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Fig.1 Biological enrichment of MC-RR and MC-LR in liver and muscle of Carassius auratus L.
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Fig.2 Superoxide dismutase activity in liver and muscle of control fish and fish exposed to Microcystins

(MC-RR and MC-LR offered to fish were both of 60 pg-L™") was monitored at different time
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Fig.3 Catalase activity in liver and muscle of control fish and fish exposed to Microcystins
(MC-RR and MC-LR offered to fish were both of 60 pg-L™") was monitored at different time
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Fig4 Glutathione-S-transferase activity in liver and muscle of control fish and fish exposed to Microcystins

(MC-RR and MC-LR offered to fish were both of 60 pg-L™") was monitored at different time
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Fig.5 Glutathione reductase activity in liver and muscle of control fish and fish exposed to Microcystins
(MC-RR and MC-LR offered to fish were both of 60 pg-L™") was monitored at different time

ERBANERE, GREFIIE MM 8022 7o T TP NADPHE LI RIR o 28 BIME*p < 0.05F1%*p < 0.017K - I+, M S0t R4 110 22 5 e 21



PR . TR 3R i £ PR A AR ) S SR N R R A S 2049

LR ] REXT MCs /S A AL a A ZfE1E R

(3)MCs TEffH o f AR FI LA LR A R,
WE RGBT M, (ARRET MM, "REfATE
TELE R & A AR .

SE k-

[1] WORLD HEALTH ORGANIZATION. Algae and Cyanobacteria in
Freshwater[M]//Guidelines for Safe Recreational Water Environments,
vol. 1: Coastal and Fresh Waters. Geneva, Switzerland, 2003: 136-158.

[2] SHEPHARD G S, STOCKENSTROM S, VILLIERS D, et al. Degra-
dation of microcystin toxins in a failing film photocatalytic reactor
with immobilized titanium dioxide catalyst[J]. Water Research, 2002,
36: 140-146.

[3] BOTES D P, TUINMAN A A, WESSELS P L, et al. The structure of
cyanoginosin-LA, a cyclic heptapeptide toxin from the cyanobacte-
rium Microcystis aeruginosa[J]. Journal of Chemical Society, Perkin
Transaction, 1984, 1: 2311-2318.

[4] SIVONEN K, JONES G. Cyanobacterial Toxins [M]// CHORUS 1,
BARTRAM J, eds. Toxic Cyanobacteria in Water: A Guide to Their

Public Health Consequences, Monitoring and Management. New York:

E & FN Spon,1999: 41-111.

[5] POURIA S. A fatal microcystin intoxication in haemodialysis unit in
Caruaru[J]. Brazil Lancet, 1998, 352 (2): 21-26.

[6] FRANDIS G. Poisonous Australian lake[J]. Nature, 1878, 18:11-12.

[77 CARMICHAEL W W, FALCONER I R. Diseases Related to Fresh-
water Blue-Green Algal Toxins, and Control Measures[M]// FAL-

CONER IR, ed. Algal Toxins in Seafood and Drinking Water. London:

Academic Press, 1993: 187-209.

[8] World Health Organization. Guidelines for Drinking Water Quality
[M]. 3rd ed. Geneva, 2004: 195.

[9] RREER, fUEH, MEIE, 55, KPR i e S A I B AR DT
JE[). MET5 5 5R, 2006, 28: 132-136.

SHENG Jianwu, HE Miao, SHI Hanchang, et al. Review on detection
technologies of microcystins in aquatic environment[J]. Environmental
Pollution and Control,2006, 28: 132-136.

[10] WATANABE M F, TSUJI K, WATANABE Y. Release of heptapep-
tide toxin (MCYST) during decomposition process of Microcystis
aeruginosalJ]. Natural Toxins, 1992, 1: 448-453.

[11] THOSTRUPh L, CHRISTOFFERSEN K. Accumulation of microcystin
in Daphnia magna feeding on toxic Microcystis[J]. Archiv Fur Hydro-
biologie, 1999, 14:447-467.

[12] ERRIKSSON J E, MERILUOTO J A O, MLINDHOL T. Acumulation
of a peptide toxin from the cyanobacterium Oscillatoria agardhii the
freshwater mussel[J]. Anodonta Cygnea Hydrobiology, 1989, 183:
211-216.

[13] VASCONCELOS V M. Uptake and depuration of the peptide toxin
microcystin- LR in Mytilus galloprovincialis[J]. Aquatic Toxicology,
1995, 32: 227-237.

[14] SIPIA V O, KANKAANPAA H T, FLINKMAN J. MERILUOTO J A.
Time-dependent accumulation of cyanobacterial hepatotoxins in
flounders (Platichthys flesus) and mussels (Mytilus edulis) from the
northern Baltic Sea[J]. Environmental Toxicology, 2001, 16: 330-336.

[15] MOHAMED Z A, CARMICHAEL W W, HUSSEIN A A. Estimation

of microcystins in the fresh water fish Oreochromis niloticus in an
Egyptian fish farm containing a Microcystis bloom[J]. Environmental
Toxicology, 2003, 18: 137-141.

[16] ELLENMAN T C, FALCONER I R, JACKSON A R B et al. Isolation,
characterization and pathology of the toxin from a Microcystis
aeruginosa = (Anacystis cyanea) bloom[J]. Australian Journal of Bio-
logical Sciences, 1978, 31: 209-218.

[17] HERMANSKY S J, STOHS S J, MARKIN R S et al. Hepatic lipid
peroxidation, sulfhydryl status, and toxicity of the bluegreen algal
toxin microcystin-LR in mice[J]. Journal of Toxicology and Environ-
mental Health, 1990, 31: 71-91.

[18] BOUAICHA N, MAATOUK 1. Microcystin-LR and nodularin induce
intracellular glutathione alteration, reactive oxygen species production
and lipid peroxidation in primary cultured rat hepatocytes[J]. Toxicol-
ogy Letters, 2004, 148 (1-2): 53-63.

[19] ZEGURA B, LAH T T, FILIPIC M. The role of reactive oxygen spe-
cies in microcystin-LR induced DNA damage[J]. Toxicology, 2004,
200: 59-68.

[20] BH#iAR, FHESF, WIRSR, 5. BUEYIERE ISM004 XA R
19 A YRR L] Al FRETRL #2247, 2009, 28(8): 1669-1675.

YANG lJingdong, YIN Yufen, HU Liangbin, et al. Biodegradation of
microcystins by indigenous mixed bacterial population JSMO004[J].
Journal of Agro-Environment Science,2009,28(8): 1669-1675.

[21] WEI C, LIRONG S, LIANG P. Reduction in microcystin concentra-
tions in large and shallow lakes: Water and sediment-interface contri-
butions[J]. Water research, 2008, 42: 763-773.

[22] TONG Q, PING X, ZHIXIN K. In situ studies on physiological and
biochemical responses of four fishes with different trophic levels to
toxic cyanobacterial blooms in a large Chinese lake[J]. Toxicon, 2007,
50: 365-376.

[23] BAYER W F, FRIDOVICH J L. Assaying for superoxide dismutase
activity: some large consequences of minor changes in conditions[J].
Analytical Biochemistry, 1987, 161: 559-566.

[24] CLAIBORNE A. Catalase Activity[M]/GREENWALD R A,ed. CRC
Handbook of Methods in Oxygen Radical Research. Boca Raton,
Florida:CRC Press, 1985:283-284.

[25] HABIG W H, PASBI M J,JAKONBY W B. Glutathione-S-transferases.
The first enzymatic step in mercapturic acid formation[J]. 1974, 249:
7130-7139.

[26] CARLBERG I, MANNERVIK B. Purification and characterization of
the flavoenzyme glutathione reductase from rat liver[J]. Journal of
Biological Chemistry, 1975, 250: 5474-5480.

[27] BRADFORD M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein—dye
binding[J]. Analytical Biochemistry. 1976, 72: 248-254.

[28] JANG M H, HA K, LUCAS M C et al. Changes in microcystin produc-
tion by Microcystis aeruginosa exposed to phytoplanktivorous and
omnivorous fish[J]. Aquatic Toxicology, 2004, 68(1): 51-59.

[29] CHEN J, XIE P. Tissue distributions and seasonal dynamics of the
hepatotoxic microcystins—LR and —RR in two freshwater shrimps, Pa-
laemon modestus and Macrobrachium nipponensis, from a large shal-
low, eutrophic lake of the subtropical China[J]. Toxicon, 2005, 45(5):
615-625.

[30] JAHLL. St EM]. dEat: b2 Tk i hE, 2008: 9-10.



2050 AESIREEEI B I8 B 6 3 (2009 4F 11 A)

ZHOU Shunwu. Animal Biochemistry[M]. Beijing: Chemical Industry chromatography—tandem mass spectrometry[J]. Journal of Chroma-
Press, 2008: 9-10. tography B, 2008, 862:43-50.
[31] WISTON G W, DIGIULIO R T. Prooxidant and antioxidant mecha- [34] PFLUGMACHER S. Promotion of oxidative stress in the aquatic
nisms in aquatic organisms[J]. Aquatic Toxicology,1991, 19: 137-161. macrophyte Ceratophyllum demersum during biotransformation of the
[32] DIMITROVA M S T, TSINOVA V, VELCHEVA V. Combined ef- cyanobacterial toxin microcystin—LR[J]. Aquatic Toxicology 2004,
fects of zinc and lead on the hepatic superoxide dismutase—catalase 70(3): 169-178.
system in carp (Cyprinus carpio)[J]. Comparative Biochemistry and [35] STEPHENSEN E, SVAVARSSON J, STURVE J. et al. Biochemical
Physiology: Part C, 1994, 108: 43-46. indicators of pollution exposure in shorthorn sculpin (Myxocephalus
[33] MING D, PING X, GAODAO L. Simultaneous determination of mi- scorpius), caught in four harbours on the southwest coast of Iceland[J].
crocystin-LR and its glutathione conjugate in fish tissues by liquid Aquatic Toxicology, 2000, 48: 431-442.

Bioaccumulation of microcystin and antioxidative response
in Carassius auratus L.

. 12 . . 34 .1 . L
YANG Jingdong * HU L1angb1n3’ , ZHOU Wei', CHEN Jian', SHI Zhiqi
1. Institute of Food Safety, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2. Donghai Bureau of Agriculture, Donghai 222300, China;
3. Key Laboratory of Food Safety Monitoring and Management, Ministry of Agriculture, The People’s Republic of China, Nanjing 210014, China;

4. School of Food, Henan Institute of Science and Technology, Xinxiang 453003, China

Abstract: In order to investigate the bioaccumulation of microcystins(MCs) in Carassius auratus L., the level of MCs in liver, mus-
cle and water was monitored by LC/MS at different time after exposure. The results indicated that the level of MC-RR and MC-LR
was the highest in muscle on the 18th day after exposure, with each amount of 7.87 ng/g and 2.18 ng/g, and reached the peak in liver
on the 9th day with the amount of 25.30 ng/g and 33.27 ng/g respectively. The results showed that the bioaccumulation of MCs is
prone to occur in liver than in muscle. The level of MC-LR was higher than MC-RR in liver, and the MC-RR was prone to accumu-
late in muscle. The oxidative stress of fish mediated by MCs was also evaluated by analyzing the activities of several antioxidases
such as superoxide dismutase (SOD), catalase (CAT), Glutathione-S-transferase (GST) and glutathione reductase (GR). The activi-
ties of these antioxidases in liver and muscle were measured after exposing to MCs after 3, 9 and 18 days. It was demonstrated that
the level of MCs was basically positive-correlated to the activity of antioxidase, which probably released the oxidative stress medi-
ated by MCs. Overall, fish can accumulate microcystins and make respose to the toxicity with antioxidative system, but can not de-
grade the MCs completely. So it should be noted that people with whose diets contain the fish exposed to MCs, would potentially
suffer the health threaten.

Key words: microcystins; antioxidative response; Carassius auratus L.; bioaccumulation
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