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ABSTRACT: This article presents the results of a
study investigating the biological activity of triph-
enyltin chloride (TPhT) and two metalloorganic com-
pounds, triphenyllead chloride (TPhL) and triphenyl-
methane chloride (TPhC), in their interaction with
model membranes and the living organisms of fruit
flies Drosophila hydei. The study of model mem-
branes (sonicated liposomes) was conducted using the
electron spin resonance (ESR) spin probe technique,
whereas the experiment on fruit flies involved inves-
tigating their viability on media containing the stud-
ied compounds. The test results clearly demonstrate
that TPhT affects fruit flies more actively than TPhL
(complete lethality after 7 days of culture with a TPhT-
containing medium). No toxic effect of TPhC on fruit
flies was shown. The results of the biological experi-
ment were reflected in the physical experiment involv-
ing an ESR study of liposomes: TPhT activity mani-
fested itself as a considerable increase in fluidity of
the central region of the liposome lipid bilayer. © 2012
Wiley Periodicals, Inc. ] Biochem Mol Toxicol 26:162-167,
2012; View this article online at wileyonlinelibrary.com.
DOI10:1002/jbt.21403
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INTRODUCTION

Owing to their high biological activity, metal-
loorganic compounds have been the subject of inten-
sive research by ecologists, biologists, geneticists, bio-
chemists, and biophysicists. The scientific community
has long been acquainted with the toxic properties of
lead, mercury, and cadmium derivatives [1-3], all of
which contain metals commonly used in industry in
the past century. Currently, the progress of civilization
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has brought about global computerization, which has
entailed expansion of the electronic industry, thereby
generating new technologies, which have become a
source of environmental pollution with different metals
to those mentioned above. Tin is one such an example,
as a substance widely applied in electronics and usu-
ally considered a low-toxicity metal. However, because
of its widespread presence in numerous products and
the ability to accumulate in the organism, it can cause
severe poisoning. Many studies [4-7] suggest that or-
ganic tin compounds can hamper the oxidative phos-
phorylation process and accelerate erythrocyte hemol-
ysis, as well as alter the physical properties of model
lipid membranes. The ionized forms of tin compounds
(e.g., chlorides) show particular activity toward lipid
membranes [8-10]. Man [11] demonstrated the strong
influence of triphenyltin chloride (TPhT), consisting
of three aromatic rings, on the central region of the
lipid bilayer. After penetrating the liposomes, the com-
pound significantly fluidized their structure, which
may imply a detrimental effect with reference to the
function of the biological membranes, namely, destruc-
tion of the cell. In biology we know that TPhT inhibits
pig testicular 17 3-hydroxyestriol dehydrogenase ac-
tivity and suppresses testicular testosterone biosyn-
thesis [12], whereas in rat Leyidig cells (LC-540) the
substance induces apoptosis [13]. Triphenyllead chlo-
ride (TphL) hemolyzed pig erythrocytes when used
in micromolar concentrations [14]. Man [15,16] carried
out comparative studies on the impact of TPhL, TPhT,
and triphenylmethane chloride (TPhC) on the devel-
opment of simple unicellular organisms [Saccharomyces
cerevisiae, Escherichia coli, and HEK (human embryonic
kidney cells)]. The results obtained clearly indicate that
TPhT destroys the tested organisms even when ap-
plied at very low concentrations (1.0 pg x mL~!and
2.5 ug x mL~! liquid medium, for S. cerevisiae and E.
coli, respectively), and that it is particularly harmful to
HEK cells (the lowest used concentration—0.05 pg x
mL~!—produced 100% cell mortality).
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The aim of the present study was to investigate the
biological activity of TPhT in comparison to the similar
compounds: TPhL and TPhC, in the interaction with
model membranes, as well as with living organisms,
which are more complex than unicellular ones. For the
purpose of testing convenience, fruit flies were chosen
for the study. The experiment is intended to elucidate
how the molecular structure and the ion transported by
the molecule to the membrane determine the activity
of a given compound. Moreover, we expect to find the
answer to the question of what type of interactions in-
duced by the additive within the membrane is respon-
sible for the toxic effect. To this end, the ESR method
has been applied to examine the impact of TPhT, TPhL,
and TPhC on the dynamic properties of liposome mem-
branes formed from egg yolk lecithin (EYL).

MATERIALS AND METHODS

ESR Method—Chemicals and Spin Labels

Liposomes were obtained from EYL via a soni-
cation process in distilled water using an ultrasonic
disintegrator UD-20 (Techpan, Warsaw, Poland). The
total sonication time of a single sample was 3 min in six
alternate cycles: 30 s of sonication and 60 s of cooling.
The concentration of lecithin in each sample was
0.04 M. After finishing the sonication, a spin label with
a concentration of 0.1% relative to the lecithin (molar
ratio to lipid particles is equal to 0.001) was added to the
liposome water dispersion. Two different spin labels
(purchased from Sigma—Aldrich, Poznan, Poland) were
used in the ESR tests: (1) 2,2,6,6-tetramethylpiperidine-
l-oxyl (TEMPO) and (2) 2-ethyl-2-(15-methoxy-15-
oxopentadecyl)-4,4-dimethyl-3-oxazolidinyloxy  (16-
DOXYL). Admixtures of the investigated compounds
were introduced in the labeled liposome samples.
The concentration of the dopants was 1% relative
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to lecithin. For doping of the biological material,
pure-grade chemicals TPhT (CTP-5n), TPhL (CTP-Pb),
and TPhC (CTP-C) (general chemical structure of
the compounds is presented in [16]), were purchased
from Sigma-Aldrich. Analytical grade dimethylfor-
mamide (DMF) was used to prepare solutions of the
above-mentioned compounds.

The dissolved chlorides added to the liposomes
were mixed for 15 min, including an undoped con-
trol sample. Subsequently, all samples were left for
60 min to stabilize. In the next step, liposomes contain-
ing the admixtures incorporated into the membrane
were placed in the ESR spectrometer chamber in thin
glass capillary tubes (ca. 1-mm diameter). ESR spec-
troscopy was applied in the investigations, and the
spectra were recorded within a period of 180 h, start-
ing from the moment the spin probes were introduced
in the liposomes at a constant temperature of 25°C. Be-
tween the measurements, the samples were dark-stored
at the same temperature. Two spin probes, TEMPO and
16-DOXYL-stearic acid methyl ester located in differ-
ent sites inside the liposome membrane, were used.
The TEMPO probe was placed both in the hydropho-
bic part of the membrane, as well as in the water am-
bient, whereas the 16-DOXYL-stearic acid methyl ester
probe was placed deep within the hydrophobic layer of
the membrane. From the ESR spectrum of the TEMPO
probe the spectroscopic partition parameter (F ), reflect-
ing the probe distribution between the membrane and
its ambient, was determined. A measure of the param-
eter F is the ratio of the high-field line amplitude in
the ESR spectrum of the probe dissolved in the wa-
ter ambient (P), to the amplitude of the low-field line
(H) in the lipid environment (Figure 1a). The value
of F, among other parameters, is connected with the
membrane fluidity [17]. From the spectrum of the 16-
DOXYL-stearic acid probe, the spectroscopic parame-
ter T was determined. Its value depends, among other
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FIGURE 1. ESR spectra provided by the TEMPO (a) and 16-DOXYL spin labels (b).
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things, on the degree of the membrane fluidity and is
greater, the more rigid (better ordered) the ambient of
the probe [18]. In the case of an isotropic environment,
is the rotation correlation time of the probe (Figure 1b).

Fruit Fly Cultures

Fruit flies Drosophila hydei were cultured in 32 con-
tainers, each of 330 mL in volume. The medium in
each of them was prepared from 25 g of cooked ap-
ples mixed with 10 mL of hot water containing 1.80 g
of a mixture comprising wheat starch, agar, and sugar
in a weight ratio of 3:2:2. While such medium was still
warm, 0.005 g of the studied compound dissolved in
100 pL of dimethylformamide (DMF) was adminis-
tered to it: 0.005 g of (CsHs)3CCl (TPhM) was added
to medium in eight containers, 0.005 g of (C¢Hs)3PbCl
(TPhL) in another eight, and 0.005 g of (CsHs)3SnCl
(TPhT) in yet another eight vessels. One hundred mi-
croliter uf DMF was added to the medium in the re-
maining eight containers (treated as control contain-
ers). After the medium had cooled, several drops of
baker’s yeast solution were applied to its surface and an
approximately 7 cm x 8 cm piece of a plastic mesh net
(ca. 3 mm) was placed inside the container, to increase
the space where the fruit flies could stay.

Three days after preparation of the medium con-
tainers, 25 fruit flies were released into each container.
Subsequently, the number of surviving individuals in
each container was recorded at ca. 24-h interval. The
cultures were kept for 14 days in a thermostatic cabinet
Pol-Eko ST 1. A daily cycle: 10 h of dark (“night”) in
temperature 15°C and 14 h of light (“day”) in 25°C was
maintained throughout the experiment.

Statistical Analysis

The survival rates of individuals depending on the
medium used were plotted for the data considered sep-
arately for each individual. In total, survivability in 800
individuals was analyzed: Three groups of 200 indi-
viduals (25 flies in a container x 8 containers) kept on
a medium with an admixture of (C¢Hs);CCl (TPhQC),
(C6¢Hs)3PbCl (TPhL), and (C¢Hs)3SnCl (TPhT), and also
200 individuals in the control containers.

The survival rates for flies kept on a medium,
with tin and lead compounds added, were compared
using the Mann-Whitney U test for determining the
mean survival time in each of the eight containers with
tin compounds added and in each of eight containers
with lead compound added. In those cases where flies
survived after 14 days, the time of 14 days was used in
the analyses.

The statistical analyses were performed using the
Statistica 6.1. software package [19].
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FIGURE 2. Dependence on time, of the value of the spectroscopic
parameter 7 (rotation correlation time) of the 16-DOXYL-stearic acid
methyl ester probe, dissolved in the EYL liposome membranes con-
taining admixtures of 1% TPhT, TPhL, and TPhC.

RESULTS AND DISCUSSION

ESR

Figure 2 presents changes in the value of the
spectroscopic parameter v of the 16 DOXYL probe
introduced in EYL liposomes, dependent on time and
the dopant added. The following conclusions can be
drawn from the Figure 2:

1. The greatest changes compared to the control sam-
ple were observed in liposomes containing the
TPhT admixture. Compared with the control z,
the spectroscopic parameter t was altered by 18%.
The decrease in the parameter value indicates a
faster rotation of the probe in the bilayer center—the
structure was fluidized. In the time range from 0 to
80 h, the parameter 7 fluctuated, reaching its min-
imum tmin = 4.02 after about 20 h. The parameter
changes may reflect complex processes that occur
inside the bilayer under the influence of TPhT and
time.

2. The other admixtures applied, TPhL and TPhC,
changed the v parameter to a small extent, which
may suggest the weak impact of these agents on the
central part of the bilayer. The changes induced by
TPhC fell within the tolerance of the measurement
error, whereas those caused by TPhL differed from
the values in the control samples by a mere 3%.

Figure 3 presents changes in the value of the spec-
troscopic parameter F of the TEMPO probe introduced
in EYL liposomes, dependent on time and the dopant

J Biochem Molecular Toxicology DOI10:1002/jbt



Volume 26, Number 4, 2012

050 ——7——T—TT"T——T T

0.454 =

0.404

0.354

0.30 g i
¥ ~e—tPnr | |

- &- TPhL
" ¥ TPhC E

—m— control

1) ) —

—rT—T—T—T—T—T
1] 20 40 80 B8O 100 120 140 160 180

Time (h)

FIGURE 3. Time dependence of the value of the spectroscopic pa-
rameter F of the TEMPO probe, dissolved in the water suspension of
EYL liposomes containing admixtures of 1% TPhT, TPhL, and TPhC.

added. The following conclusions can be drawn from
the figure:

1. The greatest changes compared to the control sam-
ple were observed in liposomes containing the
TPhC admixture. The spectroscopic parameter F
was 27% different compared with the control F.
The decrease in the parameter value indicates
probe displacement from the lipid bilayer to water—
the structure was stiffened. TPhT and TPhL in-
duced slightly smaller changes amounting to about
13%.

2. The parameter F gradually increased within the
range from 0 to 30 h for the control sample and
for the liposomes containing admixtures of TPhL
and TPhT, which suggests an increase in liposome
membrane fluidity over time. No such change
was observed in the liposomes doped with TPhC,
which could indicate a stiffening of the surface
layer by the admixture and blocking of the probe
trapped in the lipids from the water phase. The ad-
mixture of TPhC acted as a membrane stabilizer in
this case.

Figure 4 shows changes in the ESR spectrum of
the TEMPO probe placed in EYL liposomes, occurring
under the influence of admixtures of TPhC, TPhT, and
TPhL. The last line in the spectrum (high-field line)
splits into two components (circled area). The peak
closer to the center represents the lipid phase. The
control sample illustrates a starting point, where the
lipid peak is considerably higher than the neighboring
one. After adding a 2% admixture, the lipid peak for
TPhC fells markedly, with smaller drops of peaks for
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TPhT and TPhL. Increasing the doping level to 10%
demonstrates this process more clearly, although the
changes are not as intense as the concentration gra-
dient would suggest. This effect implies a strong in-
teraction of TPhC with the membrane surface layer,
which results in a stiffening of the structure. The con-
siderable changes in the admixture concentration (an
increase from 2% to 10%) affected the height of the
peaks to a smaller extent than the 2% admixture in
comparison with the control. This occurred presumably
as a consequence of the limited solubility of dopants in
liposomes.

The ESR method demonstrated that the studied
compounds exerted a different impact on the mem-
brane’s interior (fluidizing it) and the surface layer
(stiffening it). This process is only slightly affected by
the incubation time. TPhT considerably fluidizes the
center of the bilayer, which may lead to the membrane’s
disintegration. On the other hand, TPhC stabilizes lipo-
somes by stiffening their surface layer, without affect-
ing the fluidity of the bilayer center. TPhL produced a
moderate effect. Such a substantial difference between
TPhT and TPhC regarding their influence on liposome
membranes was surprising. It indicates the important
role played by the ion inside the molecule in deter-
mining the compound’s activity in its interaction with
membranes.

Biological Experiment

All flies kept on the medium containing tin com-
pounds died within 7 days from the start of the ex-
periment, whereas seven flies cultured on the medium
with lead compounds (all from the same container) sur-
vived till the end of the experiment (Figure 5). During
14 days of observation, only a few individuals died on
the medium with an admixture of 0.005 g of (CsHs)3CCl
(TPhCQ) (seven flies from five different containers), and
on the control medium (15 flies from six different
containers). The survival rate on the medium contain-
ing lead compounds was higher than on the medium
containing tin compounds (Mann-Whitney U test, U =
4, Ny =8, N, =8, and P = 0.0033).

CONCLUSIONS

The studies conducted demonstrate that TPhT is a
highly toxic substance even at a low concentration-all
D. hydei flies kept on the medium with an admixture
of this compound died throughout 7 days TPhL also
proved to be toxic for fruit flies, although significantly
less than TPhT: the probability of survival till the sev-
enth day on a TPhL-containing medium was 20%. No
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FIGURE 4. High-field line alterations in the ESR spectrum of the TEMPO probe introduced in liposome dispersion doped with TPhC (C), TPhT
(Sn), TPhL (Pb) at 2% and 10% concentration with respect to EYL.
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increase in survival rate compared to the control was
noted on the medium with TPhC.

The investigated metallorganic compounds (TPhL
and TPhC) are large molecules differing only in their
central metal atom, hence finding such wide dispari-
ties in their toxicity is surprising. The ESR experiment
showed significant differences in the effect of the stud-
ied compounds on the liposome membranes. The sub-
stance TPhT, which turned out to be the most toxic in
the biological experiment, also exerted the strongest in-
fluence on the fluidity of the liposome bilayer central
region, whereas TPhC, which did not have a signifi-
cant toxic effect on fruit flies, stabilized liposome mem-
branes (ESR study). Therefore, it can be supposed that
the strong toxicity of a TPhT molecule is connected
with the tin ion. This ion must play a crucial role in
processes leading to the destruction of biological mem-
branes and the consequent increased mortality of living
organisms (both unicellular and complex). TPhT toxic-
ity can involve considerable fluidization of the bilayer’s
hydrophobic inside, as membrane stability depends on
the stability of this particular region. Excess fluidity
may cause membrane disintegration or significantly al-
ter transport processes—the cellular ion exchange sys-
tem, resulting in cell death.
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