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Identification of Arsenobetaine as a Major Arsenic Compound
in the Muscle of a Pelagic Shark, Carcharodon carcharias™’

Ken'ichi HANAOKA, Hiroyuki MaTsuDA *%, Toshikazu Kaise ™3,

and Shoji TAGAWA

A water-soluble arsenic compound was isolated from the dorsal muscle of a great white
shark Carcharodon carcharias by using chromatographic techniques. The isolated compound
was confirmed as arsenobetaine by use of thin-layer chromatography, infrared spectrometry
and FAB mass spectrometry. The compound accounted for nearly 94% of the water-soluble

arsenic in the muscle.

1. Introduction

Higher levels of arsenic have been found in
marine animals than in terrestrial ones”. The
arsenic occurs mainly as non-toxic organoarse-
nic compounds’™”.  Only small amounts of in-
organic arsenic are reported to be present in
marine animals®®. Results from many studies
on the chemical form of arsenic lead us to
assume that arsenobetaine is the most widely
distributed chemical species of arsenic in fish,
shellfish, and other marine animals. Our pre-
vious paper” showed that arsenobetaine is vir-
tually the sole arsenic species found in white
muscle of 2 species of pelagic shark, blue point-
er Isurus oxyrinchus and whitetip shark Car-
carhinus longimanus.

This paper deals with the isolation and
identification of arsenobetaine from white mus-
cle of another pelagic shark, great white shark
Carcharodon carchartas.

2. Materials and Methods

2+1 Material

A specimen of great white shark, Carcharo-
don carcharias, was obtained off Sumatra in the
Indian Ocean in November 1983, and the dorsal
white muscle was stored at = 40T until use.
The arsenic concentration of the muscle was
5.2 ng/g(wet-weight basis).

2+2 Extraction and purification of water-soluble
arsenie compound

About 3960 g of myocommata-free muscle
was extracted with chloroform-methanol (2:1
v/v) mixture (18. 17X 2). After the addition of
water to the extract, the aqueous phase was
used for the following purification.

The aqueous phase (water-soluble fraction)
was first applied to a Dowex 50W- X8 (H™
form) column (4. 2X45cm), and eluted with wa-
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ter (17 ) followed by 1. 5M aq. ammonia (1. 2/).
Unless otherwise stated, elution was carried
out at a flow rate of Im#/min, 15mifractions
were collected, and the arsenic in eluate was de-
tected by flameless graphite furnace atomic
absorption spectrometry (Nippon Jarrel Ash,
AA-845) throughout the experiment.

Further purification was achieved by pas-
sdge of the arsenic-containing fraction (1. bm aq.
ammonia effluent) through the columns of AG
1- X8 (OH™ form, 4. 2X 50 ¢m ), active carbon
(1. 9X 10cm), and Sephadex G25F (1. 9X50cm )
successively., The passing, which contained
arsenic, was then chromatographed on a column
(1. 9 X 90em) of Dowex 50W- X 8 (pyridinium
form) equilibrated with 0.1 M pyridine-formic
acid buffer solution (pH 3.1). The same buffer
solution was employed as a eluant at a flow rate
of 0.4m//min and 5 mifractions were pooled.
Gel filtration on Sephadex G25F was again car-
ried out for the final purification.

2:3  Analyses of water-soluble arsenie compound

Thin layer chromatography was performed
on a precoated cellulose plate (0. lmm, Funa-
koshi Yakuhin Co., Ltd). Five solvent sys-
tems, i.e. ethyl acetate-acetic acid-water (3:2:1),
chloroform-methanol-aq. ammonia (28% ) (2:2:
1), l-butanol-acetone-formic acid (85% )-water
(10:10:2:5), 1-butanol-acetone-aq. ammonia
(28%) -water (10:10:2:5), and 1-butanol-acetic
acid-water (4:2:1) were used for development.
The Dragendorf{ reagent was employed for
visualization of the spot. IR spectra were re-
corded on a Shimadzu IR-27G spectrophotom-
eter. Mass spectra were meas-
ured on a jeol JMS-DX 300 equipped with fast
atom bombardment. Arsenic was determined
by arsine evolution-electrothermal  atomic
absorption method after the sample was
digested with a mixture of nitric, sulfuric and
perchloric acids.

3. Results and Discussion

The white residue (33 mg) was finally iso-
lated by the vacuum evaporation of the eluate
from a Sephadex column. When analysed by
TLC with 5 solvent systems, the isolated com-
pound gave a single spot positive to the
Dragendorff reagent in each solvent, and arsenic
was detected only in the spot by atomic absorp-
tion spectrometry. The Rf value of the com-
pound in each solvent system agreed very close-
ly with that of synthetic arsenobetaine. The IR
spectrum of the isolated compound was identi-
cal with that of synthetic arsenobetaine. As
Fig.1 shows, the compound gave the molecular
ion peak at m/z 179, which was also a base
peak, and a fragment peak at m/z 135 (M —
CO3) by FAB mass spectrometry.
trum was identical with that of synthetic arse-
nobetaine,

These findings show that arsenobetaine is
the major water-soluble arsenic compound also
in the muscle of a great white shark Carcharo-
don carcharias as well as in Isurus oxyrinchus
and Carcarhinus longimanus. About 98% of
the total arsenic in the muscle was found in the
water-soluble fraction; moreover, 96% of the
water-soluble arsenic was recovered in ag.
ammonia fraction from the Dowex 50W-X8 res-
in. Almost all the arsenic in ag. ammonia frac-
tion passed through the columns of AG 1~ X §,
active carbon and Sephadex G25F. No arsenic
compound other than arsenobetaine was found

This spec-

in any fraction during the purification proce-
dure, On the basis of these findings, arse-
nobetaine was estimated to account for nearly
94% of the water-soluble arsenic in the muscle.

As to elasmobranch, the presence of arse-
nobetaine is so far reported in muscle of
Prionace glaucag) , Carcarhinus obscurus’ , Car-
carhinus Zongimanus”, and Isurus oxyrinchus’.
Considering the facts that the sharks are at the
highest stage of marine trophic level and arse-
nobetaine is exclusively the major arsenic com-
pound in them, we can assume that arse-
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Fig. 1. FAB mass spectra of (A) the water-soluble arsenic compound from great
white shark and (B) synthetic arsenobetaine.

nobetaine is probably the end product of arsenic
metabolism in marine ecosystems. All the
sharks whose arsenic species was studied so far,
however, were pelagic.

There is no information on the arsenic spe-
cies of demersal sharks. In order to confirm
the above assumption, it is therefore necessary
to elucidate if arsenobetaine would be a major
arsenic compound also in demersal sharks.
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