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ABSTRACT

Streptococcosis is one of the most important diseases in aquaculture, causing high rates of mortality in fish. ArtinM, an
immunostimulant obtained from jackfruit (Artocarpus integrifolia) seed extract, enhances the innate immune response.
The aim of this study was to examine the action of ArtinM on neutrophil haptotaxis to the peritoneal cavity of juvenile
Nile tilapia (Oreochromis niloticus) inoculated intraperitoneally with Streptococcus agalactiae. After establishing the
LD50 of S. agalactiae and the effective dose of ArtinM, 120 animals randomly distributed in 12 aquaria were divided
into the following four treatment groups: G1, control; G2, via the intraperitoneal (i.p.) route inoculation with ArtinM;
G3, i.p. inoculation with S. agalactiae and G4, i.p. inoculation with ArtinM and challenge with S. agalactiae. Six and
24 hours after treatment, the fish were sacrificed and peritoneal exudate and caudal vein blood samples were collected
for analysis of the total number of leukocytes and neutrophils. To establish the optimal ArtinM concentration, the re-
sults were analyzed with a chi-square test at a 1% significance level. The experimental inoculation and challenge results
were analyzed with the SASM-Agri software developed by Canteri et al. (2001) using the Scott-Knott’s test at a 5%
significance level. The results of this study showed that i.p. inoculation with 1.0 ug ArtinM/animal has an effect on
neutrophil haptotaxis to the peritoneal cavity in juvenile Nile tilapia. Therefore, ArtinM might represent a suitable pro-
phylactic alternative in juvenile Nile tilapias inoculated with S. agalactiae.
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1. Introduction supplied by the appropriate and the well-timed mobiliza-
tion of the micro-circulation towards the inflammatory
focus is essential for protection against further injury and
is the main trait of inflammation [6]. Although the litera-
ture is conflicted regarding the precise cellular compo-
nents that participate in infection responses in fish, stud-
ies have reported the presence of neutrophils and macro-
phages in different species of fish subjected to several
immunostimulatory substances [7-9].

Studies have shown that lectins from plant extracts are
able to stimulate the immune system of vertebrates while
maintaining leukocyte integrity [10-12]. The lectin ArtinM,
formerly known as KM" or artocarpine, is extracted from
jackfruit (Artocarpus integrifolia) seeds and exhibits im-
munostimulatory properties, including the ability to in-
duce neutrophil migration.

Based upon the expansion of pisciculture, the commer-
cial success of tilapia farming and the economic damage
“Corresponding author. caused by streptococcosis in commercial tilapia farms,

Commercial tilapia farming has increased quickly in Bra-
zil and worldwide [1], particularly via intensive breeding
systems that exploit the hardiness and high fish farming
systems’ [2]. Commercial fish farming, which is often,
associated with improper management practices and nu-
tritional shortcomings, may alter water quality and favor
the appearance of infectious diseases [3]. Antibiotics are
the most common method used for the treatment of in-
fections in fish. However, their indiscriminate use favors
the antibiotic-resistant bacteria have a strong impact on
the environment and may leave trace amounts in food-
stuffs destined for human consumption [4]. An alterna-
tive to such drugs are immunostimulatory substances
derived from plant, animal or bacterial extracts or other
chemical compounds [5].

At the site of an injury, the accumulation of leukocytes
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this study sought to assess the recruitment of neutrophils
towards the focus of an acute infectious process 6 and 24
hours after ArtinM application in juvenile Nile tilapia
challenged with Streptococcus agalactiae.

2. Materials and Methods

This study was carried out at the Fish Immunopathology
Laboratory (LIPPE) at the State University of North
Parana, Bandeirantes, PR Brazil. In total, 270 juvenile
Nile tilapia were used in this study. Tilapia were kept in
glass aquaria with a working volume of 80 L that con-
tained 10 fish each; aquaria were supplied with water
from artesian wells at a rate of 1 L/min with continual
aeration. Water temperature (28.0°C £ 1.7°C) was meas-
ured daily, while the pH (7.3 + 0.3) and dissolved oxygen
concentrations (5.54 £ 0.82 mg/L) were measured weekly;
all parameters remained within the optimal range [13].
Aquariums were cleansed through siphoning on alternat-
ing days.

2.1. LD50 Determination

To establish the LD50, we used S. agalactiae isolated
from naturally infected tilapia that was identified by [14]
and [15]. Briefly, 30 tilapias were randomly distributed
across 3 aquaria containing 10 fish each. Fish in each
group were intraperitoneally (i.p.) injected with 10* 10°
or 10° CFU/mL of S. agalactiae. The LD50 for S. aga-
lactiae was established 15 days later [9].

2.2. Determination of Optimal ArtinM
Concentration

For this purpose, 120 juvenile Nile tilapia distributed in
12 aquaria were used. Animals were randomly divided
into 4 groups (n = 30 each) and subjected to treatments;
treatments were performed in triplicate with 10 fish per
treatment. The control group (T1) was i.p. inoculated
with 1.0 mL of phosphate buffered saline solution (PBS),
and groups 2 (T2), 3 (T3) and 4 (T4) were i.p. inoculated
with 0.5, 1.0 or 1.5 pg ArtinM/animal, respectively. Af-
ter 24 hours, fish in all groups were challenged with 1.0
mL of S. agalactiae at a concentration of 10° CFU/mL;
fish were then observed for 15 days to establish the daily
mortality rate. The concentration of ArtinM that was as-
sociated with the highest rates of survival was used for
experimental inoculation and challenge.

2.3. Experimental Inoculation and Challenge

An additional 120 juvenile Nile tilapia were distributed
in 12 aquaria. Animals were randomly divided into 4
groups (n = 30 each) and subjected to the following
treatments:

Group 1 (Gl), i.p. inoculated with 1.0 pL. PBS and
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then with 1.0 mL PBS 24 hours later;

Group 2 (G2), i.p. inoculated with 1.0 pL ArtinM di-
luted in 0.5 mL sterile saline solution and then with 1.0
mL PBS 24 hours later; Group 3 (G3), i.p. inoculated
with 1.0 pl PBS and then with 1.0 mL solution of S.
agalactiae at a concentration of 10° CFU/mL 24 hours
later; and Group 4 (G4), i.p. inoculated with 1.0 pl
ArtinM diluted in 0.5 mL sterile saline solution and then
with 1.0 mL solution of S. agalactiae at a concentration
of 10° CFU/mL 24 hours later. Treatments were given in
triplicate, with 10 fish receiving each treatment for each
time point.

Six and 24 hours after S. agalactiae inoculation, 40
fish (10 from each group) were anesthetized with a solu-
tion of eugenol and sacrificed via spinal transection [16].
After opening the abdominal cavity, 1.5 mL of sterile
RPMI 1640 (HIMEDIA® Mumbai, India) was added to
the cavity and 1.0 mL of peritoneal exudate was col-
lected using a Pasteur pipette. The samples were placed
in sterile Falcon tubes and centrifuged at 4000 x g at 4°C
for 6 minutes. Cell pellets were collected and added to
cover slips in contact with sterile cell culture plates.

Culture plates were incubated in a carbon dioxide
(CO,) incubator at 29°C for 30 minutes. Next, the slides
were stained according to the May-Grunwald-Giemsa-
Wright procedure [17]. To obtain total and differential
leukocytes counts, 20 fields were counted using an im-
mersion objective in Nikon microscope.

Immediately prior to sacrificing the animals, approxi-
mately 1.0 mL blood was collected from each animal
through a caudal vein puncture performed with dispos-
able syringes containing 10% EDTA. Blood smears were
prepared and stained via Rosenfeld’s method (1947).
Reading was performed with an immersion objective and
total leukocytes and thrombocytes were indirectly quan-
tified following the method of [18].

To establish the optimal ArtinM concentration, the re-
sults were analyzed using a chi-square test with a 1%
significance level. For the experimental inoculation and
challenge experiments, the results were analyzed with
SASM-Agri software developed by [19]; a Scott-Knott’s
test with a 5% significance level was applied.

3. Results

In this trial were used three different doses (0.5; 1.0 e 1.5
pg/animal) of ArtinM to determined the action of the
lecithin on the immune system of Nile tilapias. A con-
centration of 1.0 pg of ArtinM/fish produced the greatest
rate of survival among fish challenged i.p. with S. aga-
lactiae (Table 1). Whereas the inferior and superior
doses did not show the protector effect once the pre-
treated animals obtained the same survival rate than con-
trol animals. This result suggests ArtinM has an immu-
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nostimulant action that is dose-dependent.

Another factor that can indicate the immunostimulant
action of a substance is it chemotactic action. The in-
crease of leucocytes population in the peritoneal cavity
results in a faster depuration contributing to resistance to
infections. The largest total leukocyte averages in the
peritoneal exudate samples appeared after 24 hours of
inoculation in all groups but G1 (control) (Table 2). In
posteriors times was observed a decrease in the number
what suggests that the action of ArtinM might be time-
dependent.

The neutrophils are the first leucocytes to arrive at the
local of infection. This phagocytes beyond its great mi-
crobicide capacity it also has a regulatory function of

Table 1. Survival rate of juvenile Nile tilapia that was i.p.
inoculated with different concentrations of ArtinM and
challenged with Streptococcus agalactiae (10° CFU/mL).

Groups Survival rate (%)
T1 (control) 333b
T2 (0.5 pg/animal) 46.7b
T3 (1.0 pg/animal) 633a
T4 (1.5 pg/animal) 36.7b

Survival percentages followed by different letters differ according to a
chi-square test (p < 0.01).
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inflammatory response. The pre-treatment of animals
with ArtinM showed that the lecithin has a chemotactic
action to neutrophils. These results corroborate with
studies that demonstrated the capacity of ArtinM to bind
with the laminin promoting the haptotaxis of neutrophils.
The greatest number of neutrophils in the peritoneal exu-
date samples was observed after 24 hours in the groups
inoculated with ArtinM (G2) and ArtinM challenged
with S. agalactiae (G4) (Table 3).

In the caudal vein blood samples, there were no sig-
nificant differences in the average number of neutrophils
between the four groups investigated (Table 4). These
results suggest that ArtinM did not exercise a systemic
action, exerting only a local action in inflammatory re-
sponse stimulation.

4. Discussion

The ArtinM literature comprises studies carried out in
other animal species. No published data exist regarding
the use of this protein in fish. In our study, the i.p. ad-
ministration of 1.0 pg of ArtinM/animal caused the
highest rate of survival in juvenile Nile tilapia challenged
with S. agalactiae. Lower (0.5 pg/fish) and higher (1.5
ng/fish) doses of ArtinM were not protective against S.

Table 2. Average number of total leukocytes in the inflammatory exudate of juvenile Nile tilapia intraperitoneally inoculated
with ArtinM, Streptococcus agalactiae or ArtinM with S. agalactiae challenge.

-

Groups 6 hours 24 hours
G1 (Control) 1.6 A B 1.07 33 b B 2.95
G2 (ArtinM) 1.0 A C 0.67 9.1 a A 2.51
G3 (S. agalactiae) 1.3 A B 1.16 7.8 a A 2.15
G4 (ArtinM + S. agalactiae) 1.3 A B 1.16 8.8 a A 1.99

Averages followed by the same lower-case letter within a group and the same upper-case letter for each time point do not differ according to the Scott-Knott’s

test (p < 0.05). "Standard Deviation.

Table 3. Average number of neutrophils in the peritoneal cavity of juvenile Nile tilapia intraperitoneally inoculated with
ArtinM, Streptococcus agalactiae or ArtinM with an S. agalactiae challenge.

* *

Groups 6 hours 24 hours
G1 (Control) 1.6 a B 1.07 28 b A 1.81
G2 (ArtinM) 1.0 a C 0.67 61 a A 1.52
G3 (S. agalactiae) 13 a B 1.16 39 b A 1.91
G4 (ArtinM + S. agalactiae) 13 a B 1.16 48 a A 1.75

Averages followed by the same lower-case letter within a group and the same upper-case letter for each time point do not differ according to the Scott-Knott’s

test (p < 0.05). “Standard Deviation.

Table 4. Time effect on the population of macrophages, neutrophils and lymphocytes after induction of inflammatory exudate

in juvenile Nile tilapia fish.

Treatment Macrophages Neutréfilos Lymphocytes
G1 (Control) 0.2bB 0.28 2.8 bA 0.67 0.5¢cB 0.46
G2 (Artin M) 0.3bC 0.37 6.1 aA 1.81 2.7 aB 0.38
G3 (S. agalactiae) 2.5aB 0.60 3.9bA 1.75 1.4bC 0.50
G4 (Artin M + S.agalactiae) 3.6 aA 0.37 4.8 aA 1.62 0.4 cB 0.37

Means followed by the same letter for each cell type and uppercase for each treatment did not differ by Scott-Knott test (p < 0.05). "Standard Deviation.
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agalactiae challenge. Studies with ArtinM in different
animal species have shown that the ideal immunomodu-
latory dose and its effect vary depending on species. For
example, while an air pouch inoculation of 50 pg ArtinM/
animal in Leishmania amazonensis—infected mice in-
duced the largest migration of leukocytes in 24 hours
[20], mice infected with Paracoccidioides brasiliensis
and treated with 0.5 pg ArtinM/animal exhibited higher
resistance to infection compared to untreated mice through
the increased production of IL-2 [21]. In rabbits with
experimentally-induced cornea lesions, the application of
a solution of 2.5 pg/mL of ArtinM accelerated the heal-
ing process [22].

In our study, the application of 1.5 ug ArtinM/fish re-
sulted in a lower survival rate compared to a dose of 1.0
pg ArtinM/fish (Table 3). Prior studies have reported
that the use of larger doses of immunostimulants can
actually cause immunosuppression in fish [9]. According
to Sakai (1999) the effect of immunostimulatory com-
pounds depends directly on the ideal dose, as higher doses
might not improve, and may even inhibit, the immune
response. Hence, testing different doses is key in deter-
mining the most effective doses during stress-associated
events of aquatic animals, such as their transportation or
their reproductive cycles [23].

In general, the use of ArtinM stimulates the innate
immune system of animals by causing the activation and
haptotaxis of neutrophils, mast cells, dendritic cells and
macrophages [21,24-29]. According to works [30], i.p.
inoculation of Nile tilapia with crude Artocarpus in-
tegrifolia seed extracts increased the number of phago-
cytic cells in the affected area in 24 hours. In our study,
despite the lack of significant differences among the in-
oculated groups, the largest averages of total leukocytes
in the peritoneal exudate were found at 24 hours.

Neutrophils are abundant in the blood and are impor-
tant in innate immunity because they are able to recog-
nize, phagocytose and destroy pathogens without stimu-
lation from other immune cells [31]. Reports [22] sug-
gested that ArtinM induces neutrophil haptotaxis via the
interaction of neutrophil surface glycoproteins and com-
ponents of the extracellular matrix of blood vessel walls.
In 2006, works [32] showed that when linked to ArtinM,
the laminin present in blood vessel walls potentiates the
activity of ArtinM in neutrophils, promoting their migra-
tion through haptotaxis. In our study, there was a signifi-
cant increase of neutrophils in the inflammatory exudate
samples collected 24 hours after inoculation in the fish

that received ArtinM (G2) alone or ArtinM followed by S.

agalactiae (G4).

In fish, blood composition depends on physiological
and ecologic factors such as sex, stage of gonad devel-
opment, stress, infection and environmental balance [31].
Moreover, it must be taken into account that in these
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animals, the immune response does not have the same
magnitude nor does it follow the same pattern as mam-
mals [6]. In the blood samples collected from the caudal
vein 6 and 24 hours after application of ArtinM, there
were no significant differences in the average number of
neutrophils between the investigated groups. This result
indicates that the action of ArtinM is local rather than
systemic.

5. Conclusion

ArtinM administered i.p. increased the migration of neu-
trophils to the peritoneal cavity; further, this process de-
pended upon the concentration of the ArtinM and dura-
tion of treatment. However, the mechanisms involved in
ArtinM-induced neutrophil haptotaxis remain to be in-
vestigated. This ability of ArtinM to activate the innate
immune response might be used as an immunostimula-
tory means to control the acute stage of infections in fish.
This finding opens up possibilities for the strategic use of
this protein in the periods immediately prior to the im-
plementation of fish management techniques.
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