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Abstract: To investigate the effects of subacute ammonia nitrogen stress on the growth, antioxidant
capacity, and innate immunity of juvenile blunt snout bream (Megalobrama ambrycyphala), a sample
of fish (average body weight 6.55 ± 0.24 g) was divided into three groups: a control group (G1),
a 10% LC50 ammonia nitrogen stress group (G2), and a 20% LC50 ammonia nitrogen stress group
(G3). The fish in G1 were reared in tap water with aeration. The fish in G2 were reared in water with
6.82 mg/L ammonium chloride at 10% LC50. The fish in G3 were reared in water with 13.64 mg/L
ammonium chloride at 20% LC50. The feeding period was 4 weeks. Then, the growth, antioxidant,
and immune response parameters of the fish were analyzed. The results showed that the median
lethal concentration (LC50) of the ammonia nitrogen solution for blunt snout bream juveniles at
96 h was 68.18 mg/L. The final body weight, weight gain rate, specific growth rate (SGR), total
antioxidant capacity (T-AOC), superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPx), albumin, globulin, acid phosphatase (ACP), and alkaline phosphatase (AKP) of fish in the
stress groups were significantly lower than in the control group (p < 0.05); however, the MDA content
of fish in the control group was significantly lower than that of those in the stress groups (p < 0.05).
Furthermore, the relative expression levels of the GHRa, GHRb, IGF1, and IGF2 genes in the muscles
of fish in the stress groups were significantly downregulated compared to the control group (p < 0.05).
The relative expression levels of the SOD, CAT, Leap1, and Leap2 genes in the liver of fish in the stress
groups were significantly lower than those in fish in the control group (p < 0.05). In conclusion,
subacute ammonia nitrogen stress inhibited growth performance and decreased the antioxidant
capacity and immunity of blunt snout bream.

Keywords: subacute ammonia nitrogen stress; growth; antioxidant capacity; immunity; Megalobrama
amblycephala

Key Contribution: Subacute ammonia nitrogen stress decreased the growth, antioxidant capacity,
and immunity of fish.

1. Introduction

Given that fish are lower aquatic vertebrates, the growth and excretions of fish are
influenced by the water environment, such as ammonia nitrogen, heavy metals, dissolved
oxygen, temperature, and other environmental factors. Ammonia nitrogen, which is one of
the main stress factors in the water environment, is a decomposition product of organic
matter, including excrement, farm animal bait, and dead bodies, and is present in two forms:
non-ionic (NH3) and ionized ammonia (NH4

+) [1]. The increasing concentration of non-
ionic ammonia in water can inhibit the excretion of ammonia nitrogen in the body and
lead to increasing ammonia in the blood and other tissues of fish, consequently disrupting
the normal metabolism of blood. Furthermore, non-ionic ammonia without electric charge
has liposolubility, easily fuses with the phospholipid bilayer of cells, and produces toxic
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effects [2]. Many aquatic organisms, including fish, are very sensitive to concentrations of
ammonia nitrogen [3]. Some previous studies have pointed out that ammonia nitrogen not
only leads to damage to the gills and brain, leading to cell enlargement, nuclear deviation,
dissolution, and vacuolization in various species of fish, such as gilthead seabream (Sparus
aurata), mud crab (Scylla paramamosain), and rainbow trout (Salmo gairdneri) [4–6], but also
results in decreased antioxidant enzyme activities in fish such as loach (Paramisgurnus
dabryanus), mullet (Mugil cephalus), and black carp (Mylopharyngodon piceus) [7–9], as well as
causes a series of inflammatory reactions in species such as loach and turbot (Scophthalmus
maximus) [7,10]. However, studies on the alteration of antioxidation and immunity in fish
exposed to ammonia nitrogen stress are still limited.

A previous study reported that ammonia can inhibit the growth of fish [11]. For
instance, the final weight of rabbitfish (Siganus rivulatus) decreased with increased ammonia
concentration [12]. The growth hormone (GH)–insulin-like growth factor (IGF) axis plays
an important role in the endocrine regulation of vertebrate growth [13]. Briefly, the GH
released by the pituitary gland is first identified and combined with the growth hormone
receptor (GHR) on the hepatic cell membrane. And then, the GHR binds to GH and
transfers the biological signals to the hepatic IGF-synthesizing machinery. Finally, the liver
synthesizes and secretes the IGF, which acts on particular cells to regulate the growth of
fish. Recently, some researchers have found that external environment stressors could affect
the growth function through interference with the GH/IGF axis [14]. Up to now, there has
been poor information on ammonia stress interfering with the GH/IGF axis.

Fish are exposed to different stresses in the water environment during the feeding
period. In particular, when body tissue suffers ammonia nitrogen stress, abnormal oxi-
dizing reactions happen in the aerobic metabolic pathway by virtue of the sudden lack of
oxygen, which leads to an intensive accumulation of oxygen in the body and an increase
in stress to the antioxidant system [15]. Reactive oxygen species (ROS), which include
superoxide anions (·O2-), hydroxyl radicals (·OH), and hydrogen peroxide (H2O2), are
generally generated from aerobic organisms during normal oxidative metabolism [16]. The
antioxidant defense system in fish consists of catalase (CAT), glutathione peroxidase (GPx),
superoxide dismutase (SOD), glutathione, and other scavengers [17]. This defense system
plays an important role in scavenging ROS. If the balance between the generation and
removal of ROS is broken, the increase in ROS causes oxidative stress, which will make fish
more prone to diseases [18]. Generally, cultured fish exposed to ammonia nitrogen easily
generate oxidative stress. Therefore, research regarding changes in antioxidant enzymes
and innate immunity is necessary.

The blunt snout bream (Megalobrama amblycephala), which is mainly a cultivated
species, is an economically important herbivorous fish in China [19]. It is estimated that
the yield of blunt snout bream in 2023 in China was approximately 0.74 million tons (China
Fishery Statistical Yearbook, Fishery Bureau, Ministry of Agriculture, China). To date, studies
regarding ammonia nitrogen stress have focused on acute ammonia nitrogen stress and its
recovery. However, information on ammonia nitrogen stress in aquaculture is still lacking.
Therefore, taking juvenile blunt snout bream as the experimental objective and ammonia
nitrogen as the stress source, the aim of this study was to assess the growth, antioxidant
capacity, and innate immunity of blunt snout bream under subacute ammonia nitrogen
stress. It is anticipated that our results might provide a scientific basis for the healthy
culture of fish and the assessment of environmental pollutants.

2. Materials and Methods
2.1. Fish and Experiment Design

Experimental fish were obtained from the Longxi aquaculture farm in Huzhou (Zhejiang,
China). Firstly, all fish were fed for seven days to acclimate them to the experimental condi-
tion before experiments. Our previous study found that the median lethal concentration
(LC50) of 96 h was 68.18 mg/L. Then, all experimental fish with initial average weights of
6.55 ± 0.24 g were selected and divided into three groups: a control group (G1), a 10% LC50
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ammonia nitrogen stress group (G2), and a 20% LC50 ammonia nitrogen stress group (G3).
The fish in G1 were reared in tap water with aeration. The fish in G2 were reared in water
with 6.82 mg/L ammonium chloride at 10% LC50. The fish in G3 were reared in water with
13.64 mg/L ammonium chloride at 20% LC50. In total, 120 fish were randomly sorted into
12 tanks (150 L), with 10 fish in each tank containing 100 L of water, and they were hand-fed
a commercial diet (Tongwei Group: 32% crude protein, 6% crude lipid) to apparent satiation
three times daily at 7:00 a.m., 11:30 a.m., and 5:30 p.m. for 4 weeks. The uneaten feed
pellets and feces were cleaned in a timely manner. The daily feeding amount was from 3%
to 5% of the body mass of the fish. The feeding amount was decided by the condition of the
remaining feed pellets. Approximately 50 L of the water in the tanks was replaced daily
by water. The ammonia-N concentration was reached by adding a concentrated NH4Cl
solution. The concentrations of ammonia-N were determined using the Nesslerization
method. Un-ionized ammonia was calculated using the equation of El-Shafai et al. [20].
The water quality parameters were listed in Table 1.

Table 1. The water quality parameters during a 4-week stress trial.

Items G1 G2 G3

TA-N/mg L−1 0.05 ± 0.01 3.57 ± 0.04 7.14 ± 0.04
Actual unionized NH3/mg L−1 0.00 ± 0.00 0.06 ± 0.04 0.12 ± 0.05
Water temperature/◦C 27.0 ± 0.50 27.0 ± 0.50 27.0 ± 0.50
pH 7.44 ± 0.06 7.43 ± 0.04 7.42 ± 0.05
Dissolved oxygen/mg L−1 7.51 ± 0.02 7.50 ± 0.01 7.51 ± 0.02

2.2. Sample

The fish were fasted for 24 h before sampling. Two fish from each tank were anes-
thetized using the MS-222 at the concentration of 100 mg/L (Sigma-Aldrich Shanghai
Trading Co., Ltd. Shanghai, China). Firstly, the body weight of these selected fish was
determined. Blood was collected from the caudal vessel of the fish using heparinized
syringes and centrifuged at 2000 rpm for 10 min at 4 ◦C. The supernatant was reserved at
–20 ◦C for immune enzyme activity analysis. Then, the liver was carefully removed and
homogenized with nine volumes (v/w) of chilled saline using the homogenizer in an ice
bath. The extract was later centrifuged at 2500 rpm for 10 min at 4 ◦C. The supernatant of
the liver was reserved at –20 ◦C for antioxidant enzyme activity analysis. Other livers and
muscles were collected for RT-qPCR (reverse transcription quantitative polymerase chain
reaction) analysis.

2.3. Enzyme Activity Assay

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were
determined following the methods described by Rietman and Frankel [21].

Total antioxidant capacity (T-AOC) activity was measured using the ABTS method.
Superoxide dismutase (SOD) and catalase (CAT) activities were measured based on the
methods of Marklund and Marklund [22] and Sinha [23]. Glutathione peroxidase (GPx)
activity was determined using the method of Dabas et al. [24]. Malondialdehyde (MDA)
content was determined using the thiobarbituric acid test [25].

Plasma immune parameters consist of total protein (TP), albumin, globulin, lysozyme,
acid phosphatase (ACP), and alkaline phosphatase (AKP) contents. Plasma total protein
and albumin content were measured by the Biuret and BCG dye binding method and
the bromocresol green binding method [26]. Lysozyme activity was estimated using the
turbidimetric assay according to Obach et al. [27]. ACP and AKP activities were analyzed
according to a disodium phenyl phosphate method [28].

2.4. Total RNA Extract, cDNA Synthesis, and RT-qPCR

Total RNA in the muscle and liver was extracted using the Trizol Reagent (Accurate
Biology, Changsha, China). Subsequently, the quality of the extracted RNA was evaluated
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using electrophoresis. The first-strand cDNA was synthesized from RNA using a reverse
transcription kit (AG11728, Accurate Biology, Changsha, China). The PCR primers (Table 2)
were designed using the primer premier 5.0 program and synthesized by Shanghai Generay
Biotech Co., Ltd. (Shanghai, China). The real-time quantitative PCR analysis was performed
according to the reagent instructions of SYBR Green Premix Pro Taq HS qPCR Kit II
(AG11702, Accurate Biology, Changsha, China).

Table 2. Primer sequences used for real-time quantitative PCR.

Function Genes Sequence (5′-3′) Genbank No.

Housekeeping gene EF-1α CTTCTCAGGCTGACTGTGC ×77,689.1
CCGCTAGCATTACCCTCC

Antioxidant genes

SOD AGTTGCCATGTGCACTTTTCT [29]
AGGTGCTAGTCGAGTGTTAGG

CAT ACCGAGGTGCTGAACGAAGC XM_048158628
GAACGGCCATCAGGTTTTGC

NOX2 TCACTGGATGGGACCAGAGT [30]
CCAGTTCGGTCGGCCATAAT

Bach1 TTACAGCAGCGAAGTGAGCA [30]
CGGGCTGCAATACGGTTTTT

Immunity genes

Leap1 CAGACCGCAGCCGTTCCCTT JQ308841
AGCAGTATCCACAGCCTTTG

Leap2 GTGCCTACTGCCAGAACCAT JQ344324
GAACATTACCTATTGCCTCC

Growth genes

GHRa AGCCTCCTCCTGAATCCT JN896373.1
TTCCAGCAGTGAGAAGGTAT

GHRb GCAAAGCGGCAGAGGAGA JN896374.1
GCCACAGCACCAGTGAACA

IGF1 CCGATTTAAGGTCCGTATT JQ398496
GTGCAGCCGTAGTTCAGTT

IGF2 TGTTTGCCATACCTGCTTG JQ398497.1
ACGCCGACTGTTCGACCTA

EF-1α, elongation factor-1 α; SOD, superoxide dismutase; CAT, catalase; NOX2, NADPH oxidase 2; Bach1, BTB and
CNC homolog 1; Leap1, antimicrobial peptide 1; Leap2, antimicrobial peptide 2; GHRa, growth hormone receptor a;
GHRb, growth hormone receptor b; IGF1, insulin-like growth factor 1; IGF2, insulin-like growth factor 2.

2.5. Calculation

The growth indicators in this study were analyzed as follows:

Weight gain rate (WGR, %) = 100 × (final body weight − initial body weight)/initial body weight.

Specific growth rate (SGR, %/d) = (ln(final body weight) − ln(initial body weight)) × 100/days.

Survival rate (SR, %) = (initial number of fish − final number of fish) × 100/initial number of fish.

Feed conversion ratio (FCR) = feed consumption/fish weight gain.

2.6. Statistical Analysis

The experiment data were analyzed by a one-way ANOVA using SPSS version 23.0
(SPSS Inc., Chicago, IL, USA) after the normality distribution and homogeneity analysis of
data. All data are presented as average ± S.E.M (standard error of the mean). Differences
between groups were significant when the F value was significant at the level of probability
of 0.05.

3. Results
3.1. Effect of Subacute Ammonia Nitrogen Stress on the Growth of Blunt Snout Bream

As can be seen from Table 3, subacute ammonia nitrogen stress significantly affected
the growth of the blunt snout bream. The growth performance of the blunt snout bream
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decreased with the increased ammonia nitrogen concentration. The final body weight,
weight gain rate, and specific growth rate of fish in the stress groups were significantly
lower than fish in the control group (p < 0.05). However, the feed conversion ratio of fish
in the stress groups was significantly higher than fish in the control group (p < 0.05). The
survival rate of fish in G3 was significantly lower than fish in the control group (p < 0.05).

Table 3. Effect of subacute ammonia nitrogen stress on the growth of blunt snout bream.

Items G1 G2 G3

Initial body weight/g 6.52 ± 0.10 6.50 ± 0.02 6.51 ± 0.09
Final body weight/g 14.33 ± 2.55 a 13.03 ± 0.34 b 10.30 ± 1.39 c

Weight gain rate/% 120.19 ± 40.36 a 100.39 ± 3.32 b 55.49 ± 2.16 c

Specific growth rate/% d−1 2.61 ± 0.07 a 2.28 ± 0.09 b 1.48 ± 0.07 c

Feed conversion ratio 1.93 ± 0.09 a 2.46 ± 0.08 b 2.47 ± 0.07 b

Survival rate/% 91.00 ± 2.00 a 86.00 ± 3.00 ab 81.00 ± 2.00 b

Data are the average ± S.E.M of four replicates. Means in the same line with different superscript letters are
significantly different (p < 0.05).

3.2. Effect of Subacute Ammonia Nitrogen Stress on the Metabolic Enzyme Activities of Blunt
Snout Bream

The effects of subacute ammonia nitrogen stress on the metabolic enzyme activity of
fish are shown in Figure 1. The AST and ALT activities in the livers of fish in the stress
groups were significantly lower than in the control group (p < 0.05). However, subacute
ammonia nitrogen stress had no effects on the AST and ALT contents in the plasma of those
fish (p > 0.05) compared to the control group.
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3.3. Effect of Subacute Ammonia Nitrogen Stress on the Antioxidant Capacity in the Liver of Blunt
Snout Bream

The antioxidant enzyme levels in the livers of the fish are presented in Figure 2. The
T-AOC, SOD, GPx, and CAT contents of fish in the stress groups were significantly lower
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than those in the control group (p < 0.05). However, the MDA level of fish in the control
group was significantly lower than that in the stress groups (p < 0.05).
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3.4. Effect of Subacute Ammonia Nitrogen Stress on the Plasma Immune Enzyme Activity of Blunt
Snout Bream

As is shown in Figure 3, subacute ammonia nitrogen stress affected the immune
enzyme activity in the plasma of the blunt snout bream. Subacute ammonia nitrogen stress
significantly decreased the albumin, globulin, ACP, and AKP activities compared with the
control group (p < 0.05). Furthermore, the total protein and lysozyme activities of fish in
G3 were significantly lower than those in the control group (p < 0.05); however, there was
no significant difference compared to G2 (p > 0.05).
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Figure 3. Effect of subacute ammonia nitrogen stress on the immune enzyme activity in the plasma of
blunt snout bream. (A) Total protein content; (B) albumin content; (C) globulin content; (D) lysozyme
activity; (E) AKP activity; and (F) ACP activity. Data are the average ± S.E.M of four replicates. Bars
assigned with different letters present significant differences (p < 0.05). AKP, alkaline phosphatase;
ACP, acid phosphatase.

3.5. Effect of Subacute Ammonia Nitrogen Stress on the Growth-Related Genes of Blunt
Snout Bream

As is shown in Figure 4, subacute ammonia nitrogen stress significantly decreased the
relative expression levels of growth-related genes in the muscles of the blunt snout bream.
The relative expression levels of the GHRa, GHRb, IGF1, and IGF2 genes in the stress groups
were significantly lower than those of the fish in the control group (p < 0.05).
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3.6. Effect of Subacute Ammonia Nitrogen Stress on the Antioxidant-Related Genes of Blunt
Snout Bream

As is shown in Figure 5, subacute ammonia nitrogen stress had a significant influence
on the relative expression levels of the antioxidant genes in the livers of the blunt snout
bream. Subacute ammonia nitrogen stress significantly decreased the relative expression
levels of SOD and CAT in the livers of the blunt snout bream compared to the control group
(p < 0.05), but upregulated NOX2 and Bach1 mRNA levels in the livers of the fish (p < 0.05).
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(C) NOX2 gene; and (D) Bach1 gene. Data are the average ± S.E.M of four replicates. Bars assigned
with different letters present significant differences (p < 0.05).
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3.7. Effect of Subacute Ammonia Nitrogen Stress on the Immunity-Related Genes of Blunt
Snout Bream

As is shown in Figure 6, subacute ammonia nitrogen stress had a significant effect on
the relative expression levels of the immune genes in the livers of the blunt snout bream.
The gene expression levels of Leap 1 and Leap 2 in the stress groups were significantly lower
than that of fish in the control group (p < 0.05).
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4. Discussion

Ammonia nitrogen is an important index in evaluating the quality of water envi-
ronments. A large number of studies have shown that the increased ammonia nitrogen
concentration in water inhibits the growth of aquatic organisms. Paust et al. [31] reported
that the growth rate of Atlantic flounder (Hippoglossus hippoglossus) was significantly in-
hibited after fish were cultured in water with an NH3 mass concentration at 0.12 and
0.17 mg/L for 62 days. Similarly, Peng et al. [32] found that chronic ammonia nitrogen
stress significantly decreased the survival rate, food intake, and growth of cuttlefish (Sepia
pharaonis). In the present study, we also found that the weight gain rate and specific growth
rate of fish in stress groups were significantly lower than that of fish in the control group.
This was probably because ammonia nitrogen stress led to the decreased feeding rate of
fish. Most of the energy in the bodies of the fish was used to resist the stress response
caused by ammonia nitrogen; consequently, the growth of fish decreased. The result of
the feed conversion ratio also revealed that ammonia stress decreased the feed intake of
the fish in our study. Furthermore, ammonia nitrogen was harmful to the tissue structure,
immune function, and blood biochemical indices of the fish, and therefore resulted in the
decreased growth of fish [11]. In addition, subacute ammonia nitrogen stress significantly
decreased the relative expression levels of GHRa, GHRb, IGF1, and IGF2 in the muscle
of the blunt snout bream. This result demonstrated that the ammonia nitrogen stress
significantly decreased the growth performance at the genomic level again. Fish growth
is a multifactorial result from complex molecular and genetic interactions in which the
growth hormone plays an important function in all vertebrate fish [32]. The biological
action of growth hormone is mediated by insulin-like growth factor I (IGF) [33], and on the
target organs through its interaction with a specific cell surface receptor, the GH receptor
(GHR). GHR synthesis regulates growth hormone stimulation, which is dependent on
biological and environmental factors. This is why the ammonia nitrogen stress decreased
the relative expression levels of growth-related genes of the blunt snout bream. However,
the underlying molecular mechanism of ammonia stress on the growth is still unclear.
Therefore, this study lays the foundation for further research.

The liver of fish is the main detoxification and metabolic organ. It is also the gathering
place of various pollutants and toxins. A high concentration of ammonia nitrogen in a water
environment is transported to the liver and participates in metabolism through the hepatic
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portal vein. Therefore, the liver is the main damaged organ under ammonia nitrogen stress.
Aspartate aminotransferase (AST) and alanine aminotransferase (ALT), which transfer
amino groups to form oxaloacetate, are the most important aminotransferases and are
found in the liver cytosol [34]. A previous study also found that ALT activity in the liver
is thousands of times higher than in serum [35]. Therefore, increased AST and ALT in
the serum suggests that the fish liver is injured. In this present study, the AST and ALT
contents in the liver of fish in stress groups were significantly lower than that of fish in
the control group. This result indicated that the function of hepatic cell metabolism of the
fish was weakened by the ammonia nitrogen stress. Furthermore, ammonia nitrogen stress
had no effect on the AST and ALT contents in the plasma of fish compared to the control
group in this study. This suggested that no injury occurred in the liver of the fish exposed
to ammonia nitrogen. This was because serum AST and ALT activities increased only when
the liver was injured [36].

The increase in environmental stress factors can induce the production of reactive
oxygen species (ROS). The generation of oxygen free radicals, derivatives of a large number
of metabolites, causes serious damage to the tissue function of the body. In fact, the
major key to coping with changes in environmental factors in a water environment is
to remove oxygen free radicals in the organism via the antioxidant enzyme system [37].
If the ROS level is uncontrolled by the antioxidant defense system, the increased ROS
causes oxidative stress [18]. Generally, the antioxidant enzyme system in fish consists of
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and others.
SOD is responsible for catalyzing the superoxide radicals into O2 and H2O2, and then CAT
decomposes H2O2 into O2 and H2O [38]. In the present study, the T-AOC, SOD, GPX, and
CAT contents of fish in the stress groups were significantly lower than those of fish in the
control group. This suggests that ammonia nitrogen decreased the antioxidant capacity
of the fish [39]. Therefore, weak free radical scavenging activity appeared in fish exposed
to ammonia nitrogen stress. A similar result was reported in hybrid Tilapia (Oreochromis
niloticus × Oreochromis areus) [40]. Interestingly, the malondialdehyde (MDA) levels of
fish in the stress groups were significantly higher than that of fish in the control group
in this present study. MDA is mainly regarded as an indicator of lipid peroxidation, as
it can injure the structure and normal function of cells [41]. This result indicated that the
hepatocyte function was impaired when the fish were under ammonia nitrogen exposure.
This explanation is supported by the results of antioxidant genes and metabolic enzyme
activities in this study. In addition, we also analyzed the effect of ammonia nitrogen stress
on antioxidant capacity in the fish at the genetic level. Our results revealed that subacute
ammonia nitrogen stress significantly decreased the relative expression levels of SOD
and CAT but upregulated the NOX2 and Bach1 mRNA levels in the livers of the blunt
snout bream. NOX2 and Bach1 contribute to oxidative stress [42], and their upregulated
expression levels are indicative of increased ROS production. This result demonstrated that
ammonia nitrogen stress weakened the antioxidant capacity of the fish again.

The fish immune system plays an important role in preventing pathogens from en-
tering the body and consists of adaptive immunity and innate immunity [43]. The innate
immune system is responsible for the removal of environmental pollutants, and it contains
lysozyme, acid phosphatase, albumin, and others. In fish, lysozyme is an essential compo-
nent of the innate immune system because it can decompose the cell walls of bacteria [44].
ACP is one of the vital marker enzymes of lysozyme’s ability to break down invading or-
ganisms and participates in the first line of nonspecific immunity [45]. ACP has been shown
to participate in the response of red claw crayfish to cold stress, and its immune enzyme
activity is inhibited at low temperatures [46]. Globulin, as one of the major components of
plasma proteins, plays an important role in the immune response of freshwater fish, and
thus its content could reflect the immune status of fish [28]. In the present study, ammonia
nitrogen stress significantly decreased the lysozyme, ACP, globulin, and albumin activities
in the stress groups compared with the control group. This result indicated that ammonia
nitrogen stress decreased the innate immunity of the fish. This explanation was probably
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reasonable because non-ionic ammonia in water can easily penetrate cell members and
produce toxic effects [2]. A previous study also found that excessive ammonia nitrogen in
the environment could affect the immune system [47]. In this study, we further found that
the relative expression levels of Leap 1 and Leap 2 in the control group were significantly
higher than that of fish in the stress groups. Antimicrobial peptide 1 (Leap-1) and antimi-
crobial peptide 2 (Leap-2) have been identified from the livers of different animals [48].
Previous research showed that antimicrobial peptides have broad-spectrum antibacterial
properties [49]. This result indicated that ammonia nitrogen stress decreased the innate
immunity of fish again. However, research regarding the mechanism of ammonia nitrogen
stress affecting immunity is still lacking.

5. Conclusions

The present research reveals that subacute ammonia nitrogen stress not only inhibited
the growth but also decreased the antioxidant capacity and immunity of the blunt snout
bream under study. However, it is still unknown how ammonia nitrogen stress affects
the immune response of fish. Therefore, we will further study the signal pathway of the
immune mechanism regulated by ammonia nitrogen stress.
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