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Summary 

1. The dipalmitoyl phosphatidylcholine/water system was employed to 
study the interaction of phenothiazines with model membranes. In particular, 
the effects of the drugs upon the lipid phase transition were examined using 
differential scanning calorimetry and NMR spectroscopy. The studied pheno- 
thiazines have peripheral (diethazine) or central (chlorpromazine) properties. 

2. Both drugs were observed to lower the phase transition temperature of 
dipalmitoyl phosphatidylcholine. The molar activity of chlorpromazine is some- 
what higher than that of diethazine. At low concentrations the drugs affect the 
dipalmitoyl phosphatidylcholine pretransition endotherm. 

3. In the 13C NMR spectra of the drug-containing samples the signal of the 
trimethylammonium group of dipalmitoyl phosphatidylcholine is broadened, 
whereas a narrowing of the signal of the fatty-acid chain methylene groups is 
observed. Further, addition of the phenothiazines causes higher values of the 
effective chemical shift anisotropy of the 3~p in the phosphate group, in com- 
parison to the pure dipalmitoyl phosphatidylcholine sample. 

4. The results obtained by three different techniques indicate a higher 
fluidity in the fatty-acid chain region and a mobility reduction of the polar 
headgroup of the dipalmitoyl phosphatidylcholine molecules in the presence 
of the phenothiazines. These phenomena can be well accounted for by a model 
for the incorporation of the phenothiazines in the dipalmitoyl phosphatidyl- 
choline bilayer, in which the dialkylaminoalkyl chains are located near the 
polar headgroups and the ring system does not penetrate far beyond the gly- 
cerol backbone into the hydrocarbon phase. 

Abbreviations: T1, temperature of tran~tion onset; Tmax, phase transition maximum temperature; 
AT, transition width in temperature; AT 1/2, half-height transition width in temperature; NMR, 
nuclear magnetic resonance; Aveff, effective chemical shift anisotropy. 
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Introduct ion 

In the last few years numerous investigations have been carried out  to gain 
insight into the interaction of  drugs with biological membranes or with simple 
model systems. It has been found that some substances can interact directly 
with specific protein receptor  sites, whereas others interact with membrane 
lipids or with hydrophobic  regions of  the membrane. Now there is evidence 
that some antidepressant-active drugs may induce a transition of phospholipid 
acyl chains from an ordered gel to a liquid crystalline state in a phospholipid 
model membrane [1--5]. This demonstrates that, in principle, membrane 
fluidity in a local region could be affected by such interactions and that in this 
way the function of various membrane-bound proteins may be changed. 

The purpose of the present s tudy was to investigate the molecular mecha- 
nisms of the interaction of the drugs diethazine and chlorpromazine with 
model  membranes composed of  synthetic dipalmitoyl phosphatidylcholine by 
application of differential scanning calorimetry, 13C and 31p NMR spectroscopy 
and to correlate the results with the different pharmacological actions of both 
phenothiazine derivatives. 

The advantage of  the experimental methods  chosen is that the same system 
can be used for all measurements and that the three techniques provide com- 
plementary information: differential scanning calorimetry shows the global 
behaviour of the " d o p e d "  dipalmitoyl phosphatidylcholine/water systems. On 
the other-hand, 13C NMI% spectroscopy gives some information about  the 
mobil i ty both in the polar headgroup region and in the fatty-acid chain region, 
whereas 3~p NMR spectroscopy reflects only the mobili ty in the headgroups; in 
particular, of the phosphate groups. 

Materials and Methods 

Chemicals 
Dipalmitoyl phosphatidylcholine (1,2-dihexadecyl-sn-glycero-3-phosphoryl- 

choline) was purchased from Ferak (Berlin) and used wi thout  further purifica- 
tion. The phenothiazine derivatives were obtained from Kombinat  Arznei- 
mittelwerk Dresden (AWD, G.D.R.) and were of  AB 2/G.D.R. grade. They were 
used as hydrochlorides. The structures of  the drugs are shown in Fig. 1. The 
water was twice distilled in an all-glass apparatus. 2H20 was from Isocommerz 
Berlin-Buch, G.D.R. (99.7 atom% 2H). The chloroform was of analytical 
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reagent grade and fractionally redistilled after purification from degradation 
products used before. 

Differential scanning calorimetry 
The drug/lipid mixtures were prepared as follows. In every case approx. 60 

mg of the pure solid dipalmitoyl phosphatidylcholine and the correct amounts 
of the corresponding phenothiazine for the desired molar drug:lipid ratios 
were dissolved in a mixture of approx. 3 ml chloroform and a drop of water. 
Then the bulk solvent was eliminated in a rotary evaporator under an atmos- 
phere of pure nitrogen. The last traces of the chloroform/water mixture were 
then expelled by placing the sample under vacuum in a vacuum desiccator over 
phosphorus pentoxide for at least 3 h. 

The thin drug/lipid film was suspended in 1 ml of water by manual shaking. 
The suspension was carefully heated in a water bath to approx. 70°C. The 
aqueous dispersions of the drug/lipid mixtures were produced by mechanical 
agitation of the samples above the phase transition temperature of the lipid 
under nitrogen for 5 rain. This step was repeated several times to ensure that 
the mixing of the different components was complete. This procedure appeared 
to provide more homogeneous aqueous phospholipid dispersions than may be 
obtained by shaking a mixture of  dry phospholipid powder and the aqueous 
solution. Careful mixing was found to be necessary to obtain reproducible 
results. The dispersions of the drug/lipid mixtures in excess water had a bulk 
pH of  approximately 3. 

After this, the excess water was removed with a rotary evaporator under 
reduced pressure and nitrogen at 65°C. The final water content  of the samples 
was adjusted to 50--80 weight% of  water. The ready samples were sealed under 
nitrogen, briefly heated to approx. 60°C in the water bath and stored in the 
dark at room temperature overnight to ensure complete equilibration. 

The phenothiazines which contain a sulphur atom in the tricyclic ring are 
very susceptible to decomposition by air oxygen or by light. Therefore, all sol- 
vents including water and 2H20 were deaerated with pure nitrogen. Thereafter 
all procedures were carried out under an atmosphere of pure nitrogen. Addi- 
tionally, the samples were stored in a beaker which was wrapped and covered 
with aluminium foil to avoid exposure to light. 

For calorimetric studies the samples were examined in sealed calorimeter 
pans with a differential scanning calorimeter (Perkin Elmer DSC-1B). Indium 
was used to calibrate the apparatus for quantitative heat determinations. All 
scans were obtained with a range setting of 4 and 2 mcal/s and a scanning rate 
of 4 K/min. Each drug/lipid mixture was run at least four times. All experi- 
ments were repeated using two separate preparations. The enthalpies of transi- 
tion (AH) were calculated from the areas under the excess specific heat curves, 
which were determined by weighing the traces of the transition profiles. 

Nuclear magnetic resonance spectroscopy 
The NMR samples were prepared in a manner similar to that  described for 

the calorimetric ones above. However, approx. 200 mg of the pure solid dipal- 
mitoyl phosphatidylcholine were needed for one drug/lipid mixture. In all cases 
water was replaced by 2H20. The final water content  of the dispersions was 
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adjusted to 50 weight% of 2H20 as correctly as possible. 
The 13C Fourier transform and 31p Fourier transform NMR spectra were ob- 

tained in a Bruker HX-90 spectrometer operating in a Fourier transform mode 
at 22.63 and 36.4 MHz, respectively. The instrument was equipped with tem- 
perature control, a deuterium "lock" and proton-decoupling facilities. In the 
case of the 13C Fourier transform NMR spectra a pulse width of  20 t~s was used 
and about 5000 free induction decays were accumulated. Subsequently, these 
data points were Fourier transformed to give a real frequency domain spec- 
trum. For the 31p Fourier transform NMR spectra up to 2000 free induction 
decays were accumulated employing a 0.1 s interpulse time. The measurements 
were made in the presence of strong broad band proton decoupling. Sufficient 
time was allowed for the tube and its content to come into thermal balance 
before the measurements were 'initiated. 

Results 

(1) Differential scanning calorimetry 
The transition profile for a pure simple dipalmitoyl phosphatidylcholine/ 

water dispersion without any drug (see Fig. 2a) showed, for the main transi- 
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Fig .  2. Dif ferent ia l  scanning  c a lor im e tr y  for  d i p a l m i t o y l  p h o s p h a t i d y l c h o l i n e  ( D P P C ) / c h l o r p r o m a z i n e /  
w a t e r  m i x t u x e s .  Heat ing  rate ,  4 K / r a i n .  (a )  Trans i t ion  prof i le  for  a pure s imple  d i p a l m i t o y l  p h o s p h a t i d y l -  
c h o l i n e / w a t e r  dispers ion w i t h o u t  any drug.  (b)  S o m e  t h e r m o ~ a m s  o f  the  d i p a l m i t o y l  p h o s p h a t i d y l -  
c h o l i n e / w a t e r  s y s t e m  at d i f f e r e n t  drug c o n c e n t r a t i o n s  ( d o w n w a r d :  2,  5,  1 1 ,  2 1 ,  2 4 ,  3 3 ,  and 41  t oo l% of  
c h l o r p r o m a z i n e ) .  (c )  T h e r m o ~ a m s  o f  the  d i p a l m i t o y l  p h o s p h a t i d y l c h o l i n e / c h l o r p r o m a z i n e / 2 H 2  O dis-  
p e r s i o n s  w h i c h  w e r e  used  for  the  N M R  studies .  Molar rat ios  o f  d i p a l m i t o y l  p h o s p h a t i d y l c h o l i n e  to  e h l o r -  
p r o m a z i n e ,  5 : 1 ( above )  and 2 : 1 ( b e l o w ) .  T h e  given c o n c e n t r a t i o n s  o f  e h l o r p r o m a z i n e  are the  to ta l  con-  
centra t ions  o f  drug in the  phase s y s t e m  d i p a l m i t o y l  p h o s p h a t i d y l e h o l i n e / w a t e r .  
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tion, an onset temperature and a maximum temperature of 313.1 K and of 
314.6 K, respectively, and a width and half-height width for the transition of 
4.4 K and 1.0 K, respectively. In the case of  a sample which contained 50 
weight% of  water the calculation of  the transition enthalpies (AH) yielded 1.5 
kcal/mol for the "pretransitional" peak and 8.8 kcal/mol for the main endo- 
therm. The main chain transition enthalpy from dipalmitoyl phosphatidylcho- 
line is in good agreement with that found previously by Phillips et al. [6], 
Chapman et al. [7],  Jacobson and Papahadjopoulos [8],  Vaughan and Keough 
[9] and Jain et al. [3], but is lower than the value reported by Hinz and Sturte- 
vant [10].  

Below approximately 80 weight% of water the dipalmitoyl phosphatidyl- 
choline/water dispersions containing the phenothiazine derivatives formed 
jelly-like masses. To avoid possible heterogenety in the samples by further 
evaporation of  water a correspondingly higher water content was chosen for 
the drug-containing lipid/water dispersions. Pure dipalmitoyl phosphatidylcho- 
line/water dispersions with so much water provide for the transition enthalpy 
of  the main peak values which are about I kcal/mol lower (AH ~ 7.5--7.9 
kcal/mol). This discrepancy from the dispersions containing 50 weight% of 
water is unexpected because further water addition should only increase the 
proportion of  the free water. In the simplest case the differences presumably 
result from the base line problem as outlined by Hinz and Sturtevant [10].  On 
the other hand, this discrepancy does not influence the relative effects pro- 
duced by added phenothiazine derivatives because of  the uniform base line 
determination for all studied samples. Moreover, the "zero point" was esti- 
mated under the same conditions. 

The addition of  the phenothiazines to the dipalmitoyl phosphatidylcholine/ 
water system as a third component causes a shift in the phase transition tem- 
perature of  the dipalmitoyl phosphatidylcholine to lower temperatures. Some 
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transition profiles for the example of chlorpromazine at different drug concen- 
trations are shown in Fig. 2b. The shift increases as the concentration of the 
drug increases. Fig. 3 shows the phase diagram for chlorpromazine with dipal- 
mitoyl  phosphatidylcholine. The effect of  chlorpromazine is larger than that  of 
diethazine. The molar activities for a shift of the phase transition temperature 
by 1 K are 0.048 mol of diethazine/mol dipalmitoyl phosphatidylcholine and 
0.033 mol of chlorpromazine/mol of dipalmitoyl phosphatidylcholine. An 
effect is already evident at such low concentrations as 2 mol% of drug. In the 
heating curves the "pre-transitional" peak can no longer be observed and the 
main peak becomes asymmetric.  

The lowering of the phase transition temperature of dipalmitoyl phosphati- 
dylcholine with increasing drug concentrations is accompanied by a broadening 
of the transition profile within the concentration range of 5--15 mol%. There- 
fore, the plots of width and half-height width for the transition as a function 
of the drug concentrations show a maximum near 10 mol% (9.5 K and 4.7 K, 
respectively, for chlorpromazine) within the concentration range examined 
(0--50 mol%). At higher concentrations the heating runs become narrow again. 
This peak broadening may have its cause in an incomplete miscibility of the 
components.  For instance, in the sample there may be two portions, a smaller 
one containing a higher drug content  than that  added and a larger one with a 
lower amount  of drug. 

The enthalpies of transition (AH) of  the drug/lipid mixtures are ploted as a 
function of the drug concentration in Fig. 4. It is apparent that  for all these 
"doped"  bilayers there were only little or no changes in the heat of transition 
at all concentrations tested. None of the examined drugs significantly lowered 
the enthalpy of transition of the lipid. 

According to some empirical rules, postulated by Chapman et al. [2], a low- 
ering of the phase transition temperature of  dipalmitoyl phosphatidylcholine, 
without  changes in the transition enthalpies, is an indication of an interaction 
of the added molecules with the polar headgroup region and a partial pene- 
tration into the hydrocarbon region. 

The strong shift in the thermal transition of the phospholipid to lower tem- 
peratures is probably mainly related to the interaction of the phenothiazines 
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with the headgroup which results in a less efficient packing of the lipid fatty- 
acid chains. 

In contrast, on addition of  cholesterol the heat of  transition was found to be 
significantly lowered [11]. This indicates that  such a disruption of the lipid 
chain packing as occurs with cholesterol does not appear in the presence of 
phenothiazines. 

In the heating curves the "pre-transitional" peak disappears at very low con- 
centrations of chlorpromazine (Fig. 3). This "pre-transitional" peak is a feature 
of saturated long chain phosphatidylcholines [9]. Recent X-ray studies by 
Janiak et al. [12] show that  the pretransition is associated with a structural 
transformation from a one-dimensional lammelar to a two-dimensional mono- 
clinic lattice consisting of lipid lamellae distorted by a periodic ripple. The 
appearance of the pretransition may arise from specific interactions between 
the choline moiety of the polar headgroup and the structured water matrix 
sorrounding it. 

Therefore, in agreement with our conclusion that  chlorpromazine interacts 
with the polar region of phospholipids, pretransition is strongly affected by 
chlorpromazine. 

Diethazine has the same effects upon the thermal behaviour of dipalmitoyl 
phosphatidylcholine/water dispersions, with the exception of a lower molar 
activity at high drug concentrations. In the limits of experimental error the 
calorimetric data are equal to those reported for chlorpromazine above. 

(2) 31P NMR measurements 
The 31p NMR spectra of unsonicated dipalmitoyl phosphatidylcholine/water 

dispersions in the presence of intense proton noise decoupling exhibit a solid 
state type of lineshape (see Fig. 5) which may be attributed to the chemical 
shift anisotropy of  the phosphate phosphorus [13]. The individual spectra can 
be characterized by the aid of  the effective chemical shift anisotropy AVeff as 
indicated in Fig. 5. 

The effective chemical shift anisotropy was measured in dependence on tem- 
perature for a pure dipalmitoyl phosphatidylcholine/2H20 dispersion as well as 
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Fig.  5. 36 .4  MHz 31p  NMR spec t ra  of  a d ipa lmi toy l  p h o s p h a t i d y l c h o l i n e / c h l o r p r o m a z i n e  (2 : 1 ) / 2 H 2 0  
dispers ion  a t  52°C in the  p resence  of  b roa d  b a n d  decoup l ing .  
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in the presence of the phenothiazines for the molar ratios of dipalmitoyl phos- 
phatidylcholine : phenothiazine derivative of 5 : 1 and 2 : 1. 

Fig. 6 shows the graph of the observed values of Avef f in dependence on the 
temperature for a pure dipalmitoyl phosphatidylcholine/2H20 sample and the 
dipalmitoyl phosphatidylcholine/chlorpromazine/2H20 samples. The experi- 
mental results for the dipalmitoyl phosphatidylcholine/diethazine/2H20 sam- 
ples are very similar to the samples containing chlorpromazine. 

The measurements of the pure dipalmitoyl phosphatidylcholine/2H20 sample 
are in agreement with those given by other authors [14,15]. A drastic change 
of AVeff takes place in the range of thermal phase transition. In agreement with 
the results of the calorimetric measurements phase transition is shifted to lower 
temperatures in the presence of the phenothiazines. Further, in the range of 
temperatures above thermal phase transition a large change in AVeff arises on 
addition of chlorpromazine to dipalmitoyl phosphatidylcholine, for which 
A P e f  f is increased from about 45 ppm to approximately 55 ppm or 62 ppm for 
a dipalmitoyl phosphatidylcholine/chlorpromazine ratio of 5 : 1  and 2 : 1 ,  
respectively. 

It was shown that  the value of the effective anisotropy of the 31p chemical 
shift may be directly related to the allowed motion in the phosphate group 
region of the polar headgroup [13--18]. The more strongly the motion of the 
phosphate group is restricted, the less effectively the 31p chemical shielding 
tensor is averaged, and the larger the values of the effective chemical shift 
anisotropy. 

Because in the presence of  chlorpromazine or diethazine AVeff is increased, 
it may be concluded that  the motion of the phosphate is hindered by these 
drugs. In contrast, AVeff is reduced to approximately 36 ppm on addition of 
equimolar concentrations of cholesterol to dipalmitoyl phosphatidylcholine 
[14]. This result was interpreted by the authros as being due to a higher mobil- 
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ity of  the phosphate group in a dipalmitoyl phosphatidylcholine/cholesterol  
dispersion. 

(3) 13C NMR measurements 
The normal ~3C Fourier transform spectra of  unsonicated dipalmitoyl phos- 

phatidylcholine/2H20 dispersions above and below the phase transition point  
are given in Fig. 7. Above the thermal phase transition temperature of  about  
42°C, the dispersions exhibit  resonances for the carbons in the choline moiety 
(-N(CH3)3, -CH2N~, -O-CH2-) and in the -CH3 groups of the fatty-acid chains 
which are resolved from the main methylene envelope. Below the thermal 
phase transition the chain resonances of  dipalmitoyl phosphatidylcholine 
become even broader and lose intensity until they are barely detectable, where- + 
as the resonance of  the -N(CH3)3 groups in the choline moiety is also broadened 
but  remains observable below the transition wi thout  loss of  intensity. The ~3C 
Fourier transform spectra of  unsonicated dipalmitoyl phosphatidylcholine/ 
chlorpromazine/2H20 dispersions (2 : 1) at different temperatures are given in 
Fig. 7 .  The 13C spectrum of chlorpromazine is also shown in the figure. In the 
dipalmitoyl phoshatidylcholine/chlorpromazine/2H20 spectrum ~3C resonances 
corresponding to chlorpromazine are detected for the -N(CH3)2 group and the 
methylene groups of  the alkyl sidechains. No intense NMR resonances are 
detected for the carbon atoms of  the tricyclic ring above the phase transition 
temperature and below it a broad band signal is observable. The -N(CH2)2 signal 
of  chlorpromazine is not  changed markedly on phase transition. 

The ~3C linewidths of  an unsonicated system are determined by chemical 
shift anisotropies and dipolar interactions [19]. In the gel phase, where the 
motion of  the chain methylene groups is extremely strongly reduced, the line- 
width is determined by approximately the full chemical shift anisotropy and 
~H-~3C dipolar interaction. In this case, a spectrum of  the methylene groups of 
the chains can be obtained only by use of  proton-enhanced 13C NMR which 
removes dipolar broadening by high decoupling fields [19]. In our experiments 
the proton decoupling was insufficient and, therefore, a signal of  the methylene 
groups was not  observable in the gel state. In the liquid-cyrstalline phase the 
chemical shift anisotropy and dipolar interactions are partially averaged out  by 
the molecular mot ion of  the phospholipid molecule. As a consequence, a signal 
is observable. Because of the higher mobil i ty of the methyl groups in the 
choline part a signal of these ~3C nuclei can be measured in the gel and liquid- 
crystalline phase. 

The 13C linewidths of  sonicated systems are smaller, and the same behaviour 
of  spectral broadening in dependence on the phase state also exists [20--22].  
But the disadvantage of  these systems is that  the linewidth is dependent  on 
both  molecular mot ion and vesicle size. However,  differences in the 13C line- 
width of  an unsonicated system may be assumed to reflect changes in the am- 
plitude of  the local mot ion only [19].  

The following comparisons can be made between the two spectra of dipalmi- 
toyl  phosphatidylcholine/2H20 and dipalmitoyl phosphatidylcholine/chlorpro- 
mazine (2 : 1)/2H20 dispersions: 

+ 

1. The resonance of  the -N(CH3)3 groups in the choline moiety  is broadened 
by a factor of  2 upon addition of  chlorpromazine to dipalmitoyl phosphatidyl- 
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choline. This means that  the motion of the t r imethylammonium group is 
sterically hindered by chlorpromazine to a higher extent than in a pure dipal- 
mitoyl phosphatidylcholine/2H20/system. 

2. The fatty-acid methylene resonances are markedly increased in amplitude 
upon addition of chlorpromazine to dipalmitoyl phosphatidylcholine. The 
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Fig.  7.  N o r m a l  13 C F o u r i e r  t r a n s f o r m  N M R  s p e c t r a  o f  t h e  u n s o n i c a t e d  d i p a l m i t o y l  p h o s p h a t i d y l c h o l i n e  
( D P P C ) / c h l o r p r o m a z i n e  (2 : 1 ) / 2 H 2 0  s y s t e m  b e l o w  a n d  a b o v e  t h e  t e m p e r a t u r e  o f  t h e  p h a s e  t r a n s i t i o n  o f  
t h e  l ip id .  F o r  c o m p a r i s o n ,  t h e  s p e c t r a  o f  a p u r e  d i p a l m i t o y l  p h o s p h a t i d y l c h o l i n e  ( D P P C ) / 2 H 2 0  d i spe r -  
s ion  a n d  o f  a p u r e  c h l o r p r o m a z i n e / 2  H 2 0  s o l u t i o n  axe g iven .  

intensity and linewidth of the signal is not  changed down to temperatures as 
low as 32°C. At 28°C this peak is finally broadened indicating the phase transi- 
tion of  the fatty-acid chains. Therefore, we can conclude that  the restriction of 
the motion of the methylene groups is lowered in the presence of chlorprom- 
azine. The opposite effect on 13C methylene group resonances was observed on 
addition of  cholesterol. In agreement with the calorimetric studies it can be 
seen from the 13C NMR spectrum that  the fatty-acid chains are in the gel state 
up to about 30°C in the dipalmitoyl phosphatidylcholine/chlorpormazine 
(2 : 1)dispersion. 

3. The 13C NMR signals of the chlorpromazine methylene and -N(CH3)2 
groups are observable at all temperatures studied indicating that  these groups 
have a considerable mobility also in the crystalline state of dipalmitoyl phos- 
phatidylcholine. But no intense 13C NMR resonances corresponding to the 
tricyclic ring system are detected, which reflects the relative immobili ty of the 
ring system. Diethazine causes the same phenomena. 

Discussion 

All our experimental results can be interpreted on the basis of the following 
model of  the interaction of  the phenothiazine derivatives diethazine and chlor- 
promazine with a dipalmitoyl phosphatidylcholine model membrane: the 
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phenothiazines penetrate into the bilayer in such a way that  the dialkylamino- 
alkyl chain is located near the polar headgroup of dipalmitoyl phosphatidyl- 
choline and the phenothiazine ring is placed in the hydrophobic region of the 
membrane. By use of Dreiding models we can conclude that  the phenothiazine 
molecules can penetrate into the membrane up to the second or third meth- 
ylene group into the end of  the chain. 

Finally, the penetration of the tricyclic ring system into the bilayer and its 
immobilization is demonstrated by a strong broadening of the 13C NMR reso- 
nances of the ring carbons. The basic alkyl chains have a considerable mobility, 
not only in the liquid crystalline state, but also in the crystalline state of the 
membrane, which is approximately equal to the mobility of the choline part of 
the phospholipids as can be seen from 13C NMR spectra. 

The measured shift of phase transition to lower temperatures and the small 
changes of transition enthalpies on addition of phenothiazines are in agreement 
with our model of interaction as discussed in Results above. Because the tem- 
perature of phase transition is connected with the melting of the fatty-acid 
chains we may conclude that  the fluidity of the membrane is increased in the 
presence of the phenothiazines. In contrast, calorimetric measurements of Pa- 
pahadjopoulos et al. [24] on vesicles prepared from phospholipids (dipalmitoyl 
phosphatidylcholine, bovine brain phosphatidylserine, dipalmitoyl phosphati- 
dylglycerol) showed that  local anesthetics such as dibucaine (1 • 10 -4 M) cause 
a significant lowering of the gel-liquid crystalline transition temperature only 
with acidic phospholipids. At the same concentration dibucaine did not alter 
the phase transition temperature of neutral phospholipids (dipalmitoyl phos- 
phatidylcholine). An appreciable increase in the fluidity of neutral phospho- 
lipid membranes occurred only at relatively high aqueous dibucaine concen- 
trations (2 • 10 -3 M). 

By calorimetric measurements it was found that  a finite miscibility occurs in 
the crystalline state of dipalmitoyl phosphatidylcholine for concentrations of 
phenothiazine higher than 10 mol%. In this case clusters of dipalmitoyl phos- 
phatidylcholine molecules are formed. A clue to such a phase separation may 
be obtained by 13C NMR also because the spectra of the "doped"  dispersion 
and the pure dipalmitoyi phosphatidylcholine/2H20 dispersion are very similar 
in the crystalline state. 

By calorimetric measurements of unsonicated systems and ESR, ~H and 13C 
NMR of sonicated systems Cater et al. [1] and Bermejo et al. [12] studied the 
effect of desipramine on dipalmitoyl phosphatidylcholine model membranes. 
Desipramine differs from chlorpromazine by the exchange of the sulphur atom 
in the tricyclic ring with a -CH2-CH2- group. These authors suggested a model of 
interaction of desipramine with the dipalmitoyl phosphatidylcholine membrane 
which is very similar to the model discussed above. Therefore, we can conclude 
that  the studied phenothiazines and desipramine interact in the same way with 
a dipalmitoyl phosphatidylcholine membrane. 

The effect of cholesterol on a dipalmitoyl phosphatidylcholine membrane in 
the liquid crystalline state is opposite to that  of the phenothiazines. It decreases 
the lipid chain flexibility [19] and the mobility of the phosphate group is 
increased [14]. This behaviour of cholesterol was described as a solidifying 
effect. Therefore, the behaviour of the phenothiazines which was discussed 
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above could be described as a reversed solidifying effect. 
The two studied phenothiazines differ in the dialkylaminoalkyl part. There- 

fore their pharmacological activities are different. 
The dialkylaminoethyl derivatives (diethazine) have mainly peripheral action 

and the dialkylamino-n-propyl derivatives (chlorpromazine) have markedly cen- 
tral action. Chlorpromazine is used as a neurolepticum. 

Our experiments have demonstrated that both drugs cause the same changes 
of  the properties of  a dipalmitoyl phosphatidylcholine model membrane with 
the exception that the amount of  substance which is necessary to get the same 
shift of  phase transition is different at high drug concentrations. Therefore, the 
differences of  the pharmacological action cannot be explained on the basis of  
a different interaction of  the studied compounds with the dipalmitoyl phos- 
phatidylcholine model membrane. 
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