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Abstract

Compression isotherms of mixed monomolecular layers at water-air interface, formed of lecithin (DPPC) and
an organometallic compound (Me3PbCl, Me3SnCl, EtsPbCl, EtaSnCl) at various molar fractions (x = 0.0, 0.2, 0.4,
0.6, 0.8, 1.0) were studied. It was found that compression isotherms of the pure organometallic compounds (x
= 1.0}, in the range of mean molecular areas of 1.0 nm® and ca. 0.15 nm?, did not show any practical increase in
surface pressure. The isobaric relationship between mean molecular areas and molar fraction of an organometallic
modifier are linear for most of the pressures chosen, which follows from analysis of the experimental isotherms
obtained and demonstrates the ideal behaviour of the system under study. All the compounds studied form neatly
ideally-behaving systems with lecithin. Presumably, the effects observed may be the result of molecular aggregation
on the water phase surface, which in a mixed monolayer may lead to separation of the phases: organometallic

compound - lecithin.
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Introduction

The practical importance of studies on the interac-
tion between organic compounds of tin and lead and
living organisms follows from the fact that the com-
pounds occur in our environment and exert a marked
effect on living cells and higher organisms. Organotin
compounds have wide application as biocices, heat
stabilizers of polyvinyl chloride, catalysis for produc-
tion of urethanes or for esterification, as treatment for
some infections [1, 2].

Organolead compounds, mainly tetraethyllead
compounds, have been used in large quantities as an-
tiknock petrol additives. Triphenyllead salts have been
introduced, among others, as pesticides having a simi-
lar biocidal action as tin compound and others [5, 6, 7].
Organotin and organolead compound are toxic to hu-
mans, animals, plants and cells [8, 9, 10, 11,12, 13].

Studies on the cellular and molecular level indicate
that the compounds are membrane active, i e. they act
as membrane toxicant [10], exhibit hemolytic action
[11, 12, 13, 14, 15] and modify the function of mem-
brane channels [16, 17]. It was also found that the
compounds may influence the lipid phase of mem-
brane [18]. From this point of view, the study of ther-
modynamic properties of lecithin monolayers modi-
fied with the compounds may furnish additional
information on their interaction with the lipid phase of
membrane.

Materials and Methods

Chemicals
Lecithin, 1,2-Dihexadecanoyl-sn-glycero-3-phos-
phocholine, (DPPC) came from the SIGMA Chemical
Co.
Modifiers: chlorides of trimethyllead, trimethyltin,
triethyllead and triethyltin were obtained from ALFA
Chemical Co,

Surface Pressure Versus Mean Molecular Area
Isotherms

Surface pressure vs. mean molecular area isotherms
were measured for mixed monolayers composed of
lecithin and trimethyllead (or trimethyltin} at the mo-
lar fractions of organometal: 0.0 (pure lecithin), 0.2,
0.4,0.6, 0.8 and 1.0 (pure organometal).

The isotherms were run in a rectangular trough with
useful dimensions of 280 mm x 82 mm x 10 mm
equipped with a Langmuir balance.

Bidistilled water was used as the subphase. Spread-
ing solutions of lecithin, or trimethyllead (tri-
methyltin), or a mixture of both were prepared as
follows: first lecithin and investigated compounds were
disolved separately in a chloroform-methanol mixture
(872, volume/volume). The two solutions were then
mixed to give the required molar fraction of or-
ganolead {or organotin) compound,
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Fig.l. Compression isotherms for two-component mixed
monolayers, formed of lecithin {(DPPC) and one of the four
organometallic compounds studied (a: Me3PbCl, b: Me3SnCl, c:
EtzPbCi, d: Et3SnCl). Each of the curves is an averaged isotherm,
cbtained from at least 5 independent experimental curves.

The monolayer was allowed to stabilize for 20 min
before compression. In all monolayer experiments the
initial mean molecular area was 1 nm¥molecule, the
rate of compression was 0.108 nm*molecule per min.
Experiments were performed at room temperature
(20-25)°C.

The analog measurement signals (corresponds to
monolayer area and surface pressure) were digitally
converted with an A/D conversion card {(ADYAN-
TECH Co., model PCL 812 PG, PC-LabDAS Data
Acquisition Software PCLS-700) and saved on hard
disk.

The data (signals measured vs. time} were trans-
ferred to a spreadsheet in which surface pressure as
functions of mean molecular area were calculated. The
final elaboration of the isotherms as functions of mean
molecular area per molecule and molar fractions of
modifiers (organolead or organotin) and the creation
of isobars was performed onder MATHEMATICA
v.2.21 package.

Results and Discussion

Figure 1 (a-d) presents compression isotherms for
two-component mixed monolayers, formed of lecithin
(DPPC) and one of the four organometallic com-
pounds studied (Me;PbCl, Me,SnCl, Et,PbCl,
Et,SnCl). Each of the curves is an averaged isotherm,
obtained from at least 5 independent cxperimental
curves.

The results obtained allow to note that:

1. Pure organometallic compounds when com-
pressed to the mean molecular area of about 0.15 nm*
exhibit a relatively small increase in surface pressure,
which was less than 2 mN/m (Fig. 1 a-d, isotherms for
molar ratios x = 1.0).

2. Mixed monolayers when compressed in the range
of molecular areas 1.0 - 0.15 nm* do not exhibit the
phase transition expected for lecithin in the range 0.8
- 0.6 nm”.

Fig. 2 a-d presents the results of interpolation (using
3rd order peolynomial) of the functions IT(A) and I1(x)
for the respective compounds. The surface obtained
shows how the surface pressure I'T depends on the two
variables: mean molecular area A and molar fraction
x. From the results obtained it follows that for each of
the compounds studied the surface pressure decreases
with increasing molar fraction.

The ability of the modifiers studied to mix with
lecithin can be determined from the dependence of
lecithin molecular area on modifier molar fraction at
constant pressure. A linear course of such dependence
indicates at ideal behaviour of the monolayer, i.¢. ideal
mixing of its components or ideal {(and complete) sepa-
ration of the phases.
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Fig. 2. Dependence of surface pressure of the DPPC-organometal mixed monolayer on mean molecular area and molar fraction of modifier

(a: Me3PbCl, b: Me3SnCl, c: Et3PbCl, d: Et38nCl). The surface TI(A,x) was obtained by interpolating, with a 3rd order polynomial, the relation
between [I(A)x=const and TI{(X)A=const , found experimentally for the molar fractions x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0.

Fig. 3a-d presents the dependence of mean molecu-
lar areas on molar fraction of modifier, for selected
surface pressures (i.c. the dependence A(x); = const,
obtained from intersection of the function I{Ax) and
surfaces IT = const).

For a majority of the pressures molecular area de-
pends almost linearly on monolayer composition
(greater deviations from linearity one can observe for

high surface pressures, in the range of molar fractions
0.4 to 0.8, for three compounds but triethyltin).

Linearity of the dependence A(x); = const may
suggest both ideal mixing of the two monolayer com-
ponents and the existence of a heterogenic system, i.e.
phase separation in monolayer region. In view of the
fact that pure organometallic compounds do not yield
compression isotherms, the second possibility looks
morte probable. The more so, as chemical investigation
of the subphase did not reveal any organometallic

compounds in it during monolayer compression. Thus,
if the organometallic compounds do not go from the
surface to the water subphase and do not change the
character of compression isotherms, most probable
seems to be the formation of aggregates of organomet-
allic compounds in the vicinity of the lipid monolayer.

Acknowledgment
This work was sponsored by the Polish Research

Committee (KBN), grant no. 48 401 027 07.

References

1. THAYER I. Organometallic compounds and living organisms,
L Organometal. Chem. 76, 265, 1974,



36

Trela Z. et al.

. CROWE A.]. Organotin compounds in agriculture since 1980.

Part I Fungicidal bactericidal and herbicidal properties. Appl.

membranes aggregates in human erythrocytes. Cell Biology and
Toxicology 3, 23, 1987.

Organometal. Chem. 1, 143, 1987. 12. BYINGTON XK. H.,, YEH Y., FORTE L. R. The hemolytic

3. HAMILTON A., RENZIKOFF P., BURNHAM G. activity of some trialkyltin and triphenyltin compounds. Toxicol.
Tetracthyllead. J. Amer. Med. Assoc. 84, 1481, 1925, Appl. Pharmacol. 27, 230, 1974.

4. BARNES I.M., MAGOS L. The toxicology of organometallic 13. PORVAZNIK M., GRAY B. H., MATTIE D, JACKSON A,
compounds. Organometal. Chem. 3, 137, 1968. G., OMLOR R, E. The ultrastructural localization of tri-n-

3. ZIMMERMANN AP, FAULSTICH H., HANSCH G.M., butyltin in human erythrocyte membranes during shape trans-
DOENGES X.H., STOURNAS C. The interaction of formation leading to hemolysis. Lab. Investig. 54, 254, 1986.
triethyllead with tubulin and microtubules. Mutation Res. 201, 14, MUSMECI M.T., MADONIA G., LO GIUDICE M. T., SIL-
293, 1988, VESTRI A., RUISI G., BARBIERI R. Interactions of or-

6. RODERER G. On The toxic effects of tetracthyllead and its ganotins with biological systems. Appl. Organomet. Chem. 6,
derivatives on the Chrystophrorae Peteroochronas malhamen- 127,1992.
sci VII. Ecotoxicology and Environmental Safety 11, 277, 1986. 15. HAMASAXI T., MASUMOTO H., SATO T., NAGASE H.,

7. RADECKI I, BANASZKIEWICZ T., KLASA A.The effect of KITO H., YOSHIOKA Y. Estimation of the hemolytic effects
different lead compounds on the mitotic activity of maize root of various organotin compounds by structure-activity relation-
tip cels. Acta Physiol. Plant. 11, 86, 1989. ships, Appl, Organomet, Chem. 9, 95-104, 1995,

8. ENG G, TIERNEY E., OLSON G., BRINCKMAN F., BEL- 16. OYAMA Y. modification of voltage-dependent Na™ current by
LAMA J., Total surface areeas of group IV A organometallic triphenyltin, an environmental pollutant, in isolated mammatian
compounds: predictors of toxicity to algae and bacteria Appl. brain neurons. Brain research., 583 (1-2), 93, 1992.
Organometal. Chem. 5, 33, 1991 17. OYAMAY., CHIKAHISA L, TOMIYOSHIF.,HAYASHI H.

9. ALDRIDGE W.N. , CREMER J.E. The biochemistry of or- Cytotoxic action of triphenyltin on mouse thymocytes: a flow-cy-
ganotin compounds. Biochem. I. 61,406, 1995. tometric study using fluorescent dyes for membrane potential

10. GRAY B. H,, PORVAZNIK M., FLEMMING C, LANFONG and intracellular Ca®* . Japanese I. of Pharmacol. 57, 419, 1991.
H. L. Tri-n-butyltin: a membrane toxicant. Toxicology 47, 35, 1987. 18. AMBROSINI A., BERTOLIE., ZOLESE G. Effect of organo-
11. GRAY B., PORVAZNIK M., FLEMMING C., LEE L. H. tin compounds on membrane lipids: fluorescence spectroskopy

Organctin-induced hemolysis, shape transformation and intra-

studies. Appl. Organomet. Chem,, 10, 53, 1996,

1.0 10
A B
- End
E ~ E -
£ 038 \\\\s mNi £ 08| ™. SmNim
g &
g 3 -
< < -
S .0 3
3 os § 08
5] 3]
i In]
- ol
O Q
= =
= =z
% 0.4 - 1\.\\ NN g 04
SE =
~ .
N .
NI
02 o :-:ﬂ\ - Ty 02
~
o 0.z 04 0.6 0.8 1.0 0.0 0.2 0.4 [ 02 1.0
MOLAR FRACTION MOLAR FRACTION
1.0 1.0
[ D
08} "~
5 mi¥im
.
.,

MEAN MOLECUIAR AREA fnim?)
) =3
e =]

02

oo 0.2 0.4 0.6 0.5 1.0

MOLAR FRACGCTION

MEAN MOLECULAR AREA [nm?}

10

MOLAR FRACTION

Fig. 3. Dependence of mean molecular ares, A, of the DPPC-organometal mixed monolayer on molar fraction of modifier (a: Me3PbCl, b:
Me3SnCl, ¢ EtsPbCl, d: EtsSnCl) for the surface pressures: 5, 10, 15, 20, 25, 30 mN/m. The curves A(x) T=const shown were abtained as
intersection between IT(AX) and IT = const.



