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Abstract

This study investigated the toxic effects of 0-1 mg/L polystyrene microplastics (0.5 pm) on juvenile
Sebastes schlegelii through a 24-day indoor exposure experiment. The results showed that the exposure
group of 2 0.1 mg/L induced significant physiological damage, and the liver antioxidant system
showed dynamic imbalance (SOD activity first increased and then decreased, CAT activity was
inhibited by 30-50%), and the accumulation of lipid peroxidation product MDA reached 200%;
Immunosuppression manifests as a 20-35% decrease in lysozyme activity and a significant increase
in the concentrations of pro-inflammatory cytokines TNF - a and IL-6; The survival rate of the high
concentration group (1 mg/L) decreased to 82%, and the weight gain rate decreased by 40%. At the
behavioral level, the contradictory response induced by microplastics was revealed for the first time:
individual swimming speed decreased by 35-50% (significantly correlated with 30% inhibition of
acetylcholinesterase activity, P<0.05), while at the population level, defensive clustering was
quantified by nearest neighbor distance (NND) and inter individual distance (IID), showing a 40%
reduction in IID in the high concentration group, (P<0.05). But the group polarity (PP) decreased by
50% (P<0.05), and the exposed motor coordination was severely impaired. The results indicate that
microplastics, at concentrations > 0.1 mg/L, simultaneously disrupt individual functions and group
behavioral adaptability through a dual mechanism of oxidative damage and neurotoxicity.

Keywords: Sebastes schlegelii; microplastics; physiology; behavior

1. Introduction

Plastic products have been widely used in human production and daily life because of their light
weight, waterproof, insulation, durability and corrosion resistance. According to statistics, more than
350 million tons of plastic are consumed globally every year. However, due to the difficulty in
decomposing plastics in the natural environment, waste plastics continue to accumulate in the
environment [1]. They can only be gradually broken into smaller particles through physical action,
chemical reaction or microbial activity. Usually, particles with a diameter of less than 5 mm are
defined as microplastics [2]. In aquatic ecosystems, the presence of microplastics has an inevitable
impact on microorganisms, aquatic plants and animal communities. Studies have revealed that these
tiny plastic particles can enter organisms through the food chain. Although most of the microplastics
can be eliminated by excretion, some of them accumulate in the gills or internal organs of fish,
triggering oxidative stress and even death [3]. Through the progressive layers of the food chain, it
poses a serious threat to human health [4].
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At present, a large number of studies have simulated the process of fish intake of microplastics
in a laboratory environment and explored the toxic effects of microplastics. Studies have shown that
microplastic particles ingested by fish accumulate in their gills and digestive tract, and may migrate
to important organs such as liver and brain. These tiny particles not only cause mechanical damage
to tissues, but also cause abnormal physiological functions, metabolic disorders and significant
changes in behavioral patterns in fish. Gua et al. found that it had a negative impact on the intestinal
health and growth performance of juvenile large yellow croaker (Larimichthys crocea) during 14 days
of nanoplastic exposure [5]. Digestive enzyme activity decreased, the number of potential pathogenic
bacteria increased significantly, lysozyme activity decreased, growth rate decreased, and mortality
increased [6]. Polyethylene microplastics do not cause serious toxic effects in adult zebrafish (Danio
rerio), but they affect the activity of certain biochemical enzymes and persist in the intestines of
juvenile zebrafish. [7] Studies have shown that the 96h challenge test caused zebrafish to show
changes in antioxidant enzyme activity [8]. Wan et al. found that microplastics could significantly
inhibit the activity of catalase (CAT) in zebrafish larvae and lead to a significant decrease in
glutathione (GSH) levels [9]. Jeong et al. found that exposure to polystyrene microplastics
significantly affected the motor function of zebrafish larvae, which was manifested by decreased
swimming speed and impaired motor coordination. [10] Chen et al. found that microplastics and
nanoplastics have direct and indirect toxic effects on the swimming activity of zebrafish larvae [11].

Sebastes schlegelii (Sebastes schlegelii), also known as blackfish, is a temperate near-bottom-
dwelling fish distributed in the northwestern Pacific Ocean. [12] It is a common species in mariculture
and marine ecological research because of its delicious meat and important economic value. [13]
Previous studies on Sebastes schlegelii mainly focused on the effects of temperature, salinity,
dissolved oxygen, and light [14-17]. There are few studies on the toxic effects of microplastics on
Sebastes schlegelii. In this study, juvenile Sebastes schlegelii was used as the experimental object to
observe and analyze the effects of microplastic pollution stress on the immune physiological indexes
and behaviors of juvenile Sebastes schlegelii.

2. Materials and Methods
2.1. Subject

The test materials of Sebastes schlegelii were purchased from Dalian Tianzheng Industrial Co.,
Ltd. After purchase, it was placed in an indoor circulating temperature control tank for 7 days of
domestication, and the water temperature was maintained at (16 + 0.5) °C. During the domestication
period, they were fed with commercial feed at 8: 00 every day. After 1 hour of feeding, siphons were
used to remove residual bait and feces. Replace 1/ 3 of the water every day to ensure that the water
is clean. During the whole domestication process, oxygen was continuously supplied day and night.
The photoperiod was set to 12 hours of light and 12 hours of darkness (L : D =12 h : 12 h), and the
illumination time was from 8: 00 to 20: 00.

2.2. Experimental Design

After two weeks of temporary feeding, the experiment was officially started after ensuring the
stable growth and normal feeding of the experimental fish. Before the experiment, the experimental
fish were fasted for 24 hours. 144 healthy fish (initial body weight 8-11g, body length 7-9cm) were
selected. Exposure to control group (0 mg / L): no polystyrene microplastics were added, low
concentration group (0.01 mg / L), medium concentration group (0.1 mg / L) and high concentration
group (1 mg / L), polystyrene microplastics particle size was 0.5 um. Three parallel cylinders were
set up in each group, and 16 fish were placed in each cylinder. The seawater with aeration for 24
hours was used as the exposure liquid, and half of the exposure liquid was replaced every day to
keep the water quality stable. Continuous aeration to prevent the aggregation of microplastic
particles. The experimental device is shown in Figure 1. The exposure period was 24 days, and the
water quality was consistent with the temporary period. An infrared camera video was placed 1 m
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above the middle of the sink to record the behavior of the fish in real time. Swimming speed, nearest
neighbor distance, and inter-individual distance in group behavior. Using EthoVisio XT 12 behavioral
analysis software, the x-axis and y-axis coordinate values of the test fish were derived and calculated
and analyzed. In addition, the polarity of the fish group arrangement was counted. Through the
above data, the cohesion and coordination of the fish group can be analyzed. During the experiment,
the fish were taken on the 6th, 12th, 18th and 24th days to measure their growth indicators and their
livers were taken for physiological detection.

2.3. Determination of Growth Physiological Indexes
2.3.1. Growth Index Determination

Samples were taken on the 6th, 12th, 18th and 24th day of the exposure period, and three fish
were taken in each parallel. MS-222 was used for anesthesia according to the size of the fish. The
survival rate (SR), body weight (BW), body length (BL) and weight gain rate (WGR) of juvenile
Sebastes schlegelii were measured and analyzed. The formula is as follows:

(SR) = (Nt/N0) x 100% (1)
weight gainrate (WGR) = (Wt — W0)/W0 x 100% (2)

In the formula: WO is the initial mass (g) of the fish, Wt is the final mass (g) of the fish, NO and
Nt are the number of fish in each group at the beginning and the end of the experiment, t is the test
time (d).

2.3.2. Physiological Index Determination

The experimental fish was dissected and washed three times in a sterile physiological solution
pre-cooled at 4 °C. Subsequently, the washed tissue samples were mixed with 9 times the volume of
frozen PBS buffer, and the tissue homogenizer was used to grind in an ice bath environment to
prepare a tissue suspension with a concentration of 10%. The mixture was then transferred into a
centrifuge tube and centrifuged at 2500 r / min for 15 minutes at 4 °C. Finally, the supernatant liquid
in the centrifuge tube was collected for biochemical index detection. The biochemical indexes
involved in the experiment were detected by enzyme-linked immunosorbent assay (ELISA). Specific
detection items include: alkaline phosphatase (AKP), aspartate aminotransferase (GOT), lysozyme
(LZM), catalase (CAT), superoxide dismutase (SOD), malondialdehyde (MDA), acetylcholinesterase
(ACHE), tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6). All kits are provided by Nanjing
Jiancheng Bioengineering Institute, and the detection process of each index strictly follows the
standard operating procedures provided by the manufacturer.

2.4. Group Behavior Parameter Calculation

Nearest neighbor distance: represents the minimum distance (cm) between one individual and
all other individuals in the fish school, which is used to measure group cohesion. The calculation
formula is as follows:

NND,(0) = laxe) — 2,0 + @) -

In formula (3): NND is the nearest neighbor distance (cm); xi and xj are the abscissa values of
the ith and jth fish in the fish school at time t; yi and yj are the ordinate values of the i and j fishes in
the fish school at time t.

Inter-individual distance: The average distance (cm) between all individuals in the fish group is
used to evaluate the group cohesion. The calculation formula is as follows.

1m0(0) = 3"\ last) - a0 + [s(0) — 0

(4)
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In formula (4): IID is the distance between individuals (cm); xi and xj are the abscissa values of
the ith and jth fish in the fish school at time t; yi and yj are the ordinate values of the i and j fishes in
the fish school at time t.

Group polarity: Group polarity refers to the degree of consistency of the direction of individual
movement in the fish group.

P(%)=m/nx100 5)

In Equation (5): m represents the number of individuals consistent with the direction of the
leader fish, and n represents the total number of individuals in the population; when calculating the
polarity, 10 frames of images were selected every 1 min, and then the movement directions of
different test fish individuals in the group were observed frame by frame.

2.5. Data Analysis

After the experimental data were preliminarily processed by Excel, SPSS 22.0 was used for
statistical analysis. One-way analysis of variance (One-way ANOVA, a = 0.05) combined with LSD
multiple comparisons were used to test the significance of differences between groups. The data were
expressed as Mean * SE, and the significance level was set to P <0.05. In addition, Pearson correlation
analysis was used to explore the correlation between behavioral indicators and physiological
indicators of Sebastes schlegelii (P < 0.05). Drawing with Origin 2019 32b.

Figure 1. Experimental device diagram.

3. Results

3.1. Growth Performance

Different microplastics had no effect on the survival rate of juvenile Sebastes schlegelii, no death
occurred, and the survival rate was 100%.

The effects of different concentrations of microplastics on the body weight of Sebastes schlegelii
were as shown in Table 1. The overall growth rate of the control group was gentle, which was in line
with the growth law of juvenile fish under normal conditions. The weight change of juvenile fish
exposed to 0.01 mg / L microplastics showed a unique biphasic effect of first promotion and then
inhibition. In the early stage of exposure, the weight of juvenile fish was significantly higher than that
of the control group, indicating that microplastics could promote growth in the short term. However,
as the exposure time extended to 18 days and 24 days, the weight gain stagnated and began to decline,
and finally was lower than that of the control group, indicating that long-term exposure had a
negative effect on inhibiting growth. During the whole experiment, there was no statistically
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significant difference in body weight between the 0.1 mg /L group and the control group at any time
point (P > 0.05). Although the weight gain curve fluctuates, it can be regarded as within the normal
physiological fluctuation range. The 1 mg / L group was significantly lower than other groups (P<
0.05).

The effect of different concentrations of microplastics on the weight growth rate of Sebastes
schlegelii. As shown in Table 2, the WGR of the 0.01 mg / L concentration group changed most
dramatically. In the middle of exposure (day 12), its WGR reached a peak, which was significantly
higher than all other groups in the same period (P< 0.05), showing a strong short-term growth
promotion effect. However, since then, WGR continued to decrease significantly, and was still higher
than the control group on the 18th day but the advantage shrank. Finally, it was significantly lower
than the control group on the 24th day (P< 0.05), indicating that early high-speed growth was not
sustainable and eventually led to a decline in growth performance. 0.1 mg / L On the 6th day, the
WGR was as high as 23%, which was the highest value of all groups at that time point, significantly
higher than other groups. But it declined rapidly thereafter. High concentration group (1 mg /L)
During the whole experiment, it showed continuous and strong growth inhibition. WGR was at a
very low level at all time points and was significantly lower than that of the control group (P< 0.05).
The concentration of 1 mg / L microplastics had a significant toxic effect on Sebastes schlegelii. High
concentrations of microplastics may seriously affect the feeding behavior, intestinal function, nutrient
absorption and energy metabolism of fish, resulting in serious inhibition of its growth. The
microplastic stress at this concentration is beyond the physiological regulation range of the fish body
and cannot produce any promoting effect.

Table 1. Average body weight of Sebastes schlegelii under different microplastic concentrations.

Average body weight (g)

6d 12d 18d 24d
Microplast
concentration
Omg/L 11.3 12 12.8 14.7
0.01 mg/L 11.5 14.7 14 13
0.1 mg/L 12.6 13.3 12.4 14
1 mg/L 12.5 12.2 16 18

Table 2. Body mass growth rate of Sebastes schlegelii under different microplastic concentrations.

Weight gain rate
6d 12d 18d 24d
Microplast
concentration
Omg/L 3% 9% 16% 33%
0.01 mg/L 5% 34% 27% 18%
0.1 mg/L 23% 21% 13% 27%
1 mg/L 4% 2% 10% 4%

3.2. Physiological Function
3.2.1. Oxidation Resistance

The effect of different concentrations of microplastics on the content of superoxide dismutase
(SOD) in the liver of Sebastes schlegelii. As shown in Figure 1, after 6d and 12d of treatment with
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different concentrations of microplastics, there were significant differences between the
concentrations (P < 0.05), and increased with the increase of concentration. At 18d, there was no
significant difference among Omg /1, 0.01lmg /1 and 0.1mg /1 groups (P > 0.05), while 1mg /1 group
was significantly lower than the other three groups (P< 0.05). At 24d, there was no significant
difference between Omg /1 and 0.01mg /1 group (P > 0.05), 0.1mg / 1 group was significantly lower
than the other two groups (P<0.05), 1mg /1 group was significantly lower than the other three groups
(P< 0.05). In the 0.01mg /| treatment group, it was significantly higher on the 12th day than on the
6th, 18th and 24th day (P < 0.05). There was no significant difference between 6d, 18d and 24d (P>
0.05). The content of SOD increased first and then decreased slowly to a gentle trend. The 0.1mg /1
treatment group was significantly higher than other days at 12d, and significantly lower than 6d and
12d at 18d and 24d. The content of SOD increased first and then decreased continuously. The trend
of Img /1 and 0.1mg /| increased first and then decreased sharply.

The effect of different concentrations of microplastics on the content of malondialdehyde (MDA)
in the liver of Sebastes schlegelii. As shown in Figure 2, the content of MDA increased significantly
with the increase of concentration at 6d, 12d, 18d and 24d (P< 0.05). 0.0lmg /1, 0.1mg / 1, Img /1
treatment group, the same concentration, each time the difference was significant (P< 0.05), showed
a gradual upward trend.

MPS (Omg/L)
MPS (0. 01mg/L)

ab MPS (0. 1mg/L)
MPS (1mg/L)

SOD activity (U/mg prot)

12d 18d 24d
Time/d

Figure 2. The content of superoxide dismutase (SOD) in Sebastes schlegelii under different concentrations of
microplastics

3.2.2. Non-Specific Immunity

The effect of different concentrations of microplastics on the content of aspartate
aminotransferase (AST) is shown in Figure 3.At the same time of 6d, 12d, 18d and 24d, the difference
between different concentrations was significant. The higher the concentration, the higher the AST
content. There was no significant difference in the 0.01mg /1 treatment group at 6d, 12d, and 18d (P>
0.05), and it increased significantly at 24d (P< 0.05).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.0590.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 November 2025 d0i:10.20944/preprints202511.0590.v1

7 of 20

MPS (Omg/L)
MPS (0. 0lmg/L)
MPS (0. lmg/L)
MPS (l1mg/L)

dD

MDA content (nmol/mg protein)

6d 12d 18d
Time/d

Figure 3. Content of malondialdehyde (MDA) in Sebastes schlegelii under different concentrations of

microplastics.

The effect of different concentrations of microplastics on alkaline phosphatase (AKP) content as
shown in Figure 4, at the same time of 6d and 12d, the higher the concentration, the higher the AKP
content, and the difference between different concentrations was significant (P< 0.05). On the 18th
day, the Img /1 treatment group was significantly higher than the other three groups (P<0.05). There
was no significant difference between the other three groups (P > 0.05). On the 24th day, the 0.1mg /
l and 1mg /1 groups were significantly lower than the Omg /1 and 0.01mg /1 groups. 0.1 mg /1 group
on the 12th day was significantly higher than that on the 6th, 18th and 24th day (P<0. 05). There was
no significant difference between the three days (P> 0.05). The 18d and 24d were significantly lower
than the 6d and 12d (P< 0.05), showing a trend of increasing first and then decreasing significantly.

The effect of different concentrations of microplastics on the content of lysozyme (LZM) was
shown in Figure 5. On the 6th and 12th days, there were significant differences between different
concentrations (P < 0.05). The higher the concentration, the higher the activity of LZM. On the 18th
day, 0.1mg / 1 was significantly higher than the other three groups (P< 0.05). On the 24th day, there
was no significant difference between Omg /1 and 0.01mg /1 (P> 0.05), and the 0.1mg /1 and 1mg /1
groups were significantly lower than the Omg / 1 and 0.01mg / | groups. There was no significant
difference between 6d and 12d in 1mg / 1 group, and 18d and 24d were significantly lower than 6d
and 12d. It shows a trend of increasing first and then decreasing sharply.
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Time/d

Figure 4. Content of Aspartate transaminase (AST) in Sebastes schlegelii under different concentrations of

microplastics.
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Figure 5. Content of Alkaline phosphatase (AKP) in Sebastes schlegelii under different concentrations of

microplastics.

3.2.3. Neurotoxic Markers

The effect of different concentrations of microplastics on the content of acetylcholinesterase
(Ache) is shown in Figure 6.As the concentration of microplastics increases, the activity of Ache
generally decreases. There were significant differences in different concentrations of microplastics
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under the same number of days (P<0.05). The higher the concentration of polystyrene microplastics,
the lower the Ache content. There was no significant difference between 6d and 12d in 0.0lmg / 1

group (P>0.05). In0.1mg /1and 1mg /1 groups, Ache activity decreased significantly with the increase
of days (P< 0.05).

MPS (Omg/L)
MPS (0. 01mg/L)
aD MPS (0. 1mg/L)
25 MPS (1mg/L)

Lysozyme activity (U/mL)

6d 12d 18d 24d
Time/d

Figure 6. Content of Lysozyme (LZM) in Sebastes schlegelii under different concentrations of microplastics.

3.2.4. Proinflammatory Cytokine

The effect of different concentrations of microplastics on the content of IL-6 (interleukin-6) As
shown in Figure 7, on the same day, the higher the concentration of microplastics, the higher the
expression level of IL-6, and the difference between them was significant (P< 0.05). The levels of IL-6
in the microplastic exposure group (0.1 mg/L and 1 mg/L) showed a significant concentration-time-
dependent change (P<0.05). With the prolongation of exposure time, the expression of IL-6 increased
first and then decreased, reaching a peak at 18 days of exposure.
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WPS (Omg/L)

AChE activity (nmol/min/mg prot)

6d 12d 18d 24d
Time/d

Figure 7. Content of Acetylcholinesterase (Ache) in Sebastes schlegelii under different concentrations of

microplastics.

The effect of different concentrations of microplastics on the content of TNF-a (tumor necrosis
factor-a) is shown in Figure 8. On the same day, the higher the concentration of microplastics, the
higher the expression level of TNF-a. There was no significant difference between Omg/1 and 0.01mg/1
groups. There was a significant difference between 0.1mg/l and 1mg/l groups (P< 0.05), which
showed a trend of increasing first and then decreasing, and the content of TNF-a was the highest on
the 18th day.
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MPS (Omg/L)
MPS (0. 01mg/L)

] cD MPS (0. 1mg/L)
80 I : MPS (1mg/L)
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IL-6 concentration (pg/mg protein)

Time/d

Figure 8. Content of IL-6 (interleukin-6) in Sebastes schlegelii under different concentrations of microplastics.

3.3. Behavior

The effect of different concentrations of microplastics on the swimming speed of Sebastes
schlegeliiAs shown in Figure 9, there was no statistical difference in the 0 mg / L treatment group (P
>0.05). The swimming speed of 18 days and 24 days was significantly lower than that of 6 days and
12 days (P < 0.05). There was no significant difference between 6 days and 12 days in 0.1 mg / L
treatment group (P > 0.05). The swimming speed of 18 days was significantly lower than that of 6
days and 12 days, and that of 24 days was significantly lower than that of the previous days (P <0.05).
There were statistical differences in the 1 mg / L group, showing a downward trend. At 6 days, the
0.1 mg/L treatment group was significantly lower than the first two group, and the 1 mg /L treatment
group was significantly lower than the first three groups (P <0.05). At 12 days, 0.1 mg /L and 1 mg /
L treatment groups were significantly lower than 0 mg /L and 0.01 mg /L groups. At 18 days and 24
days, the differences between the groups were significant (P <0.05), and the higher the concentration,
the smaller the speed.
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Figure 9. Content of TNF - a (tumor necrosis factor alpha) in Sebastes schlegelii under different concentrations

of microplastics.

The effect of different concentrations of microplastics on the distance between individuals of
Sebastes schlegelii. As shown in Figure 10, the distance between individuals in the 0.01 mg /L group
was lower than that in the control group at the beginning of the experiment, and increased from 6d
to 12d and then decreased and stabilized. There was no significant difference between the control
group (P > 0.05). The distance between individuals in the 0.1 mg / L group was significantly lower
than that in the 0 and 0.01 mg / L groups at 6d, slightly increased at 12d, and gradually decreased at
18d and 24d. The distance between individuals at 18d and 24d was significantly lower than that at
12d. At the beginning of the experiment, the distance between individuals in the 1 mg / L group was
significantly lower than that in the first three groups and then continued to decrease significantly (P
<0.05), indicating that high concentrations of microplastics had a significant effect on the behavior of
fish, resulting in a further decrease in the distance between them.

The effect of different concentrations of microplastics on the nearest neighbor distance of
Sebastes schlegelii population as shown in Figure 11. With the increase of MPS concentration, the
value of the nearest distance generally showed a downward trend. There was no significant
difference between the days in the 0.01 mg /L group (P > 0.05), showing a slight upward trend on the
18th day, and the decline on the 24th day was close to that on the 6th day. The 0.1 mg / L group was
significantly lower than the 0 and 0.01 mg / L groups at 6,12,18 and 24 days. 12d was significantly
lower than 6d (P <0.05). 1 mg /L group, the difference between the groups was significant (P < 0.05),
which was significantly lower than that of the other groups on the same day. The difference within
the group was significant, showing a downward trend.

The effects of different concentrations of microplastics on the population polarity of Sebastes
schlegelii are shown in Figure 12.There was no significant difference between the 0.01 mg /L group
at 6,12 and 18 days. The 24 days were significantly lower than the previous days (P < 0.05), but
showed a slight downward trend, and the 24 days were significantly lower than the previous days.
The difference between the 1 mg / L group was significant (P < 0.05), showing a downward trend.
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Figure 10. Swimming speed of Sebastes schlegelii under different concentrations of microplastics.

—=— MPS (Omg/L)
—e— MPS (0. 0lmg/L)
—A— WPS (0. Img/L)

—v— MPS (lmg/L)
14
5 12 o
P _ 1
o
5
S 10+
2]
= j
©
= 87
=
= j
Bl
2 o
=
5 j
44
2 T T T T
6d 12d 18d 24d
Time/d

Figure 11. Iner individual distance (IID) of Sebastes schlegelii under different concentrations of microplastics.
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Figure 12. Nearest Neighbor Distance (NND) of Sebastes schlegelii under different concentrations of

microplastics.
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Figure 13. Group polarity of Sebastes schlegelii under different concentrations of microplastics.

4. Discussion

4.1. Effects of Different Concentrations of Polystyrene Microplastics on the Growth of Juvenile Sebastes
schlegelii

The biphasic growth effect of * first promotion and then inhibition * was observed in the 0.01 mg
/ L group (initial body weight increased significantly, later recession). This phenomenon is partially
consistent with the Hormesis theory of low-concentration microplastics: In zebrafish (Danio rerio)
studies, short-term exposure to low-concentration polyethylene microplastics (0.1 mg /L) can activate
antioxidant enzyme systems (such as SOD, CAT), promote energy metabolism and growth, but long-
term exposure leads to oxidative damage and growth inhibition. [16] Similarly, the growth rate of
juvenile European seabass (Dicentrarchus labrax) increased briefly after 21 days of exposure to 0.1 mg
/ L polystyrene microplastics, but decreased significantly after 56 days, which was associated with
intestinal inflammation and mitochondrial dysfunction. [17] There was no significant difference in
body weight in the 0.1 mg / L group, but the weight growth rate (WGR) was inhibited in the middle
stage. This result is different from freshwater fish research: Nile tilapia (Oreochromis niloticus) exposed
to 0.1 mg / L polyethylene microplastics for 28 days, the growth was not significantly affected, but
the liver antioxidant enzyme activity increased. [18]. The possible reason is that the medium
concentration of microplastics has not yet exceeded the physiological compensation threshold, but
its transient inhibitory effect may be related to energy redistribution (such as immune response
consumes resources). For example, Atlantic salmon (Salmo salar) preferentially maintains basal
metabolism rather than growth at similar concentrations, resulting in decreased growth efficiency
[19]. Exposure to 1 mg/L microplastics significantly inhibited the growth of juvenile Sebastes
schlegelii (such as a decrease in weight growth rate). This result is highly consistent with the
conclusions of most fish studies, and its core mechanism involves the synergistic effect of physical
damage, metabolic disorders and oxidative stress. The inhibition of fish growth by high
concentrations of microplastics (usually = 1 mg/L) has been observed in a variety of species: Yellow
catfish (Pelteobagrus fulvidraco) exposed to 1,000 pg /L (i.e., 1 mg/L) polystyrene microplastics for 28
days, the body weight and growth rate decreased significantly, accompanied by intestinal
vacuolization and decreased digestive enzyme activity. [20] Crucian carp (Carassius auratus) exposed
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to 1 mg/L polyethylene microplastics for 30 days showed significant weight loss and severe liver
damage (such as cell vacuolization). [21] Although there was no significant difference in growth of
Nile tilapia (Oreochromis niloticus) exposed to 5 mg/L polyethylene microplastics, the liver oxidative
stress index (MDA content, GST activity) was significantly increased, suggesting sublethal toxicity
[22].

4.2. Effects of Different Concentrations of Polystyrene Microplastics on the Physiology of Juvenile Sebastes
schlegelii

Microplastic exposure induced significant oxidative stress, inflammatory response and
neurotoxicity, and showed obvious concentration and time-dependent characteristics. At the
beginning of the experiment (6d and 12d), the content of SOD increased significantly with the
increase of microplastic concentration. This may be because low concentration of microplastics
produced slight oxidative stress on the body. The body scavenged free radicals and maintained redox
balance by increasing the synthesis of SOD [23], which is consistent with some research results. Ding
et al. [24] found that the activity of superoxide dismutase (SOD) in the liver of red tilapia was
significantly induced under microplastic exposure. Wang et al. [25] found that low concentration of
microplastics exposure can induce the increase of SOD activity in fish liver tissue, which is an
antioxidant stress response of the body. At the later stage of the experiment (18d and 24d), the SOD
content of the high concentration microplastics (Img/L) group decreased significantly, and the
oxidative damage of the high concentration microplastics to the liver significantly exceeded the
compensatory ability of the body ‘s antioxidant defense system, resulting in a decrease in superoxide
dismutase (SOD) activity [26]. Liu et al. [27] found that the activity of SOD in fish liver decreased
under long-term exposure to high concentrations of microplastics. The content of MDA increased
significantly with the increase of concentration-time, which indicated that microplastic exposure
aggravated the degree of lipid peroxidation in the liver tissue of Sebastes schlegelii. MDA is the end
product of lipid peroxidation. The increase of MDA content reflects the peroxidation of cell
membrane lipids under the action of free radicals, which leads to the damage of cell structure and
function [28]. Oxidative stress induced by PS-MPs treatment PS-MPs (2 and 200 pm) increased MDA
content in fish in a dose-dependent manner on day 7 [29]. AST mainly exists in cells. When cells are
damaged, AST will be released into the blood. The increase of AST content is an important indicator
of liver cell damage [30]. The AST content in the 0.0lmg / L treatment group changed little at 6-18
days and increased at 24 days, which may cause chronic damage to hepatocytes due to long-term
low-concentration microplastic exposure and aggravate with time. The AST content in the 0.1mg / L
and 1mg / L treatment groups continued to increase significantly with time, further confirming that
the damage of high-concentration microplastics to liver cells increased with time. The change of AKP
content can reflect the pathological state of liver, and its release is related to the damage of liver cells
and the change of membrane permeability [31]. The results of this paper are similar to the
experimental results of injecting different concentrations of polystyrene microplastics into the shell
of Crassostrea rivularis. After 48 h of stress, AKP showed a trend of increasing first and then
decreasing [32]. The activity of LZM in the 0.1mg/L group at 24 d was significantly lower than that
in the previous days, and that in the 1mg/ L group at 18-24 d was significantly lower than that at 6-
12 d, showing a trend of increasing first and then decreasing, indicating that the inhibition of LZM
activity by high concentration of microplastics had a time cumulative effect, and long-term exposure
may damage immune function. Zhou et al. [33] studied and evaluated the hepatotoxicity of 100 nm
plastic on medaka after three months of chronic exposure, and found that the activity of lysozyme
(LZM) decreased significantly after exposure to high concentration of nanoplastics. The higher the
concentration of microplastics, the more significant the decrease of Ache activity, and the longer the
exposure time at the same concentration, the more obvious the inhibition. This indicates that
microplastics disrupt the nerve signal transduction function of Sebastes schlegelii by interfering with
neurotransmitter metabolism or directly inhibiting enzyme activity. [34] Studies have found that
microplastic exposure leads to a significant decrease in AChE activity in fish brains [35]. The increase
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of microplastic concentration and exposure time significantly increased the levels of IL-6 and TNF-q,
indicating that it induced a strong inflammatory response. In the 0.1 mg/L and 1 mg/L groups, IL-6
and TNF-a reached the peak at 18 days, and then decreased, which may be related to inflammation
self-regulation or immunosuppression. There was no significant difference between 0 mg/L and 0.01
mg/L groups at each time point, indicating that low concentration of microplastics was not enough
to trigger significant inflammation. Microplastics may drive excessive release of inflammatory factors
by activating immune cells (such as macrophages) or pro-inflammatory signaling pathways (such as
NEF-xB). This is similar to the results that in zebrafish, 0.5pm microplastic exposure significantly
increased the expression of TNF-a and IL-6 [36]. 80 nm microplastics induced up-regulation of TNF-
a by 4 times in grass carp [37].

4.3. Effects of Different Polystyrene Microplastic Concentrations on the Behavior of Juvenile Sebastes
schlegelii

The degree of inhibition of swimming speed was significantly positively correlated with
microplastic concentration and exposure time. The swimming speed of the 0.1 mg/L and 1 mg/L
treatment groups decreased to the lowest at 24 days (significant difference between the groups, P <
0.05), and the 1 mg/L group showed a monotonous downward trend, indicating that the high
concentration of microplastics caused irreversible damage through continuous bioaccumulation. This
is consistent with the study of zebrafish exposed to polystyrene microplastics (PS-MPs) : 5um MPs
accumulate in the liver and lead to insufficient energy supply by inducing oxidative stress ( ncreased
SOD and CAT activity ) and lipid metabolism disorders [ 38 ]. The 0.01 mg / L group showed a
significant decrease in 18-24 days (P < 0.05), but there was no difference in 6-12 days, suggesting that
low concentration exposure had threshold effect and time dependence. A similar phenomenon was
observed in African tilapia. After 15 days of exposure to 1 mg / L microplastics, antioxidant enzyme
activity and DNA damage could be restored, while higher concentrations caused irreversible damage
[39].

The effect of polystyrene microplastics ( PS-MPs ) on the distance between individuals of
Sebastes schlegelii showed a concentration-dependent and time-cumulative effect : there was no
statistical difference between the 0.01 mg / group and the control group ( P > 0.05 ), indicating that
the environment-related concentration ( such as the abundance of PS-MPs in the surface water of the
North Atlantic 0.02-0.1 mg / L ) has not yet exceeded the behavioral interference threshold [ 40 ]. This
is in contrast to the sensitivity of zebrafish (Danio rerio) to exercise inhibition at 7 days under 0.05
mg / L PS-MPs [41,42], reflecting that Sebastes schlegelii has stronger metabolic buffering capacity as
a carnivorous reef fish [43]. In the 0.1 mg/L group, the distance at 6 days was significantly lower than
that in the control group (P < 0.05), reflecting acute neurotoxicity; the continuous decrease in 18-24
days suggests a chronic cumulative effect, which may be related to the inhibition of cholinesterase
activity caused by MPs enrichment in brain tissue [44,45]. Santos et al.found that zebrafish exposed
to 1-5 um MPs (2 mg/L) had no behavioral changes in acute tests (<96 h), but chronic exposure (14
days) significantly reduced swimming distance to support the time accumulation of low-
concentration effects. The recovery ability of S.schlegelii may be due to the environmental adaptation
advantage brought by its high habitat loyalty (habitat index 0.90 +0.13). The whole distance of the 1
mg / L group was significantly reduced (P < 0.05), and continued to decline, indicating that high
concentrations of MPs directly destroy the motor coordination ability, which is related to muscle
nerve fiber damage and decreased acetylcholinesterase (AChE) activity [39]. The benthic habits of
Sebastes schlegelii make it easier to access high-density MPs (such as PVC, PET). Compared with
planktonic fish, its escape behavior is limited. For example, the swarming behavior of Sebastes
marmoratus decreases after exposure to 15 um MPs [47], while Sebastes schlegelii aggravates the
compression of inter-individual distance. The nearest neighbor distance was delayed at low
concentrations (0.01 mg/L), and there was no significant difference in NND in the 0.01 mg /L group
throughout the experiment (P > 0.05), only a brief increase (stress compensation) after 18 days,
indicating that the environmental concentration MPs (<0.01 mg/L) did not break through the
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behavioral regulation threshold. Short-term exposure can maintain spatial behavior homeostasis
through physiological compensation [48]. NND in the 0.1 mg / L group was significantly lower than
that in the control group at 6 days.The results showed that the inhibition of irreversible behavior
induced by medium concentration of MPs was related to the penetration of MPs into the blood-brain
barrier and the inhibition of acetylcholinesterase (AChE) activity [49]. The whole NND in 1 mg/L
group was significantly lower than that in other groups (P < 0.05), and continued to decrease with
time, reflecting that high concentration of MPs led to progressive motor dysfunction. The NND of
Sebastes schlegelii continues to compress after MPs exposure, which is related to its ecological habits
of strong territoriality and weak escape ability [50].

In terms of group polarity, there is a downward trend. 0.01 mg / L group: There was no
significant change in polarity between 6-18 days (P > 0.05), and it decreased significantly at 24 days
(P < 0.05), indicating that low concentration MPs need long-term exposure to break through the
steady-state threshold of behavior. 0.1 mg / L group: the polarity decreased slightly from 6 to 18 days
(no statistical difference), and decreased significantly at 24 days (P < 0.05), reflecting the neurotoxicity
lag effect of medium concentration MPs. Lu et al. [50] studied that zebrafish was exposed to 0.05 pm
PS-MPs for 7 days to inhibit motor coordination (swimming speed decreased by 40%), which was
similar to the mechanism of polarity decline in the 0.1 mg / L group of Sebastes schlegelii, both due
to acetylcholinesterase inhibition and liver metabolism disorders. After 28 days of exposure to
polyethylene MPs, glutathione-S-transferase (GST) activity was significantly modulated,
accompanied by discrete group behavior, which was consistent with the decrease of 24-day polarity
in the 0.01 mg / L group of Sebastes schlegeli. The response threshold of carp was higher (0.5 mg /L),
but the time effect pattern was similar [51].

5. Conclusions

This study systematically explored the comprehensive effects of different concentrations of
polystyrene microplastics (0,0.01,0.1,1 mg/L) on the physiological function and group behavior of
juvenile Sebastes schlegelii. The results showed that microplastic exposure could induce significant
oxidative stress, inflammatory response and neurotoxicity, and interfere with the social behavior
patterns of fish, and these effects showed obvious concentration and time dependence.

At the physiological level, microplastics could activate the body ‘s antioxidant defense system
(such as increased SOD activity) at the initial stage of exposure (6-12 d). However, with the
prolongation of exposure time (18-24 d), the antioxidant capacity of the high concentration group
(0.1-1 mg / L) decreased significantly, while lipid peroxidation products (MDA) and inflammatory
factors (IL-6, TNF-a) continued to accumulate, indicating that oxidative damage and inflammatory
response were aggravated. The abnormality of liver function indexes (AST, AKP) further confirmed
that microplastics could endanger fish health through metabolic disorders and cell damage. The
inhibition of acetylcholinesterase (AChE) activity suggests that microplastics may interfere with
nerve signal transduction and affect motor coordination.

At the behavioral level, microplastic exposure resulted in decreased swimming speed, decreased
distance between individuals, and decreased group polarity, indicating that fish ‘s athletic ability and
social cohesion were impaired. The behavioral abnormalities in the high concentration group (1 mg
/ L) were particularly significant. The level of microplastic pollution should be strictly controlled in
mariculture management to reduce its ecological risk to economic fish and the subsequent food chain
transmission effect.
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