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Abstract

Microplastics can accumulate residual drugs and heavy metals in the environment and accumulate through the layers of
the food chain, ultimately causing harm to human health. The pollution of microplastics in the freshwater environment is
becoming more and more serious, which directly affects the safety of aquatic organisms. This experiment studied the effects
of single and composite microplastics and Cd on the tissue damage, antioxidant, and immune response of juvenile Channa
argus. Microplastics with different diameters of 80 nm, 0.5 pm (200 pg/L), and Cd (50 pg/L) were used for exposure, and
four sampling points were set for 24 h, 48 h, 96 h, and clear 48 h. Under different treatments, a certain degree of gill tissue
damage can be found in 96 h. Microplastics and Cd can cause oxidative stress and affect the antioxidant status, and the
impact of 0.5-pm microplastics is stronger than that of 80-nm microplastics. There is an antagonistic effect between the two
microplastics and Cd during compound exposure, but the activity of CAT shows a synergistic effect. Microplastics and Cd
affect the expression of immune-related genes to varying degrees. When exposed together, the expression of HSP70 gene
all showed mutual antagonism, while the expression of IL-1f gene was different. The expression of the MT gene can infer
the ability of microplastics to accumulate Cd, and microplastics with a small diameter of 80 nm have stronger enrichment
capabilities.
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Introduction

At the beginning of the twentieth century, modern plas-
tic products were mass-produced and applied due to their
portability, durability, and low-cost characteristics [1, 2].
At present, the application of plastics in human society
involves all aspects, from industrial production to animal
husbandry, from high-tech products to daily life. How-
ever, humans have gradually discovered that plastic waste
degraded slowly in the environment and posed a serious
threat to the stability of the ecological environment [3].
Once plastic materials were discarded in the environment,
they would gradually be broken down into smaller plas-
tics. Then, it would be broken into smaller pieces under
the influence of physical and chemical factors as well as
ultraviolet rays, and finally become microplastics (MPs)
with a particle size of <5 mm [4]. Since the 1960s, plas-
tic production has grown rapidly, reaching 335 million
tons in 2016 [5]. The generation of plastic waste has also
increased proportionally, and poor management causes
most waste to end up in landfills or dispersed in the form
of marine waste [6]. An estimated 1.15-2.41 million tons
of plastic are discharged into the world’s oceans from riv-
ers every year [7]. When plastic waste enters the ocean, it
poses a serious threat to the marine environment, not only
affecting the photosynthesis of certain marine plants [8]
and the growth and development of certain marine organ-
isms [9] but also leading to even severe malnutrition and
death of certain marine organisms [10]. As plastics decom-
pose into microplastics in the environment, the reduction
in size can substantially increase the bioavailability of
plastics for various aquatic organisms with different feed-
ing habits, especially for filter-feeder animals.
Microplastics can be found in almost all parts of eco-
systems, such as soil, oceans, freshwater rivers, lakes,
and even in polar ice [11, 12]. Some studies have shown
that the metal content of microplastics in different natural
environments was at a high level in some times. The rea-
son was that in the production process, these metals were
incorporated into plastic in the form of additives, which
can enhance the properties of the product [13]. Fe, Cu,
Cd, or Mn were the most common metals in microplas-
tics from sediment and seawater of the British, Egyptian,
the Persian Gulf, and Iran [14, 15]. The presence of zinc
and copper, which are toxic at high concentrations, and
other more dangerous metals such as lead or cadmium,
has also been demonstrated at various points along the
coast of China [16, 17]. Compared with larger forms of
plastics, microplastics have the characteristics of large
specific surface area, strong hydrophobicity, and easy
interaction with microorganisms. These physicochemical
properties of microplastics enhance the concentration of
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certain pollutants, such as persistent organic pollutants and
heavy metals [18, 19], and as a carrier to make it easier to
accumulate in the body. Recent publications revealed the
adverse impacts of ingestion of MPs by mammals, fish,
and invertebrates [20, 21]. Studies have shown that micro-
plastics can have a more toxic impact than warming on the
actions, predation, and metabolism of S. aequifasciatus
[22, 23].

Cadmium, by virtue of its toxicity, persistence, and bio-
accumulation, appears on the “black list” of all the inter-
national conventions aimed at protecting the aquatic envi-
ronment from pollution. There is no doubt that cadmium
is both persistent and toxic to aquatic life at relatively low
concentrations [24]. When fish are exposed to Cd, there will
be changes in behavior and metabolism [25, 26]. Oxidative
stress and immunosuppression [27, 28], disruption of blood
biochemical homeostasis [29], changes in some growth and
reproductive parameters [30, 31], and genetic damage were
also reported in fish exposed to Cd. Environmental pollut-
ants, including microplastics and heavy metals, often appear
in aquatic ecosystems, and these pollutants could cause sin-
gle or multiple effects on aquatic organisms. At present,
most research was concentrated in coastal areas, and there
was few related research on the freshwater environment.
As the freshwater environment was more closely related to
human life, its pollution was also more serious. Guangdong
Province was the seat of the Pearl River system, one of the
three major freshwater river systems in China. Special geo-
graphical conditions and environmental factors have made
the aquaculture industry develop rapidly. Once the water
environment was polluted, it would directly affect the safety
of the breeding industry and threaten human health.

Therefore, investigating the impact of two or more envi-
ronmental pollutants, including microplastics, on the health
of aquatic organisms is one of the main goals of future
microplastics research. The toxicity of microplastics or
cadmium alone has been established; however, the effects
of fish exposed to a combination of microplastics and cad-
mium are still relatively lacking [32]. Consider the potential
risks of microplastics, cadmium, and susceptibility at early
life stages. The aim of the present study was to evaluate the
effects of microplastics and cadmium alone and in combina-
tion on the influence of tissue damage, oxygen stress, and
immune response using the Channa argus as bio-indicator
species.

Materials and Methods
Chemical Materials

Virgin polystyrene-MPs (PS-MPs; 80 nm and 0.5-pm diam-
eter, spherical) were used as the MP model in this study.
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This kind of engineered MP was also used in other toxicity
studies on MPs [33-35]. The PS-MPs were purchased from
Big Goose (Tianjin) Technology (www.tjdaekj.com). The
cadmium chloride (CdCl,; analytical grade; 98% purity) was
purchased from Macklin Biochemical Technology (Shang-
hai, China) (www.macklin.cn). Fifty milligrams per liter of
Cd stock solution in ultrapure water was prepared.

Ethics Statement

The animals used in the present study were cultured and
sacrificed following the terms of use of the animals Manage-
ment System of Laboratory Animal Center of South China
Agricultural University.

Sample Fish

Juvenile Channa argus (3.63 +0.98 g) were purchased
from a local fish farm in Shunde, Guangdong Province
(July 2020). The fish were packed in aerated plastic bags
and transported to the aquaculture circulating aquaculture
system of the School of Animal Science of South China
Agricultural University. These fish were temporarily
kept in a circulating water tank with a capacity of 150 L
(60 cm x50 cm % 50 cm). The test fish were kept temporar-
ily in dechlorinated tap water and oxygenated conditions for
2 weeks. During the acclimatization, fish were fed twice a
day at 9:00 and 17:00 at a daily ratio of 5% of weight. During
the acclimatization, the water conditions in the tanks were
as follows: water temperature =25.0+2 °C, pH=7.0%0.5,
and 24 h of aeration.

Experimental Protocol

Stop feeding for 24 h before the start of the experiment, and
then randomly assign the Juvenile Channa argus to 18 glass
tanks (3L), with 5 individuals per tank. The glass tanks were
further divided into six groups, with three tanks, i.e., 15
individuals for each treatment. Group (C) was maintained
in tap water as a control group. Specimens of groups M
0.08 and M 0.5 were exposed to 80 nm and 0.5-pm PS-MPs
at a concentration of 200 pg/L, respectively. Group (Cd)
was exposed to 50 pg/L cadmium chloride. Group (Cd+M
0.08) was exposed to a combined dose of 50 pg/L Cd and
200 pg/L 80 nm PS-MPs. Group (Cd+M 0.5) was exposed
to a combined dose of 50 pg/L Cd and 200 pg/L 0.5-pm
PS-MPs. During the experiment, each glass tank did not per-
form aeration and water change to reduce the stress caused
by external factors on the experimental fish and affect the
experimental results. Three sampling time points were set
during the experiment, namely 24 h, 48 h, and 96 h. At each
sampling time, a fish was randomly selected from each glass
tank for dissection and took the liver, gills, and intestines

of each fish. The liver was placed in a sterile enzyme-free
2.0-mL centrifuge tube, placed in liquid nitrogen for 2 h,
and then stored at — 80 °C for subsequent molecular experi-
ments; the fish’s intestines were placed in a sterile enzyme-
free sample 2.0 mL centrifuge stored in the tube at—20 °C
for the determination of the anti-oxidation and digestive
enzyme activity of the tissue; and collected a part of the gills
of the sample fish and store it in 4% paraformaldehyde for
making paraffin sections. After the experiment, the remain-
ing sample fish were transferred to a clean water body for a
clearing experiment. After 48 h, samples of each tissue were
collected again for subsequent analysis and comparison. The
microplastic concentrations employed in the present study
were determined according to the microplastic levels used
in other toxicological studies [22, 23, 36, 37]. The cadmium
concentration was selected according to the water environ-
mental concentration [22, 23, 38].

Tissue Section Analysis

The sample was fixed with 4% paraformaldehyde. Accord-
ing to conventional tissue sectioning procedures, perform
dehydration, transparency, paraffin embedding, sectioning,
and H&E staining, to observe whether fish gills in different
treatment groups were affected.

Biochemical Parameter Analysis

Collect the intestinal tissues of the sample fish at each time
point, weigh them separately, and add 9 times the volume of
homogenization medium (0.9% normal saline). Centrifuge
for 10 min at 2500 r/min in a refrigerated centrifuge (4 °C),
and take the supernatant for subsequent enzyme activity
index determination. In addition, it was necessary to deter-
mine the protein content in the tissue sample before deter-
mining the enzyme activity-related indicators of the sample.

Antioxidant indicators included in this experiment: total
antioxidant capacity (T-AOC), superoxide dismutase (SOD),
malondialdehyde (MDA), catalase (CAT) were assayed by
using corresponding commercial kits (Nanjing Jiancheng,
Bioengineering Institute, Nanjing, China). The assay is
according to the steps and methods suggested by the kit
manufacturer.

Gene Expression Assays

After the experiment, the collected liver tissue samples
would be used to detect the expression of interleukin (/L-
1), heat shock protein (HSP70), metallothionein (MT),
and other related genes. RNA from livers of exposed
fish was extracted with TRIzol, and all centrifuge tubes
and tips during the extraction process were processed by
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DEPC. RNA concentration and quality were determined
with a micro-analysis analyzer.

Reverse transcription reactions were carried out on
10 ng of total RNA using an Evo M-MLV RT Kit with
gDNA clean for qPCR 1II (Accurate Biotechnology, Hunan,
China). RT-PCR assayed by SYBR Green Premix Pro Tap
HS gPCR Kit (Accurate Biotechnology, Hunan, China).
Refer to previous research [39]; the gene B-actin was used
as a constitutive control to normalize all samples. The rel-
ative expression of the target gene was calculated by the
2~AACT methods. The primer sequence design is shown
(Table 1).

Table 1 Primer sequences for polymerase chain reactions

Gene name Primer sequence

IL-1B-F GACACGATGCGATTCCTATTCT
IL-1p-R CACTGGGCAGTCTTCTCGGA
HSP70-F AAACGCAACACCACCATTCC
HSP70-R CCACCGCAGACACATTCAAA

MT-F CTGTCAGTGAGAAGCTCAATCG
MT-R TCACATTGAGGAGGAGTTTATTTCA
f-actin-F CCATCTACGAGGGCTACGC
f-actin-R GATGTCACGCACGATTTCCC

Statistical Analysis

Microsoft Office Excel, SPSS 20, and GraphPad Prism
were used to conduct the statistical analysis and drawing. A
one-way analysis of variance and Duncan method multiple
comparisons was used to determine interspecies and spatial
differences (P <0.05) in the data.

Results
Tissue Section Analysis

Observing the gill tissue of the Channa argus in the control
group at each time point (Fig. 1-A). The gill filament epi-
thelial cells structure is intact; the secondary lamellae were
evenly distributed and smoothly stretched, and various cells
were not damaged or desquamated.

Compared with the control group, after 24 h of expo-
sure, the gill tissue of each treatment group had no obvious
lesions, and the structure was intact. After 48 h, some epi-
thelial cell proliferation was found in the Cd +M 0.08 group
(Fig. 1-E2); the secondary lamellae in the Cd+M 0.5 group
(Fig. 1-F2) were enlarged, and the epithelial cell prolifera-
tion was obvious. After 96 h, each treatment group suffered
different degrees of damage. In the M 0.08 group (Fig. 1-
B3), secondary lamellae were enlarged, and epithelial cells

Fig.1 Gills of Channa argus in different treatment groups. Control
group (A); M 0.08 group (B); M 0.5 group (C); cadmium group (D);
Cd+M 0.08 group (E); Cd+M 0.5 group (F). 1=24 h; 2=48 h;
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3=96 h; 4=removal 48 h. Eh, Epithelial hyperplasia; Es, Epithelial
swell; Bp, Basal proliferation; Ef, Epithelial fall; Lb, Lamellae bend-
ing
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proliferated; in the M 0.5 group (Fig. 1-C3), secondary
lamellae were bent, and epithelial cells desquamated; the
Cd group (Fig. 1-D3) was found to have epithelial cell pro-
liferation and even shedding; the secondary lamellae in the
Cd+M 0.08 group (Fig. 1-E3) were swollen more obvious,
and the proportion increased; Cd +M 0.5 group (Fig. 1-F3)
has secondary lamellae bending, and the base cell prolif-
eration is obvious. Compared to 48 h, there was a certain
degree of deterioration. After 48 h of removal, the condition
of each treatment group was improved, the proliferation of

epithelial cells was reduced, and the structure of the gill
lamellae showed signs of recovery.

Antioxidant Status

The results show that the T-AOC content was affected by
MPs and Cd (Fig. 2A). The T-AOC activity of 80 nm and
Cd groups at each time point was significantly higher than
that of the control group. When microplastics and cadmium
co-exist, 80-nm microplastics promote the influence of
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Fig.3 Relative expression of
IL-1p in the liver of juvenile
Channa argus exposed to dif-
ferent conditions. Error bars
indicate mean + standard devia-
tion (n=3). Different lowercase
letters mean no significant
differences between each group
in the time point (P <0.05)

Relative expression of IL-18

24h

cadmium on T-AOC, while 0.5-pm microplastics will be
the opposite. However, the T-AOC of the two co-exposure
groups both tended to increase over time.

The SOD activity was affected by MPs and Cd (Fig. 2B).
The SOD activity increases with the diameter of the micro-
plastics. At 24 and 48 h, the effect of the microplastics on
SOD is significantly different from that of the control group.
When microplastics and cadmium co-exist, there was an
antagonistic effect, which reduced the impact on SOD. The
SOD activity of the Cd+M 0.5 group was lower than that
of the Cd+M 0.08 group at all time points.

The CAT activity was influenced by MPs and Cd and the
interaction between the two stressors (Fig. 2C). Compared
with the control group, the treatment group was significantly
higher than the control group at almost all time points. The
effect of the M 0.5 group on CAT activity was higher than
that of the M 0.08 group. The effect of cadmium on CAT
activity is higher than that of microplastics alone. Co-expo-
sure will promote the influence of microplastics and Cd on
CAT activity. The CAT activity of the Cd+M 0.5 group and
Cd+M 0.08 group were higher than that of the microplas-
tic and Cd treatment groups alone at each time point. The
effect of each treatment group on CAT activity increased
with time.

The MDA content was affected by 80 nm MPs and Cd
(Fig. 2D). The 0.5-pm microplastic has little effect on MDA.
When the microplastics and Cd were exposed together, the
microplastics and Cd antagonize each other and reduce the
impact on MDA. There was no trend of change in MDA
content between each time point.

Real-time PCR Analysis

Relative Expression of IL-1B Gene

Under different treatment conditions and different sampling
time points, the relative expression of IL-1 gene in liver tis-

sue was shown in the figure (Fig. 3), where 24 h, 48 h, 96 h,
and D-48 h represent exposure 24 h, 48 h, 96 h, and removal
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48 h, respectively. The analysis found that the expression of
IL-1 gene in the M 0.08 group, M 0.5 group, and Cd+M
0.5 group was significantly higher than that in the C, Cd,
and Cd+M 0.08 group at 24-h exposure, while the /L-15
gene expression in the M 0.5 group. The expression of IL-
1 gene was significantly higher than that of M 0.08 group,
and the expression of IL-1f gene of Cd+M 0.5 group was
significantly higher than that of M 0.5 group. The expression
of IL-1f gene in the M 0.08 group, M 0.5 group, and Cd+M
0.5 group was significantly higher than that in the C, Cd, and
Cd+M 0.08 group at 48-h exposure and /L-1f in the Cd+ M
0.5 group. The gene expression level was significantly higher
than that of the M 0.08 group and the M 0.5 group. Although
the expression level of the M 0.5 group was higher than that
of the M 0.08 group, there was no difference. The IL-1f gene
expression in the M 0.5 group and Cd+M 0.5 group was
significantly higher than that in the C group, M 0.08 group,
Cd group, and Cd+M 0.08 group at 96-h exposure, and the
IL-1f of the Cd+M 0.5 group. The expression of IL-1f gene
was significantly higher than that of M 0.5 group; the expres-
sion of M 0.08 group was significantly higher than that of
C group and Cd+M 0.08 group, and compared with the Cd
group, although it was higher than the Cd group, there was
no difference. After being cleared for 48 h, the expression of
IL-1p gene in the M 0.08 group, M 0.5 group, and Cd+M
0.5 group was significantly higher than that in the C group,
Cd group, and Cd+ M 0.08 group, while the IL-1f in the M
0.5 group. The gene expression level was significantly higher
than that of the M 0.08 group, and the IL-1f gene expres-
sion level of the Cd+M 0.5 group was significantly higher
than that of the M 0.5 group. However, compared with the
experimental period, the expression of the IL-1§ gene in all
treatment groups had a downward trend.

Relative Expression of HSP70 Gene
The expression of HSP70 gene in liver tissue is shown in

the figure (Fig. 4). The analysis found that the expression of
HSP70 gene in all treatment groups was significantly higher
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Fig.4 Relative expression of 39
HSP70 in the liver of juvenile
Channa argus exposed to dif-
ferent conditions. Error bars
indicate mean + standard devia-
tion (n=3). Different lowercase
letters mean no significant
differences between each group
in the time point (P <0.05)
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than that of the C group at 24-h exposure, while the expres-
sion of the M 0.5 group was significantly higher than that of
other treatment groups. At 48 h of exposure, the expression
of HSP70 gene in the M 0.5 group was significantly higher
than that of the C group and Cd+ M 0.08 group, while the
expression of the M 0.08 group, Cd group, and Cd+M 0.5
group was higher than that of the C group and Cd+M 0.08
group, but there is no difference. At 96-h exposure, the
expression of HSP70 gene in the M 0.05 group, Cd group,
and Cd+M 0.5 group was significantly higher than that in
the C group and Cd+M 0.08 group. After 48 h of clear-
ance, there were differences in the expression of HSP70 gene
between each treatment group and group C, but they were
not significant.

Relative Expression of MT Gene

The expression of the MT gene in liver tissue is shown in
the figure (Fig. 5). The analysis found that the expression

Relative expression of MT

24h 48h

Time

48h 96h

D-48h
Time

of the MT gene in the Cd+ M 0.08 group was significantly
higher than that in the other treatment groups at 24-h expo-
sure; the expression of the Cd+M 0.5 group was signifi-
cantly higher than that of the C, M 0.08, and M 0.5 groups.
At 48 h of exposure, the expression of MT gene in all treat-
ment groups was significantly higher than that in group
C; the expression of MT gene in Cd group, Cd+M 0.08
group, and Cd+ M 0.5 group was significantly higher than
that of M 0.08 group and M 0.5. The expression level of
Cd+M 0.08 group was significantly higher than that of Cd
group. The expression of the MT gene in Cd group, Cd+M
0.08 group, and Cd+M 0.5 group was significantly higher
than that of C group at 96-h exposure, while the expression
of the Cd group was significantly higher than other treat-
ment groups. After 48 h of removal, the expression of MT
gene in the Cd group, Cd+M 0.08 group, and Cd+M 0.5
group was significantly higher than that in the C and M
0.08 group, but compared with the M 0.5 group, although
there was a difference, there was no difference.

d C

M 0.08
B MO05
B Cd
Bl Cd+M0.08
Bl Cd+MO0.5

96h D-48h

Fig.5 Relative expression of MT in the liver of juvenile Channa argus exposed to different conditions. Error bars indicate mean + standard
deviation (n=3). Different lowercase letters mean no significant differences between each group in the time point (P <0.05)
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Discussion

Damage to Gill Tissue Under Different Exposure
Conditions

From the histopathological results, it could be found that
both microplastics and Cd would cause different degrees
of damage to the gill tissue. At 24 h and 48 h, the M 0.08
group and M 0.5 group were the same as group C, and
there was no obvious tissue damage. At 96 h, certain tis-
sue damage can be observed, and the damage in the M
0.5 group is more serious than that in the M 0.08 group.
Speculation that the microplastics adsorbed on the gill tis-
sue increased over time; no damage was observed in the
early stages. The 0.5-pm microplastics were more difficult
to remove than 80-nm microplastics, so the damage was
more serious.

Gill tissue damage was observed in both the Cd group
and the co-exposure group at 48 h, and it became serious
over time. It showed that the impact of Cd on gill tissue
was more serious than that of microplastics. However,
microplastics have the characteristics of enriching heavy
metals in the environment. Existing studies have shown
that smaller microplastics have a larger specific surface
area and have a stronger ability to enrich heavy metals
[40]. The results of the two composite groups showed that
the damage was more severe than that of the Cd group
alone. At 48 h and 96 h, the degree of gill tissue dam-
age in the Cd+ M 0.5 group was more severe than in the
Cd+M 0.08 group. It showed that when Cd and micro-
plastics were exposed together, the impact of the larger
microplastics group was greater than that of the smaller
group. This might be because the larger microplastics are
more difficult to remove when they are adsorbed on the gill
tissue, and the accumulated Cd has a continuous impact
on the gills.

The Antioxidant Status Under Different Exposure
Conditions

Microplastics and Cd could cause oxidative damage to
the body. A series of antioxidant indicators could be used
to investigate the body’s antioxidant status. In the anti-
oxidant system, the total antioxidant capacity (T-AOC) is
composed of two parts: the enzyme system and the non-
enzyme system, which can be used as a measure of the
total antioxidant level composed of various antioxidant
substances and antioxidant enzymes. The SOD-CAT sys-
tem is usually regarded as the first line of defense towards
the production of reactive oxygen species (ROS) under
environmental stressors [41]. The superoxide radical
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can be turned into H,O, by SOD, while H,0, is metabo-
lized by CAT. MDA is a by-product of LPO; generally,
increased MDA content in tissues/organs of organisms can
be considered a sign of oxidative damage.

The results showed that 80-nm microplastics and Cd have
a greater impact on T-AOC than 0.5-pm microplastics, but
when microplastics with different diameters and Cd were
exposed together, the impact on T-AOC is different. It might
be that the presence of microplastics has a different ability
to accumulate Cd, and microplastics with larger diameters
were more difficult to remove and are likely to remain in the
body. The SOD results showed that exposure to microplas-
tics could cause oxidative stress, but the impact of 0.5 pm
was greater than that of 80-nm microplastics. The research
on red tilapia (Oreochromis niloticus) [34, 35], it was also
found that SOD activity is affected by microplastics. Our
research found that the co-exposure of microplastics and Cd
would produce antagonistic effects and reduce the activity of
SOD. In this study, the activity of CAT was affected by both
microplastics and Cd. When exposed together, microplastics
of different diameters and Cd all have a synergistic effect,
which promotes the activity of CAT. This was also proven in
studies on different fish [42-44]. The results of MDA further
explained the degree of oxidative damage in the body, but
the activity of MDA did not change significantly between
different time points.

The Expression of Related Genes Under Different
Exposure Conditions

Cytokine IL-1p is a protein that regulates signals between
various cells, causes an immune response, and plays an
important role in regulating an immune mechanism [45].
HSP70 has critical functions of intracellular transport, chap-
eroning, and tumor-specific antigen production by activating
the immune function of T cells and NK cells. In addition,
HSP70 induces the secretion of a cytokine such as ILs and
TNFs [46]. MT plays a vital role in protecting fish tissue
from toxic heavy metals [47]. The expression of related
genes in the liver shows that both 80-nm and 0.5-pm micro-
plastics will affect the immunity and antioxidant capacity of
the fish, but the 0.5-pm microplastics have a higher impact
than 80-nm microplastics. From this figure (Fig. S1), it can
be found that the effect of the M 0.08 group on the fish body
increases first and then decreases over time, while 0.5 pm
continues to increase. It may be that 80-nm microplastics are
less likely to accumulate in the body than 0.5-um microplas-
tics, so the impact will gradually decrease.

Microplastics can accumulate heavy metals in the envi-
ronment, and the expression of the MT gene also shows that
the presence of microplastics will cause more Cd to enter
the fish body. The data at 96 h shows that as the microplas-
tics are excreted, a part of Cd will also be excreted, thereby
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reducing the impact on the fish. Compared with the 0.5-pm
microplastics, 80-nm microplastics have a stronger ability
to enrich Cd (Fig. S2).

From the expression of the IL-1f gene and HSP70 gene
(Fig. S3), it is found that the effects of microplastics of dif-
ferent diameters and Cd are different in effect on the immu-
nity and antioxidant capacity of fish. The presence of Cd
will not affect the expression of the IL-1f gene, but when
there are 80-nm microplastics in the water, it will have an
antagonistic effect, thereby reducing the impact of 80-nm
microplastics on the body’s immunity; when there are 0.5-
pm microplastics in the water, it will promote the influ-
ence of 0.5-pm microplastics on the body’s immunity. The
expression of the HSP70 gene showed that 0.5-pm micro-
plastics > Cd > 80-nm microplastics. But when microplastics
and Cd exist at the same time, Cd and 80-nm microplastics
inhibit each other, and the expression of the HSP70 gene
continues to decrease over time, while Cd and 0.5-pm micro-
plastics also inhibit each other, but the expression of HSP70
gene continues over time elevated.

It is speculated that there should be an antagonistic effect
between Cd and 80-nm microplastics, and there should be
a mutual promotion effect between Cd and 0.5-pm micro-
plastics in terms of the impact on fish immunity. In terms
of the effect on the antioxidant capacity of fish, there is an
antagonistic effect between Cd and microplastics, but the
0.5-pm microplastics are not easily removed by the fish, so
the impact will continue to rise. The results of this study
also verified from the side that microplastics would enrich
the heavy metals in the environment, and the smaller the
microplastics, the stronger the enrichment ability.

Conclusion

In this study, we analyzed the effects of single and composite
microplastics and Cd on the juvenile Channa argus from the
aspects of tissue damage, antioxidant, and immune response.
The results show that the effects of different stressors are
different. Under the conditions of this study, 0.5 pm has a
greater impact on juvenile fish than 80-nm microplastics.
However, 80-nm microplastics were stronger than 0.5-pm
microplastics in the ability to enrich Cd. The co-exposure
of microplastics and Cd has both antagonistic and syner-
gistic effects. It reflects the complex interaction between
microplastics and Cd, which requires further research to
understand.
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