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Toxicity of triorganotin compounds to the
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The 14 triorganotin compounds that were bacteria and fungi-® The role of the X group is
screened against the brine shrimp, Artemia  not clear, as reports® cite both the insignificance
salina, were least effective against the first and importance of this group in the toxicity of
nauplii stage (24 h). This was attributed to the RzSnX compounds. Increased usage of these
presence of a yolk membrane which reduced the compounds has raised their concentrations in the
contact between the triorganotin compounds aquatic environment. Because of their toxic beha-
and the organism. The data indicated that the vior, numerous studies have been conducted on
species responsible for the toxicity is primarily  various aquatic organisms. For example, extensive
the hydrated triorganotin cation. However, the literature on the effects of tributyltins on aquatic
anion X group may also play a minor role inthe  organisms_such as bivalvés! dogwhelk***3
toxicity of these compounds. The observed order oysteP***>and periwinklé® have been reported.
of activity for the triorganotins does not parallel  Although triorganotin compounds are used effec-
their hydrophobicities, indicating that other  tively in the control of target organisms such as
factors must be involved in the toxicity mechan-  barnacles, teredo worms and sea grasgey may
ism. Copyright © 2000 John Wiley & Sons, Ltd.  also have the ability to affect non-targeted species
such as shellfis in the same environment. This is
because the non-targeted organisms may have
similar physiological or biological systems as the
target organism. Triorganotin compounds can pose
hazards to the aquatic biota either by direct
ingestion of the compounds by organisms or
indirectly by their contact with the compounds in
the water column or with resuspendﬁtlaéj sediment
containing the triorganotin compound. There
INTRODUCTION have been numerous toxicity studies on targeted
aquatic species, but few studies have been
%performed on aquatic organisms that occupy the
ower levels of the food chain. Studies on the lower
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Triorganotin compounds @8nX) have a wide
range of uses, depending on the R group that i

attached to the tin atoh> The RSnX series of levels of the food chain would give a more

organotin compounds are known to be effective | . f th o e :
biocides. For example, trimethyltin compounds areCOMPIete picture of the toxicity of triorganotin

highly toxic to insects  whereas tripropyltins are ComPounds in the environment, since triorganotins
to?dcyto Gram-negative bacterta® Cr))n ri)ﬁ/e other &re known to bioaccumulate in aquatic spe ies.

; ; : = The marine crustacearArtemia salina (brine
hand, tributyltins are toxic to Gram-positive shrimp) is a good test organism since it is found

in bodies of water with a wide range of salinity (10—

~—3\21 :
* Correspondence to: George Eng, Department of Chemistry an(1220 9 dm ) and is at the low end of the food

Physics, University of the District of Columbia, 4200 Connecticut chain. Its “fe, CYCIe from egg to the adult stage Is
Avenue, NW Washington, DC 20008, USA. completed within a few weeks. This latter feature
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Table 1 LCs values(um dm~3) of triorganotincompoundsafter 24 h of exposureagainstvariousnauplii stages

Compound 24h 48h 72h 96h

CysSnOH 2.40+0.49 0.31+0.05 0.264+0.05 0.264+0.05
CysSnCl 1.794+0.15 0.32+0.05 0.30+£0.01 0.42+0.05
CysSnBr 1.36+0.31 0.53+0.11 0.274+0.02 0.2940.02
CysSnF 1.524+0.08 0.57+£0.05 0.75+£0.02 0.54+0.05
MesSnOH 5.36+0.17 3.43+0.33 0.81+0.22 3.13+0.51
MesSnCl 5.87+ 0.07 3.75+£1.94 3.68+ 1.03 3.54+1.17
MesSnBr 4,554+ 0.86 2.01+0.78 2.384+0.16 1.48+0.37
BusSnCl 0.86+0.01 0.34+0.09 0.34+0.01 0.344+0.03
BusSnOAc 2.03+0.05 0.71+0.01 0.524+0.09 0.294+0.03
PhSnOH 3.98+0.33 1.80+0.16 1.624+0.22 1.044+0.05
PhSnCI 2.33+£0.16 1.48+0.02 1.30+0.08 1.19+0.02
(PhsSn)0O 1.57+ 0.36 0.38+0.08 0.324+0.07 0.20+0.01
PhSnOAc 2.00+0.10 1.47+£0.22 1.15+0.05 0.664+ 0.02
PhsSnF 4.12+0.30 1.48+0.19 1.524+0.30 1.03+0.05

2 Cy, cyclohexyl; Me, methyl; Bu, butyl; Ph, phenyl.

EXPERIMENTAL

Hatching conditions

The brine shrimp eggs (Artemia cyst§ were
obtainedfrom OceanStarInternational Haywood,
CA, USA. The hatching medium was made by

dissolving 34.7g of synthetic sea salt (Instant
Ocean, Aquarlum Systems,Mentor, OH 44060,

USA) in 1dm? of deionizedwater. The resultant
hatchingmediumwas placedin a 2 dm?® beakerto

which wasadded0.2g of dried Artemiseggs.The

beakerwasthenaeratedwith an airstonefor 24 h.

The hatching tank (beaker)was placed under a

fluorescentampor in anincubatorto maintainthe

temperaturebetween25 and 30°C. Food for the

brine shrimp was obtained from Ocean Star
International, Haywood, CA, USA. The shrimp
werefed at the 72 and 96 h developmentattages,
since the yolk membranewas exhaustedafter
approximately72h. The food was sprinkled over
the hatchingmediumtwice dalily.

Preparation of stock triorganotin
solutions

All compoundswere obtainedcommercially and
usedwithout further purification. The concentra-
tionsof thetrlorganotlnstocksolutlonsrangedrom
25to 1000mgdm™3, dependingon their solubility.
Dimethyl sulfoxide (DMSO) or 95% ethanolwas
usedasthe solvent. The DMSO was spectrograde
guality while the 95% ethanolwas reagentgrade.
Tricyclohexyltinchlorideandbromide triphenyltin

Copyright© 2000JohnWiley & Sons,Ltd.

chloride, hydroxide and fluoride, bis(triphenyltin)
oxide, tributyltin acetateand trimethyltin chloride
and hydroxide were dissolvedin dimethyl sulf-
oxide. The remaining compounds, tricyclo-
hexyltin hydroxide and fluoride, triphenyltin acet-
ate, tributyltin chloride and trimethyltin bromide,
weredissolvedin 95% ethanol.

Toxicity assay

The toxicity assayswere performed in plastic
disposablePetri dishes (100mm x 15mm) using
20 brine shrimpsfor eachconcentratiorof interest.
The brine shrimpswere transferredemploying a
micropipettewith avolumebetweerb and20 ul of
hatching medium, dependingon the size of the
shrimp. Deionized water and aliquots of the
triorganotinstocksolutionwereaddedo eachPetri
dish to give the deswedconcentraﬂon .The total
volume in the Petri dish was 20cm®. Analytical
analysis showedthat the total tin concentration
remained constant during the test period. The
initial- dose range was done at concentrationsof
5.0 x 10 3to 2.0mgdm. 3 Eachconcentratiorand
control was performedin triplicate. The control
consistedf brine shrimp,deionizedwaterandthe
appropriatesolvent. The mortality rates for the
developmentafnauplii) stageg24,48,72and96 h
after hatching) and the control were determined
after a 24-h exposureo the testcompound A 0%
mortality was observedfor the control. The mean
lethal concentration].Csq (the dosewhich caused
50% mortality), values were calculated by the
Reed—Muenchanalysis method**?* which in-
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Table 3 Comparisorof thetoxicity of RsSnX asa function of the R group

X 24h 48h 72h 96h

OH™ Cy > Ph> Me Cy > Ph> Me Cy > Me > Ph Cy > Ph> Me

ClI™ Bu > Cy > Ph> Me Bu, Cy > Ph> Me Cy > Bu>Ph> Me Bu > Cy > Ph> Me
Br- Cy > Me Cy > Me Cy > Me Cy > Me

F Cy>Ph Cy> Ph Cy>Ph Cy>Ph

OAC Bu=Ph Bu > Ph Bu> Ph Bu > Ph

volved two graphs.The first graphcomprisedtwo
curvesobtainedby plotting the numberof accu-
mulated deathsand the number of accumulated
survivorson two different vertical axesagainstthe
log concentratiorof the toxicant. The intersection
of the two curvesgavethe LCsq value. The LCsq
valuewasconfirmedby a secondyraph,consisting
of aplot of the percentagenortality againstthelog
concentrationof toxicant. The LCsy values ob-
tainedusingeitherplot shouldbeidentical.

RESULTS AND DISCUSSION

The developmental(nauplii) stagesof the brine
shrimpweredividedinto four time periodsbasecn
the numberof hours(24, 48, 72 and96 h) afterthe
shrimp eggs were hatched. The mean lethal
concentrations(LCsg) in pm and their standard
deviationsfor the compoundgestedon the various
nauplii stagesof the brine shrimp are reportedin
Table 1. Results from Table 1 show that the
triorganotincompoundsvereleasttoxic to thefirst
naupliistage(24 h stage) Thisreducedoxicity was
attributedto a yolk membranepresentin the first
nauplii stage. This membraneservesas a food
source for the brine shrimp in its first 72h of
existence.The membranealso actsas a barrierto
thetriorganotincompoundsindpreventghemfrom
interactingwith theorganismAs shownin Tablel,
the compoundsecamemore effective asthe yolk
membranewas lost since,in generaltherewasa
decreaséan the LCsg valuesfrom the 24 h to the
72h stage. The results also indicate that the
trimethyltins were the least effective, with the
exceptionof the 72h stagefor trimethyltin hy-
droxide. Numerousreplicationsof the 72h stage
have resulted in similar LCgo values (0.81um
dm~3). At presentwe cannotexplainthis feature.
The overall trimethyltin resultsare in agreement
with earlier studiesestablishingthat trimethyltins
weretheleasteffectivecompoundsvithin ahomol-

Copyright© 2000JohnWiley & Sons,Ltd.

ogous series when tested against other aquatlc
speciessuchas the water flea, Daphniamagna®*
andmud crab, Rhithropanopeusarrisii.>®

The biocidal potencyof the compoundstested
wasfurtherevaluatedy comparingheirtoxicity as
a function of the X group (Table 2) and R group
(Table 3) attachedo thetin atom.It wasexpected
that the degreeof interactionof the cationic and
anionicspeciesaswell asthe hydrophobicityof the
triorganotins would contribute to the overall
toxicity of the triorganotincompoundsThesetwo
criteria havebeencited asthe dominantfactorsin
theirtoxicity againsthe zoeaeof Rhithropanopeus
harrisii.?®

As evidentfrom Table 2, thereappeargo be a
minor correlationbetweenthe X groupattachedo
the tin atom and its toxicity. For example,
triphenyltin acetateis more effective than triphe-
nyltin chloride, while tricyclohexyltin bromide is
more effective thantricyclohexyltin fluoride in all
nauplii stages.This is in agreementwith other
studiesthat indicate that the X group may have
some effects on the biological propertles of
triorganotins within a particular series®?” The
occasionalreversibility observedfor the order of
toxicity asafunctionof the X groupmaybedueto
thelow toxicity of X itself, the varioussizesof the
brine shrimp at a given nauplii stageand/or the
fluctuationswithin experimentakrror.More likely,
it is dueto a combinationof thesefactors.Thus, it
appearghatthe overall toxicity of the triorganotin
compoundss independenof the X group,sinceno
definitive trendwasobservedThls phenomenoiis
well cited in the literature?® Assumingthat the X
group plays a minor role in the toxicity, thenthe
speciesnostlikely to beresponsibldor thetoxicity
is the hydrated RsSn" species. This type of
explanationhas beenemployedin explainingthe
antifun gal activities of various triphenyltin com-
pound

Examinationof Table3 indicategthat,in general,
theorderof activity for thetriorganotinsagainsthe
brine shrimp is butyl > cyclohexyl> phenyl>

Appl. Organometal Chem.14, 349-354(2000)
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methyl. With the exception of trimethyltin hy-

droxide,the occasionateversibility may simply be

attributableto fluctuationswithin the parametersf

experimentakrror. The sameorderof toxicity was
observedy Badshaetal.>* whentheyinvestigated
the toxicity of a seriesof di- and tri-organotin
carboxylatesof mefenamicacid and thiophene-2-
acrylic acid againstthe brine shrimp, exceptthat
their studydid not includethe butyltins. The order
of toxicity observedy Badshaetal.*3in theirstudy
parallels the hydrophobicity of the triorganotin
compoundsHydrophobicityof compoundsanbe

correlatedto their log P values,where P is the

partition coefficient of the compound between
1-octanol and water. The averagelog P values
calculatedor tricyclohexyltins, tributyltins, triphe-

nyltins and trimethyltins using the ClogP program
(BioByte Corporation,Claremont,CA, USA) are
5.5,3.8,3.3and—0.51, respectively.

Resultsin the presentstudy indicate that the
hydratedtriorganotincationis the primary species
responsiblefor the toxicity of the compounds
tested. This species has been cited as being
responsible for the inhibition of Ceratocystis
ulmi.®? The ability to form cationsis dependent
on the type of ligands attachedto the tin atom,
whereagheefficacyof thecompoundss dependent
on the transportof the cation through the cell’'s
phospholipidnembranélipid bilayer)aswell asits
ability to interactwith the mitochondriaof the cell
and/or other componentf the aqueouscytosol.
The morehydrophobiccompoundsre expectedo
penetratehelipid bilayer membranesasilybut are
also more likely to be sequesteredn the lipid
bilayer membranethus reducingtheir interaction
with the mitochondria. Simple partition theory
indicates that bioaccumulationis related to the
uptake and elimination rates. Bioaccumulation
results when the uptake rate is greaterthan the
elimination rate of the compound.Greaterbioac-
cumulation of increasingly hydrophobic organic
moleculeshas been shown experimentallyto be
relatedto slowereliminationkinetics.

Passageof compoundsthrough the membrane
dependsnot only on the lipophilicity of the
compoundbut alsoon molecularcharge sizeand
solubility of the chemical.ln termsof lipophilicity,
extremelyhydrophobicorganiccompoundglog P
>6.0) bioaccumulatdess than predicted®*3° but
the uptake of moderatelylipophilic compounds
(logP=3 or 4) by aquatic species increases
somewhatwith the partition coefficient® as was
observedwith the brine shrimp (Bu > Ph> Me).
Large organiccompoundssuchasthe tricyclohex-

Copyright© 2000JohnWiley & Sons,Ltd.

yltins may be further retarded by their higher
molecularweight. Gobasetal.*” suggestedhatthe
membrane—watepartition coefficient declinesin

proportion to the partition coefficient of highly

lipophilic solutesbecauseof the increasedenergy
required to force the large moleculesinto the
structured phospholipid membrane,as was ob-

servedwith thetricyclohexyltins(log P > 5). Since
the orderof toxicity of the compounddesteddoes
not parallel their hydrophobicitiesjt is clear that
thetoleranceof thebrineshrimpto thetriorganotins
mustdependon additionalfactorssuchasthe type
of anionicsubstituentprganicligand, ageandsize
of the nauplii aswell ason normalpartitiontheory.

Less hydrophobic molecules such as the tri-
methyltin compoundsdo not penetratethe phos-
pholipid membraneas effectively as the other
triorganotincompoundsndasa resultthey exhibit
a lower potency. Nichols et al.*® observedthat
hydrophilic compounds (logP < 1) partitioned
poorly and had limited uptake by the organism,
thusaccountingfor the high LCsq valuesobserved
for the trimethyltins.

Triorganotins are believed to bind to the
mitochondriaand inhibit oxidative phosphoryla-
tion.3® They canalsoact as CI"/OH~ exchangers
acrossthe mitochondrialmembraneresultingin a
disturbanceof the protongradient®® Although the
mechanismsf toxicity of triorganotinsarenotwell
understood,the triorganotin-inducedphenomena
suchasa decreasén mitochondrialrespirationand
red blood cell lysis suggestthat the triorganotin
toxicity is at the membrandevel and may involve
proteinsand/orphospholipids:®4°

Our results suggestthat the efficacy of the
triorganotin compoundgowardsthe brine shrimp
is dependenbn severalfactors,two of which are
the hydrophobicity of the compoundsand the
ability of the triorganotinsto form their respective
cation.Additional factorsmustbe consideredince
these two alone would make the tricyclohexyl
compoundsnoreactive.Otherfactorsmayinclude
the uptakeof the compoundby the organism,the
transportand distribution of the compoundwithin
the organism,and the ability of the organismto
metabolizeéhecompoundHowever furtherstudies
are neededo elucidatethe importanceof eachof
thesefactors.
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