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philippinarum)

(Ruditapes

*
1,2 1,2 1,2 1,2 1,2
(1. 350002; 2. 350002)
-3 (BP-3) 4- (4-MBC) 4- -2- (EHMC)
(Ruditapes philippinarum)
, (IBRv2)
BP-3 4-MBC EHMC fas
IBRv2 , 1 nug/L
, (1d,7d) , BP-3 ,
(28 d),
Q957; 5968.3; Q789 doi: 10.11693/hyhz20230600126
(UV filters)
(personal care products, PCPs)
(Carve et ,
al, 2021) : )
(Langford et al, 2015) EHMC 0.01~0.1 mg/L
s -3 , 19 mg/L (Balmer
(Benzophenone-3, BP-3) 4- (4-methyl- et al, 2005) BP-3  4-MBC
benzylidene camphor, 4-MBC)  4- -2- 1340 691 ng/L (O’Malley et al, 2020)
(2-ethyl-hexyl-4-trimethoxycinnamate, EHMC) BP-3 EHMC
(Ruszkiewicz et al, 2017) 68.4  32.2 ng/L (Tang et al, 2018)
BP-3 16~41 ng/L (Kameda et al,

, 5202210389038 ,

5 s

12023-06-18, :2023-09-19

, KY-090000-04-2022-017

, E-mail: zhangweiwei0605@126.com

, E-mail: hufengxiao@fafu.edu.cn



1694 54
2011), 4-MBC EHMC 4-MBC (CAS#36861-47-9, =98%) EHMC
642 640 ng/L (Allinson et (CAS#5466-77-3, =98%) BP-3-ds( =
al, 2018) 4-MBC  EHMC 99%) ( )
98.67  55.7 ng/L (Tsui et al, 2015), (DMSO, =99%)
BP-3 1233 55.7ng/L Thermo DMSO
(Kung et al, 2018; Pei et al, 2023) 0.001%, (Aguirre-
BP-3 4-MBC  EHMC Martinez et al, 2016)
25 7.9 17.8 ng/g(DW) (Rodil et al, 1.2
2009),  EHMC [(3.6120.14) cm)]
447 ng/g 0.5 mg/g(DW) (Tsui et al, , 40 L
2015; Huang et al, 2016) , , ,
’ (15+1) °C, 32, pH 8.1~8.3, (8.0=1.0) mg/L
[30 mg/(ind./d)]
) , O 1 10
BP-3 4-MBC  EHMC 100 pg/L) BP-3 4-MBC EHMC 28d,
’ 3 ( 50 ) , 1 pg/L
) 4-MBC > 3 (Balmer et
(Solea senegalensis) CAT al, 2005; Richardson et al, 2011), 10 100 pg/L

(Aratjo et al, 2021) EHMC

(Danio rerio)

(Nataraj et al, 2020) BP-3  4-MBC
% (Daphnia magna) ,
usp (Lambert et al, 2021) BP-3
MAPK/ERK
(Wang et al, 2021) , BP-3 4-MBC
EHMC

(Ruditapes philippinarum) (

B

(Marisa et al, 2021)

> >

(Li et al, 2020)

(BP-3 4-MBC EHMC) ,
(IBRv2)
BP-3 4-MBC EHMC ,

1.1

: BP-3 (CAS#131-57-7, =98%)

(Mao et al, 2019; Huang et al,

2021) )
BP-3 4-MBC EHMC
-80 °C ,
1d 7d 28d ,
10 , ,
—80 °C
1.3
(SPE) (5 mL, N=3)
4 mL LC OASIS®HLB
(500 mg, 6 mL) (Waters, USA)
BP-3-d;s pH 3.0
) 5 mL , 4 mL /
(1:1,V/Vy 6mL , ImL /
(121, Vv (40 °C)
Fisch (2021) , Waters ACQUITY
UPLC®H-Plus Class Waters®
XevosTM TQ-XS (TQ-XS/MS) (Milford, MA,
USA) ACQUITY
UPLC®C18 (2.1 mmx50 mm, 1.7 pm ) (Waters,
Ireland) BP-3 4-MBC EHMC
89% 92% 97% BP-3 4-MBC
EHMC 301, 1.5
42 1.5ng/L
1.4

100 mg , ,
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9 PBS , bcl-2  fas  caspase-2 12
) Smin s IBRv2
3000 r/min 4 °C 10 min,
(SOD) (CAT) (1)
(GPx) S (GST) Y, = 1g(X,/Xo), (1)
(GSH) (MDA) > Xo ;
XO 5 Yn
(2)
1.5 PCR y Zn = (Yo = M)/ S:q )
RNA Fast Pure® Cell/Tissue Total ’ ’
. . s Zn
RNA Isolation Kit V2 ( )
RNA 1% )
4 =2, - 4, 3)
, NanoDrop ND-2000c¢ ( 7 y
5 0 5
) HiScript® Q RT SuperMix
for qPCR (gDNA wiper) ( ’
) RNA cDNA i
Ch TM Uni 1 SYBR® qPCR M @ IBRv2
. amQ niversa q aster IBRV2 =3[ 4 |/n. )
Mix ( ) 1.7
Roche Light Cycle® 480 PCR ( SPSS 20.0 (SPSS
) ) qPCR P-actin ; Chicago, IL, USA) +
—-AACt .
2 (Livak et al, (mean+S.D.)
2001; Volland et al, 2017) NCBI . ,
Kolmogorov-Smirnov Levene’s
Primer-Blast s
) (One-way
ANOVA), Tukey’s HSD ,
xz1 sSYF5) P<0.05
Tab.1 The primer sequences
(5'~3" /bp 2
53 F: CCAAGCTCCAGAAGTCGGAA 184
P R: CATGCGTTTCGGTGAAGGTC 2.1
add4s F: GATTGTTTGAGTCGGCGCAT 70
g R: CCACTTGGGAGGATGCATGT 2
dk F: TCTCCTGCCTTTGGTTGTCTG 177 BP-3
¢ R: AGTGGCAGGGAAACTTACTGA ’ B )
fas F: TCCCTTGGGAAACACTGGTC 12
R: AACACTGGTGGATCTGTTCCT £2 RBHRRPREIRYCTKE
caspase-2 F: AGCGCAGATCTTGTAGCCAA 143 Tab.2 Concentrations of UV filters in exposure solutions
R: TCAAATGCACGTGGACCTCT
pelo F: TTTGCGGGTGCTATGTCAGT %3 sl A(ng/L)
k-2 R. AACTGGCAAGTCCACTCTCG (hg/L)
P-actin F: GCGACGTCGACACCTCTATG 93
R: CGCCGGAGTCCATCACAATA 1 1.0+£0.2 1.2+03
BP-3 10 92+04 9.8+0.7
1.6 (IBRv2) 100 895437 94623
(Integrated Biomarker 1 0.8+ 0.1 11+£02
Response, IBR) Benoit Beliaeff 4-MBC 10 8.6+0.9 95+12
Thierry Burgeot R Wilfried Sanchez 100 79.0+3.8 93.4+4.4
IBRv2 1 0.5+0.2 0.8+0.3
SOD CAT GPx GST EHMC 10 52+0.8 83+£1.5
GSH MDA , [?53 gadd45 cdk 100 64.2+4.7 89.7+5.6
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BP-3 ; 4-MBC . GPx 1d 7d (
, 4-MBC 1 pg/L BP-3 7d ),
20%; EHMC , GPx (P<0.05)
50%~95.3% 30%~68.9% 4-MBC 1d GSH S
2.2 , GSH
1 R BP-3 4-MBC EHMC R ( 1 pg/L 4-MBC 28 d )
SOD 1d (P<0.05), (P<0.05); BP-3 EHMC s GSH
( lpgL 1d , ,
4-MBC 28d )(P<0.05) BP-3  GSH ( 1 pglL
4-MBC 1d CAT (P<0.05),  BP-3 7d ) (P<0.05) BP-3
7d 28 d s EHMC 4-MBC EHMC GST (
CAT BP-3 4-MBC EHMC 1 pg/L EHMC 7d )
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Fig.1 Activities of SOD, CAT, GPx, and GST, and the content of GSH in gills of R. philippinarum exposed to different concentrations
of UV filter (BP-3, 4-MBC, and EHMC) for 1, 7, and 28 days

(P<0.05)
2.3 MDA p53 gadd45 (10 pg/L BP-3 1 pg/L
, BP-3 (100 pg/L) 4-MBC (10 4-MBC ) ¢dk( 100 pg/L EHMC
100 pg/L) 1d MDA (P<0.05), ) 1d (P<0.05),7d
, BP-3 4-MBC EHMC p53( 10 pg/L EHMC ) gadd45 (
( 2 BP-3 ) edk( 1 10 pg/L BP-3
2.4 ) (P<0.05) BP-3

3 , BP-3 4-MBC EHMC ) 4-MBC EHMC 1d fas
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Fig.2 Content of MDA in gills of R. philippinarum exposed to different concentrations of UV filter (BP-3, 4-MBC and EHMC) for 1, 7,
and 28 days
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Fig.3 mRNA expression of apoptosis-related genes p53, gadd45, cdk, fas, caspase-2, and bcl-2 in gills of R. philippinarum exposed to
different concentrations of UV filter (BP-3, 4-MBC, and EHMC) for 1, 7, and 28 days

(P<0.05), EHMC 7d caspase-2 (
( BP-3 7d 100 pg/L EHMC ) (P<0.05),28 d
) (P<0.05) BP-3  4-MBC , (P<0.05) BP-3 1d 7d bcl-2
caspase-2 1d ( (P<0.05), 28 d
10 pg/L BP-3 ) (P<0.05), (P<0.05); 4-MBC EHMC ,

(P<0.05); bel-2 7d (P<0.05), 28 d
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(P<0.05) gadd45 10 pg/L
2.5 IBRv2 ,1d GSH

4 , ; 7d  GST p33  fas

1 7 284d ;28d  CAT GPx caspase-2
, 100 pg/L
) ,1d MDA ;7 d
1 pg/L ,1d SOD GSH GPx  GST fas
cdk ;7 d fas ;28d GPx caspase-2
caspase-2 ; 28 d p33
0 pg/L 1 pg/L 10 pg/L 100 pg/L

BP-3

4-MBC

EHMC

4 BP-3 4-MBC EHMC (1d 7d 284d)

Fig.4 Values of multi-biomarker deviation index in gills of R. philippinarum exposed to different concentrations of UV filter (BP-3,
4-MBC, and EHMC) for 1, 7, and 28 days

1 pg/L , 1 pg/L
12 1d 7d 28d IBRv2 (95
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BP-3

BP-3 (1.21) > EHMC (0.89) > 4-MBC (1.18);
28d  BP-3(1.09) = 4-MBC (1.10) = EHMC (1.04)

BP-3

4-MBC EHMC

, IBRv2 1d BP-3
(1.20) > 4-MBC (1.08) > EHMC (0.79); 7d
BP-3
EHMC 4-MBC EHMC
1d

5 1pg/LBP-3 4-MBC EHMC

28d

(IBRv2) (1d 7d 284d)

Fig.5 1IBRv2 indexes in gills of R. philippinarum exposed to 1 pg/L of UV filter (BP-3, 4-MBC, and EHMC) for 1, 7, and 28 days

(Kwon et al,
2021) ,

BP-3 4-MBC EHMC

(Birnie-Gauvin et
al, 2017) SOD  CAT

, SOD H,0,, CAT
H,0, ) ROS
(Lesser, 2006) ,
SOD ,
SOD
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28 d SOD
(Liu et al, 2015) BP-3  4-MBC
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CAT
Campos  (2017) (Chironomus riparius)
4-MBC 48h CAT
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(Zhang et al,
2014a) , 4-MBC 15d

5 dpf (days post fertilization,

) CAT (Prakash et al, 2022) GPx
GSH H,0, ,
ROS (Binelli et al, 2011)
, BP-3 4-MBC EHMC
(Tetrahymena thermophila) GPx 24 h
R (Gao et al,
2013) 28 d 100 pg/L. 3
GPx , BP-3 30d
GPx (Velanganni
et al, 2021),
GPx s ,
4-MBC EHMC 28 d
GSH
, GSH
, (Lushchak, 2012)
GST , GSH
, GST
BP-3 OC ,48h
GST (Campos et al, 2017)
GST
MDA ,
100 pg/L  BP-3  4-MBC 1d
MDA ,7d 28d
, 10 pg/L  BP-3
7d MDA
( , 2022)
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; , (Shen et al, 2021), 28 d
, p53 bcl-2
4-MBC  EHMC pS53 , bcl-2
[ (ER) ] , BP-3 bcl-2
( ) (Redza-Dutordoir et al, 2016) , 28 d
, BP-3
fas bcl-2 (Novo et al, 2006)
fas
pi3 , gadd45 (Pallepati et al, 2011) caspase-2
cdk bcl-2 Caspase,
p53 ( p33  fas (Zhivotovsky et al, 2005;
,2012) gadd45 p53 DNA Baptiste-Okoh et al, 2008) , 1d
, DNA 100 pg/lL  4-MBC EHMC fas
cdk , 7d 28d ,
bcl-2 , fas
R (Elmore, 2007) H,0, s
, p33 fas ,
s p53 fas
, ( ,2022) ,
100 pg/L 1d fas
gadd45  cdk , , R
gadd45 100 pg/LL.  BP-3 4-MBC 1d
s cdk caspase-2 s
(Zhang et al, 2014b; ,2023) 10 pg/L 100 pg/L 28 d
, 4-MBC caspase-2 R
(10 100 pg/L) 7 d  gadd45 (2008) caspase-2
(Santonocito et al, 2020) ,
p33 , gadd45  cdk , caspase-8 fas
( , 1999; Schade et al, caspase-2, ;
2019) , p33 Bcl-2 caspase Bid (Pallepati et
, (Wei et al, 2021) Bcl-2 al, 2010) , ,
s R fas  caspase-2 ,
Bax s
(Czabotar et al, 2014) ,
4-MBC  EHMC (10 100 pg/L)7 d bcl-2 (IBRv2)
, 10 100 pg/L
4-MBC 7d bel-2
(Santonocito et al, 2020) , , 12
bcl-2 BP-3 4-MBC EHMC
, 1 pg/L 1d ,

pi3 R bcl-2

SOD GSH cdk



6 : (Ruditapes philippinarum) 1701

, 7d 28dp53 gadd45 fas  caspase-2
, BP-3 R
4
BP-3 4-MBC
EHMC fas
IBRv2 1 pg/L
BP-3
BP-3 4-MBC EHMC
, , , 2023.
[1. , 48(3): 5-8.
) , , , 2008.
caspase-2
[J]. , 3(4): 356-362.
, , ., 2022 (BP-3)
(Chrysiptera parasema) [J].
, 17(5): 75-81.
, 1999. [J1.
,20(2): 80-82.
> ) , o, 2022, Fas/FasL
[11. , 53(6):
1819-1828.

R s s , 2012. p53 Ras
[J1. , 34(12): 1513-1521.
AGUIRRE-MARTINEZ G V, DELVALLS T A, MARTIN-DIAZ
M L, 2016. General stress, detoxification pathways,
neurotoxicity and genotoxicity evaluated in Ruditapes
philippinarum exposed to human pharmaceuticals [J].
Ecotoxicology and Environmental Safety, 124: 18-31.
ALLINSON M, KAMEDA Y, KIMURA K, et al, 2018.
Occurrence and assessment of the risk of ultraviolet filters
and light stabilizers in Victorian estuaries [J]. Environmental
Science and Pollution Research, 25(12): 12022-12033.
ARAUJO M J, SOARES A M V M, MONTEIRO M 8§, 2021.
Effects of exposure to the UV-filter 4-MBC during Solea
senegalensis metamorphosis [J]. Environmental Science and

Pollution Research, 28(37): 51440-51452.

BALMER M E, BUSER H R, MULLER M D, et al, 2005.
Occurrence of some organic UV filters in wastewater, in surface
waters, and in fish from Swiss lakes [J]. Environmental Science
& Technology, 39(4): 953-962.

BAPTISTE-OKOH N, BARSOTTI A M, PRIVES C, 2008.
Caspase 2 is both required for p53-mediated apoptosis and
downregulated by p53 in a p21-dependent manner [J]. Cell
Cycle, 7(9): 1133-1138.

BINELLI A, PAROLINI M, PEDRIALI A, et al, 2011.
Antioxidant activity in the zebra mussel (Dreissena
polymorpha) in response to triclosan exposure [J]. Water, Air,
& Soil Pollution, 217(1/2/3/4): 421-430.

BIRNIE-GAUVIN K, COSTANTINI D, COOKE S J, et al, 2017.
A comparative and evolutionary approach to oxidative stress
in fish: a review [J]. Fish and Fisheries, 18(5): 928-942.

CAMPOS D, GRAVATO C, QUINTANEIRO C, et al, 2017.
Toxicity of organic UV-filters to the aquatic midge Chironomus
riparius [J]. Ecotoxicology and Environmental Safety, 143:
210-216.

CARVE M, NUGEGODA D, ALLINSON G, et al, 2021. A
systematic review and ecological risk assessment for organic
ultraviolet filters in aquatic environments [J]. Environmental
Pollution, 268: 115894.

CZABOTAR P E, LESSENE G, STRASSER A, et al, 2014.
Control of apoptosis by the BCL-2 protein family:
implications for physiology and therapy [J]. Nature Reviews
Molecular Cell Biology, 15(1): 49-63.

ELMORE S, 2007. Apoptosis: a review of programmed cell death
[J]. Toxicologic Pathology, 35(4): 495-516.

FISCH K, ZHANG R, ZHOU M, et al, 2021. PPCPs-A human
and veterinary fingerprint in the Pearl River Delta and
northern South China Sea [J]. Emerging Contaminants, 7:
10-21.

GAO L, YUAN T, ZHOU C Q, et al, 2013. Effects of four
commonly used UV filters on the growth, cell viability and
oxidative stress responses of the Tetrahymena thermophila
[J]. Chemosphere, 93(10): 2507-2513.

HUANG Y R, LAW J C F, LAM T K, et al, 2021. Risks of
organic UV filters: A review of environmental and human
health concern studies [J]. Science of the Total Environment,
755: 142486.

HUANG W X, XIE Z Y, YAN W, et al, 2016. Occurrence and
distribution of synthetic musks and organic UV filters from
riverine and coastal sediments in the Pearl River estuary of
China [J]. Marine Pollution Bulletin, 111(1/2): 153-159.

KAMEDA Y, KIMURA K, MIYAZAKI M, 2011. Occurrence and
profiles of organic sun-blocking agents in surface waters and
sediments in Japanese rivers and lakes [J]. Environmental
Pollution, 159(6): 1570-1576.

KUNG T A, LEE S H, YANG T C, et al, 2018. Survey of selected
personal care products in surface water of coral reefs in
Kenting National Park, Taiwan [J]. Science of the Total
Environment, 635: 1302-1307.

KWON B, CHOI K, 2021. Occurrence of major organic UV



1702

54

filters in aquatic environments and their endocrine disruption
potentials: a mini-review [J]. Integrated Environmental
Assessment and Management, 17(5): 940-950.

LAMBERT F N, GRACY H R, GRACY A ], et al, 2021. Effects
of ultraviolet-filters on Daphnia magna development and
endocrine-related gene expression [J]. Aquatic Toxicology,
238: 105915.

LANGFORD K H, REID M 1J, FJELD E, et al, 2015.
Environmental occurrence and risk of organic UV filters and
stabilizers in multiple matrices in Norway [J]. Environment
International, 80: 1-7.

LESSER M P, 2006. Oxidative stress in marine environments:
biochemistry and physiological ecology [J]. Annual Review
of Physiology, 68: 253-278.

LIZ L, FENG CH, WUY H, et al, 2020. Impacts of nanoplastics
on bivalve: Fluorescence tracing of organ accumulation,
oxidative stress and damage [J]. Journal of Hazardous
Materials, 392: 122418.

LIU H, SUN P, LIU H X, et al, 2015. Hepatic oxidative stress
biomarker responses in freshwater fish Carassius auratus
exposed to four benzophenone UV filters [J]. Ecotoxicology
and Environmental Safety, 119: 116-122.

LIVAK K J, SCHMITTGEN T D, 2001. Analysis of relative gene
expression data using real-time quantitative PCR and the
27%*T method [J]. Methods, 25(4): 402-408.

LUSHCHAK V I, 2012. Glutathione homeostasis and functions:
potential targets for medical interventions [J]. Journal of
Amino Acids, 2012: 736837.

MAO F J, HE Y L, GIN K Y H, 2019. Occurrence and fate of
benzophenone-type UV filters in aquatic environments: a
review [J]. Environmental Science: Water Research &
Technology, 5(2): 209-223.

MARISA 1, ASNICAR D, MATOZZO V, et al, 2021.
Toxicological effects and bioaccumulation of fullerene Cgo
(FCs) in the marine bivalve Ruditapes philippinarum [J].
Ecotoxicology and Environmental Safety, 207(7): 111560.

NATARAJ B, MAHARAJAN K, HEMALATHA D, et al, 2020.
Comparative toxicity of UV-filter Octyl methoxycinnamate
and its photoproducts on zebrafish development [J]. Science
of the Total Environment, 718: 134546.

NOVO E, MARRA F, ZAMARA E, et al, 2006. Overexpression
of Bcl-2 by activated human hepatic stellate cells: resistance
to apoptosis as a mechanism of progressive hepatic
fibrogenesis in humans [J]. Gut, 55(8): 1174-1182.

O’MALLEY E, O’'BRIEN J W, VERHAGEN R, et al, 2020.
Annual release of selected UV filters via effluent from
wastewater treatment plants in Australia [J]. Chemosphere,
247: 125887.

PALLEPATI P, AVERILL-BATES D, 2010. Mild thermotolerance
induced at 40 °C increases antioxidants and protects HeLa
cells against mitochondrial apoptosis induced by hydrogen
peroxide: role of p53 [J]. Archives of Biochemistry and
Biophysics, 495(2): 97-111.

PALLEPATI P, AVERILL-BATES D A, 2011. Mild thermotolerance
induced at 40 °C protects HeLa cells against activation of

death receptor-mediated apoptosis by hydrogen peroxide [J].
Free Radical Biology and Medicine, 50(6): 667-679.

PEI J Y, HU J J, ZHANG R J, et al, 2023. Occurrence,
bioaccumulation and ecological risk of organic ultraviolet
absorbers in multiple coastal and offshore coral communities
of the South China Sea [J]. Science of the Total Environment,
868: 161611.

PRAKASH V, JAIN V, CHAUHAN S S, et al, 2022.
Developmental toxicity assessment of 4-MBC in Danio rerio
embryo-larval stages [J]. Science of the Total Environment,
804: 149920.

REDZA-DUTORDOIR M, AVERILL-BATES D A, 2016.
Activation of apoptosis signalling pathways by reactive
oxygen species [J]. Biochimica et Biophysica Acta
(BBA)-Molecular Cell Research, 1863(12): 2977-2992.

RICHARDSON S D, TERNES T A, 2011. Water analysis:
emerging contaminants and current issues [J]. Analytical
Chemistry, 83(12): 4614-4648.

RODIL R, SCHRADER S, MOEDER M, 2009. Non-porous
membrane-assisted liquid—liquid extraction of UV filter
compounds from water samples [J]. Journal of
Chromatography A, 1216(24): 4887-4894.

RUSZKIEWICZ J A, PINKAS A, FERRER B, et al, 2017.
Neurotoxic effect of active ingredients in sunscreen products,
a contemporary review [J]. Toxicology Reports, 4: 245-259.

SANTONOCITO M, SALERNO B, TROMBINI C, et al, 2020.
Stress under the sun: Effects of exposure to low
concentrations of UV-filter 4-methylbenzylidene camphor
(4-MBC) in a marine bivalve filter feeder, the Manila clam
Ruditapes philippinarum [J]. Aquatic Toxicology, 221:
105418.

SCHADE A E, FISCHER M, DECAPRIO J A, 2019. RB, p130
and p107 differentially repress G1/S and G2/M genes after
p53 activation [J]. Nucleic Acids Research, 47(21):
11197-11208.

SHEN J, LIU P, SUN Y Q, ef al, 2021. Embryonic exposure to
prothioconazole induces oxidative stress and apoptosis in
zebrafish (Danio rerio) early life stage [J]. Science of the
Total Environment, 756: 143859.

TANG Z W, HAN X, LI G H, et al, 2018. Occurrence,
distribution and ecological risk of ultraviolet absorbents in
water and sediment from Lake Chaohu and its inflowing
rivers, China [J]. Ecotoxicology and Environmental Safety,
164: 540-547.

TSUI M M P, LEUNG H W, KWAN B K Y, et al, 2015.
Occurrence, distribution and ecological risk assessment of
multiple classes of UV filters in marine sediments in Hong
Kong and Japan [J]. Journal of Hazardous Materials, 292:
180-187.

VELANGANNI S, SIVAKUMAR P, MILTONPRABU S, 2021.
Impact of environmentally relevant concentration of
benzophenone-3 on antioxidant enzymes, oxidative stress
markers and morphology of gills in Danio rerio (Hamilton)
[J]. GSC Biological and Pharmaceutical Sciences, 14(3):
189-196.



6 : (Ruditapes philippinarum) 1703

VOLLAND M, BLASCO J, HAMPEL M, 2017. Validation of
RT-gPCR in
ecotoxicology: systematic review and case study using

reference genes for marine bivalve
copper treated primary Ruditapes philippinarum hemocytes
[J]. Aquatic Toxicology, 185: 86-94.

WANG J, MENG X Y, FENG C Z, et al, 2021. Benzophenone-3
induced abnormal development of enteric nervous system in
zebrafish through MAPK/ERK signaling pathway [J].

Chemosphere, 280: 130670.

apoptosis [J]. Nature Communications, 12(1): 2280.
ZHANG H, PAN L Q, TAO Y X, 2014a. Toxicity assessment of
environmental pollutant phenanthrene in clam Venerupis
philippinarum  using  oxidative stress biomarkers [J].
Environmental Toxicology and Pharmacology, 37(2): 697-704.
ZHANG L, YANG Z J, LIU Y Z, 2014b. GADDA4S5 proteins: roles
in cellular senescence and tumor development [J].
Experimental Biology and Medicine, 239(7): 773-778.

ZHIVOTOVSKY B, ORRENIUS S, 2005. Caspase-2 function in

response to DNA damage [J]. Biochemical and Biophysical
Research Communications, 331(3): 859-867.

WEI H D, QU L Z, DAIS Y, et al, 2021. Structural insight into
the molecular mechanism of p53-mediated mitochondrial

EFFECT OF THREE ORGANIC ULTRAVIOLET FILTERS ON ANTIOXIDANT
CAPACITY AND EXPRESSION OF APOPTOSIS-RELATED GENES IN GILLS OF
RUDITAPES PHILIPPINARUM

ZHANG Wei-Wei?, DONG Fei-Long"? ~ JING Chen"?, LIU Shang-Shu"? ~HU Feng-Xiao'?

(1. College of Marine Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. Key Laboratory of Marine
Biotechnology of Fujian Province, Fuzhou 350002, China)

Abstract Benzophenone-3 (BP-3), 4-methyl-benzylidene camphor (4-MBC), and 2-ethyl-hexyl-4-trimethoxycinnamate
(EHMC) are commonly used organic ultraviolet (UV) filters. Recently, these UV filters have been frequently detected in
aquatic environment, posing a potential threat to the safety of aquatic ecosystem. To investigate the effects of the three UV
filters on the antioxidant response of Ruditapes philippinarum gill and apoptosis-related genes, R. philippinarum was
exposed to the three filters at environmentally relevant concentrations, and the activity of antioxidant enzymes and
transcriptional levels of apoptosis-related genes in gills were investigated. Afterwards, the adverse effects of the filters
were compared and analyzed using the Integrated Biomarker Response (IBR) (Version 2) method. Results show that the
organic UV filters could induce initial antioxidative response to improve antioxidant capacity, while a long-term exposure
to high concentrations of the UV filters could decrease the antioxidant capacity. In addition, the three filters could induce
apoptosis in the gill tissue of R. philippinarum via mitochondria pathway and death receptor pathway. After exposure to the
three organic UV filters at common environmental concentration (1 pg/L) for 1 d and 7 d, BP-3 exhibited the strongest
toxic effects on R. philippinarum gill; and the biomarker responses were similar among the three filters in 28 d. Therefore,
the toxicity of organic UV filters depends on chemical species, exposure dose, and exposure duration. This study provides
reference data for ecological risk assessment of organic UV filters in aquatic environments.
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