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Abstract-The effect of the antimitotic drug vinblastine sulfate has been studied on fully hydrated 
dipalmitoylphosphatidylcholine (DPPC) liposomes in the temperature range 0” to 60” using differential 
scanning calorimetry and electron spin resonance spectroscopy with two fatty acid spin labels. In the 
gel phase, vinblastine interacts essentially with the DPPC polar heads and induces an important 
disorganization of the phospholipidic bilayer. The co-operativity of the main thermal transition is 
decreased. In the crystal-liquid phase, the drug penetrates inside the artificial membrane and induces 
the formation of domains which increased thermal stability. These effects are opposite to those observed 
with the drug isaxonine which is used to reduce the axonal degenerating effects due to vinblastine. 

Vinblastine is a lipophilic [l, 21 antitumor agent with 
anti-inflammatory potency. It interferes with the 
metabolism of nucleic acids, proteins and lipids [3] 
and disrupts cell microtubules and microfilaments 
[4,5]. Vinblastine-activated, membrane-associated 
enzymes may monitor breakdown of membrane 
acidic phospholipids [6]. In this respect vinblastine 
has common features with another lipophilic anti- 
in~ammatory drug, sulindac [7,8]. Vinblastine, 
sulindac and the antibiotic gramicidin-S affect the 
molar enthalpy of dipalmitoylphosphatidylcholine 
(DPPC)II main transition at all compositions [9,10] 
only by a few percent. In contrast cholesterol [ll, 121 
abolishes this transition at molar fractions higher 
than 25%. This observation and the qualitatively 
different patterns displayed by the modulation of 
DPPC-bilayer hydration in the gel state by either 
cholesterol [12] or vinblastine [13] led two of us, 
using differential scanning calorimetry (DSC) [14], 
to the assumption that the respective locations of the 
two substances relative to the DPPC molecules inside 
the bilayers may be different at a composition 
x(DPPC) = 0.9, where x(DPPC) designates the 
molar fraction of DPPC in the mixture. 

However, DSC is unable to survey the behaviour 
of the different parts of the phospholipid molecules, 
information which is given by spectroscopic methods, 
particularly electron spin resonance and spin label- 
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ing. This method has been used largely for studying 
the molecular ordering and dynamics of model mem- 
branes and the effect of numerous drugs on both 
artificial and natural membranes [15-221. In this 
paper we present results from both DSC and spin 
labeling. The experiments were carried out on fully 
hydrated (90%, w/w water), DPPC liposomes in the 
absence and presence of 10% vinblastine. 

MATERIALS AND METHODS 

Reagents. Vinblastine sulfate was a gift from Eli- 
Lilly (U.S.A.). Synthetic DPPC was purchased from 
Calbiochem, San Diego, CA. Its purity was checked 
by thin-layer chromatography. 

differential scanning calorimetry experiments. The 
samples were prepared as described in [13] in a 5 mM 
phosphate buffer pH7.4. The dry mixture lipid + 
drug composition was 0.300 mg DPPC + 0.037 mg 
vinblastine sulfate or x(DPPC) = 0.9. To it 3.05 mg 
buffer was added and weighed on a microbalance. 
The cup was sealed and incubated at 60” for 32 hr. 
A sealed reference cup containing 3.05 mg water was 
also prepared [Z-14]. Two samples were studied. 
One of them was annealed at 4” for 4 days. 

The DSC scanner was a Du Pont de Nemours 
thermoanalyser 990.910 equipped with a mechanical- 
cooling accessory. Scanning was performed between 
5 and 60” (above the DPPC-chain melting transition) 
at the heating rate 2 K/min. The thermogram peak 
areas were evaluated using a planimeter and the 
heats involved were deduced. The peaks limits are 
designated by the onset and the peak maximum 
temperatures. From the measured heat of mean tran- 
sition the molar enthalpy of DPPC-chain melting has 
been deduced ignoring the presence of vinblastine. 
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Spin labeling experiments. Multilamellar lipo- 
somes were prepared as for the DSC experiments. To 
200 ,ul of suspension, 5 ~1 of a 10 mM stock solution of 
spin label in dimethylsulfoxide was added. The label/ 
DPPC molar ratio was l/1000. Samples were incu- 
bated at 50” for 30 min, to allow an uniform repar- 
tition of the label in the membrane in its crystal- 
liquid phase. A high local probe concentration would 
produce exchange-broadened ESR spectra. This was 
not observed on experimental spectra. Thus, we 
can exclude the formation of spin label micelles. A 
control DSC experiment was carried out on a sample 
of spin-labeled DPPC. The spin label does not affect 
the thermograms. 

The spin labels were purchased from Synvar. They 
were N-oxyl-oxazolidine derivatives of stearic acid 
named, respectively, 5-NS when the nitroxide group 
is located on the 5th carbon and 16-NS when it is on 
the 16th carbon, the carbons being counted from the 
acid carboxylic group. 

Electron spin resonance spectra were recorded in 
the temperature range O-60” at about 1” intervals 
using a Varian E9 spectrometer equipped with a 
laboratory-built temperature controller (accuracy 
+ 0.2”). Since the intensity of the electron spin res- 
onance signal may be affected by some chemical 
reduction of the nitroxide group, especially in the 
high-temperature range, the signal stability was 
checked by recording a series of spectra on cooling 
the sample from 60 to 0”. The reversibility of the 
results for this heating-cooling experiment was 
satisfactory. 

The principles of interpretation of spin label 
spectra have been developed in numerous studies 
[15-201. We shall only recall the definitions of the 
parameters we have measured. The outer hyperfine 
splittings 2All is used as a relative measurement of 
the rigidity of the system. For randomly oriented 
samples, the magnitude of 2Aii generally decreases 
as the result of increased motional freedom along 
the hydrocarbon chains. The order parameter S is 
dependent on the frequency and amplitude of the 
molecular motion. The advantage of S is that it is 
well-known in the liquid-crystal literature and to a 
good approximation it varies linearly with the pos- 
ition of the outermost extrema of the ESR spectrum 
(2~~) v-241. 

When the inner hyperfine splitting 2A;i can be 
measured, i.e. the case when the fluidity of the 
system becomes sufficiently high with the 5-NS, the 
polarity of the spin label environment can be deter- 
mined from the mean value of the splitting constant 
aN: l/3 (Ali + 2A). It decreases with decreasing 
polarity [15]. 

The fluidity of lecithin liposomes labeled with the 
16-NS spin probe can be characterized by the par- 
ameter tc defined by the following expression [25]. 

t, = 6500 x AH[(h,/h_,)*-I]. 

tC is given in nanoseconds ho/h_1 is the ratio of the 
peak heights of the middle- and high-field lines and 
AH, the width of the central line (in Tesla). When 
the probe motion is roughly isotropic and to < 1 nsec, 
tc provides a good estimate of the rotational cor- 
relation time, otherwise it should be regarded as a 

parameter which is sensitive to changes in the probe 
mobility [25-271. 

With both spin labels, the linewidth of the central 
line (AH) gives a qualitative information about the 
tumbling rate of the label : AH increases when this 
rate decreases. 

RESULTS 

Differential scanning calorimetry experiments 

Figure la represents the thermograms obtained on 
heating the fully hydrated pure DPPC. The onset of 
the pretransition peak is at 32.5 ? 0.25” and the peak 
maximum is at about 36”. The corresponding molar 
enthalpy is equal to 5.8 -C 0.8 kJ/mole. The onset 
temperature of the main transition is 41.5 ? 0.25 
and its maximum is at 42 -C 0.25”. This transition 
molar enthalpy is equal to 34.2 2 0.8 kJ/mole. The 
main transition co-operativity number is about 150. 

The thermogram on Fig. lb is obtained for mixed 
vinblastine/DPPC (l/9, 
(w/w) hydrated. In th 

mole/mole) liposomes 90% 
e presence of the drug, no 

pretransition is visible. The onset of the main tran- 
sition peak is at 39.5 * 0.25” and its maximum is 
located at 41.25 2 0.25”. Its half-width equal to 2.5” 
corresponds to a co-operativity number equal to 37. 
A small peak ending at 45” is observed on Fig. lb on 
the high-temperature side of the main peak. Its area 
is about 10% of the total area of the double peak. 
Using the total area we obtain for the molar enthalpy 
of DPPC main transition AH = 34.7 & 0.8 kJ/mole. 

Electron spin resonance experiments 

5-NS spin label. This spin label probes the 
phospholipidic bilayer near its polar groups. The 
anchoring sites for the carboxylic group of the label 
in the bilayer polar interface are pH dependent as 
shown by the different 2Ali and aN values displayed 
at 50”, respectively, at pH 2.9 and 9.9 (see Table la). 
Figure 2 shows characteristic spectra obtained at 
various temperatures and at pH7.4. With pure 
DPPC they indicate a strongly immobilized system 
in the range 2-35” and a much more fluid system 
above 42”. The amplitude ho of the central line of 

IO “c 

t 41.5 
Fig. 1. Thermograms obtained by DSC on DPPC 
liposomes. (a) Control. (b) In the presence of 10% (mol/ 

mol) vinblastine sulfate. 



Vinblastine and DPPC liposomes 3083 

Table 1. Characteristic values of the spectral parameters measured with the 5-NS spin label. (a) Values of UII and UN 
in the crystal-liquid phase at 50” 

2411 (mT) 
UN (mT) 

pH 2.9 

4.075 
1.415 

Control DPPC 
pH 9.9 

4.80 
1.475 

pH 7.4 

4.76 
1.470 

DPPC + Vinblastine 
pH 7.4 

4.08 
1.420 

(b) Values of 2AII and S at selected temperatures 

I(“) 
2 20 33 45 

Control Vinblastine Control Vinblastine Control Vinblastine Control Vinblastine 

FII (mT) 6.50 0.96 6.26 0.90 6.26 0.90 5.78 0.77 5.96 0.82 4.20 0.34 4.76 0.49 4.12 0.32 

AlI is the outer hyperfine coupling constant; S is the order parameter calculated from 2Ai,; UN is the mean isotropic 
splitting constant. 

the spectrum (Fig. 3) displays clearly the phase tran- 
sition of the bilayer. In the presence of vinblastine 
the parameter ho indicates a 4” down-shift of the 
main transition temperature and an increase in the 
transition-temperature range. This can be related to 
the decrease in the transition co-operativity observed 
by DSC. 

The variations of 2Ali vs temperature are shown in 
Fig. 4. The peak meximum temperatures observed 
on DSC thermograms for the pretransition and the 
main transition are indicated by arrows. The steep 
sections of the curve correspond to the first-order 
transitions observed by DSC. The decrease in UI~ 
corresponds to an increase in membrane fluidity 
(Table lb). 

16-NS spin label. This label probes the DPPC 
bilayer near the methyl groups of the acyl chains. 

2Aff 

Fig. 2. Spectra obtained with the 5-NS spin label at different 
temperatures. Full line control DPPC. Dotted line DPPC 

in the presence of 10% vinblastine. 

Only small spectral differences are observed with 
this label between the control and the vinblastine 
experiments. Thus Fig. 5 only shows the spectra 
obtained in the presence of vinblastine. 

With this spin label, the amplitude of the central 
line ho is a well-defined parameter in the whole 
explored temperature range. Therefore it is suitable 
for characterizing the thermal behaviour of the sys- 
tem (Fig. 6). The main transition is displayed clearly 
at 42” by the control. No significant event is observed 
within the pretransition temperature range. In the 
presence of 10% mole/mole of vinblastine the onset 
of a broad transition is observed at 30” and a sharp 
change occurs at 45”. These transitions may cor- 
respond to the two peaks observed on the DSC 
thermograms (Fig. 2b). 

The shift in the transition temperature is further 
observed on the plot of AH vs temperature (Fig. 
7a). This parameter is inversely correlated to the 
tumbling rate of the label. It is observed that the 
fluidity is higher in the presence of vinblastine below 
the transition. 

In the high-temperature domain it is possible to 
evaluate the tumbling correlation time of the label 
by the formula of Keith et al. [25]. The results are 
shown in the plot of log (fJ vs l/T (Fig. 7b). Taking 
into account the shift of the main transition tem- 
perature and the relatively low accuracy of the deter- 
mination of t,, no significant change in membrane 
fluidity by vinblastine is revealed at high 
temperature. 

Table 2 indicates the characteristic spectral par- 
ameters measured with the 16-NS spin label, It 
should be noticed that with this label, accurate meas- 
urements can be obtained only in the temperature 
range O-35” where the 2A11 parameter is measurable. 
All these results show only a slight decrease in the 
ordering of the lipidic chains in the presence of 
vinblastine. 

DISCUSSION 

First we shall compare the information obtained, 
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Fig. 3. Plot of the central line amplitude ho (see Fig. 2) measured on the 5-NS spectra as a function of 
temperature. The parameter ho is given in normalized abitrary units. Full line, control DPPC (pH 7.4). 
Dotted line, DPPC in the presence of 10% (mole/mole) vinblastine sulfate. The arrows correspond to 

the peaks observed on the DCS thermograms (see Fig. 2a). 

repectively, from DSC and electron spin resonance 
experiments on pure DPPC liposomes. Then we 
shall discuss the effects observed in the presence of 
vinblastine at a 10% molar ratio. The results from 
DSC are relevant to first-order transitions in the 
whole-membrane system while spin labels con- 
tinuously discriminate, as a function of temperature, 
the membrane regions where perturbations occur 
with a resolution of about 0.5 nm. 

Behaviour of pure dipalmitoylphosphatidylcholine. 

The DSC thermograms reveal a broad pre- 
transition of low amplitude at 33” assigned to the 
formation of the rippled phase P/3’, and to the 
increase in the polar head area. It is followed by the 
main transition at 41-42” corresponding to the gel to 
liquid-crystalline phase LLY [28]. Both transitions are 
also observed for the control with the 5-NS spin label 
at pH 7.4, which probes the phospholipids near their 
polar parts (see Figs. 3 and 4). The decrease of 2A,, 
at the main transition temperature corresponds to 
the decrease in the order parameter S. 

In the liquid-crystalline phase the 2All and aN 
values are pH dependent (see Table la). The anchor- 
ing of the spin-labeled fatty acids depends on the 

5.2 

/ 

k; _ . . 
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IO 
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Fig. 4. Plot of the 2A,, parameter measured on the 5-NS 
spectra (see Fig. 2) as a function of temperature. Full line, 
Control DPPC. Dotted line, DPPC in the presence of 10% 
(mole/mole) vinblastine sulfate. The arrows correspond to 
the peaks observed on the DSC thermograms (see Fig. 2a). 

ionization state of the carboxylic head, as previously 
observed [29-301. The protonated form (-COOH) 
(control at pH2.9) penetrates the lipidic structure 
more profoundly than the negatively charged one 
(-COO-) (control at pH9.9 and pH7.4). In the 
former case the 2Aii parameter and the isotropic 
hyperfine constant aN for 5-NS are lower than in the 
latter case. In fact it is well-known that the closer 
the nitroxide groups are to the phospholipid polar 
heads the higher the values of the “order” parameter 
S. Furthermore, the isotropic hyperfine constant aN 
increases with the polarity of the nitroxide 
environment. 

With 16-NS, which probes the hydrophobic central 
parts of the bilayers, only the main transition is 
revealed at 42” (Figs. 6 and 7). Therefore the gel- 
liquid-crystalline phase transition is simultaneously 

2Ar/ 

Fig. 5. Spectra obtained with the 16-NS spin label at dif- 
ferent temperatures. (DPPC in the presence of 10% (mole/ 
mole) vinblastine sulfate). The low- and high-field lines of 
the low-temperature spectra have been recorded with a lo- 
fold increased recorder gain in order to determine 241, with 

improved accuracy. 
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Fig. 6. Plot of the central-line amplitude ho (see Fig. 5) 
measured on the 16-NS spectra as a function of tempera- 
ture. The parameter ho is given in normalized arbitrary 
units. Full line, controt DPPC. Dotted line, DPPC in the 

presence of 30% (mole/mole) vinblastine sulfate. 

revealed by both spin labels. This behaviour is con- 
sistent with the large co-operativity number (150) 
obtained by DSC for the main transition of pure 
DPPC. 

DSC reveals no first-order pretransition below 
39.5” in the presence of vinblastine. Furthermore, 
the co-operativity of the main transition decreases 
about 4 times. 

The 5-NS spin label shows that vinblastine affects 
the phospholipidic bilayer well below the main tran- 
sition temperature. In the gel state (O-30”), the 2Ai! 
values are lower in the presence of the drug than in 
its absence. This indicates a decrease in the ordering 
of the DPPC acyl chains in the neighbouring of the 
nitroxide group. 

In the low-temperature range, the acyl chain 
organization in the central part of the bilayer is 
very slightly modified, since the 16NS spectra are 
practically identical in control and vinblastine- 
treated liposomes. Therefore below 30”, vinblastine 
mainly affects the DPPC polar heads. 

That is further confirmed by the considerable 
modifications of the thermal behaviour of the lipo- 
somes in the transition-temperature range. For 
example, the order parameter near the polar heads 
(5NS) at 33” in the presence of vinblastine is 
decreased to the value measured in the hydrophobic 
central part for the control at the same temperature, 
Finally, the order parameter determined with the 5- 
NS label in the high-temperature domain (in the 
liquid-crystalline state) is considerably decreased by 
vinblastine. Moreover, we notice that the 2Ai and 
aN values in the presence of vinblastine (at pH 7.6) 

Fig. 7. (a) Plot of the peak to peak width of the central line 
AH (see Fig. 5) measured on the 16-NS spectra as a function 
of temperature. (b) Plot of log (t,) vs i/T; the rotation 
correlation time r, (in nsec) was obtained from the formuia 
of Keith et al. [25]. The accuracy of this measurement is 
about 10%. Full lines, control DPPC. Dotted line, DPPC 

+ vinblastine. 

are about equal to those obtained for the control at 
pH 2.9 (COOH form). 

These facts lead to the hypothesis that a low tem- 
perature, vinblastine perturbates the polar heads in 
their gel phase, probably by dipolar interactions and 
bilayer deformation. 

At pH 7.4 vinblastine is a hydrophobic cation and 
spin labels are hydrophobic anions. It is well-known 
that the association of these species is very strong. 
In our system, the ratio vinblastine/spin label is 
100/l. Therefore it may be that the anionic label is 
selectively located near the vinblastine molecules. 
The second-order transition observed with 5-NS at 
28-32” (not revealed by DSC experiments) may be 
explained by a motional change of the spin label due 
to its deeper penetration in the hydrophobic core in 
relation to the structural modifications of the DPPC 
polar heads in the neighbou~ng of the vinblastin~ 
molecules. 

Such an association of the drug is confirmed by 
the information given by DSC experiments and the 
16NS spin label. The two peaks displayed by the 
thermogram (Fig. 1) correspond to two types of 
DPPC domains one pure and one mixed with vin- 
biastine. The E.S.R. experiments only indicate one 
type of label environment (no transition revealed at 
42” but only at 45’). We have to admit that the label 
is concentrated near one of the two types of domain 
revealed by DSC thermograms, namely the one melt- 
ing at 45” and mixed with vinblastine. 

In summary, it seems interesting to compare our 
results with the theoretical predictions of JPhnig 
concerning the interactions of proteins with phospho- 

Table 2. Characteristic values of the spectral parameters measured with the 1QNS spin label, as a function of temperature 
in the gel phase. (In the crystal-liquid phase, 2A,, is longer more defined) 

P Control 

2A 4.78 
s 0.53 

6 
Vinblastine 

4.68 
0.52 

Tf 
14 24 35 

Control Vinblastine Control Vinblastine Control Vinblastine 

4.48 4.42 4.32 4.18 4.08 4.08 
0.48 0.47 0.43 0.42 0.37 0.37 
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lipid membranes. Accordingly, under the influence 
of proteins with increasing content, the phase tran- 
sitional region appears broader and the transition 
temperature may be shifted upward or downward 
relative to the control transition temperature, while 
the phospholipid fluidity decreases [31-333. 

Furthermore we want to notice the almost opposite 
effects of isaxonine and vinblastine. In fact isaxonine 
has been used to reduce the secondary axonal 
degenerating effects induced by vinblastine cancer 
therapy 134-383. At low concentrations isaxonine 
affects mainly the lipid-water interface by inducing 
a modification of the ionization state of the spin 
label, which becomes completely ionized, and by 
enhancing the lipid organization [18], in contrast to 
vinblastine. 
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