
Journal of Chromatography, 594 (1992) 137-144 
Elsevier Science Publishers B.V., Amsterdam 

CHROM. 23 835 

High-performance liquid chromatography of okadaic acid 
and free fatty acids in mussels 

Fabio Zonta* 
Istituto di Studi Aziendali, Universitci di Trento, Via Inama I, 38100 Trento (Italy) 

Bruno Stancher, Paolo Bogoni and Paola Masotti 
Dipartimento di Economia e Merceologia delle Risorse Naturali e della produzione, Universitri di Trieste, Via Valerio 6, 34127 Trieste 

(Italy) 

(First received August 1st 1991; revised manuscript received October 30th, 1991) 

ABSTRACT 

A high-performance liquid chromatographic method developed for the determination of both okadaic acid (OA) and free fatty acids 
(FFA) was used for analysing mussel samples collected in the Gulf of Trieste. OA and FFA extracted from mussel hepatopancreas were 
derivatized prior to their chromatographic separation and spectrofluorimetric detection. 9-Chloromethylanthracene (CA) was used as a 
fluorescent labelling agent. The presence of toxic fatty acids (e.g., linolenic acid), which may interfere with the bioassay of diarrhoetic 
shellfish poisoning (DSP) toxins, in the lipidic fraction of the extract was observed, whereas no OA was detected in the analysed 
samples. 

INTRODUCTION 

Diarrhoetic shellfish poisoning (DSP) toxins were 
recognized for the first time as human pathogenic 
agents in Japanese seafood by Yasumoto et al. in 
1978 [l]. Further research led to the elucidation of 
the structural formulae of the toxins, which are 
mainly constituted by okadaic acid (OA) and its 
derivatives [2-4], to the development of biological 
[ 1,5] and high-performance liquid chromatographic 
(HPLC) [6] methods of analysis and to the under- 
standing of the toxicological and tumour-promoting 
activities of DSP toxins [7,8]. 

During 1989 and 1990, mussels farmed in the 
Adriatic Sea appeared to be contaminated (for long 
periods, related to algal blooms) by DSP toxins; as a 
consequence, the Italian hygiene authorities pro- 
hibited the sale of mussels, with severe economic 
consequences for the fishing industry [9]. 

In Italy, the official method of analysis for DSP 
toxins has been modified several times; currently a 

mouse bioassay test based on that developed by 
Yasumoto et al. [l], but with a modified threshold 
limit, is used [lo]. The inter-laboratory repeatability 
of this biological method is very poor [l 11. Further, 
in a previous paper, Lee et al. [6] pointed out the 
disadvantages of the mouse bioassay test and the 
possible interference (false-positive results) of free 
fatty acids (FFA). The toxicity of FFA in the biotest 
when mice are injected intraperitoneally (i.p.) with 
the liposoluble fraction extracted from mussels was 
also reported by Cassais and Perez [12], who listed 
the most toxic FFA in mussels. 

As far as we know, previous papers on the HPLC 
analysis of DSP toxins refer to mussel samples 
collected in France, Spain, Norway and Japan 
[4,6,13,14], and the method has never been tested in 
Italy. 

In this paper we describe the development and 
application of an HPLC method for OA, modified 
with respect to that formerly published by Lee et al. 
[6], and further integrated with the detection of the 

0021-9673/92/$05.00 0 1992 Elsevier Science Publishers B.V. All rights reserved 













HPLC OF OKADAIC ACID 

of OA is similar to or slightly higher than the 
above-cited values (2-2.5 ,ug OA/g HP). 

The detection limit of OA using the HPLC 
method was reported to be 0.4 pg/g [6]; our detection 
limit, at a signal-to-noise ratio of 3, is higher, 1 pg/g, 
but good enough to detect OA levels well within the 
limits of the cited laws. In the mussel samples 
analysed so far to test the method, no OA was found, 
or its concentration was below the detection limit. 

The analytical methods for DSP toxins which use 
the mouse biotest suffer from variability problems. 
As the toxicity of the FFA (when injected i.p. in the 
mouse biotest) present in the extract was well known 
[6,12], we developed a parallel route (method 3b) for 
determining the FFA present in the same sample as 
tested for OA. In this instance, the extraction was 
performed according to the Italian official biotest, to 
produce comparable samples. 

Fig. 4 shows the chromatograms obtained from 
two different mussel samples following method 3b. 
The chromatogram drawn with the continuous line 
refers to a sample collected on March 18th 1991, 
whereas that drawn with the dashed line refers to a 
sample collected on May 21st 1991. The FFA 
distribution is similar, but the total amount is higher 
in the sample collected in March. The different 
concentrations of FFA found in mussel HP are 
linked to the biological cycle and reflect similar 
differences observed in mussel meat [ 181. Comparing 
the peak retention times and by using the standard 
addition technique, some of the FFA (including 
C18:3) were identified, as listed. Our tentative 
assignment of one peak of the chromatogram, 
attributed to C20:5, was deduced from its expected 
elution order. The use of a more complex FFA 
standard mixture (including more polyunsaturated 
FA and possibly all of those listed [12] as the most 
toxic, viz., linolenic, C 18:3; araquidonic, C20:4; 
and eicosapentaenoic, C20:5) is planned for future 
studies. 

A calibration and a recovery graph of palmitoleic 
acid (C16:1), used as a standard, was obtained. The 
same recovery value (95%) and the same fluores- 
cence response were attributed to all FFA, and the 
area sum of all peaks was used to obtain the total 
amount of FFA in mussel HP. The FFA concentra- 
tions found in the two samples were 136 and 
360 pg/g HP (these are only rough figures because 
different FA may give slightly different fluorescence 
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responses). These concentrations are far from the 
dose (12 mg per mouse) reported as effective in 
causing death in mice [ 121, but the differences could 
explain the large variability of the results obtained 
by means of the mouse biotest. If and when future 
incidents of mussel contamination with DSP toxins 
occur, a systematic application of the present instru- 
mental method, coupled with the official biometh- 
od, should prove very useful for a more detailed 
interpretation of the results. 
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