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LETTER TO THE EDITOR
Can humans metabolize arsenic compounds to
arsenobetaine?

Dear Sir, thesé& has, to my knowledge, dealt specifically with
Goessler and co-workérsused the apparent trimethylarsine, they are all likely to be relevant to
accidental exposure, by inhalation, to trimethyl- the current issue. Those few repdrtsemploying
arsine (or, more improbably, arsenic trichloride) of highly sensitive techniques that do offer evidence
a subject whose arsenic excretion they were moniof demethylation in mammalian systems show only
toring, to account for the appearance of inorganictrivial amounts of demethylated products compared
and methylated arsenic compounds (includingwith those reported by Goesslet al.
arsenobetaine) in the subject’s urine. | think the The presence of trimethylarsine oxide (TMAO),
explanation offered by Goesslest al. for the the most likely metabolite of trimethylarsine, was
pattern of arsenic compounds in the subject’s urinenot reported in the urine of the volunteer. Yamauchi
is improbable and | offer an alternative explanation.et al. showe§ that trimethylarsine administered to
mice and hamsters was metabolized to TMAO. Itis
y . unlikely then that any trimethylarsine administered
The data and Goessler’s explanation ;" inhaled by, humans would be converted to
The volunteer's first urine of the day was monitored arsenobetaine and none to TMAO. It has also been
from 2 to 23 October 1995. The authors report areported®that TMAO administered orally or intra-
possibility that he might have been exposed toperitoneall_y to the hamster is excreted unchanged
arsenic (trimethylarsine) by inhalation on 10 and 11and no evidence was reported of its conversion to
October (student synthesis) and on 12 and 13usenobetaine.
October (his own synthesis). He ate fish for lunch
on 6 October and 19 October. The results for . -
arsenic excreted in the first urine of the dayAn Alternative Explanation
(ng As/g creatinine) are presented for 2 OctoberFrom the quantity of arsenic attributed to the
to 23 October for arsenite, arsenate, methylarsonigvorkplace exposure, as revealed by the figures in
acid (MAA), dimethylarsinic acid (DMAA) and the paper and assuming a total daily excretion of
arsenobetaine, and for the sum of these compoundsreatinine of 1.2 ¢ we can estimate a total arsenic
No data are presented for trimethylarsine oxideexcretion of very approximately (all compounds)
(TMAO) and we must assume that it was not130ug. It is difficult to believe that a worker,
detected. For all reported arsenic species (excegiresumably taking all reasonable precautions when
arsenite, and MAA after the fish meals), there arehandling a toxic substance and carrying out the
elevations in urine concentrations apparently assoeperation in an efficient fume hood, could inhale
ciated with these three events (the fish meals anénough arsenic to excrete 12 in his urine.
the inhalation). Presumably he would only inhale a small propor-
We are concerned here only with the supposedion of that in the atmosphere of the room, and he
workplace exposure. Goessler and colleaguesvould exhale a substantial proportion of the
suggest that inhalation of trimethylarsine gave risequantity inhaled. To excrete 13@ of arsenic
to elevated levels of arsenate, MAA, DMAA and through the kidney seems to me to be evidence of
arsenobetaine in the urine. This means that tweubstantial contamination.
things must have happened — trimethylarsine must The pattern of excretion is strange. High levels of
have been demethylated and oxidized (to yieldarsenate, MAA and DMAA were found in the
arsenate, MAA and DMAA) and, probably inde- morning urine of 12 Octobeheforethe volunteer
pendently, it must have acquired the carboxymethyhad started his own synthesis and when exposure
group necessary for conversion to arsenobetaineould apparently only have resulted from his
Both of these seem to me unlikely. Several publi-indirect contact with the preparation of the graduate
cations (e.g. Refs9 have reported results which student.
demonstrate the stability of the arsenic—carbon Arsenobetaine was excreted, starting on 13
bond in mammalian systems. Although only one ofOctober, in a pattern which indicates a single dose
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on 12 October.Indeed the patternof excretionwas
almostidenticalto thatfollowing thefirst fish meal
(that takenon 6 October).So, was arsenobetaine
built up in the body, then suddenlyexcretedfrom
13 Octoberonwards,eventhoughthe patternsof
excretion of the other arsenic compounds(all
supposedlymetabolitesof trimethylarsine) were
changing?This alsoseemsaunlikely.

| proposethat there was no measurablevork-
placeexposurebut that the patternof excretionof
arsenic compounds by this volunteer strongly
indicatesa double exposureto arsenic,probably
through the diet. First, | suggestan exposureto
inorganic arsenicon 10 October(mineral water?
medicine?tonic? contaminatedfoodstuff? wine?
grapesor other fruit? healthfood? hand-to-mouth
contamination?)The total dosewould havebeen
about50pug of arsenic.The subsequenpatternof
excretion of methylated compounds (excluding
arsenobetaines consistentwith a single doseof
inorganic arsenict*~*° (The diagramsfor arsenic
excretionfor 2 to 23 Octoberwhen therewas no
experimentaldosagesuggestunknown, low-level,
presumablydietary,exposurdo inorganicarsenic.)

Thevolunteerwould thenhavereceiveda single
doseof arsenobetainggresumablyin his food, on
12 October.The quantity of arsenic(about80 ug)
doesnot suggesta large fish meal — that much
arsenicas arsenobetaineould easily be contained
in a single small shrimp (althoughthe amountof
arsenobetaineexcreted is very similar to that
excretedfollowing the first fish meal as noted
above)— butmight suggessomefishy component
to a mealsuchasa sauceor meatof ananimalfed
on fish meal, or, indeed,it might havecomefrom
mushroomsr otherunidentifiedterrestrialsource.

Clearly, the authorshave not demonstatedhat
trimethylarsine is metabolizedto arsenobetaine
(indeedthey do not make suchan explicit claim)
andl believethereis amorereasonablexplanation
for the patternof excretionof the arseniccom-
poundsthat they report. The authorsare generally
carefulto showthatthey are offering a speculative
explanationNeverthelesghelasttwo sentencesf
the paperstatethat, ‘The resultsstrongly indicate
that the human body can do more than form
methylarsonicacid and dimethylarsinic acid. It
most probably can demethylateorganic arsenic
compoundsandcansynthesizearsenobetainerhen
appropriatelychallenged.And theymaketheclaim
in their Discussiorsectionthatthe sourceof arsenic
was establishedalmost(it might be taken)aspart
of the experimentalprotocol. This wasclearly not
the case;"... the much more volatile trimethyl-
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arsine,to which the volunteerwas exposedduring
the distillation... delivered most of the arsenic
detectedn theurine. Thetrimethylarsingoresenat
tracesin the laboratoryair must have enteredthe
bodyvia thelung.” How couldthe authorspossibly
know this if arsenicin the laboratoryair was not
measuredTherewasno reportof this.
In summary:

e No TMAO was reportedin the urine of the
volunteer.

e The time pattern of excretion of arsenic
compoundssuggesta doubleexposure.

e The patternof inorganic and methylatedcom-
pounds(MAA and DMAA) resultingfrom the
first of these exposuresis consistentwith a
singledoseof about50 g of inorganicarsenic.

e Thetime pattern(in particularthe shapeof the
‘decay’ curve) suggeststhe secondexposure
wasto arsenobetaing a singledoseof at least
80ng.

e Upwardsof 130ug As in the urineis probably
too much for accidental exposure through
inhalation when an efficient fume hood is
employed.

The explanationl offer relies upon the dietary
intake of two small but significant amounts of
arsenicat aboutthe time that the volunteerwasin
the vicinity of trimethylarsinesynthesesFurther-
more,thesepostulatedntakeswere not apparently
evidentfrom the dietary recordsof the volunteer
andwere thereforeunexpectedl suggestthough,
that my explanationis less improbablethan that
offeredby Goessleandhis colleaguesThelatteris
contraryto the outcomeof previouswork and, at
this time, seemsbased upon little more than
circumstantialevidence.

JOHNS.EDMONDS
WesternAustralianMarine Research
Laboratories,

POBox 20,

North Beach,

WA 6020,

Australia
E-mail: jedmonds@fish.wa.gov.au
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