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Post-mortem Degradation of Arsenobetaine to Inorganic Arsenic in

Ordinary Muscle and Liver of Starspotted Shark Mustelus manazo™'

Ken'ichi Hanaoka, *2 Kenji Onda,*? Shoji Tagawa, ™2

and Toshikazu Kaise®?

A specimen of Mustelus manazo was buried in the intertidal sands at a depth of ca. 20 cm.
After 40 days, the central part of its dorsal white muscle and the whole liver were taken from
the rotten shark and analysed for arsenic compounds derived in them. As the results, the
formation of inorganic arsenic(V) via trimethylarsine oxide and methanearsonic acid was

confirmed in both the muscle and the liver.

From this and other evidence, it was concluded

that arsenobetaine, which is bioconverted through the food chain from inorganic arsenic in
seawater, is re-converted to original inorganic arsenic.

1. Introduection
Since arsenobetaine [(CHs)sAs"CH,COO ~] was

isolated and identified in muscle from western rock
lobster,” many organo-arsenic compounds have been
confirmed in marine organisms of various trophic
levels, leading a following conclusion concering arse-

nic bioconversion in marine food chain. Arseno-

% are biosynthesized by phytoplanktons or

sugars’’
algae as the first arsenic metabolites from seawater
and arsenobetaine bioaccumulates in marine animals
as their final metabolite after succesive conversion
through the food chain.®®

trophic levels, although arsenobetaine accumulated

In the animals on lower

together with another arsenic compounds such as
arsenosugars,” it is practically the only water-soluble
arsenic compound in those in high trophic level.

On the other hand, considering these remarkable
progress stated above, the fate of arsenobetaine itself
did not draw workers’ attention in spite of its impor-
tance. In recent years, we have approached the fate
of arsenobetaine microbiologically in wvitro to pursue
the arsenic circulation in marine ecosystems. Some
kinds of origins of marine microorganisms have been
chosen and the degradation experiments of arse-
nobetaine have been performed with each of them.
In every origin of microorganisms, arsenobetaine was

degraded, indicating the ubiquitous occurrence of
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arsenobetaine-decomposing microorganisms.  The
highest degradation activity was shown with those

occurring in the bottom sediments” *""¥

and suspend-
ed substances,'¥ by which arsenobetaine was com-
pletely degraded to inorganic arsenic( V )(sediments)
or partly to it (suspended substances) via trimethylar-
sineoxide [(CH3)sAsO] or
[(CHs):AsOOH]. With microorganisms associated

. . 1 . .
with marine macro-algae'® and those occurring in the

dimethylarsinic  acid

intestine of a mollusk,'® arsenobetaine was degraded

to dimethylarsinic acid. These results have led us to -

a hypothesis: there is an arsenic cycle in marine
ecosystems that begins with the methylation of in-
organic arsenic in seawater and terminates with the
complete degradation of arsenobetaine to inorganic
arsenic./> 17 ‘

Arsenobetaine contained in the carcass of marine
animal must be degraded to inorganic arsenic pro-
vided that the above hypothesis is true. In this
study, starspotted shark Mustelus manazo was chosen
as the material because of its high content of arse-
nobetaine in muscle (30-40 ppm) and liver (ca. 20
ppm), in which it accounted for more than 98 % of

1819 Thus, an in-

water soluble arsenic compounds
tact Mustelus manazo was buried in the intertidal
sands for 40 days and it was confirmed that arse-
nobetaine contained in its muscle or liver was de-

graded to inorganic arsenic 7 sifu.

2. Materialsvand Methods

2.1 Starspotted shark

A specimen of apparently dead starspotted shark
Mustelus manazo (814 g, 65 cm), whose heart was still
beating, was purchased and buried in the intertidal
sands of Yoshimi at a depth of ca. 20 cm. After
being left for 40 days from October to November, it
was carried back to the laboratory and dissected after

washing with water.

2.2 Extraction and purification of arsenic
compounds

The water-soluble arsenic compounds were ex-
tracted from each of a part of the white muscle (15.2
g) and the whole liver (9.7 g) with 20 times their
volumes of chloroform-methanol (2:1) as described
before.!819

The schematic method for the fractionation of
arsenic compounds was shown in Fig.1. Each extract
was chromatographed with a cation-exchange resin,
Dowex 50W- X8 (50-100 mesh, H*- form) column (2.2
X18.5cm), and eluted with 400 m/ of water (labelled
[50W/water]), 400 m!/ of 1.5 mol dm™? aqueous
ammonia ((50W/NHj3]) and 400 m!/ of 1.0 mol dm™
HCI ([50W/HCI]), successively. Both the fractions
eluted with water and aqueous ammonia were further
chromatographed with an anion-exchange resin,
Dowex 1- X 8 (50-100 mesh, OH™ form) column (2.2
X 18.5 cm) and eluted with 400 m/ of water ([50W/
water— 1/water, 50W/NHz—1/ water]) and 400 m/ of
1.5 mol dm ™ acetic acid ([50W/water—1/CHsCOOH,
50W/NH;z; — 1/CHsCOOH]), succecively. The frac-
tion [50W/water — 1/water] was further applied to a
Dowex :50W- X 8 (200-400 mesh, pyridinium form)
column (1 X 50 cm) equilibrated with 0.1 mol dm™?
pyridineformic acid buffer (pH 3.1) and eluted with
the same buffer (200 m/) and 0.1 mol dm™? pyridine
(200 m?).

2.3 High performance liquid chromatography

Each arsenic-containing fraction was analysed by
high performance liquid chromatography (Tosoh Co.,
Ltd, CCP 8000-series) using ODS 120T Column (4.6
X 250 mm; Tosoh Co., Ltd) with a mobile phase of
11.2 mmol dm ™ solution of sodium heptanesulphon-
ate in water/acetonitril/ acetic acid®” (95/5/6, by vol;

3 1. sample size, 5 mm®).

flow ra;ce, 0.8 cm® min~
Twenty mm® of each eluate collected for every 25 s
was injected into the graphite furnace atomic absorp-
tion spectrometer (GFAA) and analysed as described
previously.7) The mixture of the authentic arsenic
compounds (all with 100 mg as As kg™"), which have
been detected in the in vitro degradation experiments
of arsenobetaine so far, were also fractionated.

Some fractions were additionally analysed by
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Fig. 1. Scheme for the purification of arsenic compounds.

high performance liquid chromatography using Nu-
cleosil 10SB Column (4.6 X 250 mm ; Wako-Junyaku-

Kogyo Co.) with a mobile phase of 0.02 mmol dm ™3

phosphate buffer?” (pH 6.8; flow rate; 1.0 cm® min ™~ ';
sample size, 5mm®). In order to eliminate the interfer-
ence in the GFAA of phosphate contained in the
mobile phase, the arsenic compound in each eluted
fraction (0.4 cm®) was precipitated by addition of both
0.1 cm® of aqueous ammonia (25%) and 20 mm® of 0.1
mol dm™? Fe(NOs)s. The precipitate resulted was
centrifuged for 10 min at 3000 rpm and dissolved in
0.1 cm® of 4 mol dm ™2 HNOj5 solution after the super-
natant was discarded. Twenty mm® of each solution

was analysed by GFAA.

2.4 Confirmation of inorganie arsenic

The purified arsenic metabolite from arse-
nobetaine was subjected to the following analyses.
Thin layer chromatography was performed on cellu-
lose thin layer (Avicel SF, thickness: 0.1 mm, Funa-
koshi Yakuhin Co., Ltd.). SnCly-KI reagent” was
used to indicate the position of the metabolite. Ion
chromatography was carried out usingAS4A column
(Dionex Co., 4.6 X 250 mm). An aqueous solution
containing 1.8 mmol dm™ ® Na,COs and 1.7 mmol
dm™® NaHCQj3 was used as a mobilephase at a flow
rate of 1.0 cm® min~'. Absorption spectra of the
molybdoarsenate-Malachite Green aggregate in 2-

123)

methoxyethanol™ were measured on a U-1100 Spec-

trophotometer (Hitachi Co., Ltd.).
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3. Results

3.1 Fractionation of arsenic compounds extracted
from the Mustelus manazo left in the sands

The white muscle of the Mustelus manazo left in
the sands was considerably fragile. In order to avoid
the contamination with another tissues or organs,
white muscle (15.2 g) was taken from the central part
of dorsal white muscle of the shark. On the other
hand, as the liver of the shark had still kept a solid

structure (9.7 g), the whole was used.

The extracted arsenic compounds from the mus-
cle and the liver were fractionated column chromato-
graphically. Arsenic compounds were detected in four
fractions after fractionation with Dowex 50W- X 8
(H") and Dowex 1- X8(OH™). These fractions were
separated by HPLC with a ODS column. The frac-
tion [50W/NHs— 1/water] showed two arsenic peaks,
while the other three fractions ([50W/water —
1/water], [50W/water = 1/CH;COOH] and [50W/
HCI]) showed a single peak in both muscle and liver.

(A) ®)
[50W/water—1/water] [50W /water—1/water]
(muscle) . (liver)
0 - 200 400 0 200 400
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Inorganic arsenic (V)
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Fig. 2. High performance liquid chromatograms (column:

ODS 1207T) of partially purified arsenic compound in
[Dowex 50W/water— Dowex 1/water] derived from
arsenobetaine in the muscle and the liver of the Mus-
telus manazo left in coastal sands.
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Fig. 3. High performance liquid chromatograms (column:
Nucleosil 10SB) of partially purified arsenic com-
pound in [Dowex 50W/water—Dowex 1/ water].

Their retention times (RTs) agreed with those of arse-
nobetaine and trimethylarsine oxide in [50W/NH;—
1/water], inorganic arsenic(V) both in [50W/water —
1/water] (Fig. 2) and in [50W/HCI], and methanearso-
nic acid [(CHg)AsO(OH)z} and/or inorganic arsenic
(M) in [50W/water — 1/CH3COOH]. The small
amount of inorganic arsenic(V) detected in [50W/
HCI] was attributed to that which unavoidably con-
taminated the hydrochloric acid, and was ignored.
Because of the mutually close RT of inorganic
arsenic(V), inorganic arsenic(][[) and methanearsonic
acid, [50W/water — 1/water] and [50W/water —
1/CH3COOH] were rechromatographed with Nuc-
leosil 10SB. The RT of arsenic compound in each of
[50W/water — 1/water] and [50W/water — 1/
CH3COOH] agreed with those of inorganic arsenic(V)
The

relative distribution of these arsenic compounds, arse-

(Fig. 3) and methanearsonic acid, respectively.

nobetaine, trimethylarsine oxide, methanearsonic acid
and inorganic arsenic(V), was 63.6, 3.8, 20.0 and 12.
6 % in the muscle and 83.8, 3.9, 7.9 and 4.4 % in the

liver, respectively.

3.2 Purification and identification of inorganie
arsenie(V)

The fraction of [50W/water— 1/water] was fur-
ther subjected to an ion-exchange chromatography in
order to confirm the formation of inorganic arsenic.
The fraction [50W/water— 1/water] was applied to a
Dowex 50W-X 2 (pyridinium form) column (1 X
50cm). Arsenic was eluted with the pyridine-formic
acid buffer only. Arsenic-containing fractions were
collected, concentrated and subjected to some analy-
ses.

The each purified arsenic compound was chroma-
tographed on cellulose thin layer. Its Rf values on
TLC with 5 solvent systems were shown in Table 1
The Rf value

of each purified compound agreed with that of inorga-

with the authentic arsenic compounds.

nic arsenic(V) with all solvent systems. Ion chroma-
tography using AS4A column was performed with the
purified arsenic compound and authentic inorganic
arsenic(V). The compound showed the same RT
(muscle: 559 s, liver: 562 s) essentially as that of in-
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Table 1. Rf values on TLC of the arsenic compounds isolated from the muscle
and the liver of a starspotted shark left in the coastal sands for 40 days

Rf value
Sample
Solvent system
1 2 3 4 5

Isolated arsenic compound ;

from muscle 0.32 0.00 0.22 0.00 0.21

from liver 0.32 0.00 0.22 0.00 0.22
Inorganic arsenic (V) 0.31 0.00 0.22 0.01 0.21
Inorganic arsenic ([I[) 0.22 0.30 0. 40 0.07 0.35
Methanearsonic acid 0.55 0.22 0.50 0.02 0.50
Dimethylarsinic acid 0.80 0.78 0.61 0.23 0.71
Arsenocholine 0.53  0.87  0.54 0.56  0.62
Arsenobetaine 0.73 0.84 0.49 0.35 0.55

Solvent systems: 1, ethyl acetate/acetic acid/water (3:2:1); 2, chloroform/methanol/
28% aq. ammonia (3:2:1); 3, 1-butanol/acetone/formic acid/water(10:10:2:5); 4,
1-butanol/acetone/ 28% aq. ammonia/water (10:10:2:5); 5, 1-butanol/acetic acid/

water (4:2:1)

organic arsenic(V ) (561 s). Aggregates were formed
in dilute sulfuric acid by mixing the purified com-
pound with a mixture of ammonium molybdate and
marachite green, showing an typical absorption spec-
trum in 2-methoxyethanol with a higher peak at 627
nm and a lower péak at 430 nm.”®® This fact indi-
cates the compound to be inorganic arsenic (V) be-
cause no other arsenic compound aggregates with the
reagents.

On the basis of the results from HPLC, TLC, ion
chromatography, and spectrophotometric analyses, the
purified metabolite was confirmed to be inorganic

arsenic(V).

4. Discussion

We concluded that arsenobetaine contained in the
muscle or the liver of the shark degraded to inorganic
arsenic in situ under a natural environment: arse-
nobetaine which- is bioconverted through the food
chain from inorganic arsenic in seawater was re-con-
verted to the original inorganic arsenic via trimethyl- »

Thus, the
41819

arsine oxide and methanearsonic acid.

arsenic cycle which we have previously propose

On the other

hand, in the marine environments, the greater part of

has applied to the marine ecosystems.

organic matters is present as particulate matters such
as suspended substances which may be more easily
attacked by the microorganisms than the round body.
The fact that considerable amount of arsenobetaine
contained in the round shark was degraded to inorga-
nic arsenic within 40 days, suggests a relatively rapid
degradation of arsenobetaine or other organo-arsenic
compounds to inorganic arsenic. The degradation of
arsenobetaine or other arsenic compounds contained
in particulate matters, for example, suspended sub-
stances and setting matters is now under investiga-
tion.

In the in vitro degradation experiments with arse-
nobetaine so far, methanearsonic acid has been never
detected as a microbial degradation product:
trimethylarsine oxide and/or dimethylarsinic acid
The fact that

methanearsonic acid was derived in this in vivo study

have been detected or isolated.
instead of dimethylarsinic acid was interesting for
pursuing the arsenic circulation in marine ecosystems,
because it indicates the difference in the degradation

behaviour between natural condition and laboratory
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one. The difference in temperature, nutrients, etc.
may affect on the degradation activity of microorgan-
isms, although a clear explanation for this can not be
made at the present stage.

The in vitro degradation experiments of arse-
nobetaine so far have shown the suitability of an
aerobic condition for the microbial degradation of it:
while no or little arsenobetaine has been degraded by
marine microorganisms from any origins investigated
under an anaerobic condition, it has been done in ev-
ery origin under an aerobic condition only. It was
the reason why we buried the shark shallowly in the
intertidal coastal sands where a constant supply of
oxygen-rich seawater was ensured. The fact that the
degradation has occurred indicates that the place of
leaving fish was properly selected, and that this deg-
radation could not occur if the shark was buried more
deeply in the sediments. In other words, in the natu-
ral environment, arsenobetaine in residues or particles
originated from organisms may be hard to be suffered
degradation when they are in anaerobic condition
such as deep seewater or the inside of the sediments

of reduction conditions.
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