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Abstract: To explore the toxicological mechanism of benz[ a ] opyrene (B[ a]P) in gall bladder for aquatic
animals, common carp ( Cyprinus carpio) was used as the experimental material in this study. A 15-day chronic
toxicity test was conducted with different concentrations of B[ a]P (0, 0.025 and 0.25 mg/L) exposure to examine
the toxicological mechanisms of B[ a]P on carp gall bladder by measuring the content of B[ a]P, antioxidant
parameters, transcriptional response and immune gene expressions in common carp gall bladder. Results show that
the accumulation of B[ a]P in gall bladder tissues increased significantly with the concentration of B[ a]P stress,
which indicates that gall bladder plays an important role in detoxification. The activities of antioxidant enzymes
(superoxide dismutase, catalase and glutathione peroxidase) and the concentration of malondialdehyde increased
after B[ a]P exposure, indicating that the gall bladder can respond to oxidative stress by activating the antioxidant
oxidase system. In addition, exposure to low concentrations of B[ a | P can induce immune responses in common
carp gall bladder tissues, activating the Notch receptor signaling pathway, thereby causing apoptosis and
eliminating excessive or abnormal cells in their own tissues. However, high-concentration exposure to B[ a]P can
inhibit the RIG-I and Notch receptor signaling pathways, causing an imbalance in gall bladder immune
homeostasis. This inhibition of cell apoptosis prolongs the survival time of abnormal cells, and further activates

immune cells, leading to self-tissue damage. This study provides preliminary insights into the potention self-
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protective mechanisms of common carp gall bladder cells in response to B[ a]P exposure, laying the fundation for

early warning and ecological risk assessment of polycyclic aromatic hydrocarbon pollution in water environment.

Keywords: benz[ a]opyrene (B[ a]P); common carp ( Cyprinus carpio) ; gall bladder; oxidative stress; apoptosis
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Fig.1 Schematic diagram of breeding device
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APRUNT 424 50 mg MLHLARESLE 2 mL 1) TRIzol
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Tab.1 Primers in experiment
e Btk TS
smer8b AGCTGCAGCCTGATTTTCATGAAG TATAGGCGTTCACCTGTGATTTAGAAA
CTSB CTCGGCTGCAGCGCTGGGTGAGTG TTTGGGAGCAGGGAGAACTTTATTGA
cxcll9 ATGAACGTCCTGCTGATGTTAAGTGT ACAAGAAACACAGAAAAGCATGATGATTC

CXC chemokine

Hey AGTCGAACGCCGTTCGCGCACAC

B-actin

AGATTACCCTTTGGAAGAGGCTGTG

GATCGGCAATGAGCGTTTCC

CCTCATTATCTTGTTTATTGAAAGTTTAAGCA
CACTTATACACTCATGCGTTTATTTACA
ACGGTGTTGGCATACAGGTC
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Tab.2 B[a]P Content of gall bladder in all treatments
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Fig.2 B[ a]P Changes of antioxidant indexes in gall bladder of
Cyprinus carpio under B[ a]P exposure
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Tab.3 Statistical results of differentially expressed genes in gall
bladder tissue of Cyprinus carpio
AbPR2H SRR AL A R

DL 4 vs DC 4 924 1 676 2 600
DH 4 vs DC 4 451 1211 1 662
DH 4 vs DL 4 287 447 734

At 1 662 3334 4 996
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Fig.3 KEGG pathways enriched in differentially expressed among different groups
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Fig.4 Validation of expression of relevant immune genes in gall bladder of Cyprinus carpio under B[ a]P exposure
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HE—25 X2 5 PR G g2 2 G0 1 8 B IR AT 40 BT
ZERFKI, B[ a] P AT ARG E ML & A 257
ft. RIG-1 FEAI Notch 22 {415 5 s R ALK T
SEVH VT 1 A 2% T L K, LT R AR R D A
A EFY, KA N TEAF S, bR 2 8 40 &
WA, T S e iR A 20 Ok AR 2 A IE G
W, RIG-T A2 P[5 5 3 I X T 8 2 g i 2 28 5%
FEL, PRI, 70 X S A 7 38 s 248 L T 980 RIG-1 A
ZARME Sl LR B A R IR, RIG-T K
SZAR(RLR) BT LSR5 240 At w170 25 40 05, a0 1 38405
JE A P EE R R HLE, RIG-T BA —4
FFIREY caspase G FIFESELSF3 CARD , 1% 45 #4358
ArERBh RIG-1 543K MAVS M EAEHIF45 5
D2 L NI (17 ol N (= 2 s SO G 7 =S L I

[RF IRF-3, IRF-7, NF-«B %) B 2 1k 1 380351
NF-k B #% AT 75 412 48 1 4 it DA A e S 3k
AR AU BT REME S i A LU Bl 5 i A8
AUA (AR RS, X R AR L IR v
JoE AURIT S VR B 4 P S RIG-T R AZ R A5 5 3 AR
FBY DEGs (excll9 Fl CXC chemokine) ¥ 8% T ¥4,
excll9 Fl CXC chemokine & [F F 18 5 ) T P8 S 10
o 28 A L 1SRRG R AT, R T 1 B2 A L e 3k
FEEHAMMIZ A, X AT RE A AE A A0 b A S0 E
R b Bz A 2 A P i PR e A, S AR v
FELLARLE , i BRI B 4 5 RIG-1 B2 AAME 5 1l
FEBAMEN, ZRP] Bl a] P 7ENBRE N (Y3 BE AR R x5
A RS A (K 6)



%6 1

LAY, A5 T 8 X A2 JIF 28 1) B M08, 2 ey AL - 41 -

O e b
R L
{3 T
R T U
A L A A
R B

> He[]

E6 BlalP ZETHAEERMANRRIGIFEZFESERTE
Fig. 6 Schematic diagram of RIG-I receptor signaling pathway of gall bladder tissue in Cyprinus carpio induced by B[ a]P

Notch 245 4538 B2 —Fh i Ak b O <7 i 40 JifL
(15 T AL B, VE e 4 i i iz fi 1 22 1 5 1%
Z—, Notch {5 5 i [ 76 9/ 15 240 M 53 b 38 58 PR T
AR & Pl 5 CHAE ' . Notch Z 14K Notch
BifAk | CSL-DNA &5 & 25 1R i 80 25 R 02 4
Notch 15 538 [ 1) 3= B4 B AR 43, L6 M % A e A8
P2 Xt Noteh 5 55386 7= A %20 . Notch 2RIk
THF SN R T, 38 5 S AR S5 G i ik & Notch
F TG4 . Notch 3Z A N 254 5% ( NICD ) 97K fi
VIR IF 3k — 20 5 8 2 40 M A% , #F A 40 Fd A% 1Y NICD
55 DNA BB 45 6T % sk 254, W Notch

AL PR RIE S 20 i o A A CIE ) Hes R LA )% Hey
TG o7 B s, T A 3 ML 28U 10 448 G %
BBV EARFSE S HR LA EL R R A
Notch {55 B #4005 , H2 5 Notch 8 H /K 46
FII NICD 24 i HE IR Hey 1 y-53 ARG A 1A 3R K
A FR I BT A v B 4 T o i i NICD #E A2
JHOAZ T 00 Notceh {7538 i, 2 17 380 28 15 1038 240 i 7
WAL BRSZ A AN SR 550 vk B 4 A L
e e R BEZH T Noteh {5538 % N H, KW Bla]P
TEAR A 2k B2 AR 2R 2 R BUIR 28 20 245 4, i =
AN e (E 7))

(273 M |
VR EE i
R EE T A
R
RRETEZEL

= [ JHE

E7 Bla]P RETHEEERHL Notch ZIFESERRE
Fig.7 Schematic diagram of Notch receptor signaling pathway of gall bladder tissue in Cyprinus carpio induced by B[ a P



4. MoK BT Ol k% %

5556 4%

4 % &

“a

ABIFTE N FE sk A HoAR , W = 1T _E 4B 7R
T B[a] Pria T 668 (4 5o N2 ik A2 K B a] P X
i fa (g SR BE AL, IRBUR WK E B[ a] P AR BR A
AR LU FUAR 238 S Notch ZAR(E 5
0 B LA AT LA ) G 3 107 25 A9 T o 200 08 1
BROUARM Y2 I 400, i i Bla P 2 &
Ht i (1 A2 11 By S AR AR R A, 51 A R I
T B I BEA AR A i S S5O 8 2H 2 0 i ) 45 £
FET:, BEFERUR A 7 A FPEA Bl a ] P AIRIKAEZS
BRSO HIS A , o IR OK G 5 2R SR T EA 5
i PAHS ¥5 3% A B S T R A 25 AU DAl 412 pt S Al
g/

%% ik

[1]JINCARDONAJ P, DAY H L, COLLIER T K, et al. Developmental
toxicity of 4-ring polycyclic aromatic hydrocarbons in zebrafish is
differentially dependent on AH receptor isoforms and hepatic
cytochrome P4501A  metabolism [ J ].
Pharmacology,, 2006, 217(3) : 308. DOI: 10. 1016/j. taap. 2006.
09.018

[2]CARLS M G, RICE S D, HOSE J E. Sensitivity of fish embryos to

Toxicology — Applied

weathered crude oil: Part I. Low-level exposure during incubation
causes malformations, genetic damage, and mortality in larval pacific
herring ( Clupea pallasi) [ J]. Environmental Toxicology Chemistry
An International Journal, 1999, 18(3) . 481. DOI. 10. 1002/ etc.
5620180317

[3]HEINTZ R A, RICE S D, WERTHEMER A C, et al. Delayed
effects on growth and marine survival of pink salmon Oncorhynchus
gorbuscha after exposure to crude oil during embryonic development
[J]. Marine Ecology Progress Series, 2000, 208: 205. DOI;
10. 3354/ meps208205

[4]SUN Lingbin, ZUO Zhenchong, CHEN Meng, et al. Reproductive
and transgenerational toxicities of phenanthrene on female marine
medaka ( Oryzias melastigma) [ J]. Aquatic Toxicology, 2015, 162 .
109. DOI: 10.1016/j. aquatox. 2015.03.013

[5]INGEBRIGTSEN K, CHRISTIANSEN J, LINDHE O, et al.
Disposition and cellular binding of 3 H-benzo (a) pyrene at subzero
temperatures; studies in an aglomerular arctic teleost fish-the polar
cod ( Boreogadus saida) [ J]. Polar Biology, 2000, 23. 503. DOI.
10. 1007/5003000000112

Lo X3, B UTARY P AR 2875 Y R K P e [ 1] W)
THIE R, 2023, 45(3) : 180
LIU Yan. Current situation and researchprogress of hydrocarbon
pollution in the sediments of Bohai Sea [ J ]. Transactions of
Oceanology and Limnology, 2023, 45(3): 180. DOI: 10. 13984/
j. enki. en37 - 1141.2023. 03. 024

(71355, PNy, M-3R, . IR BL T SR 2 M IF i i he
E BB ZSKTFEL 1], KRR REAR (h3E3C0) , 2024, 55
(604) :133
ZHOU Aishi, SUN Yaqiao, YE Fei, et al. Study on distribution

characteristics and potential ecological risks of polycyclic aromatic
hydrocarbons in the mainstream and tributaries of the Shaanxi section
of the Weihe River [ J ]. Water Resources and Hydropower
Engineering, 2024, 55(604) : 133. DOI. 10.1746. TV.20231229.
0935.002. html
[8]Food and Agriculture Organization ( FAO ). The state of world
fisheries and aquaculture 2022 [ C]//Towards Blue Transformation.
Rome: FAO, 2022
[9]BROWN P, GILLIGAN D. Optimising an integrated pest-
management strategy for a spatially structured population of common
carp ( Cyprinus carpio) using meta-population modelling[ J]. Marine
and Freshwater Research, 2014, 65 (6): 538. DOI. 10. 1071/
MF13117
[10] PETERSON D, PEARSON J, SIMPSON W. Effects of common
carp on water quality and submerged vegetation: results from a
short-term mesocosm experiment in an artificial wetland [ J .
Marine and Freshwater Research, 2022, 73 (7). 974. DOI. 10.
1071/MF22008
[11]JKAEMINGK M A, JOLLEY J C, PAUKERT C P. Common carp
disrupt ecosystem structure and function through middle-out effects
[J]. Marine and Freshwater Research, 2016, 68(4) : 974. DOI.
10. 1071/MF15068
(2] & K-S ALURIR% M. dbat.: B E R b R,
2006
LI Xia. Histoembryology of aquatic animals[ M ]. Beijing: China
Agriculture Press, 2006
[ 13]HIMMELBERG A M, BRUELS T, FARMANI Z, et al. Anacrobic
degradation of phenanthrene by a sulfate-reducing enrichment
culture[ J]. Environmental Microbiology, 2018, 20 (10) ; 3589.
DOI. 10.1111/1462 —2920. 14335
[14]NORTON S B, CORMIER S M, SUTERG W, et al. Determining
probable causes of ecological impairment in the Little Scioto River,
Ohio, USA. Part 1:listing candidate causes and analyzing evidence
[J]. Environmental Toxicology and Chemistry, 2002, 21 (6):
1112. DOI:10. 1002/ etc. 5620210604
(1512 %K. HIf (a) EEXTERITIE (B8 MEIRSUE5 0 K 2R Wbk
VIR [ D], &, MERIBER:, 2019
LI Yu. Effects of benzo( a) pyrene on the liver, gill, sexual gland
structure and main biomarkers of Cyprinus carpio[ D]. Qufu: Qufu
Normal University, 2019
[161mEYe, HBHA, BUF, 55, TSR frh e o 66 I 74 5% )
(1], AR R4, 2015, 46(3) : 67
HAN Ying, HAO Qirui, WEI Jing, et al. Effect of atrazine and
chlorpyrifos on common carp’ s liver [ J]. Journal of Northeast
Agricultural University, 2015, 46 (3). 67. DOI. 10. 19720/
j. enki. issn. 1005 —9369.2015.03.010
[17]LIVAK K J, SCHMITTGEN T D. Analysis of relative gene
expression data using realtime quantitative PCR and the 2 ~24¢T
method [ J ]. Methods, 2001, 25: 402. DOI. 10. 1006/ meth.
2001. 1262
(18] kifiok. A3 M]. J 7% ik, 2011
LIN Haoran. Fish physiology [ M ].
University, 2011
CI9TFEHE, S, R, 45, i JTUAE 7 X ] g 3 el A 5
gt THA SRR RS [J]. KPS AR, 2023,

Guangzhou; Sun Yat-sen



5 6 1] LAY, A5 T E X A2 JIE A8 14 B A 280N, i B AL 7 - 43

36(3):29
FAN Ze, WU Di, LI Chenhui, et al. Effects of bitter melon
Momordica  charantia ~ Saponins  on  growth, digestion and
hepatopancreas health of juvenile Songpu mirror carp ( Cyprinus
carpio Songpu) fed high-carbohydrate diets[ J]. Chinese Journal of
Fisheries, 2023, 36(3): 29. DOI:10.3969/j. cnki. issn. 1005 —
3832.2023.03.0029.09

[20]47R, EEIH, S5, S5 XERR A7 it ITBEIE e S A0 Bl 1
Je MDA F R f952m[J]. KR, 2019, 40(2) ; 108
HUA Dong, WANG Jianwei, HU Bing, et al. Effect of Lanthanum
exposure on the antioxidase activity and MDA content in the
hepatopancreas of Gobiocypris rarus[ J]. Journal of Hydroecology,
2019, 40(2): 108. DOI.10.15928/j.1674 —3075.2019.02.016

[21 ]DERETIC V.
immunometabolism[ J]. Immunity, 2021, 54(3) . 437. DOI. 10.
1016/j. immuni. 2021.01. 018

[22 ] ZHOU Zhixia, HE Yanxin, WANG Shoushi, et al. Autophagy

Autophagy in inflammation, infection, and

regulation in teleost fish: a double-edged sword[ J]. Aquaculture,
2022, 558 738369. DOI:10.1016/j. aquaculture. 2022. 738369
[23]XU Y, WAN W. Acetylation in the regulation of autophagy[J].
Autophagy, 2023, 19(2): 379. DOI. 10. 1080/15548627.2022.
2062112
[24]PAQUETTE M, EI-HOUJEIRI L, PAUSE A. mTOR pathways in
cancer and autophagy[ J]. Cancers, 2018, 10(1): 18. DOI; 10.
3390/ cancers10010018
[25]KIM J, KUNDU M, VIOLLET B, et al. AMPK and mTOR regulate
autophagy through direct phosphorylation of Ulk1[J]. Nature Cell
Biology, 2011, 13(2): 132. DOI: 10.1038/nch2152
[26] T =fd, hVIEAS, EWRI, 55, RIG-T BEZRME 55 i S HH %
WIERELT]. hESE YRR, 2014, 22(5) : 72
DING Yunlei, SUN Yingjie, WANG Xiaoxu, et al. Advances in

signaling pathways and regulation of RIG-I-like receptor [ J ].
Chinese Journal of Animal Infectious Diseases, 2014, 22(5) ; 72.
DOI:10.3969/j. cnki. issn. 1674 —6422.2014. 05.0072. 08

[27JHEIDEGGER S, WINTGES A, STRIZKE F, et al. RIG-I
activation is critical for responsiveness to checkpoint blockade[ J].
Science Immunology, 2019, 4 (39 ). 8943. DOI. 10. 1126/
sciimmunol. aau8943

[28 K%, LHEAE RIG-1 F MAVS [943 T HRE K HAE YO 5 e
MfEmB[ D). KiE . TTIWERY:, 2019
SONG Tao. Molecular characteristics of RIG-I and MAVS of the
lamprey and their signaling pathways in antiviral immunity [ D].
Dalian ; Liaoning Normal University, 2019

[29] WANG Pengtao, LI Ning, WANG Xinyue, et al. RIG-I, a novel
DAMPs sensor for myoglobin activates NF-kB/caspase-3 signaling
in CS-AKI model [ J]. Military Medical Research, 2021, 8(1):
40. DOI:10. 1186/540779 —021 - 00333 -4

[30]MENG Yao, BO Zhihan, FENG Xinyi, et al. The notch signaling
pathway: mechanistic insights in health and disease [ J ].
Engineering, 2024, 34(3) : 215. DOI.10. 1016/]. eng.2023.11.011

[3113%/NH . Noteh {553l e val45 B W 40 MUk AL 2 5 2 B S e tE W
IRIER A FRO S FHLRIBFE[ D], Wi . hEBERIR:, 2022
LIAN Xiaoyue. The molecular mechanism of Notch signaling
pathway regulates macrophage polarization and participates in the
process of autoimmune thyroiditis [ J]. Shenyang: China Medical
University, 2022. DOI:10.27652/d. cnki. gzyku. 2021. 001498

[32]FUIJIMAKI S, MATSUMOTO T, MURAMATSU M, et al. The
endothelial DIl4-muscular Notch2 axis regulates skeletal muscle
mass[ J]. Nature Metabolism, 2022, 4(2): 180. DOI;10. 1038/
$42255 - 022 - 00533 -9

(mE x #)



