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Vinblastine sulphate, an antimitotic and anti-inflammatory agent, modifies the thermal behaviour of the
model membranes: the dipalmitoylphosphatidylcholine DPPC bilayers. The mixed DPPC and vinblastine
sulphate multibilayers in the range of DPPC mole fraction 0.4 to 1 display clearly the gel-liquid crystal (chain
melting) transition on the thermograms obtained with a differential scanning microcalorimeter. The molar
enthalpy of this transition is slightly depressed by vinblastine sulphate (less than 10%). The temperature-com-
position phase diagram corresponds to a total insolubility of vinblastine sulphate inside the frozen (gel)
bilayers and to a solubility of 0.2 (mole fraction) of vinblastine sulphate inside the fluid (liquid crystalline)
bilayers. The dissolved vinblastine sulphate depresses the cooperativity number of the frozen 2 fluid
transition of the bilayers very strongly (4- to 5-times). Up to its solubility concentration, vinblastine sulphate
increases the amount of the structural water of the bilayers and modifies the thermal behaviour of this water.
The ‘expelled’ vinblastine sulphate molecules are retained by the polar groups of DPPC molecules and screen
their electrostatic interactions with the structural water molecules. Below 0°C, the amount of the structural
water, which forms the aqueous separation between two bilayers, is enhanced by vinblastine sulphate.
However, the drug reduces (screens) the bilayers interaction with the structural water molecules.

chain-melting transition [9,10] at all compositions.
In contrast, the smaller cholesterol molecules

Introduction

Vinblastine sulphate is a lipophilic antitumor
agent [1,2] with anti-inflammatory potency. It in-
terferes with the metabolism of nucleic acids, pro-
teins and lipids [3] and disrupts cell microtubules
and microfilaments [4,5]. Vinblastine sulphate-
activated membrane-associated enzymes may mon-
itor the breakdown of membrane acidic phos-
pholipids [6]. In this respect vinblastine sulphate
has features in common with another lipophilic
antiinflammatory drug, sulfindac [7.8]. Vinblastine
sulphate, sulfindac and the antibiotic gramicidin S
are large molecules (M, around 1000) which affect
only by a few percent the molar entropy of DPPC
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[11,12] abolish this transition at relatively low con-
centrations. Therefore, we believe that cholesterol
and the large drug molecules have different loca-
tions relative to the bilayers in the gel state.

In the present report we provide information on
the effect of vinblastine sulphate on the hydration
of DPPC /vinbastine sulphate bilayers at low tem-
perature. This information is based on thermo-
grams established with a differential scanning
calorimeter within the temperature range — 60°C
© 50°C and on the interpretation of the low-tem-
perature peaks described in Ref. 13. We find that
vinblastine sulphate affects the bilayer hydration



more strongly than the molar entropy of the DPPC
chain-melting transition.

Materials and Methods

Reagents

Vinblastine sulphate was a gift from Eli-Lilly
(U.S.A.). DPPC was purchased from Fluka. Its
purity was examined by thin-layer chromatog-
raphy.

The samples were prepared as described in [10]
using DPPC solutions in CHCl,/CH;OH (9:1,
v/v) and solid vinblastine sulphate. The dry mix-
ture lipid plus drug weight was about 0.5 mg. To it
was added 0.5 mg water and the mixture was
weighed on a microbalance. The cup was sealed
and incubated at 60°C for 32 h. A sealed reference
cup containing 0.5 mg water was also prepared
[12,13]. For each DPPC /vinblastine sulphate mix-
ture studied, at least two samples were studied.

Thermograms

The DSC scanner was a Du Pont de Nemours
thermoanalyser 990-910 equipped with a mechani-
cal cooling accessory. ‘Scanning was performed
between —60°C and 50°C (above the DPPC chain
melting transition). For each sample four heating
and two cooling scans were carried out at a rate of
2 K-min~!. The sample and reference cups con-
tained the same amount of water (see our tech-
nique [13]). Calibration of the apparatus is per-
formed using the reference cup. The peaks areas
were evaluated using a planimeter and the heats
involved were deduced. The peaks limits are desig-
nated by the temperature at the origin of the peak,
t;, and at the peak maximum, 7,. As the heating,
h, and cooling, ¢, modes display hysteresis, we
note the temperatures ¢, f;., !np Imc fOT €ach
DPPC /vinblastine sulphate mixture. The com-
position of the bilayers is expressed as mole frac-
tion of DPPC, xpppc, in the dry mixture. The
amount of water, 0.5 mg, corresponds to 50%
(w/w) of the wet system.

The thermograms displayed high-temperature
peaks located above 30°C (Fig. 1a) and low-tem-
perature peaks located below 0°C (Fig. 1b). The
high-temperature peaks correspond to the well-
known DPPC chain-melting process. From the
measured heat of transition, the molar enthalpy of
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DPPC chain melting has been deduced, ignoring
the presence of vinblastine sulphate. The sharp
exothermic low temperature peaks at 0°C (in Fig.
1b) correspond to QF, the heat of ice melting
inside the reference cup. It has been explained in
Ref. 13 that QF divided by the molar enthalpy of
pure ice melting, L, = 1.44 kcal - mol ™!, provides
the mass, m_, of the structural water between the
phospholipid bilayers of a lamellar phase. This
quantity is compared to similar ones obtained
from X-ray diffraction studies [14].

The broad endothermic low-temperature peaks
observed on the thermograms in Fig. 1b corre-
spond to Q° the heat of melting of frozen water
inside the sample cups. According to Ref. 13, this
structural water, which is dispersed and stabilised
between the bilayers, is strongly perturbed by the
surface forces emerging from the bilayer mole-
cules. The broad low temperature endothermic
peaks have been analysed following [13] and the
results obtained are discussed below.

Results

Fig. 1 represents the thermograms obtained on
cooling and heating the various fully hydrated
DPPC /vinblastine sulphate lamellar mixtures. The
compositions for which xpppe equals 1, 0.9, 0.8,
0.7, 0.6, 0.5, 0.4 and 0 have been studied. The
high-temperature peaks are reproduced in Fig. la.
In Fig. 1b we show the peaks located around 0°C.

High-temperature results (Fig. 1a)

Thermogram and heat of transition. The pretran-
sition peak of DPPC, centred around 33°C, is
observed only for the heating mode of pure DPPC.
The molar enthalpy of this transition is equal to
1.7 kcal-mol™!. The temperature of the main
transition is inside the range 40.5-41°C. The cor-
responding molar enthalpy is equal to 8.2 kcal
mol ™!, The total molar enthalpy of transition is
equal to 9.9 kcal - mol™!. These results are con-
sistent with previously reported ones for the heat-
ing runs [2].

We have obtained additional information by
comparing the heating and the cooling mode ther-
mograms.

Heating mode. The peak onset in the heating
mode thermogram at the temperature ¢,, is located
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Fig. 1. Heating and cooling scans. — : heating; « : cooling. Vinblastine sulphate + DPPC + H,0 (50%. w/w). Xpppc = mole fraction
of DPPC in the dry mixture. (a) High temperature peaks. Peak onset and peak maxima temperature as indicated. (b) Low temperature

peaks. The maximum depression, ¢, . is indicated.

on the solidus line. The peak maximum at the
temperature ¢, is located on the liquidus line and
corresponds to the end of the DPPC transition.
For x;ppc equal to 1,09,08, 06, 05,04 in Fig.
la only one peak is displayed in the heating mode
thermograms (Fig. 1a). We assume that the tem-

perature range 4, =1 — %, corresponds to a
‘complete’ (approx. 100%) transition of the bi-
layers,

Cooling mode, The peak onset for the cooling
mode at 7, is located on the liquidus line. Peak
maximum at s__is located on the solidus line. For



Xpppc €qual to 1, 0.9, 0.6, 0.5 or 0.4, the cooling
mode thermograms display one peak. The temper-
ature range Az, =1, — ¢ is assigned to a ‘com-
plete’ (approx. 100%) transition of the bilayers.

Mechanical and thermal relaxations in the DSC
device occur beyond ¢, and ¢,

In Fig. la, the solidus and the liquidus tempera-
ture limits thus defined are shown. Except for the
mixtures with xpppc =0.7 and xpppe = 0.8 each
limit displays up to 2 K hysteresis between cooling
and heating modes. For pure DPPC (xpppc=1)
t.n is at 40.5°C and ¢, is at 41.25°C. For xpppc
=0.9 we have 7, =40°C and ¢, =42°C. For
Xpppc €qual to 0.6 or 0.4 the hysteresis is only
about 0.5 K. The same type of hysteresis is dis-
played by the peak maxima ¢ and the low-tem-
perature limit ¢,,, (see the values in Fig. 1a). Inside
the transition range 0.7 > xpppc > 0.8 the peak is
a superposition of peaks of the type observed for
either xpppc > 0.9 or xpppe < 0.6.

In Fig. 2a and b, the solidus, ¢, f,., and
liquidus, 7, ¢,., lines are drawn separately. The
hysteresis is smaller (1-2 K) for the solidus line
than for the liquidus line (1-3 K). The curvatures
of the two lines are similar. Both lines display a
sharp change (4-5 K) in the interval 0.8 < xpppc
< 0.9 and a plateau for xpppe < 0.7.

The average transition temperature range Az,
and At for the heating and for the cooling modes,
respectively, are calculated from Fig. 2a and b.
For pure DPPC, their values are small: 47, = 1.0
K +0.5 and Ar,=1 K +0.5. For xpppc=0.9 or
10 mol% vinblastine sulphate in one thermogram
only, the peak onset for the cooling mode was
above the maximum temperature, ¢,,, for the
heating mode. At this composition, A7, = 4K + 1.5
and Ar,= 2.5 K + 1.5. We did not decompose the
broad peaks obtained at the intermediate composi-
tions xppp equal to 0.7 or 0.8 which seem to be
representative of a complex structure intermediate
between those of the vinblastine-sulphate-poor
(xpppc > 0.9) and vinblastine-sulphate-rich
(xpppc < 0.7) samples.

Values of ¢, t,... A¢. are reported in Table 1.

The molar enthalpy of DPPC chain melting,
AHpppc, is obtained from the total area of the
high-temperature broad peaks. The values ob-
tained for the cooling and heating mode scans are
shown in Fig. 2c. Neither the mode of scanning
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Fig. 2. Transition temperatures, molar enthalpy and amount of
structural water. DPPC + vinblastine sulphate+H,0 (50%,
w/W). Xpppc = mol fraction of DPPC for the dry mixture.
t = transition temperature. (a) Solidus line. #;,, ¢;. = peak onset
and peak maximum temperatures on heating, h, and on cool-
ing, c, scans. (b) liquidus line. ¢;, 1, = peak onset and peak
maximum temperatures on cooling, ¢, and heating, h, scans. (c)
A Hpppc = molar enthalpy for the DPPC gel 2 liquid crystal-
line transition. X, cooling scan; O, heating scan [10]. @,
heating scan (present experiments). (d) n};,o: amount of struc-
tural water [(H,0)/(DPPC + vinblastine sulphate)] (mol /mol).

nor vinblastine sulphate affects very significantly
AHpppe, which is on the average equal to 7.5 + 1
kcal - mol™! or less than 1 kcal-mol~!, smaller
than A Hpp of pure DPPC,

The corresponding molar entropy of DPPC
chain melting, ASpppc =[AHpppe/Tiy] is re-
duced by vinblastine sulphate from ASY,p = 26.1
e.u.-mol~ ' * for pure DPPC to ASpppc =24.6
e.u.- mol~ '. This variation is small: 6% of ASSp-.

* eu, cal- KL
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TABLE 1

TEMPERATURE AND COOPERATIVITY NUMBER FOR THE GEL TO LIQUID CRYSTAL TRANSITION OF DPPC

xpppc: mole fraction in the dry DPPC /vinblastine sulphate mixture. 50% (w/w) hydration. AT, range of temperature for ‘complete’
(approx. 100%) transition. T, transition temperatures. h, c: heating, cooling modes. AH ;. van 't Hoff enthalpy for the cooperative

transition. n: cooperativity number for the transition (see Eqn. 5). AH

AH

cal

both cooling and heating modes (see Fig. 2c).

= 8.2 kcal-mol~ ! (main transition. heating mode) and

cal

=9.9 kcal-mol ! (main transition + pretransition, cooling mode) for xypp¢ = 1. For X pppe = 1, AH,,, = 7.5 kcal -mol ™' for

XpppC AT, T, AT, T AH y, AH . Ny e
(K) (K) (K} (K) (kcal /mol) (kcal /mol)

1 1.0 313.65 1 313.65 1558 1558 190 158

0.9 4.0 311.65 2.5 311.15 384 614 52 82

0.7 40 308.15 5.0 306.45 376 296 50 38

The presently reported values of A Hppp in the
range 0.6 < xpppc < 0.9 are smaller by about 2
kcal - mol ! than those reported in Ref. 10. The
history of the samples studied in Ref. 10 is differ-
ent from that of the presently studied ones. Those
samples were never cooled below 0°C and were
not incubated at 60°C for 16 h, as opposed to
those presently studied.

Low temperature peaks (Fig. 1b)

The mass, m,, of the water dispersed by the
bilayers is obtained from the (apparently) ex-
othermic peaks of the thermograms shown in Fig.
1b as explained in Materials and Methods and in
Ref. 13. The quotient n; o« m,/N’, where N’,
the total number of DPPC plus vinblastine sulphate
bilayer molecules, is the average number of struct-
ural water molecules per molecule inside the sam-
ple. Its variation with xppc is shown in Fig. 2d.
For xpppe > 0.8, ny,o is independent of the bi-
layer composition.

The low-temperature endothermic peak corre-
sponds to the heat of melting, Q°, of the frozen
structural water of mass m_. As shown in Ref. 13,
Q® < Q7, the heat involved in the metling of the
mass, m_, of pure ice. The difference AQ = Q" — Q°
is interpreted according to Ref. 13.

In Ref. 13 we suggest the following analytical
expression for the endothermic peaks within the
temperature range —10°C <1< —1°C (see Fig.
1b).

n 2 17a 2y —(a+1/a
e(t)szlgsj{E(;‘_’[)(_Tmm } (-T) ‘ ’ M

v.vhere e(t) is the deflection from the base line at ¢,
T,=2 K-min~"' is the rate of scanning, L = L_ is
the effective molar enthalpy of frozen structural
water, a = 2, L and /(¢) are, respectively, the thick-
nesses of the aqueous gap separating two bilayers
[14] and of the unfrozen water layer at the temper-
ature ¢, @({‘, 1) (=1 for /- L) is a geometrical
factor and T=T — T, is the shift of the tempera-
ture from the normal ice-melting temperature ¢, =
0°C. The maximum deflection, ¢, (7, ), occurs
at the smallest shift |7, . |. Eqn. 1 is tested in
Fig. 4 using the results of Fig. 1b and of various
other thermograms (not shown). Although the ex-
perimental reproducibility of the thermograms is
not excellent, a given peak appears to be repre-
sented quite well by Eqn. 1 for |T|>1 K. For
|7'[ - 0 the error, 0.25 K, in 7 is too large. There-
fore, (—T,) is obtained by extrapolating the

*pPPC *pPPC

Fig. 3. Thermal behaviour of structural water in DPPC /vinb-
lastine sulphate hydrated multibilayers. x ppp- = mole fraction
of DPPC inside the dry mixture. (a) Structural water, and
non-freezing water, h. ny o =[H,0/(DPPC+ vinblastine
sulphate)j(mol/mol). (b) Molar enthalpy of melting of the
frozen structural water inside multibilayers, L, and in bulk
water, L, =1440 cal-mol ™.
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Fig. 4. Test of Eqn. 1 using the data of Fig. 1b. ¢, rate of heat
input. =T —273.15 K = temperature shift from 0°C. xpppc
= mole fraction of DPPC inside the dry DPPC/vinblastine
sulphate mixtures as indicated. Results of seven temperature
scans. The lines show the scattering of the slope and of
enthalpy of (frozen water) melting values.

lines in Fig. 4 to the values of ¢,,, read on the
thermograms shown in Fig. 1b. A second parame-
ter (—7,,,,) is obtained by extrapolating the lines
in Fig. 4 to &(T_,,)=0. Values of T, are indi-
cated in Fig. 1b. The effective values of L are
found from the slopes of lines such as those shown
in Fig. 4 using Eqn. 1. They are plotted vs. xpp¢
in Fig. 3b. The value of L for pure DPPC is 15%
smaller than the value reported in Ref. 13 and
quoted in Fig. 3b (0.52 instead of 0.640 kcal-
mol '), This difference is within the limits of
thermogram reproducibility. Athough the scatter
of the values of L is important, the increase of L
by vinblastine sulphate incorporation is signifi-
cant. It is parallel to the increase of the amount of
structural ny . For a 1/1 molecular ratio
DPPC /vinblastine sulphate, L becomes compara-
ble to L.

It has been shown in Ref. 13 that the heat Q°
involved in the melting of the frozen structural
water may be expressed as follows:

0 =T (1= @

where /_ is the minimum thickness of the non-
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freezing (liquid) structural water. As L& njy o
using Eqn. 2 and the measured values of Q°, m
and L (I,/L)=(n},o/nh,0) is evaluated. We
plot in Fig. 3a (line h') the variation of ny;  with
Xpppc- It parallels that of L with xpppe. There-
fore, according to our approach, the amount of
structural and of non-freezing water and the molar
enthalpy and entropy of melting of the frozen
structural water of DPPC bilayers are affected by
vinblastine sulphate.

Discussion

Vinblastine sulphate is a dimeric alkaloid
(Fig. 5) of molecular weight 909.1 g-mol~'. Its
partition coefficient, P, between octanol and water
at room temperature being equal to log P = 3.65,
vinblastine sulphate is considered lipophilic. Nev-
ertheless, the vinblastine sulphate solubility in
water at room temperature may be as high as
approx 0.1 M (communicated by Eli Lilly). On
heating the aqueous solutions, vinblastine sulphate
undergoes reversible thermal aggregation to an
extent which is dependent on pH and vinblastine
sulphate concentration. The aggregation, which
may be prevented by excess anionic detergent or
proteins [15], is assigned to vinblastine sulphate
lipophilic character and it may be expected that
vinblastine sulphate molecules penetrate deeply
inside the DPPC bilayers.

The results of A Hppp in Fig. 2¢ show clearly
that vinblastine sulphate does not perturb either
the melting or the freezing of DPPC chains signifi-
cantly. The molar enthalpy of this transition is
lowered by about 12% and the corresponding ent-

O'?LIHS T

H

N <coon,
H. H,S0,

CZHS
CH,0 H
N°H X 0COCH,
\ CHHO COOCH, ~ /

Fig. 5. Molecular structure of vinblastine sulphate.
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ropy by about 6%. The significant depression of
the gel — liquid crystal (G — LC) transition tem-
perature for DPPC indicates (Fig. 2a, b) that the
drug does affect the free energy of DPPC. It
enhances also the average amount of structural
water ny; o of the frozen lamellar phase (Fig. 2d),
i.e., it increases the aqueous separation between
bilayers.

As a first approximation, we analyze the results
shown in Fig. 2a and according to Hill [16] which
suggested for such phase diagrams the following
expression:

1 1 R x5Sec

—-—== In
T, T AH, G
DPPC DPPC  Xpppc

(3)

where R=1.98 e.u.-mol™", T, Tpppc are transi-
tion temperatures for the mixed vinblastine sul-
phate/DPPC and for the pure DPPC bilayers,
xpepe and xSppe are the DPPC mole fractions
inside the fluid or the frozen bilayers. Both x5S,
and x$ppc are monitored by vinblastine sulphate
concentration inside the aqueous regions. Eqn. 3
with xSppc=1 and AHpppe =8 keal - mol™"
satisfies the solidus band (see calculated line in
Fig. 2a). In contrast, the liquidus band in Fig. 2b
would correspond to the phase diagram, Eqn. 3,
provided either xSppc <1 or ak$pe > x5$pc, the
activity of DPPC in the liquid crystalline state, is
increased by vinblastine sulphate. The possibility
asspe > X5epc is consistent also with the non-sig-
nificant effect of vinblastine sulphate on A Hpppc
(Fig. 2c). Such a non-significant effect of the in-
corporated large lipophilic molecules has been not-
iced for other two lipophilic large molecules:
gramicidin S [9] and the anti-inflammatory agent
sulindac sulfide [7,8].

Both depressions of the liquidus and of the
solidus temperatures saturate at xpppc = 0.8 and
point to the limited miscibility of vinblastine
sulphate and DPPC when x > 0.2
inside the sample.

Egn. 3 implies that the mixed DPPC +
vinblastine sulphate bilayers form very large
ordered domains displaying highly cooperative
transitions. For them, unless complexes between
vinblastine sulphate and DPPC are formed, only
depressions of DPPC transition temperature would
be observed. This is verified by all the heating

vinblastine sulphate

mode thermograms. In contrast, some of the cool-
ing mode thermograms for the poor (xpppe = 0.9)
vinblastine sulphate samples display a small in-
crease in the transition temperature on the liqui-
dus line, but not on the solidus line. This increase
may be due to the broadening of the DPPC transi-
tion peak involved by the decrease in the coopera-
tivity of this transition [17]. Based on this observa-
tion, we discard the assumption of complex forma-
tion and evaluate the index of cooperativity, n, for
the transition as defined in Ref. 1. If AH_, is the
relevant van 't Hoff enthalpy for a ‘complete’
(100%) pure two-state order 22 disorder transition,
by definition we have:

2
AHvH=4R2Tm(j—‘;)Tm = 8?;'“ 4
where (da/dT); is the maximum rate of the
transition, « is the degree of advancement of the
transition and 7, = T(a = 0.5). As (da/dT), =
2/AT, where AT is the temperature range corre-
sponding to the complete transition we evaluate
the cooperativity number, n, defined in Ref. 17 as
follows:

AH,,
" AH

cal

n (5)
The values of AH_ ,,=AHppc are reported in
Fig. 2c. From [2,5] and the values of AT,, AT,,
T, T, reported in Table I we evaluate n, and n,
for the cooling and the heating mode transitions.
The results obtained are reproduced in Table I
(last two columns). It is evident that vinblastine
sulphate perturbs the DPPC bilayers and reduces
by 4 to 5 times the cooperativity number of the
DPPC liquid crystal 2 transition. For pure DPPC,
the values we obtained for n are of same order as
those reported in Ref. 15. The difference might be
the consequence of our approximation (see Eqn.
4). However, the modulation of n by vinblastine is
significant (see Table I).

The difference between n_ and ny, is within the
(large) experimental error on AT. For xpppe = 0.9
the difference between n, and n_ is significant. As
for the depression of the transition temperature,
the depression of the DPPC transition cooperativ-
ity number by vinblastine sulphate saturates at
Xpppe < 0.8.



We may speculate about this limited miscibility
or solubility of vinblastine sulphate knowing the
overall composition of the sample at xpppe = 0.8.
The sample contains approx. 50 pg vinblastine
sulphate, 500 pg H,O and approx. 450 pg DPPC.
Ignoring DPPC, the concentration of vinblastine
sulphate in water alone would be approx. 0.2 M,
or twice its solubility in water. In the presence of
fluid DPPC bilayers, solubilization of vinblastine
sulphate would lower its concentration in water. If
at xpppc = 0.8 either the aqueous space or the
bilayer becomes saturated with vinblastine sul-
phate, for x5ppc < 0.8, the sample would contain
pure (excess) undissolved vinblastine sulphate and
x5$pc and the depression, Tpppe — T, would be-
come constant, too.

Furthermore we note that both the amount
(Fig. 3a) and the thermal behaviour (Fig. 3b) of
the structural water also become independent of
vinblastine sulphate for the vinblastine-sulphate-
saturated bilayers (xpppe < 0.8). In these bilayers,
on ‘the one hand the amount of the structural
water has doubled compared to the amount of
structural water in pure DPPC bilayers; on the
other hand, the molar enthalpy of melting, L, of
this frozen water has increased almost to the value,
L,, for bulk ice. The evolution of ny; o (Fig. 3a) is
not clear, the results being too scattered. The
increase in the average hydration number n{‘,’zo by
vinblastine sulphate (Fig. 3a) contrasts with the
saturation observed for the depression of gel 2
liquid crystal transition temperature and coopera-
tivity (Fig. 2a, Fig. 2b and Table I). It contrasts
also with the constant value of A Hppp (Fig. 2¢).
We suggest that the undissolved (excess) vinblas-
tine sulphate present in the samples at xpppc < 0.8
hydrates too and contributes in an unpredictable
way to the average value of n{‘{'zo. Further studies
carried out at increasing overall hydration of the
samples might elucidate the effect of vinblastine
sulphate on | .

Conclusion

The gel 2 liquid crystalline transition of DPPC
multibilayers is not abolished by the incorporated
vinblastine sulphate molecules under our present
experimental conditions. Except for a small tem-
perature lag hysteresis possibly orginating in the
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relatively high (2 K - min~ ') scanning rate, heating
and cooling scans provided similar thermograms
demonstrating the high reversibility of the gel 2
liquid crystal transitions. Vinblastine sulphate de-
presses the molar enthalpy of this transition
AHpppe by about 12%, while the transition tem-
perature and cooperativity number, », are strongly
depressed.

The phase diagram, ¢t — xpppc, based on these
results indicates that the frozen (gel) bilayers of
DPPC expel the vinblastine sulphate molecules
incorporated by the fluid DPPC bilayers. The
about 12% decrease of AHpppc by vinblastine
sulphate might correspond to either a small order-
ing of DPPC fluid chains or a small disordering of
DPPC frozen bilayers slightly contaminated by
vinblastine sulphate.

While the frozen paraffin chains of DPPC
molecules expel the vinblastine sulphate molecules,
their (DPPC) polar groups may attract them elec-
trostatically. This has been assumed before for the
large lipophilic molecules of gramicidin S incorpo-
rated inside the DPPC multibilayers [9]. In this
position the vinblastine sulphate molecules might
screen the electrostatic interactions between the
DPPC polar groups and the structural water mole-
cules and increase the width of the aqueous spac-
ings between the bilayers.

Our results verify this expectation. The molar
enthalpy for the structural water melting increases
towards its value in bulk and the amount, nSHZO, of
the structural water, proportional to the width of
the aqueous spacings, increases also when the molar
ratio vinblastine sulphate /DPPC is increased. We
may speculate that the resulting increasing dis-
tance between successive bilayers reduces the
(molecular) correlation between the DPPC mole-
cules in both the gel and liquid crystalline state
and reduces too the cooperativity of the transition.
This evolution is expressed by the large drop
(4-5-times) in the value of the cooperativity num-
ber, n.

The effect of vinblastine sulphate on several
properties of DPPC bilayers saturates for xpppc <
0.8. These properties are: the downward shift for
the gel 2 liquid crystal transition temperature and
for the cooperative number and the upward shift
for the amount and melting enthalpy of the struct-
ural water. We conclude that the composition,
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Xpppc = 0.8, equivalent to the molar ratio 1 vinb-
lastine sulphate /4 DPPC, corresponds to the limit
of miscibility of vinblastine sulphate with DPPC
in the fluid state under the present experimental
conditions.

Our studies are relevant to pharmaceutics and
cancer chemotherapy by liposomally encapsulated
vinblastine sulphate [18,19]. The liposome stability
during lyophilization and during liposome adhe-
sion to cell membranes may be controlled by their
structural water as stated elsewhere [12,13,14,20].
To obtain information on this structural water, our
original DSC approach is very useful.
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