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Abstract

The rapid development of industries and agriculture, has led to the increasing discharge of waste-
water containing nitrogen and phosphorus into freshwater, rivers and lakes. This activity results
to eutrophication and development of cyanobacteria bloom. The monocyclic heptapeptidemicro-
cystin (MC) is the secondary product of cyanobacteria metabolism and most harmful cyanotoxin
found in water. More than 100 isomers of MCs have been reported, with MC-LR being the most
widely distributed, abundant and toxic. The aim of this study was to investigate the intestinal tox-
icity caused by MC-LR. NCM460 and HT29 cell models were used to explore the intestinal toxicity
of MC-LR. Intestinal cells were treated with different doses (0 uM, 5 pM and 10 pM) of MC-LR, and
the number and morphology of the cells were observed. Fluorescence probe DCFH-DA was used to
detect reactive oxygen species (ROS). In addition, the toxic mechanism of MC-LR on intestinal cells
was performed via comet assay. Data indicated that there was no change in the number and mor-
phology of the cells between the test and control groups. Both NCM460 and HT29 cells showed a
significant (5 pM, HT29, p = 0.03, NCM460, p = 0.0003; 10 pM, HT29, p = 0.003, NCM460, p = 0.02)
increase in ROS level after MC-LR exposure, and revealed a dose/time-effect relationship. The DNA
tail-trailing phenomenon in 5 pM dose group was significantly lower than that in 10 pM dose
group, indicating a dose-dependent relationship between DNA damage and MC-LR concentration.
Hence, our data suggested MC-LR has the potential of intestine toxicity. The results of this study
provide a reference for further understanding of the intestinal toxicity induced by MC-LR, preven-
tion, diagnosis and treatment of intestinal diseases induced by MC-LR.
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BEE TREIRE, BSREE SEBNEKHRERKTRMP ST, SBUKEEERL, HEmRRE
BRR. REREEEAWEAREKRETY, RKEFEERS . AERAN—LKESER. EERE—
FMEOR7METR, BRDSWEHRENF 1002 R 4E&, HHHEEBER-LR (Microcystin-LR, MC-LR)
ROMBT 2 BHBRBEN—F . AMAFHEESER LEARNCM460 K% 4B R4 RHT29 8RR
VIHHRR T MC-LRE it . RATEL GBS RARFFE O pM. 5 pM& 10 uM) MC-LR¥LHE, 4RR
BEAL B AR AT, ARBERESHTZN; FIFHRICHRE DCFH-DAERMEHES, SRKRY
AERNCMA6041 MR —RHT2940 M, fE S 2 J5iE &K &8 23 N (5 uM, HT29, p = 0.03, NCM460,
p = 0.0003; 10 uM, HT29, p = 0.003, NCM460, p = 0.02), FfHEFEKBHS,; BELEELR, #F
Bt TMC-LRA BB 0 B L] . TS RRE, 5 pMA10 nMABAHF, HILE B HDNAEE
W%, H5uMHFBHERINS KL EET 10 pMFIEH, i DNASAG 5MC-LRIK B 7EAEF B3
KRR B, KFFTLERVPIER TMC-LREB S, At —5 T HNBESRIGEENTA,
AT SWAGr RS R I RN mERRIRE—ENS%.
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1. 5|8

B TR R FE, MOk Z & S K H R KR, SEOKREE IR, i S E80E
BRI . R RSIEEME W ORI, KGR SRS, AFERAN—RESR. BEEL—
FIERAR 7 BKEEER, HATCEBaRERA 100 Z2Fmak, HAh i@ R-LR (Microcystin-LR, MC-LR)
AR iz BRI R[], HAT, CAMS WS IESS MC-LR XfRefasmey, #—»
I PR B AL A S A E A N . AR R R S R R BRI YUK IR IR
BAR[2]. FAE 1998 5 T AR ZU(WHO) AL e IR K HR I8 5 32 M 7k MC-LR & &EAREHEIT 1 pg/L.
SR, R RS KT SR S . K B MK BR EE T S U AT & ZE Frazier K [3]
SNIOE, SIS RG K SEE. EAMIR AR R LI, CFER EENT K28R
15, 1R 60 NFET:, JUT-FrA R A H IS & rh B A S I Bk (4] A, #ERE RIS AT LA
G4 245 . Caban-Holt [5]%F NIRIE ¥ 7% & 7] B8 5 B 2% 1 BRJF (Alzheimer’s dementia, AD)A1A 4 7%
(Parkinson’s disease, PD)FIZE RGN A Ko BARAK THRFZEN NIES TN A H w2, H2LT
HERBGEEIB R LD . Hk, AR A EAION T A R, RAEFSRBUGENE, NS
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2. M5 A
2.1. SRR
NIEH 45 1 b B4 NCM460 RN G5 i des 47 HT29 240 v HE = 2= e £ e Bea 4 it
2.2, FENFMIT

BEFRI (25 2= wenScnaMK A #); 986 R i (Invitrogen EVOS FL Atuo 2.0 Image System, Thermo
Fisher Scientific); DCFH-DA &4 ROS KAIREHAFE(GE K S0033); 1640 55 7EHE(Gibeo A A)s
fifi 4 3% (Gibeo A F]); PiEFR(Gibeo A F]); #EaE ZARME T (Alexis A 7)o

2.3. 5k

UM TR IR NG R 4E M NCM460 FZh fizds bR 4 HT29 4ptsE57% T2 100 mL/L FBS
(1) RPM1640 X552k, BT 5%, 37°CHMEIRIGFRAE TR IR, MG 2 70%~80% M, HEAT Qg abs: 18
T A P AR RE 7325 F DMSO FiC B 3 AN [R) U B A6 B 1) MC-LR 555 75 5L (1 VR AV (10 pM AT 5 uM), xR 4
A AR ) DMSO, %% 24 h Je U4t~ — k5 .

TEPESASESS: DCFH-DA A &A% G, 7T LLH B 4, N0 N J5, BT DA A A py o s i
JKf#EA % DCFH. i DCFH AN REEE A0 M, AT AR ETR 25 5 e 2 B 40 M P o 48 i P P 20 mT DA
A TR DCFH A B %6 DCF. Kl DCF #9756 ik al LLRIE 40 B s HE A KT . 3T
BRI P IR S B35 22 K DCFH-DA & 1% ROS % M REHM G FH BB 15

RS UMY A I ECE DNA 514515 S5, DNA RAERR, @Igiess i, 76
RURMAERTS, MARBRZ R BN, F IR R AR IR (1 F RNA, DNA BT FERK,
BTEJRAL, TR . 41 DNA BHGE, 7R BRI Rk I EF T~ DNA fi#igie, {f DNA
R BT T 5 P R e 4 M OB TR SR, THIX S DNA Wi 20 1880/ ELBAS 1 Bk, T DAAE B bk F
Wbk oT DL A% DNA TEBER > T PR 2, @9t )a, RV RMEE T, PRIy M i,
TEALLE B HOARAE AR, 8OO “ % 2 528 (comet assay)” o L EARIRIE D IR S WS 2% CHR[6].

3. BRE5 4

AHFFE ATCC 41 M e o SN IE 5 461 b R 20 NCM460 FI NS5 [ 4 HT29 Pipkani, Arik
KA TR TR PR MRS 2 80%N HEAT 7 4L TE, YL/ 24 h W% HT29 41 J2 NCM460 41 i 7l 2
FT 0uM. 5 uM K 10 pM FIREFRNBESES. W 1 Fos. JFR 85 REY, HT29 400 &% NCM460
MR T LR =HAEER R, BEMEEY T ERN. Yoshida T 55 ¥ 8 2 X0 F R MU FL &
B, BERTESYURET[7]. A, BHREAHEHEBARKFETIE? Kk, ABEFER %R e
DCFH-DA %4501 ROS & & . FHRULE 5L 1:1000 [ L) TE M7 55 72 M B DCFH-DA, (&K N
10 uM/L. 4HMCEE J5 B T i BE4F Y] DCFH-DA ', AR —H AR T /=, 37TCHEETR
FANIEE 20 7080 BERG 3~5 2B EVENR S —F, EREF AR 78 4 e FH G L 37 4 R 5% 7 00 VA 4 M
= LAFRAr B AR HENGH A 1) DCFH-DA o JE4H I 55 43 B =43 J5 , 43 ) FH A [0 751 2 P 9 2 2 R 4 e
TN . 20~30min 2 5, FEEARACR G PEEUK T . S50 aE 2 Fos. BFR 4 RRIE, A8 2 NCM460
YL E HT29 40, (EGLE 2 JEiE MEEU/K PR ZE N, H B 570 & Ao o
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Figure 1. Morphology of HT29 cells and NCM460 cells exposed to 0 uM, 5 uM and 10 uM MC-LR for 24 h
& 1. HT29 £RAE N NCM460 ZBRERETF 0 uM. 5 uM & 10 uM MC-LR 24 h FHIFERS

NCM460 HT29 .
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2 2
@ £ 20004
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g e
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< g
9 S 5001
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Q % O N 2 >
MC-LR concentration (uM) MC-LR concentration (uM)

TR 7R MC-LR (IR, IR oR 96t , 2R ERH, 5 IRAMHEL, 5 uM Al 10 pM P340 AR iEtE Sk B2 e,
HEMERBTESER, P<0.05.

Figure 2. Changes of ROS after exposure to 0 uM, 5 pM, and 10 pM MC-LR at HT29 and NCM460
& 2. HT29 &% NCM460 £EZF 0 uM. 5 uM X 10 uM MC-LR 24 h Jj§ ROS RIS ET L

ARSI RO S5 RAE ], BRI AW I HL7702 20/ fY) DNA $5i453(8], M4, BE#HERZ
AR W RIHALET DNA 10508 ? [k, AHE A A 2R SCIAS I 7 DNA #0515 0L, 4AMEFE 44 24 h
JG, U7 iR kAT R S . AR 3 Frn. RESTER], WHRA D, dnptx BRIV MR, fE
5 uM A1 10 pM GRS, HIIWIE R DNA #RBLS, H 5 uM FIE4URERN#ERIR Y RT 10 uM
FIEA, Uil DNA #0055 88 R IR AL BARBOC R

4. Wit
F it 70 DA IE 3 AR . HEWE, s S ThAS I R IERE LT BIER . BT, Bk LT

FER RN NS B A A O 7 RIE 9], (B2 SC T W iE w5 PE T FE IR EL e b o A SO FH 1 40 9145
TEB RN IGE . AT RIS RE, 0 M. 5 M K 10 pM FE K MC-LR X 76 41 it £ &
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Figure 3. DNA damage of HT29 and NCM460 exposed to 0 uM, 5 uM, and 10 uM MC-LR for 24 h were detected by comet
assay

& 3. 2SN HT29 & NCM460 FETF 0 uM. 5 uM & 10 uM MC-LR 24 h & DNA $5if5

TERHISZMA AR K, IX AT REAE PR D G i [A) 0 G2 R AN 2 DU AR i O SO TR A5 R A2 AR . SR
AT 9 IRET DCFH-DA VARG PR SL It — D R, ARG, IER 451 bR A4S
e N R AR N, H 5 uM IR A PR AR T 10 pM VR A . X iR R AT
(TG SR I 2 BT TR/ B - ARV K R 1 5 Kujbida, P45 A R EEEE 2060 B 4B HEAT OB 72 45 SR — 5[ 10].
AEZ T C LRV R RAEHE A S DNA #i475[11], DNA 505 & ZHld A B HRRFF SR A
PRI, JFSBOBERHME SRR . — B Y2 M) BE R 22 7T 55 DNA 475, 24 DNA #5455
ARSI BAEE T, DNA 12 Hd R A AR L, AT AT RE 7 50 DR JRAR , i fis 22k DR] s vt e B AL 1
HET S B AR AR I ZEEL, SR MIRI12] [13]. BRUIRATHEN DNA 45145 1T A8 2 i 2 35 175 K e 1)
HURZ — o ER L AP Rr il — 2B BT I
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