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Ammonia nitrogen is a ubiquitous environmental stressor in aquaculture systems, posing 
severe toxicity to aquatic organisms. This study investigated the histopathological and 
physiological responses of Tachysurus fulvidraco gills under acute ammonia stress. We 
exposed fish to gradient concentrations of ammonia nitrogen and analyzed gill tissue 
histology, serum ion concentrations, blood ammonia levels, and inflammatory markers. 
Results showed a 96h LC50 of 28.12 mg/L. Histopathological analysis revealed severe gill 
damage, including lamellar fusion, epithelial necrosis, and inflammatory cell infiltration, 
linked to NF-κB-mediated upregulation of inflammatory factors and altered expression of 
tight junction proteins (occludin, ZO-2). Concurrently, serum Na⁺ and K⁺ levels 
significantly decreased, while blood ammonia rose dose-dependently. These findings 
demonstrate that acute ammonia stress disrupts gill structural integrity and 
osmoregulatory function through inflammation and barrier dysfunction, highlighting its 
role in ammonia toxicity mechanisms and providing insights for aquaculture health 
management. 

1. INTRODUCTION 

In aquaculture, the high-density intensive farming model is 
widely adopted due to its efficient use of water and land re
sources, along with its ability to significantly increase pro
duction yields.1 However, this farming model also poses 
numerous challenges, particularly the increasingly promi
nent stress factors faced by fish. Among these, issues such 
as spatial limitations, deterioration of water quality, and 
low-oxygen environments caused by high-density intensive 
farming are particularly crucial.2 Deterioration of water 
quality leads to the gradual decomposition of feed residues 
and animal excretions in the aquaculture water, which in 
turn results in the production and accumulation of ammo
nia nitrogen.3,4 Due to limited space and the input of large 
quantities of feed, the concentration of ammonia nitro
gen in the aquaculture water under the high-density inten
sive farming model often remains high, posing a significant 
threat to the health of fish. The accumulation of ammonia 
nitrogen becomes an important environmental factor, in
ducing fish diseases.3,5 

Ammonia nitrogen, as the end product of protein metab
olism in fish, is widely present in aquaculture systems. Its 
toxic forms mainly include non-ionic ammonia (NH3) and 
ionic ammonia (NH4+), which transform into each other 
under specific environmental conditions (pH, temperature, 
and salinity) to maintain the dynamic balance of ammonia 
nitrogen in the water body.6 However, due to its high lipid 
solubility and non-ionic property, non-ionic ammonia can 
easily penetrate the biological cell membrane, especially 
the fish gill membrane, thereby exerting significant toxic 
effects on aquatic organisms.2,7 

In the physiological structure of teleost fish, the gill, 
as the core organ for breathing and gas exchange, has a 
densely arranged filament supported by each gill arch, and 
the gill lamellae densely distributed on the gill filament 
are the key sites for efficient gas exchange.8 However, am
monia nitrogen exposure, as common environmental stress 
in aquaculture, can significantly affect the health status of 
gill tissue, leading to pathological changes such as swelling 
and hyperplasia of the gill filament, increased mucus secre
tion, and swelling of the respiratory epithelium of the gill 
lamellae, which directly weaken the breathing function of 
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fish and thereby affecting their overall physiological func
tions.9‑11 In addition, as an immune tissue directly exposed 
to the external environment in fish, the health status of the 
gill is directly related to the ability of fish to resist environ
mental stress. Studies have found that ammonia nitrogen 
stress not only profoundly affects the immune response of 
fish but also induces oxidative stress and disrupts the bal
ance of the gill tissue and its defense system.12 

T. fulvidraco, as an important freshwater aquaculture 
fish, has both ecological and economic values.13 However, 
poor water quality, particularly high levels of ammonia ni
trogen poses a considerable threat to intensive yellow cat
fish farming.14 When the ammonia nitrogen concentration 
in the water environment exceeds 6.72 milligrams per liter, 
the growth rate of the yellow catfish will be significantly in
hibited, and oxidative stress responses may also occur in its 
body.15 At present, the research on the impact of ammo
nia nitrogen on yellow catfish is relatively limited. In par
ticular, the specific tolerance ability of yellow catfish to am
monia nitrogen and the physiological response mechanism 
of gills during the process of coping with ammonia nitro
gen stress remain unclear. Therefore, systematically assess
ing the impact of ammonia nitrogen stress on the health 
of its gill tissue not only helps to reveal the specific man
ifestations of ammonia toxicity, but also provides urgently 
needed theoretical support for the development of targeted 
environmental protection measures and aquaculture man
agement strategies. 

2. MATERIALS AND METHODS 

2.1. EXPERIMENTAL FISH 

A total of 150 healthy male T. fulvidraco were obtained from 
a fish farming facility in Chengdu, Sichuan Province, China. 
The fish had an average weight of 19.23 ± 3.65 g and an av
erage length of 13.04 ± 0.79 cm. The fish were placed in a 
circular aquaculture tank (1.1 m in diameter and 2.0 m in 
depth) for a two-week acclimation period. During the ac
climation period, dissolved oxygen was maintained above 
6.5 mg/L, pH was 6.5-7.0, and the water temperature was 
23-24°C. Commercial feed (Tongwei, China) was fed twice a 
day (at 9:00 am and 6:00 pm), with apparent satiation feed
ing; the tank was emptied and refilled with 1/3 of the wa
ter daily. All animal handling procedures were approved by 
the Animal Care and Use Committee of Sichuan Agricul
tural University (DKY2024102018). 

2.2. ACUTE AMMONIA-NITROGEN STRESS 

The acute stress of ammonia nitrogen was conducted using 
a semi-static method. The experiment was designed with 
three replicates per group to ensure statistical reliabil
ity.Different concentrations of 0, 10, 20, 30, and 50 mg/L 
ammonia nitrogen were set for the acute stress experiment, 
with 30 fish randomly assigned to each concentration group 
(10 fish per replicate). To ensure precise measurement of 
ammonia nitrogen concentration in the water throughout 
the experiment duration, Nessler’s reagent spectrophotom

etry was regularly employed to detect and determine the 
actual levels of ammonia nitrogen. The entire experimental 
period lasted for 96 hours with continuous monitoring and 
adjustments made to maintain the desired levels of am
monia nitrogen concentration within each group. Through
out the experiment, daily observations and recordings were 
made on mortality rate, clinical symptoms, and gross 
pathological manifestations. The half-lethal concentration 
(LC50) of ammonia nitrogen stress at 96 hours was calcu
lated using the Probit Analysis method while the safe con
centration (1/10 LC50) was derived based on LC50 values. 
No feeding occurred during the acute ammonia nitrogen 
stress period. Actual concentrations of ammonia nitrogen 
stress were measured every 12 hours and adjusted using 
NH4Cl solution as necessary. Water replacement involving 
pre-aerated water took place every 24 hours to maintain 
dissolved oxygen levels above 6.5 mg/L, along with pH val
ues between 6.5-7.0 and water temperature ranging from 
23℃-24℃ under a light-dark cycle lasting 12 hours per 
day. The daily observation and recording included clinical 
symptoms and mortality rates among yellow catfish in each 
group. 

2.3. SAMPLE COLLECTION 

Eighteen T. fulvidraco were randomly selected from each 
concentration group, and blood was collected from the tail 
vein after being anesthetized with MS222 (fish were placed 
in an aqueous solution containing 40 mg/L MS-222). The 
blood of every three fish was mixed into one sample and 
then centrifuged at a low speed of 3000-4000 r/min for 10 
min to obtain serum, which was stored at 4℃ for the de
tection of blood physiological and biochemical indexes. The 
second gill on the right side was taken and fixed in neutral 
formalin for histopathological analysis. 

2.4. HEMATOXYLIN AND EOSIN STAINING 

Drawing upon previous studies, the methodology was es
tablished and is detailed below16‑18: the gill tissue samples, 
which had been fixed for 48 hours, were trimmed and 
placed in plastic embedding frames. They were decalcified 
in a decalcifying solution (40% formaldehyde 40 mL, 
methanol 600 mL, formic acid 150 mL, concentrated hy
drochloric acid 180 mL, NaCl 8.5 g, diluted to 1 L with dis
tilled water) for 3 days, then removed and placed in neutral 
formalin for 24 hours. Subsequently, they were rinsed with 
flowing tap water for 24 hours, followed by conventional 
dehydration and paraffin embedding treatments. Next, the 
tissue sections were cut using a 5-micron-thick blade (from 
Leica, Germany) and stained with the classic hematoxylin 
and eosin (H&E) staining. Photos were taken under a Nikon 
Eclipse E200 microscope (from Japan). 

2.5. ASSESSMENT OF PATHOLOGICAL CHANGES 

According to the histopathological scoring system proposed 
by Baums et al.,19 the severity of gill lesions in different 
groups of T. fulvidraco was scored. The severity of the le
sions was evaluated using a 1 to 7-point scoring system: 
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1 point indicated no change; 3 points indicated mild le
sions; 5 points indicated moderate lesions; 7 points indi
cated severe lesions. Intermediate scores were used to as
sess the transitional states between various pathological 
conditions. The specific scoring criteria are as follows: 1 
points: normal tissue, with intact gill filaments and lamel
lae. 3 points: mild lesions, with local edema and occasional 
inflammatory cell infiltration. 5 points: moderate lesions, 
with increased edema, hyperplasia and necrosis in multiple 
areas, epithelial cell shedding, aggravated inflammatory 
cell infiltration, and fusion of gill lamellae. 7 points: severe 
lesions, with widespread distribution of lesions, obvious 
edema, inflammation, hyperplasia and necrosis symptoms, 
extensive epithelial cell shedding, and severe damage to gill 
lamellae. 

2.6. DETECTION OF PHYSIOLOGICAL AND 
BIOCHEMICAL INDEXES OF SERUM 

Six serum samples were collected, and the levels of sodium, 
calcium, chloride, magnesium, potassium, total protein, al
bumin, and blood ammonia in the serum were determined 
using sodium, calcium, chloride, magnesium, potassium, 
total protein, albumin, and blood ammonia assay kits, re
spectively, following the manufacturer’s instructions 
(Jiancheng Institute of Biological Engineering, Nanjing, 
China). 

2.7. QRT-PCR ANALYSIS 

Total RNA was extracted from the collected gill tissues us
ing the Animal Total RNA Isolation Kit (Foregene, China). 
RNA quality (OD260/280 = 1.8-2.0) was verified by Nan
odrop 2000 spectrophotometry (Bio-Rad, USA) and 1% 
agarose gel electrophoresis. cDNA synthesis was performed 
with RNA using the PrimeScript™ RT Reagent Kit (TaKaRa, 
Japan). Species-specific primers (Table 1), including β-actin 
as the reference gene, were designed via NCBI Primer-
BLAST. qPCR reactions (Bio-Rad CFX96) utilized SYBR® 
Premix Ex Taq™ II (TaKaRa) under optimized cycling con
ditions: 95°C for 30 sec, followed by 40 cycles of 95°C for 5 
sec and 59°C for 30 sec. Amplification specificity was con
firmed by melt curve analysis (65-95°C), and relative gene 
expression was calculated via the 2−ΔΔCt method. 

2.8. STATISTICAL ANALYSES 

All data were presented as the mean ± SD (standard devia
tion). Statistical differences were assessed using SPSS 27.0 
software (IBM Corp., Chicago, USA). Graphs were created 
using GraphPad Prism (USA) and Adobe Illustrator (USA) 
software. After the normality test, one-way ANOVA analy
sis was used to evaluate significant differences (*, **, and 
*** represent p < 0.05, 0.01and 0.001, respectively). 

3. RESULTS 

3.1. DETECTION OF AMMONIA NITROGEN 
CONCENTRATION IN AQUACULTURE WATER 

By diluting the ammonia nitrogen standard solution, am
monia nitrogen solutions with different known concentra
tions were prepared, and their absorbance was measured to 
draw the standard curve for ammonia nitrogen detection. 
As shown in Fig. 1A, there is a good linear relationship be
tween the ammonia nitrogen concentration and its corre
sponding absorbance. The linear equation is y = 6.5487x – 
0.1383, R2 = 0.9987. Based on this linear equation, the de
tection results of the actual ammonia nitrogen concentra
tion (ACT) in the aquaculture water was extremely close to 
the nominal concentration (Fig. 1B). The x-axis of Figure 1B 
represents the measured actual concentration (ACT), while 
the y-axis shows the nominal concentration. The close 
agreement between the two values (R² = 0.9987) demon
strates the accuracy of our experimental setup. 

3.2. SEMI-LETHAL CONCENTRATION OF AMMONIA 
NITROGEN TO T. FULVIDRACO 

The acute toxicity test results of ammonia nitrogen on T. 
fulvidraco are shown in Fig. 2. Under the experimental con
ditions, after 96 hours of acute ammonia nitrogen stress at 
different concentrations, the mortality rate of T. fulvidraco 
showed a concentration-dependent increase, that is, the 
higher the concentration, the higher the mortality rate. At 
a concentration of 50 mg/L, complete mortality of T. ful
vidraco was observed within 24 hours, and as the stress time 
increased, the mortality rate also gradually increased. Fi
nally, through calculation, it was determined that the 96h 
LC50 of ammonia nitrogen on T. fulvidraco was 28.12 mg/L. 

3.3. CLINICAL SYMPTOMS OF T. FULVIDRACO UNDER 
ACUTE AMMONIA NITROGEN STRESS. 

T. fulvidraco in the breeding bucket without ammonia ni
trogen stress would gather at the bottom of the bucket to 
live. They would react quickly after being frightened, flee
ing at the bottom of the water body (Fig. 3A). However, 
when subjected to acute ammonia nitrogen stress at differ
ent concentrations, the T. fulvidraco showed obvious poi
soning symptoms, initially all scattered and floating on the 
surface of the water, slow in swimming, and sluggish in re
sponse after being frightened. As the duration of ammo
nia nitrogen stress increased, the T. fulvidraco gradually lost 
balance in the water and eventually died (Fig. 3B, C). The 
newly dead T. fulvidraco had many bleeding spots on the 
lower jaw (Fig. 3D), and there were symptoms such as con
gestion and ulceration at the base of the fin rays (Fig. 3E). 

3.4. HISTOPATHOLOGICAL OBSERVATION 

To investigate the effects of high-concentration ammonia 
nitrogen stress on the gills of T. fulvidraco, histopatholog
ical observations were conducted. The gill structure of the 
control group (0 mg/L) of T. fulvidraco was intact, consist
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Table 1. Primer sequences used for real-time PCR analysis        

Gene primer Size (bp) Reference 

NF-κB 
F: AAGAACCAGCCATACAAGCCACAC 

83 Bai et al.20 

R: TCAGGCAGGTCCGCTTCGTAG 

Occludin 
F: CGAGCGAGAGACTACGACAC 

239 XM_027141818.2 
R: TCCAGGAATTGTGGGCTTCC 

ZO-2 
F: GAAGAAAGATTTACGCAAGAACCG 

122 XM_027133229.2 
R: TAGGACCGAACAGAACCACAGG 

TNF-α 
F: TAAACCAGATGAAGCACAA 

153 XM_027133763.2 
R: AAGCCTGACACAAAAGACT 

β-Actin 
F: TTCGCTGGAGATGATGCT 

160 XM_027148463.2 
R: TCCAGAGAGGAGGAAGAGGC 

Figure 1. Detection of ammonia nitrogen     
concentration in aquaculture water.     
(A) Standard curve of ammonia nitrogen detection. (B) Actual ammonia nitrogen con
centration in water. Nom: nominal concentration; ACT: actual ammonia nitrogen con
centration. 

ing of three parts: the gill rakes, gill arches, and gill fil
aments. The gill filaments were supported by the central 
cartilage and attached to the gill arches, and the gill lamel
lae emerged from both sides of the central cartilage (Fig. 
4A), the gill lamellae were supported by pillar cells, and a 
monolayer of pavement cell was wrapped outside, with gill 
blood sinuses formed between the pillar cells (Fig. 4B); at 
the base of the gill filaments, there were also more blue-
stained gill-associated lymphoid tissues (Fig. 4A). However, 
under different concentrations of ammonia nitrogen stress, 
obvious gill damage was observed, and it intensified with 
the increase of concentration. At 10 mg/L, the gill filaments 
began to lose structural integrity, showing gill lamellae 
fractures, necrosis, and shedding of epithelial cells, accom
panied by inflammatory cell infiltration (Fig. 4C, D). With 
the increase in concentration (20 and 30 mg/L), these 
pathological changes became more severe, manifested as 
severe gill lamellae necrosis, extensive epithelial cell shed
ding, and obvious cell proliferation of gill lamellae basal 
cells, resulting in the fusion and edema of gill lamellae (Fig. 
4E-H). At a dose of 50 mg/L, the gill filament structure 
was completely disordered, gill lamellae necrosis and shed
ding or even disappearance, accompanied by extravasation 
of blood cells and extensive necrosis of gill filament basal 
tissue cells (Fig. 4I-J). 

3.5. AMMONIA NITROGEN STRESS AFFECTS OSMOTIC 
PRESSURE REGULATION AND EXCRETION FUNCTION 

Under acute ammonia nitrogen stress, the gills of T. ful
vidraco, a key organ for ammonia excretion, may be dam
aged, affecting the ammonia excretion function. Results 
show that with the increase in ammonia nitrogen concen
tration, the blood ammonia in T. fulvidraco accumulated 
significantly, especially under high concentrations of 50 
mg/L (Fig. 5H). At the same time, there was a significant de
crease in the content of Na+ in the serum to about half of 
the control group (Fig. 5A), while the content of K+ gener
ally decreases but anomalously increases at extremely high 
concentrations (50 mg/L) (Fig. 5C). Other ions such as Cl-, 
Ca2+ and Mg2+ were stable (Fig. 5B, D, E). In addition, acute 
ammonia nitrogen stress has no significant effect on the 
content of total serum protein and serum albumin (Fig. 5F, 
G). 

3.6. EXPLORATION OF THE IMPACT OF AMMONIA 
NITROGEN CONCENTRATION ON QUANTITATIVE 
STATISTICS OF HISTOPATHOLOGICAL CHANGES AND 
BLOOD BIOCHEMICAL INDICATORS 

The primary pathological alterations witnessed in the tis
sue specimens, namely necrosis, proliferation, inflamma
tion, and edema, were quantified and appraised utilizing 
a grading system. The analytical outcomes demonstrated 
that the scores for pathological changes in the ammonia ni
trogen stress group (10-50 mg/L) were conspicuously ele
vated in comparison to the control group (0 mg/L). More
over, with the escalation of ammonia nitrogen 
concentration, these four pathological alterations all man
ifested diverse levels of aggravation (Fig. 6A), particularly 
necrosis being the most prominent (Fig. 6B). The findings 
of the correlation between ammonia nitrogen concentra
tion and osmoregulatory ions and proteins indicate that 
ammonia nitrogen is significantly positively correlated with 
blood ammonia and also possesses a strong positive corre
lation with albumin (Fig. 6C). 
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Figure 2. Semi-lethal concentration of ammonia nitrogen to       T. fulvidraco .  
A-E: Mortality of T. fulvidraco in different concentration groups under ammonia nitrogen stress. A, 0 mg/L. B, 10 mg/L. C, 20 mg/L. D, 30 mg/L. E, 50 mg/L, Purple represents the pro
portion of surviving T. fulvidraco, and blue represents the proportion of dead T. fulvidraco. F: Probit regression analysis was used to measure the dose-probability response curve of 
ammonia nitrogen to T. fulvidraco in LC50 (N=30) 

Figure 3. Clinical symptoms of    T. fulvidraco   under acute ammonia nitrogen stress      
(A) T. fulvidraco aggregated at the bottom of the culture barrel without ammonia nitrogen stress (0 mg/L), with strong activity; (B-C) After ammonia nitrogen stress (10-50 mg/L), T. 
fulvidraco floated on the surface, with rapid breathing and slow movement; (D-E) Dying T. fulvidraco had large punctate hemorrhage in the lower jaw, and the caudal fin was filled 
with hemorrhage and ulcerated (→). 
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Figure 4. Gill histopathological observation of     T. fulvidraco   under acute ammonia nitrogen stress      
(A-B): Histopathological observation of the gills of T. fulvidraco at concentrations of 0 mg/L; (C-D), (E-F), (G-H) and (I-J): Histopathological observation of the gills of T. fulvidraco at 
concentrations of 10, 20, 30 and 50 mg/L of ammonia nitrogen, respectively. The cells in the gill were necrotic and detached (▲), the cells at the base of the gill lamellae were prolif
erated, and the gill lamellae were fused (★). 
GR: gill rakers; GA: gill arches; GL: gill filaments: SL; gill lamellae; LT, gill-associated lymphoid tissue; PVC: Pavement cell; BC: Blood cell; SC, Pillar cell. 

Figure 5. Effects of acute ammonia-nitrogen stress on blood ammonia and osmotic pressure of             T. fulvidraco .  
(A-E): Contents of Na+, Cl-, K+, Ca2+, and Mg2+ in the serum of T. fulvidraco under acute ammonia nitrogen stress; (F-G): Contents of total protein and albumin in the serum of T. ful
vidraco under acute ammonia nitrogen stress; (H): Serum ammonia content of T. fulvidraco under acute ammonia nitrogen stress. * P < 0.05, ** P < 0.01, *** P < 0.001. (N=6) 
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Figure 6. Effects of ammonia nitrogen concentration on histopathology and blood biochemistry.           
(A): Heatmap shows the histopathological scores of necrosis, hyperplasia, inflammation, and edema; (B): Radar chart illustrating the comprehensive profile of tissue damage in re
sponse to ammonia nitrogen concentration. Each axis represents an ammonia nitrogen concentration group; the distance from the center reflects the mean score. (C): The correla
tion between blood biochemical parameters and ammonia nitrogen concentration. The color gradient indicates the Spearman correlation coefficient. * P < 0.05, ** P < 0.01, *** P < 
0.001. 

3.7. AMMONIA NITROGEN EXPOSURE UPREGULATES 
IMMUNE-RELATED GENES AND DISRUPTS TIGHT 
JUNCTION PROTEIN EXPRESSION 

The experimental groups exposed to varying ammonia ni
trogen concentrations (0, 10, 20, 30, and 50 mg/L) exhibited 
distinct patterns in immune and barrier-related gene ex
pressions in yellow catfish T. fulvidraco. Notably, the 50 
mg/L group demonstrated a significant upregulation of NF-
κB expression compared to the 0 and 10 mg/L groups (Fig. 
7A). Similarly, TNF-α mRNA levels in the 50 mg/L group 
were markedly elevated relative to the 0, 10, and 20 mg/L 
groups (Fig. 7B). Analysis of tight junction protein genes 
revealed that ZO-2 expression was significantly higher in 
the 10, 20, and 50 mg/L groups than in the control (0 mg/
L) (Fig. 7C). Furthermore, Occludin expression showed a 
pronounced increase in the 50 mg/L group compared to 
the control, while no significant differences were observed 
among other concentration groups (Fig. 7D). 

4. DISCUSSION 

In the intensive aquaculture system, the high stocking den
sity and feeding rate significantly increase the accumula
tion of ammonia nitrogen in the water body, becoming one 
of the key water quality pollutants affecting the health and 
growth of fish. In the water environment, ammonia nitro
gen exists in two forms: ionic ammonia and non-ionic am
monia.6 Among them, non-ionic ammonia is highly toxic, 
and the vast majority of fish are extremely sensitive to non-

Fig. 7. Effects of ammonia nitrogen exposure on       
immune and tight junction-related gene expression in        
T. fulvidraco .  
(A): NF-κB; (B): TNF-α; (C): ZO-2; (D): Occludin. *: P<0.05, **: P<0.01, ***P<0.001. 
(N=6) 

ionic ammonia (NH3). A large accumulation of high-con
centration NH3 in the fish body will cause its death.21 Re
search has shown that when the ammonia level reaches 
10.00 mg/L TAN (0.208 mg/L NH3), this value is much 
higher than the ammonia tolerance limit of many fish, such 
as Lota lota (0.03 mg/L NH3) and Lateolabrax japonicus 
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(0.006 mg/L NH3).22 In addition, a recent study found that 
the ammonia nitrogen content of 96h LC50 of juvenile T. 
fulvidraco was 250 mg/L.23 However, the 96h LC50 of total 
ammonia nitrogen obtained under the conditions of this 
study is 28.12 mg/L, demonstrating variation in 96h LC50 
values reported across different studies because the results 
obtained from acute toxicity experiments are closely re
lated to the size, age, temperature, pH value, and water 
source of the experimental subjects.14 

The gills are the main organs for fish to breathe, os
moregulate, filter food, and excrete ammonia nitrogen.24 

The damage to the gill structure usually has an impact on 
the normal physiological activities of the fish gills, such 
as breathing, ion balance, and the excretion of nitrogen-
containing waste.25 Non-ionic ammonia has the character
istics of lipid solubility and non-ionicity and can diffuse 
through the gill membrane, thereby causing damage to the 
gill tissue.6 Goldfish (Carassius auratus Linnaeus) will float 
on the water surface to breathe, run around randomly, swim 
slowly, and weaken, and the mortality rate will increase sig
nificantly under acute ammonia nitrogen stress.26 After be
ing exposed to acute ammonia nitrogen stress, the expres
sion of genes related to oxidative stress in the gills of Nile 
tilapia was up-regulated, the gill filaments and gill lamellae 
deformed, and the blood vessels in the gill lamellae dilated 
and congested.27 When the ammonia nitrogen level rises, 
the epithelial cells of the gill lamellae of T. fulvidraco pro
liferate, and the epithelial cells separate from the capillar
ies, forming a large gap.17 In this experiment, after being 
exposed to acute ammonia nitrogen stress, the gill lamel
lae of yellow catfish resulted in edema and the epithelial 
cells were floating; the obvious proliferation of the cells at 
the base of the gill lamellae cause the adjacent gill lamellae 
to adhere to each other; there were severe necrosis in the 
gill lamellae, and some of the gill lamellae were completely 
necrotic, shedding from the gill filaments, accompanied by 
the infiltration of inflammatory cells, and these patholog
ical damages are positively correlated with the concentra
tion of ammonia nitrogen stress. In addition, this study also 
found that the ammonia level in the blood of yellow catfish 
shows a significant positive correlation with the ammonia 
nitrogen concentration in the aquaculture water. When a 
large number of basal cells in the gill lamella of T. fulvidraco 
proliferate, the proliferating cells cause adhesion between 
the gill lamellae, thereby significantly increasing the path 
length of ammonia molecules diffusing from the body to 
the external environment through the gills. This structural 
change directly hinders the normal excretion of ammonia, 
causing ammonia to accumulate in the fish’s body. There
fore, we speculate that this change in the structure of the 
gill tissue may be the cause of the increase in ammonia 
concentration in the blood of T. fulvidraco. 
Additionally, this study found that gill tissue damage is 

closely linked to the inflammatory response mediated by 
NF-κB. As a key transcription factor, NF-κB regulates the 
expression of multiple inflammatory factors and plays a 
critical role in both immune and inflammatory responses.28 

When T. fulvidraco was exposed to acute ammonia-nitrogen 
stress, the NF-κB in gill tissue significantly activated, lead

ing to the upregulation of inflammatory factors. This over
expression further exacerbates gill tissue damage. This 
molecular response significantly promotes physiological 
dysfunction in gill tissues by activating tumor necrosis fac
tor-alpha (TNF-α) to trigger an inflammatory cascade. The 
inflammatory process disrupts the normal structural and 
functional integrity of gill tissues, resulting in a marked re
duction in their key physiological functions, including gas 
exchange, ion regulation, and ammonia excretion. Further
more, we observed that, concurrent with the pathological 
changes in the gill lamellae, the expression levels of oc
cludin and tight junction protein ZO-2, which are associated 
with tight junctions, also changed significantly. These al
terations may disrupt the tight junction structure, increas
ing permeability between the gill lamellae and thereby ex
acerbating the leakage of ammonia molecules. Therefore, 
we propose that the NF-κB mediated inflammatory re
sponse plays a significant role in gill tissue damage induced 
by ammonia-nitrogen stress. 
Fish can effectively regulate and transfer ions through 

their gills. This process mainly relies on the precise control 
of the crystal osmotic pressure of the organism to achieve 
osmotic balance with the external environment.29 Studies 
have found that in freshwater fish, mainly Na+, Cl-, K+, 
Mg2+, Ca2+, and other ions constitute the osmotic pressure 
in their bodies, while marine fish also include urea and 
trimethylamine oxide in addition to these ions, among 
which the content of Na+ and Cl- is the highest.30 Wood 
et al.9 found that exposing oscar (Astronotus ocellatus) to 
acute hypoxic stress, the Na+ efflux rate in the gills rapidly 
decreased to 55%, and the ammonia excretion, net loss 
rate of K+, and water efflux rate also decreased by 55-75%, 
which may be due to the rapid closure of transcellular chan
nels during acute hypoxia. The concentration of Na+ and 
Cl- in spiny dogfish (Squalus acanthias) decreased signif
icantly under acute lead stress.10 This indicates that the 
ion concentration in fish can be affected by a variety of ex
ternal environments. In this study, the content of serum 
ions in T. fulvidraco under acute ammonia nitrogen stress 
was detected, and it was found that after being exposed to 
acute ammonia nitrogen stress, it mainly affected the os
motic pressure of T. fulvidraco, manifested in a significant 
decrease in Na+ content, and the K+ content in the 50 mg/L 
ammonia nitrogen stress group increased significantly 
compared to other groups. This may be due to the obvious 
necrosis of the gill tissue of T. fulvidraco caused by am
monia nitrogen stress, destroying the normal histological 
structure of the gills, leading to the massive loss of ions in 
the body, thereby affecting the osmotic pressure in its body 
and causing the death of T. fulvidraco. 
While this study sheds light on the impacts of acute am

monia nitrogen stress on yellow catfish, its laboratory set
ting may not fully mirror real aquaculture conditions, and 
the focus on short-term effects overlooks potential long-
term consequences. Future research should validate find
ings in the field, monitor chronic ammonia nitrogen im
pacts for sustainable aquaculture, delve deeper into 
molecular toxicity mechanisms like NF-κB interactions, 
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and explore sustainable solutions such as probiotics or 
bioremediation to reduce ammonia nitrogen levels. 

5. CONCLUSION 

In this study, we conducted an acute ammonia nitrogen 
stress experiment on T. fulvidraco, and determined that its 
96hLC50 is 28.12 mg/L. Observations showed that T. ful
vidraco exhibited poisoning symptoms under ammonia 
stress, such as rapid breathing and sluggish movement, ac
companied by severe pathological damage to the gill tissue, 
including edema, hyperplasia, and necrotizing gill inflam
mation, which is associated with NF-κB mediated inflam
matory responses and altered expression of tight junction 
proteins (occludin and ZO-2), leading to increased gill per
meability and ammonia leakage. These injuries were not 
only significantly positively correlated with ammonia nitro
gen concentration, but also caused a significant increase in 
blood ammonia levels, further indicating the direct effect of 
ammonia nitrogen concentration on the physiological state 
of T. fulvidraco. In addition, ammonia nitrogen stress also 
caused imbalance disorders, especially the loss of Na+ and 
K+, which affects the osmoregulation of T. fulvidraco. Over
all, this study determined the LC50 and elucidated the im
pacts of ammonia nitrogen stress on gill function, blood 
ammonia levels, and osmoregulation in T. fulvidraco. How
ever, further investigation is necessary to elucidate the spe
cific damage mechanism. 

ACKNOWLEDGMENTS 

This research was funded by the Opening Fund of Key Lab
oratory of Sichuan Province for Fishes Conservation and 

Utilization in the Upper Reaches of the Yangtze River (No. 
NJTCSC09) 

AUTHORS’ CONTRIBUTIONS 

Hongli Liu, Jun Wang    contributed the work equally. 
Hongli Liu, Liang Zhong   : Formal analysis, Investigation, 
Visualization, Writing - original draft. Jun Wang : Formal 
analysis, Investigation. Sha Liu : Data curation, Writing - 
reviewing & editing. Jun Wang, Xiaoli Huang   : Supervi
sion, Conceptualization, Writing - reviewing & editing, 
Project administration. All authors read and approved the 
final manuscript. 

COMPETING OF INTEREST – COPE 

The authors declare that they have no competing interests. 

ETHICAL CONDUCT APPROVAL – IACUC 

The animal research protocol was approved by the Animal 
Care Advisory Committee of Sichuan Agricultural Univer
sity (Chengdu, Sichuan, China), No. DKY2024102018. 

INFORMED CONSENT STATEMENT 

All authors and institutions have confirmed this manuscript 
for publication. 

DATA AVAILABILITY STATEMENT 

All are available upon reasonable request. 

Submitted: July 20, 2025 CST. Accepted: August 30, 2025 CST.
Published: November 03, 2025 CST. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom

mons.org/licenses/by/4.0/legalcode for more information. 

The effects of high concentration of ammonia nitrogen on the gill tissue structure of yellow catfish (Tachys…

Israeli Journal of Aquaculture - Bamidgeh 163



REFERENCES 

1. Brudeseth BE, Wiulsrød R, Fredriksen BN, et al. 
Status and future perspectives of vaccines for 
industrialised fin-fish farming. Fish & Shellfish 
Immunology. 2013;35:1759-1768. doi:10.1016/
j.fsi.2013.05.029 

2. Abdollahi-Mousavi SE, Keyvanshokooh S, Torfi 
Mozanzadeh M, Ghasemi A. Efficacy of nutritional 
selenium nanoparticles on growth performance, 
immune response, antioxidant capacity, expression of 
growth and immune-related genes, and post-stress 
recovery in juvenile Sobaity seabream (Sparidentex 
hasta). Fish & Shellfish Immunology. 2024;147:109452. 
doi:10.1016/j.fsi.2024.109452 

3. Tomasso JR. Toxicity of nitrogenous wastes to 
aquaculture animals. Reviews in Fisheries Science. 
1994;2:291-314. doi:10.1080/10641269409388560 

4. Ying F, Juanjuan L, Jie P. A Review: Toxicity of 
Ammonia-N to Fish and Detoxification Strategy of 
Fish. Animal Husbandry & Feed Science. 2018;10. 

5. Honghui GU, Zhen HU, Jingang ZH, Guiwei ZO, 
Hongwei LI. Advances in environmental tolerance 
and resistance breeding in fish. Journal of Fisheries of 
China. 2023;47:019606-1. 

6. Gao N, Zhu L, Guo Z, et al. Effects of chronic 
ammonia exposure on ammonia metabolism and 
excretion in marine medaka Oryzias melastigma. Fish 
Shellfish Immunol. 2017;65:226-234. doi:10.1016/
j.fsi.2017.04.010 

7. Xu Z, Cao J, Qin X, et al. Toxic effects on 
bioaccumulation, hematological parameters, 
oxidative stress, immune responses and tissue 
structure in fish exposed to ammonia nitrogen: A 
review. Animals. 2021;11:3304. doi:10.3390/
ani11113304 

8. Wilson JM, Laurent P. Fish gill morphology: Inside 
out. J Exp Zool. 2002;293:192-213. doi:10.1002/
jez.10124 

9. Wood CM, Iftikar FI, Scott GR, et al. Regulation of 
gill transcellular permeability and renal function 
during acute hypoxia in the amazonian oscar 
(Astronotus ocellatus): New angles to the 
osmorespiratory compromise. J Exp Biol. 
2009;212:1949-1964. doi:10.1242/jeb.028464 

10. Eyckmans M, Lardon I, Wood CM, De Boeck G. 
Physiological effects of waterborne lead exposure in 
spiny dogfish (Squalus acanthias). Aquat Toxicol. 
2013;126:373-381. doi:10.1016/j.aquatox.2012.09.004 

11. Abdel-Latif HMR, Shukry M, Abd-elaziz RA. 
Clinico-pathological findings and expression of 
inflammatory cytokines, apoptosis, and oxidative 
stress-related genes draw mechanistic insights in 
Nile tilapia reared under ammonia-N exposure and 
Aeromonas hydrophila challenge. Fish Shellfish 
Immunol. 2022;127:1-12. doi:10.1016/
j.fsi.2022.06.001 

12. Parvathy AJ, Das BC, Jifiriya MJ, et al. Ammonia 
induced toxico-physiological responses in fish and 
management interventions. Reviews in Aquaculture. 
2023;15:452-479. doi:10.1111/raq.12730 

13. Zhao Y, Liu X, Lu M, et al. Evaluation of trophic 
structure and energy flow in a Pelteobagrus fulvidraco 
integrated multi-trophic aquaculture system. Int J 
Environ Res Public Health. 2022;19:12027. 
doi:10.3390/ijerph191912027 

14. Zhang L, Xiong DM, Li B, et al. Toxicity of 
ammonia and nitrite to yellow catfish (Pelteobagrus 
fulvidraco). Journal of Applied Ichthyology. 
2012;28:82-86. doi:10.1111/j.1439-0426.2011.01720.x 

15. Zhang L, Zhao ZG, Fan QX. Effects of ammonia on 
growth, digestion and antioxidant capacity in 
juvenile yellow catfish Pelteobagrus fulvidraco 
(Richardson, 1846). J Appl Ichthyol. 
2016;32:1205-1212. doi:10.1111/jai.13203 

16. BiNET J. A better and copacetic protocol for 
histopathological slide preparation using H&E stain: 
A review. Published online 2021. 

17. Zhong L, Liu S, Zuo F, et al. The IL17 signaling 
pathway: A potential signaling pathway mediating 
gill hyperplasia and inflammation under ammonia 
nitrogen stress was identified by multi-omics 
analysis. Science of The Total Environment. 
2023;867:161581. doi:10.1016/
j.scitotenv.2023.161581 

18. Liu S, Luo L, Zuo F, et al. Ammonia nitrogen 
stress damages the intestinal mucosal barrier of 
yellow catfish (Pelteobagrus fulvidraco) and induces 
intestinal inflammation. Front Physiol. 
2023;14:1279051. doi:10.3389/fphys.2023.1279051 

19. Baums CG, Hermeyer K, Leimbach S, et al. 
Establishment of a model of Streptococcus iniae 
meningoencephalitis in Nile Tilapia (Oreochromis 
niloticus). Journal of Comparative Pathology. 
2013;149:94-102. doi:10.1016/j.jcpa.2012.10.003 

The effects of high concentration of ammonia nitrogen on the gill tissue structure of yellow catfish (Tachys…

Israeli Journal of Aquaculture - Bamidgeh 164

https://doi.org/10.1016/j.fsi.2013.05.029
https://doi.org/10.1016/j.fsi.2013.05.029
https://doi.org/10.1016/j.fsi.2024.109452
https://doi.org/10.1080/10641269409388560
https://doi.org/10.1016/j.fsi.2017.04.010
https://doi.org/10.1016/j.fsi.2017.04.010
https://doi.org/10.3390/ani11113304
https://doi.org/10.3390/ani11113304
https://doi.org/10.1002/jez.10124
https://doi.org/10.1002/jez.10124
https://doi.org/10.1242/jeb.028464
https://doi.org/10.1016/j.aquatox.2012.09.004
https://doi.org/10.1016/j.fsi.2022.06.001
https://doi.org/10.1016/j.fsi.2022.06.001
https://doi.org/10.1111/raq.12730
https://doi.org/10.3390/ijerph191912027
https://doi.org/10.1111/j.1439-0426.2011.01720.x
https://doi.org/10.1111/jai.13203
https://doi.org/10.1016/j.scitotenv.2023.161581
https://doi.org/10.1016/j.scitotenv.2023.161581
https://doi.org/10.3389/fphys.2023.1279051
https://doi.org/10.1016/j.jcpa.2012.10.003


20. Bai Y, Liao Y, Song Y, et al. Dietary yeast culture 
alleviates intestinal-hepatic damage related to 
TLR2-MyD88-NF-κB signaling pathway and 
antioxidant capability in Pseudobagrus ussuriensis. 
Fish & Shellfish Immunology. 2022;130:428-435. 
doi:10.1016/j.fsi.2022.09.037 

21. Cheng CH, Yang FF, Ling RZ, et al. Effects of 
ammonia exposure on apoptosis, oxidative stress and 
immune response in pufferfish (Takifugu obscurus). 
Aquat Toxicol. 2015;164:61-71. doi:10.1016/
j.aquatox.2015.04.004 

22. Sun Z, Wang S, Zhang M, et al. Chronic toxicity 
study of ammonia exposure in juvenile yellow catfish 
Pelteobagrus fulvidraco. Aquaculture. 
2023;567:739266. doi:10.1016/
j.aquaculture.2023.739266 

23. Li X, Wang S, Zhang M, et al. Glutamine 
synthetase (GS) deficiency can affect ammonia 
tolerance of yellow catfish Pelteobagrus fulvidraco. 
Fish Shellfish Immunol. 2022;126:104-112. 
doi:10.1016/j.fsi.2022.05.038 

24. Evans DH, Piermarini PM, Choe KP. The 
Multifunctional Fish Gill: Dominant Site of Gas 
Exchange, Osmoregulation, Acid-Base Regulation, 
and Excretion of Nitrogenous Waste. Physiological 
Reviews. 2005;85:97-177. doi:10.1152/
physrev.00050.2003 

25. Ip YK, Chew SF. Air-breathing and excretory 
nitrogen metabolism in fishes. Acta Histochem. 
2018;120:680-690. doi:10.1016/j.acthis.2018.08.013 

26. Wang F, Liu H fang, Zhao Y long. The Acute 
Toxicity of Non-ionized Ammonia to Juvenile 
Goldfish Carassius auratus. Fisheries Science. 
2010;29:175-177. doi:10.16378/
j.cnki.1003-1111.2010.03.011 

27. Esam F, Khalafalla MM, Gewaily MS, et al. Acute 
ammonia exposure combined with heat stress 
impaired the histological features of gills and liver 
tissues and the expression responses of immune and 
antioxidative related genes in Nile tilapia. Ecotoxicol 
Environ Saf. 2022;231:113187. doi:10.1016/
j.ecoenv.2022.113187 

28. Liu T, Zhang L, Joo D, Sun SC. NF-κB signaling in 
inflammation. Signal Transduct Target Ther. 
2017;2:17023. doi:10.1038/sigtrans.2017.23 

29. Kibenge FSB, Strange RJ. Chapter 1 - introduction 
to the anatomy and physiology of the major aquatic 
animal species in aquaculture. In: Kibenge FSB, 
Baldisserotto B, Chong RSM, eds. Aquaculture 
Pharmacology. Academic Press; 2021:1-111. 

30. Evans DH, Claiborne JB. Osmotic and ionic 
regulation in fishes. In: Osmotic and Ionic Regulation. 
CRC Press; 2008:295-366. 

The effects of high concentration of ammonia nitrogen on the gill tissue structure of yellow catfish (Tachys…

Israeli Journal of Aquaculture - Bamidgeh 165

https://doi.org/10.1016/j.fsi.2022.09.037
https://doi.org/10.1016/j.aquatox.2015.04.004
https://doi.org/10.1016/j.aquatox.2015.04.004
https://doi.org/10.1016/j.aquaculture.2023.739266
https://doi.org/10.1016/j.aquaculture.2023.739266
https://doi.org/10.1016/j.fsi.2022.05.038
https://doi.org/10.1152/physrev.00050.2003
https://doi.org/10.1152/physrev.00050.2003
https://doi.org/10.1016/j.acthis.2018.08.013
https://doi.org/10.16378/j.cnki.1003-1111.2010.03.011
https://doi.org/10.16378/j.cnki.1003-1111.2010.03.011
https://doi.org/10.1016/j.ecoenv.2022.113187
https://doi.org/10.1016/j.ecoenv.2022.113187
https://doi.org/10.1038/sigtrans.2017.23

	The effects of high concentration of ammonia nitrogen on the gill tissue structure of yellow catfish (Tachysurus fulvidraco)
	1. Introduction
	2. Materials and methods
	2.1. Experimental fish
	2.2. Acute ammonia-nitrogen stress
	2.3. Sample collection
	2.4. Hematoxylin and Eosin Staining
	2.5. Assessment of pathological changes
	2.6. Detection of physiological and biochemical indexes of serum
	2.7. qRT-PCR analysis
	2.8. Statistical analyses

	3. Results
	3.1. Detection of ammonia nitrogen concentration in aquaculture water
	3.2. Semi-lethal concentration of ammonia nitrogen to T. fulvidraco
	3.3. Clinical symptoms of T. fulvidraco under acute ammonia nitrogen stress.
	3.4. Histopathological observation
	3.5. Ammonia nitrogen stress affects osmotic pressure regulation and excretion function
	3.6. Exploration of the impact of ammonia nitrogen concentration on quantitative statistics of histopathological changes and blood biochemical indicators
	3.7. Ammonia nitrogen exposure upregulates immune-related genes and disrupts tight junction protein expression

	4. Discussion
	5. Conclusion
	Acknowledgments
	Authors’ Contributions
	Competing of Interest – COPE
	Ethical Conduct Approval – IACUC
	Informed Consent Statement
	Data Availability Statement

	References


