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1.Introduction

Abstract

Vitamins C and E are potent antioxidants that reduces the harmful effects of stress in several species including fish. In this
study, it was evaluated the effect of vitamins C, E and their combination in the acute aerocystitis induced by inactivated
Aeromonas hydrophila in pacu. 288 fish were distributed into 4 groups supplemented for 90 days: Gl-control; G2-
supplemented with 500 mg of Vitamin C; G3-supplemented with 500 mg of Vitamin E; G4-supplemented with 500 mg of
Vitamin C + 500 mg of Vitamin E. The fish were divided in three groups, the first was not inoculated; second were
inoculated in the swim bladder with 3 x 10° CFU of inactivated A. hydrophila and the last one with saline. The inflammatory
exudate was collected from the swim bladder for assessment of cellular component and cytochemistry. The results showed
higher accumulation of leukocytes in fish inoculated with bacteria. Cytochemistry was effective identifying thrombocytes,
lymphocytes, macrophages and, granulocytes present in the exudate. It was also observed fish that received supplementation
with vitamins presented higher accumulation of total cells in the exudate with a predominance of lymphocytes and
thrombocytes. These results suggested that supplementation with vitamins improved the immunological responses.
Keywords: Aeromonas hydrophila; cytochemistry; pacu; swim bladder.

Resumo

As vitaminas C e E sdo potentes antioxidantes que reduzem os efeitos nocivos do estresse em varias espécies, incluindo
peixes. Neste estudo, avaliou-se o efeito das vitaminas C, E e sua combinacéo na aerocistite aguda induzida por Aeromonas
hydrophila inativada em pacu. 288 peixes foram distribuidos em 4 grupos suplementados por 90 dias: G1-controle; G2-
suplementado com 500 mg de Vitamina C; G3-suplementado com 500 mg de Vitamina E; G4-suplementado com 500 mg
de Vitamina C + 500 mg de Vitamina E. Os peixes foram divididos em trés grupos, o primeiro ndo foi inoculado; o segundo
foi inoculado na bexiga natatoria com 3 x 10° UFC de 4. hydrophila inativada e a tltima com soro fisiologico. O exsudato
inflamatorio foi coletado da bexiga natatoria para avaliagdo do componente celular e citoquimica. Os resultados mostraram
maior acumulo de leucdcitos nos peixes inoculados com a bactéria. A citoquimica foi eficaz na identificagdo de trombocitos,
linfécitos, macrofagos e granuldcitos presentes no exsudato. Também foi observado que os peixes que receberam
suplementag¢do com vitaminas apresentaram maior acimulo de células totais no exsudato com predominancia de linfocitos
¢ trombocitos. Esses resultados sugeriram que a suplementag@o com vitaminas melhorou as respostas imunologicas.
Palavras-chave: Aeromonas hydrophila; citoquimica; pacu; bexiga natatoria.

Vitamins C and E are important for improving the
growth and physiological health of fish. These vitamins

Vitamins are important micronutrients which are must be supplemented regularly in fish diets, as most

required for the maintenance of normal body functions. It
plays an important role in the growth, immune
response, hematology, reproduction, and response to
stressors (V. A proper amount of these micronutrients is
required for the normal catalytic processes within the
enzymatic system which consists of a variety of enzyme
activities linked with the metabolic, endocrine and
immune systems ©@. The deficiency of these
micronutrients causes many metabolic disorders and
diseases/infections through their negative influence on the
physiological system in fish and other animals ¢4,
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teleost fish are unable to synthesize them ©. Vitamin C
(ascorbic acid) is a potent antioxidant that reduces the
harmful effects of stress and the activity of inflammatory
cells ©. Vitamin E is also an important antioxidant that
protects cell membranes from lipid peroxidation and
enhances disease resistance 7. Diets supplemented with
vitamins C and E increased phagocytic activity and the
production of ROS (reactive oxygen species) in kidney
leukocytes of Spaurus aurata © and reduces the mortality
by Yersinia rukeri in Oncorhynchus mykiss 1. However,
the use of high doses presented no benefits against

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and
5y

reproduction in any medium, provided the original work is properly cited.

https://revistas.ufg.br/vet/index



http://doi,org/10.1590/1809-6891v24e-73661E
https://revistas.ufg.br/vet/index
https://www.revistas.ufg.br/vet
mailto:julietaengracia@gmail.com
https://orcid.org/0000-0002-2043-0652
https://orcid.org/0000-0002-8384-8781
https://orcid.org/0000-0002-2677-4915
https://orcid.org/0000-0002-1959-4350
https://orcid.org/0000-0002-5063-9123
https://orcid.org/0000-0001-6528-7549

Bozzo F R et al.

Streptococcus iniae infection (D,

Aeromonas hydrophila is a facultatively anaerobic,
Gram-negative bacterium that infects a wide range of
invertebrate and vertebrate hosts. In fish, it causes motile
aeromonad septicemia 12, Is considered one of the most
important bacterial diseases responsible for the loss of
millions of dollars in the global freshwater aquaculture
industry ¥, Several antibiotics supplementations used to
prevent or control bacterial infections have been banned
in several countries, due to their increasingly negative
consequences. Whereas alternative compounds are being
applied to elevate the quality and sustainability of fish
production (419,

Swim bladder has been used as a model for the
study of fish inflammation due it is a cavity with terminal
circulation with no resident leukocytes and presents easy
access for inoculation and collection of exudate (%17,
Therefore, a great tool for evaluating the inflammation
response, as well as its alterations and supplemented
animals. Based on the above content this study, the effect
of dietary supplementation with vitamins C, E and their
combination on the acute aerocystitis induced by inactive
Aeromonas hydrophila in Piaractus mesopotamicus was
evaluated.

2.Material and methods
2.1 Experimental design and diets

This experiment was carried out with 288 pacus,
Piaractus mesopotamicus (197.1 = 21.5 g), in 48 tanks
(250 L/ n = 6) with water flow of 1 L min! and continuous
aeration. Water quality remained at the comfort zone of
this species (Dissolved oxygen= 5.3 + 0.3 mg L,
Temperature = 29.4 + 1.5°C, pH = 7.6 = 0.1 and electric
conductivity = 117.9 = 5.1 pS cm™). Ethical protocol for
this study was approved by Ethics committee (CEUA-
UNESP) under protocol number 003868/10 in accordance
with guidelines for care and use of laboratory animals of
Brazilian laws.

Fish were distributed randomly in four groups: G1
unsupplemented, control (commercial feed / Vit C 66.5
mg kg' and Vit E 14.1 mg kg'); G2 supplemented with
500 mg of Vitamin C per kg of feed '® G3 supplemented
with 500 mg of Vitamin E per kg of feed *” and G4
supplemented with 500 mg of Vitamin C + 500 mg of
Vitamin E per kg of feed (%29,

It was used commercial feed for pacu (28% CP and
3900 kcal kg' DE) (Table 1). Ascorbyl polyphosphate-
35% of activity was used as source of vitamin C and a-
tocopheryl-50% activity as source of vitamin E. Fish were
fed twice a day (3% of biomass) for 90 days ©V. The
vitamins were incorporated during the second milling of
the extrusion process. The ingredients were mechanically
mixed in the treatments.
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Table 1. Percentage composition of experimental diets.

Ingredients %
soybean meal 43
Corn 22.6
Wheat bran 17
Rice bran 10
yeast 4
L-lysine 0.2
DL-methionine 0.4
dicalcium phosphate 1
limestone 1
vitamin and mineral premix (without vitamin C and E) 0.5

*Vitamin and mineral premix supplied by the company FRI-RIBE. Vitamin C and
E were added in the treatment (500 mg of tocopheryl acetate and 500 mg of
ascorbic acid / Kg of food)

At the end of the experiment, vitamins were
quantified in the diets, for vitamin C (489 mg kg') was
used titration ?? and for vitamin E (484 mg kg™') was used
HPLC @, Control group concentration of vitamin C was
66.5 mg kg!' and vitamin E 14.1 mg kg’ confirmation
described above.

2.2 Induction and evaluation of acute aerocystitis by A.
hydrophila

Swim bladder was chosen as a model to study
inflammation due to it is a cavitary organ with terminal
circulation easy for inoculation and collection of material
to evaluate cellular and fluid components in the
inflammatory focus. Other important feature is that has no
resident leukocytes (9.

Fish were anesthetized in benzocaine solution (1: 20
000) in 98° ethanol (0.1 g mL") (9, After anesthesia, the
fish the of each treatments (G1 — G4) were divided in three
subgroup, the first was not inoculated (N'V); the second was
inoculated in the swim bladder, anteromedial region (1cm
from operculum), on the lateral line, with a sterile needle
and syringe, with 3x10° UFC de heat-inactivated
Aeromonas hydrophila in 1.0 mL of 0.65% saline solution
(Bacteria) and the last subgroup injected with the same
volume of 0.65% saline solution. This dose was previously
determined by LD50 assay. After 4, 24 and 48 hours post
inoculation (HPI), 6 fish per treatment and time were
sacrificed under deep anesthesia. The swim bladder was
washed with 0.5 mL of phosphate buffered saline with 0.01
mL of EDTA 5% and cell suspensions were centrifuged at
300 g for 10 minutes before staining. Total number cell

count was determined with a Neubauer haemocytometer
(16)

Exudate smears were air-dried, fixed and stained
with Giemsa or periodic acid-Schiff (PAS). The
percentages of lymphocytes, granulocytes, macrophages,
and thrombocytes were determined according to Claudiano
et al. 19 and cells were measured by image analyzer Video
Plan (Kontron Elektronik Zeiss, Germany) @Y.
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2.3 Cytochemical characterization of the cellular
component

Exudate smears were treated by PAS staining to
identify the glycogen ®¥ and then, positive stained smears
were treated by salivary amylase to confirm the presence
of glycogen to Tavares-Dias et al. @29, The identification
of peroxidase and nonspecific esterase was performed

using o-toluidine-hydrogen peroxide Tavares-Dias et al.
(25, 26)

2.4 Statistical analysis

The results were subjected to analysis of variance
and comparison of means through Tukey test at a
significance level of 5%.
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3. Results

3.1 Evaluation of acute aerocystitis by Aeromonas
hydrophila

Fish inoculated with inactivated A. hydrophila
showed higher accumulation of total cells (P <0.05) than
those injected with saline (Table 2). The groups
inoculated with bacteria and supplemented with vitamin
E and C + E showed increased accumulation of total cells
(P <0.05) than unsupplemented and supplemented with
vitamin C after 24 h. The accumulation of total cells was
higher (P <0.05) 48 h after inoculation with A. hydrophila
in fish supplemented with vitamin E and C + E, compared
to unsupplemented or injected with saline with or without
vitamins (Table 2). Non-inoculated fish showed no
resident cell in the swim bladder.

Table 2. Means' (standard deviation) and analysis of variance ? of the accumulation of inflammatory cells in the swim bladder of pacus
supplemented with 500 mg/ kg diet of vitamin C, E, the association and inoculated with A. hydrophila

Treatments variable Total cells Thrombocytes Lymphocytes Granulocytes Macrophages
NV 0 + 0 © 0 + 0 Ba o + 0 ©« 0 =+ 0 B 0 £ 003 M
Gl Saline 603 £ 201 B 197 + 563 A 245 + 52 B 129 £+ 0.07 * 31 £ 003 M
Bacteria 373.5 + 605 “ 603 + 301 “ 2905 + 93 4 187 + 0.03 A 4 + 007
NV 0 + 0 G 0 + 0 Ba 0o £ 0 G0 £ 0 B 0 £ 0 4

G2 Saline 583 + 59 B 103 &+ 1.83 A 507 + 183 B 94 + 183 M 5 £ 183 M
4h Bacteria 1834 + 30.6 A 253 £ 191 “ 1331 + 10 A 207 £ 191 “ 43 + 191 4
NV 09 <+ 256 © 0 + 0 Ba 0o =+ 0 G0 +£ 0 B 0 + 0
G3 Saline 71.8 + 103 B 187 + 1.83 A 397 4+ 59 B 1719 + 183 % 25 + 1.83 M
Bacteria  219.1 + 50.8 4 229 £+ 191 “ 1734 + 20.7 A 189 £ 191 “ 39 + 191 4
NV 0 = 0 G 0 = 0 Ba 0o = 0 G0 £ 0 B 0 £ 0 4

G4 Saline 401 + 39 B 105 + 268 B 457 £+ 201 B 57 + 03 A 48 £ 0.11 *
Bacteria 488.8 + 70.1 “* 80.7 + 102 “ 3803 + 955 A 247 + 0.6 “* 31 + 004 *

NV 0 + 0 Ca 0 + 0 Ca 0o =+ 0 G 0 +£ 0 B 0 £+ 0 B

Gl Saline 80.9 =+ 191 B 2144 + 563 B 507 + 47 %= 109 + 07 * 19 £ 0.03 ™=
Bacteria 8147 + 10.7 4 3809 <+ 203 4 380.7 + 20.8 " 147 £ 03 4 384 + 173 4
NV 0 + 0 Ca 0 + 0 Ca 0o = 0 G0 £ 0 B 0 £ 0 B

G2 Saline 903 + 191 B 273 4+ 1.83 B 209 + 1.83 B 197 + 183 * 34 + 1.83 B
24k Bacteria  529.1 + 153 #* 2803 + 108 “ 2058 + 208 * 123 + 109 # 30.7 + 109 *
NV 0 + 0 Ca 0 + 0 Ca 0o = 0 Ca 0O + 0 B 0 £ 25 ™
G3 Saline 838 + 19 B 309 <+ 183 B 207 + 3 Bi 169 +£ 57 A 49 + 183 B
Bacteria 1118.7 + 309 4 5789 + 191 “ 4509 + 191 4 285 £ 307 “ 604 + 203 4
NV 0 + 0 & 0 £+ 0 @ 0 £ 0 ©“@ 0 +£ 0 B 0 £ 0 B

G4 Saline 793 + 58 B 407 + 268 B 6908 + 90.7 B 157 + 29 * 54 + 011 B
Bacteria 10759 + 259 “ 410.7 + 109 “ 600.7 + 209 4 183 =+ 20.7 A 457 + 43 M

NV 0 + 0 Ca 0 + 0 Ca 0o =+ 0 Ca o + 0 B 0 £ (0 5B
Gl Saline 407 + 191 B 2144 + 563 B 607 + 205 "% 109 + 57 4% 29 £ 003 B
Bacteria 1111.6 + 3504 *°* 800.7 + 309 * 2008 + 905 # 193 + 504 4 90.8 + 59 *
NV 019 + 009 0 + 0 G 0o £ 0 G0 +£ 0 B 0 +£ 0 ©

G2 Saline 308 + 107 ® 34 + 183 B 708 + 109 " 301 + 183 ~ 61 + 1.83 B
4%h Bacteria 26242 + 400.9 “* 20004 + 20.1 “ 500.7 + 305 4 447 <+ 60.7 A 784 + 43 4
NV 0 + 0 @ 0 + 0 Ca o + 0 ©“« 0 =+ 0 B 0 £ 256 B
G3 Saline 297 4+ 201 B 97 £ 802 B 807 £+ 602 B 719 + 1.83 4 49 4+ 1.83 B
Bacteria 2120.6 + 50.9 “* 1450.1 + 203 “ 5903 + 1002 ** 421 + 160.7 * 38.1 + 10.9 ™

NV 0 + 0 G 0 + 0 G 0o £ 0 G0 £ 0 B 0 +£ 0 B

G4 Saline 309 £ 147 B 157 + 268 B 754 + 305 B 247 + 39 A 24 + 011 B
Bacteria  1834.6 + 150.7 “* 1220.1 + 500.3 “* 5529 + 209 “ 219 <+ 1054 A 39.7 + 48 “

Means (n=6) with the same letter are not significantly different by Tukey test (P>0.05) ? Capital letters compare the types of inoculum and lowercase letters compare different
groups. G1 non-supplemented, control; G2 supplemented with 500 mg of vitamin C; G3 supplemented with 500 mg of vitamin E and G4 supplemented with 500 mg of
vitamin C + 500 mg of vitamin E /kg of feed. NV - not inoculated; Saline - 0.65%; Bacteria - inoculated with 3x 10° CFU of 4. hydrophila h=hours after inoculation.
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After four hours, it was observed no difference in
the number of thrombocytes, lymphocytes, granulocytes
and  macrophages between  supplemented and
unsupplemented groups. In the group supplemented with
vitamin C + E the accumulation of thrombocytes was
higher (P <0.05) in fish inoculated with the bacteria in
relation to fish injected with saline. After 24 h, fish
inoculated with 4. hydrophila showed greater
accumulation of thrombocytes than saline injected fish (p
<0.05) and there was no difference between supplemented
groups (p> 0.05). The accumulation of thrombocytes at
48 h in fish inoculated with bacteria and supplemented
with vitamins C, E and C + E was higher (P <0.05) than
in non-supplemented fish (Table 2).

Fish inoculated with bacteria showed higher
accumulation of lymphocytes (p<0.05) than those
injected with saline in all times. After 4h after injection of
saline in supplemented fish the accumulation of
lymphocytes was higher than in non-supplemented fish.
After 24 h the accumulation of lymphocytes was higher
(p>0.05) in supplemented with vitamin E and C + E (G3
and G4) than those supplemented with vitamin C and not
supplemented (G1 and G2). After 48h, the accumulation
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of lymphocytes was higher (P <0.05) in the group
inoculated with bacteria and supplemented with vitamins
comparing with non-supplemented group under the same
inoculum (Table 2).

After 24 and 48 h, fish inoculated with the bacteria
showed higher accumulation of macrophages than those
injected with saline (p<0.05). There was no difference
between supplemented groups in relation to non-
supplemented (p> 0.05) (Table 2). There was no
difference (p> 0.05) in granulocytes in all groups and
times different groups (Table 2).

3.2 Cytochemical analysis of the cellular component

There was observed macrophages, thrombocytes,
granulocytes, and lymphocytes in the inflammatory
exudate (Figure 1). Lymphocytes and thrombocytes
stained strongly with PAS. Monocytes were also stained
but faintly. Lymphocytes, macrophages and granulocytes
were positive to o-toluidine-hydrogen peroxide.

Nonspecific esterase reaction was observed as dark
granules within the cytoplasm of macrophages and
thrombocytes (Figure 1).

Figure 1. Photomicrograph of leukocytes from the exudate: (A) macrophages, (B) thrombocytes, (C) granulocyte, (D) lymphocytes;
stained with May-Grunwald-Giemsa-Wrigth. (E) arrow: macrophages, asterisk: lymphocytes; (F) granulocyte; stained with ortho-
toluidine; (G) lymphocytes; stained with PAS; (H) arrow: macrophages, asterisk: thrombocytes; staining with nonspecific esterase. Bar

=25 pum.

4. Discussion

The solid results obtained in this work support the
use of swim bladder as a model for fish inflammation
studies. Other authors have validated the use of this model
(1617212728 However, to our knowledge, this is the first
time it is characterized the cellular component of the

exudate by cytochemistry after vitamin C and E
supplementation on Piaractus mesopotamicus. Fish
inoculated with inactivated 4. hydrophila showed higher
accumulation of total cells than injected with saline and
not treated fish, in all times, proving the efficiency of the
experimental model.
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The results of this study also showed that the
morphological analysis and cytochemistry were effective
to identify the cell types of the exudate. In fish
supplemented with vitamins C, E and its association did
provoke accumulation of total cells in the inflammatory
site, mainly thrombocytes and lymphocytes, which
indicates a more efficient response.

Li et al. ® showed that, unlike mammals, B-
lymphocytes of primitive animals have a potent in vitro
and in vivo phagocytic activity. This suggests that these
cells may have originated from one cell type with
phagocytic activity ©?. In this study, lymphocytes showed
a positive cytochemical reaction for glycogen granules
which were stained by PAS and peroxidase. These
findings support that lymphocytes have evolved from a
myeloid ancestor and possess enzymes to phagocytic
activity. As expected, macrophages and granulocytes
were also peroxidase-positive.

Thrombocytes were nonspecific esterase and PAS-
positive. Similar results were observed in Oncorhynchus
mykiss CV. This can be attributed to its role as an active
phagocytic cell @9, The qualitative analysis of the
inflammatory cell component in not supplemented fish
corroborates the results of Bozzo et al. ®® where
thrombocytes and lymphocytes were predominant. This
support that both have an important role in defense
against pathogens, as previously demonstrated by
Tavares-Dias et al @9,

Supplementation with vitamins C, E and C + E
enhance the response in at least one of the assessments.
Dietary supplementation with vitamin C in bacteria-
inoculated fish potentiated the inflammatory response
corroborating previous findings in chronic inflammation
(18.20) in the same species and improved immune response
and growth in fish ®.

Fish supplemented with vitamin E and inoculated
with the bacteria presented higher total number of cells in
the swim bladder compared to non-supplemented group.
Vitamin E is a potent antioxidant that inhibits the action
of free radicals and enhances disease resistance . Its
deficiency enhances the harmful effects of stress in P
mesopotamicus Kept at high stocking density ¢2.

Pacu fed diet deficient in vitamin E show a
negative correlation between the number of monocytes
and plasma cortisol, indicating the susceptibility to the
suppressive effect of glucocorticoids !®. High levels of
circulating cortisol decrease leukocyte adhesion to
vascular endothelium, diapedesis, and chemotaxis of
monocytes by inhibition of eicosanoid synthesis 1©.

We observed that fish supplemented with the
combination of vitamin C + E increase the number of total
cells compared to non-supplemented and control groups.
The effect was significant after 4 HPI in fish inoculated
with A. hydrophila compared to those who received
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vitamin C or E. The same occurred with thrombocytes
after 48 HPI.

Martins et al. ¢ examined the effects of dietary
supplementation with 500 mg of vitamin C, associated
with the same concentration of vitamin E in acute
inflammation induced by carrageenan in pacus.
Supplemented fish had higher accumulation of total cells
in the inflamed site, particularly thrombocytes compared
to non-supplemented group, corroborating the current
results.

5. Conclusion

Supplementation with 500mg/kg of vitamin C and
E empacus generated greater accumulation of cells at the
immunological site of inflammation in A. Hydrophila and,
therefore, helped the vitamin system of these species.
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