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Arginine improves the immunocompetency,
disease resistance as well as resistance ability
against stress tolerance of fish
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In response to the increase in the demand for animal protein by a growing global population, producers are compelled to signifi-
cantly increase production. Aquaculture is one of the fastest developing growth sectors in the world and Asia presently contributes
about 90% to the global production (Sahu et al., 2008). The cultivation of aquatic animal has been increasing widely with large scale
intensive culture systems continuing to appear, which results to that fish are exposed to stressful conditions, problems related to
diseases outbreaks, which results in severe financial losses due to high mortality.

Antibiotics were used for a long time in aquaculture to prevent diseases. However, this caused various problems such as the
presence of antibiotic residues in aquatic animal tissues, the generation of bacterial resistance mechanisms, as well as an imbalance
in the gastrointestinal microbiota of aquatic species, which affected consumers’ health (Nakano, 2007).

Besides many potential alternatives such as organic acids, organic minerals, bacteriophages, probiotics, and prebiotics, nutritional
status is considered one of the most important factors that influence the ability of aquatic animal to resist diseases. Previous studies
have suggested that arginine is not only being an essential amino acid in all fish species but also a functional amino acid, improve
the outcome from disease (Robinson et al., 1999; Wu et al., 1999; Wu et al., 2018) as well as increase resistance against stress
tolerance (Chen et al., 2016; Wu et al., 2018). In addition, to maintain the optimal growth, arginine participates in the biosynthesis
of peptides such as the immunologically important thymosin, thymopeptin, tufsin as well as proteins such as histones (Brittenden
et al., 1994). Moreover, arginine is the sole precursor for nitric oxide synthesis (Reyes et al., 1994; Akarid et al., 1995). This highly
reactive molecule has been reported to play a central role in tumor cytotoxicity by activated macrophages and has been shown to
mediate the macrophage’s killing of various microorganisms. Microbial targets of nitric oxide include parasites, fungi, bacteria, and
viruses (Hibbs et al., 1987; De Groote and Fang, 1995). It is therefore this article provides an overview of the efficiency dietary
arginine administration on immunity and resistance of fish to pathogenic bacteria as well as stress agents.
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L-arginine metabolism

As one of the essential amino acids for fish, arginine takes part in many metabolic reactions in animal bodies, such as the synthesis
of protein, carbamide and ornithine, the metabolism of glutamic acid and proline, the synthesis of creatine and polyamine, and the
excretion of insulin and glucagon (Zhi et al., 2004; Figure 1). Arginine is a multi-functional amino acid being involved in reduction of
oxidative stress (Wu et al., 2018), and fat accumulation (Rahnama, 2010) as well as enhancing immunity system as a trend which
receives rising interest in the pathogenic microorganism resistance (Buentello and Gatlin III, 2001; Vianna et al., 2020).
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Figure 1. Role of L-arginine in different metabolic pathways (Adapted
from Fouad et al., 2012; Khan, 2019).

Arginine improves stress tolerance resistance and disease resistance

Under intensive conditions, fish have to expose to many stressful conditions, for example under the high density of factory farming
water, the ammonification of bait and fish excreta will produce large amounts of ammonia nitrogen, which will result in feed intake
decreased, growth reduction and immune suppression. The excessive ammonia nitrogen in the environment can also damage the
gill, liver, kidney and other organs of the fish (Zhang et al., 2015). Besides, fish are also exposed to many problems related to diseas-
es outbreaks. For example, while streptococcus is regarded as the worst disease for tilapia worldwide, and Streptococcus agalactiae
has become a major pathogen for tilapia (Mian et al., 2009; Ali et al., 2010; Li et al., 2014; Soto et al., 2015; Yang et al., 2018),
Edwardsiella ictaluri is the causative agent of enteric septicemia of catfish (Hawke et al., 1981) and is one of the most devastating
pathogens that infect channel catfish Ictalurus punctatus (MacMillan, 1985; Plumb, 1994). The high morbidity and mortality associ-
ated with pathogenic microorganisms is a major threat to fish farming and lead to economic losses.

Previous studies have shown that dietary arginine supplementation can improve immunity in many fish species, such as red drum
(Cheng et al., 2011), hybrid striped bass (Cheng et al., 2012), yellow catfish (Zhou et al., 2015), golden pompano (Lin et al., 2015),
Senegalese sole (Costas et al., 2011), Jian carp (Chen et al., 2015), Channel Catfish (Buentello and Gatlin III, 2001), and tilapia finger-
lings (Vianna et al., 2020), ammonia-nitrogen stress (Chen et al., 2016) and oxidative stress of fish (Wu et al., 2018) .

Itis reported that arginine may be more effective as an immunostimulator thanks to the nitric oxide which not only oxidizes bacteri-
al cell membranes and regulate variety of immune cells but also inactivates enzymes of the mitochondrial respiratory chain, literally
starving bacterial cells to death (Lancaster, 1992). The beneficial effects of arginine also may be noted as increased total leukocyte
counts because arginine is an important substrate for biosynthesis of polyamines that are essential for cell proliferation (Narita et
al., 1995). During bacterial exposure, the immune system requires the host to synthesize new proteins such as lymphokines,
complement, and antibodies (Lall and Olivier, 1991). Supplementation with arginine may stimulate macrophages to secrete
cytokines mediated by polyamines because arginine has been shown to be a polyamine precursor (Barbul, 1995; Moinard et al.,
1999).
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Arginine increases stress tolerance resistance of fish

Chen et al. (2016) evaluated the effects of dietary arginine levels on resistance ability against ammonia-nitrogen stress in juvenile
yellow catfish. After a 56 d feeding trial with 5 graded levels of arginine (2.44%, 2.64%, 2.81%, 3.01% and 3.23% of diet) for growth
performance calculation and other index determination, fourteen fish were randomly selected from each tank for an ammonia-ni-
trogen stress test using ammonia chloride. During the test, the fish were not fed. Ammonium chloride solution was poured into each
tank of 150 L to set the level of total ammonia nitrogen at 100 mg/L, and the concentration of un-ionized ammonia was 2.65 mg/L
(pH = 7.52; water temperature = 30.5°C). During the stress test, water temperature, pH level, and ammonia nitrogen concentration
were determined every 6 h, and adjust the concentration of nonionic ammonia according to the results using ammonium chloride
solution. Mortality was recorded every 6 h during the period of 72 h stress test and dead fish were removed. The cumulative mortali-
ty rate (CMR) was calculated as follows: CMR (%) = 100 x number of death fish after stress test/number of fish before stress test. After
the fish were challenged to ammonia-nitrogen for 72 h, their cumulative mortality rate in 2.81% group was significantly lower than
that in 2.44% group (P < 0.05). The results suggested that dietary arginine level at 2.81% could optimize anti-ammonia-nitrogen
stress ability of juvenile yellow catfish (Figure 2).
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Figure 2. Effects of dietary arginine levels on the cumulative mortality rate
after 72 h ammonia-nitrogen stress test of yellow catfish (Pelteobagrus
fulvidraco) (Adapted from Chen et al., 2016)

An other reccent study also evaluated the effects of dietary arginine levels on resistance ability against oxidative stress by the
addition of CuSOa to water in hybrid grouper (Wu et al., 2018). After 8 weeks feeding trial with 5 graded levels of arginine (1.9%,
2.2%, 2.7%, 3.1%, 3.8%, 4.1% and 4.7% of dry matter for growth performance and feed and other index determination, all remaining
fish were fed their prescribed diets for 2 days and then exposed to 4.5 mg Cu (II)/I water for 36 h by the addition of CuSOa4 to water.
The dose of Cu (II) exposure used in this study was found to induce oxidative stress in a preliminary experiment. During the
challenge test, the water recirculation of the aquarium system was stopped by turning off the pump. The survival rate per aquarium
was recorded, and then three fish per aquarium were randomly selected and individually sampled as above to obtain serum, liver
and head kidney. The trial results shown that after exposure to 4.5 mg Cu? /I water for 36h, fish fed 1.9 and 2.2 % arginine levels
had lower survival ratios than fish fed higher (2.7 - 4.7 % dietary) arginine levels (Figure 3). The results from this study further
showed that the mode of action by which arginine acts on the hybrid grouper’s innate immunity is possibly by increasing serum
lysozyme activity and IgM concentrations, together with stimulating the Nrf2-Keap1 signaling pathway and HSP70 expression in
head kidney; However, before challenge, fish survival ratios and serum lysozyme activity showed no remarkable variations among
all experimental treatments after they were fed experimental diets for 8 weeks. These indicated that the activation of the immune
system by suitable arginine supplementation in hybrid grouper mainly occurred when the fish was subjected to Cu stress.
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Figure 3. Survival rate of hybrid grouper juveniles fed different dietary arginine (Arg) levels
for 8 weeks before/after exposure to 4.5 mg Cu(II)/l water for 36 h (n =9) (Wu et al., 2018)

Arginine improves disease resistance of fish

Buentello and Gatlin (2001) evaluated the effects of dietary arginine on resistance of channel catfish to exposure to Edwardsiella
ictaluri. After 15 days feeding trial with four experimental diets were prepared by adding graded amounts of L-arginine-HCl to
provide arginine at 0.5, 1, 2 or 4% of the diet (1.8, 3.6, 7.1 and 14.3% of dietary protein, respectively). And a purified intact-protein
diet containing 28% crude protein and 1.3% arginine (4.6% of dietary protein) from casein and gelatin, for the blood sample collec-
tion, fish were exposed to E. ictaluri by lowering the water level in all 18 aquaria to 2.4 L and adding 10 mL of bacterial broth to yield
approximately 1.3 x 108 colony-forming units (CFU)/mL. After a 90-min static exposure, water flow was resumed, and the tanks were
allowed to refill to the original volume. Morbidity, mortality, and cause of death were monitored and recorded daily. Dead or dying
fish from each set of three aquaria per diet were necropsied daily. Bacterial isolates from the trunk kidney were identified from
biochemical characteristics (Hawke et al., 1981) to confirm the cause of death from E. ictaluri. The experiment was terminated 28 d
after bacterial exposure. Mortalities were recorded for all diets as soon as 2 d after exposure to bacteria, whereas the control fish
did not exhibit any mortality throughout the experiment. The study results shown that fish fed the diet with arginine at 1.8% of
protein began to die on day 1 post exposure and continued to die until termination of the experiment. In contrast, fish fed the diet
with arginine at 7.1% of protein showed a significantly (P = 0.0001) higher survival than did fish fed the diet with arginine at 1.8% of
protein, and no mortalities were recorded after day 4. There were no significant (P > 0.05) differences in the mortality of fish fed
diets with arginine at 14.3% of protein or 4.6% from intact protein. At day 21, fish fed diets with arginine at 4.6, 7.1, and 14.3% of
protein showed approximately 94% survival, whereas those fed diets with arginine at 1.8% and 3.6% of protein exhibited survival of
less than 64% and 85%, respectively (Figure 4). The challenge test gusset the dietary arginine, at twice the level required for optimal
growth, enhanced survival of channel catfish exposed to E. ictaluri. Because exoantigens from E. ictaluri attract activated macro-
phages to infected kidneys, spleen, and liver (Baldwin and Newton, 1993), it is likely that enhanced survival was due, in part, to an
increased capacity of macrophages to destroy pathogenic bacteria.

The effect of arginine was again reinforced that arginine may have provided the needed substrate to allow nitric oxide to exert its
microbicidal activity as demonstrated in previous studies (Granger et al., 1988; Leone et al., 1991; Arias et al., 1997), thus, preventing
the spread of E. ictaluri to other tissues. This enhancement of macrophage microbicidal ability by arginine is further supported by
the studies of Adams et al. (1990) in which the killing of engulfed Toxoplasma gondii by INF-gamma-activated macrophages was
dependent on L-arginine and inhibited by Né-monomethyl-L-arginine.
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Figure 4. Percent cumulative mortality of fingerling channel catfish fed incremental levels
of L-arginine (% of diet) for 2 weeks and subsequently exposed to Edwardsiella ictaluri.

Vianna et al. (2020) also evaluated the effects dietary arginine on resistance of tilapia fingerlings to Streptococcus agalactiae. After
30 days feeding trial with 5 graded levels of arginine (1.39%, 1.76%, 1.97%, 2.18%, and 2.39% of diet) for the final weighting and
blood sampling, fish were inoculated with a suspension containing Streptococcus agalactiae strain S13 and returned to their respec-
tive tanks. During the challenge test, fish mortalities were counted, and blood samples were collected as described in the previous
section at 0 hr, 24 hr, 7 days and 15 days, and used to measure the parameters of respiratory outbreak of leucocytes and nitric oxide
production. The study results shown that increasing levels of arginine in the diets decreased the mortality rates. Fish fed the dietary
without arginine (1.39%) supplementation had the highest mortality (peak mortality) and lasted 15 days, and the group with the
highest amount of arginine (2.39%) administration had the lowest mortality rate, and consequently the highest survival (Figure 5).
In addition, the study also showed that an increase in the production of nitric oxide after 24 hr with arginine supplementation, with
the 4% and 2% treatment showing better results (0.491 and 0.456 pmol/dl) (Figure 6), which presented a challenge to the immune
system of the fish. The elevation of serum arginine in higher dietary levels of arginine probably contributed to higher production of

nitric oxide, since the macrophages used arginine as a source of nitrogen for the synthesis of NO (Pohlenz et al., 2012; Zhang et al.,
2014).
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0=1.55% arginine; 1 =1.76% arginine; 2 = 1.97% arginine; 3 = 2.18% arginine; 4 = 2.39% arginine, Vianna et al. (2020).

Figure 5. Survival rate of Nile tilapia alevin fed for 4 weeks with supplementation of increas-
ing arginine levels in the diet at time 0 (preinoculation) and 24 hr after inoculation, 7 days
and 15 days after inoculation with Streptococcus agalactiae.
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Figure 6. Nitric oxide production of Nile tilapia alevin fed for four weeks with supplementa-
tion of increasing levels of arginine in the diet at time 0 (preinoculation), 24 hr, 7 days and
15 days after inoculation with Streptococcus agalactiae.

Conclusion

From the above studies it is understood that, arginine is not only an essential amino acid in all fish species but also an important
functional amino acid. In addition, arginine is a sole precursor for nitric oxide which has been shown to mediate the macrophage’s
killing of various microorganisms including parasites, fungi, bacteria, and viruses. Administrating the diets with arginine may consti-
tute an effective means of increasing the immunocompetency, disease resistance as well as resistance against stress tolerance of
fish and; therefore, minimizing the need to medicate fish during enteric septicemia epizootics. The dietary arginine, at the higher
level required for optimal growth, enhanced survival of fish exposed to pathogen microorganism or under the stress condition.
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