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Abstract

Cell densities of toxic phytoplankton species responsible for diarrhetic shellfish poisoning (DSP) were monitored at a
sampling site in Mutsu Bay, Japan, in 1995. Dinophysisfortii almost completely dominated the toxic phytoplankton
community. Okadaic acid (OA) and dinophysistoxin-1 (DTX1) contents in both D. fortii cells and midgut glands
of scallops collected at the same sampling site were determined by HPLC - fluorometry. DTX1 was detected
from D. fortii and scallops. The contents of DTX1 in D. fortii changed markedly during the experimental periods
(5-252 pg cell-1). The highest concentration of DTX1 in the midgut glands of scallops coincided with the period of
relatively high cell densities of D. fortii with the highest content of DTX1 (252 pg cell-'). The results demonstrate
that toxin content in the cells is an important factor affecting the toxicity of shellfish.

Introduction

Diarrhetic shellfish poisoning (DSP) is a severe gas-
trointestinal illness caused by the consumption of shell-
fish contaminated by DSP toxins (Yasumoto et al.,
1978). There are three different groups of toxins impli-
cated in DSP: okadaic acid (OA) and derivatives;
macrolide toxins called pectenotoxins (PTXs); yesso-
toxin (YTX) (Yasumoto et al., 1989). The most impor-
tant toxins are OA and its derivative, dinophysistoxin-
1 (35-methylokadaic acid: DTX1) (Fig. 1) because
of their potent diarrheagenicity (Hamano et al., 1986;
Terao et al., 1986) and tumor promoting activity (Fujiki
et al., 1989). DSP toxins are derived from dinoflagel-
lates belonging to species of Dinophysis and Proro-
centrum (Yasumoto et al., 1980; Lee et al., 1989).
Although a monitoring program on cell abundance of
toxic dinoflagellate species is useful to predict and
evaluate the contamination of shellfish by DSP tox-
ins, shellfish toxicity is not always directly related to
cell concentration in the water (Marcaillou-Le Baut &
Masselin, 1990; Sedmak & Fanuko, 1991). On the
other hand, DSP toxins are not always detected in

phytoplankton samples in which toxic dinoflagellate
is predominant (Marr et al., 1992). In previous studies,
intraspecies variations in toxin contents of Dinoph-
ysis species were confirmed by high performance liq-
uid chromatography (HPLC)-fluorometry (Lee et al.,
1989; Masselin et al., 1992). These results suggest
that the toxin content in toxic phytoplankton cell is
an important factor to perform a reliable evaluation of
potentially toxic dinoflagellate.

In the present study, monitoring on cell density of
phytoplankton species responsible for DSP with deter-
mination of OA and DTX1 in the raw phytoplankton
samples by HPLC-fluorometry was carried out. Tem-
poral changes in OA and DTX1 contents in the midgut
glands of scallops at the same sampling site were also
investigated by HPLC-fluorometry.

Generally, DSP toxins in phytoplankton are extract-
ed with organic solvent after concentration of the cells.
In the present study, standard extraction procedures
were not adopted due to our time schedule. A solid
phase extraction of DSP toxins on a non-polar cartridge
column from frozen seawater samples which contain
condensed raw phytoplankton is also described.
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Materials and methods

Phytoplankton samples and scallops

Phytoplankton and scallops (Patinopecten yessoensis)
were collected weekly at the monitoring site in the
Mutsu Bay, Japan, from May to August 1995, during a
DSP outbreak. Phytoplankton samples were collected
at six depths from surface to bottom with Van Dorn
sampler and fixed with glutaraldehyde (5%). The iden-
tification of phytoplankton was performed with a light
microscope. Phytoplankton samples for HPLC analy-
sis of DSP toxins were collected at 20 m depth with
sampling pump. 2000 L of seawater was size fraction-
ated using a plankton net, and the 20-100 m frac-
tion was collected and suspended in 700-1000 mL of
filtered seawater (condensed phytoplankton samples).
An aliquot of each condensed phytoplankton sample
was taken for identification. The condensed phyto-
plankton samples were kept frozen at -30 °C until
used for the extraction of toxins.

Scallops were cultured at the monitoring site at a
depth of 20 m. The midgut glands from five individual
scallops were combined and used for the toxin analysis.
The specimens selected were within a size range of 10-
11 cm in shell length.

Extraction and derivatization of OA and D7X1

An aliquot (5-20 mL) of condensed phytoplankton
samples in seawater was filtered through a 1 /Lm fil-
ter paper (No. 5C). The residue was washed with 5 mL
methanol (3 times). The combined methanol eluate was
evaporated (phytoplankton residue). The filtrate of the
condensed phytoplankton samples was transferred to a
Sep-Pak C 18 cartridge column (Waters, Milford, MA,
USA) which had been previously washed with 10 mL
methanol and water. The Sep-Pak C18 cartridge col-
umn was subsequently washed with 10 mL water. The
seawater and water elution fractions were combined
and 3 mL 1% acetic acid was added, then extracted with
20 mL of chloroform (2 times). The combined chlo-
roform extract was evaporated (seawater/water elution
fraction). The Sep-Pak C 18 cartridge column was final-
ly washed with 10 mL of methanol. The methanol elu-
ate was evaporated (methanol elution fraction). Each
residue (phytoplankton residue, seawater/water elution
fraction, methanol elution fraction) was dissolved in
2.5 mL of 80% methanol, respectively, and extracted
twice with 2.5 mL of hexane to remove lipid com-
ponents, then 1 mL of 0.2% acetic acid was added.

The toxins were extracted with 4 mL of chloroform
(2 times). The each chloroform extract was evaporated
and the residue was esterified for 1 h at ambient tem-
perature with 100 /IL of 0.1% 9-anthryldiazomethan
(ADAM) in methanol, respectively (Lee et al., 1987).
Purification of ADAM derivatives of OA and DTX1
was carried out according to the method of Lee et al.
(1987). The ADAM derivatives were dissolved in
100 1 methanol, and 10 /l of the solution was ana-
lyzed by HPLC. Extraction and derivatization of OA
and DTX1 in the midgut glands of scallops were car-
ried out according to the method previously reported
(Lee et al., 1987).

Test of efficiency of extraction of OA and DTX1 by the
Sep-Pak C18 cartridge column

Mixtures of OA and DTX1 standards (10, 20, 50,
100, 150, 200, 400, 600, 800 ng) were dissolved in
ca. 500 ,ul methanol, then spiked into the 10 mL fil-
tered seawater obtained from the negative condensed
phytoplankton samples. Extraction of standard DSP
toxins by the Sep-Pak C 18 cartridge and derivatization
with ADAM were carried out according to the present
method.

HPLC-fluorometry

HPLC separation was carried out on Develosil ODS-5
column (250 mm x 4.6 mm I.D., Nomura Chemical,
Seto, Japan) with acetonitrile-methanol-water (8:1:1,
v/v/v) as mobile phase at 35 C and a flow rate of
1.1 mL min- 1, as previously reported (Lee et al.,
1987). Fluorescent peaks whose retention times agreed
with or close to those of the standard toxins were
collected from the outlet of the fluoromonitor and re-
chromatographed on a Capcell Pak CN SG 120 column
(250 mm x 4.6 mm I.D., Shiseido, Tokyo, Japan) with
acetonitrile-water (53:47, v/v) as mobile phase at 35 °C
and a flow rate of 1.1 mL min- , as previously reported
(Zhao et al., 1993). The excitation and emission wave-
lengths of fluoromonitor were set at 365 and 412 nm,
respectively.

Results and discussion

Dinophysis species were found during the sam-
pling period whereas Prorocentrum species were not
observed, except for 19 June, P compressum (5 cells
L- 1 at 33 m); 17 July, P. micans (10 cells L- at 30
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Table 1. Vertical distribution (cells L-l) of Dinophysis species and cell densities (cells mL-1) of
Dinophysis species in condensed phytoplankton samples collected a 20 m depth

Depth Date

(m) 5.29 6.5 6.12 6.19 6.26 7.3 7.10 7.17 7.24 8.2 8.7

D. fortii
0 0 0 0 0 0 10 0 0

5 5 25 0 10 10 35 23 5

10 65 165 0 20 40 40 10 125

20 500 850 415 830 905

25 755 1035 600 280 1170

0 510 575 855 130 240

96 1249 2306 962 2051 1734

D. acuminata

20 5 5 5 10 5

5 5 0 0 15 0

5 10 0 5 0 5

5 20 20 15 5 5

0 20 10 0 0 0

0 0 0 0 0 0

10 112 16 4 0 0

D. rotundata

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 5 0

0 0 5 0 0 0

0 0 0 0 0 0

0 0 0 0 5 0

0 0 0 0 0 0

0 0 0 10

0 0 0 10

0 0 0 0

0 0 0 0

0 0 0 5

0 0 0 25
0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0
0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

D. rudgei

0 0

0 0

0 0

5 0

0 0

0 0
0 0

D. mitra

0 0

0 0

0 0
0 0

0 0

0 0

0 0

275 130

665 45

2613 55

565 174

) 0

D 0

D 5

D 10

D 10
1D 5

D 0

5 5

5 10

D 35

0 20

0 15

0 20

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 5 10

5 10 5

5 0 20

75 5 0

50 0 40
20 0 0

184 30 54

0 0 0

0 0 0

0 0 0

0 5 0

0 0 0

0 0 0

0 0 0

5 10 15

10 0 5

20 5 15

5 0 0

15 0 5

10 5 0

0 8 12

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

35 20 45

45 65 40

40 85 30

5 70 25

5 15 15
15 0 0

2 34 62

a C.P.S.; condensed phytoplankton samples (20-100 Irm) collected at 20m depth suspended in filtered
seawater
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Table 2. Concentration of DTX1 with chromato-
graphic data obtained from the different amount
of condensed phytoplankton samples (5-20 mL)
collected on 3 July 1995.

Rta PAb DTXI content

min (ng mL- l )

Phytoplankton residue
5 mL - NDC ND

10 mL - ND ND

15 mL - ND ND

20 mL 13.30 4463 <1

Seawater/water elution

fraction

5 mL - ND ND

10 mL - ND ND

15 mL - ND ND

20 mL - ND ND

Methanol elution fraction

5 mL 13.32 728296 412

10 mL 13.32 1566386 443

15 mL 13.32 2274169 429

20 mL 13.32 3086385 437

a Rt; retention time, retention time of DTXI stan-
dard was 13.31 min.
b PA; peak area, peak area of 10 ng DTXI standard
was 35347.
c ND; not detected.

and 33 m); 24 July, P micans (5 cells L- 1 at 33 m).
The vertical distributions of Dinophysis species eval-
uated in samples collected by the Van Dorn sampler
are shown in Table 1. D. fortii was the most abun-
dant of the five Dinophysis species found during the
sampling period. The highest concentrations of D. for-
tii were observed at depths from 10-33 m, except for
2 August. The cell densities of Dinophysis species in
condensed phytoplankton samples collected at 20 m
depth by sampling pump are also shown in Table 1.
Prorocentrum species were not observed. Again, the
most predominant Dinophysis species was D. fortii.
The temporal pattern of concentration of D. fortii in
condensed phytoplankton samples was similar to that
obtained with Van Dorn sampler at 20 m depth.

Table 2 shows the concentrations of DTX1 with
the chromatographic data obtained from the different
amount of condensed phytoplankton samples (3 July)
determined after HPLC separation on Develosil ODS-
5 column (Figure 2). Although the peak areas for the
samples were 20 to 90 times greater than that of the

a ~~~~OH

HO1 O4O. 

OH R

okadaic acid (OA) : R = H
dinophysistoxin- (DTXI) :R = CH3

Figure 1. Structures of DSP toxins.

X

C2

10 min

Figure 2. HPLC separation of ADAM derivative of DTXI obtained
from condensed phytoplankton samples collected in 3 July 1995, on
the Develosil ODS-5 column. Methanol elution fraction was used
for the analysis.

calibrate solution, it was not problematic because lin-
ear response of the detector for ADAM derivative of
palmitic acid ranged from 10 to 1000 ng was con-
firmed in this study. A peak corresponding to OA was
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Table 3. DTX1 contents of both D. fortii and midgut glands of scallops, mean cell
densities of D. fortii and environmental factors

Date Mean cell Environmental factorb DTXI content

density temperature salinity D. fortii M.G.C

of D. fortii (°C) (pg cell-') (g g- )

29 May 19 12.6 32.98 NDd ND

5 June 326 10.5 33.59 19 ND

12 410 12.9 33.60 19 <0.4

19 317 12.5 33.37 178 <0.4

26 215 12.5 33.65 58 0.8

3 July 400 13.8 33.48 252 3.1

10 205 14.4 33.67 27 1.8

17 60 16.0 33.09 22 1.9

24 27 20.1 33.06 5 1.4

2 August 3 22.4 33.07 ND 1.3

7 13 18.4 33.29 ND 1.2

20 mL condensed phytoplankton samples were used for the determination of DTX1
contents in D. fortii cells.
a mean cell densities (cells L-l) were calculated from six seawater samples from
surface to bottom.
b at 20 m depth.
c M.G.; midgut gland of scallops.
d ND; not detected, DTX 1I was not detected from the condensed phytoplankton samples
collected on 29 May, 2 and 7 August.

700

600

O 500

0 400

c 300

200

100

N
0 100 200 300 400 500 600 700 800

ng (added)

Figure 3. Recovery of DTX1 added to the negative condensed
phytoplankton samples. Amounts of DTX1 added to the 10 mL
samples were 10, 20, 50, 100, 150, 200, 400, 600, and 800 ng.
Concentrations of DTX1 in seawater were 1-80 ng mL- .

not detected in any fractions. DTX1 was detected in
the methanol elution fraction from the Sep-Pak C18
cartridge. DTX1 was hardly detected in the phyto-
plankton residues, indicating that DTX1 was eluted
from the phytoplankton cells and dissolved in the sea-
water during the storage and experimental procedures.
Absence of DTX1 in seawater/water elution fraction
indicates that DTX1 in the condensed phytoplank-
ton samples was completely absorbed on the Sep-Pak
C18 cartridge column. Proportional increase of peak

area of DTX1 with increasing the subjected amount
of condensed phytoplankton samples was confirmed
in HPLC of methanol elution fraction. DTX1 con-
tents in the condensed phytoplankton samples of 3 July
obtained from the methanol elution fraction were 412-
443 ng ml,- 1, indicating that solid phase extraction of
DTX1 by Sep-Pak C18 column was both quantitative
and reproducible. These results indicate that combined
extracts of phytoplankton residue and methanol elution
fraction are applicable for determination of DTXl. It
is known ihat there is a problem with loss of substance
on some C18 packings when working at trace levels.
Figure 3 shows the results of the efficiency of extrac-
tion of DTX1 by the Sep-Pak C18 column. Linearity
of the content of DTX1 in the samples with increasing
amount of toxin spiked into the negative condensed
phytoplankton samples was confirmed over a range of
concentrations (1-80 ng mL-1). Similar results were
obtained in the extraction of OA by the Sep-Pak C18
column. The average recovery of OA and DTX1 was
96.5 and 97.8%, respectively. These results indicate
that the Sep-Pak C18 column is suited for extraction of
trace levels of OA and DTX1 in the seawater. The con-
centrations of DTX1 in the condensed phytoplankton
samples were 1-437 ng mL- 1.

ONE
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DTX1 contents in D. fortii and midgut glands of
scallops collected at the same sampling site during the
experimental period are shown in Table 3. The DTXI
content in D. fortii was estimated from both the cell
density and DTXI content in the condensed phyto-
plankton samples, because D. fortii almost completely
dominated the condensed phytoplankton community
during the period from 5 June to 24 July (Table 1).
Simultaneous detection of DTX1 from both D. for-
tii and scallops indicates that scallops ingested toxic
D. fortii.

Mean cell densities of D. fortii calculated from six
seawater samples from surface to bottom are also listed
in Table 3. Dinoflagellates are well known for photo-
tactic vertical migration (Reguera et al., 1993; Subba
Rao et al., 1993; Sidari et al., 1995), suggesting that
sampling at one particular depth is inadequate for reli-
able evaluation of toxic Dinophysis species. Sidari et al.
(1995) suggest that cell density of Dinophysis species
in the whole water column is adequate to obtain quanti-
tative information on the Dinophysis abundance in sea-
water for toxic phytoplankton controls. In the present
study, mean cell densities of D. fortii from surface to
bottom were applied to evaluation of cell abundance
in the seawater (Table 3). The mean cell densities of
D. fortii ranged from 3 to 410 cells L- l. The period of
relatively high cell densities during the experimental
was from 5 June to 10 July. Temperature and salinity
at 20 m depth in this period were 10.5-14.4 °C and
33.37-33.67%o, respectively (Table 3).

In the previous study, the gradual increase of DTX1
content from 13 to 192 pg cell-' in sorted D. fortii dur-
ing the infestation period in Mutsu Bay was confirmed
(Lee et al., 1989). Although it is reported that DSP
toxin content is higher in sorted samples than in raw
phytopankton samples (Masselin et al., 1992), DTX1
levels ranged from 5 to 252 pg cell - ' in D. fortii in the
present study, values comparable with those reported
by Lee et al. (1989). Nomarked changes in temper-
ature or salinity were observed during the periods of
increase or decrease in DTX1 content (Table 3), sug-
gesting that these factors did not influence the changes
in DTX1 content of D. fortii. The rapid increase in tox-
in content in the midgut glands of scallops on 26 June
and 3 July occurred in the period of relatively high cell
density with the high DTX1 content from 19 June to
3 July, indicating that toxin content in the cells is an
important factor affecting shellfish contamination. It is
known that there is a time span necessary for shellfish
contamination by DSP toxins, for example, a shift of
three weeks between the pattern of shellfish toxicity

and Dinophysis concentration in net samples (Sidari
et al., 1995). In the present study there was a gap of
four weeks in the maximum DTX1 content in scallop
midgut glands (3 July) following the relatively high
concentration of D. fortii on 5 June. This shift can be
explained by the increase in toxin content in the cells.

The prominent feature of the toxicity of scallops
was the long persistence of DTX 1 in the midgut glands.
Although DTX1 was not detected from the condensed
phytoplankton samples after 2 August, the DTX1 level
persisted (Table 3), indicating that the process of DTX1
detoxification is very low.

In conclusion, the present study demonstrates that
the toxin content in D. fortii shows short-term varia-
tion. The highest concentration of DTX 1 in the midgut
glands of scallops coincided with the period of rela-
tively high cell densities of D. fortii with the highest
content of DTX1 (252 pg cell-1 ). The result indicates
that the toxin content in the cell is an important factor
affecting the contamination of shellfish by toxins. The
Sep-Pak C18 cartridge column is suited for extraction
of OA and DTX1 in seawater samples.
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