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Advance on Effect and Mechanism of Pesticide Chemicals on Lipid Metab-
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Abstract; Due to the widespread use, residues of many chemical pesticides have been detected in the aquatic eco-
system. Pesticides pollution not only causes great damage to the water environment, but also adversely affects a-
quatic non-target organisms. In this paper, current pollution status of pesticides was reviewed, and then the adverse
effect and its underlying mechanisms of pesticide compounds on lipid metabolism in fish were summarized, espe-
cially focusing on the disruption of lipid digestion, absorption, synthesis, decomposition, and transport. It will pro-
vide more theoretical references for further exploring the lipid metabolism-disrupting effect of pesticides and also
for safety evaluation of emerging pesticide chemicals in the future.

Keywords : pesticides; fish; lipid metabolism; mechanism of action
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R SCREA AR I E WX 0 i

T AR 1452 g S AL o A 5 Je 17

FROSRRASA TH0/E AT AT B HE e 0 28 A A7 AR
MBI EZR N, ASCERE T3 10 A2 264k
Ex IR I TP B, S 7R A 2y
S EUIR AR ZE LA R S AL SR A

1 REGEL AT (Pollution status of pes-
ticide compounds)

A2 B H bR A A [R], w] LAy kg A% U
(€U I AVAVANN EE L I /N €0 SN RS T
BT TR A A D R AR ) R TR R (I = S
R T FPY PR TR A AL S i 45 ) | 7% MR (L R il Tl | R
P G TR FTER Hhe 2R 25 ) A 2 HLR) (A0 G 8 | B AT
A5 AR BT (A0 22 1 R 55 AR A A A 1 50 20
— ARG T B HAE T B AR AE YA R I
TRAK, 29 99% MY AR 25 2318 1B ik AFREE Th®) 4R K
RAGHRACEYTEH IR T K K R 4545
T RS A BT b AR 1, ), 7 e ) o 9 X Sl )
22 /Ml R KRR b R HS T TR TR T U
1420 ng-L™" , ANA/ASHIERHE N 26.70 ng-L7'E,
Sumon 5 X F L PH AL FR A A 1) A 245 5% BE ) A
R i ZRoK hEEFE MRS R BE R 3K 9.10%10° ng
L7 ZEFR RS BHOT S B A A X (4 30 AR K
REA e RGP R R BE 2R 1 972 ng- L' 3
A 2 IVEHE AR A B T Xl T 7K v ) o 5]
BRI BERR G R i ) ST 2k B Oy 3.45%10°
ng-L™" P E BRI T H 9 B 1.69x10° ng- L™ FhFE
R R T 05%10° ng - L' e Ah T+
P B IR AR T AR, R 2y
15 YW e 4 o e AT TIOR8k 45 G 0 1)
RAE RN EPEALT K RV T, = AR
SERARG U Bl 7.01 ng - g7 M Li 50N b E BRYT
=AU DX T K T ORI R AR 24 5% B AT
JEBR, BRTL = A7 I b X SRS TR ARG 1 3 By
144 ~219 ng-g™', Yang JE"I0] e [ B 1 A 1)
64 /> W R AR AR A HEAT 1 R B R ok B S, L
BT RFRLEE FhELA AR T, 55 JORUR R Z K
TR R Y 4 bR R e R 2y 0l e Ok 720
748.88 296.64 113248 ng-L™', F£ 1 HFELETT
SCHIT B i) BEAR 2 MR AEAN [R) BR A5 Jo b A H

o T HAC =R e VE AR AR VE , R 25 2L G W 1T
HRTEAEYHLUT BRI B Y EE T B8R,
PadlE R ZER LR R T 4 Fh 2R g A
T o P SR AR A 24 r R S A H I

JEfe s, b 005 ~7253 ng-g ' FREEEE—LL
UERESTILY/ LSRN s s R = S I (1 = B o B
V3 TG HE Sl 4 v BT R A - 2R A 0.31 ng -
g S BTRE R P VR R 0.3 ng - g7 1
FE B[ EEFE /R BTN i 3 A e SRR AR rp o il 21 — S0 0
HRER  HAG Y 911 ~589 ng- g™, Hih R B Hr
458K ( Neonemacheilus) £ 7 W 1) K H ¥k B B AIG,
91.1 ng-g", EE R WLEY( Oreichthys cosuatis) K Hi
W fe =, 9 589 ng-g ' Riaz RGN T I
18 23 9 A ] v € N 8 6§l (Anguilla rostrata) A& P U
o O AE TR 2 HOR B TR B A D SR R TR A
Pt | 5203 TR AR R 2 TR 1 1 49 B 43 3l Ry 472,459
278 f1251 ng-g™',

2 REGEN ST & 20 A5 KI5 82 0 K 4E AL
( Effects and mechanism of pesticide chemicals on
lipid metabolism in fish)

J PR L E IR REIR S Y 5T, E A=)
RN R BAT B S, IR TR AR A Y
PR, Hod fg 5t FR H il =B (triglyceride, TG), MiZ&ig
T E AR AR AR [ RS 2 R BT, R AR A
PSR —NE MRS R, I8 A W IE A
RN, A B B, 78 i LU 1 AT
oz, JETTE IS 2H 2Uh JEAT AR, i T 2H 2L
SENR BT E R A1 FZ I iR kL IR 2
REGIAAS Y RE A% 18 8 1 1A P9 I 5 A4 T 1k
W 5 R o3 i AV i A — A B 2 A iR A R i
T B AR N BRI ZEEL TG SE R BTk F 5
o K2 PR T U KR ETS Y) T
AR B ERHLE]

2.1 T4 2R BT AY T 1 W IR (Disruption of the
lipid digestion and absorption in fish)

ST AL AT IR BT 2 o i, |
96, IR 1R B TE I i 9 28 TR I Tt 5 3 A i K A
TERS ARV R | SR E b AN B h AR SRS I R
bV LAY B A (micelle) , T8 1 1 Kz 41 i
W, B S |, KA N R BB R AL , 2R )5 1
g8 A W A/E T JE 55 2L BE Ok (chylomicron, CM),
28 bR I R I 3 2 G0 T B i i A B
SEACECHAB LA R . PR R R 4l it
FIFIKEA MBOTZ 5 B AL, Siplie iz 2= H Al 21
SURAN A P A AR A PRI BE

% T A5 WA R ot 3 R 5 A 1 P 1 £
Sy THAEESE , U 3 T A R A TS MR
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Table 1 Residual levels of pesticides in different environmental media
REGTHH HR Koz H X FIA i Kt e 275 3CHk
Pesticide category Name Detection area Environmental media Detection concentration —References
TR Hh IR 2 18 K
. . 1420 ng-L™! [6]
Clofenotane Dongting Lake, China Surface water
VAVAVAN H R 2 141 iRk
. . 26.70 ng-L™! [6]
Hexachlorocyclohexane Dongting Lake, China Surface water
VAVAVAN JEE R R AP R - HLPL K
. o 2230 ng-L™! [18]
Hexachlorocyclohexane Couloir Sud Rifain, Morocco Groundwater
FoE & rhE R HiFRIK
) . ) . 4433 ng-L™! [19]
Trichlorfon Dongjiang River, China Surface water
AR B Tl X K
_ : 830x10° ng-L™! [20]
Monocrotophos Indian Industrial zone Groundwater
R P P AR Hi 7K .
. . 1 970.00 ng-L [8]
Carbofuran Songnen Plain, China Groundwater
W+ B T Rt 1
. . 69.00 ~81.00 ng-g~ [21]
ZHF Carbofuran Indus River Sediment
Insecticide A BRI = A Ik K T LB
. . . . . 144 ~219.00 ng-g™! [12]
Cypermethrin ~ Water channel in the Pearl River Delta, China Sediment
TR PBEF 50 30T A I
. L . 5.00 ~58.00 ng-L~ [22]
Cypermethrin Ebro River in Spain Surface water
IR AR LTS A K »
. . . . . . 3360.00 ng-L [23]
Bifenthrin Farmland in Zhejiang Province, China Surface water
RS E UL KL YL A 4 A7 T Hizkok
. . . 44.00 ~71.00 ng-L™" [24]
Deltamethrin The River Chenab, Pakistan Surface water
TR EIVBEF AR W oK
. - . 0.65 pg-L™! [25]
Dichlorvos Chilika Lake, India Surface water
BRI Ly koK
. 40.00 ~2 910.00 ng-L™! [26]
Propoxur Uruguay River Surface water
it b FRH) K
. . 133%10% ng-L™! [27]
Imidacloprid The Great Lakes Surface water
B Ve (R A 2 DX ) 1K .
. 28.00 ~1 690.00 ng-L~ [28]
Glyphosate Baltic Sea (German coastal area) Seawater
BT AT (ST AR S35 A DX 2 LYY )
‘ i ) 828 ~32.00 ng-g” 29]
Glyphosate Pampas (The part area in Argentina) Sediment
[UEEERAE S PYPEA AT HR K }
. i . 345 ng-L™! [9]
Atrazine Spanish countryside Groundwater
BRELH By i ] B 1A A [N
- . . . 720%x10% ng-L™! [13]
Herbicide Atrazine Yellow Sea and Bohai Sea, China Seawater
fINCEE PIBEF AT Wk
. . 0.50 ng-L~ 9]
Prometryne Spanish countryside Groundwater
A e ff EIVRE VY IR A FH 7K HiFIK
. . . 20.00 ng-L™! [30]
Metamifop Farmland water in West Bengal, India Surface water
[ERx ] FE MK Rk )
. . (150 ~18.90)x10° ng-L™! 31]
Paraquat Groundwater in Thailand Groundwater
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Zikl
VeSSl H R Kt DXk AT A i e J3E 27 3CHik
Pesticide category Name Detection area Environmental media Detection concentration —References
LK% F L R X K }
. . 88.00 ng-L™ [32]
Acetochlor Guangxi Sugarcane Production Area, China Surface water
[ 551 TR H A= P9 it K »
.. . 65.00 ng-L [33]
Herbicide Diuron Seto Inland Sea, Japan Seawater
75 e L A 5 ok )
L . . . 140 ~530 ng-L™! [34]
Simazine Liaodong Peninsula Sea Area, China Seawater
=EE R LYY
. L . . 701 ng-g™' (1]
Triclosan Beijiang River, China Sediment
ARk Y PR o L T Ak MRk )
. . . . 3904.00 ng-L™! 35]
Difenoconazole Jiulong River, China Surface water
TR I S T AE T K 1
' 0.70 ng-L"~ [36]
Tralopyril Porto Avero, Portugal Seawater
PIERm HHI AR HiFRIK
. . 125.00 ng-L™! [37]
Propiconazole Costa Rica Surface water
AT =Hm rE I K
. i ) 421 ~6790 ng-L™! [38]
Bactericide Tricyclazole Wauhan, China Surface water
gl Hh U T AR K
) ) : i 0.15 ~13.00)x10° ng-L™'  [39]
Procymidone Jiulong River, China Surface water
FRIEME ER NS K
. 30.00 ~1 640.00 ng-L™" [40]
Flutolanil Southern Japan Surface water
I P P 5 [ A 48 e S 95 PR 11 LYY .
. . o . 0.70 ~88.80 ng-g~* [41]
Boscalid Estuaries off the coast of California, USA Sediment
U PR By ik B
Lo . . . 430 ~2080 ng-g [34]
Triadimenol Liaodong Peninsula Sea Area, China Seawater
W B FLT LAY LYY _
o . . . 881.00 ng-g™' [42]
Spirodiclofen Sava River sediments Sediment
I P T R IRE TR AL/ LYY
. . ] ) . 1 750.00 ng-g’l [42]
5] Spiromesifen Sava River sediments Sediment
Molluscide 12t 2 g [ REIR ALY TR
: . ' ) 43100 ng-g”' [42]
Spirotetramat Sava River sediments Sediment
AR ] 260 BF I 4 DX R R L HhFRAK [43]
) - ) ) (1.00 ~38.00)x10° ng-L~!
Chlorosalanide  Nanjishan Island, Poyang Lake Region, China  Surface water
AT PIE B 1 A L IE. ok
. _ 3.80x10° ng-L™! [44]
ek di Propamocarb Almeria, Spain Surface water
Nematicide HEAEI A FE P A B X HiFRK
. 9.10x10° ng-L™! 71
Chlorpyrifos Northwest Bangladesh Surface water
A ELH ZHR WA 51 ] ok
& . _ 10.82 ~697.39 ng-L™' (45]
Fungicide Carbendazim Llobregat River Surface water

RSO F SRRt e S & DR N =

o VF

ZHTFERIIARL AL G Yy n] DU 50 i A AL

0.10 11040 mg- L") [ T mg ik w0 i f , He g i N i
I T P 3 P 34 S R AIG, R 45 A I 0 RE ) A2

B ) 355 PR T PR B A T AL Wi, R DN % £ ( Clarias
gariepinus) M3 & i1 ( Danio rerio)53 )| 5 % T & 554
FE(S0 pg-L™" A1 100 pg- L) HIIEBAE K E (0.025

WY WEIEHEO.75 pg- L 7.5 pg- LK
=T ) R ER AN AR B £ ( Cyprinus carpio)60 d J5 ,
b ZE AR i T P 9 Ak B (BRI B D ) 15
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PEE T 2 R A 25 2 A A T LIGE R 40
TE N TH A BE RIS P, DA BELAS i BT 4 76 16 5 W it
i HE T REARAILAR 9 i ot 5 4t

WA, A 25t n] DL o 52 ) £ 288 09 g 18 o R
JFE KAk T AR B, A IR R 7B A
SRR B Z M AFE B VI G R JERE T S5 A )
RERTRE I b K v (4 B 5T, 52 e g s W™, 491l
U1, Semova S 3 i 7E TG B BE D £ 18 PN A2 AT A
T, A3 16 20 v B A% 2 infe 32 b B 20 MO X s I
R W S A BT it . T T TR R I RS2 TR A
BRI L T PN R 1 52 T, i T TR RE 2E AR AR AL
SR AR T oA e R BURE Re i SRR B AE
A HTRE, Jiang SECWFSE L B, Rk FH SAIE(0 4 mg
LTYRER DM 21 d )5, B fpiE A YA
PR AR POAT TR AR A = B AR, SR RE I AT
PRFIADURT T A = B 14 0, S P i o 38 AR S
PERAEBE St 2 2 TR 2 L1 000 pg-L7')7 d J5,
HHFNE TG & & A, W] iz 18 T 2 Yy AR Y
HMAEE AT BE2, K L, o2 B
Wy ST ST T SR RE TR 1Y) T B S RS, AR
JEIKF b BAT I A A B QTR 2 8, AT AN
SIFFTE | B TR AR AT R A 0 =F B 2
TR B A AR 1 AT LAY/ 4 Al 1D R AN o KA
PR DT (i) 422 52 i JiF R ) 6 R0 B AG g™, =
HAH(100 ng- L) /K 8 (Oryzias melastigma)
21 d Ja, 35 ol i K B 1 i T DA 0 R
T G T A Y A B 2 T R, W R R A
K e i 1 A AR A 27 53 A e IR LA 2 A ik
EA4E, 1 H 2= SR £ 2 TR e R AR 2
HB BT AR 25 A A T LLGE Tt 2
VA BRI A (RS 5 5 e 2 T S e P PR v s o 5
IR Y i
2.2 THEaAE AR IS AR 5 (Disruption of the
lipid anabolism in fish)

AR B RR TR IR 2500 2 Fh, — =B
A RSME RS, R Bs 2 b ik AT
NSk A B, ol 2 VR 5 1, G A iy B
SRR TR G . R DT R & B R4 2 £ It T
AT OB A R AL (acetyl-CoA carboxyl-
ase, ACC)HIMEALAE T T AL A U LA A, 2R
J5 LR A DY 5 I LE A U7 R 5 B (fatty
acid synthase, FAS)AYZ2UCHEAL T A2 i+ 7Sk 8 1
NEWITR——FFHERR o AR IR AT e 3h ) 20 A Hh i Iy

5 X AL 1A AP i U7 2 25 RN AV R 2R A Tk
HESERC 5 R D R 1) JIE A R, DT A5 381 BT 4 e ik 1) PR
9 T % AN e R T PR

2R NG BTG i Rt 22l R B 0 4H
MBI e B A 25 26 45 g ) T 0 R ot & 1o A&
FAS ACC %5 G HEBE s B R 1 R 3k & H 3 3 TG 45
JIR BT & S i BB FAS TEREENR TR 19 A
KB P AR OCHEAE R, AR A Y R 2
—  HERS s R TS SR A IR N IR D7 5
M ACC FEAENRNIH LU DRI, R K BENR IR
B B v g R SR S R 7 U e B R (0.40
mg- L) RBEMAFBE D 21 d J5, JR A O G 3
FAS HI ACCL [y 5R A 134, (€ ik B it & 1K,
(EHIFIE P TG AR IS AT S e84 4)
A7y %% i 8 £4 ( Oncorhynchus tshawytscha) 7% 7% T &
TAGHEE 21 d )5, i EUERTE T FAS F1ATP 5
1 246 B (ATP-citrate lyase, ACL)[Y & ik /K, {E #F
JIR BT 1, 2 T S B0 f: £ A AL IR B 25 AR

[FIES , A 2520875 Ye 3 AT L o P o 45 £ 2%
A I AR 0 e % PR 7 p s T TR B Y 5 AR
W, OO0 B T TS5 A R H (sterol regulatory
element binding protein, SREBP) & 4 -7 41l il [N g 1
RS EZAZY S H T, SREBP1 & 5 #7354 ¥ ik
R Z BB s A R DG R A 7 5k, H R oL 5 1%
DIASERT . WFSEHGE , I T (1.20 mg- L") 2%
B0 IR LA TR B JB(1 000 pg - L) 2 55 AR B
Ut 7 d 5, ey a2 A N SREBPL #) 2Kk, it
ME FAS . ACCL RGP T 51 H TG & i
AR 3k S AR ) il R 1 B O 52 1A R (peroxi-
some proliferators-activated receptors, PPARs)J&—28
FH TG AT (1% %% 53 TR, 7 B 017 4 04 B i s A
W7 T 2 A A ] . PPARy RENS I F5 I I 40 e
AR 5 R, 5 N 07 40 M AH G B R i 3Rk .
FEIR T 23 A8 LA X i BT A W e RN R s Y 90
TN B SRd] pAr B, =R 3EB (1,10 1 100 ng-
L )RERHE KT 21 d J5 RIS PPAR (5518
%, Hor PPARy BEPR 3R 3K 5 W2 TRl A U A
JLorAk, S BOHLAE FECY S W5 2 B, 2R Tk P B
(1000 ng-L™)ZEEZ /K F 8 6 > H LI KAL) it
= EQ00 pg- LAk s 5t S ff 5 2
B PPARy WA DI VNG 17 40 A 534k, 155
SHARFAE S PPAR 3 F 35 /K- e 2 1
RE S RAGRAGY T T H A LR LR A C, 51
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R SCREA AR I E WX 0 i

T AR 1452 g S AL o A 5 Je 21

W, Q-2 H)-234,5-TUIRAHE R (1 412
pg- LY BRBER DA 14 d 5, @ 23 L
DNA #21L fifi (ten-eleven translocation, TET) % iA &,
f&if T PPARy Ja sh i)W Ak R B0z 5L
B LR, A AE A5 BE B fa gy fa ik N TG K& A
AR

2.3 T 05 5 4y f# 485 (Disruption of the
lipid catabolism in fish)

JE BT il 2 2253 PR 43 B TG K f R
IR B Ak, 505 BA MUARARL, B 5T 40 i aot 7 v
WAV Z LR 2 2R . PR SRR
[/ i (hormone-sensitive triglyceride lipase, HSL) ] LA
4 TG 530 i 105 TR RN HIh IR TCa A i ik HE A
HAVAH ML, & TG 73 i B b i FRElg  teoh
TR BB AR 9k 5% R il 1 (carnitine palmitoyl transterase-1,
CPT- DY AEIT IR 1Y 1% Ak 7= ) NE I Al i A SR 1E A
GARARMNITHEAT B AL, R IR R B Ak 72
1y FEERR A, R 2 KEAE W AT Ll g TG /K
il /S I R AR T aet B v X SR G B Tl 1) Sk T
M2 i i B, pHo s, B H (S mg-
L™'F150 mg-L™" )RR F M 45 d BEH HEQ.0 mg
‘L) B 5 5 F A M (Carassius auratus gibelio)30 d
Ji , YIRe W AR E Y HSL 364, 3 il B o 43
AT SO AAR N R o B 1m0 B £l R R T
WERKTERZ(0.19 mg-L™' F11.90 mg-L )28 d J&, Hik
N B4 fi AR S FE DR CPT-1 36 1 o 5 T &, A 0k R
BRI B Ak, VE T 3 TG A1 IH [ B (total cho-
lesterol, TC) & 1t i HFEAL"

FIAN A5 A Y T DL o TR 5 A A A
THAH DG S PR 1 38 T4 2 04 i ARt ik 2
PPARs Z 4 H1 ) PPARa 38 3t A4 Bt S5 g A bR
PR A R Wi IR i A b 1A e b 1A i 7 1R 4 it
PRI YRI5 | 78 1 5T 43 ik A Qg v & #2 B A 1Y
W5 KRB, PPARo WIS RE A% (. 25 48 T LI A 1D
FREY B AALRCE S CPT-1 364, IR AR & £ 1fi 2 v
TG F1 TC KT i 28 P 7 BE Bk P e (1.0 mg - L")
FEA% 38 o0 45 /55 B ) £0 1 IE N PPARa 19 3R 357KF I
¥4 CPT-1 W3k, gEmifE FENg T2 B Ak, I &2
HBE S A FAE TG TC & i F AL,

2.4 TH AR B iz i 2 (Disruption of the
lipid transport in fish)

TEEA T B8 5T Y 32 i R PN D A A A
AL, FEAME MR A T, B A O g I

ZEIHAR I o0 i A B R T R AN — e H i, 1 g b
Jz A0 L WSS B AR B TG, 28 5 5 218 2 M (apoli-
poprotein, APO)  JH [ i 55 45 4 T8 il CM R il 31 1L
W, FEWNIEER s 28D, JFIE T & B 55 R
IFRIRAL AL TG J5 5 A5 25 1 H [ i 55 T8 Wi AR
%5 I8 2 1 (very low-density lipoprotein, VLDL )iz 4
FIFAMH R g A7 s A . NE 2R s 195 8 (lipopro-
teinlipase, LPL)J& ¥4 il ii5 5142 4 %) SC Bl il , & I /E
JEM CM Il VLDL HKf# TG, ¥4 TG fi5LE R iR
Fr ik B AL AL LR GG A2 BEgE R AL
T4 PN R I T % P i By 2 B s i Bl i B L S0
IR R e S e ZFh iR 2 5 dE iR
Wi iR %% iz 85 H (fatty acid transport protein, FATP)  JI§
IR %% & 25 H (fatty acid binding protein, FABP)%:
KA YT LIE o 5 2008 8 1 VLDL |
LPL FIRR PR ZE A 8 1 A I P N T IR £ 2 A AR A
RS BN, BCE Q2.0 mg- LT )ZREE ST B AR 30
d FECLATIEA VLDL FI#5 8 11 Apobl00 fY 7 i
2R RE, TS BE % JHHIE P4 /%) i ot A i %2 4h S 4
2 B E A D TR Zhang 47 & B 3 A
A6 77 WER A T | AR Y il T R i 2 T 7 R A S £ I
58 d Ji, W& T FABP2 Ml LPL AY TG, IR
PR JIE i e W RISk PRI (2.0 mg -
L™)REEBE S a4t 120 h 5, IR % i Al FABP
I ZRIR KRR, BELAS AR 4 iz, 1R 4 fafk N TG
KT
B T 52m EaR e B AR R 2 Ah R 2 2K G
Wi vT LA 3E 2ok HoAth ) 3 42 TP £ 2 A0 g B Al L
38 2 T LR A 1Y) T e A DA T 52 i) £0 25 1Y) iR
fRI4F, 26 ki AR 7E DL = 8% 2 I 1F (adenosine triphos-
phate, ATP)AJIE M E F2Y) ot Hh = A g 2 5 2 &
WA 38 S 2 AR 1 B o1 4804k 3 in vl e 25 sl
NEFTRR R AT oe il , A M i 2 i s 1 Ak
YA N — % 82 I 7 (adenosine diphosphate, ADP)/
ATP PR e 38 10 A o s 2 s 2eU Ak B &4l i
BE TG WG R AR Zhu 557 & BLBE D
FFE T AMMINE @40 mg-L™")120 h )5, H ATP & i
W TR, NS TG 1 TC & i, Mo, e 2538
G Wi AT LLSE o 0 A0 S A AT DT (] 42252 e
BN, LB P R (12.5 mg- L™ f1 25 mg-
LR EEHE S0 28 d &, 5 5 £ 0k rpops J5fn 2 0k
YRR R | 2 55 W T A 1) O B Tl 7L I I S
LR ISR e TR 2 A 1) IR S T 6 -/ 1 ) e W i L Tl
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Table 2 Mechanisms underlying the disruption of lipid metabolism induced by pesticides in fish

KA TR RFR YT TARHLH 27 3CHk
Pesticide category Name Exposed species Mechanism of action Reference
T B MR HIR B Ak -
Clofenotane (Danio rerio) Inhibit B oxidation of fatty acids
s JiE A AR e S R F PPARy 119335 .35 14
i T8 St o -
The expression of PPARy, a transcription factor related to [78]
Clofenotane (Thunnus thynnus)

lipid synthesis, was significantly up-regulated

Ji T it B o (Y HSL TR PERRAG

[A4E S LAY AR 1 Apob100 F1 VLDL [ i T 661
Trichlorfon (Carassius auratus gibelio) The activity of HSL and the content of apolipoprotein
2% U Apobl100 and VLDL decreased during lipid decomposition
Insecticide . CPT-1 3k W BEAL, M N5 1R B Ak
[3€383 B . L
) ) . The expression of CPT-1 is significantly reduced, [79]
Dichlorvos (Danio rerio) o o )
inhibiting B oxidation of fatty acids
. CPT-1 B3R5 B WA, BRI i
FR A e o ) S
) ) o The expression of CPT-1 is significantly reduced, [47]
Cypermethrine (Clarias gariepinus) o .
inhibiting lipid absorption
i i A 3o > A=
, RV A i A2 b (4 FAS Fl ACL (W 3R35/K T 35 17t
HAAE ALl . ,
) The expression level of FAS and ACL increased [58]
Cypermethrine  (Oncorhynchus tshawytscha) o . . )
significantly during fatty acid synthesis
FOH B iRt i 5 3 ek R v ) HISL 1 4k B R AIK 0]
[ 5 Glyphosate (Cyprinus carpio) HSL activity decreased significantly during lipid decomposition
Herbicide AL I B2 i KEH BEIATR & St f i) FAS ACC1 H)RA/KF- Tt 571
Metamifop (Danio rerio)  The expression level of FAS and ACCI increased during fatty acid synthesis
B A L ks 2 E=S N \?':
Uk BT R 3 L P R R SR IR PPARy 193235 123
. . . The expression of PPARy, a transcription factor, [63]
Triclosan (Danio rerio) o )
was up-regulated during lipid synthesis
o3 T A R ) 2L I R A TR
) FABP [{3R3X7K V- REAR, BHLAR NG i 5% i3
TRk P B BEH .. A N .
The composition of intestinal microbiota changed significantly, [52]
Difenoconazole (Danio rerio) o . .
affecting lipid absorption; the expression level of FABP decreased,
which hindered lipid transport
. X UL 4 PPARy 23K 25 LA, SIS 1y 40 g Ak
ik PP PR TEAK T o . o
) ) ) The expression in of PPARy in muscle was significantly [62]
Py il Difenoconazole (Oryzias melastigma)
up-regulated, stimulating adipocyte differentiation
Bactericide
N . PPARs ACC1 . FAS Fil FABP4 {335 7KF L3 2 #E R T4 8
2R B fi .
. The expression levels of PPARs, ACCl, FAS and FABP4 [81]
Paclobutrazol (Sebastiscus marmoratus) o .
were up-regulated to promote lipid synthesis
A ‘ CPT-1 mRNA 7KV 2 7, S SEAR TR B 48 Ak
PR BETh . -
The level of CPT-1 mRNA increased significantly, [67]
Thiofuramide (Danio rerio)
promoting B oxidation of fatty acids
FAS 1) mRNA 7KV 5 %t , SREBP1a , Apo I
ezl e 11 CPT-1 ) mRNA 7K B, St A 0 45 i 821
Epoxiconazole (Danio rerio) The mRNA level of FAS was significantly increased, and the mRNA

levels of SREBPla, Apo and CPT-1 decreased, promoting lipid synthesis
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VeSS R RFR YT TARHLH 225 3CHk
Pesticide category Name Exposed species Mechanism of action Reference
CPT-1 A9 mRNA Kb, JIE [ B55
TN T T e B £y HKFEEM Cypsi B mRNA KT 83
Prothioconazole (Danio rerio) The mRNA level of CPT-1 was up-regulated, and the mRNA level
of Cyp51, a gene related to cholesterol synthesis, was decreased
X T 2 el AT B 2 b .
AR . . FAS Fl LPL 123K /K - . 25 B AIK , BELARRR 53 A Al
. PER I BEh 1 . A
Bactericide ) ) ) The expression level of FAS and LPL decreased [84]
Propiconazole (Danio rerio) o ) ) = )
significantly, which hindered lipid synthesis
L . PPARa 11335 /K - i 25 18 fin , AR E BRI 1% B A ik
e BE iy _ o o
) ) ) The expression level of PPAR« increased significantly, [70]
Boscalid (Danio rerio) ) o )
promoting 3 oxidation of fatty acids
i N ACC1 FAS FABP2 il LPL A /K - R AL, i A B R 22
R B .
The expression levels of ACC1, FAS, FABP2 and LPL [42]
Spirodiclofen (Danio rerio) o o )
were decreased, which inhibited lipid accumulation
N , ACCI (FAS .FABP2 il LPL /K- AT, il R R 2R
UEL B TR BEhfn ]
The expression levels of ACC1, FAS, FABP2 and LPL [42]
Spiromesifen (Danio rerio) . . . .
B3| were decreased, which inhibited lipid accumulation
Molluscide _ ACC1 FAS FABP2 Ml LPL 35K BT, 3l fig AL 22
2k 2.7 B ,
) ) . The expression levels of ACC1,FAS, FABP2 and LPL [42]
Spirotetramat (Danio rerio) L o .
were decreased, which inhibited lipid accumulation
‘ LPL #1 CPT-1 (I ML B 1IN, FAS AT 14 0 25 KA1
A B £ o . - ,
. ) . The activities of LPL and CPT-1 were significantly increased, [75]
Chlorosalanide (Danio rerio) ) o o
while the activity of FAS was significantly decreased
S Al ¥ 18 ] g > e R By =
. o T3 AR AT (R A RN = BE 2k T R A, s AR B
. . The composition and abundance of intestinal microbial [53]
Propamocarb (Danio rerio) ) o o )
population changed significantly, affecting lipid absorption
PPARy .FAS.ACC1 SREBP1 Hl DGAT
PR Bt B mRNA JKF 535 FEA, 3006 B A 53]
» N Propamocarb (Danio rerio) The mRNA levels of PPAR vy, FAS, ACCl1, SREBP1 and DGAT
ARER W
AL were significantly decreased, which inhibited lipid synthesis
Nematicide
N PPARa 1) mRNA 7K F- L S 7% B 44k
BESEI PNRES 1
) The mRNA level of PPAR« was up regulated, [85]
Chlorpyrifos (Salmo salar) )
promoting B oxidation of fatty acids
. FAS . ACC1 Fll PPARy 1) mRNA 7K V- 3R, 380 g B4 1
BRI KEH L
. . The mRNA levels of FAS, ACCl, PPARy were significantly [86]
Chlorpyrifos (Danio rerio)
decreased, which inhibited lipid synthesis
PPARy Fil FAS 1 mRNA 7K H i,
A ELRE LW R BiE Ey fiy ACCI1 F1 Apo 1J mRNA 7K i 3 A% B7]
Fungicide Carbendazim (Danio rerio) The mRNA levels of PPARy and FAS were significantly increased,

while the mRNA levels of ACC1 and Apo were significantly decreased

TG PR T, RS AL sl A7 B IR A BE T B AR B 3 245 5REE (Summary and prospect)

BEACHAS B4R 11 /2 05 Y AE 1ok SCHEMLIA, I I TG g LRI, H AT 25264 S P ) (il 2 XK
B LA LR B BE R ORI BE S FFAE . AR BB ™ HT5 4, JF Hfb 5 28 IR 1 QI 3R LAY
TG ™, et Ay a] LU TR B A A5 i
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Ft iz S L R v OC B | R DR RN SRR 1 I 2R 58
ARLRTRESZ R TP 45 i ma AR 72, &
HARNIRR TG e Bk tr i 2%, HATCT
A2 KT G IR © 2615 B8 IR A BT,
R TR N a2 45 /K AR A W R A s AL 1Y
W IRAFAEVT Z A T e [R]8
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R W) F B R AR N i B 5 1 B R e, 51 4
Sarma 25 DK 15 45 61 KE(Channa punctatus) %k 5% TV
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