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HIGHLIGHTS

* Two B-glucan products, with different production process, were tested in pacu
feed.

» Bacterial challenge and immunological assays was used to measure B-glucans
activity in pacu.

+ Asimilar response was observed comparing a product with less 3-glucan with the
conventional.

Abstract: Stress in intensive fish farming hamper immune function of fish and cause losses
by disease outbreaks, a situation that can be minimized, but cannot be completely
circumvented, by the use of immunomodulators. Addition of immunomodulators to
aquafeeds has thus become a common practice. B-glucan (BG) is one of most studied and
effective immunomodulators, aquaculture purposes included. Extracted from cell walls of
bacteria, fungi and selected cereals, BG activity depends on the source and extraction
methods. This study evaluated effects of two BG products (BG1 and BG2), extracted from
Saccharomyces cerevisiae under varying extraction methods and with different immune
activity, on the feeding of pacu Piaractus mesopotamicus juveniles. BG1 provided higher
leukocytes respiratory activity when fed at 0.5% inclusion for 10 days and 0.1% inclusion for
15 days. Both products seems to cause negative effect on lysozyme concentration and
monocytes profile when fed to pacu for 15 days at 0.5% inclusion. Although the results for
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BG2 did not differ from control (diet devoid of BG), the proximity with the BG1 behavior is a
indicative that a commercial product with smaller BG concentration can be effective when
more refined technology is used in extraction process.

Keywords: Immunostimulant, Aquaculture, Stress, Aeromonas hydrophila, Leukocytes,
Lysozyme.

INTRODUCTION

Harmful stimuli such as handling, crowding and transport, trigger stress response in
intensively farmed fish, hampering immune functions and causing disease outbreaks and
economic losses [1, 2]. Stress responses are actually a physiologic state, coordinated by
central nervous system, which changing hormonal profile enables organisms to override
adverse conditions and survive [3, 4]. Although physiological alterations resulting from
stress have homeostatic functions, extreme and or prolonged stress can hamper immune
function thus turning fish vulnerable to opportunistic pathogens [5]. Once stressors of
aquaculture systems can be minimized, but not totally expunged, the improvement of
immune function by dietary supply of vitamins, probiotics, prebiotics and natural and
synthetic molecules has drawn the attention of the scientific community [6, 7, 8].

B-glucan (BG), a structural polysaccharide of fungi, bacteria and some cereals walls, is
one of the most studied immunomodulators, for its molecules can interact directly with
receptors in leukocytes membrane, thus turning BG one of most promising, wide-ranging
immunostimulant, both for human health and animal production, aquaculture included [9].
The direct interaction of BG-receptors in the leukocytes membranes enables considering
these molecules ideal immunostimulants [9]. This mechanism occurs as a result of the
pathogen-associated molecular patterns (PAMPS), part of BG structure, which activates
leukocytes receptors, promoting signaling and transcription of immune factors setting up an
"alert state" in the immune system [10], in such a way that BGs are enable to promote better
immunological status and survival rate in fish and shellfish [11]. Besides the stimulatory
activity promoted by BG, down regulation activity has been reported in long-term and/or high
dosage trials with immunostimulants [6].

The vyielding process and source of BGs may influence their biological activity: BGs
extracted from yeast and fungi have more immunological and antitumoral activities [12],
while those extracted from cereals are more effective modulating blood cholesterol and
glucose [13]. The most conventional source of BG molecules are cell walls of
Saccharomyces cerevisiae (bakers’ yeast), the most important being B(1-3)- and
B(1-6)-glucan. Structural differences among BG molecules from varying sources require the
use of different extraction processes resulting in varying quality of molecules and degrees of
activity, the most limiting points of the industrial process [14, 15]. Once effectiveness of
extraction techniques and processing of BG from different sources is recognized, selecting
cost-effective products and extending the use of BG to other purposes in human and animal
health come as consequent needs [16].

Studies comparing different BG molecules have being carried out with humans [17] and
pets [18], but are still scarce with fish, a sole example registered is a recent study with Nile
tilapia (Oreochromis niloticus) [19]. Therefore, this study aims at evaluating the
immunomodulatory effect of two BG products obtained from Saccharomyces cerevisiae via
different extraction process and bearing different immune stimulatory activity on the feeding
of juvenile Neotropical species pacu, Piaractus mesopotamicus. As a rule, fish species less
domesticated, such as pacu, are more susceptible to effects of stress [20], a solid the reason
why the species was chosen for this study, which also sets up new research protocol for the
study of immunostimulants in Neotropical fish.
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MATERIAL AND METHODS

Experimental Diets and Design

Graded levels of a novel, insoluble BG (1-3)-, (1-6)-based product (BG2) and
conventional BG (BG1) extracted from Saccharomyces cerevisiae (Biorigin, Lencois
Paulista, SP, Brazil) using different processes (55,5% and 68,5% activity, respectively) and
immune effects (See composition in [19]), were amalgamated to a commercial fish feed
(28% crude protein; 4,000 kcal kg-1 crude energy) at 0.1% or 0.5%. A control diet (C) was
obtained by milling and reprocessing the feed. Diets were fed for 15 days to juvenile pacu,
Piaractus mesopotamicus (75 g + 10) stocked in 18, 60-L plastic aquaria (n=10), under
continuous aeration and open-water flow, natural photoperiod, in a completely randomized
experimental design (n=3). A negative control group (NC) feeding on the control diet was not
handled before sampling procedures. Fish were fed twice a day at a rate of 2 % of stock
biomass, that is, daily dose of 2 and 8 mg BG/g, respectively for 0.1% and 0.5% inclusion.

Blood samplings were drawn at 5, 10 and 15 days of feeding period. Two fish were
sampled from each tank after handling stress — four minutes hypoxia — and transferred to an
adjacent corresponding tank for intraperitoneal inoculation with 5 pL/g Aeromonas
hydrophila suspension (1x106 CFU) three hour after handling. Sampling, hypoxia and
inoculation protocols aimed at mimicking acute stress situation and consequent white blood
cell mobilization [21] eliciting evaluation of the response of treated groups to bacterial
challenge. Blood samples (1.0 mL) were drawn three hours after inoculation by puncture of
caudal vein with heparinized syringe (sodium heparin, 5,000 IU/mL ), aliquoted and
processed according to analysis requirements. Experimental and sampling procedures were
performed in accordance with “Conselho Nacional de Controle de Experimenta¢ao Animal”
(Brazil’'s Council for Control of Experiments with Animals — CONCEA) and approved by the
“Comissao de Etica no Uso de Animais” (Committee of Ethics on Use of Animals — CEUA),
of “Escola Superior de Agricultura Luiz de Queiroz da Universidade de S&o Paulo
(ESALQ-USP), Protocol CEUA 2016-21.

Hematological Parameters

Leucocytes profiles were obtained from blood smears stained with Rosenfeld
hematologic pigment (May-Grunwald-Giemsa-Wright) according to [22] under optic
microscopy using the indirect method [23]. Leukocytes respiratory burst assay was carried
out following [24] protocol, modified by [25]. Total blood (50 pL) was incubated with
nitroblue-tetrazolium (NBT) (Sigma® ref: N6876) in phosphate buffer (pH 7.4) (50 uL)
solution (0.2%), during 30 minutes at 25°C. A 50-pL aliquot of the incubate was added to 1.0
mL of n-n,dimethylformamide (DMF) (Sigma® ref: 227056), centrifuged at 3,000 g for 5
minutes and supernatant read in spectrophotometer at 540 nm.

The lysozyme assay was carried out based in [26] method, which is the lysis of a
Micrococcus lysodeikticus (Sigma® ref: M3770) suspension by the lysozime present in
sample. The procedure followed the turbidimetric protocol described by [27] and adapted to
ELISA plates by [28]. Samples kept at -20°C were heat-treated in water bath at 56°C for
inactivation of complement system proteins. A curve with 10 crescent standard
concentrations of lysozyme (Sigma® ref: L6876) (0.5 to 5.0 ng/uL) in sodium phosphate
buffer (SPB) (NaH2PO4; 0.05 M; pH 7.4), was used to set a linear regression and the
equation was used to calculate the sample concentration. Diluted samples (25 pL plasma +
75 pL SPB) and standards (n = 3) were mixed with 100 pL of Micrococcus lysodeikticus
suspension in SPB (0.075%) in a 96-well plate, and immediately read at 450 nm optical
density (OD), using SPB as blank. Readings were taken at time zero (IOD) and at five
minutes (50D) incubation. The difference between the readings (AOD = 10D - 50D) was
used to set the standard curve and estimate the samples concentration, multiplied by four
(1:4 dilution of sample) and expressed in ng/dL.

Statistical Analysis
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Recorded data were tested for normality (Cramer-Von Mises) and homoscedasticity
tests (Brown-Forsythe), and analyzed by one way ANOVA. Duncan's multiple range test
(a=0.05) was used to compare the means of variables sets.

RESULTS

The leukocytes respiratory activity was comparatively higher in BG1-0.1 group than
BG2-0.1 and NC at day five (Fig.1-1); no differences were recorded regarding the other
treatments. On days 10 (Fig. 1-2) and 15 (Fig. 1-3), higher leukocytes respiratory activity
was recorded in treatments BG1-0.5 and BG1-0.1, respectively, but only in comparison to
control group.
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Figure 1. Mean and standard deviation of leukocytes respiratory activity of pacu juveniles fed 5, 10
and 15 days ([1], [2] and [3], respectively) with experimental diets, inoculated intraperitoneally with
suspension if Aeromonas hydrophila (1x106 CFU) in 0.9% saline three hours after stress induction
(air exposure, 4min) and sampled three hours after inoculation. The negative control group (CN) was
not stressed or inoculated. Capital letters indicate statistical difference (Duncan 5%) between
treatments.

Concentrations of lysozyme did not differ among treatments at day five (Fig.2-1), but at
day 10 (Fig.2-2), lysozyme concentration was higher in BG2-0.5 group as compared to
BG1-0.5, but did not differ from other treatments. At day 15 day (Fig.2-3), higher
concentration of plasma lysozyme was recorded in treatment BG1-0.1 in comparatively to
BG1-0.5 and BG2-0.5.
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Figure 2. Mean and standard deviation of plasmatic lysozyme concentration of pacu juveniles fed 5,
10 and 15 days ([1], [2] and [3], respectively) with experimental diets, inoculated intraperitoneally with
suspension if Aeromonas hydrophila (1x106 CFU) in 0.9% saline three hours after stress induction
(air exposure, 4min) and sampled three hours after inoculation. The negative control group (CN) was

not stressed or inoculated. Capital letters indicate statistical difference (Duncan 5%) between
treatments.

Leukocytes profile at day five (Table 1) revealed occurrence of neutrophilia,
monocytosis and lymphopenia on handled groups comparatively to NC, but no effect linked
to dietary BG was detected. A similar trend was recorded at days 10 and 15, but only lower
monocytes percentage was recorded in BG2-0.1 at day 10, and lower neutrophils and higher
lymphocytes percentage was recorded in BG2-0.1 at day 15, comparatively to control.
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Table 1. Leukocytes profile of juveniles pacu fed experimental diets for 5, 10 and 15 days. After handling stress and bacteria inoculation.

5 days feeding 10 days feeding 15 days feeding
Treatment
Neutr. Lymph. Mon. Neutr. Lymph. Mon. Neutr. Lymph. Mon.
C 62,50(+16,71)A 13,66(+10,54)B 21,75(+10,55)A 62,10(+3,94)A 10,60(+2,38)B 26,00(+3,40)BA 50,08(+18,04)A 10,66(+7,43)C 37,16(+17,37)BA
NC 16,20(+5,63)B 64,80(+10,54)A 12,40(+3,847)B 46,87(+13,30)A 49,65(+24,80)A 16,53(+5,20)B 14,60(+16,37)C 60,00(+26,74)A 22,60(+12,83)B
BG1-0.1 61,41(+4,78)A 12,75(+3,29)B 21,33(+3,53)A 45,83(+11,71)A 26,66(+13,89)B  25,58(+10,24)BA 44,39(+8,53)BA 16,06(+9,79)BC 38,34(7,75)A
BG1-0.5  54,50(+10,80)A 16,66(+8,47)B 26,83(+6,57)A 58,08(+13,42)A 12,75(+4,28)B 28,58(+10,28)A 40,58(+16,53)BA 20,83(+18,19)BC 37,08(8,41)BA
BG2-0.1 60,41(+8,31)A 13,83(+4,10)B 23,58(+5,05)A 60,91(+14,85)A 20,83(+17,05)B 16,50(+4,03)B 29,08(+13,24)BC 22,6(+10,15)B 4558(+12,06)A
BG2-0.5  54,16(x11,26)A  15,75(+7,05)B 24,00(+4,88)A 51,36(+13,08A) 17,15 (¥14,77)B 30,23(+7,84)A 48,50(+12,34)A 15,41(+10,67)BC 34,83 (+10,11)BA

C= Control; NC = Negative control; BG1-0.1 = 0,1% BG1; BG1-0.5 = 0,5% BG1; BG2-0.1 = 0,1% BG2; BG2-0.5 = 0,5% BG2. Different capital letters indicate differences (Duncan 5%) in Neutrophils (Neutr.), Lymphocytes (Lymph.) and Monocytes (Mon.)

in the comparison between treatments (columns), in each sampling (five, 10 and 15 days).
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DISCUSSION

The activity of BG depends on the source and isolation process [9]. It seems thus
possible to boost activity of the immune system using a product that contains less BG, but is
processed under a specific technology which provides a more active molecule. Previous
studies with mice and dogs [18] and tilapia [19], comparing the same products used in this
trial (BG1 and BG2), registered significant effects in phagocytosis assay and leukocytes
respiratory activity, respectively, by both tested products. [19] reported enhanced leukocytes
respiratory activity in tilapia feed both BG1 and BG2 (0.1%) during 30 days, but BG1 had
greater activity when compared to BG2. Besides the similarly higher leukocytes activity in
BG1 group herein recorded at days 10 (BG1-0.5) and 15 (BG1-0.1) of the feeding period
after bacterial inoculation, the concentration and time-administration protocol used did not
elicit equal immune responses driven by BG1 and BG2.

The interaction of BG with leukocytes activity is well documented [6, 9,11], as well as
the dependence of this activity on administration time and dose [6]. The leukocytes activity
registered for BG1-0.5 at day 10 and BG1-0.1 at day 15 was driven possibly by the
dose-time protocol, in which the higher inclusion level elicited early activation of the immune
system whereas it took an extended amount of time for the lower concentration to yield a
similar response. As no differences were recorded between BG2 treatments and control
regarding leukocytes activity, and values recorded for BG1 treatments were statistically very
close, it is fair to infer that the activity of molecules present in the alternative BG product was
smaller than that of the conventional BG. However, it is also fair to infer that the use of a
product with smaller BG contents, but resulting from a refined extraction technology and with
improved bioactivity, will be every bit as effective.

The higher lysozyme concentration in treatment BG1-0.1 at day 15 matches the
registered leukocytes activity at the same stand in time. Lysozymes are conspicuous to
neutrophils, monocytes and macrophages [29], and may be associated to cellular defense
against pathogens [30], in this work simulated by the bacterial challenge. The same trend
was not registered at day 10 probably because of individual variation, higher in the case.
Lower lysozyme concentrations were recorded at day 15 in fish of groups BG1-0.5 and
BG2-0.5. Actually, effects of dietary B-glucan are time and dose dependent, that is, higher
levels of inclusion associated to long periods of administration can actually result in
reduction of immune response or even inactivation of immune system [31]. Although
mechanism leading to this phenomenon are not yet clearly understood, studies have
registered in vitro and in vivo leukocytes apoptosis [32] and induction of apoptosis-related
genes [33] on glucan trials with fish. Therefore, once both treatments with higher BG
inclusion resulted in lower lysozyme levels, and this enzyme is closely related to cellular
immune response, it is possible that both BG1 and BG2 products may not be effective at
0.5% inclusion level and 15 days of feeding treatment.

One of the physiological responses during acute stress and infection is demand-driven
white blood cells mobilization [34]. The leukocytes profile, especially at day 5, followed a
pattern registered for fish undergoing acute stress, namely lymphopenia and neutrophilia
[35, 36, 37], and can be observed when NC was compared to other treatments, in which fish
were submited to stress protocol. In vertebrates, in addition to the neutrophilia and
lymphopenia that may be observed in stress and infection situations, a general increase in
monocytes may be registered, mainly because of its function in phagocytosis of invasive
particles and pathogens [37]. This phenomenon was actually registered in this trial, mainly at
day 5, and with some variations in the subsequent samplings. Treatment BG2-0.1, for
instance, was not effective raising monocytes profile at day 10, but an opposite reaction was
recorded at day 15. Additionally, the profile of monocytes match the concentration of
lysozyme at day 15, lower values registered for BG1-05 and BG2-05. This observation
reinforces the hypothesis that usage of BG products may not be feasible at these levels of
inclusion and time of administration.
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In conclusion, the stress protocol, followed by bacterial challenge, was effective
triggering the immune response of fish, and dietary BG1 at 0.5% inclusion for 10 days and
0.1% inclusion for 15 days improved leukocytes respiratory activity of juvenile pacu,
comparatively to fish fed diets devoid of glucan products. Both BG1 and BG2 yielded similar
responses in comparison with the conventional BG product. The trial al enabled registering a
similar response comparing the conventional BG product with a new product formulated with
lower BG concentration, an indicative of the potential of producing new BG products with
more refined technology and new application.
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