. In aquaculture, EOs have
been shown to be beneficial against parasitic,
bacterial, and viral diseases, as well as being
lower cost, greater safety and efficiency, so
much so that the main routes of administration
are oral and immersion and already being
used in fishkeeping as well (Valladao, Gallani,&
Pilarski, 2015; Valladao et al., 2016). Also, as
desmonstrated by Brum et al. (2018), they
present low potential for bacterial resistance
when compared with antibiotics. Examples
of EOs use in aquaculture can be seen in
the study with the oil of Origanum vulgare,
which has antimicrobial, anti-inflammatory,
and antioxidant properties and, added to the
common carp (Cyprinus carpio) diet increased
the antioxidant capacity and fish resistance
to possible bacterial infections (Abdel-Latif,
Abdel-Tawwab, Khafaga, & Dawood, 2020).
Similarly, the EO of Mentha piperita, with
antimicrobial and immunomodulatory action,
were usedinastudybyL.L.Silvaetal.(2012)in
Nile tilapia (Oreochromis niloticus) submitted
to bacterial challenge with S. agalactiae,
resulting in lower mortality rates.

Semina: Ciénc. Agrar. Londrina, v. 42, n. 6, suplemento 2, p. 3855-3868, 2021

Ocimum  gratissimum, commonly
known as “alfavaca” in Brazil, is a tropical plant
that produces eugenol, which has anesthetic
(Ribeiro, Batista, Dairiki, Chaves, & Inoue,
2016), immunostimulant (Brum et al., 2017;
Monteiro et al., 2021), antimicrobial, analgesic,
antifungal, hypoglycemic (Fernandes et al,,
2013) and properties antioxidants (Boaventura
et al., 2021). However, the effects of the use
of alfavaca in the diet of P. reticulatum are
unknown.

Aeromonas hydrophila are Gram-
negative bacteria responsible for large
outbreaks in fish farms, causing hemorrhagic
septicemia in fish (Elsheshtawy, Yehia,
Elkemary, & Soliman, 2018). As a consequence,
there is the occurrence of high mortality and
great economic losses (Claudiano et al., 2019).

The aim of this study was to
evaluate the effects of O. gratissimum EO
on the zootechnical performance, glucose,
leukocyte respiratory activity, haematology,
intestinal histomorphometry and resistance
to Aeromonas hydrophila infection in P
reticulatum.

Material and Methods

Experimental design, EO, and diet supply

The  experimental design was
completely randomized, with three treatments,
a control group without EO, and five replicates
for each treatment.

O. gratissimum was grown in the
Medicinal Plant Collection of Embrapa
Amazénia Ocidental (02°53'23"S; 59°58'01"W)
in Manaus, Amazonas, Brazil. After harvesting,
5 kg from the leaves and inflorescences of O.
gratissimum were collected. The leaves and
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inflorescences of O. gratissimum were dried
at room temperature, in an open shed, in the
shade. The essential oil was hydrodistilled in
a Clevenger apparatus for 3 hours. In each
distillation, 300 g of leaves and inflorescences
were used, with the process being repeated
three times to reach the required volume for
the assays. The essential oil collected was
stored at 4° C until analysis.

The volatile components present in
the EOs were identified based on their mass
spectra. Identification was made using the
Wiley library (6™ ed.), comparison with linear
retention indices in the literature (Adams,
2007), interpolation of the retention times of
the constituents with those from a series of
n-alkanes (C,-C, ) injected in the same column
and conditions, and according to the equation
of Van den Dool and Kratz (Van Den Dool &
Kratz, 1963).

EO were diluted in cereal alcohol and
incorporated into the feed by the conventional
spray method with a manual spray to obtain a
concentration of 0.5, 1.0, or 1.5% according to
Dairiki et al. (2013). Control diet did not receive
the EO supplementation. Commercial diet
herein used was for carnivorous fish with 4-6
mm size and proximal composition as follows:
400 g kg crude protein, 120 g kg™' moisture,
75 g kg’ ether extract, 130 g kg™' mineral
matter and 50 g kg™’ crude fiber. The fish were
fed at 07h00 and 16h00 until apparent satiety
for 45 days.

At the end of the feeding period, the
fish were fasted for 24 h and subsequently
anesthetised with eugenol (50 mg L") for final
biometry, blood collection, intestinal collection
and bacterial challenge. All animal procedures
were approved by the Ethic Committee on the
Animal Use of the State University of Mato
Grosso do Sul (UEMS protocol 003/2018).

3858

Fish maintenance

A total of 300 juvenile “cachara” fish
(14.98 £ 0.28 cm total length and 18.84 + 1.22
g mean weight) from the same spawn were
acquired from a fish farm located in Terenos,
Mato Grosso do Sul, Central Western Brazil
and trained to receive a dry diet. The fish
were acclimated for a period of 15 days in
the experimental units, distributed in 20 tanks
with a useful volume of 80 L of continuous
water flow with aeration and low light. During
this period, the juveniles were fed the same
commercial diet used in the fish farm twice a
day,at07h00and 16h00untilapparente satiety.
After the acclimatization period and one-day
fasting, biometry was performed and the fish
started to receive the EO supplemented diet.
Daily after feeding, dissolved oxygen (7.22
+ 0.46 mg L") and water temperature (26.29
+ 1.07°C) were measured with a HANNA
oxymeter HI9146-04. Once a week, ammonia
and nitrite levels were measured using Alcon
Labcon Test colorimetric kits, and the tanks
were siphoned for feces removal. The values
of the water quality parameters were adequate
for the species according to Rebougas, Lima,
Dias and Barbosa (2014).

Zootechnical performance

The zootechnical performance of fish
(n = 15) was evaluated with biometry (at the
beginning and at the end) to obtain the weight
(g) and length (cm) data. Zootechnical indexes
evaluated were weight gain (g); gain in length =
final length — initial length (cm); feed intake (g);
food conversion; specific growth rate (%) and
protein efficiency rate (%), according to Nunes
et al. (2020).
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Plasma glucose,
hematology

respiratory burst and

The blood was collected by caudal
vessel puncture using disposable syringes and
needles bathed in 3% ethylenediaminetetra
aceticacid (EDTA). For determination of plasma
glucose concentration, syringes and needles
were bathed in Glistab and a commercial
colorimetric kit (LabTest®) was used.

For immunological analysis, heparin-
plated syringes and needles were used and
the analysis of leukocyte respiratory activity
was determined with the methodology
described by Anderson and Siwicki (1995).
Reactive oxygen species (ROS) produced
by the respiratory burst were determined
by a colorimetric test based on nitroblue
tetrazolium dye reduction (NBT), which gives
rise formazan granules. To determine the
amount of the precipitate, 50 yL heparinized
blood was added to 50 yL NBT, homogenized
and incubated for 30 min at 26°C, in dark
environment. After the incubation period,
50 L of the mixture was diluted in 1 mL of
N-dimethyl formamide (DMF) and centrifuged
at 3000 g for 5 min. The optical density of
the solution was determined by 540 nm wave
length spectrophotometry.

The blood was used to determine
hematocrit by the microhematocrit method
(Goldenfarb, Bowyer, Hall, & Brosious, 1971),
hemoglobin by the cyanometahemoglobin
method (Collier, 1944) and red blood cells
count (RBC) using a Neubauer chamber at
1:200 dilutioninformaldehyde-citrate solution.
Regarding hematimetric indices, mean
corpuscular volume and mean corpuscular
hemoglobin concentration were calculated
(Wintrobe, 1934). Blood smears were stained
with May Griinwald-Giemsa-Wright, according
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to Tavares-Dias and Moraes (2004) to obtain
the total white blood cells count (WBC), total
thrombocytes count and differential count of
leukocytes by the indirect method.

Intestinal histomorphometry

Ten fish from each treatment were
euthanized by deepening the anesthetic plan
in eugenol solution (100 mg L") for intestinal
sampling. An incision was then made in the
abdominal cavity of the fish to remove 3
cm in length from the midgut, for this, the
collected portion was from the 4° to 6° cm of
the intestine. The samples were fixed in 10%
buffered formaldehyde solution (pH 7.2) for
24 h and subsequently transferred to 70%
alcohol solution until the time of processing.

Intestine samples were dehydrated
in increasing series of alcohols (70 to
100%), diaphanized in xylol and included in
paraffin blocks for histological sections of
5 um thickness and posterior staining with
hematoxylin and eosin (H&E) according to
Rodrigues et al. (2018). Histological slides
were analyzed using a microscope equipped
with Image-Pro Plus 2.0 software. A total of
200 villi were selected to measure villi height
(um), villi width (um), villi area (um2) and villi
perimeter (um).

Aeromonas hydrophila challenge and mortality
assessment

Aeromonas hydrophila (Strain
KJ561021) colonies, isolated from
Pseudoplatystoma sp., were obtained from the
Aquatic Organisms Pathology Laboratory of
Aquaculture Center of Universidade Paulista
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Julia de Mesquita Filho (Unesp), Jaboticabal,
Brazil. After 45 days supplementation, 15 fish
from each treatment were removed from their
experimental units and stressed by exposure
to air for 3 min to weaken the immune system
and each fishwas challenged by intraperitoneal
injection with 0.9 x 108 colony forming units
(CFU mL™") of A. hydrophila. The animals
sampled were separated by treatment to
observe cumulative mortality and clinical signs
for at least 10 days or until the mortality stops.

Statistical analysis

Data were subjected to Shapiro-Wilk
and Levene tests to verify normality and
homoscedasticity, respectively. Subsequently,
one-way analysis of variance (ANOVA)
was performed, which when significant

differences, the data were submitted to Tukey
test for separation of means. All tests were
performed at a significance level of 5% using
the software RStudio 1.0.153. The values
of the bowel histomorphometry variables
were transformed into logarithm in base 10.
Percentage mortality data were transformed
into hyperbolic arc of the sine. Data were
expressed as means + standard deviation.

Results and Discussion

Chemical composition Ocimum
gratissimum EQ is mainly of 1.8-cineol (39.5%),
a monoterpene, with a high anti-inflammatory
potential, followed by eugenol (14.7%), an
important component for anti-inflammatory,
analgesic, antioxidant and antimicrobial
activities (Figure 1).
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Figure 1. Chemical composition Ocimum gratissimum essential oil.
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Diets containing EO improved weight
gain compared to the control group, especially
at a 1.0% concentration, which showed the

Table 1

highest weight gain (p < 0.05). Conversely, no
significant alteration in the other parameters
were observed between treatments (Table 1).

Mean values and standard error of zootechnical performance of Pseudoplatystoma reticulatum fed diets
containing Ocimum gratissimum essential oil for 45 days

Ocimum gratissimum concentration

Parameters
Initial weight (g) 18.00+0.57 19.25+0.40 18.98+0.63 19.12+0.52
Initial length (g) 14.96+0.13 14.88+0.13 15.06+£0.15 15.00+11
Weight gain (g) 20.67+0.90b 21.33+0.71ab 24.72+0.86a 21.37+0.87ab
Lenght gain (cm) 4.25+0.18 4.63+0.18 4.93+0.11 4.53+0.12
Diet consumption (g) 29.30+0.53 29.88+1.20 30.66+1.01 30.64+1.71
Food convertion 1.42+0.06 1.40+0.07 1.24+0.01 1.44+0.12
SGR (%) 7.93+0.22 8.42+0.48 8.21+0.41 8.19+0.24
PER (%) 11.72 £ 0.21 11.95+0.48 12.26 + 0.40 12.26 + 0.68

SGR: specific growth rate; PER: protein efficiency rate. Different letters indicate significant difference between

concentrations by Tukey Test (p<0.05).

Results showed no significant
difference in glucose level among treatments
(Table 2). Regarding the immune response,
the addition of EO in the diet increased the
respiratory burst, especially at the 1.5%
concentration (p < 0.05) (Table 2). In blood
count variables, a greater increase in mean
corpuscular volume and thrombocyte count

Semina: Ciénc. Agrar. Londrina, v. 42, n. 6, suplemento 2, p. 3855-3868, 2021

was observed in animals fed with 1.0% EO (p
< 0.05). Haemoglobin, RBC, haematocrit, mean
corpuscular haemoglobin concentration, and
WBC number did not differ among treatments
(p > 0.05), and areduced number of neutrophils
was observed in fish fed higher level of EO
inclusion (1.5%) (p < 0.05) (Table 2).
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Table 2

Hemato-immunological parameters (mean valueststandard error) of Pseudoplatystoma reticulatum fed
diets containing different concentrations of Ocimum gratissimum essential oil (0, 0.5, 1, and 1.5%) for 45
days

Ocimum gratissimum concentration

Parameters

RBC (x 106 pL™) 1.23 £ 0.07 0.94 +0.08 1.01£0.10 1.33+0.14
Thrombocytes (x 104 pL™") 0.81+0.17° 3.8+0.70° 4.4 +0.75° 4.1 +0.452
WBC (x 105 pL™") 0.57 £ 0.81 1.02+0.25 0.86 £ 0.35 0.85+0.53
Lymphocytes (x104euL™") 4.70+£0.04 8.30+0.005 7.21£0.08 7.35+0.05
Neutrophils (x104epuL™") 0.96a+0.07 1.84a+0.004 1.34a10.14 1.09b+0.07
Monocytes (x103euL™") 0.96+0.30 2.04+0.02 0.86+0.18 0.85+0.07
IL (x103epL") 1.70+0.05 0.00£0.00 2.59+0.13 0.84+0.01

Hematocrit (%) 15.40 £ 2.73 20.40 £ 0.68 18.40 £ 2.25 19.20 £ 2.50
Hemoglobin (g dL™") 8.65+0.97 7.72+1.38 7.4740.53 5.74+1.25

MCV (fL7) 121.24 £ 17.96° 224.35+26.25* 180.63 + 13.99%® 149.83 + 23.58%*

MCHC (g dL™) 48.87 + 6.37 38.14 £+ 7.07 44,03 +7.51 41.13 £ 4.55
Glucose (gdL ™) 38.24+2.59 40.00+4.31 36.30+3.24 39.92+8.88
LRA 0.29+0.01° 0.31£0.01% 0.33+0.012° 0.36+0.01°

Different letters indicate significant difference between concentrations by Tukey Test (P<0.05).
LRA: Leukocyte respiratory activity; RBC: Red blood cells; MCV: Mean corpuscular volume; MCHC: Mean corpuscular
hemogloblin concentration; WBC: Leukocytes; IL: Immature lymphocytes.

Regarding histomorphometric  concentration presented the best result
variables (Table 3), supplementary diets compared to other treatments (p < 0.05).
had an effect on villi height, where the 1.0%

Table 3
Mean values and standard error of intestinal histomorphometry of Pseudoplatystoma reticulatum fed
diets containing Ocimum gratissimum essential oil for 45 days

Ocimum gratissimum concentration

Parameters

Controle
Villus height (um) 506.40+£10.07° 458.05+17.27° 509.64+13.10° 489.65+10.89%
Villus width (um) 101.63+3.47 103.32+4.12 99.73+4.54 108.70+£3.95
Villus area (um?) 47,731+1,540.91 46,131.16+2,288.80 51,216.44+2,326.43 51,474.39+1,973.03
Villus perimeter (um) 1,350.84+27.57 1,287.54+43.31 1,343.70+31.78 1,319.88+27.99

Different letters indicate significant difference between concentrations by Tukey test (P<0.05).
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The lowest mortality rate was observed
in fish fed with the inclusion of 1.5% EO,
compared to the control group (Figure 2). The
second lowest mortality rate was observed in
animals supplemented with 1% (Figure 2). In
this study, the experimental infection with A.

hydrophila caused clinical symptoms, such as
erratic swimming, epidermis depigmentation,
ascites, ventral petechiae in the head, and
secretion from the anus. Mortality occurred
mainly in animals that did not receive
supplemented diets (Figure 3).

e 0110101
100.00 coflbes O cratissimum 0.5%
__ 90.00 - =& +O. gratissimum 1.0%
-\Q =
e 8000 —— 0. gratissimum 1.5%
£ 7000
£ 60.00 - €
S
= 50.00
-~
2 40.00 b
z ~
= 3000 .
= 20.00 A
L) . .c “en -. . a
10-00 '.......--' - .%
0.00 - =+ T "¢ Ao AT—— < :
1 2 3 - 5 6 7 8 9 10
Days

Figure 2. Cumulative mortality in Pseudoplatystoma reticulatum fed diets containing Ocimum
gratissimum essential oil challenged with Aeromonas hydrophila.

Figure 3. Catfish Pseudoplatystoma reticulatum fed control diet (without EO Ocimum gratissimum
supplementation) showed clinical signs after challenge with Aeromonas hydrophila. Ventral
petechiae in the head (asterisk), ascites (arrow), and secretion from the anus (dotted arrow).
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EOs are alternatives to synthetic
compounds and have proven their effects to
treat and/or enhance fish health. However,
their benefits depend on the chemical
composition and concentration used in each
species (Monteiro et al., 2021).

The main component found in the
composition of O. gratissimum EO was
1.8-cineol (Figure 1), a monoterpene with
antibacterial, anti-inflammatory, and analgesic
properties (Monteiro et al., 2021). However,
the composition of EO used in this study
differed from those of L. L. Silva et al. (2012)
and Meneses et al. (2018), who also used
the O. gratissimum, but observed eugenol
as a major component, a compound widely
tested as an anesthetic in fish species. The
composition of EOs may vary depending on
the plant species used, hour of collection, and
seasonality (Ribeiro, Batista, Dairiki, Chaves, &
Inoue, 2016). With the present study, Ocimum
gratissimum EO showed positive results with
cineol in predominance, but further studies on
extraction are important for future standards.

The factors that caused an increase
in weight gain could be attributed to the
interaction of the chemical composition
as a modulator of the immune system and
maintenance of fish homeostasis, as well as
alteration in the intestinal histomorphometric
observations. On the other hand, Brum et al.
(2017) observed greater weight gain using the
same EO at 0.5% in the diet of Nile tilapia. This
shows us that different fish species respond
in a way to the same compound, warning that
studies with different species are needed to
know their particularities.

In the present study, there was an
increase in the number of MCV in animals
supplemented with 0.1% EO, different from

3864

Monteiro et al. (2021), where there were no
significant differences in the parameters of
tambaqui supplemented with O. gratissimum.
However, they also observed an increase in
thrombocytes number after treatment with EO
in the two different concentrations used.

The mean corpuscular volume is
indexes that can be used to verify pathologies
and stress situations. It is related to blood
flow as well as cardiac dynamics (Fries et
al., 2013). Changes in volume can indicate
hemoconcentration or hemodilution, as a
consequence of osmoregulatory imbalance
and it varies according to each fish, the diet
received and the time of year, for example. An
increase in its value may indicate electrolyte
changes and also water inflow into the cell
(Azevedo et al., 2016).

All fish that were fed EO had increased
thrombocyte number, a positive effect for the
organism. These cells have phagocytic activity
in the immune system through intracellular
glycogen and by reducing the predisposition
to infections. Similar result was obtained
by Monteiro et al. (2021), who observed the
migration of thrombocytes to inflammatory
foci in tambaqui fed EO of O. gratissimum.

In relation to the leukocyte respiratory
activity, Monteiro et al. (2021) also found an
increase in respiratory activity in tambaqui
fed L. sidoides, showing the stimulation of
nonspecific immunity. In contrast, Brum et
al. (2017) did not observe the same results
after EO feeding. The increase in respiratory
burst was proportional to the levels of EO
added to the diet. The chemical components
with immunostimulating properties in the
composition had an effect on modulation of
the immune system, preparing the body to
defend against possible infections.
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In this study, neutrophil reduction was
observed in the most supplemented group
before bacterial inoculation, not presenting an
adequate defense response. In contrast, an
increased neutrophil number was observed by
Brum et al. (2017) after Nile tilapia were fed the
EO of O. gratissimum for 55 days.

Regarding intestinal histomorphometry,
the increase in villi height in fish fed 1.0% EO
corroborates the weight gain. Increasing in villi
height can be understood like improvement
in mucosal integrity, which allowed it is
development. The zootechnical variables,
including gain in length and feed conversion,
were not significant but, presented the highest
averages evaluated, suggesting that the
increase in villi height increased the nutrient
absorption capacity, as previously described
(Mohamed, El-Daly, Abd El-Azeen, Youssef, &
Hassab, 2014). Diets containing the same EO
at the same concentrations for Nile tilapia for
55 days had no effect on histomorphometric
parameters; however, ten days after infection
with Streptococcus agalactiae, there was an
increase in villi height and goblet cell number
(Brum et al., 2017).

Fish fed 1.5% showed low mortality
(30%) when compared to other treatments,
suggesting improvement in innate immunity
as this fish were able to inhibit growth of
the pathogenic organism. Therefore, this
response may be linked to parameters
where the additive had an effect, such as
mean corpuscular volume, intestinal villi
height, number of neutrophils, thrombocyte
number, and leukocyte respiratory activity.
Improved disease resistance was also found
in Nile tilapia fed 0.5 and 1.0% EO of O.
gratissimum (mortality percentage of 0% and
3.81%, respectively) for 55 days after being
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challenged with Streptococus agalactiae
(Brum et al., 2017).

In  conclusion, the EO of O
gratissimum increased weight gain, the
nonespecific immunity response, intestinal
histomorphometry, and the resistance to
infection after being infected with Aeromonas
hydrophila. The use of up to 1.0% kg™ in the
diet of the native Brazilian catfish for 45 days
could be recommended, while the other
concentrations do not have significant effects.
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