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Abstract
Effects of β-glucan on innate immune responses and survival were studied in pacu experimentally infected with 
Aeromonas hydrophila. Fish fed diets containing 0, 0.1% and 1% β-glucan were injected with A. hydrophila. β-glucan 
enhanced fish survival in both treated groups (26.7% and 21.2% of the control, respectively). Leukocyte respiratory 
burst and alternative complement pathway activities were elevated after bacterial challenge regardless the β-glucan 
concentration. Lysozyme activity was higher after infection and showed a gradual increase as β-glucan concentration 
increased. A significant elevation in WBC count was observed either after bacterial challenge or by influence of β-glucan 
separately. The same response was observed in the number of thrombocytes, lymphocytes, eosinophils, LG‑PAS positive 
cell and monocytes. It can be concluded that feeding pacu with β-glucan can increase protection against A. hydrophila, 
due to changes in non-specific immune responses.
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Resistência à doença em pacu, Piaractus mesopotamicus  
(Holmberg, 1887), alimentados com β-glucana

Resumo
Os efeitos da β-glucana sobre as respostas imunes inatas e a sobrevivência foram estudados em pacu experimentalmente 
infectado com Aeromonas hydrophila. Peixes alimentados com dietas contendo 0,1% e 1% de β-glucana foram injetados 
com 1 x 108 CFU de A. hydrophila após 7 dias de alimentação. A sobrevivência de peixes foi maior nos dois grupos 
tratados em comparação ao grupo controle (26,7% e 21,2%, respectivamente). A atividade respiratória de leucócitos e 
a atividade hemolítica do complemento – via alternativa estavam elevadas após desafio bacteriano independentemente 
da concentração de β-glucana. A atividade de lisozima foi maior após a infecção e mostrou um aumento gradual de 
acordo com a concentração do imunoestimulante. Observou-se um aumento significativo na contagem de leucócitos 
totais após o desafio bacteriano e influência de β-glucana. A mesma resposta foi observada para trombócitos, linfócitos, 
eosinófilos, leucócito PAS positivo e monócitos. Com exceção de neutrófilos, que diminuíram frente ao mais alto nível 
do imunoestimulante e não se alteraram após a infecção, as outras células aumentaram após a exposição à A. hydrophila. 
A β-glucana não afetou os níveis de proteína total do soro, que aumentaram após o desafio bacteriano. Conclui-se que 
a administração de β-glucana em pacu pode aumentar a proteção contra A. hydrophila, por alterações nas respostas 
imunes de não-específicas.

Palavras-chave: imunologia, sistema complemento, imunidade inata, lisozima, atividade respiratória de leucócitos.
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Introduction

Recently aquaculture has developed a promising 
scenario for this segment of agriculture worldwide. However 
with intensive fish farming systems, the culture methods 
have become more intensive in order to obtain higher 
production resulting in immune deficiency that increase 
fish susceptibility to opportunistic pathogens. In this way, 
disease outbreaks have been shown as a limiting factor in 
intensive cultures (Zhou et al., 2010; Tort, 2011).

Among the pathogens in aquaculture, the Gram-negative 
bacteria A. hydrophila promotes the motile aeromonad 
septicaemia disease that has prompt uncountable economic 
losses in marine and freshwater aquaculture (Kesarcodi-
Watson et al., 2008). As well in Brazil, A. hydrophila is one 
of the most important pathogens described on aquaculture 
farms (Godoy et al., 2008). Besides the limited number of 
government-approved antibiotics or chemotherapeutics in 
order to overcome bacterial disease, there is misuse that 
results in the appearance of antibiotic-resistant pathogens 
so that the impact of the antibiotic use in fish farming on 
the environment and on human health has become a major 
concern and therefore it is not a suitable alternative for the 
future (FAO, 2002; Andrews et al., 2009).

As an alternative for disease management in fish farming, 
attention has been addressed to immunity manipulation 
throughout the administration of functional nutrients such 
as immunostimulants that are safe for animals and humans, 
so that several products, including yeast glucan, have been 
tested in many fish (Sakai, 1999; Mouriño et al., 2012). 
Glucan is known to enhance the innate immunity and 
resistance against pathogenic bacteria in fish. Additionally, 
fish treated with β-glucan have shown enhanced phagocytic 
cell activity as well as enhanced lysozyme and complement 
activities (Engstad et al., 1992; Ai et al., 2007).

There are a few studies that report on immune 
manipulation of Brazilian species such as in pacu (Piaractus 
mesopotamicus) (Teleostei: Characidae) which is one of the 
most important freshwater fish farmed in Brazil (Jatobá et al., 
2008; Biller-Takahashi et al., 2012; Mouriño et al., 2012; 
Biller-Takahashi et al., 2013). However, its farming has 
been facing disease threats and little information is available 
on the use of immunostimulants or the effects of bacterial 
infection in general Brazilian aquaculture (Garcia et al., 
2007; Martins et al., 2009a; Biller-Takahashi et al., 2014). 
In the light of these facts, the purpose of this study was to 
evaluate the effect of oral administration of β-glucan on 
disease resistance of pacu experimentally infected with 
A. hydrophila.

Material and Methods

A total of 180 fish (60.1 ± 7.5 g; 14.5 ± 0.7 cm) were 
distributed in nine 200 L tanks (20 fish per tank) with a 
continuous water flow system. The water was aerated with 
compressed air diffused through air stones. Fish were 
allowed to acclimatize for 20 days prior to the experimental 
feeding, being fed to apparent satiation with a commercial 
diet (28% protein, 3% fat, 1% fiber and β-glucan free) 

twice a day. The water quality parameters monitored daily 
were: temperature 26.07 ± 0.39 °C; dissolved oxygen 
5.66 ± 0.57 mg L−1, measured with YSI 55 Oximeter, and 
pH 7.64 ± 0.09 measured with Corning pH meter.

Fish were distributed as follows: fish fed control diet 
(commercial diet β-glucan free), fish fed diet containing 
0.1% β-glucan and diet containing 1% β-glucan. Each 
dietary treatment was randomly assigned to three tanks. 
The experimental diets were prepared using the commercial 
diet to which β-glucan (Macrogard®, Biorigin, Sao Paulo, 
Brazil) was included.

Seven days after feeding, fish were intraperitonially 
injected with washed cells of A. hydrophila, a strain 
from Laboratório de Patologia de Organismos Aquáticos 
(LAPOA-CAUNESP-Jaboticabal) (Genbank identification 
as ATCC 7966-http://www.ncbi.nlm.nih.gov/genbank/), 
prepared as described by Garcia et al. (2007). Fifty four 
fish per treatment were injected with 1 x 108 CFU mL–1 
of live A. hydrophila. Mortality and clinical signs were 
recorded twice a day for 15 days and cumulative survival 
rate was calculated as follow: CSR (%) = (1 - number of 
mortality / total number of fish) x 100.

Two samplings were carried out: before the challenge 
and one week after the challenge. At both samplings, six 
fish per treatment were anesthetised (benzocaine, 0.1 g L–1) 
and blood was collected for hematology and immune 
analyses. Total leukocytes count (WBC) and differential 
leukocytes count were determined in blood smears stained 
by May–Grünwald–Giemsa (Rosenfeld, 1947). WBC 
number was calculated using the formula: leukocytes/μl 
= (leukocyte number in the smear x erythrocyte number/
μl)/2,000 erythrocytes counted in the smear, as described 
by Ishikawa et al. (2008).

The assay of leucocytes respiratory burst activity 
was carried out using total blood according to Biller-
Takahashi et al. (2013). The optical density (OD) of the final 
solution was measured at 540 nm. After serum extraction, 
lysozyme activity was measured as described by Ellis (1990), 
with partial modifications (Abreu et al., 2009). Results 
were expressed in units of lysozyme ml–1 serum. One unit 
is defined as the amount of sample causing a reduction 
in absorbance of 0.001 min–1 at 450 nm compared to the 
control (Micrococcus lysodeikticus suspension without 
serum). The hemolytic complement activity was measured 
using the alternative complement pathway (ACP50) 
according to Biller-Takahashi et al. (2012). The hemolysis 
was estimated by measuring the optical density (OD) of 
the supernatant at 700 nm for 10 min. The value of 50% 
hemolysis was calculated from the hemolysis curves of 
diluted sera. Total serum protein was determined by biuret 
method (Labtest Kit).

Differences among treatments and the challenge effect 
were assessed using two-way ANOVA. The comparison 
of any two mean values was performed using Duncan’s 
multiple range test (p < 0.05). Results are presented as 
means ± standard error and were analysed using the SAS 
statistical program (9.2).
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3. Results

Dietary β-glucan improved survival in both 0.1% 
and 1% β-glucan treated fish (Figure 1). Sampled fish 
presented red spotted skin lesions of varied degree along 
their bodies, ulcers, especially in the bacterium injection 
site, mild exophthalmia, and abdominal swelling.

Fish fed with 1% β-glucan showed increased WBC, 
as well as the challenged fish (p < 0.05) separately 
(Table 1). Among the leukocytes, lymphocytes were 
predominant (Table 1). β-glucan increased thrombocytes, 
lymphocytes, eosinophils, special granulocytic cells, and 
monocytes (p < 0.05). The cells number increased as the 
immunostimulant doses increased. Other leukocytes, the 
neutrophils declined in fish fed with 1% β-glucan. The 
number of all types cells have increased after the exposure 
to the bacterium (p < 0.05), except for the neutrophils that 
did not change (p > 0.05).

The leukocytes respiratory burst activity was higher 
after challenge with A. hydrophila (p < 0.05) independent 
of the β-glucan level (Figure 2). The β-glucan diet did 
not affect significantly the leukocytes respiratory burst 
activity in spite of a trend of increase as the β-glucan level 
increased. The serum lysozyme activity was significantly 
higher due to the challenge and β-glucan effects, as seen 
in a gradual increase observed as the immunostimulant 
increased (p < 0.05) (Figure 3).

Fish fed with 1% β-glucan diet had higher lysozyme 
activity compared to control fish (p < 0.05) (Figure 3). 
Dietary β-glucan treatments did not induce significant 
changes (p > 0.05) in the haemolitic activity of ACP50 
(Figure 4). However, the lowest mean ACP50 was obtained 
in infected fish serum indicating higher hemolytic activity of 
the alternative complement pathway (p < 0.05), once there 
are an inverse correlation between these two parameters 
(Figure 4). The total serum protein level was not affected 
by β-glucan (p > 0.05) (Figure 5) although it had increased 
(p < 0.05) in fish after the A. hydrophila challenge.

4. Discussion

The immunostimulant effect of β-glucan has been 
well established due to the existence of specific receptors 
at the defense cells surface, like macrophages and other 
phagocytes, and the activation of cells such as macrophages, 
neutrophils, monocytes, natural killer cells and dendritic 
cells throughout specific receptors prompt pro or anti-
inflammatory effects in dependence of the receptor triggered 
(Chan et al., 2009; Goodridge et al., 2009; Kiron, 2012).

Table 1. White blood cell (WBC) and differential WBC count of pacu fed β-glucan challenged with A.  hydrophila1 
(x 103 μL–1)1.

Experimental diets Samplings
0.0 0.1 1.0 Before challenge After challenge

WBC 46.79±4.12B 54.43±3.73 B 67.94±6.17 A 46.28±2.44 b 69.57±4.00 a
Thrombocytes 15.55±2.04 B 17.49±1.98 B 25.76±4.22 A 14.98±1.22 b 26.25±3.04 a
Lymphocytes 28.30±4.26 C 38.44±4.37 B 50.33±6.23 A 28.41±2.51 b 54.12±3.55 a
Neutrophils 0.61±0.11 AB 0.79±0.17 A 0.22±0.12 B 0.48±0.56 a 0.77±0.21 a
Eosinophils 0.36±0.36 B 0.50±0.15 AB 0.71±0.13 A 0.33±0.38 b 0.78±0.16 a
LG-PAS1 0.14±0.73 B 0.32±0.46 AB 0.78±0.43 A 0.16±0.50 b 0.71±0.27 a
Monocytes 1.18±0.26 B 1.78±0.52 AB 2.27±0.5 A 0.88±0.12 b 3.09±0.48 a
1Means ± s.e.m in the column with different letters denotes significant differences at p < 0.05; Lowercase letters 
indicate significant difference between before and after challenge; Uppercase letters indicate significant difference 
among β-glucan treatments. LG-PAS=Granular leukocyte PAS positive.

Figure 1. Relative percentage of survival (RPS) of pacu fed 
β-glucan challenged with A. hydrophila.

Figure 2. Leukocytes respiratory burst activity of pacu fed 
β-glucan challenged with A. hydrophila. Lowercase letters 
indicate significant difference among treatments before 
and after challenge, uppercase letters indicate significant 
difference among β-glucan treatments in each challenge at 
p < 0.05.
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1993), A. hydrophila (Selvaraj et al., 2005), Streptococcus 
iniae(Russo et al., 2006) and Vibrio harveyi (Ai et al., 
2007) but failed to protect turbot (Scophthalmus maximus 
Rafinesque 1810) against Enterococcus sp. (Toranzo et al., 
1995) or against V. anguillarum (Ogier de Baulny et al., 
1996), and channel catfish (Ictaurus punctatus Rafinesque 
1818) against Edwardsiella ictaluri (Duncan and Klesius, 
1996). The increased survival observed in pacu can be 
correlated with some immune responses assayed such as the 
WBC count, that increased either in pacu fed with β-glucan 
or in fish injected with A. hydrophila since leukocytes are 
considered to be a health indicator because of its role in 
cellular immunity. In fact, the highest WBC count has 
already been correlated with the best immunity enhancement 
in treated fish (Jha et al., 2007; Andrews et al., 2009).

Thrombocytes and lymphocytes (eosinophils, LG-PAS 
and monocytes) increased in both experimental conditions, 
except for neutrophils, that decreased when fish were fed 
β-glucan and did not change after the infection. In the same 
way, carp injected with β-glucan also showed increased 
WBC count and the proportion of neutrophils and monocytes 
(Selvaraj et al., 2005), suggesting that β-glucan potentiated 
cellular immune defense of fish by inducing leukocyte 
proliferation. The phagocytic function of monocytes and 
later the macrophages, as well as neutrophils, are important 
in preventing the establishment of bacterial infection in 
host tissue (Yoshida et al., 1995). A rise in WBC count 
was also described in turbot in response to β-glucans as 
well corroborating this assay (Ogier de Baulny et al., 1996; 
Martins, et al. 2009b; Jerônimo, et al., 2011).

Leukocyte respiratory burst activity of pacu was 
elevated after challenge and was not affected by β-glucan 
administration. The first response could be associated with 
the response of monocytes and neutrophils that increased 
significantly after infection. In case of the β-glucan treated 
fish (1% β-glucan) monocytes also increased but there 
was a concomitant decrease of neutrophils. According to 
Anderson and Siwicki (1995), neutrophils and monocytes 
are responsible for the production of large quantities of 
superoxide anion in defense against pathogens. Contrary 
to the present study, β-glucan enhanced the production 
of superoxide anion by macrophages in several other 
fish species (Yoshida et al., 1995; Ogier de Baulny et al., 
1996; Ai et al., 2007). However, these studies differ on 
the experimental protocol (type of β-glucan, dosage or 
time of administration).

Serum lysozyme activity was enhanced in A. hydrophila 
challenged pacu 7 days after oral β-glucan feeding suggesting 
that different immunological parameters respond differently 
to β-glucan. Lysozyme is a mucolytic enzyme of leukocytic 
origin which acts against parasitic, bacterial and viral 
pathogens (Ai et al., 2007). According to Engstad et al. 
(1992), immunostimulants increase the lysozyme activity 
through the stimulation of leukocytes. Those authors have 
suggested that β-glucan enhanced the serum lysozyme 
activity in Atlantic salmon due to an increased number 
of phagocytes secreting lysozyme, and/or an increased 

Figure 3. Serum activity of lysozyme of pacu fed β-glucan 
challenged with A.  hydrophila. Lowercase letters indicate 
significant difference among treatments before and after 
challenge, uppercase letters indicate significant difference 
among β-glucan treatments in each challenge at p < 0.05.

Figure 4. Haemolitic activity of alternative complement 
pathway (ACP50) of pacu fed β-glucan challenged with 
A.  hydrophila. Lowercase letters indicate significant 
difference among treatments before and after challenge, 
uppercase letters indicate significant difference among 
β-glucan treatments in each challenge at p < 0.05.

Figure 5. Total serum protein of pacu fed β-glucan 
challenged with A.  hydrophila. Lowercase letters indicate 
significant difference among treatments before and after 
challenge, uppercase letters indicate significant difference 
among β-glucan treatments in each challenge at p < 0.05.

In this work, the oral administration of β-glucan to pacu 
activated receptors since its immune status improved as 
indicated by enhanced immune responses and increased 
survival of fish after infection with A. hydrophila. In 
previous studies, β-glucan has been shown to reduce 
mortality in fish challenged with A.salmonicida (Nikl et al., 
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amount of lysozyme synthesized by these cells. Palić et al. 
(2006) have shown in fathead minnows (Pimephales 
promelas Rafinesque, 1820) that dietary β-glucan increased 
phagocytes degranulation in unstressed fish, and prevented 
a decrease in acutely stressed fish.

The highest hemolytic activity of complement system was 
obtained in infected pacu without effects of oral β-glucan. 
Similarly, oral administration of β-glucan did not induce 
changes in alternative complement pathway in previous 
studies (Ogier de Baulny et al., 1996; Ai et al., 2007).

The increase of the total serum protein in pacu after 
bacterial challenge could be associated with the increased 
lysozyme and complement activity. The pool of serum 
proteins includes many soluble and membrane-bound 
proteins of the complement system among others.

In conclusion, feeding β-glucan up to 7 days significantly 
increased resistance against A. hydrophila, as well the 
leukocytes production and lysozyme activity of pacu 
suggesting benefits of the use of this immunostimulant in 
the farming of this species. The β-glucan incorporation in 
food to promote pathogens resistance can be an alternative 
to antibiotics administration. A dose of 0.1% of β-glucan 
during 10 days was efficient to promote higher survival, 
while a dose of 1% of β-glucan promoted higher benefits in 
WBC and lysozyme activity. Nevertheless, there is a lack of 
information about the period of remaining protection as well 
as the effects of a long period of β-glucan administration 
on immune system of pacu.
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