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Mexel®432 is a surfactant-like substance that is a biosuppressant against marine fouling
organisms. Therefore, to study the toxic effect of Mexel®432 on marine organisms, the
wrinkled abalone and echinococcus was exposed to concentrations of 0.175 mg-L™1, 0.350
mg-L1,0.700 mg-L '}, 0.275 mg-LL, 0.550 mg-L 1, 1.100 mg-L-! Mexel®432 solution, and
single-cell gel electrophoresis (comet experiment) was used to detect different exposure
times (0, 10, 20 d) DNA damage effect of digestive gland cells and echinococcus pallidae
intestinal cells in wrinkled disc abalone, and tail DNA content, tail length, tail distance,
and Olive tail distance were used as evaluation indexes. The results showed that different

concentrations of Mexel®432 could cause DNA disintegration and tailing in digestive
gland cells and intestinal cells in a short period of time (10 d), and with the increase of
Mexel®432 concentration and the extension of exposure time, DNA deformation was
obvious, the fragmentation increased, and the degree of damage was aggravated. When
the concentration of Mexel®432 reaches 0.350 mg-L 1, it produces certain genotoxicity to
the digestive gland cells of wrinkled abalone, and when the concentration of Mexel®432
reaches 1.1000 mg-L"!, it also has certain genotoxicity to the intestinal cells of
Mesocentrotus nudus. The experimental results showed that Mexel®432 had a significant
dose effect relationship on DNA damage in the cells of two biological tissues.

INTRODUCTION

As the economy develops, the demand for electricity is in-
creasing, leading to the construction of numerous ther-
mal power plants in coastal areas of China. Currently, most
thermal power plants rely on seawater as a cooling source.
The favorable conditions of the seawater cooling system,
such as temperature, provide a good environment for ma-
rine organisms to thrive. These organisms attach to and
grow within the cooling system, causing significant opera-
tional issues such as pipeline blockages and equipment cor-
rosion, which affect the normal operation of the system.
Marine biofouling has become the biggest problem affect-
ing the cooling systems of coastal power plants.1-3
Traditional biofouling control methods in domestic
power plants, such as adding liquid chlorine,* electrolyzing
seawater, or directly adding sodium hypochlorite,® are not

very effective in killing biofouling organisms, are not easily
degradable, and may cause some pollution to the marine
environment.® They also face issues related to safety, drug
resistance, environmental protection, and cost. Mexel®432,
a biocide, has been successfully used in military ships, con-
denser pipelines, air conditioning refrigeration systems,
and other industrial and civil fields to control the growth of
biofouling organisms.” The main component of Mexel®432
is alkylamine-3-aminopropane (1.7%). As a surfactant or
“amine film”, alkylamine can adhere to wet surfaces such as
metal, plastic, concrete, or glass, forming a thin film that
prevents microorganisms and biofouling organisms from
attaching. Additionally, Mexel®432 is easily biodegradable
in water, making it an environmentally friendly com-
pound.”8 However, the discharge of residues from
Mexel®432 during use may have some potential negative
impacts on marine organisms.
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Studies have shown that the 96-hour LC50 of Mexel®432
for fish typically ranges from 0.26 to 3.70 mg/L.%-11 When
treated with different concentrations of Mexel®432 (0.50,
1.00, 2.00 mg/L), the gill tissue Na+/K+*ATPase activity and
acetylcholinesterase activity in flatfish (Solea senegalensis)
were significantly reduced, indicating that Mexel®432
could affect fish osmoregulation. Other studies have found
that Mexel®432 treatment can lead to increased glu-
tathione S-transferase (GST) activity and decreased cata-
lase (CAT) activity in the gills of Mediterranean mussels
(Mytilus galloprovincialis).12 The effects on heart cell lines
of Pacific oysters (Crassostrea gigas) and gill cell lines of
Manila clams (Ruditapes philippinarum) increased in a dose-
dependent manner.10 While foreign scholars have con-
ducted research on the acute toxic effects of Mexel®432 on
marine organisms®1%12 and its impact on metabolic en-
zyme activity,12-14 studies on its effects on DNA damage
are rare. Moreover, research on the toxic effects of
Mexel®432 on Chinese marine organisms is lacking, and
there is a shortage of toxicity data on marine organisms.

Haliotis discus hannai Ino, belonging to the phylum Mol-
lusca, is an important economic bivalve mollusk, mainly
distributed in the Yellow Sea and Bohai Sea areas of the
Liaodong Peninsula and Shandong Peninsula in China.l5
16 Mesocentrotus nudus, belonging to the phylum Echino-
dermata, is an important economic sea urchin in southern
China.l” Due to the limited range of activity and poor mo-
bility of Haliotis discus hannai and Mesocentrotus nudus,
they are considered ideal bioindicators for monitoring ma-
rine pollutants.18

This study used Haliotis discus hannai and Mesocentrotus
nudus as experimental organisms and employed the single-
cell gel electrophoresis (SCGE) (comet assay) method to
detect the genetic damage in different tissues of Haliotis
discus hannai and Mesocentrotus nudus after 20 days of ex-
posure to Mexel®432. The study aimed to explore the fea-
sibility of using DNA damage as a biomarker for Mexel®432
exposure and provide scientific evidence for the promotion
and application of Mexel®432 in domestic thermal power
plants in China.

MATERIALS AND METHODS

REAGENTS AND INSTRUMENTS

Mexel®432 was provided by Shanghai Nuclear Environmen-
tal Protection Technology Co, Ltd. Low-melting agarose
(LMA), normal-melting agarose (NMA), 4,6-di-
amidino-2-phenylindole (DAPI), Tris-HCI (pH 7.5) buffer,
and PBS were purchased from Shanghai Bioengineering Co,
Ltd.

DNA damage kits were purchased from Nanjing
Jiancheng Bioengineering Research Institute. The analysis
was conducted using a TG16-WS benchtop high-speed cen-
trifuge, DYCP-31BN agarose gel horizontal electrophoresis
apparatus, Leica DMi8 inverted fluorescence microscope,
and LAS X Synapse fluorescence imaging system.

EXPERIMENTAL ORGANISMS

Juvenile Haliotis discus hannai were obtained from an
abalone farm in Rongcheng, with an average shell length
of 20.70+0.50 mm, shell width of 11.00+0.90 mm, and body
mass of 1.76+0.26 g, approximately 12 months old.

Juvenile Mesocentrotus nudus were obtained from a sea
urchin hatchery in Rongcheng, with an average shell diam-
eter of 22.74%+0.16 mm and body mass of 1.03+0.50 g.

MEXEL®432 EXPOSURE EXPERIMENT

Haliotis discus hannai were exposed to three concentrations
of Mexel®432: high (0.70 mg/L), medium (0.35 mg/L), and
low (0.175 mg/L).

Mesocentrotus nudus were exposed to three concentra-
tions: high (1.10 mg/L), medium (0.55 mg/L), and low
(0.275 mg/L).

Natural seawater served as the control group, with 50
individuals of each species used per concentration group.
The experiment lasted for 20 days, with continuous aera-
tion and daily 100% water changes.

PREPARATION OF CELL SUSPENSIONS

Tissue samples were ground into a homogenate and filtered
into sterilized centrifuge tubes. The cell suspensions were
prepared using pre-cooled PBS buffer and adjusted to a
concentration of 1x108 cells/mL.

SINGLE-CELL GEL ELECTROPHORESIS

The comet assay was performed with modifications based
on Singh et al.'s method. Cell viability was assessed using
trypan blue staining.

DATA ANALYSIS

CASP software was used to analyze comet images, measur-
ing DNA damage in cells. Data were analyzed using SPSS
20.0, with significance levels set at p=0.05.

RESULTS AND ANALYSIS

IMPACT OF MEXEL®432 ON DNA DAMAGE IN
DIGESTIVE GLAND CELLS OF HALIOTIS DISCUS HANNAI

Figure 1 shows the comet assay images illustrating the ef-
fects of different concentrations of Mexel®432 on the DNA
of the digestive glands of Haliotis discus hannai. As seen
in the images, most DNA structures in the digestive glands
of the control group were intact, with the nuclei appearing
as round fluorescent bodies with uniform intensity and no
noticeable tailing (Figure 1a). The degree of DNA damage
in Haliotis discus hannai varied with different concentra-
tions of Mexel®432. At a concentration of 0.175 mg/L, the
DNA in the digestive glands began to disintegrate, with
some tailing observed (Figure 1b), indicating that the DNA
had been damaged. As the concentration of Mexel®432 in-
creased, the DNA damage in the digestive glands became
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Fig. 1. The DNA damage of Haliotis discus hannai digestive gland exposed to Mexel®432 at different concent

rations

Note: a : Control group ; b : 0.175mg-L ! ; ¢ : 0.35 mgL ! ; d: 0.70 mg-L!

more severe, with more prominent tailing and longer comet
tails. In the high-concentration group (0.70 mg/L), the tails
were diffuse and dim, indicating significant damage (Fig-
ures 1c and 1d), demonstrating a clear concentration-effect
relationship of Mexel®432 on DNA damage in the digestive
glands.

Using CASP software, we analyzed comet tail DNA con-
tent, tail length, tail moment, and Olive tail moment to
assess the extent of DNA damage in the digestive glands.
The data in Table 1 show that at each experimental time
point, the indicators of digestive gland cells in the control
group of Haliotis discus hannai remained at the same level,
indicating no DNA damage (Table 1). After 10 days of the
experiment, as the concentration of Mexel®432 increased,
the comet tail DNA content, tail length, tailing rate, and
tail moment in the digestive gland cells of the experimental
groups of Haliotis discus hannai gradually increased, show-
ing a dose-response relationship. Compared with the con-
trol group, the tailing rate in the 0.35 mg/L experimental
group was significantly higher (p<0.05). After 20 days of the
experiment, compared to the control group, there were no
significant differences in the indicators of the 0.175 mg/L
experimental group (p>0.05); however, the tailing rate in
the 0.35 mg/L experimental group was significantly higher
than that of the control group (p<0.05), with no significant
differences in other indicators. The tail DNA content and
Olive tail moment in the 0.70 mg/L experimental group
were significantly higher than in the control group (p<0.05).

The experimental results indicate that a medium con-
centration of 0.35 mg/L of Mexel®432 can cause DNA dam-
age in the digestive glands within a short time, and higher
concentrations of 0.70 mg/L of Mexel®432 can exert certain
genotoxic effects on Haliotis discus hannai, leading to DNA
damage in the cells over prolonged exposure.

IMPACT OF MEXEL®432 ON DNA DAMAGE IN
INTESTINAL CELLS OF MESOCENTROTUS NUDUS

Figure 2 shows the comet assay images that illustrate the
impacts of various concentrations of Mexel®432 on the
DNA of intestinal cells in Mesocentrotus nudus. In the con-
trol group, most of the cells in the intestinal tissue had in-
tact DNA structures, with the nuclei appearing and round
fluorescent bodies of uniform intensity and no noticeable
tailing (Figure 2a). In the 0.275 mg/L concentration group,
the nuclei appeared elliptical with some tailing, indicating
that DNA in the nuclei had begun to disintegrate, with
some DNA spilling out (Figure 2b). In the 0.55 mg/L con-
centration group, the number of cells with tailing in-
creased, and the comet tails became longer (Figure 2c). As
the exposure concentration increased, the 1.1 mg/L group
exhibited more significant tailing and an increase in the
number of affected cells, with noticeably elongated comet
tails, indicating an increase in DNA fragment breakage
(Figure 2d).

After processing the comet images using CASP software,
the parameters such as tail DNA content, tail length, tail
moment, and Olive tail moment were analyzed using SPSS
software, with the results shown in Table 2. At various time
points after Mexel®432 treatment (0 days, 10 days, and 20
days), the control group’s intestinal cells exhibited minimal
DNA damage, with tail DNA content, tail length, and tail
moment values lower than those in the treatment groups.
After 10 days of Mexel®432 treatment, as the exposure con-
centration increased, the tail DNA content, tail length, and
tail moment gradually increased, showing a dose-response
relationship, although the differences were not significant
compared with the control group (p>0.05). After 20 days of
treatment with Mexel®432, there were no significant differ-
ences in the indicators between the control group and the
0.275 mg/L and 0.55 mg/L concentration groups (p>0.05).
However, in the 1.10 mg/L concentration group, the tailing
rate and Olive tail moment were significantly higher than
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Table 1. The DNA damage of Haliotis discus hannai digestive gland exposed to Mexel®432

Time Experimental Comet tail Comet tail Tailing rate Tail Olive tail
group DNA (%) length(pm) (%) distance(%-pm) distance(%-um)

od All groups 1.46+0.52 3.37+0.22 10.87+3.14 0.06+0.03 0.15+0.05
Control group 1.69+0.18 3.35+0.21 9.47+4.94b 0.07+0.01 0.15+0.01
10d 0.175mg/L 2.22+0.22 3.55+0.38 12.40+1.792b 0.12+0.07 0.22+0.08
0.35mg/L 2.80+0.550 3.42+0.34 20.11+3.702 0.11+0.03 0.23+0.08

0.70mg/L 3.94+3.24 3.24+0.04 6.41+2.73P 0.18+0.12 0.20+0.06
20d Control group 1.31+0.662 3.37+0.27 11.81+2.032 0.06+0.04 0.15+0.082
0.175mg/L 1.87+0.882b 3.26+0.18 12.18+2.072 0.08+0.06 0.18+0.062
0.35mg/L 2.32+0.182P 3.44+0.12 15.09+0.762 0.10+0.03 0.23+0.022
0.70mg/L 2.52+0.72P 3.75+0.44 13.82+1.832 0.21+0.15 0.29+0.06P

Note: Different letters in the same column indicate significant differences.

.-
-

Fig. 2. The DNA damage of Mesocentrotus nudus intestines exposed to Mexel®432 at different concentrations

Note: a : Control group ; b : 0.275 mg-L ™! ; ¢ : 0.550 mg-L'! ; d : 1.1000 mg-L"!

those in the control group (p<0.05), with no significant dif-
ferences in the other indicators (Table 2). The experimental
results indicate that prolonged exposure to a high concen-
tration (1.10 mg/L) of Mexel®432 exerts a certain level of
genotoxicity on Mesocentrotus nudus.

DISCUSSION

EFFECTS OF TEMPERATURE RISE ON THERMAL SHOCK
IN FOUR FISH SPECIES

The primary component of Mexel®432, alkylamine, func-
tions as a surfactant and is known to degrade easily in wa-
ter. Studies have demonstrated that surfactants have toxic
effects on aquatic organisms, especially benthic organisms
that lack avoidance responses to pollution.19-21 Once in-
side an organism, surfactants can trigger the denaturation
of metabolic enzymes and proteins, cause significant dam-
age to antioxidant enzyme systems, and induce DNA mu-
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tations.22 Research by some scholars on the effects of the
surfactant nonylphenol (NP) on the hemolymph cells of
the bay scallop (Argopecten irradians) and the Pacific oyster
(Crassostrea gigas) showed that NP can cause DNA breakage
and damage in hemolymph cells. There is a clear dose-re-
sponse relationship between NP concentration and DNA
damage 2324

The results of this experiment reveal that as the concen-
tration of Mexel®432 solution increases from 0.175 mg/L
to 0.70 mg/L, the DNA integrity of the digestive gland cells
in Haliotis diversicolor (small abalone) is significantly lower
than that in the control group (p<0.05). The digestive gland
cells in the abalone experience varying degrees of DNA
fragmentation and damage. This damage is evidenced by
an increase in DNA break points, higher comet tail DNA
content, and more severe damage as the concentration of
Mexel®432 rises (Figure 1). A similar DNA damage effect
is observed in the intestinal tissues of Mesocentrotus nudus
(northern sea urchin) (Figure 2). However, only when the

n
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Table 2. The DNA damage of Mesocentrotus nudus intestines exposed to Mexel®432

Time Experimental Comet tail Comet tail Tailing rate Tail Olive tail
group DNA (%) length(um) (%) distance(%-pm) distance(%-pm)
od All groups 0.95+0.29 3.10+0.04 3.31+£1.47 0.04+0.01 0.09+0.02
Control group 1.12+0.15 3.20+0.23 8.70+1.783b 0.05+0.02 0.14+0.06
10d 0.275mg/L 1.30+0.36 3.19+0.20 4.95+0.26P 0.07+0.05 0.12+0.05
0.55mg/L 1.00+0.51 3.23+£0.40 9.82+2.042 0.05+0.05 0.13+0.12
1.10mg/L 1.80+0.99 3.28+0.18 6.79+1.282b 0.10+0.09 0.18+0.10
20d Control group 1.56+0.48 3.22+0.20 8.40+2.75P 0.06+0.02 0.13+0.042
0.275mg/L 2.29+1.36 4.42+2.23 7.42+0.39P 0.18+0.22 0.34£0.372b
0.55mg/L 3.56+2.79 4.79+2.17 14.22+3.88b 0.10+0.11 0.19+0.182b
1.10mg/L 3.37+0.13 4.29+0.89 25.12+0.842 0.33+0.17 0.50+0.09°

Note:Different letters in the same column indicate significant differences.

concentration of Mexel®432 reaches 1.10 mg/L does it
cause significant DNA damage to the intestinal cells of the
sea urchin (Table 2), indicating a concentration-dependent
relationship between Mexel®432 and DNA damage in these
two marine organisms.

As the duration of Mexel®432 exposure increases, the
compound gradually accumulates in the bodies of both
Haliotis diversicolor and Mesocentrotus nudus. Under the ac-
tion of biotransformation enzymes, reactive oxygen species
(ROS) and other metabolites are produced. Intermediate
metabolites can bind to DNA, and the resulting free radicals
may directly or indirectly lead to DNA strand breaks and
damage. If these breaks are not promptly repaired, they can
impair DNA function, leading to biotoxicity.2> As shown in
Figures 1 and 2 and Tables 1 and 2, high concentrations
(0.70 mg/L in Haliotis diversicolor and 1.10 mg/L in Mesocen-
trotus nudus) result in severe and irreversible genotoxicity.
When Haliotis diversicolor is exposed to 0.175 mg/L of
Mexel®432 for 10 days, DNA damage in its digestive gland
cells is already apparent. In contrast, Mesocentrotus nudus
only shows significant damage effects when exposed to a
relatively high concentration (0.55 mg/L).

These differences may be attributed to the two species’
distinct ecological habits and physiological structures,
leading to variations in their sites and mechanisms of ac-
tion when exposed to the same xenobiotic, Mexel®432.
Haliotis diversicolor appears more sensitive to pollutants,
possibly due to its feeding behavior, which involves scrap-
ing food with its radula and ingesting large amounts of
seawater, and the direct exposure of its foot to the envi-
ronment, resulting in higher toxicity after prolonged ex-
posure. On the other hand, echinoderms like sea urchins
have coelomic cells that can coagulate, initiating immune
responses when stimulated externally. Through both cellu-
lar and humoral immunity, they can break down exogenous
pollutants into harmless substances or expel them directly
from the body.26 Additionally, pigment cells release pig-
ment granules that may have protective effects,2” poten-

tially preventing or mitigating bodily damage. Thus, physi-
ological and ecological differences are the main reasons for
the varying toxic responses to Mexel®432 among marine
organisms.
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