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This study aimed to understand the effect of various levels of waterborne cadmium
exposure and associated integrated response in largemouth bass (Micropterus salmoides).
The experimental fish were randomly divided into 4 groups: Group H (high concentration
group): 0.25 mg/L of water (100% of the LCs;); Group M (medium concentration group):
0.01 mg/L of water (50% of the LC;); group L (low concentration group): 0.05 mg/L of
water (12.5% of the LC;) and group C (control). Experimental fish in group C (control
group) were cultured in cadmium (Cd)-free tap water. After 28 days of Cd exposure, the
gill and liver tissues were collected for histological analysis and antioxidant enzyme
activities assay. Serum biochemical indices and the expression levels of HSP70, HSP90,
Cypla, and MT in the liver were assayed. Results indicated Cd exposure in group H could
significantly damage the gill and liver. The SOD activity of gill and liver exhibited an
increasing trend with Cd concentrations increasing, and SOD activities increased
significantly in group M compared to that of group C. Still, SOD activity significantly
decreased in group H. MDA content increased significantly in both the gill and liver,
while T-AOC activities were not significantly different in both the gill and liver. By
comparison with group C, the activities of ALT and AST in serum were significantly
increased in group M and group H; the contents of ALB and TP significantly decreased in
group M and group H except for the content slightly increased in the group L; the
contents of GLU, TG, and TC did not show significant changes in the group L and the
group M, but increased significantly in the group H. The expression levels of HSP70 and
HSP90 in the liver exhibited the highest level in group M, whereas the expression levels
of MT and Cypla were highest in groups H and L, respectively. Our results are intended
to provide a reference basis for the safety risk evaluation of Cd and healthy fish farming.

INTRODUCTION crabs, and shellfish.# Long-term Cd exposure may lead to
the results of some physiological disturbances to the brain,
liver, gill, gonad, kidney and other organs of aquatic ani-
mals,® leading to adverse impacts such as skeletal devel-
opmental anomalies, disorders in metabolic systems and
reproductive endocrine, reduced activity of oxidative meta-
bolic enzymes, immunity suppression and so on.6-8 Ulti-
mately, the ecotoxicological effects of Cd contamination led
to a dysregulated physiological activity and even death of
individual organism.”10 As a result, the pollution of Cd can
lead to huge economic losses to fishery production, causing
potential safety risks of aquatic product quality through the
food chains and affecting human health.

Largemouth bass (Micropterus salmoides), also known as
California perch, is a carnivore fish belonging to Helio-

Cadmium (Cd) is known to be a carcinogenic, teratogenic,
and mutagenic heavy metal because it is considered as the
second most dangerous metal in the environment and can
have an extremely toxic effect on living organisms, and is
also recognized as one of the main environmental pollu-
tants in aquatic ecosystems.1:2 In recent years, with the ac-
celerated development of the industrialization process, a
large amount of wastewater containing Cd is discharged at
random, which makes Cd to enter the aquatic environment
from industrial processes, chemical agricultural manuring,
and mining activities.3 This phenomenon seriously threat-
ens aquatic organisms’ survival and safety, resulting in Cd
accumulation in aquatic organisms such as fish, shrimp,
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cephalidae and the genus Lateolabrax. Largemouth bass
greatly benefits consumers due to its delicious flesh, lack
of intramuscular bones, rich nutrition, and abundance of
essential amino acids and unsaturated fatty acids that the
human body needs. Additionally, largemouth bass grows
rapidly and has strong disease resistance, which has be-
come one of the important freshwater aquaculture fish
species in China.ll12 However, with the frequent human
industrial and agricultural activities, the pollution of water
ecology has been further aggravated. Therefore, our study
focuses on the effects of 28 days of exposure to different Cd
concentrations on gill and liver damage, antioxidant capac-
ity, serum biochemical indices, and gene expression in the
liver of juvenile largemouth bass. Results reveal the poten-
tial mechanism of Cd toxicity in juvenile largemouth bass
and provide valuable clues for heavy metal poisoning in
aquatic organisms.

MATERIALS AND METHODS
ETHICS STATEMENT

All animal protocols and procedures were performed ac-
cording to the Administration of Affairs Concerning Experi-
mental Animals in China (Ministry of Science and Technol-
ogy, revised in June 2004). The Henan University of Science
and Technology Institutional Animal Care and Use Com-
mittee approved the experiments in this study.

EXPERIMENTAL FISH

The experimental fish was purchased from a commercial
breeding company in Jili District, Luoyang, Henan Province,
with the same batch of fry (average weight: 7.04 = 0.25g,
wet weight; standard length: 7+ 0.25 c¢cm). Before the ex-
periment began, fish were temporarily raised in the indoor
recirculating aquaculture system of Henan University of
Science and Technology for a 14-day acclimatization. Fish
were fed with a commercial fish diet (Zhuhai HaiLong Co.
Ltd., Guangdong, China).

EXPOSURE EXPERIMENTS

The water used in the experiment is tap water with aeration
for 3 days. Each group of fish was exposed to Cd concentra-
tion of LCs; and carried out for 28 days as follows: Group
H (high concentration group): 0.25 mg/L of water (100%
of the LC;(); Group M (medium concentration group): 0.01
mg/L of water (50% of the LC); group L (low concentra-
tion group): 0.05 mg/L of water (12.5% of the LCs;) and
group C (control): containing 0.0% Cd. Three hundred and
sixty fish were divided into four experimental groups with
triplicates (30 fish per tank). Each aquarium contains 100
L of aerated tap water. During the experiment, water qual-
ity was maintained with pH: 7.5%0.2, temperature: 24+2 °C,
dissolved oxygen>5.0 mg/L, and nitrite<0.5 mg/L.

SAMPLE COLLECTION

After the end of the exposure experiment, all experimental
fish were starved for 24 hours before sampling. Next, fish

were anesthetized using MS-222 (120 mg/L). Gills and livers
of four fish from the same tank were sampled and snap-
frozen in liquid nitrogen before storage at -80 °C until an-
alyzed. Three fish (per tank) were randomly selected for
gill and liver histological samples. Six fish (per tank) were
randomly sampled, and their blood was collected by heart
puncture, and then serum was obtained by centrifugation
(3500 rpm) at 4°C for 10 min and stored at -80°C until an-
alyzed. Similarly, liver tissues from six fish (per tank) were
collected and stored at -80°C for further molecular analysis.

OBSERVATION OF THE TISSUE STRUCTURE

The gill and liver were fixed in 10% neutral formalin buffer
solution and then sent to Wuhan Servicebio Biotechnology
Company (Wuhan, China) for paraffin section preparation.
Briefly, the samples were trimmed with a scalpel and de-
hydrated in ethanol. Subsequently, the samples were equi-
librated in xylene, embedded in wax for 2 h at 60°C, and
then sectioned to 5-7 pm thickness using a rotary Nikon
Eclipse Ci-L (Nikon, Tokyo, Japan). Finally, the samples
were stained with hematoxylin-eosin (H&E) and then pho-
tographed for observation.

ANTIOXIDANT ENZYME ACTIVITY

The total antioxidant capacity (T-AOC), superoxide dismu-
tase (SOD), catalase (CAT), glutathione peroxidase (GPx)
activity and malondialdehyde (MDA) content were mea-
sured by commercial assay kits of Nanjing Jiancheng Bio-
engineering Institute (Nanjing, China) according to the in-
structions.

SERUM BIOCHEMISTRY PARAMETERS ASSAY

Serum biochemical indices were measured using an au-
tomatic biochemical analyzer (AU-5800, Beckman) at the
New Area Hospital Inspection Center of the First Affiliated
Hospital of Henan University of Science and Technology
(Luoyang, China). The measured indicators include alanine
transaminase (ALT), aspartate transaminase (AST), total
protein (TP), urea nitrogen (UN), glucose (GLU), triglyc-
eride (TG) and total cholesterol (TCHO).

REAL-TIME PCR ANALYSIS.

Total RNA was extracted from the liver tissue of juvenile
largemouth bass using TRIzol reagent (Dalian, Takara) ac-
cording to the method recommended by the instructions.
Total RNA quantity and quality were evaluated using a
Nano DropND-2000 spectrophotometer (Nano-Drop Tech-
nologies, Wilmington, USA). Total RNA integrity was iden-
tified by 1.2% agarose gel electrophoresis. 1ug total RNA
was then reverse transcribed with a PrimeScript RT Reagent
Kit With gDNA Eraser (Dalian, Takara). The obtained cDNA
was then stored at -20°C for future use. Real-time PCR was
performed using the SYBR Premix Ex Tag™ kit (Dalian,
Takara) using an M] Chromo4 Real-Time cycler (Bio-Rad,
CA, USA). The reaction volume was a total of 25 pL. The
PCR reaction program was 95 °C for 10 min, followed by 40
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Table 1. Primer sequences for real-time PCR

Genes Forward Primer sequences (5'-3"') Reverse Primer sequences (5'-3')
HSP70 TGGACAAGTGCAACGAGGTT TCAGTAGCAGCTGAAGTGATGG
HSP90 ctcacatgaagaggtgcaT TCATTCCTTCTTAGTTTCTTC

MT ctgttgtttccaggacgctat TCTTGGAGCAGTCGAGGGAT
CYP1A atggcgctaatgatacttccat AGCGAAGCCCCTCAGGAATCT
B-actin ccaccacagccgagagggaa tcatggtggatggggccagg

cycles of 95 °C for 30 s and 60 °C for 30 s. Each sample was
run in duplicate, and B-actin was chosen as internal refer-
ence gene. Amplification results were calculated using the
27AACt method.!3 All primers were listed in Table 1.

STATISTICAL ANALYSIS

Excel 2016 software was used to process the obtained ex-
perimental data, which were then subjected to statistical
analysis using SPSS Statistics 26.0. Differences among ex-
posure groups were tested via One-way ANOVA and Dun-
nett’s T3. All values are represented as means *SE. P<0.05
was considered as significantly different.

RESULTS
EFFECTS OF CD EXPOSURE IN GILL HISTOPATHOLOGY

After 28 days of Cd exposure, the alterations in the gill
histopathology are shown in Figure 1. In group C, the gill
histological structure revealed an integrity in which cells
were closely arranged and cell boundaries were clear. In
group L, partial pavement cells (PVCg) of secondary gill
lamella appeared swollen, and the cells began to show
slight vacuolation. In group M, the PVCg swelling in sec-
ondary gill lamella was further expanded, a few cells fell off,
and some cells exhibited mild vacuolation. In group H, the
PVCg was further seriously swollen, the vacuolation rate
significantly increased, and cell detachment was acceler-
ated. The structural arrangement of the columnar cells and
PVCS in the gill were changed and disordered.

EFFECTS OF CD EXPOSURE IN LIVER HISTOPATHOLOGY

After 28 days of Cd exposure, the liver morphological struc-
ture of juvenile largemouth bass is shown in Figure 2. In
group C, the liver cells exhibited an entire roundish polyg-
onal structure containing an apparent spherical nucleus.
The liver cell structure in group L remained relatively en-
tire, with clear cell boundaries. A small number of liver cells
were slightly altered in shape structure. In group M, the
liver cells’ structure has partial incompleteness, in which
the cell shapes have changed. The cell boundaries are in-
distinct and appear to be vacuolization and fusion phe-
nomena. In group H, the structure of liver cells was dam-
aged aggregately in many places, accompanied by nuclear
shrinkage and cellular necrosis.

EFFECTS OF CD EXPOSURE ON ANTIOXIDANT ENZYME
ACTIVITIES IN THE GILL

As shown in Table 2, in comparison to group C, the SOD
activity in the gill of juvenile largemouth bass was signifi-
cantly higher in group L and group M during 28 days of the
Cd exposure (P<0.05); whereas the SOD activity in group H
was significantly decreased (P<0.05). The results indicated
that with increasing concentration of Cd exposure, the SOD
activity was gradually elevated, high concentration of Cd
exposure can inhibit the SOD activity. The content of MDA
increased significantly (P <0.05), but there was no signifi-
cant difference between group L and group M (P>0.05). The
GPx activity did not change significantly in group L and
group M (P>0.05), while GPx activity was significantly lower
in group H (P<005). The CAT activity was significantly in-
creased in group L and group M (P<0.05), but its activity
in group H did not change significantly (P>0.05). T-AOC
showed a decreasing trend, but no significant difference ex-
isted between all the groups (P<0.05).

EFFECT OF CD EXPOSURE ON ANTIOXIDANT ENZYME
ACTIVITIES IN THE LIVER

As shown in Table 3, compared to the control group C, the
SOD activity in the liver of juvenile largemouth bass was
significantly increased in group L and group M after 28 days
of the Cd exposure but significantly decreased in group H
(P<0.05). MDA content was significantly increased among
all the groups (P<0.05). The GPx activity in group L and
group M slightly increased but had no significant change
(P>0.05); however, the GPx activity in group H was signifi-
cantly decreased (P<0.05). The CAT activity increased with
the increase of Cd concentration, but there was no signif-
icant change in group L and group C (P>0.05); however,
the CAT activity in group M and group H was significantly
increased (P<0.05). T-AOC showed a decreasing trend, but
there was no significant change among all groups (p>0.05).

EFFECTS OF CD EXPOSURE ON SERUM BIOCHEMICAL
PARAMETERS

The blood biochemical parameters of juvenile largemouth
bass after 28 days of exposure to different Cd concentra-
tions are shown in Table 4. By comparison with group C,
the ALT and AST activities were significantly increased in
group M and group H (P<0.05), but had no significant dif-
ference in group L (P>0.05); the contents of GLU, TC, and
TG did not change significantly in the group L and group
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Figure 1. Morphological changes of gill observed in juvenile M. salmoides after exposure to the different Cd

concentrations.

C: represents the control group; L: represents the low concentration group; M: represents the medium concentration group; H: represents the high concentration group; GL: Gill fila-
ment; SL: Secondary gill lamella; BC: Blood cell; PVC: Pavement cell; SC: Pillar cell; A : Swell; %: Rupture; : Vacuole; : Detach. Scale bar = 50 pm.

M (P>0.05), but increased significantly in group H (P<0.05);
The content of ALB and TP increased slightly in the group
L compared with the group C, and decreased significantly
in the group M and group H (P<0.05). Still, there between
these two groups (p> 0.05).

EFFECTS OF CD EXPOSURE IN THE LIVER-RELATED
GENE EXPRESSION

The effects of gene expression after 28 days of exposure to
different Cd concentrations in the livers of juvenile large-
mouth bass are shown in Figure 3. The expression level
of HSP70 in group M was significantly higher than that of
group C and the other two groups (P<0.05); the expression
level of HSP70 in group H was not significantly different
from group C and group L (P>0.05). The expression levels of
HSP90 and HSP70 showed the same trend, but the expres-
sion level of HSP90 was slightly lower than that of HSP70.
With increased Cd concentration, MT expression level was
significantly upregulated in group H (P>0.05). The expres-
sion level of CYP 1A was significantly higher and reached a
maximum value in group L (P>0.05), and decreased gradu-
ally in group M and group H.

DISCUSSION

Previous studies indicated that when fish are exposed to
Cd-contaminated water for a long time, Cd accumulates
continuously in organs such as the gill, liver, and kidney,
exceeding the fish body detoxification and excretion of Cd,
resulting in organs or tissues pathologically damaged. Sub-

sequently, the biotoxicity of Cd occurs, which can cause
pathological damage to organs or tissues, causing cell
apoptosis and necrosis.!415 The accumulated toxicity of
Cd can be observed in the gill and liver of fish because
the liver is one of the vital detoxification organs in fish in
which foreign pollutants are bio transformed and metabo-
lized.16 The gill is an essential respiratory organ of fish and
serves as a site for acid-base balance and eliminating ni-
trogenous wastes from the body. Pathological changes of
the gill can reduce the efficiency of gill gas exchange, cause
an imbalance of ions in the body, and finally lead to feeding
difficulties or individual death of fish.17 For example, af-
ter exposing spear-tailed goby (Synechogobius hasta) to wa-
ter containing 0.29 mg/L Cd for 15 days, damages such as
aneurysms and cellular hyperplasia were observed in the
gill.18 A study from Thophon et al. reported that when Lates
calcarifer was exposed to water containing 20.12 mg/L Cd
for 72 h, apparent pathological damage such as cell pro-
liferation, epithelial cell detachment, and necrosis was ob-
served in the gill.19 Low Cd concentration did not cause
gill damage in fish. Still, when Cd concentration exceeds
the gill’s tolerance level, it could cause histological dam-
age, resulting in cellular inflammation, apoptosis, necrosis,
mitochondrial vacuolization, and swelling.20 This is consis-
tent with our present results. High Cd concentration caused
lysis of gill filament epithelial cells, with many vacuoles
and even detachment. As an important detoxification organ
of fish, the liver mainly protects the tissues from damage
where the liver can convert heavy metals into less toxic
substances to be excreted from the organisms. When accu-
mulated Cd concentrations in the liver exceed its detoxifi-
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Figure 2. Morphological changes of liver observed in juvenile M. salmoides after exposure to the different Cd

concentrations.

C: represents the control group; L: represents the low concentration group; M: represents the medium concentration group; H: represents the high concentration group; BV: Blood

vessel; BC. Blood cell; HC: Hepatocytes; HN: Hepatocyte nucleus; HS: Hepatic sinusoid; : Hepatocyte fusion; : Hepatocyte necrosis. Scale bar = 50 pm.

Table 2. Effects of Cd exposure on antioxidant enzyme activities in the gill

GroupC Group L GroupM Group H
Items (0 mg/L) (0.05 mg/L) (0.15 mg/L) (0.25mg/L)
SOD (U/mg prot) 82.38+0.73b 89.37+0.42¢ 94.74+0.634 73.87+0.422
MDA (nmol/mg prot) 5.75+0.282 6.92+0.12P 7.40+0.02° 15.65+0.61¢
GPx (U/mg prot) 39.89+1.472 41.30+0.332 45.51+0.613P 29.50+0.81¢
CAT (U/mg prot) 0.28+0.022 0.62+0.01¢ 0.39+0.01P 0.26+0.012
T-AOC (mmol/g) 0.07+0.01 0.06+0.01 0.05+0.01 0.05+0.01
Notes: Lowercase letters indicate significant difference at level<0.05), the same blow.
Table 3. Effects of Cd exposure on antioxidant enzyme activities in the liver
Items GroupC Group L GroupM GroupH
(0 mg/L) (0.05 mg/L) (0.15 mg/L) (0.25mg/L)
SOD (U/mgprot) 211.52+3.57P 238.66+1.48¢ 277.42+1.464 114.65+5.292
MDA (nmol/mgprot) 1.27+0.032 1.800.06¢ 2.32+0.024 1.58+0.04P
GPx (U/mg prot) 60.68+0.492 64.98+0.402 65.70+0.203b 49.06+0.47¢
CAT (U/mg prot) 1.12+0.032 1.24+0.012 2.25+0.06° 3.03+0.84¢
T-AOC (mmol/g) 0.17+0.01 0.16+0.02 0.13+0.02 0.13+0.01
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Table 4. Effects of Cd exposure on serum biochemical indices

Effects of cadmium exposure on tissue structure, antioxidant enzyme activity, serum biochemical indices a...

GroupC Group L Group M GroupH
Items (0 mg/L) (0.05 mg/L) (0.15 mg/L) (0.25mg/L)
ALT (U/L) 2.14+0.072 2.36+0.09°@ 2.95+0.07° 3.65+0.09¢
AST (U/L) 17.98+0.472 19.47+0.672 30.07+0.96P 46.68+0.19¢
GLU (mmol/L) 1.66+0.232 1.71+0.032 1.76+0.062P 1.94+0.05bP
ALB (g/L) 17.44+0.3223 18.54+0.274 14.85+0.26P 13.17+0.34P
TP (g/L) 33.12+0.862 35.86+1.352 25.17+0.87° 24.88+1.11P
TG (mmol/L) 6.61+0.142 6.74+0.112 7.02+0.182P 7.4420.05P
TC (mmol/L) 3.27+0.10° 3.42+0.022 3.85+0.062P 4.19+0.01P
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Figure 3. Effects of Cd exposure on gene expression in the liver of juvenile largemouth bass.

cation capacity, it can affect tissue integrity and functional
liver damage to varying degrees.2! Accumulation of Cd and
cell damage degree were positively correlated with time of
exposure and concentration of Cd.22 Usha et al. studied
the toxicity of Cd on tilapia and found that after Cd expo-
sure, liver cells exhibited hepatocyte hypertrophy, fatty de-
generation and appeared tissues damage including a large
number of vacuoles and liver vascular congestion.23 Similar
observations were found in Dicentrarchus labrax and Lates
calcarifer in which long-term exposure of fish to water con-
taining Cd led to pathological changes such as cytoplas-
mic granulation, cellular edema and vacuolization, lipid
droplet accumulation, and increased glycogen granules in
the liver.19:24 Our studies showed that the liver of juvenile
largemouth bass could maintain functional detoxification
under low concentrations of Cd exposure. However, after Cd
exposure for a long time and high concentration, the mem-

brane structure of the liver cells was changed, vacuolated
seriously, and the shape of the cells changed. This finding
implied that the high concentration of Cd exposure had no-
ticeable toxic effects on the liver, which was consistent with
previous studies.

SOD, CAT, and GPx are key enzymes in the antioxidant
system of the organism, which play a role in scavenging su-
peroxide radicals in the body and protecting cells from ox-
idative damage, thus achieving detoxification.2526 Qur re-
sults showed that the activity of SOD in the gill and liver of
juvenile largemouth bass increased first and then decreased
with the increase of Cd concentrations. Low Cd concentra-
tion induced an increase in SOD activity; however, with Cd
concentrations increasing, the activity of SOD decreases,
which may be due to the oxidative substances produced in
the body exceeding its defense capacity, resulting in the cell
destruction, dysfunction and a decrease of the activity; or
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it may be an adaptive protection mechanism evolved by the
body in response to heavy metal poisoning.27 Similar to our
results, the activity GPx of the gill and liver in group L and
group M of Cd exposure was induced to scour free radicals.
Still, the activity of GPx was inhibited in group H. How-
ever, it is noteworthy that the activity of CAT was signifi-
cantly increased in the gill of group L, while no change was
observed in the liver, except CAT activity reached a max-
imum in group H. This reason may be related to the dif-
ference in Cd accumulation in the different types of fish
tissues. For example, the amount of Cd accumulation in
the liver is usually several times higher than that in the
gill and other tissues, and the high concentration of Cd ac-
cumulation causes a large amount of free radical produc-
tion in the liver.28 MDA is a product of lipid peroxidation,
a sign of oxidative damage that can indirectly reflect the
degree of cell damage.2? In our present study, the MDA
content in the gills and livers of juvenile largemouth bass
showed a significant increase in Cd exposure groups com-
pared to group C, indicating Cd-induced lipid oxidation in
tissue cells. Similarly, previous studies have reported that
Cd exposure increases MDA contents in fish such as Dicen-
trarchus labrax,30 Channa punctata,3! and Paraiichthys oli-
vaceus.32 T-AOC is a comprehensive indicator of the antiox-
idant function in the organism, which directly reflects the
ability of aquatic animals to resist stress. Our study showed
that serum T-AOC tended to decrease after Cd exposure, al-
though there are no differences among all groups; on the
other hand, indicating that Cd has an oxidative damage ef-
fect on the organism.

Fish serum indicators are affected by the condition of the
organism and environmental factors, which can reflect the
health status and nutritional level of fish in which lipid and
blood glucose levels are closely related to the metabolism
and nutritional level of the organism, and the dynamic bal-
ance of these substances is very important for the health of
the organism.33 Our results showed that GLU content was
significantly increased in the group H, suggesting that juve-
nile largemouth bass themselves require large amounts of
glycogen to be produced as energy for detoxification when
exposed to Cd water, thus leading to increased GLU lev-
els in serum. The contents of TG and TC showed an in-
creasing trend in line with GLU and reached a maximum in
the group H. Result indicates that the metabolism of these
substances is also affected by Cd, and further studies are
needed to be done in the future. ALT and AST are the most
important transaminases involved in amino acid metabo-
lism in liver and are often used as important indicators for
the diagnosis of fish diseases.3 Under normal conditions,
only a small number of transaminases are released into the
blood from the animal cells, so the serum transaminase ac-
tivity is very low. When the tissue damages, a large num-
ber of transaminases from cells is released into the blood,
resulting in some significant changes in the enzyme activi-
ties. Kim et al. reported that Cd exposure could increase the
activities of TG, TC, AST, and ALT in the hepatopancreas
of Danio rerio, indicating that the hepatopancreas is dam-
aged.35 In the present study, the activities of ALT and AST
were significantly increased in group M and group H, indi-

cating that the liver function may be impaired was caused.
The elevated indicator is believed to be associated with liver
injury in fish. This result agrees with the previous studies
by Demerdash et al.3¢ and Oner et al.37 We speculated that
ALB and TP might show a certain degree of self-adaptability
in low concentration of Cd exposure with slight increase ac-
tivities compared to group C; reversely, protein toxicity was
only observed in the group M and the group H. The reasons
for these results may be related to the protection of metal-
lothionein (MT) containing sulfhydryl in the organism.38
Heat shock proteins are often used as biomarkers. When
cells are exposed to environmental stress, their initial re-
sponse is to over-express and synthesize a large amounts
of heat shock proteins.3%:40 Giri et al. reported that the ex-
pression level of HSP70 was significantly upregulated in the
liver of Labeo rohita when fish was exposed to water with
Cd 0.65 mg/L concentration.! Similar observations were
made by Ali et al., who found that the expression level of
HSP70 in the liver of Cyprinus carpio was significantly up-
regulated with increasing of Cd exposure concentration and
down-regulated expression in group H.#243 This is consis-
tent with our findings that the expression level of HSP70
increased first and then decreased in the liver of juvenile
largemouth bass. In addition, the expression level of HSP90
was also significantly induced in group M after 28 days of
exposure to different Cd concentrations. This is a similar
result to the findings of Danio rerio and Xenopus laevis.*%
45 1t is speculated that the up-regulated expression level
of HSP90 may result from HSP90 protein synthesis, which
assists the denatured protein to repair itself and protect
the organism when it appears to have heavy metal poi-
soning.46:47 The MT has been widely used as a biomarker
for heavy metal treatment. Its protein structure contains
a large amount of sulfhydryl, which can be combined with
Cd and excrete heavy metal through a series of transport
processes to reduce their toxic effects on the organism, so
as to perform detoxification.® In this study, the expres-
sion level of MT in liver of juvenile largemouth bass in-
creased with the increase of Cd exposure concentration in-
dicating that the liver of fish can remove Cd accumulation
by increasing the protein expression level of MT, which is
a physiological response to resist Cd stress. This is consis-
tent with the reports that the upregulated expression level
of MT can promote the expression of its own protein in
various tissues such as the liver, gill, muscles, and kidneys
from Mytilus galloprovincialis, Danio rerio, red snapper and
Tilapia in which these tissues response to the different con-
centrations of Cd exposure.49-53 Cyp1A is also used as an
early warning signal for pollutant monitoring, and its activ-
ity is affected by drugs and environmental pollutants.5455
In the present study, the expression level of CyplA in the
liver in group L was higher than that of group M and group
H. This result is consistent with the trend of low-concen-
tration induction and high-concentration inhibition of ex-
ogenous pollutants on the toxicity of aquatic organisms.
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CONCLUSION

At the exposure of medium and high concentrations of Cd,
histopathological damage and oxidative stress occurred in
the gill and liver of juvenile largemouth bass. Exposure to
the low and medium Cd concentrations can induce a stress
compensation effect, leading to increased antioxidant en-
zyme activities in the gill and liver. In contrast, exposure to
high Cd concentrations can inhibit the antioxidant enzyme
activities in the gill and liver, thereby reducing the antioxi-
dant capacity of cells. Meanwhile, low Cd concentration ex-
posure had no significant effects on serum biochemical in-
dicators. The expression level of HSP70, HSP90, MT, and
CyplA in the liver of juvenile largemouth bass were influ-
enced after exposure to different Cd concentrations. How-
ever, the specific mechanism of its impact still requires fur-
ther in-depth research.
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