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In a previous work we synthesized a class of new antineoplastic drugs by coupling a cisplatin derivative to a
triphenylethylene moiety similar to the antiestrogen, tamoxifen. These drugs differ in the number of hydroxy
functions on the triphenylethylene rings and in the length of the linking arm.

To gain more insight into the cellular mechanism by which these new drugs act on cells, we studied, using
differential scanning calorimetry, the effects of these compounds on the phase transition of membrane phospho-
lipid (distearoyl phosphatidyl choline (DSPC)), and correlated these effects to drug cytotoxicity. The drugs with-
out hydroxy function showed the highest cytotoxicity and induced little change on the thermogram of DSPC.
Contrarily, the drugs bearing two or three hydroxy groups were less toxic, but induced important modifications
of the thermogram.

We suggest that the drugs with no hydroxy group enter the membrane, with the triphenylethylene moiety lo-
calized deep within the hydrophobic core of the bilayer and do not affect the cooperativity region (C2—C8). In
contrast, drugs which bear hydroxy groups on the triphenylethylene rings system perturb the phospholipid mole-
cular arrangement; this may be due either to the additional steric hindrance of the hydroxy functions in the core
of the bilayer, or to their hydrophilic effect on the polar head of the lipid.

In vitro, the cytotoxic effect of these drugs seems not to be related to their affinity for the estrogen receptor.
We suggest that the addition of a triphenylethylene moiety to the platinum(II) complexes increases the hydropho-
bicity, and consequently the resulting drugs become more permeable to the membrane, particularly the non-hy-

droxylated triphenylethylene derivatives.

Keys words cisplatin; tamoxifen; membrane fluidity; phospholipid phase transition; breast cancer; differential scanning

calorimetry.

In our search for a chemotherapeutic agent with a better
therapeutic index and selectivity for the treatment of breast
cancer, we have designed dual action drugs made of a plat-
inum coordinate complex linked to a triphenylethylene moi-
ety."? The compounds synthesized differ from each other by
the number of hydroxy groups on the triphenylethylene rings
and the length of the arm which links the triphenylethylene
moiety and the platinum(II) group (Fig. 1). The cisplatin por-
tion of the molecule is known to exhibit a remarkable anti-
neoplastic activity on a wide spectrum of tumors by acting
on the guanine residue of the DNA molecule.>* The triph-
enylethylene portion of the new derivatives is similar to the
structure of tamoxifen which is an efficient drug used in the
treatment of breast cancer.”’ Tamoxifen acts as an antiestro-
gen, antagonizing the binding of estradiol to the estrogen re-
ceptor (ER).® However, the multiple cellular effects of ta-
moxifen suggest that other mechanisms may be involved for
its antiestrogenic action, including an effect on prostaglandin
synthetase,” on Ca’*-calmodulin-dependent enzymes,® on
protein kinase C,” or an interaction with membrane phos-
pholipids.'®!"

In preceding papers,'? we have shown that this new class
of drugs is very active in vitro against ER+ and ER— human
breast tumor cell lines: MCF-7 and MDA-MB-231. Surpris-
ingly, all the compounds are more cytotoxic on ER— than on
ER+ cell lines, showing that binding to the ER is not the
unique site of action.

In this preliminary study, we have analysed the effect of
these drugs on the thermotropic properties of lipid vesicles
(liposomes) using differential scanning calorimetry (DSC),
which has appeared very useful for the study of the interac-
tions between drugs and membrane lipids.'> We found that
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all these new drugs modified the transition temperature and
cooperativity for the gel to liquid—crystalline transition of
model membrane, and we correlated these changes with the
cytotoxicity. The drugs without hydroxy function induced lit-
tle change on the thermogram but have the highest cytotoxic-
ity. In contrast, the drugs which possess hydroxy functions
induced important modifications of the thermogram but are
less toxic.

Experimental

Synthesis of Triphenylethylene Platinum(II) Complexes The synthe-
sis of triphenylethylene platinum(II) complexes 1 shown in Fig. | have been
described previously.?

Preparation of Liposomes Liposomes were prepared by the freeze-
thawing technic.'” Briefly, 10 mg of DSPC (distearoyl phosphatidyl choline)
(Avanti Polar Lipids, Alabaster) and the quantity of triphenylethylene com-
plexes necessary to get a molar ratio drug: DSPC=1:9 were dissolved in a
minimum amount of chloroform. The solvent was evaporated under vacuum
in a rotary evaporator and the mixture resuspended in phosphate buffer,
5mm and NaCl 150 mm, pH 7.4, by vortexing. The final concentration of
lipids was 10mg/ml. The lipid suspension was transferred to a cryovial,
frozen in liquid nitrogen, and thawed in a waterbath at 70 °C; this freeze-
thaw cycle was repeated 3 times. As we have seen by electron microscopy,
these preparations contain mainly bilamellar liposomes 0.1—0.5 ym in di-
ameter (data not shown).

DSC  Prior to the scan, each sample was degassed for 5 min. under par-
tial vacuum. DSC was performed with a HART 4207 system equipped with
three stainless steel ampoules. Each ampoule was filled with 900 mg of lipo-
some suspension. The scan rate was 60°K/h. The baseline was obtained
using the buffer alone and was subtracted from the samples. Calorimetric en-
thalpy was calculated using a program furnished with the instrument. The
average size of the transition cooperative unit was calculated from the mea-
sured calorimetric enthalpy, AH,,, using the following equation' CU=
(6.9/AH_XT2,/AT, ;).

Results
Figure 2 presents the calorimetric heating curves of DSPC
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Fig. 1. Structure of Tamoxifen, Cisplatin and the Triphenylethylene Plat-
inum(11) Complexes 1

Group A, R=R’=H: Group B, R=0H, R’=H; Group C, R=R’=0OH. Number of
carbons of the linking arm: (a) n=6; (b) n=8; (¢) n=10; (dy n=11; (e} n=12.
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Fig. 2. DSC Thermograms for the Thermotropic Transition of Liposomes
Composed with DSPC and Triphenylethylene Platinum(Il) Complexes at a
Molar Ratio 9: 1

liposomes in the absence and the presence of the triph-
enylethylene platinum(II) complexes that we have synthe-
sized. The thermogram of DSPC alone has two peaks. The
first one at 55°C is the pretransition and corresponds to a
change of the bilayer from an LB’ organization to a
Pf3'phase, and the second peak at 57.9 °C is the main transi-
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Fig. 3. Influence of the Number of Hydroxy Functions on Triphenylethyl-
ene Rings

On: (a), The shift of the tiansition temperature (AT); (b), variation of the calorimetric
enthalpy (AH); and (c), variation of the cooperativity. The results are an average of sev-
eral thermograms. The liposomes were made with DSPC and triphenylethylene plat-
inum(I1) complexes at a molar ratio 9 : 1; the reference was DSPC alone.

tion and corresponds to the melting of the lipid molecules to
a liquid crystal structure or L. This thermogram of DSPC
corresponds to those previously published.'”

As we can see in Fig. 2, all the drugs interact with DSPC
liposomes and the effect depends on their structure. As
judged from the curves, the substances can be divided into
three groups. The first group induces only a small change in
the aspect of the thermograms. The drugs of this group have
the peculiarity of being devoid of hydroxy function (group
A). The second group induces an important shift in the tran-
sition temperature and a broadening of the peaks. All the
substances of this group possess two hydroxy functions
(group B). The third group, which includes compounds bear-
ing three hydroxy functions shows an intermediate effect
(group C). Tamoxifen and cisplatin which are the reference
substances produced only slight effects on the thermogram of
DSPC as did the drugs of group A.

Figure 3 compiles the results obtained from several ther-
mograms and helps us to visualize the effects of the number
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Fig. 4. Correlation between the ICs, of the Free Drug on ER— Human
Breast Tumor Cell Line MDA-MB-231

With: (a), shift of the transition temperature (AT); (b), variation of the calorimetric
enthalpy (AH); and (c), variation of the cooperativity. Group A, R=R’=H; Group B,
R=0H, R’=H; Group C, R=R’=OH. Number of carbons of the linking arm: (a) n=6;
(b) n=8; (¢c) n=10; (d) n=11; (e) n=12.

of hydroxy functions and the number of carbons in the link-
ing arm. Figure 3a shows that the drugs without hydroxy
function reduced the transition temperature by only 0.5°K
while those which have two or three hydroxy functions pro-
duced an important shift of 2.5 °K. As can be seen in Fig. 3b,
the drugs without hydroxy function decreased the calorimet-
ric enthalpy while those bearing hydroxy functions increased
it. Figure 3c illustrates that the drugs with two hydroxy func-
tions greatly decreased the cooperativity of the phase transi-
tion while those with three hydroxy functions were slightly
less effective. Interestingly, the drugs without hydroxy func-
tion have no effect on the cooperativity. Therefore, the pres-
ence of hydroxy group on the molecule greatly influences its
interaction with the lipids. The number of carbons of the
linking arm, however, has no significant effect on the thermo-
grams (data not shown).

Figures 4a—c correlate the inhibitory concentration (ICs)
of the different platinum(Il) complexes on the MDA-MB-231
(ER-) cell line with several parameters obtained from the
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thermograms. The ICy, were determined earlier."” There is a
correlation between the inhibitory concentration of the drugs
and their effects on the transition temperature of the lipid
(r=0.77); the compounds showing the highest effect on the
transition temperature have the highest IC,, and, conse-
quently, the lowest toxicity. The correlation between the in-
hibitory concentration and the effect on calorimetric enthalpy
is less clear (r=0.58). However, in Fig. 4b, one can see two
sets of points, those in the lower left corner correspond to the
drugs of group A that possess no hydroxy function: they are
the most toxic and decrease the calorimetric enthalpy, while
the drugs in the upper right corner are less toxic and increase
the calorimetric enthalpy, belonging to groups B and C bear-
ing two or three hydroxy functions. The correlation between
the ICs, and the cooperativity is not evident (+=0.57), and
one cannot see any distinct cluster of points (Fig. 4c). The
same observations were made with the MCF-7 (ER+) cell
line (results not shown).

We can thus conclude that the addition of hydroxy func-
tions to the triphenylethylene moiety of the platinum com-
plexes produces an important effect on the thermogram, and
this is accompanied by a diminution of the toxicity of the
drug.

Discussion

DSC is now widely used to study the influence of drugs on
membrane lipids. Several hundred compounds have been
studied and shown to induce modifications of the phase tran-
sition profile depending on their localisation in the lipid bi-
layer. The pretransition which is ascribed to the transition
from a LB’ to a P’ structure is very sensitive to the presence
of molecules able to exert an action on the polar head of the
lipid. Therefore, it is not very specific since many molecules
which do not enter into the lipid bilayer can still influence the
polar head from the outside.'® However, the main transition
corresponds to the change in the organisation of the lipid
from a gel phase, or L3 where the acyl chains are in all trans
conformation to a liquid crystalline, or Lot where the acyl
chains are fluid because they display an increased
trans—gauche isomerisation. The total enthalpy change asso-
ciated with the main lipid chain melting is related to molecu-
lar packing of the acyl chains.'” Thus, any drug entering the
bilayer will modify the interacting forces between the acyl
chains of the phospholipids and, consequently, the aspect of
the thermogram. In most cases, insertion of a drug into the
lipid bilayer will affect the thermogram. It was demonstrated
that a broadening of the peak profile with a decrease or an in-
crease in the melting temperature suggests location of the
drug in the cooperative region corresponding to the first eight
carbons of the acyl chain (C2—CS8 region).'® It was also ob-
served that a shift of the peak to lower temperature without
broadening is the result of an interaction at the C10—C16
level.'?

The reference substance, tamoxifen, which has no hydroxy
function, only slightly affects the thermogram of DSPC.
Custodio ez al.'" suggested that tamoxifen molecules are lo-
cated in the hydrophobic interior region of the ordered bi-
layer and do not affect the cooperativity region (C2—C8).
The new derivatives of the group A that we made do not
modify significantly the cooperativity. Since they contain the
triphenylethylene ring system found on tamoxifen, we sug-
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gest that they also are deeply inserted in the hydrophobic
core of the bilayer, below the C2—C8 region.

Contrarily, the molecules of groups B and C, which bear
two and three hydroxy functions on the phenyl rings, greatly
broaden and shift the peak of the thermogram to lower tem-
perature. This can be interpreted in two ways: the hydroxy
functions certainly lead to additional steric hindrance, creat-
ing voids between the acyl chains which are compensated by
an increase in the ratio of gauche to #rans conformers and
that destabilize the gel phase or, the hydroxy functions may
have an hydrophilic effect on the polar head group of the
lipids and the drug may partially extend its distribution into
the outer hydrophobic region of the bilayer producing a pro-
nounced broadening of the transition profile.

When we synthesized these new compounds, we were ex-
pecting that their mechanism of action would be solely
through the binding of the triphenylethylene moiety to the
ER followed by the cytotoxic action of the platinum(II) por-
tion of the molecule. Consequently, we thought that this type
of compound would accumulate more efficiently in the ER+
breast cancer cells. In vitro this was not the case, since we es-
tablished that the ER— cells are more sensitive than the
ER+, and the drugs of group A which are the more toxic
have no affinity for the ER while those of groups B and C
which bind to the ER are less toxic.?

The major target of these drugs into the cell nucleus is
most likely DNA. Membrane interaction, membrane passage,
drug activation, and DNA-adduct formation will, together
with other factors, determine cytotoxicity. A change in the
structure of cisplatinum analogue may affect any of these
factors. However, the results presented here suggest that the
addition of the triphenylethylene rings to the platinum(II)
complexes will increase the hydrophobicity, and conse-
quently the resulting drug becomes more permeable to the
membrane, particularly the non-hydroxylated triphenylethyl-
ene derivatives.
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