5519 B4 6 ) [ R S S = Vol.19, No.6
2023 4E 12 H South China Fisheries Science Dec. , 2023

DOI: 10.12131/20230068 MEHS: 2095 - 0780 — (2023 ) 06— 0142 — 08

- BRSSO
pH FIETR R XT P AL B B 4 BRI SR

BmER", THEFE"Y, paARDY, KEED, gie"??, £ZR
L. _IRIEE A A AR A IR AR PRl R PR B S0 002, 1V 201306

2. IR R AR IRf 2EE R S MBS PG, i 201306

3. IR K PR E R R LR AR L, 1 201306

4, BRIR T 0% WERE SR TSR, VT 0% ShHK 224000

WE: HEFIRAL KRS Y Y)FE (Phenanthrene, PHE) HFEIZN X AR G5EE4E (Eriocheir sinensis) 520, FFRT A
7l pH (5.5, 6.5. 7.8) fll PHE JFRHE (0. 50 pg-L ') X regi B [(15.042.3) g] MIBCARE I Ol 14 d). 455K
. 1) PRGBS AE pH 5.5xPHE 50 PRI T, IFBRARFIEEAI 2 3™ SR B 05, AR NE TRk s, A
MEZEAR B A, AP, SE 22 A E R AR, RIS ; T pH 6.5xPHE 50 X AR B T AR A1
SR AU HAA AN 3 o 2) PHE Ab3 5 | rh AR R B I &) M T IR bl I (Gly) DA SIS BEfi 22 1 BRI B (LDL-C) ¥R B ik
HREAL, RW] PHE & FBCPARAEERR R REIKT TR MBS TATIEZ, pH 5.5xPHE 50 X§ Hll =& (TG). Gly. =%
FENG R F HFEEE (HDL-C) Al LDL-C ¥4 MR, 1 pH 6.5xPHE 50 15 B 4B M TG e RN I 2 B % T+
B 3) SEHFPGE B PCR 45 R RN, ZHHFRZAE (ahr) . FHERZ LA F (arnt) FIZHIEEZER p450 1A1
(cyplal) FER MY FR B IBE pH MIFRIRIT 16, JF7E pH 5.5 BHikBIE e . PLESSRZEM, BRALF PHE BYBEA1E FH ol
AR T vh AR R R AR, Horh pH 5.5 IR N T PHE X H T AR 4 4R S5 () B 1 A R X R A I
R

KR PRgEAE; Wfk; 3F; ReEARE
HEHES: $966.16 MERFRAEAD: A TR ( BBERS ) FxI283 (OSID ) :

Synergistic effects of pH and phenanthrene on toxicity of juvenile Chinese

mitten crab (Eriocheir sinensis)

YANG Zhigang">’, JIANG Qingqing”>’, FANG Yucheng" >, CHEN Aqin"”’, CHENG Yongxu"*”,

WANG Aimin’

1. Shanghai Ocean University/Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai 201306, China

2. Shanghai Ocean University/Center for Research on Environmental Ecology and Fish Nutrion (CREEEN) of the Ministry of Agricul-
ture and Rural Affairs, Shanghai 201306, China

3. Shanghai Ocean University/National Demonstration Center for Experimental Fisheries Science Education, Shanghai 201306, China

4. College of Marine and Bioengineering, Yancheng Institute of Technology, Yancheng 224000, China

Abstract: In order to explore the synergistic effects of acidification and environmental pollutant phenanthrene (PHE) on Chi-

W55 B HA: 2023-04-04; 1&E HH: 2023-06-01

E£WA: MK AAREEAE FIH (32273154); LI AARFFEESTE (22ZR1427300); ERKIARA AR KR (CARS-48);  LifFHTHIZ
HEHEF LIRS (ShsgeG202215); #I = Y AA A (DYRC20190210)

EEE: &N (1973—), 5, #d%, Wt B mh e K sh P E SR ia s RS, E-mail: zgyang@shou.edu.cn

BIEMEE RITEE (1977—), L, BIEdZ, B, BF5E )5 oKyl A Fe A B KR 1 2F #% . E-mail: aqchen@shou.edu.cn



55 6 19 1G4S pH FIFE BRI X AR 2 B B T PO, 143

nese mitten crabs (Eriocheir sinensis), we carried out a 14-day joint exposure experiment of E. sinensis [(15.0£2.3) g] to different
pH (5.5, 6.5, 7.8) and PHE (0, 50 pg-L ™). The results show that: 1) Under the synergistic treatment of pH 5.5xPHE 50 on
E. sinensis, the hepatopancreas and gill tissues were severely damaged; the shape of the hepatopancreatic tubules changed; a large
number of vacuoles appeared in the atrophy of the hepatic duct cells. The gill axis was enlarged; the cuticle of the gill filament
was damaged; the local basement membrane was ruptured. However, pH 6.5XPHE 50 did not significantly damage the hepa-
topancreas and gill tissues of E. sinensis. 2) PHE treatment significantly reduced the contents of Gly and LDL-C in hepa-
topancreas of juvenile E. sinensis, indicating that PHE could decrease the energy metabolism level of E. sinensis. Compared with
the control group, pH 5.5xPHE 50 inhibited the contents of TG, Gly, HDL-C and LDL-C, while pH 6.5xPHE 50 significantly
increased TG content. 3) Real-time fluorescent quantitative PCR experiment shows that AHR, ARNT and CYPIAI increased sig-
nificantly with the decrease of pH, and reached the highest values at pH 5.5. The results reveal that the combining effect of acidi-
fication and PHE changes the energy metabolism of E. sinensis, and pH 5.5 significantly aggravates the toxic effect of PHE on the

hepatopancreas tissue structure of E. sinensis, as well as its energy metabolism.

Keywords: Eriocheir sinensis; Acidification; Phenanthrene; Energy metabolism
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Table 1 Primer names and sequnences
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EC. Enteric coat; MV. Microvilli; LU. Lumen; R. R cells; B. B cells.

1 ARl B ST I RS 4 21 SR B2 /€ PHE (50 pg-L ™) Fl pH (7.8, 6.5 F15.5) f114 d J5 (s IR AL,
:: a. pH 7.8xPHE 50 ZFRAR; b. pH 6.5xPHE 50 ZU/F/HRAR; . pH 5.5xPHE 50 Z0JiFfA%; d. pH 7.8xPHE 50 Zfif;
e. pH 6.5xPHE 50 4ifi}; f. pH 5.5xPHE 50 £,

Fig. 1 Pathological changes of hepatopancreas and gill tissues of E. sinensis after exposure to PHE (50 ug-L_]) and
pH (7.8,6.5and 5.5) for 14 d

Note: a. Hepatopancreas in pH 7.8XPHE 50 group; b. Hepatopancreas in pH 6.5XPHE 50 group; c. Hepatopancreas in pH 5.4xPHE 50 group;
d. Gill in pH 7.8xPHE 50 group; e. Gill in pH 6.5xPHE 50 group; f. Gill in pH 5.5xPHE 50 group.
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Fig.2 Effect of PHE concentration on energy metabolism indexes of E. sinensis under different acidification conditions

Note: Values are represented as Mean+SE (n=3); different uppercase letters above the columns represent significant differences at PHE 0 ug-Lil

(P<0.05); different lowercase letters represent significant differences at PHE 50 pg-L ™' (P<0.05); * represents significant differences between the

two groups at the same pH values (P<0.05). The same case in Fig. 3.
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Table 2 Two-way analysis of variance for influence of pH and PHE on contents of TG, HDL-C,
LDL-C and Gly in E. sinensis hepatopancreas
AT AWIE =T JSHER| Az ¥J5 F p
Energy metabolism index Group DF MS
PHE 1 0.009 6.591 <0.001
Hil =g TG pH 2 0.025 17.585 <0.001
PHExpH 2 0.018 12.798 <0.001
PHE 1 0.000 2 0.301 0.593
= % B2 IR 2R 1 IR [ B HDL-C pH 2 0.002 201.824 <0.001
PHExpH 2 0.000 1 18.863 <0.001
PHE 1 0.000 1 9.378 0.010
IR B AR & IR LDL-C pH 2 0.008 145.710 <0.001
PHExpH 2 0.001 10.200 0.003
PHE 1 0.240 39.171 0.020
B Gly pH 2 0.677 110.327 <0.001
PHExpH 2 0.043 6.952 0.010
75 r (a) 75 1 (b) 10.0 [ (c)
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Fig. 3 Effect of different PHE concentrations on expression of hepatopancreas genes in E. sinensis under acidification conditions

%3 pH F0 PHE X LS EEEE ahr, arnt, cypla]l BEERRZEZMPNEEZFEHT

Table 3 Two-way analysis of variance for effects of pH and PHE on a/r, arnt and cyplal gene expression of E. sinensis

FEH AEFEZH 5 F H1BE Y52 F p
Gene Group DF MS

PHE 1 7.889 204.860 <0.001
ahr pH 2 7.760 208.258 <0.001
PHExpH 2 5.111 134.930 <0.001
PHE 1 8.133 314.861 <0.001
arnt pH 2 8.276 320.375 <0.001
PHExpH 2 5.697 220.565 <0.001
PHE 1 51.122 1 643.494 <0.001
cyplal pH 2 28.965 931.189 <0.001
PHExpH 2 4.721 151.787 <0.001
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PHE I %5200 1 h ARG 2 8 i e i A .l st mT UL
ANV ERIE 137 U 1T 8 23 7 A Db R 8O0E , - DT 52 Wi FH ¢ 3 49
FRER AT R, X 547 (Cu) F1+E# (Oxytetracycline)
PHRIZL R 175 T T B4 (Ctenopharyngodon idella) Wi fig it i
FTIFFE 45 SR — 2

AWF5EH, PHE W BRI T arnt I cyplal FEFFR
ik, HEBEAMRERET ahr A arnt FR MR, I
R cyplal FEFF KR BETHE . Holen 1 Olsvik™”
[FIEE & B8 PHE X KV (Gadus morhua) cyplal R
RIES, [EHE & PR 24 (Lipopolysaccharide) il PHE )
SEHAERIXT cyplal FEH B EFHES . Guo %™ #ili T PAHs
A LUgs P IR IR 1T (Ruditapes philippinarum) H ahr 2£H
ik Liu 20 L BUEIFLE (BaP) 1T 5 1A FHIFLE I
(Chlamys farreri) 'h ahr BRI RIL ; (RUKE BaP 7T &
FEFLER VL ahr A1 arnt SED9 9263515 Lima 2" 264145
(Crassostrea gasar) Ft. &3 pH FI PHE PHREIZLRIXT cyp FKk
REEMFES. X5ARPRER -, ALRBENR pH
Y5 PHE Ph[RIVE AT 5 5 P AR08 cyplal SERIIRIE

ahr BRI S RESACH LU K R i ARHA S 2OCHE, Ao
&1 ahr MUELEIPINE BRI A AR, 2 ae
B ahr FLUR 2 65 S 3000 28 P I vk B2 IR A AT S LA A 6
AW ARFFBE B T PHE & rhAe o B i 5 i A=
MR E A, M BRI S PHE PR S HAN,
FRW T AR R R RE A AHOCHRSY SR IR, TECH
HESPIh, PAHs HUM#EEFCMZ H1 1A AHR-ARNT {55
W DL I AR A DE HR-S-54 # 8 (GST) AT, S

AR R A A 1 v ARG P 4 (Reactive oxygen species,
ROS), FHKA LW IE R L™, Kk, pH Al
PHE PR 15 Il BE X vh A ol B B pe i AU S b e Ak R 58
AR

AHIFAREKY, NS T, pH 6.5 AT LI fi#
PHE W #EVEAEHT s MRE RS . JEPISRIL 5 E , BEE
pH MM, PHE TR Ms2 it pE 2 H 58 .

S 30k:

(1] 2R, £5, AL, 55 SRR A pH X FLANTEof KR £ 4R
AFIERIIFZI (7). A 752295, 2010(5): 945-950.

[2] HUMH,LILS, SUIY M, et al. Effect of pH and temperature on
antioxidant responses of the thick shell mussel Mytilus corus-
cus[]J]. Fish Shellfish Immunol, 2015, 46: 573-583.

[3] WANG]JL,LURH, SUN J J, et al. Differential expression of lipid
metabolism-related genes and miRNAs in Ctenopharyngodon
idella liver in relation to fatty liver induced by high non-protein
energy diets[J]. Aquac Res, 2017, 48: 4070-4085.

[4] WUY, ZHANG J, ZHU Z J. Polycyclic aromatic hydrocarbons in
the sediments of the Yalujiang Estuary, North China[]J]. Mar Pol-
lut Bull, 2003, 46(5): 619-625.

[5]1 LIU G Q, ZHANG G, JIN Z, et al. Sedimentary record of
hydrophobic organic compounds in relation to regional econo-
mic development: a study of Taihu Lake, East China[]J]. Environ
Pollut, 2009, 157(11): 2994-3000.

[6] ZHANG G, PARKER A, HOUSE A, et al. Sedimentary records of
DDT and HCH in the Pearl River Delta, South Chinal[J]. Environ
Sci Technol, 2002, 36(17): 3671-3677.

[71 ZHANG Z L, HONG H S, ZHOU ] L, et al. Phase association of
polycyclic aromatic hydrocarbons in the Minjiang River Estuary,
China[J]. Sci Total Environ, 2004, 323(1/2/3): 71-86.

[8] HARITASH A K, KAUSHIK C P. Biodegradation aspects of poly-
cyclic aromatic hydrocarbons (PAHs): a review[J]. J Hazard
Mater, 2009, 169(1/2/3): 1-15.

[9] B 2fE, SbEre, TR E. FEMMa XS i) 2 P Ay A L
WALSE (J]. RAETCF 244 (FLIRRLAAR), 2018, 44(2): 309-316.

[10] CORREIA A D, GONFALVES R, SCHOLZE M, et al. Biochemical
and behavioral responses in gilthead seabream (Sparus aurata) to
phenanthrene[J]. ] Exp Mar Biol Ecol, 2007, 347(1): 109-122.

[11] ENDLER A, CHEN L, SHIBASAKI F. Coactivator recruitment of
AhR/ARNTIL([J]. Int ] Mol Sci, 2014, 15(6): 11100-11110.

[12] SOGAWA K, FUJII-KURIYAMA Y. Ah receptor, a novel ligand-
activated transcription factor(]J]. J Biochem, 1997, 122(6): 1075-
1079.

[13] FUJII-KURIYAMA Y, MIMURA J. Molecular mechanisms of
AHR functions in the regulation of cytochrome P450 genes|J].
Biochem Bioph Res Co, 2005, 338(1): 311-317.

[14] & E5z, BUKIN, T8 5, 5. JR28E I ih AR o2 8 4)) 18 T 19

IR T R RS [T]. 0T R DTV K224l (H AR AR, 2011,
39(4): 108-111.
[15] ZHAO X J, YANG Z G, CHENG Y X. Effects of cadmium alone



6

1G4S pH FIFE BRI X AR 2 B B T PO, 149

and in combination with pH on bioaccumulation, tissue structure,
and enzyme activity of the Chinese mitten crab, Eriocheir sinen-
sis[J]. Comp Biochem Phys C, 2021, 245(3): 109025.

PAN Z H, SONG X H, HU X L, et al. Pathological changes and
risk factors of hepatopancreas necrosis disease of mitten crab, Erio-
cheir sinensis[]]. Fish Aquac J, 2017, 8(3): 220-225.

ROSZER T. The invertebrate midintestinal gland ("hepatopan-

creas") is an evolution-ary forerunner in the integration of immu-

sis) to benzo[o]pyrene (BaP) toxicity[J]. Aquat Toxicol, 2018, 203:
150-158.

KHAN F U, CHEN H, GU H X, et al. Antioxidant responses of the
mussel Mytilus coruscus co-exposed to ocean acidification, hypo-
xia and warming|[J]. Mar Pollut Bull, 2020, 162(1): 111869.
MILLER G J, MILLER N E. Plasma high density lipoprotein con-
centration and development of ischaemic heart disease[J]. Lancet,
1975, 305(7897): 16-19.

nity and metabolism[J]. Cell Tissue Res, 2014, 358: 685-695. [34] YANG Q, YANG R, LI M, et al. Effects of dietary fucoidan on the
[18] JAWARD F M, ALEGRIA H A, GALINDO REYES J G, et al. Le-

vels of PAHs in the waters, sediments, and shrimps of Estero de

blood constituents, anti-oxidation and innate immunity of juve-
nile yellow catfish (Pelteobagrus fulvidraco)[J]. Fish Shellfish
Immunol, 2014, 41(2): 264-270.

World J, 2012: 687034. DOL: 10.1100/2012/687034. [35] XI/NAL. AR PR SR FREE X H A 0 ST IV 2 SR A (40 2L
[19] FILLMANN G, WATSON G M, HOWSAM M, et al. Urinary PAH 5T [D]. FER: PR K2%, 2017: 104-108.

metabolites as biomarkers of exposure in aquatic environments[J]. [36] XUY H, HOGSTRANG C, XU Y G, et al. Environmentally rele-

Urias, an estuary in mexico, and their toxicological effects[J]. Sci

[

[t

Environ Sci Technol, 2004, 38(9): 2649.

LIVAK K J, SCHMITTGEN T D. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the et
thod[J]. Methods, 2001, 25(4): 402-408.

BAINY A, SAITO E, CARVALHO P, et al. Oxidative stress in gill,
erythrocytes, liver and kidney of Nile tilapia (Oreochromis niloti-
cus) from a polluted site[J]. Aquat Toxicol, 1996, 34(2): 151-162.
Ve oy L, 5B, ENE, S5 AR pH Bk X 5 [ J5E 2 R SR R
Wi 1 BRI (7). T DK =R, 2016, 23(6): 1279-
1289.

TR B, RBT, WES, S PRSI TR AR
O AR T 2R Ao BB A 7). KA 2R W44, 2007,
31(6): 799-806.

[24] WANG X D, HUANG Z P, WANG C L, et al. A comparative study

on growth and metabolism of Eriocheir sinensis juveniles under
chronically low and high pH stress[J]. Front Physiol, 2020, 11:
00885.

CHEN L Q, LI E, CHEN L Q. A review of carbohydrate nutrition
and metabolism in crustaceans[J]. N Am J Aquaculture, 2016,
78(2): 178-187.

KWONG R, KUMAI Y, PERRY § F. The physiology of fifish at low
pH: the zebra fish as a model system[J]. ] Exp Biol, 2014, 217: 651-
662.

ESTHER L, BEGONA F D, RAUL G, et al. Stress-induced effects
on feeding behavior and growth performance of the sea bass
(Dicentrarchus labrax): a self-feeding approach(J]. ] Comp Phy-
siol B, 2011, 181(8): 1035-1044.

P, VERKSE, 0 i, 5. Z ORI fr 2R e xd /N BRI AR 7F
FBIBEFE 7). KGR SA5R, 2012, 27(3): 200-204.

S, FRMELL, % ], SF. WO (FPS) X o I LA A B
JHEHE LDL-RmRNA %A R 5200 [J]. #2544, 2007, 30(8): 968-
970.

LI M X, WANG X D, QI C L, et al. Metabolic response of Nile
tilapia (Oreochromis niloticus) to acute and chronic hypoxia
stress[J]. Aquaculture, 2018, 495: 187-195.

YU N, DING Q Q, LI E C, et al. Growth, energy metabolism and

transcriptomic responses in Chinese mitten crab (Eriocheir sinen-

vant concentrations of oxytetracycline and copper increased liver
lipid deposition through inducing oxidative stress and mitochon-
dria dysfunction in grass carp Ctenopharyngodon idella[J]. Envi-
ron Pollut, 1987, 283: 117079.

HOLEN E, OLSVIK P A. Aryl hydrocarbon receptor protein and
CYPIAI gene induction by LPS and phenanthrene in Atlantic cod
(Gadus morhua) head kidney cells[J]. Fish Shellfish Immunol,
2014, 40(2): 384-391.

GUO R M, PAN L Q, LIN P F. The detoxification responses, dama-
ge effects and bioaccumulation in the scallop Chlamys farreri
exposed to single and mixtures of benzo[a]pyrene and chrysene
[J]. Comp Biochem Phys C, 2017, 191: 36-51.

LIU N, PAN L Q, MIAO ] J, et al. Molecular cloning and sequence
analysis and the response of a aryl hydrocarbon receptor homo-
logue gene in the clam Ruditapes philippinarum exposed to
benzo(a)pyrene[J]. Comp Biochem Physiol C, 2010, 152(3): 279-
287.

TIAN S M, PAN L Q, SUN X H. An investigation of endocrine
disrupting effects and toxic mechanisms modulated by
benzo[a]pyrene in female scallop Chlamys farreri[J]. Aquat Toxi-
col, 2013, 144/145: 162-171.

LIMA D, MATTOS J J, PIAZZA R S, et al. Stress responses in
Crassostrea gasar exposed to combined effects of acute pH
changes and phenanthrene[]]. Sci Total Environ, 2019, 678: 585-
593.

QUABIUS E S, NOLAN D T, BONGA S. Influence of dietary
exposure to PCB 126 and nutritional state on stress response in
tilapia (Oreochromis mossambicus) and rainbow trout (Oncorhyn-
chus mykiss)[J]. Environ Toxicol Chem, 2000, 19(12): 2892-2899.
WANG B L, ZHANG C W, WANG L, et al. Lipidomics reveal aryl
hydrocarbon receptor (Ahr)-regulated lipid metabolic pathway in
alpha-naphthyl isothiocyanate (ANIT)-induced intrahepatic cho-
lestasis[J]. Xenobiotica, 2019, 49(5): 591-601.

VOGEL C FA, VAN WINKLE L S, ESSER C, et al. The aryl hydro-
carbon receptor as a target of environmental stressors implication
for pollution mediated stress and inflammatory responses[]].

Redox, Biol, 2020, 34: 101530.



	1 材料与方法
	1.1 材料
	1.2 pH和PHE暴露实验建立
	1.3 样品采集
	1.4 实验方法
	1.4.1 组织染色与观察
	1.4.2 能量代谢指标的测定
	1.4.3 基因表达的测定

	1.5 数据处理

	2 结果
	2.1 中华绒螯蟹肝胰腺和鳃组织结构
	2.2 中华绒螯蟹肝胰腺能量代谢指标
	2.3 中华绒螯蟹肝胰腺中ahr、arnt、cyp1a1基因表达水平

	3 讨论
	参考文献

