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Effects of microcystins on fish
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Abstract; The increasing occurrence of cyanobacterial blooms in eutrophic water bodies has now caused worldwide
concerns, which may cause adverse effects on the health of aquatic animals. Microcystins ( MCs), a family of cyclic
peptides, are the most widespread hepatotoxic toxins. This review details the effects of the MCs on fish, and discusses
hotspots of future research. In early life stages, exposure to MCs causes, in a dose-dependent manner, perturbations to
embryonic hatching, increasing malformation rate and decreasing survival rate. In adults, field and experimental studies
demonstrated that MCs accumulate mainly in liver, but can also be found in muscle, intestine and other tissues.
Histopathological damages in the liver, intestine, kidneys, heart, brain and gills were observed. Microcystin exposure also
has been shown to affect growth rate, modify behavior and enzyme activities. In addition, MCs may have potential
immunotoxicity. The detoxication mechanism of MCs in fish begins with a conjugation reaction to glutathione catalyzed by
glutathione S-transferases. Further studies are needed to clarify the transport and molecule mechanism of MCs in fish, and

the ecological impacts of MCs accumulation in aquatic food chains.
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WEKES R E R REN A~ HAl MCs X a8 B AR FEE P 7E MCs 512 H A4
LR RAEH R P TR R MCs XF IR AT R AE K LT A AL T b5 80 T T R0 A 7 B 1 DA S Sy
BT

1 BEESENELXNTEZZMN

1.1 TEFEEER R X AR AL e

MCs RETIRARIG B & 5 , 3R RERG WEAL R A , iR X HERA A BUR/E A o Liu 25" 0 Jacquet 2517 % Bl MC-
LR ] SR AL B G 7 e R, AT TR IR AR 1) % B M8 B B9 Al Oberemm 251V B T #1 ( Danio rerio)
JEHG 2 SR AE W WK AR LR W, R IR IG TS IR, B K TR E WIE ; R 3h 2% , AL MR LT O
JUE B S0 9 1 A8 P, S BB S K . A MC-LR XS [R] & B B3 (1 20 A .32 40 Bt 30 | J o 0 70 s 30 ) 1
# ( Misguruns mizolepis ) JRRE #EAT A0, Liu 25" & 91 MC-LR XHRSHIR A 32 ZL B 1R , T L3Sk b 35 . 3
FEAE A I BRI , BAh , 38 & BRVERG J5 i 39 A foc URR Y , Sk /5 300 LU SR SR SRR, BRI s o
HR R H 5,32 AR AT 1 4HHf

R HARE T WERE L2 MCs BN )R BARBIEUY » Jacquet 2517 ZE%5 85 ( Oryzias latipes) TR A IR 255
I (1 4B ) AT AR S (MC-LR ¥k 2 10,1.,0. 1,0. 01 pg/mL F10.001 pg/mL) , S T 10pg/mL
1 pg/mLEIRAG B8 1d J5AETE 3 22% , 3 15 10d J5 FFTE R R 12% , TARHBE4 (0. 1.,0. 01 pg/mL Al
0.001 pg/mL) Hi % 10d J51EH Hm MAATEF(15% —56% ) ; Buoh, 38 R BEST T MC-LR YRR i S B (]
PRI T 2—3d, AR, AHGERY MCs RESARAGIEAL , 2045 4T 8 ( Oncorhynchus mykiss ) It it B 8 7E 0. 5—5
peg/L IEBERARY PG, B R R ER T, 53X AT fE A IR R T IR S X B R M, A R TH# R
BRI 9455 o Zhang %1 BB ST 45 ALK IRLER A9 MCs 7T FE 3R 75 J58%  Silurus meridionalis ) JE i )
HE SRR ]

1.2 WEREFREALHAZPHHRR

XF T MCs FEAIAN B ERE, B BARAFM THWAE SR ERMN TR IGE . 7E/KAE &SR, X 1E
E Ammersee ] /(1) H & ( Coregonus lavaretus ) #47 ELISA #5:0, % BURE 2R B SC7EH AL TE ) B, 8 7 AT IE |
LA FIHER Y B . Deblois %%/ 7E 5 P i) Funil A1 Fumas 7K 23R 48 27 232 MCs 53, K0 %
BUFAEH MCs B & &R 0.8—32. 1ug/g, ILAH MCs &8 K 0.9—12.0 pg/g.

B R AE A TE AR R E SR falkh MCs S BEA—RERYT S, Xie &0 3 B AR K & B 371
VH—E A B &35 (8, Hypophthalmichthys molitrix; #%, Parabramis pekineniss; #Jl, Carassius auratus; VS
B, Culter ilishaeformis) BRI & 3, A A MCs( MC-LR #1 MC-RR) & &y : AR HEAK GAMEE) > ]
Peta s (4) > P APE IS () > M APERZE(BR) . Dbelings % X7 2% Tjsselmeer 1 H A [ & A £
KIFREFALA o MCs 19 & BUFR A T R,

FARTERRE MCs J5 AT 7ETHALIE JFIE LA EHA S E H IR R, BEERE MCs J5, B /S RBTEIR LIE
R R 2, 123 AT AR UL DY L RE A AR M B 3 R . Cazenave 2517 @ 5 Xt Corydoras paleatus,
Jenynsia multidentata F1 Odontesthes bonariensis W) T B8 i 738 MR LA HEE K LR B, FIER &
% MC-RR J:Z M2 H o T Lei 251 X221 i 1 5 200 pg/kg 1R MCs HIEEY , K000 2% BL MCs 7E L 35 A9
BERBEEAB] T 526—3753 ng/g TH , HIKZFHE(103—1656 ng/g T &) , HE & B ME(279—1592 ng/g T
), Hof A L A0 S B R A e 5 B PR Xie %51 R LR ( Carassius auratus
gibelio ) T B 6 F 4 SR (U EBE )5 , 1LV PP AEE 0L IR 24 AT A6 1) MC-RR BFF7E , T MC-LR AX7E 7 Hh A6
B, XS R R RES MCs 1288 BA T XA R LM BILHSE X

R A ERYURIRE 5 MCs B WAF7E B E SR . Malbrouck 21 Hi%r T MC-LR 7E45 £ iy Al
ORI B AR, R BLAR S 41T AE  BAUR MC-LR & B B35 THRAH4 . Malbrouck 21" [A#f:
KI & ( Carassius auratus) EIVRRE T ERGHREFR,
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1.3 HEERR RN AT AR BRI

Fi MCs 2b385t iyt A] RILH — RIN AT A . BARRINERHE s> W shB &, HIFBEERRK
T T . BE D £ B 1S 35 3 S BE MCs 52 58 300 B 110 3 K T S6 388 U s 0 o 4 BE 5 £ A/ AR A A
(Leucaspius delineatus) [F)if 2 F57E MC-LR ¥ BE2H (0.5 ng /L) B, PiFh &5 2 /E 15 30 B .44 fin, REE7E MC-
LR E¥REEL (50 wg/L) B BT shER B B REAIG ; SR T WA b fa e sh B [ 0 22 5%, /N A A ZE 7 ] )i 3l Bt
13 0, TP DA 7E A KW 2 . Cazenaved %) 5 MC-RR ¥RANTE Jenynsia multidentata FI4RRLH, )
&#40.01.0. 1pg/g Fl 1pg/g, KK & K MC-RR R Jenynsia multidensara )15 3 fin B, 44 T = 75 & (1)
MC-RR % 20h 5 W {5 K35 i .

A MCs J5 AT AR KRR 24 T 0 52 58 70 S A 1) 4 4% 10 38 BE 40 g MC-LR (24—42 pg /L)
J& KR AR
1.4 THBEEER R X AISMIE IR bR 0

Mg AR S R A BV R, MGG S, 18R I IE AT B2 B — 8 M F . XTI WK 4
8 K [E 85 ( Cyprinus carpio) LR AEAGTEFRF ST & L, N A BRYL 2 B8 (ALT) AL B2 i S B8 (LDH) ) T5 P ¥
U ; TR A BIRER B EF(AST) fiE RN T o SCu 2 4% T X4 22 s v i 4l 9 MC-LR B4
WEIEMEJE , ALT \AST 1 LDH F)35PEXIA 35 7 o BT MR8 b5 35 2 A0 B DA O 1R R 26 i £ 7] RE AR —
o ST MC-LR 25 pg/kg 24 h J5 , 4568 ( Salmo trusta) FIHT 64 1) LDH Fl ALT K35 M ¥93%F 224k, Wi 4 MC-
LR 75 ng/kg 24 h J5, 45 85 1f W+ 9 LDH F1 ALT #9735 1 S 35 5 w5, T o o 38 b 7 79 B A 05 PR IR
AR
1.5 THEERER R X A LB R AR 3 RS R R e

Bl Mereish 251" 9 Ja3R H 48 (045145 7T B 2 B 35 K AT SBSUIF 4 MR 05 OV FR LA , B3 RS IR A AL R 5
— B REENTRRED . MC-LR 885140 P9 975 15402 (reactive oxygen species, ROS) 3 fill, S:3i% Ji
FIZS I H RK(GSH) (B4 L ES (SOD) Alid L S B (CAT) & B k2>, Botha 4 % Bl MC-LR (50
pmol/L) SEEAIR I FES &2 ROS I & | B MK M i FHss , S BOFL IR 28 (LDH) & & B3, 7] B
B & MC-LR (1 pmol/L) fE T CaCO, 4ifif] 10 min J§ ROS B3 I F+, Cazenave & oy 18] Corydoras paleatus
FEEAE MC-RR YR JEh 10 pg/L B, GST 76 T B8 738 T o 34 52 2140 1, [R]es BFRE AR b GST 15 P il 2
A B R

TEWRHG % & B3, MCs BRAT S R AL G AR B BTG P o Pietsch™ 4 B T A T i 52 58 16 15 SRR B
(MC-RRMC-LR 1 MC-YR) , & BUFH & W 40 b RS i AL B A 5 PR B s = T ol R R FE 41 (MC-LR =
MC-RR) ERAH)1G . Wiegand 21! F 14C /RER¥EBFSE T BE D fa iR B X MC-LR Bk, LA B 45 Bt H ik S-4%
W (GST) FN4r bt H Bkt A0S ( GP-X) BTG TR 2 , & BRI RG-S i Rl MC-LR, T H AR R BE 107G
PEEA BIRH .

MCs 76 fa fA P i 21 72 AT REJT 48 T GST (AL BB R A8 BE H Ik B 45 & ML . Xu &5 BRE T % fa
( Ctenopharyngodon idellus ) FFlEH GSH W)TE 1, & B33 G s 1 8T MC-LR 100 pg/kg 1 h j5 , FFAEH GSH Bk
AR BRI T o A, 3G RN GSH & EXF FFIER — & MR VE . 24 B i s v 5 MC-LR 900
pe/kg F1 GSH 8 mg/kg 2 h J& , FFIEAB A WA AL, iR 1E 5T GSH 95 1 (i I RER A AR =), 1F
HWAEOLT , GSH 76— & M s H 4 i & B RAHXRRE 1, AR IHFERR B2 S %38 hn, WA N GSH & B &R,
i3 R R R Z — 3 b TAAEE A 5 GSH 454 MKW . Gehringer ™ i 13 /NI YL FESL 0, &
P GST 7ER#f% MC-LR FME HEE EEIER, FIHZERED F HEARM Y3 )5 /DR A mRNA 157 5% #1753
BT, &3 GST ] 55 GSH [94 8, NI i —H#F 32 T GST 7€ MC-LR a3 A2 s Vel Li 210 sy 5%
RPN MCs 7 55 FITR 32 7 7T -5 HFPIE P 39K B2 9 GSH BRA 19 GSH A AR A 56, Qui & & 31
8% (Aristichthys nobilis) T RETH 52 MCs 5 HAK N & GSH iy#% L3 DL Kbt EAL B TS TR R o
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1.6 MBEEREFRSENAERHALURIA L

SN M S 4 e 7 T ARG S A o PR B R o U DR S 4 LA TR R AT ) R B MCs
AL AT S 2 TR At 40 , T LA ER HA A 2t i . WF9T R B, MCs X PR & B R ek . B8R
A R BUTF/ NS5 B BER , H BUK B e A0 Mg MR 4 o BB, 20 DY VA IR S B
DR EE BRI, REHSBUR RN T AR ;R P95 L B A ARE A B SRk S BUE B
B SR A A L A, BEZESRA MC-LR 1 h J5 , w9k AT WLZE 2 P RE B9 SR 3T BT 40 B 56 24 A0 2 340
YT TR B . Fournie 251 SWER T i Sk % (Arius felis ) F175 8 ( Fundulus grandis) Wi F 8 22 18 s 7 5t
MC-LR 45—300 pg/kg J5 FFAERIAELL, &I 6 h J5 WIRP & 5 FFIEER B B 4 B IR SE R RE AR s 21 48 h J5 , SR FEATS
SR¥FSE , KB MG RN 4N I8 B AP SE BB 4) , X LU 40 M BB A B2 /R B 572 h IS, WE BRI 40 B
BERE A | 76 F S 5 B HES ) BUROCIR AR o

MCs 5|2 B IR B AR fh 2B 0 B /N B/ NBR A R ST ALY o Bl i/ NS I IRTE Y 1h JE Bt
B0, MBHE AR GTE 12 h G4 SHE o B /e B B AR Ak B35 BN BB IR b R 40 M Ay 25
Wdk AT MBS . (BRI A AR AL RIS ER AL B T B A2 , 4 Francesca %)
Bt RO B T T 6 0 S A , B R BB I AR

A, MCs 3B AT L A 4H SR8 E o Phillips 251 % Bl MCs ] 5| 7 460 i 5 ™ B /K Ji , 48 /K T T /)N
AR A0 K AR A X A 22 TCIRBE. . MCs ¥4 AT 1 IR /N R RS FRIRFE AR , 36 B R i 18 J5E 5 1 32 M Bz 400 M I 4
PRFE, 5108 X 438 . MC-LR i A G358 a0 i b LR B 6] s Bt >
1.7 HEEEHERN ARG

Vajeova 45" {8 T MCs X i) SR dg b , 2 BURT S 2 (5 4L B BRI (1 4 EL A D4 - Zhang 45 P
B RL, SR RSN F 58 T MC-LR X 0k B2 40 A i B2 R R0 , & 31 MC-LR R] 375 Sl bk E25 240 i 1%
T2, T ELA B 5 BB )RR AR, o Rymuszka 255 (A4S 6t % B8 W B2 9 MC-LR T $03 45 S 58 40 B P
Wl Wei 255 4R T MC-LR X 55 4a S3e 4% B AR A # OS2 , & B MC-LR 7] 3|32 S ey B i 728 , 16 i
REFISK B2 i S E R E A, Wei S5 HERBA T ERA KRB AEREFRE TR, L
U550 3 B I £ LA L 4 % B A S 9L R (Ragl, Rag2, Tkaros, GATAL, Lek, TCRa) HIBFSE % B MC-LR
AR RIA W L, X5 R MC-LR X @2 BG — & MR,
2 WEESENEENSFEINE

— BN MCs Xt BLA% A 9 B B P L A0 76 T 50 7T 46 5 1 b 900 40 3 1 B BRI 1 (PP1L) A1 2A (PP2A) BT,
MCs 5 PP1 1 PP2A 456 &9 23 Mm i, & 80/t )E, MCs 5 PP1 il PP2A T R 3L #r 45 4 ( covalent
linkage) , 34454 AT 30 PP1 Al PP2A AR F ¥ a8 > PP1 il PP2A 2 54 LB E KNS R2, n2e
BAEK b B RS B A E S 54 ) H I, MCs %25 4 15 2 ] RE S 40 161 28 (L B RR R T P A 19
Tencalla 2% F4R 41058 36 (M. aeruginosa ) ) M2 KT 8 ( Oncorhynchus mykiss) J5 , WL B i1 6% AT i PP1 F1 PP2A
FIVE AR g S 26, 1R 3h 5 R A BERER M I HIA Bl R K. 1RIMR 12h )5 , B AR ER B F 5 PE A W3
72h JETEHERT AT B 50% (BT 7EdR S & J& . BT X & B EREG PP1 A1 PP2A JE 4 A0 1, I AH
L3I T B AR A 1, T B S 40 A P9 5 0 2 1 R 0 B R AL, T4 B R AL B R 1L, & %
A R A 2 BT HE , S B B R R G R, AR R B A
3 ZiRERE

BRI, MCs XM mdE s K, 8RB & A . MCs RAUR] 76 FF AR B 8, 28 ] 7 7 fh 8 AL
REHAPHE, SHEEAKIBRRETEAS BETER ; MCs SR TR MR T , 118 H R[], FEAT5H
PR3, AR 2R, T ELIR B0 B A0 5 8 e B 2 B 98 R B MCs AU 3 AP, iR vl S BOL AR (B
JUE O B IR S ) AR s MCs X 2RI A K AT R A R LT b fe s th B — @, b, MCs iR BB R
TN,
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Xt R MBI FEIESE MCs 38 12 24 e 12 2 40 A 40 F) it 245 BB BR R 9% 52 R 4t (bile acid transporting
system) 5 36 ARYE R FOUHFFAEAE P AR , S0 £ 25 rh (0 JE VT BRAS IR RAFE R R L% BB AR B 01 7
T BRI B A (B AR B LR R T B — B BT . BB MCs S E A B B4, A4
MCs i i3 B W)L 18 PR TE G R BT R R . BEE 2 TAEW) A BOR K J& , MCs X 1 F 9 7T HLA A
FERABIFE ) — KF Ao
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