
LETTER TO THE EDITOR

Can humans metabolize arsenic compounds to
arsenobetaine?

Dear Sir,
We appreciate the concern expressed by Dr

Edmonds in his letter about the correctness of our
suggestion that humans are able to form arsenobe-
taine when appropriately challenged, for instance
by trimethylarsine.1 Our study had been conducted
because high concentrations of total arsenic com-
pounds had been observed in the urine of one of our
co-workers, who occasionally synthesizes organic
arsenic compounds needed as standards. To obtain
information about potential sources for this arsenic,
the arsenic compounds were quantified in urine
samples before, during and after synthesis of
trimethylarsine from arsenic trichloride and
methylmagnesium iodide in dibutyl ether. The
preparation of approximately 100 g of trimethylar-
sine requires one week. During the addition of the
Grignard reagent to the stirred solution of arsenic
trichloride in dibutyl ether the reaction mixture is
cooled in an ice–water bath and the assembly is
kept in a well-ventilated hood. Exposure to
trimethylarsine during this procedure is minimal,
because the reaction mixture is kept at�0 °C and
the door of the hood needs to be opened only
infrequently to adjust the stopcock of the dropping
funnel and to replenish the ice for cooling the
reaction flask.

On 10 October a graduate student distilled the
trimethylarsine/dibutyl ether mixture from the
reaction flask and on 11 October he distilled the
trimethylarsine/dibutyl ether mixture to obtain pure
trimethylarsine. Whenever trimethylarsine is pre-
pared or distilled, the very distinct odor of this
compound is noticeable in the laboratory in spite of
all work proceeding in a well-ventilated hood with
the doors of the hood closed to effect optimal
ventilation.

Our urine-donor was not involved in the distilla-
tion of trimethylarsine on 10 and 11 October.
However, he inhaled the laboratory air whenever he
passed through the laboratory to his office, which is
adjacent to the hood in which the synthetic work
was carried out. The exposure to trimethylarsine or
any other arsenic compound cannot have been
excessive, because the concentrations of the arsenic
compounds in the urine from 10 to 12 October were

only slightly elevated. Our urine-donor distilled
trimethylarsine himself on 12 and 13 October.
Because the distillation has to be watched closely,
the argon stream through the distillation unit must
be adjusted and receiving flasks must be changed,
the potential for exposure to trimethylarsine during
this operation is much greater than during the time
when the Grignard reagent had been reacted with
arsenic trichloride.

Edmonds finds it unlikely that a worker,
presumably taking all reasonable precautions when
handling a toxic substance and carrying out the
operation in an efficient fume hood, could inhale
enough arsenic to excrete 130mg As in his urine.

A person inhales�360 liters of air per hour. To
complete two distillations requires approximately
six hours. If trimethylarsine, a good complexing
agent, was completely retained (not an unreason-
able assumption, when molecular oxygen, a weak
complexing agent, constitutes 20% of the inhaled
air and 2% of the exhaled air), then the�2000 liters
of air breathed in during six hours must only
contain 130mg As (�2mmol). Each liter of this air
would have to have only�1 pmol of trimethylar-
sine. The partial pressure of trimethylarsine at this
concentration is 1.7� 10ÿ5 Torr (vapor pressure
298 Torr at 25°C).2 Because the distillation is
carried out under a slow stream of argon, receiving
flasks must be changed and the distillation appara-
tus disassembled (operations that deliver trimethy-
larsine with a vapor pressure of�300 Torr at room
temperature to the air in the hood), the concentra-
tion of 1 pmol/lÿ1 is very likely not only to be
reached but also exceeded, at least temporarily.
Edmonds proposed that the arsenic excreted during
the period 10–17 October came from the diet
(mineral water, medicine, tonic, contaminated
foodstuff, wine, grapes or other fruit, health food,
fishy component to a meal) or from hand-to-mouth
contamination. During the time urine was collected,
the urine-donor recorded all the food he had
consumed. The food items are not expected to
contain arsenobetaine, with the exception of the
codfish eaten on 6 and 19 October. The food items
consumed were analyzed neither for total arsenic
nor for arsenic compounds.
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Our co-workerwasawareof the importanceof
arseniccompoundsin the diet. He recordedall the
food he had consumedduring the study. The
mineralwaterandwine thatwerepartof themeals
werethesamethroughoutthestudy.On10October
hehadcoffeeandwhite breadwith butterandjam
for breakfast,a breakfast typical for the study
period. Lunch consistedof appleslicesdippedin
batterand fried, and dinner of greensaladwith a
few slicesof bread.OnOctober12avegetableplate
wasservedfor lunchandyoghurtfor dinner.Hedid
not takeany medicineanddid not drink any tonic
water.

Edmondssuggestsfor ourco-workeranintakeof
50mg As asinorganicarsenicon 10 October.This
amountof arseniccannothavebeendeliveredwith
theconstituentsof breakfast,becausebreakfasthad
not beenchangedduring the study period. If the
arsenic had been contributed by the apples
consumedat lunch, the apples(�250g eaten,wet
mass) must have been extraordinarily rich in
arsenic(�200mg kgÿ1, wet mass).Thesaladeaten
for dinner is alsoan unlikely sourcefor 50mg As.
Arsenicconcentrationsin Styriansaladsamplesare
�100mg As kgÿ1 (dry mass).Undertheassumption
that saladcontains90%, water, 250g fresh salad
cansupplyonly 2.5mg arsenic.Thediet recorddid
not revealany food componentsas likely sources
for 50mg As. The 80mg arsenicsuggestedto have
comefrom thediet on 12 October(smallfish meal,
fishy componentto a meal) is also unlikely to be
diet-derived.Inspectionof thediet recordprovided
no indicationof theconsumptionof arsenic-richor
arsenobetaine-richcomponents.Intake of arsenic
by hand-to-mouth contamination is always a
possibility, althougha very unlikely one,because
all of our co-workers wash their hands after
working with arseniccompoundsbeforethey lick
their fingers.

Considering all the possibilities of arsenic
exposureand the olfactory fact that the odor of
trimethylarsinewas noticeableeven outside the
hood in which trimethylarsinewas prepared,the
exposureto trimethylarsinein the laboratoryis at
least as likely as the suggestedintake with food.
Edmondsstatesthat our suggestedconversionof
trimethylarsineto arsenobetaineis notsupportedby
previouswork. The high concentrationsof arsenic
in theconsumedfoodthatareneededto accountfor
an intake of 50–80mg As per day are also not
supportedby previouswork.

The pattern of arsenic compounds excreted
during the period during which trimethylarsine
waspreparedis asstrangeto Edmondsasit is to us.

Why the concentrationsof arsenatein the urine
during theperiod9–12Octoberincreasefour-fold,
and the concentrationsof methylarsonicacid and
dimethylarsinicacidfive-fold over thebackground
concentrations,and why the concentrationsof
arseniteremain at background,whereasthe con-
centration of arsenobetainedecreasesto back-
ground, cannot be explained, becausesufficient
knowledgeabout the pharmacokineticsof arsenic
compoundsin thehumanbodydoesnot exist.

Edmondsstates ‘Arsenobetainewas excreted,
startingon 13 October,in a patternwhich indicates
a singledoseon 12 October.Indeed,thepatternof
excretionwasalmostidenticalto thatfollowing the
first fish meal (that takenon 6 October).So, was
arsenobetainebuilt up in the body then suddenly
excreted starting 13 October even though the
patternsof excretion of the other arsenic com-
pounds(all supposedlymetabolitesof trimethyl-
arsine)werechanging?This seemsalsounlikely.’

A single doseof arsenobetaineon 12 October
from the diet or any other source is extremely
unlikely. The rather massivedose of trimethyl-
arsineon 12 Octoberis a fact. Thehigh concentra-
tion of arsenobetainein the morning urine of 13
Octoberdoesnot require a build-up in the body.
During the six days preceding 13 October the
concentrationof arsenobetainein themorningurine
decreasedpracticallyto backgroundon12October.
This decreasecan be attributed to the excretion
kineticsof arsenobetaineintroducedinto the body
through fish consumptionon 6 October.A con-
tribution to arsenobetainein the body from the
postulatedconversionof trimethylarsinefrom low-
level exposures to arsenobetaineprior to 12
Octoberis not unlikely but cannotbe provenfrom
the available data. However, another plausible
causefor the excretion of 33mg As (0.44mmol
arsenobetaine),other than the conversion of
trimethylarsineto arsenobetaine,cannotbe given.
Theconcentrationsof arsenobetainein themorning
urinesfrom 13 to 19 Octoberdecrease,producing
anexcretionpatternsimilar to thepatternsobserved
after fish consumption.This similarity cannotbe
taken as unequivocal proof that arsenobetaine
excretedon 13 Octobercomesfrom thediet.

If arsenobetaineis produced from trimethyl-
arsine in the body and the overall rate for this
conversion is rapid comparedwith the rate of
excretion (half-life of arsenobetainein the body
'30h) the excretion pattern should be indepen-
dent (as observed),irrespectiveof the sourceof
arsenobetaine(ingestedor synthesizedin thebody).
That organismsare capable of making arseno-
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betaine from organic arsenic compounds,and
ultimately from inorganic arseniccompounds,is
anindisputablefact.Whethertrimethylarsineis one
of the precursorsof arsenobetainein biological
systemsis not known, but it is worthy of con-
sideration. Chemically, such a reaction is very
reasonable.

The excretionpatternsfor arsenate,methylarso-
nic acid and dimethylarsinicacid show that the
concentrationsof thesecompoundsin themorning
urine are elevated above backgroundafter fish
consumptionandalsoafter workplaceexposureto
trimethylarsine.Thesearseniccompoundsarecon-
stituentsof fish andwill alsobe excretedthrough
the urine. Should dimethylarsinic acid, methyl-
arsonicacid,andperhapsevenarsenatenot only be
derivedfrom diet andexcretedunchanged,but also
be formedby oxidation/reductionandmethylation
reactionsof less methylatedarsenic compounds
(reactionsequencesexperimentallyprovenfor the
humanorganisms,with dimethylarsinicacidasthe
most highly methylatedarsenic compound)and
perhapseven by demethylationof more highly
methylatedarseniccompoundssuchas trimethyl-
arsine, trimethylarsine oxide and arsenobetaine
(reactionsequencesnot experimentallyproven in
thehumanorganism),theperhapssmallconcentra-
tions coming from demethylationprocessesto the
excretedarsenic compoundswill be difficult to
ascertain.If, however, the exposureto a highly
methylatedarseniccompoundsuch as trimethyl-
arsine also leads to the excretion of arsenate,
methylarsonicacid and dimethylarsinicacid, the
capability of the human body to demethylate
arseniccompoundsmustbe questioned.We raised
this question to alert the interested scientific
communitybut neverstatedthat we had proof of
such processes.Demethylation of arsenic com-
poundsis knownin microbialsystems.Becausethe
methylation of trivalent arseniccompounds(the
only arseniccompoundsthatcanbemethylated)is
an oxidative process (conversion of trivalent
arsenic to pentavalentarsenic, e.g. arsenite to
methylarsonicacid), the demethylationshouldbe
a reductive process.The reduction–methylation
sequencein producing methylated compounds
should be joined by a demethylation–oxidation
processin removing methyl groupsfrom arsenic
compounds.Much needsto be learnedabout the
mechanismof thedemethylatingreactions.

Edmondsis surprisedthat trimethylarsineoxide
was not presentin the urine. The HPLC–HHPN–
ICP–MSmethodwe usedfor the identificationand
quantificationof arseniccompoundsin theurine is

capableof baselineseparationof arsenite,arsenate,
methylarsonic acid, dimethylarsinic acid, tri-
methylarsineoxide and arsenobetaine.The reten-
tion time for trimethylarsine oxide under the
conditions employed is 240s. Signals for this
arseniccompoundwere not presentin any of the
chromatogramsof the urine samples. Conse-
quently,trimethylarsineoxidecouldnot havebeen
presentin theurinein concentrationsabove1mg As
lÿ1. The results of Yamauchi et al.,3 from
experimentsin which trimethylarsinewasadminis-
tered(p.o., i.p. in olive oil) to mice and hamsters
and trimethylarsineoxide was identified in urine,
arenotproof thataconversionto arsenobetaineor a
demethylationcannot occur in the human body.
The p.o. and i.p. dosesof trimethylarsineto the
animalswereordersof magnitudehigher than the
inhalative doseto our co-worker. The trimethyl-
arsine–arsenobetainepathwaycould havebecome
saturated,andmostof thetrimethylarsinewouldbe
oxidizedto trimethylarsineoxide.Smallamountsof
arsenobetainein the samplesare probably not
detectableby the GC–FAB–MSmethod.In addi-
tion, mice andhamstersdo not haveto metabolize
trimethylarsinein thesameway ashumans.

In our paperwe reportedanalytical resultsfor
arseniccompoundsin urine and suggestedas an
explanationthat thehumanbodycando morethan
methylatearseniccompounds.Weneverclaimedto
have proof that the human body can convert
trimethylarsineto arsenobetaine.Wearealsoaware
that our suggestion is not supported by the
literature.However,newfactsandnewhypotheses
necessarilywill haveto be reportedsometimefor
the first time. Whereresearcherswereconstrained
to publishonly resultsthataresupportedby earlier
papers,scientific progresswould be slow or it
would stop altogether.As an example,the report
aboutarsenobetainein terrestrialbiotadid nothave
any precedentin the literature.Before1995,com-
plex organic arseniccompoundssuch as arseno-
betaine, arsenocholine and arsenic-containing
riboses were thought to occur only in marine
organisms. The most complex organic arsenic
compoundknownin terrestrialbiotawasdimethyl-
arsinicacid.In 1995wereportedthatarsenobetaine
is presentin mushrooms.4 This paperdid not elicit
any comment to the effect that arsenobetaineis
unlikely to bea constituentof mushroomsbecause
no oneelsehadfound it in any terrestrialsample.
During the past three years arsenocholineand
tetramethylarsoniumcation were identified in
mushrooms5–8 and arsenoriboseswere detectedin
water/methanolextractsfrom earthworms.9 Fortu-
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nately,researchersarefree not to accept‘common
knowledge’and publishedfacts as revealedtruth
for thesakeof theadvancementof science.

We will be very pleasedif our suggestionsthat
humanscan convert trimethylarsineto arsenobe-
taine and perhapscan demethylatemethylarsenic
compoundsprove to be correct. The reaction
trimethylarsine→arsenobetainewould be the short
route from an arsenic compound with good
complexingability to an almostinnocuousarsenic
compoundthatcanbereadilyandquickly excreted.
The introduction of a C2-unit into a methylated
arseniccompoundmust occur in biota, otherwise
arsenocholineand arsenobetainecould be present
neither in marine nor in terrestrial organisms.
Shouldour hypothesesturn out to be incorrecton
the basis of further experiments,we will stand
correctedbut still have the satisfactionof having
raisedthe issueand servedas initiators of further
experimentsthat will have advancedour knowl-
edgeaboutthefateof organicarseniccompoundsin
thehumanbody.

We thank Dr Edmondsfor having startedthe
discussionaboutour new suggestions.Becauseof
hisconcernsoverthelikelihoodof ourexplanations
for theanalyticallysecureresults,wewereforcedto
explore in more detail our experimentalprotocol
and were led to develop new experiments.The
‘self-correcting’processof sciencehasbegunthat
will ultimately cleanseour scienceof all incorrect
‘facts’, hypothesesandsuggestions,anddeepenour

understandingof thecycling of arseniccompounds
in nature.
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