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A review on the studies related to the effects of microcystins on human health

XIE Ping
(Donghu Experimental Station of Lake Ecosystems, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, P.R.
China)

Abstract: This paper reviewed on the studies on the effects oh microcystins on human health. So far, there have been several
important historical events related with this. First, scientists revealed for the first time that microcystins could potently inhibit protein
phosphatase 1 and 2A in 1990, which was the most important molecular basis for the toxicity of microcystins. Second, human
intoxications by MCs (-LR, -YR and -AR) caused deaths of 52 patients at Caruaru dialysis centers in Brazil in 1996. Third, high
incidence of primary liver cancer in southeast of China was related with MC contamination of drinking waters. Fourth, World Health
Organization provided a provisional guideline value of 1 pg/L for drinking water in 1998. Recently, microcystins were identified for
the first time in the serum of a chronically exposed human population (fishermen at Lake Chaohu, South China) together with
indication of hepatocellular damage. Conclusively, there have been substantial evidences to indicate the harmful influences of
microcystins on human health, and therefore the toxic effects of microcystins on human being can not be ignored especially in
nowadays with ever-increasing eutrophication and frequent occurrence of toxic cyanobacterial blooms.

Keywords: Cyanobacterial blooms; microcystins; human health; hepatocellular damage
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MAEERVEEIRE, FERAKIABERKAET R B s W s 2 o it i s £, th 7 DNEIERmRAL,
FEE A s . MR EE . B . SERME(Nostoc) . 17 [l (Anabaenopsis) S i it i 0. FEie Ao ik
I MC 11 80 ZF 5244 A&, MC-LR(Z5H9 DLIE] 1) 28k WA R 2 —U) B d A B e i 2,
WL I 0 5% /N A BRUE) LD so fEL—fBEAE S0-60pg/kg(R T, PRItE, MC-LR AYREVETT 5 (622 LR b 22 4 5
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Fig.1 Structure of MC-LR
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1 BEERKEN ALERZIMERHRE

D7 s L B B o6 TS T A SRR EAE AT E I E] 1000 ZAERTAH E, MBS S I0E T A ER
IR ]l 3 ) — 4% gk (U0 T 2 38 ) RO 9T 37 PP UK AR T b B 212, Se T s i Al B &
H R PR IE DL T 1931 4F, KRAETEWSEE Ohio W — RFIRGHE, 20T, W FFEKEED, Ohio W AY—A~3Ti
KAETHEKSE, KEREERA TR, BER FROBE, 58T —RIMEH, XL RaRIALS
YRR A A S5 A Harare T, ARiG7E N — 52 BOZK PEBEK O — XSk A L 8, BHAFAR R AE
i 8 o, (RN BN UR, H LA [R] R G-5 12/K 28 (9 T e Bk A o3 A [R1 25, T 26323 T 00 F L e Kk 1)
JLZE A H B 1 1),

P NP0 5 s B IR TR B B 2 BT EE, R RS SR A X, 12 Wi R
FAHMEE, HEREA S hEFEFA P FEREGHRAMERP. B, LI X SIEEA R+ E
B, OB EEUESE TR R T MK AR, X R0 NS s b A5 2L K R
AP REFA LSS LT 5E, AMTATRBE e R BOE s s R, AI5IE— R0 FaEHEN
JE 5, B R . OO . R . WLPIRISCHTR . BB AR . IESEAE | P UG A& R AR
R 2 R i

2 BKFII Malpas 7k EH FIEEKEX AR

20 1H40 80 4FEARAT, FEMRAHI Hr g /R £ 50 Malpas K, WATIRABFFEAR I B IR A IR 0 A 75 5
BT Y 5 T =22 e A TR A ) T8 R 1 9 Malpas 7K J7E& Armidale TR FHZKIE, 20 4D
70 I, ZOKEER T & B TALE N R A SR B E. oK T—N&H b, A sk sl
150m, HRAK) VT 20km KRB SKEGER:. ARAFA T A BN . WILEE . JUE.
PRSP AN S I TH B S k. 2 E K b Y BRI R AR HE KA X KU R R R Bk . Y
Hh KA BT B RR AR e a ik AR, BIAE KR L omas Bl Img/kg AOAH. I BOKABRIN R B0 E N
MC-YMP4,

A 1981 4F, AT T — R RVE FIAT BRI K AR 00 R R L s T P BB i 2 25 i /. A
IKAERAERE, BT AR UOK R AN G B R0, FIRERAAL 3 T K K. X — S 5 X ik
KR B A BRI AT HE DI RS AT 2 MBI 9T A L mdt. TRII, 5 TR — 3t XM HE B2 K B U AR /K B B
PEAT T ER A I v S w30 5 i A 0 e St 1 DX 3 B S 50 2= 8 A A ILTRRE A, A dE K S R AR 6
B KA IERIZE Y 6 B NIS 6 EMARRES. SRIFIEEIE 5 I Malpas 7K FEROK )
Joa AR LB R IR . TR Malpas 7K 32 ATRE MLV HH 9 y — 7 JEE Ik 2 A ARG M K 48 i e 3 - F B 1R
e b B ) S 2 T AR BE AT R 2 5, 8 T RS R B A e, T I PR 5% 0 7R e A% Y Pk I
e W S RS W TR PP R AR (18] 2)120), RSB4G2I REE, T ITRIR S R A e
FARK AN, 2R BHAALEAR S 0 8405

3 RAKEERTFTENPEBARLMEEHCC)ZREN M

TATIR AT R, T i e R X RO A AR r Vi i DX, D R PR R (HCC) & 9 R 5 TR 3K
MR HEYISER, Wit HATER K P (s E R 0ME, & BASERm R KR MC 2R
T3 DX S Vo K RO P R 36 22 — 2030
3.1 IIHFE MR

T [ JFU A P R (R AE T2 R (20-24)/100000 ., TTT 7025 2430 X Ji 22 P T8 20 R 67.6/100000 A,
FEMBFHEEA: DOFREREY: ABE HBsAg #1 R 29.5%, HBV BYLIHMER 68.1%(5 & £ #4-5
9 45.8%F1 94.7%); 2)iE i E#E R G Y ABHRN ISR RZ AT INEY AFT-HAS kL 35k 100%, F
K 16.4pg/g(Fh %k £ B0 32pg/ng); 3)AETRATI KRR B 2 T5 3 AR TR KR d MC g BH PG
K 13.2%, 7K. VHIEKFREIK N MC 3 & 88 36ng/L. 29ng/L Fl 25ng/L; MC HJllE T A
GF/C i1€J5, F ELESA ILAE.
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Fig.2 Serum enzymes measuring liver function in patients consuming drinking water from Malpas Dam or from
other supplies during a heavy bloom of Microcystis aeruginosa and its termination with copper

3.2 EITHR%HER

FEE T FZH X 1987-1989 4FFFEFRILIET R HF1(40-45)/10 J3N; i %F 63 #r7KAE(1998 4 8
ORI, HEFER MC B FRMER HH 77.5%, femfiii 696ng/L, HI/KEEEZ P H 121ng/L, i
TERNHEEHIXGEE 1), SRR K i Ees R S 0 W TSR K. MC I E Jrik:
-20°C ¥R, H ELESA i:5E.

1 (A LRI SRR PR KR i ol 2 i 7 2% )

Tab.1 Microcystin concentrations in water samples from various water bodies in Tong’an

PR R T (ng/L)

e v -
7J(1“3l§§§ij ﬁnuﬁl EP{E@I f'li[f] FH T$$
HWHIK 49 121 nd-696 77.5%
A kK 4 164 60-292 100.0%
TKFEIK 3 113 27-876 66.7%
St K 5 119 nd-351 60.0%

* =50ug/L N AT R FHAERE A, nd FORARAG .

3.3 ST TH>

B TRV SO0 M TR RAOK Sy 4 B, K | IR kL JEK, KR T et
FERUO BRI K=K, LRI, 5% SO, 3630 1K 33021 ABEHE(TIE
PEVAAE. 4 5 SRR K ARE HOC BsEr i, 25 B, RIF P K AR HOC JE1-3
A1 220, V5T, FET R (R 2). AN K o B 2 A L (6 3), 5 HCC
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FET R A — 2L
2 MR K IR HCC SET-%(1968-1972 4F)P
Tab.2 Death rates of HCC (1968-1972) using different drinking water resources in Haimen City

KK NE HCC % FET=ZR(1/100000)
EIHIK 8946 28 62.60"

A7k 15246 30 39.35

K 7158 13 36.35

Fk 1681 1 11.90

* P<0.05, R*=4.26.

31994 4F 7 A TR K IR BT R (MO) K F1 & 22

Tab.3 Mean microcystin contents in various drinking water resources in July 1994 in Haimen City

IR MC (ng/L) FEAEK
T IEK 101 324
SN 7K 160 199
EIK 68 323
HIEK 0 154

T Il 1o A IX. 3 B A A K P T TR, 4 A A il TUOR R ZR AN [ T L AR 2edi . 2R
JE T A Pk ST J SN AT REAT (1)1 LB T3 A PR KO A A TR B AT K R K BRI K
FER N R B2 g N ELLC IR, (2)1X £EM XA JE A5 B KA I T 58 Ik, R R, Bedni
FET R RO R B 2, Q)Eae R AL M BE W ARE, AP (AT A2 300°C mild) Al A0 HBR K o MC
TR, T R T e e S AR AT FE R I R A RIS BT BR AR 2,

4 B Carurau B HOHIE G MC hEEH

FACA R LR O E T 8 R 8B RA TR IR T, Lh 1996 4R VG Carurau BT 1.0 93 MC
FHMEAES. B8, BRANMEES SRR AL DR, HEH TUTREEIMICESIA: 1)t
Z REUEWIE B Wy sl oK H oA B8 e 3 R AR AR R s R SR AR DG I BERE, 2y = &3 rAl F-Br. B K
B R PR LA REEROKERBELT, MARRSEAE SR, BN —B 2k
G 5 1T i MR B A i 0O B, AR, IRHAKGE B AR B — e R AL B, T kG e v B A SR A 0 B
B A TE L AR MC SR B ArEh &R+, B2, DEFIEANEA MC
fE—ag AR,

FENFET, HTEFEREE, fHSMEZ MC G F B A &, FAsl B @i i AR5, 4
BT BT K MC 55, fERERRRIR, TR A g AT b H ot o A 388 1o i P2 Ak 280 K e gy e gk ™).
TH S5 L ) Ay 4B T 4 2 DG i s A 20 A e —— R BRI A B MC IS 35 R A oy s e 0,

PEARaE " FEE P Carurau FEHT L, BHTKEUA Tabocas K, 127K 12 W 30 1996 4F 3
FEEE 5 PRI S 97%-99%, RFEFIN 223 A manguinii FIPIRIEIES), T 1990-1995 45 [H] i %
RHER, ZOKIEREREE SR MC AR SR fa e, LA K= 40URE i 8 5 3 O B e . FE i b
L, F 1996 4 2 A 13-20 HBIREZ T HMSPRITH 131 MRAT, 1 116 AN 89%)H B T M) #k
B CELFIIK SRR 2 A 13 B IR, AT RIS B EERER). 2 A 20 H IS 1 A S RIET,
2 4 HPRAIEIET: STAR AL & 1997 4E 10 H, 7RI LA PEAF R 1 100 E A, 5 76 Mg ASET.
1996 4F 12 J, AT H, £ 52 NFAETSEPKTH MC(-YR. -LR FI-AR)V5 4.

XK 39 BT (1996 4F 2-12 H)H 3RS Y 52 45 AL LA 12 ASFET-E 3RAT 17 43 A
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B MC & f, #iid ELISA #l HPLC-PDA #1740 Hr, F2JFAEH MC S &M TFHMEN
223(50.2-471.8)ng/g, L& FEH &8 2.2ng/mi(E 3); 8 id MALDITOF-MS, #fiik T AT HE 1)
MC-LR(m/z 995). MC-YR(m/z 1045)H1 MC-AR(m/z 954)[W7E7EY. ik, Hilborn 2B x40 10 4
Carurau iBNTFET-F 3RS0 10 f53 5 HE 5y, @3t ELISA F1 LC-MS BFh 7 i:#-4T T 8 e, B30
53514 19.1(6.8-30.6)F1 21.2(7.6-31.4)ng/ml.

Carmichael Z5£1U0%F 1996 4F 2 A 13-17 A BAEIZE Carurau B4 4 Cd BT K MC &= 347 T
S ARBEAFE R X il 1500g, B ABUGENTHZKCH 1201, i 2 A E R F: (DFFIEP G MC &4
JMC AT 50%, (2)5E ETRREE 1 F1 2A LN E (R AT BEAR S8 ELISA B & b B a1
80%, MIBEH/KPAY MC BRI fEE A 19.5ug/L)

WK, FRBPRAZIT UL MC 2P aE80t, FERQ)ENT/KH I MC 338335k A&
Ik B A, T — oK TR AR, (2)— AR AR IOKE — MY 2L 2245, s s K
EHK 120L; 3)RE 2 A CERINB TR AP HEZ MC G E . FI/N A R T I0TE B2 e 4 R 3
B, ARG i A U B4l MC-LR B9 LDso NI HETEST) 50-170 /%5579, MC-YR il MC-LR ##EZA)
B i FBE kP MC &R AT RERIA 19.5ug/LM, 1 WHO # MC-LR IR FH/K P i RifE R 1pg/L!,
Rk, e R aB R ASEA R MC 2 WHO #1LE) TDI AriER 58500-198900 £i7!

124 500

" 450

- 400
=
8- 350 =
§ 300 —DEL
I 6 250 =4
S 200 X
] F150 @
(]

5] 100

- 50

0 0

T T
2 3 4 5 7 8 9 10 12 A

Kl 3 43 HALT-[ Caruaru BAT & FFHERE S 32 MC B CBR103R 1996 4F 2-12 A I 39 A~
KA 52 U3 HFAFAE &, YeREm AL Hh #9°F2 MC 5 2.2ng/ml))
Fig.3 Average microcystin content (ng/g) in liver samples from Caruaru dialysis victims per month of death.
(Data represent 52 livers samples from 39 victims, covering February to December 1996, The average

microcystin content in sera from affected patients was 2.2ng/ml)1*!

Carmichael 2 HEI AT AEAFAE £k MC /i, (HFIIS SGANATRETEZOR A 3 H 7 H AT rHE——
WK EE AR ZE i e oK. SR, 78 2-10 A E], SET-RE IR MC & EdiRe e B m /K (&
3)(Bk 10 H4h, HA A 0387 150ng/g Z 1), i T/ BUFIE R MC #2122 30 AT BoR10) DR i nT
REAFAE A I MC .

5 MC BB BT i RIERRT

Chen %1 2005 4F 7 A 15-24 H, LIS 35 ALkt RGP 27 AFEWIT ARG T 10 4ELL L, 3
ARG 5-10 ) A4, BFE T 181 MC 282 (kA2 MC 153K B & 32 MC V5 5L 7K™ )X R
AR RZI. A LC/MS BARKM T ¥ RE . 16 Mok /™= BANK ) 3 #f MC(-LR, -RR, -YR)& =, FF
Rz T M S AT AT REAHSC I A A A LT AR, AT T T S0 B I B L.

2005 4 7 H, B W) (seston) A B IF UK (scum) ) MC-LReq 407 3.28ug/L Al
0.223mg/g(T-E). 16 Tk A= S LA HH ) MC-LReq &y 42.8ng/g (T-3). S 35 MR MG MC &
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([ 43R W, F3 MCs HEEH 0.39ng/ml, AR 4 F B PG AT 0T AR 1/87. it oK K 7=
W R REEAM MC-LReq Z9°4 2.2-3.9ug, Himolim & F 5 A4 42U TDI(H A F S A HL,
tolerable daily intake){H(0.04pg/kg(RE a4 A 2-3png). PCCA ZMHr4s B BRI TH A MC 5 A AT L)
REFEHR(ALT. AST. ALP. LDH)ZRIfFEIFAHICIER, £ MC B 51— R B, SRR
FEAS PR YL B2 T RSN B A ML TE h MC IAAAE, I A8 M 5 8 5 — e A 1) JFF B 3 ) ) I
XASEIE AR 1k MC 7 F AR YL s 175 100 Xt A S A 5 i 114 f5 42 UE 3
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Fig.4 LC/MS/MS results of MC concentration in the serum of 35 radomly selected fishermen who were living
on Lake Chaohu (Serum samples were collected from July 19 to July 22, 2005) !

6 ESHIEHBEBEESIAMALERES

R 4L TIE5 N IEBRAOK M b 5 TSR AR 2 AT GRS, TR lia & = 20 14 30
AR, TR SR PR AT B B0 G T K AR A R O R K R IE AR, BRI RERREE
FEYOK L POKHK T AR AR RGBT AF PO R, P LI PEIiENT K MC 153 B Sk %
Ja g B AL, TR [E T AORIK MC 5 5 B IRGR] i MC S 2% 85t R 88 DXl P T8 e
R EEEN. IR SRR R AR, (AL SR L. S R A2
TR Z R A, LU R 5O R OL, HUCR 0 Ak SR 107 L P4 a2 B o A 22 B H ) 4R
JIBEM L s | K AT A ] R A SSIE SZ B MC SR 555 1 T2 E i

7 5iE

Zi L, R S5 ARERREE WD AR 1)1990 4F, BREEFKEUCRI, MC A4
M), AEWEZ I 5 (B RREE(PP1 PP2A AYTH 1, 3 & MC 87 A9 e BB 040 FJ6RE 17, 2)1996 4F, 1
ELPE & A TR BT 7K B MC(-LR . -YR FI-AR)I5 Y« 8 52 ASET-AY ™ B AF 3 3) b g 7 e k1
JFAE (0 10 2908 R A A SRR R B MC TG e 5282 4)1998 4, IR T AR 414U T2k 17K MC-LR
RGNS SAE A 1ug/LU%; 5)Chen 25O S8 1% 3 R 1 0 FhAS I L MCs, I & K30 A I )
BRI T — R R

st 173 B0 b R IR K KA v R A 1) 5 i K AR R BE R AR DG I AN S R A A X Hh, T e v 20t
AR AR R RIE R A, A2, T RAE S A A | WOK R B E A R BRI



610 J. Lake Sci.(# i #+47), 2009, 21(5)
WEBA R MC M EZESE, H2EMNTTR RV, MC WEE7E S PE R &= FR SR IF T A B R 1% 32 2]
JEARESISL B I MC X IR 1 A Tl T A 2 2R St MC X RL 3h ) 14 A o R R
FESEPS S gt idt, s A B X MR S R AR R, R R AT MC X AR AR B R 1
TATIRE OO EA WO BB AN E. AP, Qiu S HA B RIESE T MC Xzl sh W O E R MR FE2E, I
A RIX AT BE R 1996 4F [ PG T @ A S (F o A K PE T B 225 N 22 —. 7324 R 1k i) MC XTI EL s i
BEPESCIIETT Y, JLT-AR R — S v ml AR 1 ) A ) M B S0 (T o Dk A O ), X
W4 L0 04 1L 375 BT B S R 1 S e TR g S AR A L, (L 9 T i 10 il o IR K (— 2 E K b

R 4 POKORM b 5 BRI 1A R NS R

Tab.4 Exposure routes and human health incidents associated with

or attributed to cyanobacterial blooms and toxins in freshwaters

oo G Hi i I il KR F ) T AR {5 J 2R
ok 1931 2 Ohio W[ AR¥ WK AR EN Gl
1960s  VEEATF I et A GI
ok R
1975 5[ Sewickley K%y 5000 247513 Schizothrix, A% GI
TR 4] 2L Plectonema,
Ji53%: Phormidium,
#2233 Lyngbya
1979  WIKF)F 149 R H 3 Byl GI, KD, LD, ID
Solomon Cylindrospermopsis  #E#EE
7J(E‘:F[44-45]
1981  MAFII S H 25000 pes MCs LD
Malpas /KJEP)  ABERIREA Microcystis
1972- WHEAETE  BBAME 10 g MCs PLC
1990 412627 JIANMPET- 5L Microcystis
1988  ELP Itaparica 2000 M5 AH  falE#E Anabaena, Kl GI
TR R BT 88 A ¥ &3 Microcystis
ok+ 2005 gl 35 MR ML Microcystis, MC-RR, -LR, LD
KT i fa JJE3%E Anabaena -YR
PR/ 1989147 8 ¥ #E B Microcystis  MCs GI, ST, BM, AP,
ek F,V
2 fo#E 3% Microcystis  MCs GI, ST, BM, AP,
F,V,PC
1995  MHWAFIWEH 777 M HE3: Microcystis, Hepatotoxins GI, FLS, BM, F,
WA T 4 3% Anabaena, EE
Ho X 18 243 Aphanizomenon,
R Nodularia
1996  FE[E Hollingworth 11 B Oscillatoria MCs R,F
W
BT 1974 EEEE5R 23 H LPS F, MY, C, V
(B2 ) )
1996  [UP4 Tabocas 117 ZEFEFH W MCs VID, N, V,LD
JKEEFN Caruar #8433 50 ASET:
BT P02

'GI-if 15 %, LD-JH i 15, KD-'B 445, ID-5#i 5, PLC-J5 & PVEIFE, ST-WE, BM- 1 B, F-&%5, EE-IR
& A E- 5%, FLS-2RL T AOREIR, R-FEAE, MY-AIUR, C-& €, V-HKit:, PH-A ¥R A TP K, VID-AL
FIROR]; N-E.L>, AP-RE, PC-ilifiE 5228 0) s+ 2k & VRt
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