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1 1
Tab.1 Structures and molecular weights MW  of azaspiracid toxins refer to Fig.1

 Toxins R1 R2 R3 R4  MW
AZA1 H CH3 H H 841.5
AZA2 CH3 CH3 H H 855.5
AZA3 H H H H 827.5
AZA4 H H OH H 843.5
AZA5 H H H OH 843.5
AZA6 CH3 H H H 841.5
AZA7 H CH3 OH H 857.5
AZA8 H CH3 H OH 857.5
AZA9 CH3 H OH H 857.5

AZA10 CH3 H H OH 857.5
AZA11 CH3 CH3 OH H 871.5

AZA

1.0 mol/L / 1.0 mol/L

150 min

AZA

1.3
AZA

DSP

AZA
10

Crassostrea 
gigas Ostrea edulis Pecten 
maximus Tapes phillipinarium
Cardium edule 4 AZA

DSP
AZA

8 10 AZA

DSP
Pectenotoxin PTX Yessotoxin

YTX Dinophysis spp.
AZA 11

AZA
AZA P. 

crassipes 2 Azaspiroacid 

1.2
AZA 11

6 5 6-
1 1

AZA1
AZA2 AZA3 AZA1

8- 22-
AZA4

AZA5 AZA3 3- 23-
AZA6 AZA1

AZA7-10 AZA1 AZA11
AZA2

AZA1-3
AZA4-11

12 13

1 2

Fig.1 Structures of azaspiracid toxins 2
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Okadaic acid OA 14 AZA1
23 g/ 86 g/ 5%

95% 51.7 g/

reference dose RfD
AZA1 RfD 0.04 g/kg

OA RfD 0.33 g/kg 5

AZA1 AZA2 AZA3
200 g/kg 110 g/kg 140 g/kg 11 AZA4

AZA5 470 g/kg
<1 000 g/kg 12 AZA1~3

AZA4~5
AZA1~3

AZA
AZA1

AZA1

15

16 AZA1
IC50=2.1 nmol/L

17

AZA1 PSP

AZA1
AZA1

ABCDE FGHI 1

Caspases 18 AZA1
OA

cAMP
Ca2+ 19 T

AZA1
AZA1 10 AZA

OA

OA

AZA1~5
Ca2+

AZA
20 21

2

2.1

DSP AZA

14 AZA
0~40%

22 AZA
DSP

AZA
16 h

23 AZA

AZA
HepG2 CRL-10741

ECV-304
AZA 24

DSP
AZA AZA

2.2 -
AZA 210 nm

AZA
- LC-MS

LC-MS
LC-MS AZA 13 25 29

C18

Luna-2 150 mm 2.0 mm 3 m

65% v/v 0.05% 0.004%

SRM AZA M+H +

M+H nH2O
+

n 1~3
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5~40 pg S/N=3 Lehane
13 M+H + M+H H2O

+

M+H 2H2O
+ AZA A

M+H H2O C9H10O2R
1R3 +

AZA AZA1~10 10
7 min 5~20 pg S/N=3

28 29

LC-MS
AZA

AZA

3

AZA

40.7%

AZA
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AZA
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LC-MS

1  . 

J . 2007 29 2 72 77.

2  James K J Moroney C Roden C et al. Ubiquitous benign  

alga emerges as the cause of shell sh contamination responsible 

for the human toxic syndrome azaspiracid poisoning J . 

Toxicon 2003 41 2 145 151.

3  Hess P Nguyen L Aasen J et al. Tissue distribution effects of 

cooking and parameters affecting the extraction of azaspiracids 

from mussels Mytilus edulis prior to analysis by liquid 

chromatography coupled to mass spectrometry J . Toxicon

2005 46 62 71.

4  Okolodkov Y B. The global distributional patterns of toxic

bloom dinoflagellates recorded from the Eurasian Arctic J . 

Harmful Algae 2005 4 351 369.

5  Toyofuku H. Joint FAO/WHO/IOC activities to provide 

scienti c advice on marine biotoxins research report J . Mar 

Poll Bull 2006 52 12 1 735 1 745.

6  . J . 

2002 21 2 37 41.

7  . 

J . 2007 31 3

445 450. 

8  . 

J . 2004 28 5 504 510. 

9  Satake M Ofuji K Naoki H et al. Azaspiracid a new marine 

toxin having unique spiro ring assemblies isolated from Irish 

mussels Mytilus edulis J . J Am Chem Soc 1998 120 9 

967 9 968.

10  Twiner M J Hess P Dechraoui M-Y B et al. Cytotoxic 

and cytoskeletal effects of azaspiracid-1 on mammalian cell 

lines J . Toxicon 2005 45 891 900.

11  Ofuji K Satake M McMahon T et al. Two analogs of 

azaspiracid isolated from mussels Mytilus edulis involved in 

human intoxication in Ireland J . Natural Toxins 1999 7 3

99 102.

12  Ofu ji K Satake M McMahon T et a l. Structures o f 

azaspiracid analogs azaspiracid-4 and azaspiracid-5 causative 

toxins of azspiracid poisoning in Europe J . Biosci Biotechnol 

Biochem 2001 65 740 742.

13  Lehane M Sáez M J F Magdalena A B et al. Liquid 

chromatography-multiple tandem mass spectrometry for the 

determination of ten azaspiracids including hydroxyl analogues 

in shell sh J . J Chromatogra A 2004 1024 63 70.

14  EU/SANCO. Report of the meeting of the working group on 

toxicology of DSP and AZP R . Brussels 2001.

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


1  187

15  Ito E Satakeb M Ofuji K et al. Multiple organ damage caused 

by a new toxin azaspiracid isolated from mussels produced in 

Ireland J . Toxicon 2000 38 917 930.

16  Ito E Satake M Ofuji K et al. Chronic effects in mice caused by 

oral administration of sublethal doses of azaspiracid a new marine 

toxin isolated from mussels J . Toxicon 2002 40 193 203.

17  Kulagina N V Twiner M J Hess P et al. Azaspiracid-1 inhibits 

bioelectrical activity of spinal cord neuronal networks J . Toxi-

con 2006 47 766 773.

18  Vilari o N Nicolaou K C Frederick M O et al. Irreversible 

cytoskeletal disarrangement is independent of caspase activation 

during in vitro azaspiracid toxicity in human neuroblastoma 

cells J . Biochem Pharmacol 2007 74 2 327 335.

19  Rom n Y Alfonso A Louzao M C et al. Azaspiracid-1

a potent nonapoptotic new phycotoxin with several cell 

targets J . Cell Signall 2002 14 703 716.

20  Alfonso A Rom n Y Vieytes M R et al. Azaspiracid-4 

inhibits Ca2+ entry by stored operated channels in human T 

lymphocytes J . Biochem Pharmacol 2005 69 1 627 1 636.

21  Alfonso A Vieytes M R Ofuji K et al. Azaspiracids modulate 

intracellular pH levels in human lymphocytes J . Biochem 

Biophys Res Communic 2006 346 1 091 1 099.

22  James K J Lehane M Moroney C et al. Azaspiracid shell sh 

poisoning unusual toxin dynamics in shell sh and the increased 

risk of acute human intoxications J . Food Addit Contamin

2002 19 6 555 561. 

23  Van Egmond H P Aune T Lassus P et al. Paralytic and 

diarrhoeic shellfish poisons Occurrence in Europe toxicity

analysis and regulation J . J Nat Toxins 1993 2 1 41 83.

24  Flanagan A F Callanan K R Donlon J et al. A cytotoxicity 

assay for the detection and differentiation of two families of 

shell sh toxins J . Toxicon 2001 39 1 021 1 027.

25  Ofuji K Satake M Oshima Y et al. A sensitive and speci c 

method for azaspiracids by liquid chromatography mass 

spectrometry J . Natural Toxins 1999 7 6 247 250. 

26  Draisci R Palleschi L Ferretti E et al. Development of a 

method for the identi cation of azaspiracid in shell sh by liquid 

chromatography–tandem mass spectrometry J . J Chromatogr

2000 871A 13 21.

27  Lehane M Magdalena A B Moroney C et al. Liquid 

chromatography with electrospray ion trap mass spectrometry 

for the determination of five azaspiracids in shellfish J . J 

Chromatogr 2002 950A 139 147.

28  Moroney C Lehane M Magdalena A B et al. Comparison 

of solid-phase extraction methods for the determination of 

azaspiracids in shell sh by liquid chromatography–electrospray 

mass spectrometry J . J Chromatogr 2002 963A 353 361.

29  James K J Sierra M D Lehane M et al. Detection of ve new 

hydroxyl analogues of azaspiracids in shell sh using multiple 

tandem mass spectrometry J . Toxicon 2003 41 277 283.

Progresses in studies of azaspiracid poisoning 

LI Ai-feng1 HAN Gang2 YU Ren-cheng3

1. Key Laboratory of Marine Environment and Ecology Ministry of Education Ocean University of China Qingdao 266100
China 2. Chinese Academy of Fishery Sciences Beijing 100039 China 3. Key Laboratory of Marine Ecology and Environmental 
Sciences Institute of Oceanology Chinese Academy of Sciences Qingdao 266071 China

Abstract Recently poisoning incidents resulting from consumption of shellfish contaminated by azaspiracid 
AZA  toxins occurred frequently along the coastal areas of Europe which has become a new challenge to the 

seafood safety. So far little information is available on the toxicity and mechanism of AZA and its derivatives and 
the analytical methods for AZA toxins in shell sh are still not popular. This paper reviewed the recent progresses 
made on AZA poisoning including the origin the physical and chemical properties toxicity mechanism of 
intoxication and analytical methods of AZA based on the published references. It was suggested that related 
studies on AZA should be carried out in China to help people understand the new toxins comprehensively and 
to present scienti c basis for potential monitoring and management of AZA poisoning in the future. Journal of 
Fishery Science s of China 2008 15 1 183 187
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