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Abstract; Propylparaben (PrP) is widely applied in food, pharmaceuticals and personal care products as preserva-
tives, and the extensive usage of PrP has posed potential threat to aquatic ecosystem. In this study, wild-sourced
female mosquitofish were treated with different concentrations of PrP (0.15, 6.0 and 240.0 pwg-L™") for 4 d and 16
d respectively. The tissue sections as well as mRNA expression changes of antioxidant and endocrine-related genes
from the brain, gills and liver, were analyzed to investigate the toxicological effects of PrP on mosquitofish. The
results showed that different PrP exposure time resulted in varying degrees of damage to the gills and liver of
mosquitofish. With the extension of exposure time, the expression of antioxidant-related genes in the brain was
up-regulated, whereas the expression of antioxidant-related genes in the gills, as well as cat and cyp4501a genes in
the liver, were down-regulated, and the oxidative stress response in the gills and liver gradually weakened. When
female mosquitofish were exposed to PrP for 4 d, the endocrine-related genes in the brain increased firstly and then
decreased with increasing PrP dose, while in the 16-d-PrP-exposure groups, the genes showed an increased trend
compared with that of the control. After 4 d of PrP exposure, a significant difference was observed in the expression
of the vtgB gene within liver tissues between the 0.15 wg+L™" PrP group and the control group, as well as in the
expression of the ar8 gene within liver tissues between the 2400 wg-L™' PrP group and the control group; however,
no significant differences were found in other endocrine-related genes among different PrP groups and the control
group. When the exposure time was extended to 16 d, the expression of era, e, ara, ai3, vigC and vigB genes in the
liver was all up-regulated in the three treatment groups, indicating that PrP had estrogenic effects on mosquitofish.
This study revealed the toxic damage, oxidative stress and endocrine disrupting effects of PrP on mosquitofish,
through the phenotypic variations in tissues and changes in mRNA expression of key functional genes, which will
provide a scientific basis for the potential health risk assessment and safe application of PrP.
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Table 1  Specific primer sequences of Gambusia affinis used in the qPCR experiments

A EMSIYTHF (S ~37) RI3IHITFI R (57 ~37) 25 3k

Gene Forward primer sequence F (57 ~37) Reverse primer sequence R (57 ~37) Reference
gapdh TTCACGCCATCACTGCCACA TCAGGGATGACCTTGCCAACAG 23]
cat CCATCTTCTTCATCAGGGACGC GGGTTTGAGGGTTTCGCTTCT [20]
gst TGCTCGCCATCAATCCCAGG AAGCACCGTAGGACTCGTTCAG [20]
cyp4501a CCTCGCTGAAGATTTTGTCC TGTTGAAGCGGTTGTTGAGG [20]
ero CTTGCCGACTCAGGAAGTGTTAC TGACGCCAGTCTGTCGTTTGT [24]
el TTACTGACAGCCCATCATCCAT GGTGGGTTTGGTTCATTGTAGAC [24]
aro GCTTCAGGCACGAGGATTTC GGTGACCGCTCCGTAATGAC [24]
aif3 CGATGCCCAGACCCAGATTAC GAGGCGAGGTGATGAAAATGC [24]
gnrh TGTCGAAACGCTGACTCTGT CAGTTCCCTCTTTCCGCCTG [25]
gnrhr TGACGTTTGTGGTGATGCCT CAAGCTGATGACGACCAGGA [25]
cypl9alb GAAGCTGGATGACGACCTTGACTT GCTCCACCTTCGGGTTTTGTTT [25]
vigC TGAGCGACAACACTTCAGTGC AGCCTTTGGTCCTGGGTTATC [25]
vigB TCCACCAGCATTCCATCTCAG TAATGGCACGGACAAGGACTG [25]
cypl9a ATCACATAAGATATGTCACGGTTCG GGATGATTTGTTGCCATAGGAGC [26]
star TAGTGGGACCGAGGGACTTT ACACCTTTCTGCTCTGGCAT [25]
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Fig. 1 Histological appearance of the female mosquitofish brain after propylparaben (PrP) exposure
with different concentrations for 4 d and 16 d
Note: (a) ~ (h) indicate the histological appearance of the female mosquitofish brain after 4 d and 16 d exposure in the control and PrP
groups (0.15, 6 and 240 wg-L™'); SM stands for stratum marginale; SC stands for stratum centrale, PGZ stands for stratum

periventriculare tecti optici, and TSvl stands for ventrolateral nucleus of torus semicircularis.
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Fig. 2 Histological appearance of the female mosquitofish gills after PrP exposure with different concentrations for 4 d and 16 d

Note: (a) ~ (h) indicate the histological appearance of the female mosquitofish gills after 4 d and 16 d exposure in the control and PrP

groups (0.15, 6 and 240 pg-L™'); PL stands for primary lamella coverslip; SL stands for secondary lamella; BV stands

for blood vessel; red arrows indicate apex of the gills was severely enlarged and rod-shaped; yellow arrows indicate epithelial lifting

and sloughing; blue arrows indicate intraepithelial oedema; black arrows indicate fusion of secondary lamellae.
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Fig. 3 Histological appearance of the female mosquitofish liver after PrP exposure with different concentrations for 4 d and 16 d
Note: (a) ~ (h) indicate the histological appearance of female mosquitofish liver after 4 d and 16 d exposure in the control and PrP
groups (0.15, 6 and 240 wg-L™"); black arrows indicate liver blood sinus expansion and congestion; red arrows indicate cell vacuolation;

blue arrows indicate occasional nuclei dissolution; green arrows indicate nucleus centralized distribution.
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Fig. 4 Expression changes of antioxidant-related genes in different tissues of female mosquitofish
(brain, gills and liver) from different groups after PrP exposure for 4 d and 16 d

Note: The *on the bars represent significant differences between the PrP groups (* indicate P<0.05), the same as follows.
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Fig. 5 Expression changes of endocrine disrupting-related genes of female mosquitofish

brain from different groups after PrP exposure for 4 d and 16 d
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Fig. 6 Expression changes of endocrine disrupting-related genes of female mosquitofish liver

from different groups after PrP exposure for 4 d and 16 d
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