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Arsenobetaine, an organo-arsenic compound
known to be non-toxic, occurs ubiquitously in
marine animals. To elucidate the food hygiene
safety of the degradation products of arsenobe-
taine formed on cooking, arsenicals generated by
roasting the muscles of the starspotted shark
Mustelus manazaand of the red crayfish Panu-
lirus longipes femoristriga were investigated.
As a result, both muscle types were found to
contain the tetramethylarsonium ion, which is
reported to show a higher acute toxicity than
dimethylarsinic acid (cacodylic acid) or metha-
nearsonic acid. As a minor compound, arsenate
was also detected in the muscle dfl. manazo
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INTRODUCTION

Marine organisms concentrate various elements i
their tissues, including arsenic, a well-known
poison since ancient times. Great attention ha
been paid to arsenic in marine organisms afte
organic compounds of arsenic were identified as théf
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major arsenic compounds in these organisms.
The first organic arsenic compound to be isolated
and identified was arsenobetaine (§dAs CH,-
COOH, which was obtained from the western rock
lobsterPanulirus longipes cygnu$Since then this
compound has been shown to occur in various
marine animals including, for example, blue shark
(Chondrichthyesf,school whiting (Osteichthyes),
sea cucumber (Molluscdnd various kinds of zoo-
plankton! In other words, arsenobetaine is present
in marine animals independently of their feeding
habits and trophic levefs. The isolation of
arsenobetaine led to further studies that detected
arsenocholine (CkJsAs'CH,CH,OH and the
tetramethylarsonium ion (CH,As" in various
animals, and arsenosugars in various algae and
phytoplanktor? 3

The toxicities of ubiquitous arsenobetaine in
marine animals and arsenosugars in algae or
phytoplankton are reported to be considerably
lower than inorganic arsenicat§.*°Arsenobetaine
is non-toxic (LDsg in mice was>10 g kg *).** The
conversion of arsenobetaine to unidentified com-
pound(s) was reported to have occurred in canned
or pickled seafood producté.Although arsenobe-
taine itself is non-toxic, the degradation products of
r{f\rsenobetaine formed on cooking could be toxic.
We investigated the degradation products of
Qrsenobetaine generated by roasting the muscles
Pf the starspotted shaMustelus manazand of the
ed crayfishPanulirus longipes femoristrigaAs a
esult, after exposure to the heating process, both
muscle types were found to contain the tetra-
methylarsonium ion, which is reported to show a
‘higher acute toxicity than dimethylarsinic acid
(cacodylic acid) (Cl@zAsOOH or methanearsonic
acid CH;AsO(OH).*
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MATERIALS AND METHODS

Authentic arsenic compounds

Arsenobetaine, arsenocholine, trimethylarsine
oxide (CHa)3;AsO, andtetramethylarsoniunodide
were purchasedrom Trichemical Co., dimethyl-
arsinic acid was from Nakarai Chemical Co.,
methanearsonicacid was from Ventron Co.,
disodium arsenate Na,HAsO,-7H,O was from
Wako PureChemicalCo. andarsenictrioxide was
from Mallinckrodt Co.

Roasting of muscles of M. manazo
and P. longipes femoristriga

FreshM. manazoandfrozen P. longipesfemoris-
triga were purchasedA preliminary investigation
was performed with the muscle of M. manazo
becausearsenobetalneNas abundant (30-50ug
1 andis practlcallythe only arseniccompound
|n this shark!®:2° The white muscleof M. manazo
wasroastedover afire standingat about690°C on
a stainlesssteelgrill or in a stainlesssteelpan.The
tail muscledrom two P. longipesfemoristrigawere
cut into two equal pieces.One half from each
specimenwas normally roasted(n=2) and the
otherwasburned(n = 2) onthegrill. An entiretail
musclewascompletelyburned(n=1).

Arsenic content

The arseniccontentsvere determlnedafter dlgest—
ing the sampleswith 2.6cm?® of 61%nitric, 0.5cm®
of 95% sulfuric and 1.0cm® of 60% perchloric
acids.To the reS|due|n the digestionbeakerwere
added 1. Ocm of 25% diammonium hydrogen
citrate, 2. Ocm of 37% hydrochloricacid, O 2cm®
of 1 mol dm potassiumodideand0.2cm? of 0.4
mol dm~2 stannoushloride; thls wasdiluted with
water to a volume of 10cm® to give an arsenic
concentratiorof 10-80pg dm 3, which wasdeter-
mined by arsine (AsHs) evolution—electrothermal
atomic absorption spectrometry(N|ppon Jarrel
Ash, model AA 845)8 The detection limit for
arsenicwas1 ng.

Extraction of the water-soluble
arsenic compounds

Samplesveresubjectedo extractiontwice with ten
timesits volume of chloroform/methano{2:1). To
eachextract water was addedto reacha ratio of
water/chloroform—metheol ratio of 1:4, shakerfor
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2min and stored overnight?* The arsenicals
extractedin the upper phasewere termedwater-

solublearseniccompoundsandthosein the lower

phaseweretermedlipid-soluble.

High-performance liquid
chromatography-inductively
coupled plasma mass spectrometry
(HPLC-ICP-MS)

A HewlettPackardLO50solventdeliveryunit anda

100ul injection loop of a Rheodyne, six-port

injection valve wereused.The arseniccompounds
(arsenobetainetrimethylarsine oxide, arsenocho-
line andtetramethylarsonlurmn) wereseparateat

a flow rate of 1.5cm®min~* on a SupelcosilLC-

SCX cation- exchange;olumn (250mm x 4.6 mm

i.d.) with a 0.01 mol dm~2 pyridine—formic acid

buffer (pH 5.0). The exit of the column was
connectedo aBobinton-typenebulizerviaa50cm

PEEKcapillarytubing (0.13mmi.d.). An HP 4500

(Hewlett Packard, Waldbronr, Germany) induc-

tively coupledplasmamassspectrometefiCP-MS)

servedasan arsenic-specifidetector.

High-performance liquid
chromatography—-graphite furnace
atomic absorption (HPLC-GFAA)
spectrometry

Thewater-solublearsenidractionwasfractionated
with a high performanceliquid chromatograph,
CCPD 8000 series (Tosoh Co. Ltd), using a

Nucleosil 10SA column [4.6 x 250mm, Wako—

Junyaku—KogydCo.; mobile phase0.1 mol dm 3

pyrldlne—formlc acid buffer (pH 3.1); flow rate,

1.0cm®min~Y]. A portion of eacheluatefraction

wasanalyzedby a graphitefurnaceatomicabsorp-
tion spectrometerserving as the arsenic-specific
detectorasdescribecbefore®

Thin layer chromatography

The thin layer chromatography(TLC) was per-

formed on a cellulose thin layer (Avicel SF,

thickness:0.1mm, FunakoshiYakuhin Co., Ltd).

In orderto confirmthe positionof the fractionated
arsenic compound,the cellulose thin layer was
removedat 5mm intervals. Each of the samples
removedwas addedto a portion of 20% ethanol,

mixed with a vortex mixer for 20s and analyzed
with GFAA spectrometry.Dragendorffreagent?

wasusedto authenticatéetramethylarsoniunon.

Appl. OrganometalChem.2001;15: 61-66
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RESULTS

Formation of tetramethylarsonium
ion in the burned muscle

In the preliminaryexperimentsingM. manazothe
white musclewascompletelyburnedonthegrill or

in the pan for severalminutesuntil at least all

surfacesof the muscle were completely burned,
having lost 68% or 74% massrespectively.The
arseniccompoundsin the burned muscleswere
identified and quantified with HPLC—ICP-MS.
Approximately 56% of the arsenobetainewas
converted to the tetramethylarsoniumion by

roastingon the grill and 41% in the pan, clearly
showing the degradation of arsenobetaineby

roasting. The conversion occurred even if the
muscle had not beendirectly roastedby a fire.

Besides tetramethylarsoniumion, inorganic ar-

senic(V) was detectedas a minor degradation
productin the muscleroastedon the grill. In the
subsequenéxperimentswith P. longipesfemoris-
triga, the musclewasroastedon a grill.

Formation of tetramethylarsonium
ion in the roasted lobster muscle

The muscles of P. longipes femoristriga were
roasteduntil they had lost 15% (normal), 37%
(burned) or 84% (almost completely burned) of
their mass. The total, water-soluble and lipid-
soluble arsenic concentrationsin unroastedand
roastedmusclesare shownin Table 1. The water-
solublearseniccompoundtractionswereidentified
by HPLC-ICP-MS.

Almost all arsenicin the unroastednusclewas
arsenobetainetetramethylarsoniumon was not
detectedn thesetissueqFig. 1). Arsenobetainand
tetramethylarsoniurion werepresentn theroasted
muscles (Fig. 1). The tetramethylarsoniumion

accountedfor 0.6% of the total arsenicin the
normally roastedmuscles,for 15% in the burned
muscles,and for 44% in the completely burned
muscles.

Purification and confirmation of the
degradation product

In order to purify the degradationproduct from
arsenobetainethe water-solublearsenic fraction
extractedfrom almost completely burned muscle
wasanalyzedwvith HPLC-GFAAusinga Nucleosil
10SA column.As aresult,two arsenicpeakswere
detected:one peak with a shoter retention time
agreedwith that of arsenobetaineand the other,
with a longerretentiontime, with tetramethylarso-
nium ion. Becausehe occurrenceof arsenobetaine
has alreadybeenprovedin the tail muscleof P.
longipescygnuswhich belongsto thesamespecies
asP. longipesfemoristrigausedin this study,only
the arsenical species formed by roasting was
analyzedby TLC asfollows. The arsenicfraction
that showed the retention time agreeing with
tetramethylarsoniumion was concentratedand
chromatographedn a cellulosethin layertogether
with authentictetramethylarsoniunon. As shown
in Table 2, the Rf value of the compoundagreed
with that of authentictetramethylarsoniunion in
five solvent systemsand thus the compoundwas
confirmedastetramethylarsoniunon.

DISCUSSION

The conversionproducts from arsenobetaindy
roasting, tetramethylarsoniumion and arsenate,
weredetectedor the first time by HPLC—-ICP-MS
in the muscleof marine animals. The toxicity of
arsenatds much higher than that of tetramethyl-

Table 1 Total, water-solubleipid-soluble, and residualarsenicconcentrationsn unroastedand roastedmuscles

of P. longipesfemoristriga

Meanarsenicconcentratior(ug g+ mass)

Muscle Total Watersoluble  Lipid soluble Residual
Unroasted (wet mass) 25.5 25.1 0.2 0.1
Normally roasted (15% masslost) 24.9 21.7 0.4 0.4
Burned (37% masslost) 29.8 26.7 0.7 0.9
Completelyburned (84% masslost) 48.9 38.7 1.7 2.4
In=2.

2p=1.
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Figure 1 HPLC-ICP-MScation-exchangehromatogramf a mixture of authenticarseniccompounds(AB, arsenobetaine;

TMAO, trimethylarsineoxide; AC, arsenocholineTetra,tetramethylarsoniurion) andof aqueouxtractgprepaedfrom unroasted,
normally roasted burnedand completelyburnedtail musclesof P. longipesfemoristriga
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Table 2 Rf valuesof the purified arseniccompoundiormedin the roastedobstermuscle

Solventsystems Purifiedcompound Tetramethylarsoniunion
Ethylacetate/acetiacid/water(3:2:1) 0.91 0.91
Chloroform/methanol/28%q.ammonia(3:2:1) 0.92 0.93
1-Butanol/acetone/formiacid/water(10:10:2:5) 0.72 0.72
1-Butanol/acetone/28%q. ammonia/wate(10:10:2:5) 0.60 0.61
1-Butanol/acetiacid/water(4:2:1) 0.88 0.89

arsoniumion asstated.However,the formation of
thesmallamountof arsenatevasshownonly in the
roastedshark muscle, not in the roastedlobster
muscles,and was insufficientto be confirmedby
TLC; the discussionbelow will only concernthe
formationof tetramethylarsoniunon.

The tetramethylarsoniumion was very likely
formedvia decarboxylatiorof arsenobetainelhis
compoundwhich wasfirst identified by Shloml et
al. in the gills of the clam Meretrix lusoria®® and
subsequentlyletectedn othermarineanimals??
shows higher acute toxicity to mice (oral LDso
890mg As kg~ for theiodide,580mg As kg~ for
the chIorlde) than dimethylarsinicacid (1200mg
As kg™ or methanearsomcaud (oral LDsg
1800mg As kg™1).2* On the other hand,Kaise et

al.?® found that the growth of cells was largely
unaffectedby the tetramethylarsoniumion (ICsq
8mg Ascm™ ) Few chromosomal aberrations
were induced i in the concentrationrange of 2—
10mg Ascm 3. These results show that the
tetramethylarsoniunmion hasa much Iower cyto-
toxicity thanarsenite(ICso 0.0007mgcm 3, chro-
mosomalaberrations0.001lmgcm™) or arsenate
(ICs0 0006mgcm 3, chromosomal aberrations
0.02mgcm3). Hence, not only becauseof its
relatively high acutetoxicity, butalsofrom thefact
that mass balancesfor orally administeredand
urinary excretedtetramethylarsoniunion indicate
that mice may accumulatethis compoundin their
tissues:® the consumptionof burnt tissues of
marine animals should be made with some care
until the effectsof the tetramethylarsoniunon on
humansare ascertained.

The elucidationof the forms and safety of the
conversionproduct(s)with cooking arising from
arsenicalsn marine organismsshouldfollow the
striking advancesso far on the study of form$&12
andsafety>°of highly accumulatedrsenicalsn
marine organismsEspeciallyfor arsenobetainas
themajorarsenicabccumulatedn animalsandfor
arsenosugarsas the major ones in algae, this
elucidationis essential.

Copyright© 2001JohnWiley & Sons,Ltd.
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