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Aquaculture intensification has resulted in serious disease outbreaks in largemouth bass 
production. Compounds containing copper (Cu) are widely used as therapeutic agents in 
aquaculture. Currently, Cu misuse has been a severe issue in largemouth bass farming. 
However, few investigations have been performed on Cu toxicity in largemouth bass so 
far. In this study, an acute and a chronic toxicity test was carried out to determine the 
toxicity and the recommended dose of waterborne Cu in largemouth bass. In the acute 
toxicity bioassay, fish (2.58 ± 0.03 g) were exposed to 0 (control), 3, 6, 9, 18, or 30 mg/L 
Cu, and the results showed that the 96-h LC50 of waterborne Cu was 12.78 mg/L. Then a 
30-day chronic toxicity test containing six treatments (i.e., 0, 51.3, 164, 513, 1640, and 
5130 μg/L Cu) was conducted to investigate the influence of Cu on intestinal and renal 
health in terms of oxidative stress in juvenile largemouth bass (2.69 ± 0.02 g). The results 
showed that Cu concentrations at and above 51.3 μg/L significantly increased the 
malondialdehyde contents (in the intestine) and simultaneously decreased total 
superoxide dismutase activity levels (in the intestine and kidney), glutathione peroxidase 
activity levels (in the kidney), and reduced glutathione contents (in the kidney), 
compared to control. In contrast to control, fish exposed to high Cu concentrations (at 
and above 1640 μg/L) demonstrated lower catalase activity levels in the intestine and 
kidney. Based on the findings in the study, waterborne Cu content for largemouth bass 
farming was recommended to be less than 51.3 μg/L. 

INTRODUCTION 

Largemouth bass is a freshwater carnivorous fish that is 
widely preferred by the farmers and consumers because 
of its high economic value and delicious meat.1 According 
to the statistics of FBMA, the production of largemouth 
bass in China has increased from 185941 tons in 2010 to 
802486 tons in 2022.2 With the intensification of aquacul
ture, the immune system of largemouth bass has been se
verely weakened, resulting in outbreaks of bacterial, par
asitic, and fungal diseases.3 To combat these problems, 
many therapeutic agents are applied to the water, and used 
in largemouth bass farming, including copper (Cu).4,5 Cu is 
widely used as an algaecide, fungicide, and parasiticide in 
aquaculture.6 Waterborne Cu has been widely used to treat 
external bacteria (e.g., columnaris disease), parasites (e.g., 

white spot disease), and fungal (e.g., water mold infection) 
diseases in largemouth bass.3,4 However, this has led to Cu 
overuse, resulting in excessive Cu build-up in largemouth 
bass aquaculture.3 It is well known that excessive Cu in wa
ter often causes various negative effects on aquatic ani
mals, such as growth retardation, fish mortality, and tissue 
damage.5 Based on this, it is particularly important to de
termine the toxicity and appropriate level of Cu in large
mouth bass aquaculture water. 

The toxicity test is an important method to determine 
the tolerance of animals to certain toxic substances and the 
appropriate dose of toxic substances in fish farming.7 The 
96-h median lethal concentration (LC50) trial is the most 
common approach in toxicity tests.8 The intestine and kid
neys are important organs for the fish to maintain nor
mal metabolism and growth. However, at present, there are 
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few studies on Cu toxicity and its effects on the intestinal 
and renal health of largemouth bass juveniles. Therefore, 
in this study, we intended to use the 96-h LC50 trial to as
sess the acute toxicity of Cu. Additionally, the relationship 
of Cu to intestinal and renal health of largemouth bass, as 
well as the recommended dose of Cu in aquaculture water, 
were studied from the perspective of oxidative stress using 
a chronic toxicity experiment. The results of this investiga
tion will offer theoretical support for the healthy develop
ment of largemouth bass culture. 

MATERIALS AND METHODS 

EXPERIMENTAL FISH AND THE STOCK SOLUTION 

Juvenile largemouth bass were provided by a fish farm in 
Guangzhou, China. Prior to the experiment, fish were ex
posed to laboratory settings for two weeks and were fed a 
commercial pelleted floating diet (Dongyufeng No.0, 48% 
crude protein, 5% crude fat, and 3 mg/kg Cu) (Zhejiang 
Dongyu Biological Technology Co., Ltd., Huzhou, China). 

To create a stock solution of Cu (31.77 g/L), CuSO4·5H2O 
(Sinopharm Chemical Reagent Co., Ltd, Shanghai, China) 
(124.84 g) was dissolved in distilled water using a volu
metric flask (1000 mL). The Cu concentrations required for 
the experiment were achieved by diluting the stock solution 
with distilled water. 

EXPERIMENTAL DESIGN 

The 96-h acute waterborne Cu toxicity test was carried out 
in accordance with OECD guideline 203.9 180 experimen
tal fish (2.58 ± 0.03 g) were evenly distributed to 18 tanks 
(20 L) and then subjected to different Cu concentrations: 0, 
3, 6, 9, 18, and 30 mg/L (estimated Cu contents were 0.0 ± 
0.0, 2.8 ± 0.2, 5.4 ± 0.6, 10.2 ± 0.8, 16.3 ± 1.7, and 27.2 ± 
2.4 mg/L, respectively). Each treatment (Cu concentration) 
had three duplicates. To maintain the waterborne Cu con
centrations, fresh water that has been aerated and has the 
appropriate Cu content was added to the system on a reg
ular basis. Throughout the acute toxicity test, the fish were 
not fed, and dead fish were taken out of the fish tank every 
day. Death was defined as the absence of gill movement and 
a reaction to mild prodding. The 96-h LC50 was calculated 
using Finney’s Probit analysis method10 based on the fish 
death rates in each treatment. 

In the exposure study, six Cu concentrations (0, 51.3, 
164, 513, 1640, and 5130 μg/L) were selected, with the high
est concentration being 40% of the 96-hour LC50.

11 To keep 
the Cu concentration as consistent as possible, each tank’s 
water was refreshed and re-dosed on a daily basis using the 
stock solution. Mean Cu concentrations in tank water sam
ples of 0, 51.3, 164, 513, 1640, and 5130 μg Cu/L treatments 
were 0.030 ± 0.011, 50.5 ± 2.8, 161.0 ± 3.1, 519.3 ± 8.4, 1630 
± 10.8, and 5142.0 ± 42.6 μg/L, respectively. 270 largemouth 
bass (2.69 ± 0.02 g) were randomly and evenly distributed 
among 18 tanks (20 L) (three tanks for each Cu concentra
tion). The fish were fed by hand to apparent satiety twice 
(10:00 and 17:00) daily with the commercial pelleted float

ing feed for 30 days. The photoperiod and water parameters 
throughout the experiment were as follows: photoperiod 12 
h light/12 h dark, dissolved oxygen 8.0 ± 1.2 mg/L, water 
temperature 25.0 ± 0.5 °C, pH 8.2 ± 0.4, ammonia less than 
0.1 mg/L, alkalinity 157 ± 17 mg/L, total hardness 166 ± 6 
mg/L, and conductivity 450 ± 30 μS/cm. 

SAMPLING 

On the 30th day of the experiment, all fish were starved for 
24 h. Then 6 fish from each tank were sampled and anes
thetized with 50 mg/L benzocaine. Intestine and kidney 
samples were collected on ice-cold plates, rapidly frozen in 
liquid nitrogen, and stored at -80 °C until analysis of oxida
tive-related parameters. 

All of the studies were carried out in accordance with 
China’s official protocol for the care and use of laboratory 
animals. The Institutional Animal Care and Use Committee 
at Henan University of Science and Technology approved 
both the study protocol and all experimental techniques. 

MEASUREMENT OF CU CONTENT IN THE FEED AND 
WATER SAMPLES 

The microwave digestion method was used to assess Cu 
contents in feed and water.12 Samples (approximately 0.5 
g for feed and 2 mL for water) were first digested by HNO3 
(70%) in the Berghof mws-3 microwave system. All digested 
samples were cooled to room temperature before being di
luted to 10 mL with distilled water in 10 mL volumetric 
flasks. An atomic absorption spectrometer (PerkinElmer, 
Inc. Waltham, USA) was used to determine the Cu content 
at 324.8 nm. 

ANALYSIS OF OXIDATIVE-RELATED PARAMETERS 

Samples of intestine and kidney were homogenized with 
0.68% physiological saline (tissue weight:saline weight = 1 
g:9 mL). The homogenate was centrifuged at 1000 g for 10 
min. Then the supernatant was collected and stored at 4 °C 
until the analysis of oxidative-related parameters. 

Both contents of malondialdehyde (MDA), reduced glu
tathione (GSH), and total soluble protein and activity levels 
of total superoxide dismutase (T-SOD), catalase (CAT), and 
glutathione peroxidase (GPx) were determined by commer
cial kits (Nanjing Jiancheng Bioengineering Research Insti
tute, Nanjing, China). 

STATISTICAL ANALYSIS 

The probit analysis in IBM SPSS Statistics 20.0 software was 
used to calculate the 96-h LC50 based on the fish mortality 
at the acute toxicity test. For the 30-day exposure test, all 
data were expressed as means ± standard errors of means 
(SEM) and analyzed with one-way analysis of variance us
ing SPSS 20.0. Duncan’s multiple range test was used to ex
amine mean differences at a significance level of 5%. 
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Table 1. Data of mortality rates of largemouth bass juveniles at the 96-h acute waterborne copper exposure test                 

Concentration (mg/L) Number of fish exposed Number of dead fish Percentage mortality (%) 

0 10 0.00 0 

3.0 10 0.33 3.33 

6.0 10 2.00 20.00 

9.0 10 4.67 46.67 

18.0 10 5.33 53.33 

30.0 10 8.00 80 

Table 2. Probit analysis of juvenile largemouth bass mortality at the acute waterborne Cu exposure test               

Number Concentration 
(mg/L) 

Number 
of 
subjects 

Observed 
responses 

Expected 
responses 

Residual Probability 

Probit 

1 3.0 10 0 .532 -.202 .053 

2 6.0 10 2 1.798 .202 .180 

3 9.0 10 5 4.052 .618 .405 

4 18.0 10 5 6.020 -.690 .602 

5 30.0 10 8 7.890 .110 .789 

Table 3. The 96-h estimated lethal concentration of copper in juvenile largemouth bass            

LC values 95% confidence level for concentration at 96 h 

Estimate Lower limit Upper limit 

LC10 3.830 .980 6.222 

LC20 5.792 2.282 8.609 

LC30 7.806 4.031 11.330 

LC40 10.073 6.189 15.176 

LC50 12.783 8.599 21.427 

LC60 16.222 11.178 32.339 

LC70 20.932 14.102 52.714 

LC80 28.209 17.904 96.544 

LC90 42.665 24.248 229.717 

RESULTS 

LETHAL CONCENTRATION OF COPPER IN LARGEMOUTH 
BASS 

Table 1  shows the relationship between Cu concentrations 
and fish mortality at the 96-h acute waterborne Cu expo
sure test. In the control group, no dead fish were found. 
With the increase of waterborne Cu concentration, dead 
fish number and fish mortality rate increased. 80% of fish 
were dead when waterborne Cu concentration was 30 mg/L. 
Table 2  demonstrates the probit analysis of fish mortal

ity at different Cu concentrations. Observed responses were 
close to expected responses (Table 2 ). 
Table 3  shows the estimated LC values of waterborne 

Cu and their 95% upper and lower confidence limits at the 
96-h acute toxicity test. The 96-h LC50 of waterborne Cu 
was 12.78 mg/L at the 95% confidence level, with upper and 
lower limits of 8.60 mg/L and 21.43 mg/L, respectively. 

The regression line between fish mortality and the log 
values of waterborne Cu generated by the software SPSS 
20.0 is shown in Fig. 1 . R2 linear =0.976 suggested that ex
perimental data fitted the predicted regression very well. 

OXIDATIVE RESPONSE IN THE INTESTINE 

Cu concentrations over 51.3 μg/L substantially increased 
MDA levels while decreased T-SOD activity levels when 
compared to the control (P < 0.05). GPx and GSH demon
strated similar changes. Compared to that in the unexposed 
group, GPx activity levels and GSH contents were signifi
cantly reduced when Cu concentrations were at and above 
164 μg/L (P < 0.05). In addition, fish in the groups with Cu 
levels greater than 513 μg/L showed lower CAT levels than 
the control (P < 0.05) (Fig. 2 ). 
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Figure 1. Regression line between the log      
concentration of copper and the probit mortality of         
juvenile largemouth bass    

OXIDATIVE RESPONSE IN THE KIDNEY 

Compared to the control, fish exposed to Cu concentrations 
at and above 51.3 μg/L demonstrated lower T-SOD and GPx 
activity levels and GSH contents (P < 0.05). However, only 
high Cu concentrations induced significant changes in MDA 
contents (Cu at and above 513 μg/L) and CAT activity levels 

Figure 2. The impact of waterborne copper exposure on the intestinal oxidative state in juvenile largemouth               
bass.  
(a) MDA, malondialdehyde; (b) T-SOD, total superoxide dismutase; (c) CAT, catalase; (d) GPx, glutathione peroxidase; (e) GSH, reduced glutathione. Means of exposures with differ
ent lowercase letters are significantly different at P < 0.05 

(Cu at and above 1640 μg/L) in the kidney (P < 0.05) (Fig.  
3). 

DISCUSSION 

In aquaculture, Cu is often used as algaecides, fungicides, 
and parasiticides.13 However, excess Cu in water bodies 
has been shown to significantly reduce fish growth and 
health.14 Therefore, it is necessary to determine the ap
propriate Cu level in water for the healthy development of 
aquatic animals. The 96-h LC50 test is often used to as
sess the potential susceptibility and mortality of a species 
to toxic substances.6,9 In this study, the 96-h LC50 assay 
was used to assess the tolerance of largemouth bass to wa
terborne Cu. Cu toxicity in water is affected by a variety of 
factors, such as the acclimation period of fish to Cu, wa
ter chemical parameters (e.g., water hardness, alkalinity, 
and pH), species and growth stage of the tested aquatic an
imals, and Cu types (e.g., copper nanoparticles and cop
per sulfate).6 In general, an increase in the acclimation pe
riod to waterborne Cu, water alkalinity or hardness, and 
fish size will reduce the toxicity of Cu.6 In this experiment, 
the 96-h LC50 for juvenile largemouth bass was 12.8 mg/
L, which was consistent with the results in juvenile Nile 
tilapia (Oreochromis niloticus) (12.0 mg/L)15 and juvenile 
Indian knife fish (Notopterus notopterus) (12.0 mg/L). How
ever, in butterfish (Poronotus triacanthus) (0.5 mg/L for 96-h 
LC50),

16 channel catfish (Ictalurus punctatus) (0.05 mg/L for 
96-h LC50),

17 and rohu (Labeo rohita) (0.80 mg/L for 96-h 
LC50),

18 the 96-h LC50 of waterborne Cu is ranged from 0.05 
to 0.80 mg/L, which is much smaller than the results of 
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the present study. Differences in water chemical parame
ters and fish species may account for this phenomenon. 

The intestine and kidneys play critical roles in maintain
ing fish health. The intestine plays an important role in 
the digestion and absorption of nutrients, salt and water 
balance, and barrier function and immunology in fish (Da
wood 2021). The kidney mainly functions in osmoregula
tion, acid-base regulation, and immunity in fish.19 Previ
ous studies have shown that oxidative stress can damage 
intestinal and renal functions and threaten the health of 
aquatic animals.20,21 MDA is a typical marker of oxidative 
stress.22 In this study, MDA contents in the gut and kidney 
were significantly higher when Cu concentration was at 
and above 513 μg/L, indicating the occurrence of oxidative 
stress in these tissues. To avoid the negative effects of ox
idative stress, fish develop antioxidant defense systems, in
cluding enzymatic (e.g., T-SOD, CAT, and GPx) and non-en
zymatic antioxidants (e.g., GSH).23 However, these indexes 
decreased significantly when Cu concentration was above 
513 μg/L in the intestine and 1640 μg/L in the kidney, indi
cating that high waterborne Cu concentration reduced the 
antioxidant capacity of the gut and kidney. Consistent with 
our results, studies in Rhynchocypris lagowski24 and grouper 
(Acrossocheilus fasciatus)25 showed that high waterborne Cu 
exposure caused oxidative stress and decreased antioxidant 
capacity in the intestine and kidney. The causes of oxida
tive stress induced by Cu can be attributed to the following 
three points. Firstly, Cu is a transition metal and can act 
as a catalyst for the production of reactive oxygen species 
(e.g., superoxide anion and hydroxyl radical) through the 
Fenton reaction.26 Secondly, Cu weakens fish antioxidant 

Figure 3. The impact of waterborne copper exposure on the oxidative state in the kidney of juvenile largemouth                 
bass.  
(a) MDA, malondialdehyde; (b) T-SOD, total superoxide dismutase; (c) CAT, catalase; (d) GPx, glutathione peroxidase; (e) GSH, reduced glutathione. Means of exposures with differ
ent lowercase letters are significantly different at P < 0.05 

defense systems by inhibiting antioxidant enzymes and de
pleting cellular GSH.27 Thirdly, Cu inhibits the mitochon
dria electron-transfer chain and stimulates the formation 
of reactive oxygen species.28 Based on the results of renal 
and intestinal oxidative stress, it is recommended that the 
Cu concentration in the cultured water for largemouth bass 
farming should be less than 51.3 μg/L. 

CONCLUSION 

The 96-h LC50 of Cu in the form of CuSO4 for largemouth 
juveniles (2.6 g) was 12.8 mg/L. Waterborne Cu exposure 
can increase oxidative stress and decrease the antioxidant 
capacity of the intestine and kidney in largemouth bass 
when Cu concentration is at and above 513 μg/L. Based on 
the results of the present study, Cu content in the water 
for largemouth bass culture is recommended to be less than 
51.3 μg/L. 
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