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We have studied the cytotoxicity in vitro of
tetramethylarsonium hydroxide (TetMA-OH),
which is found in some marine animals, in
various murine immune effector cells, including
splenocytes, thymocytes, Peyer’s patch (PP)
lymphocytes, peritoneal macrophages (PMs)
alveolar macrophages (AMs) and bone-marrow
(BM) cells, using synthetic material which was
compared with an inorganic arsenical, sodium
arsenite. Arsenite showed strong cytotoxicity in
these cells, with an IC50 (the concentration that
reduced the number of surviving cells to 50% of
that in untreated controls) of about 2–9mmol
dmÿ3. In contrast, TetMA-OH was less toxic,
even at a concentration above 10 mmol dmÿ3, in
these immune effector cells, and no enhancement
effect on the viability of the cells was observed.
These data suggested that TetMA-OH had no
biological effect, either toxic or modulating on
any immune effector cellsin vitro. Copyright #
1999 John Wiley & Sons, Ltd.
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INTRODUCTION

Arsenic has had the reputation of being a poison for
centuries.1 Epidemiological studies have suggested

that an inorganic arsenical, arsenite, has high
toxicity; its LD50 in mice is 35 mg kgÿ1,2 and it
has also been shown to be carcinogenic in
experimental animals and human.1 We previously
reported that marine animals, such as clam, crab,
lobster, shrimp and fish, which are ingested daily as
seafood in many countries, contain very high
concentrations of arsenicals, about 4–80mg gÿ1.3

These arsenicals are generally in the form of water-
soluble organic arsenic compounds, and the
trimethyl(carboxymethyl)arsonium zwitterion,
namely arsenobetaine, is a major organic arsenic
compound in marine animals.4 We examined the
toxic effect of arsenobetaine on living systems
using synthesized material, and found that it had no
acute toxicity in murine models even above 10 g
kgÿ1, when it was orally administered.2 Subse-
quently we observed that the cytotoxicityin vitro of
arsenobetaine is very weak compared with those of
inorganic arsenicals in cultured murine macro-
phages and splenocytes.5 These data imply that
arsenobetaine has no toxicity in mammalian living
systems.

In 1987, Shiomiet al. detected a new minor
water-soluble organic arsenic compound from the
branchia of a clam,Meretrix lusoria,6 and some
lower marine animals, such as the sea hare,Aplysia
kurodai, and the sea anemone,Parasicyonis
actinostoloides.7 The chemical structure of this
organic arsenic compound was that of a tetra-
methylarsonium salt, and this caused great concern
with respect to human health because the tetra-
methylammonium ion, i.e. tetramine, the nitrogen-
ous analogue of the tetramethylarsonium ion, has
been known to be a causative agent of numerous
intoxications in Japan due to the ingestion of sea
snails, such asNeptunea arthritica.8,9 Therefore,
we examined the lethal toxicity of the tetramethyl-
arsonium ion in mice using synthetic tetramethyl-
arsonium iodide or chloride, and found that these
tetramethylarsonium halide salts showed significant
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acute toxicity; their LD50 was 890mg kgÿ1 or
580mg kgÿ1, respectively.9,10 Additionally, we
recently reportedthat tetramethylarsoniumiodide
also exhibited a weak cytotoxicity in vitro in
culturedmurinesplenocytes;theconcentrationthat
reducedthe numberof surviving cells to 50% of
thatin untreatedcontrols(IC50) was6 mmoldmÿ3.5

Taken together, the tetramethylarsonimion was
believedto havesignificanttoxicity in mammalian
living systems,althoughotherresearchersindicated
that this weaktoxicity of the tetramethylarsonium
halide salts might be dependenton the halogen
atoms.

In this study, we first examinedthe detailed
cytotoxic effects in vitro of tetramethylarsonium
hydroxide(TetMA-OH), which waspreparedfrom
synthetic tetramethyarsoniumiodide using an
anionic ion-exchangeresin column, on various
murine immune effector cells, and found that
TetMA-OH had no cytotoxicity in thesecells in
vitro.

EXPERIMENTAL

Reagents

Sodium arsenitewas purchasedfrom the Wako
PureChemicalCo.(Osaka,Japan).TetMA-OH was
preparedfrom pure tetramethylarsoniumiodide,
whichwassynthesizedby theproceduresdescribed
in our previous reports,10 using on anionic ion-
exchangeresin(Dowex 2� 8, OH type; Muroma-
chi Kagaku Kogyo Kaisha,Co., Tokyo) column,
andwasrecrystallizedtwice from dried n-butanol.
The structure of this preparedTetMA-OH was
confirmedby fastatombombardmentmassspectro-
metric (FAB MS) analysis(seeFig. 1).

Mice

Male CDF1 (BALB/c �DBA/2) mice were pur-
chasedfrom JapanSLCInc. (Shizuoka,Japan).The
micewereusedat 6–8weeksof ageandwerebred

Figure 1 Primarystructureandmassspectrumof syntheticTetMA-OH. TheFAB MS of theTetMA-OH wasperformedusinga
FinniganMAT TSQ-700massspectrometer(FinniganCo.,SanJose,CA, USA) equippedwith aFAB ion sourceandxenonatomsat
8 keV. ThereareTetMA-OH signalsat m/z135 [MÿOH]� andm/z153 [M�H2O]�.
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underspecificpathogen-freeconditions.Theywere
fedsterilizedlaboratorychow(LabDiet;PMI Feeds
Inc., Richmond,IN, USA), given sterilizedwater
ad libitum and kept in a temperature-controlled
room(22°C) in groupsof ten.

Cells

Immune effector cells were obtainedfrom mice
anesthesizedwith ethyl ether.Single-cell suspen-
sionsof splenocytesor thymocyteswereprepared
by teasingthespleen5 or thymus11 with a sterilized
steel screen in Eagle’s MEM medium (MEM
medium; Nissui PharmaceuticalCo., Tokyo). A
single-cell suspension of Peyer’s patch (PP)
lymphocyteswaspreparedby cutting the PPwith
a scalpelbladeandthengently teasingit with two
slide glassesin MEM medium containing 10%
heat-inactivatedfetal calf serum (FCS–MEM).11

Peritonealmacrophages(PMs)12 or alveolarmacro-
phages(AMs)13 were collected by washing the
peritonealcavity or by bronchial lavage,respec-
tively, using Ca2�-and Mg2�-free phosphate-buf-
fered saline (PBS) containing 0.05% ethylene-
diamine tetra-acetate.Bone-marrow (BM) cells
werepreparedby flushingthe femoralshaftsusing
MEM medium.11 Theseimmuneeffectorcellswere
washedtwice with MEM mediumandresuspended
in FCS–MEMmedium.

Assay for cytotoxicity

Lymphocytes (splenocytes,thymocytes and PP
lymphocytes;2.5� 105 cells / 100ml per well),
macrophages(5� 104 cells / 100ml per well) or
BM cells (5� 105 cells / 100ml per well) were
incubated with arsenite (1–20mmol dmÿ3) or
TetMA-OH (20mmol –10mmol dmÿ3) on flat-
bottomed 96-well tissue culture plates for 48h
(macrophages)or 72h (lymphocytesandBM cells)
at 37°C in a CO2 incubator with FCS–MEM
medium.The viability of the cells wasdetermined
by measuringlive cellsusingtheAlamarBlue(AB)
assay,which is similar to theMTT assay.14 Briefly,
six hoursbeforethe end of the incubation,10ml/
well of AB solution (Iwaki Glass Co., Chiba,
Japan)wasaddeddirectly to the96-wellplates,and
the absorbanceat 570nm (ref. 630 nm) was
measuredusing a microplate reader,model 550
(Bio-Rad Laboratories,Hercules,CA, USA). Ar-
senicalsthemselvesdid notaffecttheabsorbanceof
the AB solution, even at a concentrationabove
40mM.

Assay for lymphocyte blastogenesis

Lymphocytes(2.5� 105 cells / 100ml per well)
wereincubatedwith arsenite(1–20mmol dmÿ3) or
TetMA-OH (20mmol–10mmol dmÿ3) on flat-
bottomed96-well tissueculture platesfor 72h at
37°C in a CO2 incubator in the presenceof
submitogenic concentrationsof T lymphocyte
mitogen, concanavalin A (Con A; Sigma;
2.5mg cmÿ3), or B lymphocytemitogen,lipopoly-
saccharide(LPS, O111:B4; Sigma; 50mg cmÿ3),
and the blastogenesiswas determinedby the AB
assay.5

Statistics

Statistical evaluationsin someexperimentswere
performed by Student’s t-test. P< 0.05 was
consideredsignificant.

RESULTS

Effect of TetMA-OH on the viability
and blastogenesis of lymphocytes

Lymphocytes (splenocytes,thymocytes and PP
lymphocytes) were incubated with arsenite (1–
20mmol dmÿ3) or TetMA-OH (20mmol–10mmol
dmÿ3) in the presenceor absenceof the T
lymphocytemitogen(Con A; 2.5mg cmÿ3), or the
B lymphocytemitogen(LPS;50mg cmÿ3), for 72h
at 37°C in aCO2 incubator,andtheviability of the
cells was determinedby AB assay.As shown in
Fig. 2 arsenitestrongly decreasedthe viability of
splenocytesincubatedwith or without Con A or
LPS; their IC50 valueswere about 2mmol dmÿ3

(with ConA), 2.5mmol dmÿ3 (with LPS)or 5mmol
dmÿ3 (mediumalone),respectively.However,an
organic arseniccompoundfound in somemarine
animals, TetMA-OH, was less toxic even at
concentrationsabove10mmoldmÿ3 in splenocytes
with or without mitogens.In Fig. 3 arsenitealso
exhibitedastrongcytotoxicity in thymocytesin the
presenceor absenceof ConA, and its IC50 was
about5–6mmol dmÿ3. In contrast,TetMA-OH had
no cytotoxicity in the thymocytes, even above
10mmol dmÿ3. A similar resultwasalsoobserved
in thePPlymphocytes(datanot shown).
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Effect of TetMA-OH on the viability
of macrophages or BM cells

Subsequently,weexaminedthecytotoxiceffectsof
TetMA-OH comparedwith thoseof arseniteusing
other immuneeffectorcells, suchasmacrophages

andBM cells. Thesecells havebeenknown to be
very sensitiveto changesin environmentalcondi-
tions.15 Macrophagesor BM cells were incubated
with arsenite (1–20mmol dmÿ3) or TetMA-OH
(20mmol–10mmol dmÿ3) for 48h (macrophages)
or 72h (BM cells)at 37°C in a CO2 incubator,and
the viability of the cells was determinedby AB
assay.As shown in Figs 4 and 5, TetMA-OH
showedabsolutelyno cytotoxicity, even at con-
centrationsabove10mmol dmÿ3 in eithermacro-
phages(PMs and AMs) or BM cells, although
arseniteexpresseda strong cytotoxicity in these
cells; its IC50 was about 5 or 9mmol dmÿ3,
respectively.

Figure 2 Effect of arseniccompoundson the viability and
blastogenesisof murinesplenocytes.Splenocytesisolatedfrom
CDF1 mice were incubatedwith various concentrationsof
arsenite(*) or TetMA-OH (*) in the presenceor absenceof
Con A (2.5mg cmÿ3) or LPS (50mg cmÿ3) for 72h at 37°C,
and cell viability was determinedby AB assay.Resultsare
expressedas arithmetic mean� S.D. of duplicate dishes.
*P< 0.001 in comparisonwith splenocytesincubatedwith
mediumalone;** P< 0.05;*** P< 0.01.

Figure 3 Effect of arseniccompoundson the viability and
blastogenesisof murinethymocytes.Thymocytesisolatedfrom
CDF1 mice were incubatedwith arsenite(*) or TetMA-OH
(*) in thepresenceor absenceof ConA (2.5mg cmÿ3) for 72h
at37°C,andcell viability wasdeterminedby AB assay.Results
are expressedas arithmetic mean� S.D. of duplicate dishes.
*P< 0.001 in comparisonwith thymocytes incubatedwith
mediumalone;** P< 0.01.
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DISCUSSION

We have demonstratedthat TetMA-OH, a minor
organic arseniccompoundfound in somemarine
animals, had no cytotoxicity in vitro in some
murine immune effector cells, including spleno-
cytes, thymocytes,PP lymphocytes,macrophages
and BM cells. We previously reported that a
tetramethylarsoniumhalide salt, tetramethylarso-
nium iodide,showedweakbut significantcytotoxi-
city in murine splenocytesin vitro; its IC50 was
about 6 mmol dmÿ3.5 It was suggestedthat this
weak cytotoxicity in vitro of tetramethylarsnium

iodide might be dueto the influenceof the iodide
ion.16

In our previous paper, tetramethylarsonium
iodide exhibited a significant acute toxicity in
murine modelswhen orally administered,and its
LD50 was 890mg kgÿ1,9 which was the highest
LD50 of all the organic arseniccompounds.For
example,for the major organic (trimethyl)arsenic
compoundin marine animals,arsenobetaine,the
LD50 was >10g kgÿ1,2 and LD50 values for
mammalianmethyl metabolitesof the inorganic
arsenicalswere much higher, eg. monomethyl-
arsonic acid (>10g kgÿ1), dimethylarsinic acid
(= 1.2g kgÿ1) and trimethylarsineoxide (>10g
kgÿ1).17 Although the acute toxicity in vivo of
tetramethylarsoniumiodide wasnot similar to the
resultof thecytotoxicity in vitro, the rankorderof
the LD50 values of the other organic arsenic
compounds was similar to the results of the
cytotoxicity in vitro using culturedmurine tumor
cells.18 In our preliminaryexperiment,TetMA-OH
alsoshoweda significantacutetoxicity in murine
modelsafteradministrationof asingleoraldose;its
LD50 wasabout1.0g kgÿ1 (unpublisheddata).The
reasonwhy thestudyof thecytotoxicity in vitro of
TetMA-OH doesnotreflectits acutetoxicity in vivo
hasnot beenclarified. We reportedin a previous
paper that about 70% of a single doseof orally

Figure 5 Effect of arseniccompoundson the viability of
murine BM cells. BM cells isolated from CDF1 mice were
incubatedwith arsenite(*) or TetMA-OH (*) for 72h at
37°C, andcell viability wasdeterminedby AB assay.Results
are expressedas arithmetic mean� S.D. of duplicate dishes.
*P< 0.001 in comparison with BM cells incubated with
mediumalone.

Figure 4 Effect of arseniccompoundson the viability of
murine macrophages.PMs or AMs isolatedfrom CDF1 mice
wereincubatedwith arsenite(*) or TetMA-OH (*) for 48h at
37°C, andcell viability wasdetermined by AB assay.Results
are expressedas arithmetic mean� S.D. of duplicate dishes.
*P< 0.001 in comparisonwith macrophagesincubatedwith
mediumalone;** P< 0.01.
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ingestedtetramethylarsoniumiodide wasabsorbed
from the gastrointestinaltract in mice and then
excretedinto the urine without biotransformation
within 72 h.6 However,furtherdetailedanalysisof
the tissuedistribution and accumulationof tetra-
methylarsoniumiodide,including its effectson the
nervoussystem,havenot beencompleted.

It is very interestingthat tetramethylarsonium
saltsweredetectedfrom only somemarineanimals,
suchasthebranchiaof clamandthesurfaceof the
sea hare and sea anemone;6,7 although the final
putativebiologicalmetabolitein marineorganisms
(arsenobetaine)is widely distributed in various
marineanimals,including shellfish,seaanemone,
seaurchin, seaslug, cuttlefish,clam, snail, crab,
lobster,shrimp and other fish.3 Thesedata imply
that tetramethylarsoniumsaltsare producedvia a
minor metabolicpathway.We showedpreviously
that trimethylarsineoxide was detectedfrom the
culture supernatantsof micro-organismscollected
from thebranchiaof aclam,Meretrix lusoria, when
it was incubatedwith the major organic arsenic
compoundsin clams, i.e. arsenobetaine,but no
tetramethylarsenicals were detected.19 Hanaokaet
al. reported that the bacteria in seawatercould
decomposearsenobetaineto trimethylarsineoxide
andinorganicarsenicals,but couldnot convertit to
a tetramethylarsenical.20 On the other hand,
Hanaokaet al. also statedthat small amountsof
tetramethylarsoniumsaltswere presentin marine
sediments.21,22 These findings imply that tetra-
methylarsoniumsaltsdetectedfrom the seaclam,
seahareor seaanemoneoriginatedin the marine
sedimentsandweretrappedin the externaltissues
of theseanimals,suchasthe branchiaandsurface
tissue.

We recentlyreportedthat someorganicarsenic
compoundsin marineanimals,suchasarsenosugar,
a major organic (dimethyl)arseniccompoundin
seaweed,and arsenobetaineshowed unique im-
munopharmacologicaleffects in vitro on some
murine immune effector cells.23 However, we
suggestin the presentstudy that TetMA-OH has
no biologicaleffects,eithermodulatingor toxic on
thesecells in vitro.
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