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Abstract,
In studying the structural work on ciguatoxin, parrot fish collected were identified as Scarus sordidus,

S. frenatus, S. scaber and S. pectarlis, in

which only S. sordidus contained toxic materials. Crude

toxins obtained by silicic acid column chromatography, could be separated on a DEAE-cellulose column
into two fractions, ST-1(less polar) and ST- 2 (polar) eluted with chloroform and chloroform-methanol(l :
1).Furthermore ST-1 could be changed into ST-2 by repeated chromatography on DEAE-cellulose. Rf
values of ST-1 and ST-2 were 0.60-0.75 and 0.30-2.54 on TLC coated with silica gel 60F-254 developed by
chloroform-methanol-water-acetic acid (90:9.5: 0.2 : 0.3) mixture. The peaks of ST-1 and ST-2 were not
observed on each HPLC chromatogram at low sensitivity(2X), but by bioassay they were detected in the
fraction of 24-27ml(less polar toxin, 120ng ) and 22-27 m! (polar toxin, 150 ng). Less polar ciguatoxin
Being subjected to
chromatography on basic aluminum oxide (activity grade I) or to alkaline treatment, followed by basic

from morey eel viscera also showed its peak in the same elution volume(25mi).

aluminum oxide (activity grade I) chromatography ST-1 toxin was remarkably converted into the polar
toxic component supposed to be polar ciguatoxin in both cases. In the latter case, approximately 74%
of the residual toxicity was changed into the polar component, accompanied by about 50% loss of the
initial toxicity. More than 26% of ST-2 toxicity was transformed into the less polar toxic component

supposed to be less polar ciguatoxin on a deactivated aluminum oxide (activity grade V) column.

Introduction

According to Bagnis et al‘V, the patients intox-
icated by parrot fish, Scarus gibbus, exhibited two
types of symptoms, ciguatera-like and
subsequent symptom  caused by the effect in the
cerebellum. The first symptoms appearing in a few
hours after consumption of the fish, were very
close to those induced by| ciguatoxin. However,
after 5-10 days, the patient] progressed into the

syndrome

second phase characterized by failure of static
and dynamic equilibrium with marked locomotor
ataxia. These disorders remained for a few weeks,

and it took usually more than 1 month to recover.

The “scaritoxin” which was said to be responsible
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for the second phase of symptoms, was isolated from
parrot fish by Chunge et al.*¥, and Yasumoto” also
described that two toxins, of which chromatographic
behaviours resembled those of ciguatoxin and “scar-
itoxin”, were present in the viscera of a turban shell.

In a recent paper Yasumoto® reported that par-
tially purified toxin (1.1 mg; MLD 2.2 g/kg) isolated
from about 1,000kg of toxic fish was separated into
two toxic fractions, a “neutral” fraction eluted with
chloroform-methanol (9:1) and an “acidic” fraction,
eluted with methanol-water (1:1), by chromatogra-
phy on basic alumina. The acidic fraction was fur-
ther separated into two components by HPLC (high
performance liquid chromatography) on Bondapak
C,s, thereby suggesting that ciguafoxin may not be a
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single entity, but may in fact comprise multiple
toxins.

Nukina® revealed that crude ciguatoxin, freshly
prepared from morey eel viscera, could be separated
into two fractions, less polar ciguatoxin (LPCTX)
and polar ciguatoxin (PCTX) by basic aluminum
oxide column chromatography, and both fractions
were interchangeable with each other.

In studying the structural work on ciguatoxin, it
was observed that crude toxins, freshly isolated from
flesh and viscera of a parrot fish, S.sordidus, could be
separated on a DEAE-cellulose (acetate form) column
into two fractions, a less polar toxin (ST-1, tentative-
ly) eluted with chloroform and a polar toxin (ST-2,
tentatively) eluted with chloroform- methanol (1:1),
and that ST-1 could be changed into ST-2 by
repeated chromatography on DEAE-cellulose. Fur-
ther study of the chromatographic behaviour of the
toxins on aluminum oxide revealed that each of the
toxins ST-1 and ST-2 was fractionated into polar
(MeOH : H,0, 1:1) and less polar fraction (CHCl;:
MeOH, 9:: 1), respectively.

Materials and Methods

Parrot fish collected at Bikenibeu in Kiribati and
morey eel from the Johnstone Islands, U.S.A. terri-
tory in the Pacific, were kept frozen before use. The
parrot fish collected were identified as Scarus sor-
didus, S.frenatus, S.scaber, S.pectoralis, but all species
except S.sordidus did not contain toxic materials. All
solvents were distilled and triple distilled solvents
were used for HPLC.

Extraction of Toxins from Fish

The frozen fish were thawed and dressed, and then
were cut into flesh and viscera. The flesh was blend-
ed to a mush with a little acetone in a Waring
Commercial Blendor. It was then transferredtoa 4 L
erlenmeyer and extracted for 2 days with acetone.
The first extract was filtered off and fresh acetone
added and the flesh then reextracted for 4 days.

The 1st and 2nd acetone extracts were evaporated
to an aqueous suspension and then washed 2 times
with equal portions of hexane. The hexane layer was
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backwashed 3 times with 100m/ portions of
methanol-water (8:2,v/v). The aqueous methanol
layer was then combined with the aqueous suspension
and evaporated. The new aqueous suspension was
then extracted 3 times with equal amounts of ethyl
acetate.

The viscera of parrot fish (in case of morey eel the
viscera were chopped into small pieces) were proces-
sed in the same manner as the flesh without blending.

Determination of Toxicity

The toxicities of each extract and fraction in the
process of isolation and purification were evaluated
by intraperitoneal (i.p.) injection into mice. Each
sample was diluted to a known volume with meth-
anol, and portions calculated from the resultant solu-
tion were dried under a stream of nitrogen. The 0.
5mi or 0.1 ml of 1% or % Tween 80 was added and
subjected to a Vortex mixer,followed by i.p.in jection
into mice (male or female, Swiss Webster, 16-22 g). A
dilution giving death time less than 3 hours was used
for an estimation of the amount of toxin according to
a dose-death time relationship curve proposed by
Tachibana®®.

Silicic Acid Chromatography

The crude toxic material was dissolved in a small
volume of chloroform and applied to a silicic acid
column packed with silicic acid (SilicAR, 200-425
mesh, Mallinckrodt Inc,, Paris, ky., U.S.A.) (about 28
g per 1 g sample). The column was eluted successive-
ly with chloroform (10 m/ to 1 g silicic acid),
chloroform-methanol (9:1) mixture (14 m!/ to 1 g
silicic acid), chloroform-methanol (1: 1)mixture (10 »2/
to 1 g silicic acid), and methanol (10 m! to 1 g silicic
acid). All the solvents were removed immediately

after elution.

DEAE-Cellulose Chromatography

The chloroform-methanol (9:1) fraction from
silicic acid column was subjected to chromatography
on a DEAE-cellulose column packed with Cellex D
(acetate form, 0.79 meqg/g, Bio Rad laboratories,
Richmond, CA., U.S.A)) (9.3 g to 1 g sample) prepared
according to the method of Rouser ef al'®. The
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column with sample was eluted successively with
chloroform (60 m! to 1 g adsorbent), chloroform-
methanol (1 : 1) mixture (90 m! to 1 g adsorbent), and
methanol (60 m! to 1 g adsorbent). .

Non-polar coloured guaiazulene was run through
the newly prepared column to determine the bed
volume and to detect imperfections in the packing.
For the test of changeability of ST-1 toxin on DEAE-
cellulose (acetate form), the toxin was subjected to
rechromatography.

Aluminum Oxide Chromatography

A column of aluminum oxide (activity grade 1,
Alumina Woelm, Woelm Pharma, Eschwege, Ger-
many) was prepared by suspending aluminum oxide
(100 g to.1g sample). Then the toxic fractions
eluted from DEAE-cellulose chromatography were
applied as a solution of chloroform and eluted with
the following solvent systems; chloroform,
chloroform-methanol (9 : 1), chloroform-methanot (1:
1), methanol, and methanol-water (1:1). In this proc-
ess, 3.75 ml of the eluants to 1 g aluminum oxide was
recommended to be used. Each eluate was concen-
trated to dryness immediately after elution.

For the study of the interchangeability of the toxic
extracts on aluminum oxide, activity grade V column
in addition to activity grade 1 column, was prepared
by adding water according to the Brockmann scale.
Each grade aluminum oxide (10 g) was packed in a
column (185 x 0.7cm) and each sample was eluted
with the following solvents; chloroform (40 m!),
chloroform-methanol (36 m{ + 4mi), chloroform-
methanol (20m/{+20 m!), methanol (40 m!/), and

ethanol-water (20mi+ 20 m/).
The eluates were concentrated soon after elution and

then kept in methanol solution.

Sephadex LH-20 Chromatography

To a column (103x1.4 cm or 115%x25 ¢m) of
Sephadex LH-20 (Pharmacia, Piscataway, New Jer-
sey, U.S.A), each toxic fraction from an aluminum
oxide c’olumn (less polar toxin, 810 »#g as pure form ;
polar, 450 ng as pure form) was applied and eluted
with 600m! of chloroform-methanol (2: 1) solvent.
The eluates were monitored at 254 nm using an ISCO
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model UA-5 and were collected 4.9 m! every ten
minutes in a 10 m! test tube.

Thin-Layer Chromatography

Aluminum plates coated with silica gel 60F-254
(thickness, 0.2 mm) and glass plates spread with silica
gel H (thickness, 1 mm) were used for analytical and
preparative separations. The plates with sample
were developed with chloroform-methanol-water-
aceticacid (80:9.5:0.3:0.2). For lethality tests, spots
or bands visualized by iodine vapor were scraped off
from the plates and extracted with chloroform.
methanol (4:1) and chloroform-methanol (1:1) mix-
ture. Sometimes the scraped-off fractions, including
silica gel were homogenized with 1% Tween 80 and

then injected into mice.

High Performance Liquid Chromatography

A packed column of LiChrosorb RP-18 (250x 4.6
mm, partcle size 10 um, Unimetrics/Knauer, Ana-
heim, CA., US.A)) was used with an HPLC instru-
ment (Waters 6000A, Milford, Mass., U.S.A.) equipped
with a Waters model R 401 differential refractometer.
The solvent systems used for routine operation were ;
a) methanol-water (17 : 3) contaivning ammonium car-
bonate (0.5 g/I) and b) methanol-water (4:1). The
operational procedure was carried out in the room
air-conditioned at 23°C.

Each of the less polar toxin (200 ng) and polar
toxin (280 ng) purified from Sephadex LH-20 columns
was forcibly passed by a microsyringe through a
reverse-phase Bond Elut C,, cartridge (Analytichem,
International, Harbor city, CA., U.S.A) with
methanol-water (2 : 1) and methanol, respectively.

The concentrated eluates (less polar toxin, 200 ng ;
polar toxin, 280 »ng) were applied to a LiChrosorb
RP-18 column and eluted with the solvent a) (flow
rate, 2.5 ml/min) for 75 minutes, and was further
purified on the same column using solvent system b}
(flow rate, 1.0 m//min.) for 75 minutes. Eluent was
collected in a 10 m! vial every minute, and was then

dried under a stream of nitrogen.

Results
Isolation of Toxic Components by Silicic Acid
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Chromatography

The toxicity and yield of each step in the process
of isolating the toxic materials from parrot fish, are
given in Table 1. Like ciguatoxin, the toxins in the
flesh and viscera of parrot fish were eluted with 10%
methanol in chloroform from silicic acid column, the
toxicity in the viscera (8,769 M.U.) was more stronger
than that in flesh (5,839 M.U.).
detected in the other fractions.

No toxicity was

Purification of Toxins on DEAE- Cellulose Column
The toxic eluates from the flesh and viscera by
silicic acid column chromatography were separated
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into the chloroform (ST-1) and chloroform-methanol _

LEREE T EY

(1:1) (ST-2) fractions as depicted in Table 1, and the
toxin in the viscera also could be fractionated into
two toxic fractions by DEAE-cellulose chromatogra-
phy as shown in Table 1. Yasumoto™ reported that
scaritoxin could be converted from a precursor in the
parrot fish diet,because of lack of “scaritoxin” in the
liver and gut contents of parrot fish.

The ST-1 toxin from parrot fish viscera was
converted into ST-2 toxin by repeated DEAE-
cellulose column (Fig.1). Similarly, the toxic extracts
of morey eel viscera from silicic column were eluted
in the chloroform and chloroform-methanol (1:1)frac-
tions on a DEAE-cellulose column. and the toxins in
chloroform could be further separated into the chlo-

Table 1. Toxicity of each fraction from various purification stages of parrot fish toxins

Total toxicity(M. U.).

Stage of Purification Yield(g) LD50(mg/ kg)
Flesh(5.337 Ag) !
Ethyl acetate 8.99
Silicic acid chromatography(250g)
CHCl;s 352 non-toxic
CHCI;—CH3OH 1.53 230 3,319
9:1)
CHCl3—CH3;0H 0.63 12.5 2,520
CHCIa—CHaOH—Ij(Q: 1)
(1:1) CHCl;—CH:0H 1.13 non-toxic
(1:1)
CH;0H 2.20 non-toxic
DEAE-cellulose c'hromatography(ZOg)
CHCl; 2.74 29.0 556
CHCl3—CH3;0H 0.52 225 1,160
(11
CH;0H 0.01 non-toxic
Viscera(0.876 kg)
Ethyl acetate 13.81
Silicic acid chromatography(385g)
CHCl;3 4.46 non-toxic
CHCla—CH3;0H 5.05 29 8,763
9:1)
CHCl;—CH3:;OH 1.48 non-toxic
1:1)
CH3;0H 1.58 non-toxic
DE AE—cellulose chromatography(47¢)
CHCls 2.94 29.2 5,034
CHCI3—CH30H 1.00 278 1,799
1:1)
CH:0H 0.08 non-toxic
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ST -1 from parrot fish viscera
(2.01g, 3,424 M. V)

DEAE - cellulose
(acetate, 21g)
[ 1
CHCI3(1.0g, 2,001 M. U) CHCl3-CH:0H(1:1)
(1.3g, 910 M. U)

DEAE—cellulose{acetate, 102)

|
CHCIs; - CHaOH(1:1)

(0.66g 798 M. U)¥

|
CHCl3 (043¢, 910 M. U)

Fig. 1. Chromatographic behaviour of ST-1
toxin on DEAE-cellulose column
roform and chloroform-methanol (1:1) fractions by

repeated chromatography on DEAE-cellulose (acetate
form) (Fig.2).

Chromatographic Behaviour of ST-1 and ST-2 on
Aluminum Oxide

When ST-1 fraction of parrot fish flesh was sub-
jected to chromatography on basic aluminum oxide
(activity grade 1), or to alkaline treatment (boiled
with 1 N NaOH in aqueous methanol for 40 minutes),
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followed by basic aluminum oxide (activity grade 1)
chromatography, ST-1 toxin was remarkably conver-
ted into the polar toxic comkonent supposed to be
PCTX“ in both cases. In the latter case, approxi-
mately 74% of the residual toxicity was converted
into the polar component, accompanied by about 50%
loss of the initial toxicity (Fig.3).

On the other hand, when ST-2 fraction was sub-
jected to chromatography on a deactivated aluminum
oxide (activity grade V) column, more than 26% of
ST-2 toxicity was fransformed: into the less polar
toxic component supposed to be LPCTX.@

Sephadex LH-20 Chromatography

The less polar and polar toxins separated from the
ST-1 toxin of parrot fish flesh by chromatography on
basic aluminum oxide (activity grade 1), were applied
to Sephadex LH-20 columns for the further purifica-
tion. They were eluted in the 88-110 m/ (200 ng) and
in the 86-108 m/ (280 ng) fractions, respectively.

Thin-Layer Chromatography of ST-1 and ST-2
ST-1 and ST-2 toxins from parrot fish flesh, and

PCTX, gave Rf values on silica gel as shown in Table

2. ST-1 was developed much faster than ST-2, and

Morey eel viscera(1.106 kg)

Ethyl acetate extracts(3.44g 3,562 M. U)
| Silicic acid chromatography(100g)
CHCl3;—CH30H eluate(1.10g)
©:1)

Ist DEAE —cellulose(acetate, 10g)
L
CHCl3—CH30H(0.23¢, 619 M. U)
a:n

CHCL:(0.67¢g, 1,102 M. U)

2nd DEAE—cellulose(acetate, 7g)
CI?C!3(0.48g, 753 M. 1) CHCls —CH:bH(0.0?g, 192 M. U)
(1:1)

a
CHC13(0.28g)
| 3rd DEAE—cellulose(acetate, 7 2
CHCl3(0.21¢, 380 M. U) CHCla(]—%Hs(‘)H(0.0lg. 30 M. U)

Fig. 2 Chromatographic behaviours of toxins from morey eel viscera on repeated DEAE-cellulose columns
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Table 2. Rf values of parrot fish toxins(ST-1, ST-2) and PCTX

Solvent ST-1 ST-2 PCTX Scaritoxin‘% ¥
CHCl3—CH:0H—H0—AcOH 0.60 ~ 0.30 ~ 0.28 ~ 0.78 ~
(90:95:02:03) 0.75 0.54 0.54 0.92

Column charge ST-1 ST-1* ST-2

(10g for each colum) (1.10ug) (1.13ug) (1.20u2)
Activity I i v

Eluates A ()BZ 0C15 b 0E55 A B C D E A B C D E
Amounts of toxin - ’ 0.12 0.34 0.21 0.80
Recovered ue 18 uE ug ug ug ug

Fig. 3. Transformation of ST—1 and ST—2 toxins isolated from parrot fish flesh by aluminum oxide

chromatography
*treated with 1 N NaOH in aqueous methanol

**A;Chloroform, B;Chloroform-methanol(9:1), C;Chloroform - methanol (1:1), D; Methanol,

E; Methanol - water(1:1)

showed Rf value slightly different from that of
“scaritoxin”® as shown in Table 2, but it can be
explained by difference in the crude toxic materials
applied to and procedures employed for thin-layer
chromatography.

High Performance Liquid Chromatography

The peaks of the less polar and polar toxins could
not be observed on each chromatogram at the low
sensitivigy (2X), but by bioassay they were checked to
be present in the fraction of 24-27 m/ (less polar toxin,
120 ng) and 22-27 m! (polar toxin, 150 ng).

LPCTX from morey eel viscera also showed its
peak in the same elution volume (25mi)(Fig.4)

Discussion

ST-1 toxin isolated from a parrot fish, S.sordidus,
on DEAE-cellulose column which was introduced for
separation of “scaritoxin”®3® can be changed into
ST-2 toxin by repeated DEAE-cellulose chromatogra-
phy. This result also had been observed in the process
of purification of “scaritoxin” from a parrot fish, S.
gibbus *¥ It is further worth nothing that ciguatoxin
freshly isolated from morey eel, Gymonothorax
Javanicus, in which “scaritoxin”has not been detected,

also can be separated into two fractions, i.e. chloro-

[}
e

Fig. 4. HPLC chromatogram of LPCTX from morey

eel viscera

Column: LiChrosorb RP-18(250 X 4.6 mm, particle
size 10 ywm, Unimetrics/Knauer), conditioned at 23C
Sample amounts injected: 12.7,g of relatively pure
LPCTX dissoved in 10 ./ methanol.
Solvent: Methanol/Water(4/1, v/v), flow rate:1mi/min.
Detector: Differential refractometer(Waters model R-
401), attenuation:2X.

form and chloroform-methanol (1:1) on a DEAE-
cellulose column.

The purified ST-1 toxin can be further separated
into two fractions, chioroform-methanol (9:1) and
methanol-water (1:1), on a basic aluminum oxide
column, and interestingly, the toxins in both fractions
are interchangeable with each other on a basic alumi-
num oxide column. This finding is reminiscent to
that of Nukina¥ who had isolated two interchange-
able forms of ciguatoxin freshly prepared from

morey eel, which were eluted in chloroform-methanol
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(9:1) and methanol-water (1:1), by using a basic
aluminum oxide column.

Attempts to get more toxic materials during this
period were not made, because of the difficulty in
obtaining parrot fish which had accumulated much
toxin in their tissues.

Judging from its chromatographic behaviours.
ST-1 toxin corresponding to “scaritoxin” seems to be
one type of ciguatoxin.
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Ciguatoxin #+% A3 d@8o.2 Haules Fd
H SR 2289vd Scerus sordidus?t <&
Wl el Eo) gld.ov}, S.frenatus, S.scaber, S.pector-
dissle &5 So] godh, Addx4dyey 42
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Ztel z+7 0.60-0.75, 0.30-0.54 $ith, DEAE-A %2
=z APJH L& ST-1¢ A Aa2vieaely FoA%E
A ST-13% ST-22 y¥eldc. o134 & ST
-13% ST-2% A=xdx LH-20¢ F2AA, 82
2 E-oebs (1:1) 492 AAE o, =784
7te] 2% z9t3, <4 LiChrosorb RP-18 & <1 4%
HPLCA M E #EEA]7te]l Fd8idch £ €58
ST-1 (1.10 x&) 28 = ©|A¢ 1N NaOHE ¥
g R Q1.13ug) & ARV ¢F0Y A &
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dstel el g A Ye ASE 0.35 vt EERXE
golgtsel 9:1, 1:1 H&delA, 0.55 ug 7
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WelkE-8 (1:1) fF&4d4 Agsddont, st
ZHE & A+e AL F49 50%7F 248, F
22Xxg-detEs (9:1) #&d04 0.12 %2, o
BE-F (1:1) f&da4 0.34€ HAESAG,

= ST-2 (1.2#€) & VALV &30 Al
A dAggduy 222X E-vekE (9 1) FEd
o4 0.21u¢ , ciebE-& (1:1) &4 0.80
ug AEsAd, ¥ morey eelfFN 2L F

4% DEAE-A&F=2zo4 ST-13 ST-22 uv¥e
2o, o] ST-1¢ TLC, HPLC 9@ &%ojy QY34
o] Aol sdauEFgaMd q& ST-19 234 B2
v 2 gcaritoxineg2 ®a§ ST-12 ciguatoxing]
el less polar ciguatoxin (LPCTX) 2.2 4z
o}k
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