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Worldwide, fish production yields approximately 171 million tonnes
per year, of which 54.3 tonnes are from fish farming (FAO, 2020).
In Brazil, fish farming produced 758,006 tonnes in 2019, with the
Colossoma macropomum the native species being the most produced
in national territory (Chagas et al., 2019; Peixebr, 2020).

On the other hand, the increased fish production has led to dis-
semination of infectious agents, such as bacteria, which contribute
to elevated mortality rates of farmed fishes (Mourifio et al., 2017,
Munir et al., 2019).

In this scenario, fish farmers commonly use antibiotics to control
the outbreaks. However, its improper use results in mutation of DNA
and selection of resistant bacteria in addition to causing bioaccu-
mulation in the environment, in the musculature of fish and even in
humans (Gasser et al., 2019; Van Doan et al., 2019).

For this reason, the employment of safe and prophylactic mea-
sures has become recommended for the sustainable aquaculture.

Among these methods, the use of probiotics stands out once they

act as growth promoter and immunostimulant (Sousa et al., 2019;
Van Doan et al., 2019).

Evaluation of the inflammatory response in the swim bladder
is a method used to determine the relationship between probiotic
and inflammatory processes (Herbert et al., 2000). Increases of in-
flammatory cells in exudates subjected to different pathogens were
observed in different fish species, such as catfish responding to
Edardsiella ictaluri injection (Herbert et al., 2000) and Oreochromis
niloticus (Matushima & Mariano, 1996) and Piaractus mesopotamicus
(2001) in response to carrageenan.

In this context, autochthonous probiotic could aid as a beneficial
tool to improve fish performance including host feed efficiency (Dias
et al., 2018). However, there are no reports about inflammatory re-
sponse of C. macropomum supplemented with autochthonous probi-
otic after phlogogen injection.

Finally, the current study aimed to evaluate the inflammatory

response induced by Aeromonas hydrophila injected into the swim
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bladder of tambaqui (C. macropomum) supplemented with the au-
tochthonous bacterium Bacillus cereus.

Previously, 125 juveniles of C. macropomum (77.8 + 4.73 g)
were submitted to different diets containing the autochthonous
bacterium B. cereus (4.2 x 104 3.9 x 10° and 3.3 x 10® CFU.g™*
of ration) and a diet without a probiotic for 120 days (Dias et al.,

For the inflammatory induction process, twenty-five fish (25)
from each experimental group (probiotic levels) were anaesthetized
by eugenol (60 mg L' Honczaryk & Inoue, 2009; Souza et al., 2019)
sprinkled directly on the gills. Afterwards, they received an injection
of 100 pl A. hydrophila (2.7 x 10° CFU.g™%), as a phlogogen, into the
swim bladder anteromedial region at the end of the operculum and
at the height of the lateral line. A. hydrophila was previously inacti-

vated at 40°C for 30 min and resuspended in sterile saline solution

Furthermore, fish from the diet without probiotic supplementa-
tion were further divided into two groups; the former received injec-
tions containing the phlogogen, and the latter received injections of

sterile saline solution (0.65% NaCl), thus representing the negative

The fish were placed in twenty-five aquariums (15 L) containing
dechlorinated water in a semi-static system with artificial aeration.
The water quality parameters were maintained and monitored as fol-
lows: temperature of 28.16 + 2.9°C, pH 6.4 + 1.2, dissolved oxygen
6.8 + 1.1 mg L%, electric conductivity 266.4 + 41.0 us cm™t and am-
monia 0.65 + 0.12 mg LY, Bozzo et al. (2007).

After injection of the inflammatory agent, blood samples were
collected from all evaluated specimens at 12, 24, 48, 72 and 96 h.
The blood samples were used to determine glucose mg dL%, total
erythrocytes, haematocrit percentage, haemoglobin and total plas-
matic protein. Haematimetric indices as mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular

haemoglobin concentration (MCHC) were also determined (Tavares-

After each blood sampling, the fish were euthanized by deep-
ening anaesthesia, followed by medullar section and removal of
the swim bladder. The organ was internally washed with 0.5 ml of
a phosphate buffer and 0.65% NaCl solution, and the exudate was
placed into an Eppendorf tube and centrifuged at 1000 rpm for five
minutes at 4°C. Afterwards, the supernatant was discarded, and
its pellet was resuspended (NaCl 0.65%) for total cell counting in a

Another aliquot was used to make a blood smears and stained
(Fontes et al., 2014) to count thrombocytes and differential leuko-
cytes (Bozzo et al., 2007). The inflammatory analysis was determined
from the differential counting of cells in the exudate according to
Martins et al. (2001) and Raque et al. (2010).

Subsequently, all data were checked for homoscedasticity and
normality (Bartlett and Shapiro-Wilk tests, respectively) and then
submitted to one-way analysis of variance (ANOVA) with a post hoc
Tukey test (p < 0.05) for all cases (Castro et al., 2014) using the sta-

DIAS ET AL.
Q
=
=
& £
< ¥ e 2 © © 2 «© (%)
LIS T T LT L 3
wm ¥ m o 0o o ¥ un o o 2
N o g O o @ @ oy o « 9]
< Y AN T O aQ
+H H H H o+ H H O HH (5}
©® N © o «H © M w1 4 o E
0 N ¥ © oy M M N © O b
VW N ¥ o d n o S T o o9 5
o N T L N MO MO O O N o™
c 2018).
o
ko
F
]
Q
IS
[e]
[9)
C
]
Lo
= 0
© L) © —
© < < | 0« < Y &« [7}
X 9 90 ¥ <« 9w &< o=
NN O a0 ® O X o0 o W 9]
N a0 N & v O g N 9 —
RIS B AP S = TN R
HoH H oy H OH H oy HOHS
n O o o < N =
® T o TN RIQ L,
N O ¥ ™M o0 ® O ! N O ]
l\~o~o~o<rm<rmmmm_.c
T ©
= (0.65% NaCl) (Reque et al., 2010).
nw £ o
4+ =
c
23
o
a o © © £E v o
a < o @ ot < >
T3S TS XS § L
O 0 O ® N N o n v S5 c °
5 o ¥ o N © Z 0 X >
T o 5 M| c O O
N § ™ & & 4 1n 4 N N o= 9
H 4 H +H H +# H 4 H H g 3 3 . .
“ ¢ ¥ N O O 9 oo ™ ¥ 20 = and positive controls respectively.
o = NN O § Q9 « N 9 0 5 8
® O o U 1y N WY o B o 2%
<t VO VUV 00 ¥ ¥ N N N N ™ C-Cm
o - g
.£<(E
c
c 9O
a 9 >
E g O
85 2
= c
S 2
£E
®_ Q2 Il ) B =
© < . 8 © & o &8 22 c
< < < < © o
S & T $SITIIELL 258
& 9 o ¥ o N v H O v g8 <
R I N RN Y SN PN - A
HoH o H oH o4 HoH W H oW BT
< @@ N O M < v O = 3
885 33 ¥ 03983 2350
S O o8 1 © o8 O M ¥ d o S5 W
S g 8
o > <
VvV E 5
=% 3
207 2
S0 3
o5 £ .
£ . 0o Dias, 2004; Vallada, 1999).
YT T T ETTETLLE EE e
c
S 333 IT T o LIS S s
N Q n o0 0 ¥ N NN Tg 2
- W O 1n O a ¥ F 96 ¥ » 235 E
I 4 H H H +H H o+ H C+)| H oS ed
N O ¥ o8 O N ™ — = T
g RN 8 0 ®amna % 520
Sl N o dao d 0 o N v o 73
Fle w0 v 0 T O o35 o0 o5
o+ £
5
20 ™
Jl_)mO
- F_FF T v v EZ E
= %0 oo 0o G B B T c O
2 B 22 F g3< bauer chamb
= S 6 O 6 06 S—OE Neubauer chamber.
q,uuwxcw UU<r~ooo E = S
E 22 332828 z8888 2 3%
5 35
WUE_
S
%2 8
LK c
= © [}
3 £9d ¢
S 5o S E
< s T
€ 5z 0
s} RN
S ~ T =23
L 5 adqg"::
- g T ) o = 2
W on o0 o £ 3 &
- E a s 3>
c L T o
- s 2 Q g$¢5
|<£ a = = S5 2
n <

tistical software BioEstat (Ayres et al., 2007).



DIAS ET AL.

Jappe|q WIMS 3y} ul bjiydodpAy 7 pajeAlzdeul YIm pajoaful [043U0d dAINSOd—Dd 49ppe|q WIMS 3y} Ul [DEN Y}IM [0J3U0D dAIFESSU—DN "JUusSW}eal) swes
9y ul spoliad awi] Jo uosliedwod 10 S19119| 9SEII9MO| PUE SIUBWIESI] USIMID( Uosliedwod J0) s19119| asedladdn (G0'0 > d) sjuswieal) ayl 3uowe 9duUaIa4Ip JUedIIUSIS 91eD1pul SI9119| JuaJlalii[ 210N

Aquaculture Researcl

qVSTCT 59901 qVSL'8 ¥ 8T°0TT eVG9LT F S9°SHT qeV89'L ¥ SOV1T qV89CT ¥ CT66 1-8'N40 40T
qVO06'TT F+¥1°06 qeV66'S F 62°00T eV80L F €T'8TT qeV80L F8L66 qVEB'OT ¥ 99'¥8 1-8'N4D ;0T
485 F IT°GY qe86C°CT F1C°CS £d99°0T * 19'v9 qe999°0T + 1€°SS q891'S T L9TY 1-8'N42,0T
92Ty F 6507 qe990°C ¥ 869 24096 ¥ 185 qed09°6 F LL'6Y q9167 F0¥'8¢ 2d
QLT T+G6TT qJEL'T+68ET edS60 F YT ICTTFSYLT qJ8S'T F6£CT ON (1M ou) s3A20ydwiAq
qVPEL0T ¥ ¥0'8€ELT qeV¥E€L0C F ¥£°G58T eVYEL0C F ¥5°92€T qeVVEL0T F EV'ELOT qVYE£0T F €€°029T 1-8'N4D 40T
q8C6'6 * 9£°96CT qe849°STT + 6570911 ed/L°60T + £5°8T9T q9€E€LTT ¥ 80V9€T q89C°99 F 65°€TCT 1-8'N40 ,0T
qJST VS FTLYTL qeJTL 60T F G8°€06 eJCY'CS F 0V 9701 qeJ8SLCT F €T'GL6 qI6C'69 F LO'09L 1-8'N4D,0T
qO8C°09 F ETV6L qeVL'86 F 91'ET8 eJ8TLY + SL Y6 qeIC8VIT + TLLL8 qJ9€C9 F LO'¥89 Jd
d8T'S F 90'6 qQLLY F 697CS ed ev'L F €TH9 QT8'S F €€°6S 4ave9 F 60°5H ON (;_IM o) s33A20UO
VYT YT F0L9vST qVPT 9PT +0L°€S9T eV9ELET F9€°8YTC qVYT VT F L'91ST qV67'88T F €E0°ELYT 1-8'N40 40T
«d85°09T F 95 T/LTT .dV89°C9S F ¥1'/CCT ed9L°65C F ¥T'9EVT LAVZETYE F S090PT .dVZS'€0C F £8'TCET Tm.Dn_u s0T
qJC8'6L 06698 qedV60°56 F 09666 ed4G°6E F ELTITT «dV08'0T ¥+ €9°CSTT qJ865°C9 F L6GL6 1-8'N40,0T
QYO TLFTICTYLL €9 V8 F ¥9°688 £dCT°GE F G6'EE0T «d19°6 ¥ G8'SZ0T qJTL'GG 19898 2d
qdT18'G F 96°cY 9LV F €LY 9LV F €9°65 qeJdSL9 F €IS qd8T’S T 0Ly ON (1M gu) siydougnaN
QV6E'8TY F L' 720E V6E 8TY F ¥STETE eVI8'SLE F TS '9CTY VL TIE F 29'8EVE V8L Y9€ F €£°058C 1-8'N4D 40T
qVY0'68C F 68°96£C qeV¥0'68C + 91°'195C V86'SPC +9L61C€E qeVEO'8EE F 0LT6LT qV16'68C * ¥9'59CC 1.8'N4D ,0T
(80 TYT F 6£°LETT 8T2°98 F 0€°TS2T «860°96 T #9°€6¥T 4888°LET F 68'TOET 4880°9€T F LF'€90T 1-8'N42,07
qd€0°06 F 697007 qe8YC’CE ¥ 9€°G0TT <409V + 88°STET qedLELTT * 6E°TSTT q880°9€T +CT'L96 Jd
qO¥G'6 F8E9L qeJG0'9 T 6T°E8 ¢J20'8 T 9¥°Z0T qeJT9'S FT0°€E8 qJL0'6 ¥ 68°0L ON (M ou) s:3Ad0quioay |
qV18C99 F 2€¥S9SS qeVOT'€€9 + 18°'T0T9 VBT EY8 ¥ 95°C/L18 qeVEE'EBE F TT°00E69 eV1S°GLZE F96'G159 1.8'N4D 40T
QVIT6¥9 F L5°9LYS qeV¥CCSY F 101689 VPEEST F IV GEEL qeVY1'CE9 F TT°CCT9 qVCTL'LSST F18°801S Tm.Dn_U 00T
q80T'98€ ¥ 2L'8CTE qedT1'C6C F266TEE LHE0COY F 2L VLTV qedSC°€8E F TT'TYSE qA6TVEYT +2S°L06C 1-8'n4D ,07
q850°C0€ F15°C8LC qe8EG°06C F 65°€96C 40T ECE F16€CLE 8667 TVE F ¥€°0CTE q9S8'VEE F LL919C 2d
«J80°9€ ¥ G5°0€T V108 F LEVET eJGE'EE F 98'8YC JTT'9G +98°81C eJST°9C F 6£10C ON (1M gu) 593420037
96 L 2374 v T Juswieal) siojoweled
(4)sunp

ﬂ—Wl LEY-

pjiydopAy spuowoiay pajeAijdoeul Aq paodnpul asuodsal Aiojewwejjul ue Aq pamoj|o} snaJtad snjjiopg Suluiejuod
191p d1301qoJd e yum pajusws|ddns Jappe|q WIMS Inbequue} wody SISAjeue 93epnxa Ul $93A20qUW0JY] pue Junod 93A20XN3| |e13US434}1P SY3 JOJ SSN|BA UOIJBIASp pJepue)ls pue ueswayl z 379V.L



DIAS ET AL.

Changes in haematological parameters were observed (p < 0.05)
among the treatments for glucose, total erythrocytes, haematocrit
percentage and total plasmatic protein at different times. These dif-
ferences were caused by inflammatory processes and influenced by
dietary probiotic supplementation (Table 1).

After phlogogen injection, the use of B. cereus increased values
of glucose, total erythrocyte, total plasmatic protein and haemo-
globin on circulating blood, mainly in fish fed with dietary probiotic
3.9 x 10% and 3.3 x 10® CFU.g (Table 1).

The increase in glucose reflects improvements in energetic
metabolism and assists the cellular inflammatory response due to
insulin action (Lukaski, 2000; Moraes & Garcia-Leme, 1982). In the
inflammatory process, insulin provokes vasodilatation caused by a
release of nitric oxide, consequently increasing the blood flow and
allowing a quick migration of leukocytes to the inflammatory site
(Dandona et al., 2000; Prado et al., 2018).

Thus, as the concentrations of erythrocytes and haematocrit in
the animals submitted to probiotic supplementation after phlogogen
injection, significant interaction in improving between these factors
for the synthesis of red blood cells. This result was also reported in
aerocystitis induced by Enterococcus sp in tilapia, where the animals
treated with immunostimulant revealed increase in haematocrit and
erythrocyte percentage (Barros et al., 2002; Martins et al., 2008).

In addition to red blood cell alterations, which also showed in-
creased values of total plasmatic protein in the first 48 h after
phlogogen injection. This was probably caused by increases in the
albumin and globulin concentrations, which enable sanitary and nu-
tritional welfare (Thomas, 2000).

The swim bladder inflammatory process produced a thick, ge-
latinous and yellowish exudate in the probiotic groups and nega-
tive control, differently from what was observed in the exudate
of the positive control. The use of probiotic bacterium B. cereus in
the concentrations of 3.9 x 10° and 3.3 x 108 CFU.g increased the
leukocytes and thrombocytes levels in the exudate, demonstrating
highest values at 48 h after injection (Table 2). However, the group
containing a lower probiotic concentration exhibited similar results
to those of the positive control regarding leucocytes levels (Table 2).
As far as differential leukocyte count from the exudate, the main
cells found were lymphocytes, neutrophils and monocytes, which
had their concentrations influenced (p < 0.05) over time.

The neutrophil levels were greater in the treatments with the
highest probiotic concentrations. The concentrations of monocytes
and lymphocytes were significantly (p < 0.05) higher for all analysed
time intervals when treated with 3.3x108 UFC g'1 (Table 2).

Fish fed for 120 days prior to the inflammatory assay exhibited
alterations in the haematological parameters in the first 24 h after
injection.

The cells in the exudate found in the present study were similar
to those found by Bozzo et al. (2007) and Martins et al. (2006, 2009)
who applied the same pathogen in the swim bladder of P. meso-
potamicus. The higher concentrations of probiotic (3.9 x 107 and
3.3x 1078 CFU.g™Y) provoked greater migrations of leukocyte cells
to the inflammatory site after the first 12 h. In that case, the addition

. AR

of probiotics potentialized the migration of defence cells to the in-
jured site due to the interaction between the cellular membrane and
intestinal receptors. The immunostimulating effect of probiotics in
contact with the intestinal mucosa occurs by the stimulation of the
gut-associated lymphoid tissue, which detects the foreign bodies
inducing activation of the animal's defence and improves the leu-
kocytes recruitment (Cross et al., 2002; Feria et al., 2017; Nayak,
2010).

Higher concentrations of thrombocytes and lymphocytes
(p < 0.05) were observed in exudates of groups fed with higher pro-
biotic concentrations (3.9 x 10 and 3.3 x 108 CFU.g) over time. The
highest cellular concentration occurred after 48 h (p < 0.05), corrob-
orating with Bozzo et al. (2007), who used dietary supplementation
containing chromium for P. mesopotamicus.

Allied to lymphocyte increases, an increase in neutrophils was
also observed regarding the probiotic concentration. Neutrophils
have the capacity to migrate to local injuries and potentialize an-
timicrobial activities (Reite, 2006). These results highlighted the
relevance of neutrophils for the innate defence system against
pathogens, as well as in the inflammatory process (Ranzani-Paiva
et al,, 2013; Rodrigues et al., 2018).

The diet with the highest concentration of probiotic, regardless
of the inflammatory process, showed the greater concentrations of
macrophages in swim bladder exudates; action of probiotics to im-
prove unspecific phagocytic performance is related to the release of
mediators that stimulate the immune system. In addition, probiotics
of the Bacillus genus can synthesize cytokine to improve phagocytic
action (Cross, 2002; Maassen et al., 2000).

Thus, dietary supplementation with autochthonous probi-
otic B. cereus for tambaqui at concentrations of 3.9 x 10° and
3.3 x 108 CFU.g™ for 120 days improved the swim bladder inflam-

matory response caused by A. hydrophila.
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