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Abstract

The present study evaluated the assay to quantify the respiratory burst activity of blood leukocytes of pacu as an 
indicator of the innate immune system, using the reduction of nitroblue tetrazolium (NBT) to formazan as a measure 
of the production of reactive oxygen species (ROS). In order to assess the accuracy of the assay, fish were challenged 
by Aeromonas hydrophila and sampled one week after challenge. The A. hydrophila infection increased the leukocyte 
respiratory burst activity. The protocol showed a reliable and easy assay, appropriate to determine the respiratory burst 
activity of blood leukocytes of pacu, a neotropical fish, in the present experimental conditions.
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Atividade respiratória de leucócitos como indicador  
de imunidade inata de pacu (Piaractus mesopotamicus)

Resumo

O presente estudo avaliou o ensaio para quantificar a atividade respiratória dos leucócitos do sangue de pacu como 
um indicador do sistema imune inato, usando a redução do nitroazul tetrazólio (NBT) a formazan como medida da 
produção de espécies reativas de oxigênio (EROs). Para avaliar a precisão do ensaio, peixes foram desafiados por 
Aeromonas hydrophila e amostrados uma semana após o desafio. A infecção com A. hydrophila aumentou a atividade 
respiratória dos leucócitos. O protocolo se mostrou confiável e de fácil aplicação, apropriado para determinar a atividade 
respiratória de leucócitos do sangue do pacu, peixe neotropical, nas condições experimentais apresentadas.

Palavras-chave: metodologia, imunidade de peixe, imunidade mediada por células.

1. Introduction

Leukocytes respiratory burst activity as an indicator 
of innate immunity was first observed in mammals in the 
1930s when some researchers realized that phagocytosis 
was linked with elevated oxygen consumption (Baldridge 
and Gerard, 1933). Nowadays, respiratory burst is also 
correlated with cytokines release and inflammatory response 
in fish (Neumann et al., 2000a; Rieger et al., 2010).

One of the most important mechanisms of fish defense is 
the phagocytosis and some cells are able to destroy invading 
particles besides processing and introducing them to the 
specific cells that will promote immunoglobulin production 
(Neumann et al., 2000b). Monocytes, macrophages and 
neutrophils are professional phagocytes; however other 
cells can perform phagocytosis so that the cell requires 
the detection of the foreign particle through membrane 
receptors. Cytokines, molecular signals of inflammation, 
are released by those phagocytes at the inflammation 

site by injured tissue so as to promote chemotaxis and 
phagocyte mobilisation (Stuart and Ezekowitz, 2005; 
Mathias et al., 2009).

During the phagocytosis of pathogens, leukocytes 
increase their oxygen consumption through the NADPH 
oxidase and generate various reactive oxygen species 
(ROSs) such as the superoxide anion radical (O2), hydrogen 
peroxide (H2O2), singlet oxygen (1O2) and the hydroxyl 
radical (OH–) in a process called the respiratory burst. 
Superoxide and hydrogen peroxide are highly toxic 
ROSs and form the basis of a potent antibacterial system 
(Klebanoff, 1999). The quantity of reactive oxygen species 
can differ during the periods of the year, as well as the 
day so that it is influenced and regulated by temperature 
as well as the circadian rhythms (Kaplan et al., 2008; 
Buchtíková et al., 2011).
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The pacu, Piaractus mesopotamicus (Holmberg, 1887) 
is one of the most important fish in Brazilian aquaculture 
(Roubach et al., 2003) and widely studied for different issues 
(Barreto et al., 2010; Fujimoto et al., 2010; Jerônimo et al., 
2011). Its farming has grown in the last decade with an 
annual production around 12,400 tons (Ibama, 2005). 
However, the intensification of fish culture may cause 
disease outbreaks by Aeromonas hydrophila (Cipriano, 
2001), a Gram-negative bacterium widely distributed in 
aquatic environments that causes Hemorrhagic Septicemia in 
a great diversity of freshwater fish and rarely in marine fish. 
Among fish pathogens, A. hydrophila has been responsible 
for large economic losses worldwide (Paniagua et al., 
1990; Sahoo et al., 2008; Reyes-Becerril et al., 2011). This 
bacterium is considered a secondary opportunistic pathogen 
due to promotion of disease in immune suppressed fish 
(Tellez et al., 2010). Several studies have already applied 
this pathogen injection as an effective mechanism of fish 
immune responses modification, since the fish innate 
defense system can be triggered in an unspecific way by 
extracellular and intracellular microorganism compounds 
as well as toxins of A. hydrophila (Rodríguez et al., 2008; 
Sahoo et al., 2008).

The respiratory burst activity of phagocytes has been 
used frequently as an indicator of nonspecific immunity in 
fish (Anderson and Siwicki, 1995; Sahoo and Mukherjee, 
2002; Sahoo et al., 2005). Regarding Brazilian native fish 
species, very little is known on its innate immune responses 
(Belo et al., 2005; Abreu et al., 2009; Sado et al., 2010; 
Biller-Takahashi et al., 2012). However, the appropriate 
assessment of the immune responses demands a reliable 
methodology. Thus, in order to support future studies on the 
immune system of neotropical native fish with appropriate 
analytical methods, the present study has optimised the 
assay to measure the reactive oxygen species (ROSs) 
produced during the leukocytes respiratory burst activity 
of pacu challenged with A. hydrophila.

2. Material and Methods

A total of 144 pacu (69.9 ± 28 g) was distributed in 18 
100l tanks (8 fish per tank) with a continuous water and air 
flow system. The water quality parameters were monitored 
daily and were within the values described for this species 
(Urbinati et al., 2010): temperature 26.0 ± 0.39 °C, dissolved 
oxygen 5.6 ± 0.57 mg L–1 and pH 7.6 ± 0.09. Fish were 
kept in these conditions during 20 days for acclimatisation, 
being fed to apparent satiation with commercial diet (28% 
protein, 3% fat, 1% fiber) in two daily meals.

Fish were randomly divided into 2 groups, one group 
sampled before the bacterial challenge and the other group 
sampled after the pathogen injection (nine tanks for each 
group). After the acclimatisation period, fish (two fish 
per tank) were anesthetised in benzocaine (0.1 g L–1) and 
whole blood was collected from caudal vessels with a 
heparinised syringe. Sampled fish were not reusable. The 
remaining fish in each tank (54 fish per treatment) were 
anesthetised and inoculated with a A. hydrophila injection, 

intraperitoneally. The bacterium was obtained according 
to Garcia and Moraes (2009) and fish were challenged 
with 1 × 108 CFU mL–1 which was the lethal dose that 
causes 50 % of fish death, LD50 (Plumb and Bowser, 
1983). Seven days after challenge, surviving fish of all 
treatments (two fish per tank) were sampled as described 
before. Blood was collected and immediately processed 
to assay the leukocytes respiratory burst activity. The 
assay was carried out following the Anderson and Siwicki 
(1995) protocol, with modifications. The method consists 
of a colorimetric determination of the ROSs produced by 
the leukocytes respiratory burst, which promotes reduction 
of nitroblue tetrazolium (NBT, Sigma, St. Louis, MO, 
USA) into dark blue precipitate inside the phagocyte, 
called formazan granules.

After fish bleeding, 100 µL of heparinised blood was 
added to 100 µL of 0.2% nitroblue tetrazolium solution 
(NBT, Sigma, St. Louis, MO, USA) and the final solution 
was homogenised and incubated for 30 minutes at 25 °C. 
The NBT solution was prepared in phosphate buffered 
saline (PBS, prepared with NaCl (0.137 M), KCl (2.7 mM), 
KH2PO4 (1.5 mM), Na2HPO4 (8.1 mM), CaCl2 (0.9 mM), 
MgCl2 (0.49 mM) in distilled water Milli-Q qsp 1 litre), pH 
7.4. After incubation and a second homogenisation, 50 µL 
from the solution were added to 1 ml of N, N-dimethyl 
formamide (DMF, Sigma, St. Louis, MO, USA) in a 
glass tube. This new solution was homogenised and 
centrifuged at 3000 g for 5 minutes. The optical density 
(OD) of supernatant was determined on spectrophotometer 
(Beckman DU-70S) at 540 nm. The blank consisted of 
the same components and steps except blood that was 
exchanged with distilled water.

Data were submitted to one-way ANOVA. If results 
were significant, a Tukey test was applied for means 
comparisons. Differences were considered significant 
at p < 0.05.

3. Results and Discussion

The present study optimised the assay to quantify the 
respiratory burst activity of pacu leukocytes, using the 
reduction of nitroblue tetrazolium (NBT) to formazan as 
a measure of superoxide anions production as described 
by Anderson and Siwicki (1995). This is the first study 
to assess the respiratory activity of blood leukocytes in a 
neotropical native fish in response to a bacterial infection. 
The assay evaluates the ability of phagocytes to produce 
ROSs that attack the pathogens membranes and protect the 
fish body. In order to assess the accuracy of the assay, the 
study used fish challenged by A. hydrophila as a mechanism 
of fish immune system manipulation.

A previous study described a different leukocyte 
respiratory assay for pacu (Abreu et al., 2009) based on 
chemiluminescence observed in stained blood smears with 
Leishman’s solution in order to determine the percent of 
cells containing intracellular blue formazan particles under 
light microscopy. In this new approach, the NBT reduction 
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was measured colorimetrically in a dissolved solution, 
resulting in an easier, cheaper and more sensitive assay.

The assay also showed the pathogen injection to be an 
effective mechanism of activation of fish innate immunity 
as seen in Figure 1. The leukocyte respiratory burst activity 
increased after the pathogen injection, indicating that 
phagocytes enhanced the production of ROSs by activating 
the NADPH oxidase enzyme that produces oxygen peroxide 
(Klebanoff, 1999).

White blood cells of teleosts, including thrombocytes 
and leukocytes, are responsible for body defense (Hrubec 
and Smith, 2000; Martins et al., 2009). The phagocytosis is 
one of the most effective mechanisms for destroying invasive 
pathogens and for protection against disease outbreaks due 
to its immediate action that is a characteristic of innate 
defense (Neumann et al., 2000b). The leukocyte respiratory 
burst assay, optimised in this study, is a reliable tool to 
measure the ROSs produced during phagocytosis and can 
be applied in any study that evaluates the immune system.

In teleost fish, the innate immune system is the first 
mechanism activated in defense against invading pathogens, 
and it is considered more important than the specific system, 
playing an important role for host survival. Intracellular 
soluble substances, such as ROSs, supply the fish body 
with humoral innate protection against either phagocyted 
pathogens or pathogens that had invaded the host cell. 
The ROSs compounds are remarkably toxic to both 
microorganisms and host cells since its action is usually 
nonspecific, but since pathogen and the ROSs are kept 
inside the cell membrane, it guarantees decreased damage to 
host phagocytes (Morel et al., 1991; Stuart and Ezekowitz, 
2005; Rieger and Barreda, 2011).

The interaction of ROSs production and infection 
has been studied due to its importance in the activation 
of the immune system (Reyes-Becerril et al., 2011a). 
Regarding the increased ROSs production by granulocytes, 
it has been considered an indicator of the innate immune 
system activation (Jeney and Anderson, 1993; Jorgensen 
and Robertsen, 1995). In this way, pacu challenged by 
A. hydrophila have shown improvement in ROSs production 
and increased protection against pathogens, assessed by 
the respiratory burst assay. The activation of immune 
mechanisms carries out an important function in preventing 

disease in fish and several studies have evaluated these 
fish responses after pathogen infection (Rodríguez et al., 
2008; Raida and Buchmann, 2009; Mohanty and Sahoo, 
2010; Reyes-Becerril et al., 2011b).

Reyes-Becerril et al. (2011a) evaluated the alterations in 
cellular innate immune parameters of Sparus aurata double 
injected with the Gram-negative bacteria A. hydrophila, 
causative agent of septicaemia. The authors injected A. 
hydrophila twice, first injection with 1 × 107 cell m–1 
and the second with 1 × 108 cell mL–1, and found mainly 
respiratory burst activity increasing after the second 
infection, indicating recovery of the immune system after 
pathogen exposition.

In conclusion, the standardised colorimetric assay for 
determination of leucocytes respiratory burst activity in 
pacu showed to be reliable and easy to perform, generating a 
valuable tool for the assessment of the innate immune system 
of this neotropical native Brazilian species. Additionally, 
the pathogen infection was an effective alternative in 
order to activate and increase the ROSs production by 
leukocytes of pacu.
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