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The influence of tri- and di-alkyltins (TATs and
DATs) as well as di- and triphenyltin compounds
(DPhTs and TPhTs) on haemolysis of red blood
cells (RBCs) and stability of planar lipid
membranes (PLMs) has been studied. The
results obtained show that the efficiency of TATs
(trimethyl-, triethyl-, tri-n-propyl- and tributyl-
tin chlorides) in destroying PLMs did not differ
greatly when the compounds were studied in
solutions of physiological pH (phosphate buffer,
pH 7.4). A decrease in pH to 5.0 caused small
changes in the efficiency of the three largest TAT
molecules and a significant decrease in the
efficiency of trimethyltin chloride. Both haemo-
lytic and PLM experiments showed that the most
active TAT was tri-n-propyltin chloride. The
destructive action of DAT (dimethyl- and
dibutyltin) and DPhT dichlorides was somewhat
more differentiated. Dimethyltin dichloride
(DMT) interaction with model membranes was
a little weaker than that of DPhT and dibutyltin
dichlorides and all these compounds influenced
the model membranes to a lesser extent than
TATs or TPhT. To bring about comparable
haemolysis effects the dichlorides had to be used
at much greater concentrations than the chlor-
ides. The haemolytic properties of the dichlor-
ides, especially of that of DMT, significantly
increased in solution at pH 5.0. TPhT chloride
interacted with model membranes similarly to
TAT chlorides. Also, no great difference in
efficiency of this compound was found for the
two buffer solutions used. Copyright # 2000
John Wiley & Sons, Ltd.
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INTRODUCTION

Industrial and agricultural development may bring
about growing environmental pollution, with many
substances introduced into the environment pur-
posefully or as waste products. Organometallic
compounds are in such categories and they are
usually more toxic than inorganic compounds of the
same metals.1–3 The organotin compounds studied
here are in this class and are responsible for a
number of pathological events occurring in living
organisms.4–6Although toxic organotin compounds
are used extensively as biocides7–9 andca 10–30%
of organotin production is introduced directly to the
environment,5,10 they constitute a lesser threat to
the environment than other organometals because
they are not as toxic as organic derivatives of some
other metals and because they degrade relatively
easily to less toxic or inorganic forms that are
regarded as nontoxic.11,12

It is postulated that the toxicological action of
biologically active compounds, including organo-
tins, operates at two different levels. One is the
molecular level, where toxic effects occur at
relatively low concentrations of the compounds
(10ÿ6–10ÿ7 mol dmÿ3)11,13 and concern perturba-
tion or disruption of metabolic processes in living
organisms. The second level is the cellular one,
where the concentration of biocide is usually, but not
necessarily, much higher (about two orders of mag-
nitude) and the effects observed concern changes in
physicochemical and/or mechanical properties of
biological walls and membranes.11,14–17 In each
case, the primary contact of organotins with living
organisms takes place at the cell wall and/or cell
membrane. The capability of cell membranes to
undergo structural perturbation by organometallic
compounds depends strongly on, among other
things, the nature of the compound and the number
of attached organic groups that determine compound
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lipophilicity, the counterionattachedto the metal
atom, the speciationof organotinsunderenviron-
mentalconditionsandthestructurestheymayform
in the environment.5,10,11,15–17,18–25Physicochem-
ical andtopologicalparametersdescribingorgano-
metalscanbeusedto predicttheir toxicitiesby the
quantitativestructure–activityrelationshipmethod
(QSAR).16,26–28However,thevalidity of theresults
obtainedby thismethod(theattemptbeingjustified
in view of thegrowingnumberof compoundsbeing
produced for application) dependson a proper
choice of available parametersdescribing these
compounds.

This work includesthe resultsof studieson the
interactionof severalorganotincompounds(differ-
entiatedin their polar and/orhydrophobicnature)
with erythrocytes(RBCs) and planar lipid mem-
branes(PLMs); its main aim wasto determinethe
roleplayedin this interactionby theparticularparts
of compounds.The interactionsweremeasuredin
terms of the concentrationsof the tin organic
compoundsthat cause destruction of PLMs or
100%haemolysisof erythrocytes.

Both types of measurementproved useful in
studieson the interactionsof different biologically
active substanceswith biological and lipid model
membranes.29,30

MATERIALS AND METHODS

Materials

All the organotincompoundsstudied[chloridesof
trimethyltin (TMT), triethyltin (TET), tri-n-propyl-
tin (TPT), tributyltin (TBT); dichlorides of di-
methyltin (DMT), dibutyltin (DBT); andchlorides
of triphenyltin (TPhT) and diphenyltin (DPhT)]
were purchasedfrom Alfa Products(Germany).
Planarlipid membraneswereformedfrom azolec-
tin dissolved in a mixture of n-decaneand n-
butanol,all purchasedfrom Sigma(USA). All the
chemicalsusedwereof analyticalgrade.

PLM experiments

Planarlipid membraneswereformedfrom a 1.5%
solution (w/v) of azolectinin n-decane–n-butanol
(1:1, v/v) on a holeof 1.5mm diameterin a Teflon
two-chambermeasuringcell. The compoundstu-
died were dissolvedin ethanol–watersolutionsto
give 0.01 M solutions. These were pipetted by
meansof calibratedmicropipettesdirectly into the
bath solution (12 ml) until their concentration

reached a critical value (CC) at which the
membranelifetime was not longer than 3 min.
Phosphatebuffer solutionsof pH 5.0 and7.4 were
usedasthe bathsolutions.The time necessaryfor
lipid membranesto achievea bimoleculararrange-
ment was about15 min at room temperature(ca
22°C).ThismeansthatunderCCconditionsnonew
membrane could be formed. The process of
membraneformation was monitoredoptically by
meansof a microscope.PLMswerealsocontrolled
continuously by observing the current with a
measurementsystemconsistingof a Keithley 617
ProgrammableElectrometerand a standardvolt-
metercontrolling theDC voltage(20 mV) applied
to the membraneby meansof calomelelectrodes
immersed directly in the bath solution. Each
experimentwasrepeatedat leastthreetimes.

RBC experiments

Measurementswere performedwith fresh hepar-
inizedpig blood.Two phosphatebuffersof pH 7.4
and5.0 wereusedasbulk solutions.Erythrocytes
were washedfour times in the bulk solution and
incubatedin thesamesolutioncontaininga chosen
concentrationof the tin organic.Thepercentageof
haemolysiswasmeasuredfor 1-ml samples,taken
at 0.5, 1, 1.5, 2, 3 and4 h of incubationat 37°C.
Thesampleswerecentrifugedandthehaemoglobin
contentin thesupernatantmeasuredwith aspectro-
photometer(Specol11;Carl Zeiss,Jena)at 540nm
wavelength.Haemoglobinconcentrationwas ex-
pressedas the percentageof haemolysedcells,
calculatedrelative to a samplecontainingtotally
haemolysederythrocytes.All tin organics were
dissolvedin ethanol,theconcentrationof which in
thesamplesdid not exceed1% (v/v).

RESULTS AND DISCUSSION

The results of experiments with planar lipid
membranes(PLMs) are summarizedin Table 1
which reportsthe critical concentrations(CCs) of
the tin organics, i.e. the concentrationscausing
destructionthe of PLMs in a time not longer than
3 min. The time coursesof haemolysisof erythro-
cytesunderthe influenceof chosenconcentrations
of organotinsat various pH valuesare shown in
Figs 1–6. The generalconclusionfrom the results
obtained by both types of experimentsis that
compoundshavingthreeorganicgroupsattachedto
the metal atom influencedthe model membranes
moreeffectively thandid dichlorides.This conclu-
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sion agreeswith prononsresultson the toxicity of
organotins. 5,15–17,22,24,28 The most haemolytic
compoundof thosecontainingthreeorganicgroups
attachedto tin wastri-n-propyltin chloride(Fig. 1).
This compound was found to be the most
destructive in PLM experiments,although the
CCs of triorganotins did not differ very much
(Table1).

A decreasein thepH of thebuffer solutionfrom
the physiological value to 5.0 acceleratedthe
haemolysisprocessslightly in the caseof triorga-
notins,buthadno greatinfluenceon thecompound
concentrationscausing100%haemolysis(Figs1,2,
5). Also, the CC values of thesecompoundsin
generaldiffered(Table1). Theonly exceptionwas
TMT chloride,for which thecritical concentration
was found to increasefrom 0.4mM at pH 7.4 to
1.1mM at pH 5.0 (Table1). It mustbe notedthat
someerrorscouldoccurin thedeterminationof the
CC valuesfor TPT and TBT chloridesdue to the
poorer solubility of thesetwo compoundsunder
experimentalconditions.No similar problemwas
met whenstudyingtheothercompounds.

All the diorganotin chlorides studied were
markedlyweakerin influencingmodelmembranes
than the triorganotinswith the physiological pH
phosphatebuffer. However,their haemolytictoxi-
city (Fig 3, Fig 4, Fig 6) increasedsignificantly in
pH 5.0 phosphatebuffer (abouttwo- to three-fold
for DBT and DPhT, and about seven-fold for
DMT). No such improvementin the destructive
efficiencyof thesecompoundswasfound in PLM
experiments(Table1).

The difference in the interaction with model
membranesbetweendi- and tri-organotins must
dependon various propertiesof the compounds.
The most important seem to be the molecular
stereochemistry,the net chargeor chargedensity
(with the resultingpolarity or hydrophilicity), the
partition coefficient;and the preferredstructurea
molecule adopts in its environment.As already
mentioned,someenvironmentalfeatures,aswell as

thoseconcerningthemembraneswith which thetin
organicsinteract,must be takeninto account.31,32

Some of these factors have been discussed;for
exampleit is generallyacceptedthat triorganotins
form dihydratedtrigonal bipyramidsin which the
organicgroupsaredistributedequatoriallyaround
the tin atoms,while diorganotinstake a tetrahy-
dratedoctahedralgeometry.20,21,26,32It is clearthat
lipophilicity is responsiblefor thestrongerinterac-
tions observed,in this work and elsewhere,of
triorganotinswith membranesin comparisonwith
diorganotinsand also the strongerinteractionsof
compounds having larger and more lipophilic
groupswithin thesamehomologousseries.22,33

However,this conclusioncannotbe generalized
(asshownin somefluorescencemeasurements).It
wasfoundthatthepartitioncoefficientbetweenegg
yolk lecithin liposomesand the bath solution for
tributyltin chlorideseemedto beindependentof its
lipophilicity.34 In a sensesuchconclusionsagree
with our earlierfindings35 andthe resultsobtained
in this work indicated that this compoundwas
somewhatweaker in its interaction with mem-
branesthan TPT chloride, especially in pH 7.4
solution.Also, TPhT chloride,a highly hydropho-
bic compound, was found to be slightly less
effective than TPT in haemolysingerythrocytes.
Theseobservationsunderlinethefact thatlipophilic
or hydrophobicpropertiesof organotinscan only
partially explainthemechanismof their interaction
with the model membranesused.The electronic
effectsat the polar regionof the membranes,must
alsobeconsideredevenif theelectricalpartof this
interactionplaysa lesssignificantrole comparedto
the lipophilicity or stereochemistryof organotins.
Thevalidity of suchanapproachhasbeenshownin
the caseof the interactionof variousbiologically
activecompoundswith thesamemodelmembranes
as those used in the present work.29,36 It was
postulatedthat the overall interactionof biocides
with model membranes is a combination of
hydrophobicand polar interactionsbetweenlipid
moleculesandmoleculesof thesubstanceincorpo-
rated into the model membranes.Hydrophobic
interactions were found to be predominant for
compounds possessingsufficiently long alkyl
chains, while the electronic properties of their
polarregionsplayedanessentialrole in thosecases
where hydrocarbonchains were short. Qualita-
tively, tin organiccompoundshaveto interactwith
modelmembranesin thesameway.Thelipid phase
of biologicalmembraneshasbeenproposedasone
of thepossiblesiteswheretin organicscaninteract
with membranes.5,14,15,20,25,31–35,37–39Thus,elec-

Table 1 Critical concentrations(CCs) of tin organics
for variousphosphatebuffer solutionsin PLM experi-
mentsa

CC (m M)

pH TMT TET TPT TBT DMT DBT TPhTDPhT

7.4 0.40 0.32 0.32 0.48 1.10 0.24 0.41 0.83
5.0 1.10 0.64 0.40 0.40 3.20 0.16 0.48 1.30

a Standarddeviationdid not exceed10%.
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trical interactionsof tin organicswith the lipid
phaseshouldtakeplaceat thepolarpartof thelipid
bilayer, with the phosphocholinegroupsof lipid
molecules.This interactionshould,in turn, depend
on the structuresthat tin organicsform in aqueous
environmentsandthedegreeof theirhydration.It is
assumedthat triorganotinchloridesare presentat
physiological pH in the aqueousphase as the

hydrolysis product R3SnOH (R = organic group).
(It is morecorrectto saythat thehydroxocomplex
dominates at neutral pH over the ionic form
R3Sn�.40)

A decreasein pH below 5–6 (dependingon the
tin compound)is followedby theappearanceof the
cationic diaquo form [R3Sn(H2O)2]

�.5,41 The ex-
ception is TMT chloride, for which the cationic

Figure 2 Haemolysisof TBT chlorideat pH 7.4and5.0.The
standarddeviationsdid not exceed6%.

Figure 1 Haemolysisof TPT chlorideat pH 7.4and5.0.The
standarddeviationsdid not exceed6%.
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form beginsto dominateat pH valueshigher than
5.0. Generally,in the pH rangestudiedwe would
expectto deal with neutral forms of triorganotins
which can interact with the phosphategroup of
lecithin by weakCoulombicinteractions.20,42It has
been shown that it is also possible that some
triorganotinscanlocalizein thehydrophobicpartof
lipid membranes.31 The moreintensiveinteraction

of triorganotinsobservedwith model membranes,
in comparisonwith diorganotins,is linked with
their localizationnearor at thehydrophobicpartof
the lipid bilayer, and that localizationdependson
the lipid species.As follows from PLM experi-
ments,the destructiveefficiency of TMT chloride
decreasedvery sharplyin bulk solution at pH 5.0
dueto the appearanceof the cationicdiaquoform.

Figure 4 Haemolysisof DBT dichloride at pH 7.4 and 5.0.
Thestandarddeviationsdid not exceed6%.

Figure 3 Haemolysisof DMT dichlorideat pH 7.4 and5.0.
Thestandarddeviationsdid not exceed6%.
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Theresultingincreasein polarity of this compound
could be the reasonfor its weakerinteractionwith
modellipid membranes.

The behaviour of diorganotin dichlorides in
aqueous environment is more complicated.
WhereasatneutralpH thehydroxoform dominates,
in thevicinity of pH 5.0variousdicationicforms40

of greaterpolarity occur that canstrongly interact

with modelmembranesin their polar region.Once
again,theweakestinteractionwith membraneswas
observedfor the methyl compoundof the diorga-
notin dichlorideseries.

The general conclusions coming from these
resultsareasfollows.

(1) The differencesbetweenthe interactionsof

Figure 6 Haemolysisof DPhT chloride at pH 7.4 and 5.0.
The standarddeviationsdid not exceed6%.

Figure 5 Haemolysisof TPhTchlorideatpH 7.4and5.0.The
standarddeviationsdid not exceed6%.
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particular seriousof organotinswith model
membranescanresultfrom thepreferenceof
the respective organotins to localize at
differentregionsof thelipid bilayer.It seems
that triorganotinscanpositionthemselvesat
or in the hydrocarboninterior of the lipid
membranewhereasdiorganotins prefer to
localizeat thepolarheadregionof thelipids.
Thedifferencesin localizationcanbecaused
by significantdifferencesin the lipophilicity
of the compoundsstudied.This conclusion
does not agrees with that drawn from
fluorimetric data39 and confirms that of
Ambrosiniet al.32

(2) In themostcases,changesin thesolutionpH
did notsignificantlychangetheinteractionof
organotinswith membranesimplying thatthe
sameforms of compoundexist at the pH
rangestudied(5.0–7.4).The only exception
was TMT chloride as shown in PLM
experiments.

(3) A significant increasein the interaction of
diorganotin dichlorides with erythrocytes
was found in the caseof the more acidic
environment(pH 5.0). This could be due to
thementionedchangesin diorganotinspecies
existing at this pH and to the change in
mechanical properties of the erythrocyte
membranescausedby a changedmembrane
organization in comparison with that at
physiologicalpH.43

No direct conclusionson the toxicity of com-
poundsstudiedcan be madeon the basisof the
resultsobtained.The discussiondoesnot concern
the possible interaction of tin organics with
membraneproteins. It concernsmodificationsof
the lipid phaseof biologicalmembraneswhich can
induce further biological effects via lipid–protein
interactions.
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