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ABSTRACT 

The okadaic acid (OA) is one of the major toxins responsable of 
diarrhetic shellfish poisoning (DSP) , which are produced by 
marine dinoflagellates. 

The quantitative determination of OA in shellfish samples has 
been investigated on basis of the method developed by Lee et al. 
(1987). This method includes consecutive extractions with 
methanol and chloroform suitable for this rather lipophilic 
carboxylic acid , and a fluorescence labeling with 9-anthryldi­
azomethane (ADAM), a derivatisation reagent highly specific for 
carboxylic acids. 

Derivatisation of OA with ADAM synthesized in situ was tested 
and proved to be satisfactory reproducible. The derivatives were 
stable. However, as the derivatisation reaction wasnotcomplete 
wi th this ADAM synthesis mixture, a large excess of ADAM is 
required to assure the labeling of all the present acid . 
The deoxycholic acid (DCA), was tested for derivatisation with 
ADAM, and used as an internal standard for the OA determinati­
on in order to avoid errors due to uncomplete derivatisation of 
OA . The stability of the DCA was established , allowing the 
control of OA standard in solution . 

Conditions of extraction have been examined. The pH and a reverse 
phase chromatography of the methanolic extract had an influence 
on both derivatisation yield and extraction recovery. In conclu­
sion, it i s suggested to control the pH of extraction (to be set 
at 7. 1 to 8) , and to apply clean-up of the extract befere 
derivatisation. 
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1 INTRODUCTION 

The okadaic acid (OA or 9,10 deepithio- 9,10-didehydroacan­
thifolicin) , is named from the sponge it was first isolated . 
This component is a C 38 polyether fatty acid, and is one of the 
toxins responsable of diarrhetic shellfish poisoning (DSP) in 
Europe, causing severe gastrointestinal illness. When occurring, 
OA is the major toxin in the seafood in Europe. 

Okadaic acid farms a white cristalline solid with a melting point 
of 156-158 °C , which is soluble in ether, acetone and ethyl 
acetate, but slightly soluble in chloroform and methanol . The 
compound has no absorption maximum in UV region, which will 
impose a methad of derivatisation for chemical detection. 

The OA is a polyether of ionophore type, similar to the mono­
carboxylic polyether antibictics like Monensin. For chemical 
determination, the procedure for OA will be very similar to those 
of these antibiotics. OA can be extracted under ion pair form : 
a partition experiment showed that 80% of OA is distributed in 
the organic phase when equilibrated between chloroform and a 
buffer at pH 7.1 (20 mM phosphate) (Allenmark et al., 1990). 

Unlike the PSP toxins OA has rather hydrophobic properties and 
therefore the analysis of samples will be different and also 
more complicated. 

Since the isolation of OA by Tachibana (1981), this toxin has 
been determined in sea products by several methods. First the 
bioassays were developed, such as LD 50 (Yasumoto, 1980) or 
diarrhetics tests in mice and rats (Kat, 1983; Edeboet al.,-
1989) . These methods however allow only global determination of 
all DSP toxins and are not specific for OA . Later, physical and 
chemical techniques have been developed as well as immunelogi­
cal techniques (Uda et al., 1989) . 

But for all these techniques , the major problem remains the 
availability of a pure OA standard . 

Isobe et al . (1986) have developed a methad for synthesis of OA, 
from D-glucose derivatives and butyne-diol and consisting of 106 
steps. Beside this time consuming synthesis proces, the OA can 
be isolated from sufficiently contaminated shellfish or from 
dinoflagellates cells (Murakami et al., 1982; Yasumoto et al., 
1985; Kumagai et al . ,1986). 

This procedure camprises generally consecutive extractions with 
acetone and diethyl ether, several clean-ups by column chro­
matography (basic alumina), gel permeation chromatography and 
several purifications on reverse phase liquid chromatography. 
Different monitoring and confirmatien techniques for 
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OA were used to check the extracts during the purification , such 
as: the mouse bioassay, TLC on silicagel with detection by hea­
ting after 50% H2S04 spraying and GLC of extract performed after 
trimethylsilysation. 

For quantitative determination of OA in mussels or ether 
shellfish , the methad should be more sensitive than these 
techniques in order to detect concentrations of Mgfg matrix. 
This means quantitative extraction procedures and highly 
sensitive detection . 

Lee et al. (1987) have developed a methad by HPLC, including a 
derivatisation procedure with 9-anthryldiazomethane. 

The extraction of OA is not carried out on the whole mussel, 
since OA has been found to be localised in the hepatopancreas 
of the shellfish (Yasumoto, 1980). Edeboet al . (1988) report 
for contamined mussels, that OA concentratien in gills, 
mantles and adductor muscles and remainder amounted to less than 
2% of that in the hepatopancreas. 

The recovery will depend on the way to extract the acid from 
the biological matrix. Edebo et al. (1988) showed the importance 
of the disintegration of the matrix . Camparing different 
techniques of homogenisation of the fresh and not cooked 
hepatopancreas, they found that the recovery was optimal if the 
matrix was finely dispersed and subsequent vigoureus extracted 
with methanol . 

In general, the analysis remains very delicate because OA is 
easily braken down by daylight , and seems sensitive to oxidant 
trace in solvent . However, tested with boiling water the 
stability of OA is good (Edebo, 1988), in the hepatopancreas 
after homogenisation. Only after prolonged boiling the concen­
tratien of the OA was significatively reduced (in order to reduce 
the concentratien with 50% , boiling for ca 3h was required). 

The methad of Lee was adapted using combined liquid chromato­
graphy and mass speetrometry and ion-spray ionisation (Pleasan­
ce et al., 1990). 

Given the nature of OA to be in a ionic form, easily extractible 
from water solution, derivatisation can be used where the 
carboxilic acid can act as a nucleophilic (anion), to a activated 
halogen component. So OA has been derivatised with N-(9-
acridinyl)-bromoacetamide that offers an enhanced fluorescence 
intensity . But this reagent has a low selectivity because it 
reacts also with the amine or thiol compounds that can be present 
in the matrix extract (Allenmark, 1990) . 

In this report the methad for the okadaic acid determination has 
been investigated on basis of the methad of Lee et al . (1987). 
We have investigated the derivatisation with the same reagent, 
prepared with an in situ method , that presents some advantages. 
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The use of an internal standard was developed and the conditi­
ons of extraction were examined. 

2 DERIVATISATION WITH 9-ANTHRYLDIAZOMETHANE SYNTHESISED IN 
SITU 

2.1 INTRODUCTION 

The 9-anthryldiazomethane (ADAM) has been widely used as deriva­
tisation reagent for the HPLC determination of several types of 
carboxylic acids , first for fatty acids (Nimura & Kinoshita, 
1980), fatty acidsin serum (Ichinose et al, 1983 i Ghiggeri et 
al, 1986 i Shimomura et a l, 1986 i Hatsumi et al., 1986) , for 
prostaglandins (Hatsumi et al , 1982), further for oxalic acid in 
urine (Imaoka et al, 1983), amino acids (Yoshida et al , 1985), 
and Manensin and other ionophore antibiotics of the same group 
(Takatsuki et al, 1986i Martinez and Shimoda, 1985 and 1986). 

ADAM allows a highly sensitive detection thanks to the strong 
fluorescence of the anthracene group. Moreover, the use of ADAM 
offers the remarkable advantage that, in a matrix containing 
amino acids, it will not alkylate an amino group, under mild 
conditions (Yoshida et al , 1985). 

First synthesis of ADAM was carried out by Nakaya et al . (1967), 
using mercury-1-oxide as a cat alyst for the oxidation of 9-an­
thraldehyde hydrazone. Barker et al . (1980) then proposed a quic­
ker procedure using activated manganese dioxide . In both prepa­
ration procedures, the ADAM must be purified since some of the 
inorganic oxidant remains in the reaction mixture even if the 
reaction is completed . If the reaction mixture was directely used 
for derivatisation, the carboxylic acids susceptible of oxidation 
could be destroyed. However, after purification, the stability 
of ADAM during starage is not sufficient. In literature, the 
stability of ADAM varies i as a crystal , ADAM can be stored at -
20°C at least one monthi in ether solution, ADAM must be used 
within 5 months when stared at -20°C , or within 3 weeks at 4°C . 

For these reasons, the preparation in situ proposed by Yoshida 
et al, ( 1988) was tested for the OA determination Th is 
synthesis procedure uses the strong oxidising agent N-chloro­
succinimide to oxidise the substrate 9-anthraldehyde hydrazone, 
with quinuclidine a s a catalyst. 

The synthesis in situ offers the advantage that the ADAM reagent 
does not need to be purified . The shortcoming caused by 
degradation of ADAM is overcome in this way, since for each new 
der i vatisation, a new ADAM is synthesised in situ and used 
immediately. 
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However for the application of this procedure several condi­
tions must be fulfilled and verified: the reagents still 
present in the synthesis mixture should not interfere in the 
derivatisation process with acids and should allow good 
detection and separation of the ADAM derivatives in the HPLC 
system. 

In order to test this ADAM synthesised in situ, we used a bile 
acid, the deoxycholic acid . Easily available and stable , it 
offers the advantage of having a rather similar polarity as OA 
(figure 2.0). 
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Figure 2.0 

0 

HO 

Chemical structures 

{Yo~ ···~ 
"'·• 'O' l..,...loJY'Y"'?D 

OH H 

Okadaic acid (OA) 

Deoxycholic acid (DCA) 

ADAM + ACOOH 

Oxldent 

9111 

o-Anthryldlu om et h ene 
(ADAM) 

Preparatien of 9-anthryldiazomethane(ADAM) according to 
Yoshida et al (1988), and derivatisation reaction with an 
acid. 

6 



2.2 METHOD 

As the ADAM synthesis mixture and ADAM derivatives are unstable 
when exposed to light at room temperature, all preparative 
operations have been done in a room shielded from day light, with 
subdued lighting. 

2.2.1 Reagents 

- 9-anthraldehyde, 97% Aldrich # 27, 868-8 
- hydrazine hydrate, Aldrich # 22, 581-9 
- N-chlorosuccinimide 98%, Aldrich # 10, 968-1. 
- quiniclidine 97%, Aldrich # 19, 760-2 
- deoxycholic acid (DCA) reference standard, Aldrich # 10, 7.lr 

730-1 
stock solution: 10 ~gjml in methanol, stored at 4°C 
werking solutions: from 10 to 0 . 5 ~g/ml by pipetting 
and dilution of stock solution in a 4 ml glass-vial. 

- solvents (Merck): chloroform, ethanol, hexane, methanol were 
analytical grade; ethyl acetate was distilled; acetonitrile was 
chromatography grade. All solvent mixture were freshly prepared 
befere each use. 

2.2.2 Apparatus and operating conditions 

- Heating module, Reacti-Therm, Pierce : 
metallic thermostatic block for test tubes, wi th ni tro­
gen flowing into each tube. 

- HPLC system: 

Column : two cartridges of 100x30 mm id. glass columns 
packed with RP Chromspher C-18, 5 ~m partiele size (Chrom­
pack # 28267) with a 10 mm guard column. 

Injection: Water Intelligent Sample Processor (WISP), 710B 
automatic, injection of 10 ~l from the methanolic soluti­
ons. 

Pump : Waters M45 
eperating condi ti ons: 0. 5 mljmin of acetoni trilefwater 90 I 10 
(v jv) . 

Detection: fluorescence detector Hitachi-Merck F-1020 
eperating conditions: excitation wavelength at 365 nm, emis­
sion at 410 nm. Sensitivity at l.O. 

Recorder: Kipp & Zonen BD40 with double marker pens 
eperating conditions: paper speed: 5 mmjmin, sensitivity 
at 10/20 mv. 
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- FTIR analysis: 

Bruker IFS- 85 (Bruker Analytische Messtechnik GmbH, 7500 
Karlsruhe 21, Germany) 
Source: Globar 
Detector: DTG s, cuvette 0,02 cm with potassium bromide 
windows 
Resolution: 2,0; number of scans: 200. 

2.2.3 Synthesis of 9-anthraldehyde hydrazone according to 
Nakaya et al. (1967) 

Crystals of 9-anthraldehyde, 8.8 g in total were dissolved in 
150 ml absolute ethanol, in a 250 ml erlenmeyer. The hydrazine 
hydrate (9 ml) was added and the solution was stirred for three 
hours at room temperature. The solid product was filtered off 
under low pressure (Whatman n2 5 filter) and dried under vacuum. 
The solid was purified by recristallisation from ethanol, tilte­
red off and washed with the mother solution and finally dried. 
The crystals have a melting point of 124-126°C (Nakaya et al., 
1967}. 

The light yellow crystals were stored at -18°C. The solution in 
ethyl acetate was stored in the dark, and used within two months. 

2.2.4 Preparation of ADAM synthesis mixture according to Yoshida 
et al. (1988). 

For each derivatisation, a new batch of ADAM synthesis mixture 
was prepared. In a 4 ml-glass vial (WISP vial) with screwed cap, 
500 Ml of the following solutions in ethyl acetate were mixed: 
N-chlorosuccinimide 6.9 mM, 9-anthraldehyde hydrazone 6.9 mM and 
quinuclidine 69 mM. The resulting mixture was allowed to stand 
at room temperature in the dark. After 30 min of reaction time, 
this solution was used for derivatisation. 

The ethyl acetate solutions of these three components were stored 
in the dark, at room temperature, and used within two months. 

2.2.5 Derivatisation with ADAM 

The derivatisation with ADAM was carried out in a glass micro­
tube '(300 Ml vial insert for WISP vials). 100Ml of the ADAM 
synthesis mixture was added to 100Ml or 200Ml of the deoxycho­
lic acid solution. The solution was Vortex-mixed. The vial was 
placed in a heating-block and was allowed to stand one night at 
50°C. 
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2.3 RESULTS AND DISCUSSION 

2.3.1 Parameters of derivatisation 

Under the chromatographic conditions described above the DCA 
derivative, eluted at retentien time of 14 min . Peaks eluting 
earlier were ADAM, decomposed products of ADAM and impurities. 
Factors influencing the d e rivatisation process have been studied 
in order to optimise the fluorescence response on HPLC. The 
excitation and emission wavelengths, respectively 365 and 410 nm, 
were selectedas described in literature (Yoshida et al., 1988) . 

First the kinetics of DCA binding to ADAM was examined. The este­
rification of the acid was accelerated at higher temperature (Fig 
2.1). With an incubation at 50°C, the binding of DCAtoADAM was 
time- dependent; after 6 hours of incubation the reaction reached 
a plateau. No degradation of the derivatives was observed after 
standing 24 h at 50 ° C. Therefore the overnight derivatisation was 
applied in subsequent experiments. 

-e- - room 
temperatlse 

200r-----------------------------------------------~ 

~ 100 
ia 

t 
e-- ------

~~-- . 

_.,..-- ------ ----E> -----
..e-<3'" 

0~=-------~--------~--------~--------~------~ 
0 5 10 15 20 25 

tims (hol.rs) 

Figure 2.1 : Time dependenee of DCA reqction with ADAM, 
at room ternperature and at 50°C. Derivatisation of 1 ~g 
DCA in a total volurne of 300 ~1 (each line corresponds to 
one derivatisation vial frorn which at several tirnes 10 ~1 
samples where taken out for analysis). 
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At this temperature the volume of the reaction mixture could 
become inaccurate because of solvent evaporation. However the 
good reproducibility of the derivatisation procedure (see 
further} showed that this factor was not significant. 

The rate of reaction of ADAM with deoxycholic acid was fairly 
low. As reported in literature, the rate of reaction with pure 
ADAM solutions depends on the polarity of the solvent. Longer 
reaction times are reported in a low-polar solvent like ethyl 
acetate (Imaoka et al., 1983) and in methanol/diethyl ether 
(28/72} (Takatsuki et al., 1986}. To derivatise fatty acids with 
pure ADAM solutions in ethyl acetate, an incubation at 40°C for 
30 min was used by Hatsumi et al (1982 and 1986). 

In order to investigate the effect of the ethyl acetate pro­
portion on the derivatisation response, derivatisations 
of constant amount of DCA were carried out in a total volume of 
300 ~1, in methanol/ethyl acetate 1/2 and 2/1. With a reaction 
time of one night, no significative differences were observed in 
the derivatisation yield. 

2.3.2 The synthesis of ADAM in situ 

When 9-anthraldehyde hydrazone is mixed with the oxidising agent 
and the catalyst, the color of the solution turned from a pale 
yellow to light orange after 30 min. ADAM itself has a red orange 
color as crystal (Nakaya et al, 1967}. 

In order to check the influence of the relative concentratien 
of the three reagents on the synthesis of ADAM, the concen­
trations of the solutions were varied and the synthesis veri­
fied with derivatisation of DCA. With a twice as high concen­
trated of N-chlorosuccinimide, the response of DCA was much 
lower, and the synthesis mixture of ADAM had a light yellow 
color, indicating that the synthesis was worse, and that ADAM 
was rapidly oxidised. The double quantity of catalyst quinu­
clidine gave no higher response of DCA derivative. 

Other solvents for the preparative solutions were tested. As 
mentioned in Yoshida et al. ( 1988) , acetone gave a lower ADAM 
yield due to the reaction of hydrazone with acetone. In 
diethyl ether, the N-chlorosuccinimide was not readily soluble. 
The ethyl acetate was then kept as solvent, despite the fact that 
this solvent contains traces of acetic acid; this acid was 
reported (Takatsuki et al., 1986} to react quite sponteanously 
with ADAM. This gave derivatisation by- product in the chroma­
togram, and limited the time of use of the synthesis mixture. 
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Due to the fact that ADAM must be in excess present for deriva­
tisation, it was necessary to check the progress of the synthe­
sis, and to determine the concentratien of ADAM synthesised in 
situ. Yoshida et al . (1988) checked the stability of ADAM in the 
synthesis mixture, but no synthesis yield nor concentratien of 
ADAM in the final mixture was determined. Two different ways were 
available to establish a quantitative or a relative concen­
tratien of ADAM: the first is FT-IR measurement, the second is 
based on the determination of derivatisation yield with DCA. 

2.3.2.1 FT- IR analysis 

The FT-IR analysis have been performed on the ADAM synthesis 
mixture. The absorbance band at 2040-2090 cm-1 is characteristic 
for the diazo group (-N=N) and allows identification of ADAM (Na­
kaya et al., 1967) as the solvent ethyl acetate and the three 
preparative solutions of quinuclidine, N-chlorosuccinimide and 
the 9-anthraldehyde hydrazone do not show absorption in this 
region . It can be seen that no absorption peaks were present in 
the region of 2060-2080 cm-1. For the last compound the whole 
spectrum was determined (Fig 2.2). The high absorption peak at 
730 cm-1, caused by the out-of-plane vibration of C-H bindings 
on the benzene ring. This peak allows to check for the prese nce 
of aromatic hydrocarbons for both 9-anthraldehyde hydrazone and 
ADAM. 

For each analysis of the synthesis mixture, only two spectrum 
windows were measured, respectively at 2090-2040 cm-1, like 
presented in Fig 2.3, and 760-710 cm-1. The absorption band of 
the diazo group was present at 2063 cm-1 . 
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When the mixture was measured with continueaus IR exposition, 
a rapid degradation of the synthesised ADAM was observed (Fig 
2. 4) • 

....... 
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Figure 2.4 : Absorbance at 2063 cm-1 and 730 cm-1 of the 
synthesis mixture, when measured contineously. 

Therefore the IR measurement time was limited to 5 min and the 
salution was left in the cuvette. The diazo specific absorban­
ce of two different synthesis mixture has been measured after 
various reaction times in the dark (table 2.1). No signifi­
cant difference in absorbance was observed, indicating the 
good stability of ADAM during 17,5 hours. The absorbance band 
didn't vary after one night standing in the dark at room 
temperature, but disappeared after one night of incubation at 
50°C. 
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TIME ABSORBANCE (AU) 
exp 1 exp 2 

26 min 0 .0391 -
39 min 0.0436 -
42 min - 0.0409 

1h 38 min - 0.0373 

-------------------- -----------------------
17h 30 min(18°C) 0.0405 
17h 52 min(50°C) 0.0039 

Tab 2.1 : Stability of ADAM in the synthesis mixture : 
Absorbance at 2063 crn-1 at various times; volumes of 
9 - anthraldehyde hydrazone, N-chlorosuccinirnide and quinucli­
dine salution were 1 rnl in experiment 1, and 0.5 rnl in experi­
ment 2. 

The quantitative determination of ADAM in the synthesis mixtu­
re was possible with the rnalar absorption coefficient deter­
rnined at RIKILT-DLO (Tuinstra et al, 1991). This coefficient 
was determined in diethyl ether solutions of pure ADAM between 
2.31 and 46 mmolfL. The coefficient was 809 L/mole*crn (VC 
9. 5%) . 

From the value of absorbance in table 2.1, the concentratien 
can be calculated by the Lambert-Beers law: 

A= C*€*d, 

where dis the cell length (0.02 cm), € is the rnolar absarpti­
on coefficient (Lfrnole*cm), and c the concentratien of the 
analyte (rnole/L). This gave a concentratien of 2.49 
± 0.17 mmole ADAM/L (n=4) in the synthesis mixture, resulting 
in a synthesis yield of about 90%. (In these experirnents the 
9-anthryl hydrazone concentratien was 2,69 rnM/L. 

2.3.2.2 HPLC analysis 

The principle of the HPLC deterrnination (Tuinstra et al . , 
1991) is that ADAM irreversible reacts with an acid to relea­
se nitrogen. If increasing concentrations of DCA are derivati­
sed with a constant and excessive arnount of ADAM, the fluores­
cent response will linearely increase untill the acid ADAM is 
not in excess any more. The response will then be constant 
above a level of DCA called the "overdose". In the linear part 
of the plot obtained with an excess of ADAM, the DCA is thus 
totally derivatised. 
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Derivatisation of various but unknown amounts of ADAM will 
therefore be carried out with a overdose of DCA. Because the 
DCA is in excess, all the ADAM is supposed to react, and the 
fluorescent response will be proportional to the ADAM quanti­
ty. This response can be directly interpreted in mole of DCA 
with the help of the calibration curve obtained with excess of 
ADAM. Supposed that one mole of DCA reacts with one mole of 
ADAM, the calculated quantity of DCA in mole corresponds to 
the same quantity of ADAM. 

Increasing amounts of DCA were derivatised with 100 ~1 of the 
unknown ADAM solution. The responses from the DCA derivatives 
were plotted against the quantity of DCA in the mixture (Fig 
2.5). Peak areasof DCA derivatives are first linearly increa­
sing. At 63 nmole derivatised DCA, the response levels off, 
meaning that, from that level, not enough ADAM was present. 
When DCA was at a level of 509 nmole (200 ~g), derivatised 
with 100~1 of ADAM synthesis mixture, the response of the 
derivatives didn't increase at all. This overdose concentrati­
on of DCA was then used for reaction with various amounts of 
ADAM (Fig 2.6). With the calibration curve of Fig 2.5, the 
response was converted in the amount of ADAM that reacted; the 
amount of ADAM was 95.7 ± 2.8 nmole (n=5) in 100 ~1 used for 
derivatisation, meaning that the synthesis mixture had a 
concentratien of 0.95 ± 0.03 mmole/L, resulting in a synthesis 
yield of only 40%. 

16 



240 
220 
200 

"N 180 
E ~60 
É 140 
co 

~ 120 
100 

~ 80 <I> 
a. 60 

-·-----------------~ _ ...... --..... --
.... 

40 
20 

0 
0 40 80 120 160 200 240 280 320 360 400 440 480 520 

Derlvatlsed DCA (m)ote) 

-+-- 100 ui ADAM -a - 50 ui ADAM 

linear part 

150 

·125 

"N 
E 
É 

100 

co 
<I> 
'-

75 
C\1 

t 50 

25 

0 
0 10 20 30 40 50 60 70 

Derlvatlsed DCA Crmole) 

+ 100 ui ADAM 1:1 50 ui ADAM 

Figure 2 . 5 : Derivatisation of increasing DCA concentra­
tien with excess of ADAM; 100 ~1 and 50 ~1 of ADAM solu­
tion in a total volume of 300 ~1. 

17 



~ 
.5 
l1l 
~ 
lll 

~ 
I]) 
a. 

250 

200 

150 

100 

50 

0 
0 2 5 50 75 100 125 

ADAM relativa concentration (ui added) 

Figure 2.6 : Derivatisation of DCA in overdose with 
various volumina of ADAM synthesis mixture; 200 ~g or 509 
nmole DCA were derivatised in total volume of 300 ~L. 

2.3.2.3 Conclusion 

The synthesis yield calculated from the derivatisation of DCA 
reached only 40%, and doesn•t agree with the result of FT-IR 
which gave 90% of synthesis yield. 

But the linear part of Fig 2.5 shows that the response of the 
DCA derivative depends on the ADAM quantity, even when the 
ADAM is in excess. The same behaviour was shown when the DCA 
quantity was small enough to assure an excess of ADAM. The 
hypothesis that one mole o~ ADAM will react with one mole of 
DCA is contradicted. The yields of derivatisation will depend 
on the absolute quantity of ADAM in the mixture . This can not 
be explained by an uncomplete synthesis of ADAM , because the 
FT-IR measurement gave a good yield. 

The measurements of the DCA derivatisation however allow to 
determine the capacity of ADAM to bind to DCA. We can say that 
for 230 nmole of ADAM ideally formed in the synthesis mixture, 
63 nmole of DCA represents the overdose. This means that in 
order to derivatise 1 mole of DCA, ± 3.5 mole of ADAM will be 
needed. 
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2. 3. 3 Quantitative analysis of DCA 

The calibration curve plots the peak area against the con­
centration of DCA (Fig 2.7). The linearity was tested in the 
range of 5 and 33 ng, the correlation coefficient (0.992) was 
good. 

Fig 2.8 shows the variability of the ratention time. The peak 
area has been calculated by multiplying the peak height with 
the half height width. However this maasurement was 
practically difficult and not accurate, and introduced there­
fore an additional factor of variability of the response. 
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The repeatability of the injection in the HPLC system was 
tested by injecting 12 times an identical solution containing 
2.5 ng of DCA derivative : the coefficient of variation was 
3.4 %. These results, also presented in Fig 2.8, show also the 
good stability over 12h of the derivatives under the 
conditions of the Sample Injection processor, which allows 
overnight analysis. 

Precision of DCA derivatisation was tested by measuring the 
peak area of identical DCA standard solutions derivatised 5 
times, at a level of 2.5 ng DCA injected. The coefficient of 
variation was 3.6 %. 
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The stability of the derivatives in the derivatisation mixture 
was tested by measuring the response of the same derivatives 
solution, after several days. The DCA derivatives were stable 
for at last one week at room temperature in dark, but degrada­
tion occured when exposed to the light. 
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2.4 CONCLUSION 

The derivatisation procedure described here, using ADAM syn­
thesised in situ, was satisfactorily reproducible for the 
·tested acid DCA. The fluorescent response of the derivative 
was proportionally linear to the DCA concentratien in the 
derivatisation mixture. 
The reactives still present in the synthesis mixture were 
proved not to destroy the DCA, since the response was 
increasing with increasing quantities of the ADAM synthesis 
mixture. 

However, the reliability of the derivatisation was not quanta­
tively good because the response of derivative was increasing 
with the amount of ADAM. If the synthesis of ADAM in the in 
situ mixture was proved to be sufficient, only 25 % of the 
theoretically available ADAM seemed to react with DCA. This 
means that in order to derivatise the acid totally, a large 
excess of ADAM must be present. The ADAM derivatisation was 
reliable for a DCA concentratien of 25 ~gjderivatisation. 

The stability of the reagent solutions for the synthesis of 
ADAM was found to be limited. Within two months, many interfe­
ring peak appeared in the ·chromatograms, and a clean-up of the 
derivative was necessary. 

To assure a good synthesis of ADAM, either the stability of 
the reagent solutions must be checked or the ADAM synthesis 
yields must be controlled regularely. This can be done by 
checking the derivatisation capacity of the ADAM. 

For these reasons, the use of a internal standard was needed, 
and is described below. 
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3 EXTRACTION OF OKADAIC ACID AND USE OF AN INTERNAL STANDARD 

3.1 INTRODUCTION 

To be used as a fluorescent labeling reagent for okadaic acid, 
the 9 - anthryldiazomethane must offer a sufficient specificity. 
The method of derivatisation has to be reliable and easily 
applicable. In the former chapter, the derivatisation with 
ADAM synthesised in situ has been proved to be sufficiently 
sensitive and reproducible. However, to allow good quantifica­
tion of the analyte, the derivatisation yield has to be chec­
ked, since the response of the derivative was found to be a 
function of the available amount of ADAM. 
Furthermore, variations in the derivatisation yields due to 
the sample matrix can lead to errors and must therefore be 
verified. 

So we developed the use of an internal standard for the deter­
mination of OA. This standard should be a carboxylic acid 
reacting with ADAM; its derivative should have the same be­
haviour during the clean-up procedure and it should be pos­
sible to separate them on the same HPLC system. The internal 
standard will be added to samples extracts or OA standards 
just before derivatisation. 

·The utility of this internal standard should be twofold: 

- first, to check day to day derivatisations. Because a fresh ­
ly prepared ADAM synthesis mixture is used each day, the 
internal standard will allow to check the progress of the ADAM 
synthesis, and the quality of the reagent solutions. The 
fluorescent response of the internal standard could then be 
used for a long term control. 

- second, to check the derivatisation yield from one same ADAM 
synthesis mixture as well as the clean-up of the derivatives 
after reaction. The use of an internal standard will make the 
quantification of OA independent of factors having an effect 
on both the derivatisation yield and the clean-up recovery (as 
the internal standard should have the same reactivity with 
ADAM as OA). 

In this chapter, the use of DCA as a internal standard will be 
examined. Then, it has been used to test the extraction method 
for OA according to Lee et al. (1987). 

3.2 METHOD 

As the ADAM synthesis mixture and ADAM derivatives are 
unstable when exposed to light at room temperature, all prepa­
rative operations have been done in a room shielded from day 
light, with subdued lighting. 
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The synthesis in situ of ADAM as well as the HPLC conditions for 
measurement are described in the fermer chapter. 

3 . 2.1 Reagents 

- okadaic acid standard : Promochem, X132 (C.N. Schmidt , 
Amsterdam), 100 Mgfml in dimethyl formamide. 
stock solution: 10 Mgfml in methanol, stored at 4°C in the 
dark, stable for one year . 
werking solutions: from 10 to 0. 5 Mg/ml in methanol by 
diluting the stock solution. 

- caprylic acid reference standard : Fluka # 21639 
stock salution : 10 mM in 95% ethanol 

- ADAM synthesis mixture and DCA solutions, see fermer chapter. 

3 . 2.2 Apparatus 

Servall Omni- mixer , Dupont Intrument , with 50 ml roetal baker. 
- Seppak silica cartridge , Waters # 51900. 

The columns were placed in a dessicator after the original 
packaging was opened, to prevent water absorption. 

- Seppak C-18 cartridge, Waters # 51910 . 

- HPLC system : see fermer chapter. 

3.2 . 3 Sample preparation 

The blank samples were digestive glands (hepatopancreas) of 
mussels bought on the market and supposed to be free of toxins. 
The dark brown glands were taken out from fresh or cooked mus­
sels, weighted and stored frezen at -4°C. 

For cooked material, the fresh mussels were allowed to cook for 
7 to 10 minutes. After cooling, the digestive glands were remo­
ved from the meat . 

For dried material, the entire fresh or cooked glands were 
lyophylised, and reduced to powder, which was stored in the dark 
at room temperature. 

A contaminated sample, (confirmed by rat test) was obtained from 
the RIVO, IJmuiden (Netherlands Institute for Fish Research). 
This sample was cooked, lyophylised and reduced to powder at 
RIVO. 
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3.2.4 Extraction 

For extraction, 2 g of wet sample or 0 . 5 g of dried sample was 
used . In a metal baker adapted to the Omni-mixer, 8 ml of metha­
nol 80% (v fv) was added , and homogenised for 5 minutes. The 
homogenate was centrifuged (3500 rpm) for 10 minutes . An 2.5 ml 
aliquot of the supernatant was transferred to a test tube , and 
washed 2 times with 4 ml hexane. 

For the C-18 clean-up , 0.625 ml of the methanolic extract was 
added to 0 . 375 ml water (Milli Q), in order to obtain a metha­
nol/water ratio of 50/50 (vfv). An aliquot of 0.5 ml was trans­
ferred to the C-18 cartridge column which was first conditioned 
with 5 ml methanol , and then with 5 ml methanol 60% (vfv) . After 
loading the sample the column is eluted with 3 ml of methanol 60% 
(vf v) . Total eluate was collected and extracted with chloroform 
as described further. 

For the samples without C-18 clean-up , the methanolic extract 
was added to water in order to have a methanoljwater ratio of 
60/40. The resulting mixture was then extracted as fellows. 

A 3 ml aliquot of the methanol i c solution was extracted two times 
with 4 ml chloroform. The combined chloroform extracts was evapo­
rated at 50°C under nitrogen flow. The residue was dissolved in 
300 Ml methanol, containing the internal standard DCA (0.1 or 
0.05 Mg/100 Ml) ; 100 Ml was used for derivatisation. 

3.2 . 5 Derivatisation with ADAM 

The derivatisation with ADAM was carried out in a glass micro­
tube ( 300 Ml vial insert for WISP vials) . 100Ml of the ADAM 
synthesis mixture was added to 100Ml of the extract solution . 
The salution was mixed, and the vial is placed in thermo-bloek 
and allowed to stand one night at 50°C . 

3 . 2 . 6 Derivative clean-up 

An aliquot of 100 Ml of the derivatised mixture was pipetted in 
a pointed glass tube, and the solvent was evaporated to dryness 
under nitrogen at 50°C . 

The silica cartridge column was conditionned with 5 ml hexane­
fchloroform 50:50 (vfv) . The derivatisation residue was trans­
ferred with 3 times 1 ml of hexanefchloroform 50 : 50 (vfv), to 
the cartridge, and the eluate was discarded. The column was 
washed with 5 ml of the same solvent , and then with 4 ml 
chloroform. 
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The derivatives were eluted with 5 ml chlorofomjmethanol 95:5 
(vfv), and collected in a pointed test tube. After evaporating 
the solvent to dryness under nitrogen at 50°C, the residue was 
dissolved in 200 ~1 methanol, and transferred in a 300 ~1 glass 
vial, tightly steppered for storage in darkness until injection 
into the HPLC system. 

3.3 RESULTS AND DISCUSSION 

3.3.1 Use of interna1 standard for the OA determination 

3.3.1.1 Derivatisation of okadaic acid 

The rate of OA reaction with ADAM has been verified at 50°C 
(Fig 3.1). The time curve for the OA derivative yield followed 
the same shape as for the DCA derivative, reaching a maximum 
plateau after 10 hours. 
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Figure 3.1: Derivatisation rate of OA and DCA, 1 ~g of 
each compound were derivatised in 3 ml (without clean­
up). 

Under the chromatographic conditions, the separation of both 
derivatives was good. The acetonitrilejwater system as mobile 
phase gave a good separation. Typical chromatograms of ADAM 
derivatives are shown in Fig 3.2. 
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3.3.1.2 Calibration curves 

The fluorescence responses of DCA and OA standard solutions gave 
both a good linearity. When the peak areas are plotted against 
the amount of OA and DCA in ng injected (Fig 3.3), the ratio of 
the slopes a 0 AfancA is 0.456. Fig 3.4 shows the calibration 
lines obtained when the responses are plotted against the acid 
amounts in pmole injected. The ratio of the slope is then 0.93, 
since the ratio of the molecular weight of these two acids MW 
DCA/MW OA (392.5/804) is 0.489. 

This shows that both components have the same equilibrium con­
stant for the reaction with ADAM. Both derivatives have the same 
fluorescence intensity. 

3.3.1.3 Silicagel clean- up 

The silicagel clean-up was necessary after derivatisation for 
removing excess of ADAM and by- products of the derivatisation. 
This clean-up allowed the remaval of a small peak eluting at the 
same retention time as the OA derivative. It also allowed to have 
a shorter HPLC analysis time and enhanced the life time of the 
HPLC guard column. 

The clean-up was carried out on a small silicagel cartridge. The 
eluting pattern has been checked for high recovery. Without the 
chloroform wash, the recoveries were less variable, but this wash 
step was needed to clear the chromatagram from all other peaks 
derived from the matrix. 

Fig 3.5 and fig 3.6 show the calibration plots constructed after 
silicagel clean-up. The linearity has been verified on a range 
of 0.05 to 0.15 ng derivatised. The good linearity of the OA/DCA 
ratio (Fig 3.7), allows thus the quantification of OA corrected 
for the derivatisation yield and clean-up recovery. 
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3.3.1.4 Reproducibility and limit of detection 

The prec1s1on of the analysis has been tested by measuring the 
fluorescence responses obtained from 8 different derivatisa­
tions of 0.05 ~g of both DCA and OA, with silica clean-up. The 
coefficients of variation were 4.7% for DCA, 6.9 % for OA and 
5.0% for the ratio of OA/DCA peak area (Fig 3.8, 3.9). 

At the sensitivity of the recorder used for the analysis of 
mussel samples, the noise was measured in a blank standard (at 
the OA-ADAM retention time). The limit of determination (10 
times the noise) could rea ch the value of 0.5 ng OA injected. 
This means a theoretica! limit of determination in sample 
extracts of 400 ngjg wet hepatopancreas or 0.1 ~g/g dry matrix 
(following the extraction conditions described above). 
The lowest standard concentration tested was 0.063 ~g OA/ml, 
giving 0.625 ng injected. 
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3.3.1 . 5 Conclusion 

To be used as an internal standard, DCA should present some 
characteristics which have been checked : 

-the DCA derivative is determined on the HPLC system, and its 
retentien time is great enough to prevent all interferences. 

-the DCA derivative has a behaviour on the silicagel column 
comparable to that of OA . The linearity of DCA recovery has been 
proved as well as for OA recovery. The respective recoveries 
were 85% and 75%. 

-DCA reacts quantitatively with ADAM and the presence of this 
internal standard has no effect on the derivatisation of OA. The 
calibration curves have shown that both acids have the same 
reactivity with ADAM. 

-DCA is stable in methanol for at least one year . The stock 
solution was derivatised simultaneousely with freshly made 
standard solution, and no significant difference has been obser­
ved. This allows long term control of derivatisation. 

Since these conditions are fulfilled, the ratio of the peak area 
OA/DCA may be used to quantify OA. The practical applications of 
this internal standard will be : 

- added to OA standard as well as to sample extracts, the 
absolute peak area of DCA derivatives will allow to check and 
quantify the derivatisation yields. The effect of various 
extraction condi ti ons on the der i vatisation can be seen. The 
absolute response of DCA allows also to take into account the 
non-systematic errors that could occur in a set of analysis 
losses by manipulation, volume change by solvent evaporation, 
etc.) . 

-the ratio of OA/DCA peak area may be used to plot the cali­
bration curve to quantify OA. So the recoveries of both deri­
vatisation and silicagel clean-up are directly taken in account . 
This means that OA responses will be corrected for incomplete 
derivatisation. 

-given the good stability of DCA in stock solution, the ratio 
of the OA/DCA response will provide a maasurement of the 
stability of OA standard solutions. 
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3.3.2 Extraction of OA from mussel matrix 

The procedure of extraction is the method of Lee et al. (19 -
87), with the following major modifications 

- for recovery study, adjustment of the pH of the methanolic 
extract has been incorporated, as well as an additional clean­
up on C18 cartridge before the chloroform extraction and 
derivatisation. 

- the internal standard DCA is added to the samples before 
the derivatisation, and allows the control of this reaction 
and clean- up step. 

The table 3.1 summaries the extraction procedure. 
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Tab 3.1 : SIMPLIFIED FLOWCHART OF THE TOTAL PROCEDURE 

Wet sample 
2 g 

0 . 625 g 

0.156 g 

0.5 g dry hepatopancreas 
(corresponding to 2 g wet) 

+ 8 ml MeOH 80% 

mixed and centrifuged (5 min, 3500 rpm) 
(sometimes actdition of NaHC03 0.75 % 
wjv to supernatant) 

2 . 5 ml aliquot of supernatant 

2 * 2 . 5 ml hexane washing 

0 . 625 ml aliquot of methanolic phase 
or + 2.375 ml MeOH 55% or + 0.375 ml water 

0.5 ml on C-18 column* 
elution with 3 ml MeOH 60 % 

2 * 4 ml chloroform extraction 
evaporated , N2 at 50 oe 

+300 Ml DCA 0.5 Mgfml in MeOH 
(ultrasonication) 

0 . 052 g(1/40) 100 ML aliquot derivatised 
with 100 Ml ADAM solution** 
one night, 50 oe 

0.026 g 100 Ml aliquot dried and used for 
silica gel clean-up*** 
elution with 5 ml chloroformjMeOH 95/5 
evaporated 

taken in 200 Ml MeOH (ultrasonication) 

1.3 mg(1/1600) 10 Ml injected in HPLC 

* C-18 cartridge : Seppack nr 51910 
conditionned 5 ml MeOH 

5 ml MeOH 60% 
actdition of 0.5 ml sample 
eluted with 3 ml MeOH 60% 

** ADAM solution : synthesised in situ,30 min in ethylacetate 
500 Ml of 6.9 mM 9-anthraldehyde hydrazone 
500 Ml of 6.9 mM N-chlorosuccinimide 
500 Ml of 69 mM quinuclidine 

*** Silicagel cartridge : Seppack nr 51900 
conditionned 5 ml hexanejchloroform 50/50 
actdition of sample in 3*1 ml of same solvant 
washed with 5 ml same solvant 

4 ml chloroform 
eluted with 5 ml chloroformjMeOH 95/5 
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3.3.2.1 Effect of pH and matrix compounds. 

The effect of sample extract on the derivatisation has been 
pointed out by comparing the fluorescence response of the 
standard solution DCA or OA, and the response of these acids 
when derivatised with sample extracts. In matrix, the OA 
derivatisation yield was significantly lower, and could reach 
the extreme value of 23% of the standard response. It was also 
observed that this yield varied with the various matrices that 
have been used. 

This decrease of response could be due to the competition of 
carboxylic acids from the matrix that can also react with 
ADAM; this could also be due to the effect of various pH or 
ionic composition affecting the derivatisation reaction. The 
acid must indeed be present under an acidic form to react with 
ADAM (Takatsuki et al., 1986). 

Furthermore the pH of the initia! extraction mixture could 
also theoretically have an effect on the partition of OA in 
the extractions occuring in the protocol, (hexane, methanol 
(80%) different phase and chloroform-methanol (60%)). 
The effect of the pH was first examined, since different 
matrices showed a variable pH when homogenized in methanol 
80%. The pH of the metbanolie extract solutions were below 7 
once the sample was homogenized with the mixer and this pH 

. varied between 4.5 and 6.5 from one matrix to another. 

The effects on both the derivatisation and the extraction 
recovery have been checked. For that, OA has been extracted 
from metbanolie solutions containing caprylic acid (C8) used 
as a model for the sample matrix. The pH of the solutions have 
been adjusted by adding NaOH 0.1 mM and measured by pH-meter. 
The internal standard DCA was added after the extraction 
procedure, just before derivatisation. The extraction was 
carried out following the protocol in table 3.1 and the 
results are expressed in relative responses in tab 3.2. 
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SOL UT ION DCA OA/DCA OA 
composition I pH response response response 

MeOH 80% 6.a set at 100% set at 100% set at 100 
+ NaOH 7.6 105% 107% 112% 

MeOH aO% 
+ ca 0.2 mM 5.5 22% 73.5% 16% 
+ ca 0.2 mM 7.6 46% a7% 41% 

and NaOH 

Tab 3.2 : Effect of pH and fatty acid on the derivati­
sation yield and the extraction recovery (relative re­
sults). 

The results show first that the responses of DCA and OA are 
similar. It can be concluded that the OA recovery is very 
high, and that DCA reacts with ADAM in the same way as OA. 
This allows the use of DCA as an internal standard, even under 
various conditions of pH. 
Using DCA as internal standard, the results show further that: 
- actdition of ca acid and various pH influence mainly the 

derivatisation process (DCA response) , and only slightly the 
extraction recovery (OA/DCA response) . 
the main influence on the derivatisation yield is caused by 
the competition of the ca acid for reaction with ADAM. The 
effect of alkaline pH is more pronounced when ca is present 
in the derivatisation solution. 

This will be discussed in the next chapter (3.3.2.2). 

The fatty acid ca has been used as a model of the matrix 
extract. Even if it doesn't precisely correspond to thema­
trix, the results show that a carboxylic acid in high concen­
tratien affects mainly the derivatisation yield. Although the 
use of the internal standard allows still good accuracy of the 
OA determination, the limit of detection of the method will be 
higher. 

3.3.2.2 C-la clean-up 

Reverse phase column chromatography was introduced in the 
extraction protocol in order to remove as much as possible the 
matrix compounds before the derivatisation. This should allow 
a better and more constant derivatisation, since the other 
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carboxylic acids represent a competition for reaction with 
ADAM. Luckas et al. (1991) have proposed a clean-up on a C-18 
cartridge. The methanolic salution was transfered on the C-18 
column and eluted with methanol 60%. The chloroform extraction 
was then carried out, like in the classica! protocol . 

The pattern of elution was examined for C-18 cartridge co­
lumns . The recovery was optimal following the procedure pre­
sent in table 3 . 1 . The recovery of OA was enhanced when the 
column was previously conditioned with pure methanol. Because 
the first discarded eluate was found to contain a great amount 
of OA, a sample volume of 0 . 5 ml was applied to the column and 
nothing of the eluate should be discarded! 
In these conditions , the recovery found was 85% ± 3.7 (n=4}. 
The clean-up however introduced a higher variability in the 
results. 

The effect of the washing step with hexane prior to the C-18 
column on the recovery of the C-18 column was examined. OA 
standard was added in 3 ml methanol 80% at a level of 0.05 
~gfml. These solutions were washed with 2 . 5 ml, · 4 ml hexane or 
not washed at all. An 0.5 ml aliquot was transferred on the c-
18 cartridge, previously conditionned with methanol. Com­
parison of responses obtained with various washing showed that 
the volume of hexane had no effect on the OA recovery through 
C-18 clean-up. 

·The effect of the additional C-18 clean-up on the total 
determination was examined at pH 5 and 8 by extracting a con­
taminated lyophylised sample. Table 3 . 3 shows the relative 
recoveries that were obtained under the different extraction 
procedures. 0.5 g of dried sample were extracted two times 
with methanol 80%; the natural pH was 5.5. The sample was 
extracted two other times ; the pH of the methanolic solutions 
after homogenisation were adjusted to pH 8 'with HC03- 3 mM. The 
C-18 clean-up was carried out after 1 ml of sample applying on 
the column . 

SOL UT ION alkaline C-18 DCA OA/ DCA 
actdition clean-up res ponse respo nse 

standard - - set at 100%n=3 --
sample 1 - - 23% (n=2 ) set at100%n=2 

2 - + 52% ±3 . 7(n=3) 18% ±6 (n=3) 

3 + - 46% ±8 (n=4) 78% ±5 . 5 (n=3) 
4 + + 85% (n=2) 97% (n=2) 

Table 3.3 : effe ct of pH and clean-up on the derivatisation 
of DCA and extraction of OA (expressed in relative response) 
when extracting a contaminated sample: DCA was added be fere 
derivatisation (0.05 ~g/100~1). 
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The effect on the derivatisation is shown by the internal 
standard response (fourth column). It can be seen that : 

-with an acidic extract , the derivatisation yield is t he 
lowest, but is well enhanced by the C-18 clean-up. Since the 
pH of the samples were still acidic (pH 5.5) after the C-18 
clean-up, the higher response can be explained by the fact 
that the C-18 removes the acids in competition with OA for 
ADAM. 

- both C-18 and actdition of bicarbonate enhance the response 
of DCA. This proves that the derivatisation depends on both 
parameters, the form of the acid and the competition of ether 
acids coming from the matrix . 

The highest derivatisation yields were obtained with an 
alkaline extracted solution cleaned up on the reverse phase 
cartridge. Furthermore the chromatograms were much cleaner 
with this protocol . 

The effect on the extraction is shown in the fifth column of 
tab 3.3, calculated with the response ratio OA/DCA. The reco­
veries are expressed in relative values. It can be seen that : 

- the recovery of OA through the C-18 clean-up is drastically 
higher at an alkaline pH. 

-only a small difference i~ found between extraction without 
C-18, at alkaline pH and at natural pH (without bicarbonate) . 

These results confirmed the effect of pH on the OA c hemica! 
form . Because the OA is similar to the antibictic ionophore 
Monensin, it could be assumed that the toxin can exist as a 
sodium salt, which forms a s table lipophilic complex. Since 
the sample matrix contains sodium i ons, the OA can occur under 
this salt form in methanol 80%. Then, in a acidic solution, OA 
would be present under a free acidic form; in a high ionic and 
slightly alkaline solution, OA would be as a lipophilic com­
plex . 
These chemical form changes will have consequences on the OA 
recovery . First, at a pH 5 (sample 1 in table 2) the 
chloroform allows a good extraction of OA as in acid form . But 
these conditions are also favourable for the extraction of 
ether acids coming from the matrix and then will lead to lower 
derivatisation yields, as it has been observed . On the ether 
hand , at a pH 8 (sample 3 in tab . 2), the OA recovery is 
slightly lower . This is in agreement with Allenmark et al . 
(1990) . They have shown that at pH 7 . 1, 80% of OA can be 
extracted in chloroform, as an ion pair form . This alcaline pH 
presents thus a lot of advantages, e.g. less co-extracted 
compounds giving better derivatisation yields, higher recovery 
through C-18 clean-up, better chromatograms . But with the high 
pH in the final methanolic extract, OA is present in an ion 
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form. This will lead theoretically to a worse derivatisation 
yield, because the acid must be in a free form to react with 
ADAM. The extract could then be acidified just before 
derivatisation. 

Further analyses are needed to determine whether the presence 
of ions in the sample interferes with the retentien of OA in 
the extractions, hexane wash or chloroform extraction. 

In conclusion, the C-18 chromatography should be done only 
with a adjusted alkaline pH. The sensitivity of the analysis 
will be higher when the procedure includes a C-18 clean-up 
because the derivatisation yield is higher. Another advantage 
of the clean-up is that the chromatograms are much cleaner and 
free of compounds derived from the matrix. The disadvantage of 
the additional clean-up is the greater variability of the re­
sults. 

3.3.2.3 Recovery of extraction 

The average recoveries were determined on matrix samples 
spiked with 0~ standard. Cooked and lyophylised hepatopancreas 
of uncontaminated mussels were used as blank samples. The 
water content of the original matrix was 72% (1g wet = 0.28 g 
dry). About 0.5 g of dry hepatopancreas were spiked with OA at 
levels of 2, 1 and 0.5 Mg/g wet hepatopancreas . From each 
spiked sample, four methanol extractions were carried out. A 
blank chemieals with OA corresponding to a level of 0 . 56 Mg/g 
wet hepatopancreas was extracted simultaneously. A blank 
matrix (no OA added), was also extracted and showed no inter­
fering peak at OA retentien time . The reference standards of 
OA were derivatised and cleaned up for calibration at con­
centration corresponding to 1.92 and 0.96 Mgfg wet samples. 

The recoveries of the spiked matrix and the blank matrix are 
shown in table 3.4. The linearity of the response of OA is 
good (Fig 3.10 and 3.11) . It can be seen that the OA/DCA ratio 
gives a lower variability in the results. This is not due to 
injection or recorder variatien since it has been proved to be 
very low (3.3%). The manipulation variability occurs during 
the clean-up, and the more probable souree of variatien is the 
step of dissolving the dry residue in the small methanol 
volume. 
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SAMPLES OA level Recovery from Recovery from 
(J.Jg/g wet) OA response OA/DCA resp. 

Spikes 1 2 J.J9 76% ± 6.4 71% ± 5.6 
2 1 J.J9 75% ± 4.1 87% ± 4.2 
3 0.5 J.J9 69% 89% 

Blank 0.56 J.J9 82% ± 14 84% ± 3.1 

Table 3.4 : recovery of OA in spiked matrix. Results are 
mean values ± standard deviation, of 4 different methanol 
extractions (except spike 3, extraction was carried out in 
duplo). 

In another experiment, the determination in the contaminated 
dried sample was carried out with standard addition, at an 
adjusted pH of 7.5. OA was added to 0.5 g of dried sample at 
levels of 1.34, 2.66 and 4 ~gjg dried sample. The extraction 
was performed with and without C-18 clean-up. The plotted 
responses are presented Fig 3.12 and 3.13, where the lineari­
ty was very good. 

The recovery of OA through the complete extraction procedure 
without C-18 clean-up was this time 54% (47% with C-18). This 
is quite lower than this obtained with the other matrix . This 
confirmed that the recovery of extraction depends on the pH 
and then on the nature and composition of the matrix. 
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3.3 . 2.4 Stability of OA derivative 

stability of OA and DCA derivatives has been checked by deri­
vatising the sarne salution of OA and DCA (0.1 ~g/100 ~l each) 
8 different tirnes with the sarne ADAM synthesis mixture. These 
solutions were injected directly after silica gel clean-up and 
after 11 days standing in the dark. The variability of the 
responses was greater, but the error intervals overlap each 
other (Fig 3.14). It can be concluded that the derivatives 
were stable within at least 10 days. 

+ day 1 ~ day11 

3 r-------------------------------------------------1 
- - - - - - - - - - - - - - - - - - - - - - - -6 - - - - - - - - - - - - .,. ~SJ>. 

1\ 

---t---+----------------±----~---~----
2 ~ * ~ + c:. -2.* SJ>. ------------------------ -------- --- - -

1 1-

0 ~---J----~----~----J-----~--~----~----~----~ 

Different derivatisations of OA and DCA 

figure 3 . 14 : Stability of OA and DCA derivatives, stored in 
dark. SD= standard deviation. 
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3.3.2.5 Conclusion 

The deoxycholic acid has found to be a excellent internal 
standard; this acid is stable, the chromatographic behaviour 
of the ADAM derivative is close to that of OA derivative. 
Added to standard and samples, DCA allows to correct the OA 
response for proportional and systematic error due to uncom­
plete derivatisation, as wel as for random errors accuring in 
manipulation. 

With the use of this internal standard , the determination of 
OA with ADAM synthesised in situ was proved to be reliable and 
reproducible. 

However the determination of OA in samples was found to be 
dependant on the matrix characteristics . Examinatien of the 
recovery of OA extraction from a sample matrix, showed that 
the pH, ions actdition and additional clean-up have an effect 
on both derivatisation and extraction. The highest OA response 
was found with an extraction procedure at pH around 7.5 inclu­
ding a C-18 column chromatography of the methanolic extract. 

Compared to the method of Lee et al. (1987) , the procedure 
used here has a lower dilution of the extract during the 
preparation. 2 g of wet hepatopancreas (or 0.5 g of dry 
hepatopancreas) are extracted , and ca . 1/40 of this sample is 
derivatised. This means that 0.052 g of wet sample are deriva­
tised . This allows to reduce the limit of detection. 

44 



4 OVERALL CONCLUSIONS 

Problerns of OA deterrnination appeared not to lie in the este­
rification with ADAM but rather in the extensive sample prepa­
ration. Extraction recoveries of OA was satisfactory but 
variable. Especially the type of the matrix gave different 
recovery. Several factors influencing the extraction of OA 
have been pointed out. They should be controlled and norrnali­
sed in order to make the deterrnination independant frorn the 
quality of the sample. Therefore we suggested an extraction 
with a slightly alkaline buffer (pH 7.1 to 8). Other factors, 
like the degree of degradation of the matrix tissue etc, 
should be investigated in order to establish a protocol that 
leads to a norrnalised extraction procedure in various rnussel 
samples and other shellfish samples. 

The losses of OA during the extraction should be further 
investigated, in relation to the lyophylisation and the 
cooking of the matrix, and also for possibilities of enzyrnatic 
oxidation in the sample. 

The use of DCA for internal standardisation is strongly recorn­
rnended for control of the derivatisation yield. Furtherrnore 
this component can be used for intercalibration between sever­
al laboratories : DCA is easily available as a stable solid 
standard, and can be used to check and cernpare the OA refe­
rence standard frorn different sources. 

The rnethod of Lee et al, applied with the ADAM synthesised in 
situ allows reliable quantitative analysis. This rnethod, 
rather lengthy, is sufficiently sensitive. Cornpared to other 
rnethods like rnouse or rat test, this rnethod gives a more 
specific response. 
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ANNEX 

PROCEDURE FOR THE DETERMINATION OF OKADAIC ACID IN MUSSELS 

As ADAM reagent and derivatives are unstable when exposed to 
light at room temperature, all preparative operations have to 
been done in a room shielded from day light, with subdued 
lighting. 

1 Reagents 

- 9-anthraldehyde, 97% Aldrich # 27, 868-8 
-hydrazine hydrate, Aldrich # 22, 581-9 
- N-chlorosuccinimide 98%, Aldrich # 10, 968-1 
- 6 , 9 mM N-chloorsuccinimide, dissol ve 0, 09 g in 100 methyl 

acetaat 
- quiniclidine 97%, Aldrich # 19, 760-2 
- 6,9 mM quinuclidine, dissolve 0,77 g in 100 ml ethylacetaat 
- deoxycholic acid reference standard, Aldrich # 10, 730-1 

stock solution: 10 ~gjml in methanol, stored at 4°C, 
stable for one year. 
werking solutions: from 10 to 0.5 Mg/ml by pipetting and 
dilution of stock salution in a 4 ml glass-vial. 

- 9-anthralhydrazon (see 3 below). 
- 6,9 mM 9-anthralhydrazon {= 9-anthraldehyde hydrazon) 

dissolve 0,15 g in 100 ml ethylacetaat 
- okadaic acid standard: Promochem, X132 (C.N. Schmidt, 

Amsterdam), 100 ~gjml in dimethyl formamide. 
stock solution: 10 ~gjml in methanol obtained by dilution 
of the standard solution, stored at 4 °C in the dark, 
stable for one year. 
werking solutions: from 10 to 0. 5 ~gjml in methanol by 
diluting the stock solution. 

- solvents {Merck): chloroform, absolute ethanol , hexane, 
methanol were analytical grade; ethyl acetate was 
distilled; acetonitrile was chromatography grade. All 
solvent mixture were freshly prepared before each use. 

2 Apparatus and oparating conditions 

- Sorvall Omni-mixer, Dupont Intrument, with 50 ml metal baker. 
- Seppak silica cartridge, Waters # 51900. 

The columns were placed in a dessicator after the origi­
nal packaging was opened, to prevent water absorption. 

- Seppak C-18 cartridge, Waters # 51910. 

- Heating module, Reacti-Therm, Pierce : 
metallic thermostatic block for test tubes, with nitro­
gen flowing into each tube. 
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HPLC system: 

Column : two cartridges of 100x30 mm id. glass columns 
packed with RP Chromspher C-18, 5 ~m partiele size 
(Chrompack # 28267 ) with a 10 mm guard column. 

Injection: Water Intelligent Sample Processor (WISP), 
710B automatic, injection of 10 ~1 from the methanolic 
solutions. 

Pump: Waters m45 
eperating conditions: 0.5 mljmin of acetonitrilejwater 
90/10 (vjv). 

Detection: fluorescence detector Hitachi-Merck F-1020 
eperating conditions: excitation \.oJavelength at 365 nm, 
emission at 410 nm. Sensitivity at l.O. 

Recorder: Kipp & Zonen BD40 with double markers pens 
eperating conditions: paper speed: 5 mmjmin, sensitivity 
at 10/20 mv. 

3 synthesis of 9-anthraldehyde hydrazone according to Nakaya 
et al. (1967) 

Crystals of 9-anthraldehyde, 8.8 g in total were dissolved in 
150 ml absolute ethanol, in a 2 50 ml erlenmeyer. The hydra­
zine hydrate (9 ml) was added a nd the salution was stirred for 
three hours at room temperature. The solid product was filte­
red off under low pressure (Whatman nQ 5 filter ) and dried 
under vacuum. The solid was purified by recristallisation from 
ethanol, filtered off and washed with the mother salution and 
finally dried in an oven a t 100°C. The crystals have a MP of 
124-126°C (Nakaya et al ., 1967). 

The light yellow crystals were stored at -l8°C. 

4 synthesis of 9-anthryldiazomethane (ADAM), according Yoshi­
da et al. (1988). 

For each derivatisation, a new batch of ADAM reagent was 
prepared. In a 4 ml-glass vial (WISP vial) with screwed cap, 
500 ~1 of the following solutions in ethyl acetate were mixed: 
N-chlorosuccinimide 6 . 9 mM, 9-anthraldehyde hydrazone 6. 9 mM 
and quinuclidine 69 mM. The resulting mixture was allowed to 
s t and at room temperature in the dark. After 30 min of reacti­
on time, this salution was used for derivatisation. 

The ethyl acetate solutions of these three components were 
stared in the dark, at room temperature, and used within two 
months. 
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5 Derivatisation of standard with ADAM 

The derivatisation with ADAM was carried out in a glass micro­
tube ( 3 00 J,J.l vial insert for WISP vials) . 100J,J.l of the ADAM 
synthesis mixture was added to 100J.J.l or 200J,J.l of the deoxycho­
lic and OA acid solution. The solution was vortex-mixed . The 
vial was placed in heating-block and was allowed to stand one 
night at 50°C. 

6 samples preparation 

The blank samples were digestive glands (hepatopancreas) of 
mussels bought on the market and supposed to be free of 
toxins. The dark brown glands were taken out from fresh or 
cooked mussels, weighed and stored frozen at -4°C. 
For cooked material, the mussels were allowed to cook for 7 to 
10 minutes in water . After cooling, the digestive glands were 
removed from the meat. 

For dried material, the entire fresh or cooked glands were 
lyophylised, and reduced to powder, which was stored in the 
dark at room temperature. 

7 Extraction 

For extraction , 2 g of wet sample or 0 . 5 g of dried sample was 
used. In a roetal baker adapted to the Omni-mixer , 8 ml of 
methanol 80% (vjv) was added, and homogenised for 5 minutes. 
The homogenate was centrifuged (3500 rpm) for 10 minutes . An 
2. 5 ml aliquot of the supernatant was transferred to a test 
tube, and washed 2 times with 4 ml hexane. 

(For experiments on sample extraction with adjusted pH, 3 ml 
of natrium bicarbonate 0.75% wjv was added to 6 ml of the 
methanolic supernatant, in order to obtain a pH of 8 . ) 

For the C-18 clean-up, 0 . 625 ml of the methanolic extract was 
added to 0 . 375 ml water (Milli Q), in order to obtain a metha­
nol/water ratio of 50 f 50 (v jv) . An aliquot of 0 . 5 ml was 
transferred to the C-18 cartridge column which was first 
conditionned with 5 ml methanol, and then with 5 ml methanol 
60% (vjv). After loading the sample, the column is then eluted 
with 3 ml of methanol 60% (vjv) . The total eluate is extracted 
with chloroform like described further. 

(For the samples without C-18 clean-up, the methanolic extract 
was added to water in order to have a methanol/water ratio of 
60/40 . The resulting mixture wasthen extracted as follows.) 

A 3 ml aliquot of the methanolic solution was extracted two 
times wi th 4 ml chloroform. The combined chloroform extracts 
was evaporated at 50°C under nitrogen flow. The residue was 
dissolved i n 300 J,J.l methanol, containing the internal standard 
DCA (0.1 or 0 . 05 J,J.g/100 J,J.l) . 
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8 Derivatisation of extracts with ADAM 

The derivatisation with ADAM was carried out in a glass micro­
tube (300 J.Ll vial insert for WISP vials). lOOJ.Ll of the ADAM 
synthesis mixture was added to lOOJ.Ll of the extract solution. 
The salution was mixed, and the vial is placed in thermo­
bloek and allowed to stand one night at 50°C. 

9 Derivative clean-up 

An aliquot of 100 J.Ll of the derivatised mixture was pipetted 
in a pointed glass tube, and the sol vent was evaporated to 
dryness under nitrogen at 50°C. 

The silica cartridge column was conditionned with 5 ml hexane­
jchloroform 50:50 (vjv). The derivatisation residue was trans­
ferred with 3 times 1 ml of hexanejchloroform 50:50 (vjv), to 
the cartridge, and the eluate was discarded. The column was 
washed wi th 5 ml of the same sol vent, and then wi th 4 ml 
chloroform. The derivatives were eluted with 5 ml chloroform­
fmethanol 95:5 (v jv) , and collected in a pointed test tube. 
After evaporating the solvent to dryness under nitrogen at 
50°C, the residue was dissolved in 200 J.Ll methanol, and trans­
ferred in 300 J.Ll glass vial, tightly steppered for storage in 
darkness until 10 J.Ll were injected into the HPLC system. 
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