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Compounds and Ionic Surfactants on Liposome
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Organometallic compounds and surfactants
constitute a potential threat to the environ-
ment. For that reason we have embarked on a
study of their joint action on membranes.
Model lecithin liposome membranes were
modified with the cationic surfactant tri-
methyldodecylammonium bromide or the
anionic surfactant sodium dodecylsulfonate,
and the effect of tripropyltin chloride on the
process of calcium (Ca2+ ) and praseodymium
(Pr3+ ) desorption from the liposome mem-
brane was studied.

Kinetic constants for the process of Ca2+ ion
desorption from lecithin liposome membranes
were determined using the radiotracer
method. The percentage of Pr3+ ion de-
sorption from liposome membranes was
measured by the 1H NMR method.

Trimethyltin, triethyltin and tripropyltin
alone caused increased Ca2+ and Pr3+ de-
sorption from liposome membranes with
increasing concentration of the compounds
and alkyl chain length. For both the processes
studied, a cationic surfactant brought about a
lower effectiveness of tripropyltin and an
anionic surfactant resulted in a higher effec-
tiveness.

The effect observed can be explained by
changes in the surface charge of the mem-
brane, induced by the surfactant modifiers
and by the concomitant change in the parti-
tion coefficient of the organotin. The results
obtained indicate a protective or harmful
joint action of the surfactants used with

tripropyltin on membranes. © 1997 by John
Wiley & Sons, Ltd.
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INTRODUCTION

Organotin compounds are used in many indus-
trial applications1–4 and also as agricultural
biocides.5–8 Their biological effects have
attracted much attention in recent years, since
organotins and their degradation products may
constitute a contamination threat to the natural
environment.9–11

The toxic properties of organotin compounds
depend on the biological object and on the
chemical structure of the compounds.12–14 Tox-
icity of trialkyltin compounds has been
confirmed in the case of mammals and algae,15–17

for instance. Since these compounds are soluble
in organic solvents, this property could lead to
the hypothesis that the primary step in organotin
action could be solubilization in the phospholipid
bilayer. The molecular nature of the trialkyltin–
membrane interaction is not yet clear, so we
thought it useful to undertake investigations in
this area. As the difficulty in studying this effect
in natural biological membranes lies in their
complexity and lability, we have used in our
studies—as have only a few other authors
studying the interaction of organotin compounds
with membranes18,19—a model membrane, i.e.
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phospholipid small unilamellar vesicles (SUVs).
The calcium ion plays an important and well-

known role in living organisms, and has been
investigated very extensively in biological and
model systems.20–22 It is very well adsorbed onto
the surfaces of the phospholipid bilayer23,24 and
its permeability through the lipid bilayer is very
low, which allows the flux of permeating calcium
ions to be neglected in desorption measure-
ments.23 Also the paramagnetic praseodymium
ion, when added to the suspension after lipo-
somes have been formed, anchors in the external
layer of the liposome membrane and slowly
penetrates into its interior25–27 and can also be
desorbed from the membrane.

We chose calcium and praseodymium ion
desorption as phenomena which can give infor-
mation not only about ion desorption or release
processes but also about the properties of the
membrane surface. The process of calcium ion
desorption studied by using the radioactive tracer
method and a 1H NMR technique using para-
magnetic praseodymium ions were also found to
be useful for studying the interaction between
biologically active compounds and model mem-
branes.28,29

A binary mixture of an organotin compound
with another active agent is often more effective
than either of its components separately, as was
reported for pesticidal compositions.5

The natural environment is affected not only
by organometallic compounds but also by many
other agents, such as surfactants; the coexistence
of such compounds in the environment may
influence their effect on biological objects.5 In
our earlier studies we paid attention to the
molecular mechanism of the interaction effect of
cationic and anionic surfactants on the structure
and function of model phospholipid mem-
branes.30–34 Thus, it seemed useful to undertake
investigations on the cooperative action of com-
pounds of the two groups mentioned, in order to
find out to what extent the surfactant-induced
modification of the membrane affects calcium
and praseodymium ion desorption processes
from phospholipid liposome membranes induced
by organometallic compounds.

MATERIALS AND METHODS

Materials
Egg lecithin (PC) was prepared according to the
method described by Singleton et al.35 Tri-n-

alkyltin (TAT chlorides), i.e. trimethyltin
chloride (TMT), triethyltin chloride (TET) and
tripropyltin chloride (TPT), were purchased from
Alfa. Trimethyldodecylammonium bromide
(TMDA) and dodecanesulfonic acid sodium salt
(sodium dodecylsulfonate; AS12) were purchased
from Fluka. Praseodymium chloride
(PrCl3·6H2O) and heavy water (D2o) were
obtained from Aldrich and Świerk (Poland),
respectively. All chemicals were of analytical
grade.

Radioactive tracer experiments
Small unilamellar liposomes (SUVs) were pre-
pared from egg-yolk lecithin by using sodium
cholate in Liposomat (Dianorm).36 The solution
used to form vesicles contained a 9.5 mM veronal
acetate buffer of pH 7.5 and 0.3 mM CaCl2

labelled with radioactive 45Ca. During vesicle
formation calcium cations were adsorbed at the
outer and inner liposome membranes.23 The
radioactive tracer was removed from the external
medium during liposome preparation.

The measuring set-up was composed of 16
vessels, each containing an outer chamber with a
coaxially mounted inner cylindrical chamber
with cellophane side walls. The chambers were
kept at 25 8C. The inner chamber was filled with
the liposome suspension (relative Ca2+ /lecithin
concentration ratio equal to 1:10), and the outer
one with the solution alone. Defined amounts of
the organotin compounds studied were added to
both compartments to give identical concentra-
tions on both sides of the cellophane wall. The
final concentrations ranged between 0.5 and
6.0 mM. In experiments with liposome mem-
brane modification by AS12 or TMDA
surfactants, defined amounts of stock solutions of
those compounds were added at first to both
chambers. After one hour of incubation of the
liposomes with surfactants, the appropriate
amounts of TPT were added to both compart-
ments in concentrations equimolar with the
surfactants studied. Aliquots were taken at cho-
sen time intervals and their radioactivity was
measured with a Packard liquid scintillation
counter. The experiments were repeated four to
six times for each compound studied.

The theoretical calculation of the transport and
desorption measurements previously described37

was used, with minor modifications. Briefly, in
order to determine the rate constant of the ion
desorption process, three-compartmental analy-
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sis was used. Calcium ions released from the
liposome membrane (first compartment) are in
the inner chamber (second compartment) from
which they pass through a cellophane membrane
to the outer chamber (third compartment). The
flux of the ions observed results from the
desorption process and permeation from the
interior of the liposomes. However, the latter flux
is negligibly small because of the very low
concentration of Ca2+ in the bulk inner medium
and its very low permeability through the lipid
bilayer.23

Solving a system of balanced kinetic equations
for the amount of radiotracer present in each
compartment, one obtains the following solution
for relative radioactivity, U (Eqn [1]):
U=(A∞ 2A)/A∞

=[b/(b2a)] e2at2 [a/(b2a)] e2bt [1]
where A∞ =equilibrium radioactivity (in cpm),
determined as A∞ =[Vo/(Vo +Vi)]A+[Vi/(Vo +Vi)]Ai;
Ai and A=radioactivity of samples taken from the
inner and outer chamber, respectively; Vi and
Vo =volume of the inner and outer chamber;
t=time; a=rate constant of the calcium ion
desorption process from liposome membrane;
b=rate constant of the calcium ion transport
through cellophane membrane (b was deter-
mined in a separate experiment).

Plots of logarithm of the relative radioactivity,
ln U, against time were constructed from experi-
mental points. Theoretically calculated curves
from Eqn [1] were fitted to them using a
computer-programmed Newton iteration method
that allows us to determine the optimal value of
the rate constant a.

1H NMR experiments
The stock solution of lecithin in chloroform was
stored at 220 8C. The lecithin was dried in a
nitrogen atmosphere and dispersed in D2O. The
final concentration of lecithin was 25 mg ml21.
The suspensions were sonicated for 30 min with
a 20 kHz sonicator with a titanium probe. During
sonication the dispersions were thermostated at
0–2 °C. The lecithin dispersion were divided into
0.5 ml samples and, in the case of unmodified
liposomes, first Pr3+ ions and then the TATs or
TMDA were added. In the case of modified
liposomes, anionic AS12 or cationic TMDA
compound was incubated with liposomes for 1 h
and after incubation Pr3+ ions and TPT com-
pounds were added and NMR data were
collected. The concentration ratios of the AS12 or

TMDA modifiers relative to lecithin concentra-
tion were 0.029; 0.057; 0.084 and 0.110. This
means that the highest concentration of modifier
in the samples was equal to 3.6 mM. The relative
concentration ratios of Pr3+ ions to lecithin were,
for unmodified samples and samples modified by
AS12, 1:6.76, and for samples modified by
TMDA, 1:3.38.

1H NMR spectra were recorded on a Bruker
Avance DRX 300 spectrometer at a temperature
of 30 8C. The 300 MHz 1H NMR parameters
were: spectral window 6173 Hz; digital resolu-
tion 145.2145 Hz/cm or 0.48348 ppm cm21;
pulse width 10.7 ms; acquisition and delay times
were 2.65 s and 1 s, respectively.

RESULTS

In Fig. 1, an example of the relation between
logarithm of relative radioactivity of samples and
time is presented. It can be seen (Fig. 1) that
radioactivity of samples in the outer chamber
increases with time and is dependent on TPT
concentration.

The final results, presented in Figs 2, 3 and 4,

Figure 1 A representative relationship between logarithm
of relative radioactivity, ln U, and time for several concen-
trations of the TPT+TMDA modifiers. U=(A∞ 2A)/A∞ ,
where A is the radioactivity of the sample taken from the
outer chamber and A∞ is the radioactivity of the sample at
infinite time. The theoretical curves (solid lines) have been
fitted to experimental points. Values of the kinetic constants
a, given in the legend, have been determined from a three-
compartmental analysis.
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show the relation between the relative rate
constant a/ao of the calcium ion desorption
process and the concentration of the compounds
studied. It can be seen in Fig. 2 that, in the
concentration range studied, an increased con-
centration of the TMT compound caused a small
increase in the rate constant, a little greater
increase for the TET compound and the greatest

increase for the TPT compound. Compound TPT
causes an increase in its concentration of up to
about 3 mM and then a/ao decreases a little for
higher concentrations.

For the most potent compound, TPT, the
results of surfactant modification are presented in
Figs 3 and 4. In each Figure three curves can be
observed: for TPT acting alone (for comparison);
for each surfactant acting alone; and for TPT
acting together with each surfactant.

No effect can be seen for AS12 acting sepa-
rately (Fig. 3), but for liposomes modified earlier
by anionic surfactant the increased equimolar
concentration of TPT caused an increase in the
rate constant of the calcium ion desorption
process up to about 3 mM, and then a decrease.
The modifying effect of the cationic surfactant
TMDA is presented in Fig. 4. After modifying
liposomes with TMDA, a decrease in the rate
constant of calcium ion desorption was observed,
as compared with a control, up to 5 mM TMDA
concentration, and then a sharp increase.

In Fig. 5, curve A shows the complete
300 MHz 1H NMR spectrum for unmodified egg
lecithin vesicles in D2O. The major (CH2)n, CH3

and choline headgroup N+ (CH3)3 resonances of
phosphatidtylcholines are well recognized.38,39

Those peak assignments are presented in Table 1.
Figure 5, curve B, shows selected spectra of egg
PC vesicles in D2O after addition of Pr3+ with an
extravesicular egg lecithin, to a Pr3+ ion concen-

Figure 2 Relative rate constant, a/ao, for the calcium ion
desorption process from liposome membranes against
concentration of the TMT, TET and TPT compounds. a and
ao are kinetic constants for modified and unmodified
membrane, respectively.

Figure 3 Relative rate constant, a/ao, for the calcium ion
desorption process from liposome membranes against
concentration of the AS12, TPT and AS12 +TPT compounds.
a and ao are kinetic constants for modified and unmodified
membrane, respectively.

Figure 4 Relative rate constant, a/ao, for the calcium ion
desorption process from liposome membranes against
concentration of the TMDA, TPT and TMDA+TPT
compounds. a and ao are kinetic constants for modified and
unmodified membrane, respectively.
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tration ratio equal to 6.76:1. The initial single
peak of the N+ (CH3)3 resonance is split by the
addition of ‘shift reagents’. The original ‘single’
peak is transformed into resolved downfield and
upfield components at a distance defined as
Dn[Hz].40 The ratio of the downfield signal from
the extravesicular (O) to the upfield resonance
from intravesicular (I) choline headgroups was
equal to 1.7 for unmodified liposomes, the
distance between the two peaks being propor-

tional to the concentration of the pra-
seodymium added to the extravesicular
medium.33,41,42 Figure 5, curve C, shows the
spectrum for egg lecithin liposomes modified
with the anionic AS12 compound, at a concentra-
tion relative to lecithin equal to 0.11 after
addition of Pr3+ ions. Figure 5, curve D, shows
the spectrum of the same samples as those in Fig.
5, curve C, after addition of TPT in equimolar
concentration relative to AS12. In Fig. 6, A, B, C
and D show analogous spectra but for the
cationic modifier TMDA and a Pr3+ /PC concen-
tration ratio of 1:3.38. The results of studies
performed with unmodified liposomes in the
presence of increasing amounts of TAT, and with
liposome modified with cationic TMDA or
anionic AS12 compounds in the presence of
increasing amounts of TPT, showed a differ-
entiated decrease in the choline headgroup signal
splitting (Dn) induced by the compounds added.
The percentage of Pr3+ desorption from the
membrane (being proportional to the decrease in
Dn) was calculated as the ratio of the Dn (Hz)
distance in the choline group signal splitting
coming from the outer and inner liposome
membrane layers after addition of TAT, to the
splitting in the absence of TAT. The results of the
calculation are presented in Figs 7, 8 and 9.
Figure 7 shows the percentage of Pr3+ desorption
induced by the three TAT compounds versus
their relative concentration CTAT (with respect to
CLEC) in the suspension of unmodified liposomes.
It is easily seen in Fig. 7 that the percentage of
ion desorption increases with increasing TAT
concentration according to the sequence:
TPT>TET>TMT. Figures 8 and 9 show the

Figure 5 300 MHz 1H NMR spectrum of the egg yolk
lecithin liposomes (25 mg lipid/ml) at 30 8C. The HOD
peak at 4.700 ppm was used as the reference signal. Curve
A, obtained prior to addition of Pr3+ to the vesicle
suspension; the main signals come from the choline
headgroups, N+ (CH3)3, acyl chain methylenes, (CH2)n, and
terminal methyl groups, CH3. Curve B, after addition of Pr3+

at extravesicular PC/Pr3+ concentration ratio=6.76:1, show-
ing a resolved upfield shift signal from the intravesicular
choline headgroup [N+ (CH3)3]in, and a downfield shift
signal from the extravesicular choline headgroup,
[N+ (CH3)3]out. Curve C, liposomes after extravesicular Pr3+

addition (at PC/Pr3+ concentration ratio=6.76:1) and mod-
ification for 1 h with 1.8 mM AS12 compounds. Curve D,
spectrum of the samples as in C, after addition of TPT in
equimolar concentration relative to AS12.

Table 1. Peak assignments for sonicated egg lecithin
liposomes in D2O before and after addition to external-
medium Pr3+ cations

Peak assignmentsb Chemical shift, d (ppm)c

-CH3 0.827
-(CH2)n- 1.217
-N+ (CH3)3 3.187
HOD 4.700
[-N+ (CH3)3]out 3.340d

[-N+ (CH3)3]in 3.144d

a Relative concentration of lecithin to Pr32 ions was 6.76:1.
b Assignments were made according to Refs 39–42 and
standard chemical shift correlation tables.
c The peak of HOD at 4.700 ppm was used as the reference
signal.
d Data after the addition of Pr3+ -shift reagent.
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percentage of Pr3+ ion desorption from liposome
membranes induced by the addition of TPT to
the suspension of liposomes modified with the
anionic AS12 compound (Fig. 8) and the cationic
TMDA compound (Fig. 9) versus their concen-
tration relative to lecithin. It is apparent in Fig. 8
that the percentage of Pr3+ desorption from
liposomes modified with the anionic detergent
AS12, induced by the added TPT, increases faster
with its concentration than it did for unmodified
liposomes. A reverse effect can be noted in Fig.
9. Liposome membranes modified with the
cationic detergent TMDA showed a markedly
lower desorption of Pr3+ than unmodified lipo-
somes.

Figure 6 300 MHz 1H NMR spectra of lecithin liposomes
at 30 8C. The HOD peak at 4.700 ppm was used as the
reference signal. Curve A, the pure lecithin liposome
(25 mg PC/ml). Curve B, after addition of Pr3+ ions at PC/
Pr3+ concentration ratio=3.38:1. Curve C, lecithin
liposomes after extravesicular Pr3+ addition (at PC/Pr3+

concentration ratio=3.38:1) and modification for 1 h with
1.83 mM TMDA compounds. Curve D, after addition to the
samples as in C of TPT in equimolar concentration relative
to TMDA.

Figure 7 Percentage of Pr3+ ion desorption versus con-
centration of TAT compound added to the lecithin liposome
dispersion (25 mg lecithin/ml). Percentage desorption was
calculated as the change in the signal splitting caused by the
addition of TAT compound to a liposome dispersion in the
presence of constant extravesicular concentration (relative
to lecithin) of Pr3+ ions relative to the signal splitting caused
by Pr3+ ion in the absence of TAT.

Figure 8 Percentage of Pr3+ ion desorption (or sorption)
versus the concentration of compound added to the lecithin
liposome (25 mg lecithin/ml) dispersion. Percentage de-
sorption (or sorption) was calculated as the change in signal
splitting caused by addition of the compounds studied to the
liposome dispersion (unmodified or modified by AS12) in the
presence of a constant extravesicular concentration of Pr3+

ion relative to the change in signal splitting cause by Pr3+

ion without any addition. Pr3+ /lecithin concentration
ratio=1:6.76.
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DISCUSSION

It can be seen from the experimental procedure
and results described above, and from other
papers,23 that calcium ions are adsorbed at both
surfaces of liposomes. The binding sites are
localized at the phosphate groups which are the
carriers of the negative part of the delocalized
charge of the lecithin polar head groups. Pra-
seodymium ions interact also with negatively
charged phosphate groups but in our experiments
only at the outer layer of the liposome mem-
brane. Single ions like calcium or praseodymium
complex more than one phosphate binding
center.43 The presence of adsorbed ions means
that, contrary to the membranes of ‘pure’ lecithin
which are electrically neutral in the range of pH
from 3 to 10,44 the membranes used in our
experiments have mostly an initially strong
positive charge.

The presence of trialkyltin compounds in the
liposome dispersion influenced both the calcium
ion desorption process and that of praseodymium
ions in a similar way. Increased concentration of
organotin compounds caused an increased
release of both the ions from the membrane up to

a concentration of about 3 mM (Figs 2 and 7).
For higher concentrations of TAT compounds

it can be seen that the rate constant of calcium
ion desorption from the membrane (Fig. 2)
assumes a definite character. Two effects acting
in opposition may be responsible for such a
course of the curves. Both Ca2+ ions and TAT
compounds can induce a fusion or aggregation of
liposomes,18,45 with a resultant decrease in the
surface available for Ca2+ desorption. Although
desorption is favored by increasing concentra-
tion, both of these effects almost cancel out.

Trimethyltin chloride (M3SnCl) dissolves in
water to form a diaquo cation {M3Sn(H2O)2}

+

and the longer-chain trialkyltin chlorides, which
are less soluble in water, probably give similar
cationic diaquo species on hydration.46 Heywood
et al.18 suggested that such TAT diaquo ions are
weakly associated with the phosphate group of
the phospholipid membrane. One may suppose
that the TAT ions compete with Ca2+ and Pr3+

ions for binding centers in the phosphate group,
causing their release. The longer the alkyl chains
of the compounds studied, the stronger an effect
was observed. A similar sequence was observed
for toxicity of many biological compounds.17

This means that the increasing alkyl chain
lengths of the organotins, TPT>TET>TMT,
may cause an increase in their hydrophobicity,
resulting in greater partitioning of the organotin
compounds in the lipid phase.47

As the tripropyltin chloride causes the strong-
est effect, for further experiments we have
chosen that compound.

Our results, in agreement with those obtained
previously in our laboratory with other different
surfactants,30–34,48 and also those reported by
other authors,49,50 suggest that adding such com-
pounds to liposome dispersions results in
incorporation of the compounds into the lipid
membrane. It can be expected that the hydro-
phobic part of the compound is localized in the
hydrocarbon region of the bilayer, and the
hydrophilic part is close to the polar part of the
bilayer. The greater the amount of incorporated
positively charged TMDA ions, the higher the
positive charge of the membrane surface, and
certainly in the case of negatively charged AS12

ions the negative membrane surface charge will
increase.

An increased negative surface charge, because
of the incorporation of AS12 compound in the
liposome membrane, should result in a decreased
desorption of the positively charged Ca2+ ions

Figure 9 Percentage of Pr3+ ion desorption versus con-
centration of the compound added to the lecithin liposome
(25 mg lecithin/ml) dispersion. Percentage desorption was
calculated as the change in signal splitting caused by
addition of the compound studied to the liposome dispersion
(unmodified or modified by TMDA) in the presence of a
constant extravesicular concentration of Pr3+ ion relative to
the change in signal splitting caused only by Pr3+ without
any addition. Pr3+ /lecithin concentration ratio=1:3.38.
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and of a stronger sorption of the Pr3+ ions. This
effect can be observed for Pr3+ ions in Fig. 8, but
in the case of Ca2+ ions this can almost not be
observed because of a very small release of ion
from unmodified membrane.

The observed desorption of Ca2+ and Pr3+ ions
from liposome membrane in the presence of
TMDA compound (Figs 4 and 9) is the result of
competition between these cations and cationic
surfactant for the negatively charged binding
sites localized on the polar moieties of the
lecithin molecules.18,30–34

It can be observed in Fig. 3 that AS12 acting
alone does not increase the rate constant of the
calcium ion desorption process, and that the TPT
compound acting alone increases the rate con-
stant by no more than five-fold, but when both
the compounds act together they cause a 14-fold
increase as compared with the control and a
three-fold increase as compared with TPT for a
3 mM concentration. This result can be explained
in that the incorporated AS12 negative ions cause,
at constant Ca2+ and Pr3+ concentrations, a
decrease in the positive membrane potential,
which is the greater the higher the AS12 ionic
surfactant concentration; then a membrane neu-
tralization and eventual increase in negative
membrane potential occurs. This causes a
stronger binding of Ca2+ ions, and in the case of
Pr3+ a greater number of adsorbed ions. Low-
ering of positive membrane potential or increase
of negative membrane potential also facilitates
membrane penetration of TPT ions.

The partition coefficient of TPT compound
seems to be the dominant factor for concentra-
tions within the range 0–3 mM, which results in
an increased number of released Ca2+ ions. A
maximum occurs at a concentration equal to
about 3 mM, and then a decrease in the rate
constant of desorption indicates that electrical
interactions dominate between Ca2+ ions and the
negatively charged membrane.

The results presented in Fig. 8 on the de-
sorption of Pr3+ ions from liposome membranes
modified with AS12, induced by the TPT com-
pound, indicate that the modifier acts as in the
case of calcium ions, i.e. an increase of Pr3+ ion
desorption occurs as compared with the control.
The range of AS12 and TPT concentrations where
a maximum might occur was not investigated.
The reason for this is that the praseodymium
concentration would have to be a few times
higher than that of calcium and thus exceed its
critical micelle concentration (CMC) in the

solution studied.51

Contrary to the anionic surfactant, the cationic
surfactant causes a decrease in the effectiveness
of TPT action. As follows from Fig. 4, the
cationic surfactant TMDA when acting alone
causes a very weak increase in the Ca2+ ion
desorption process for concentrations lower than
about 4 mM, and is several times less effective
than TPT in its separate action on the membrane.
The reason must be the greater hydrophobicity of
the TPT than the TMDA compound and hence a
greater partition coefficient between the mem-
brane and medium. However, pretreatment of a
membrane with a cationic surfactant causes, with
a very weak desorption of calcium ions, an
increase in positive membrane potential that
makes it more difficult for the TPT aquo ions to
enter the membrane, with resultant weakening of
their effect on the desorption process. With
concentrations of the compounds greater than
4 mM one observes a rapid increase in the
effectiveness of TMDA in ion desorption, which
is observed also with other compounds of this
type and explained by the ‘threshold’ effect.52

As seen in Fig. 9, the cationic surfactant
TMDA in its action by itself on the liposome
membrane causes a substantial increase in the
number of membrane-released Pr3+ ions with
increasing concentrations of the surfactant up to
ca 4 mM, whereas Ca2+ desorption for the same
concentrations is slight (Fig. 4). The great
effectiveness of the surfactant in Pr3+ desorption
as compared with Ca2+ release seems to be due
to the Pr3+ concentration, which is several times
higher than the Ca2+ concentration. However, a
prior modification of liposome membranes with
a cationic surfactant results, as was the case with
Ca2+ ions, in an increase in positive membrane
potential, which makes it more difficult first for
Pr3+ ions and then also for TPT aquo ions to
penetrate the membrane. The resultant weaken-
ing of the desorption process is seen also in Fig.
9 (compared with the release from unmodified
membrane).

CONCLUSIONS

Trialkyltin (TAT) compounds exert an effect on
the surface phenomena of the model biological
membrane, which is the phospholipid liposome
membrane. The way the adsorption (or de-
sorption) process proceeds depends on the elec-
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trical properties of both the compounds studied
and the membrane. The effectiveness of the TAT
compounds depends on their concentration and
increases with increasing length of their alkyl
chains, which may be due to increasing hydro-
phobicity and the concomitant increase in the
partition coefficient between the lipid phase and
medium.

Modifying a membrane with surfactants
changes the electrical properties of the mem-
brane, with a resultant change in effectiveness of
the TAT compounds. Depending on the surfac-
tants charge, the effect can be enhanced or totally
inhibited.

This synergistic effect, where the binary
mixture of TAT compounds and an anionic
surfactant performs better than either of its
components, may be useful in the pesticidal
action of the compound, but should be perceived
as an increased environmental threat. It must be
stressed that the synergism of the mixture of TAT
compounds and a cationic surfactant—two
groups of compounds which when acting alone
are a threat to the environment—may result in a
protective action.
Acknowledgement This work was sponsored by the Polish
Research Committee (KBN), Grant no. 4 S401 024 07.

REFERENCES

1. S. J. Blunden, P. A. Cusak and R. Hill, The Industrial
Uses of Tin Compounds, The Royal Society of
Chemistry, London, 1985.

2. P. J. Smith and L. Smith, Chem. Br. 11, 208 (1975).
3. R. B. Laughlin Jr and O. Linden, AMBIO 14, 88

(1985).
4. E. A. Clark, R. M. Sterrit and J. N. Lester, Environ. Sci.

Technol. 22, 600 (1988).
5. A. J. Crowe, Appl. Organomet. Chem. 1, 143 (part I);

331 (part II), (1987).
6. J. Radecki, T. Banaszkiewicz and A. Klasa, Acta.

Physiol. Plant. 4, 359 (1989).
7. Anon., Environmental Health Criteria, Tin and Orga-

notin Compounds—A Preliminary Review, World
Health Organisation, Geneva, 1980.

8. V. G. Kumar Das, Planter (Kuala Lumpur) 51, 167
(1975).

9. P. J. Craig, Environmental aspects of organometallic
chemistry. In: Comprehensive Organometallic Chem-
istry, Vol. 2, The Synthesis, Reactions and Structures of
Organometallic Compounds, Wilkinson, G., Gordon,
F., Stone, A. and Abel, E. W. (eds), Pergamon, Oxford,
1982, pp. 979–1020.

10. S. J. Blunden and A. H. Chapman, Environ. Technol.

Lett. 3, 267 (1982).
11. J. M. Tsangaris and D. R. Williams, Appl. Organomet.

Chem. 6, 3 (1992).
12. P. T. S. Wong, Y. K. Chau, O. Kramer and G. A.

Bengert, Can. J. Fish. Aquat. Sci. 39, 483 (1982).
13. R. G. Wulf and K. H. Byington, Arch. Biochem.

Biophys. 167, 176 (1975).
14. T. Hamasaki, H. Matsumoto, T. Sato, H. Nagase, H.

Kito and Y. Yoshioka, Appl. Organomet. Chem. 9, 95
(1995).

15. G. Eng, E. J. Tierney, G. J. Olson, F. E. Brinckman and
J. M. Bellama, Appl. Organomet. Chem. 5, 33 (1991).

16. N. J. Snoeij, A. H. Penninks and W. Seinen, Environ.
Res. 44, 335 (1987).

17. J. S. Thayer, J. Organomet. Chem. 76, 265 (1974).
18. B. R. Heywood, K. C. Molloy and P. C. Waterfield,

Appl. Organomet. Chem. 3, 443 (1989).
19. A. Ambrosini, E. Bertoli and G. Zolese, Appl. Organo-

met. Chem. 10, 53 (1996).
20. C. J. Wallis, J. A. Baritch and E. F. Wenegiemeand,

Biochemistry 32, 5045 (1993).
21. S. Mittlerneher and W. Knoll, Biochim. Biophys. Acta

1152, 259 (1993).
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23. J. Kuczera and R. Żyl/ka, Stud. Biophys. 75, 25 (1979).
24. P. M. MacDonald and J. Seelig, Biochemistry 26, 1231

(1987).
25. V. F. Bystrov, N. I. Dubrovina, L. I. Barsukov and L. D.

Bergelson, Chem. Phys. Lipids 6, 343 (1971).
26. G. R. A. Hunt and K. Jawaharlal, Biochim. Biophys.

Acta 601, 678 (1980).
27. R. Hunt and L. R. H. Tipping, Biochim. Biophys. Acta

507, 242 (1987).
28. J. Cerbon, Biochim. Biophys. Acta 290, 51 (1972).
29. J. Gabrielska, S. Przestalski, M. Oświȩcimska and S.
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and S. Przestalski, Stud. Biophys. 133, 209 (1989).

49. J. Gallova, F. Devinsky and P. Balgavy, Chem. Phys.
Lipids 53, 231 (1990).

50. R. Grupe, H. Zwanzig, E. Preuber and H. Göring, Stud.
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