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The effect of loperamide, a drug belonging to the opiate family, on dimyristoyl phosphatidylcholine large unilamellar vesicles 
(DMPC LUV) was investigated by quasielastic light scattering (QLS) and Fourier transform infrared spectroscopy (FT-IR). Both 
techniques show that, in the presence of loperamide, DMPC LUV undergoes a two step transition in cooling: one step around 
the transition point of pure lipid vesicles, the other at a lower temperature. The temperature of the latter step transition is 
different for the head and tail regions of the drug-containing vesicles: FT-IR spectra demonstrate that the hydrophobic acyl 
chains transition starts at a temperature well above that of the interfacial region whereas the transition of the entire vesicle, 
explored by QLS, is broad and covers both temperature ranges. These transitions are thermally reversible in the FT-IR which 
measures local order but aggregation effects prevent the thermal reversibility of the QLS results. The nature of the drug-lipid 
interaction is also discussed. 
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Introduction 

It is known that there is a relationship 
between the response to drug action and the 
lipophilic character of drugs [1]. The drug- 
membrane interactions play an important role in 
their biological action. When a drug molecule 
diffuses to a cell and provokes some cellular 
response, it first encounters the cell membrane. 
For this reason, it is important to know how 
chemicals interact with lipid membranes. Some 
drugs attack the membranes directly, e.g. 
anesthetics like alcohols [2,3], antibiotics [4,5] or 
vitamins [6,7]. These drugs complex with the 
constituent of biomembranes, thereby facilitat- 
ing their pharmacological action. 

In this paper, we report results of the effect 
on synthetic membrane by another kind of drug: 
the loperamide, which belongs to the opiate 
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compounds family. Until now only a few reports 
are available in the literature on the physico- 
chemical properties of loperamide [6]. 

Experiments show that the biphasic thermal 
behavior of membranes undergoing a phase 
transition from liquid-crystalline to gel phase 
and the transport properties are directly related 
to the fluidity of membranes [7,8]. The presence 
of drug modifies this fluidity as has been 
demonstrated in several works [2,9]. The 
amphiphile character of the drug together with 
ESR and NMR [6] studies show that loperamide 
acts directly on membranes. 

We have used two different techniques to 
investigate the interaction on large unilamellar 
vesicles prepared from dimyristoylphospha- 
tidylcholine (DMPC LUV). Quasielastic light 
scattering (QLS) was used to measure the area 
of vesicles. This technique has been largely used 
in the sizing of dispersed systems without 
alteration and can give with accuracy the 
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hydrodynamic radius of particles and thus their 
external area. The relative change in size of drug 
containing vesicles when they undergo a thermal 
transition has been followed by this method. 
Furthermore, QLS allows the study of the 
osmotic swelling of vesicles, giving the elastic 
molulus of the membranes, and thus ideas about 
their fluidity or rigidity. 

Fourier transform infrared (FT-IR) spec- 
troscopy allows the interaction at a molecular 
level to be explored and provides information 
about the structural basis of the observed 
phenomena. Indeed, IR spectroscopy directly 
monitors acyl chain and carbonyl head group 
conformations without using external probe 
molecules, giving an idea of the entire lipid 
population at a given temperature and thus 
provides insights into the effects of loperamide 
incorporation on DMPC unilamellar large vesi- 
cles. 

Materials and methods 

Preparation o f  dispersions 

Dimyristoylphosphatidylcholine (DMPC) was 
purchased from Sigma and used after checking 
the purity by thin-layer chromatography without 
further purification, other chemical reagents 
were obtained from Merck and Aldrich, 2H20 
was obtained from CEA Saclay. Loperamide 
(1 - piperidinebutanamide, 4- (4- chlorophenyl)- 4- 
hydroxy N,N-dimethyl-a,a-diphenyl) was kindly 
gifted by Ethnor India. 

For the preparation of large unilamellar vesi- 
cles (LUV), we used the reversed phase 
evaporation method of Szoka and Papa- 
hadjopoulos [10]. The dispersions were preceded 
by mixing loperamide and lipid in the desired 
ratio (given hereafter in the text) in 
choloroform, before diethyl ether and then buff- 
ers containing 10 mM Tris--HC1, 150 mM NaCI 
at pH 8 were added. This method gave well 
stabilized pure lipid vesicles of size in the range 
of 160--200 nm with a polydispersity of 0.1 to 
0.25 and DMPC-loperamide vesicles between 140 
to 160 nm with a polydispersity of 0.2. 

Quasielastic light scattering 

Quasielastic light scattering has been widely 
used to characterize dispersions [11--13] and 
thoroughly reviewed [14,15]. Details of our 
experiments and apparatus have been described 
in a previous paper [16]. From the auto- 
correlation function of the scattered light, we 
obtain the average translational coefficient D 
and the polydispersity factor. 

The hydrodynamic radius R n of the particles 
has been then determined by using the Stokes- 
Einstein formula: 

R n = kBT/6n~D (1) 

where k B is the Boltzmann constant and rl the 
viscosity of the external phase at the temperature 
T. Measurements were made at discrete 
temperatures with a waiting period of 20 min to 
attain equilibrium. The stability was better than 
0.1 °C. 

The polydispersity factor was obtained by 
analyzing the autocorrelation functions follow- 
ing the cumulants method [17] as described 
previously [16]. For QLS very small concen- 
trations (in the range of 20--40/~M/1 or 15--30 
/~g/l) were used to avoid aggregation. Every 
result was an average of 10--15 measurements. 

Infrared spectroscopy 

The infrared spectra of vesicles in the region 
1000--3000 cm -1 were obtained from a Perkin 
Elmer Fourier Transform model 1760 spectro- 
photometer. The resolution was 1 cm-L Avail- 
able programs have been used for acquisiton and 
processing of data every c m  -1, in particular for 
the subtraction of solvent background. 

The samples studied were dispersions with a 
high concentration of lipid, typically about 20-- 
30 mg/ml. Depending upon the spectral region 
investigated, samples were prepared with H20 or 
2H20. The samples were deposited between two 
plates of ZnSe and the cell was placed into a 
metallic block which was thermostated. 



Results 

Phase transitions observed by QLS 

Figure 1 shows that when the temperature is 
lowered from 35°C to 10°C, the hydrodynamic 
radius R n of  vesicles prepared with pure DMPC 
or with DMPC + loperamide is decreased. In 
pure DMPC LUV, the major  variation is related 
to the phase transition from the liquid-crystalline 
phase to the gel-like one of  the phospholipid in 
the vesicles [18--23]. Figure la  shows the 
temperature dependence of  pure lipid vesicles 
size. The transition point has been determined as 
the midpoint temperature of  the T-dependent 
curve of  R n. This point is obtained by 
assimilating each portion of  the curve to its 
tangent. For pure DMPC vesicles the temper- 
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Fig. 1. Temperature dependence of the hydrodynamic radius 
R n normalized to its value at 35°C. (a) pure DMPC LUV 
vesicles (b) DMPC/loperamide 15:2; (c) DMPC/loperamide 
15:3; (d) DMPC/loperamide 15:4 (molar ratio of lipid and 
drug used in the preparation). 
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ature of  the transition T is around 23.5 °C. This 
reflects a change of  the hydrophobic acyl tails 
arrangement, in good agreement with the values 
given by Szoka e t a l .  [10], Janiak et al. [24] and 
Boggs et al. [25]. In the gel-like phase the acyl 
tails are highly ordered, the sectional molecular 
areas are smaller than in the liquid phase and 
thus the total surface is decreased. 

The presence of  loperamide (Figs. l b - -d)  
affected the thermal behavior of  DMPC vesicles 
in the following way: the transition point at T~ 
= 23.5°C remains but one observes a second 
transition. Around the first step transition, the 
jump A R 1 is an increasing function of  the drug 
content. The second step transition began at 
20°C, with smoother features and ended at 
16°C. The starting temperature was slightly 
lowered when the molar ratio loperamide/lipid 
was increased. Aggregation effects prevent the 
thermal reversibility of  the QLS during the 
transition, the polydispersity factor was almost 
unchanged, being 0.2. 

Osmotic response of  loperamide/DMPC vesicles 

Insights about the rigidity of  the loperamide 
containing DMPC LUV have been obtained by 
estimating their elastic moduli from the observed 
swelling, under the effect of  an osmotic pressure 
gradient. This gradient was created between the 
outside and the inside of  the vesicles by diluting 
the external salinity using buffer without salt. 
The variation of the diffusion coefficient, 
denoted as D a, is represented in Fig. 2a,c, 
respectively for LUV in the presence and in the 
absence of loperamide. 

Because this dilution implied also a dilution 
of  vesicles concentration, Figs. 2b and d were 
included to check if there is any effect of  
vesicles concentration. In these figures, the 
diffusion coefficient was denoted as D c Their 

a " 

constant values show that there is no effect of  
vesicles concentration, so that the decrease of  D a 
in Figs. 2a and c reflect a swelling when the sal- 
inity was decreased. 

For a hollow sphere of initial external radius 
r, thickness e, with initial salt concentration of  
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Fig. 2. Variation of the diffusion coefficient of DMPC LUV 
in the presence (a,b) and in the absence (c,d) of loperamide. 
In (a) and (c) ( e ) ,  salt concentration C was decreased by 
adding buffer without salt. This dilution of salt also implied 
a dilution of vesicles concentration. Initial salt concentration: 
150 mM NaCl. In (b) and (d) (O) only vesicles concentration 
C was decreased by adding buffer containing 150 mM NaCI. 
This variation served as reference for the effect of salt con- 
ceatration. C o is the initial vesicles concentration. 

the external phase C,2, an initial internal 
concentration (2,o and a permeability rate k ,  we 
developed a calculation of the elastic rigidity or 
Young modulus E from the measurement of the 
radius change A r :  

r(1 - 2e/r) 
E = 2RT 

4e 

[ r ol x (C~o- C ~ 2 ) e x p ( - k t ) ~ r -  3C~_ (2) 

See reference [16] for further details. 
Using a thickness of 50 ,~ [11], k = 3 × 10 -5 

s -1 [26], we found E = 2.5 x 10 a dyn/cm 2 for 
pure DMPC vesicles at 18°C below both 
transitions. These values are in good agreement 
with the results for cell membranes [27,28] and 
DPPC planar bilayers [29]. In particular, it is 
interesting to compare our new results with the 
value of the elastic modulus (1.5 × 10 s dyn/ 
cm 2) that we have previously reported for 

DMPC LUV in the liquid-crystalline phase [16]: 
the increase of the elastic modulus in the gel 
phase is consistent with a compaction of the 
membrane below T. 

For vesicles prepared with 1/5 mol/mol ratio 
loperamide at 18°C we observed a slightly 
higher value 3.3 × 10 s dyn/cm 2 for the Young 
modulus. The addition of loperamide appears to 
stiffen the vesicles, which explains the feature of 
Fig. 2b. At 60 mM salt in the external phase 
(and 150 mM NaCI inside), it is likely that the 
vesicles were broken, releasing part of the 
entrapped volume (dashed line). On the 
contrary, at 33 °C, vesicles prepared with 
different ratios of loperamide did not show any 
swelling (data not shown). This is probably due 
to the high degree of leakage of drug-containing 
vesicles in the liquid-crystalline state. 

IR spectroscopy 

We have used FT-IR spectroscopy in order to 
explore the effect of loperamide on the lipid 
membrane at a molecular level. Vibrational 
spectroscopy has often been employed to investi- 
gate membrane conformations [22,23,30,31]. 
Infrared bands that are of major value to 
describe the state of the membrane are: (a) those 
of the CH stretching modes which reflect the 
structural and conformationai change in the 
hydrophobic acyl chains, (b) the CO stretching 
bands that monitor the thermal arrangements of 
the interfacial region and (c) other bands of the 
PO 2 group or the N--(CH3) 3 group belonging to 
the polar head moiety. 

The acyl chain region 

The C H  2 antisymmetric and symmetric 
stretching modes around 2920 cm -~ and 2850 
cm -~ are conformationally sensitive to temperature 
changes affecting the trans/gauche ratio in acyl 
chains [22,23,30,31]. Spectra obtained at 
different temperatures in the 3000---2800 cm -~ 
region are represented in Fig. 3. Note that the 
two stretching modes were shifted towards lower 
wavenumbers as the temperature decreased. 

Figure 4a shows the temperature induced 
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Fig. 3. FT-IR spectra recorded at different temperatures of 
the CH2 symmetric and antisymmetrical stretching modes on 
DMPC/loperamide 3:1 mol/mol. There are 10 temperatures, 
ranging from 12°C to 35°C. Buffers H20, 1O mM Tris, 150 
mM NaCI, pH 8. 
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Fig. 4. Temperature dependence of wavenumber (a and b) of 
the symmetric CH 2 stretching band (&) pure DMPV LUV 
(A) LUV with DMPC/loperamide 3:1 mol/mol in the prepa- 
ration. 
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transitions in the frequency and halfwidth of the 
CH 2 symmetric stretching band for pure DMPC 
LUV vesicles. Above the transition point the 
frequency is about 2853 cm -~ which is 
characteristic of conformationally disordered 
chains with a high content of gauche con- 
formers. Below the transition point wave- 
numbers around 2850 cm -~ are characteristic of 
ordered chains in the gel phase lipids [22,23]. 
Note that the transition is relatively broad, 
probably because of the sonication used for the 
preparation, as was pointed out by Meldelsohn 
et al. [32]. 

In the case of vesicles in the presence of 
loperamide, IR data represented in Fig. 4b 
showed three states. At 27°C, the CH 2 
symmetric stretching band is around the same 
value as in pure lipid LUV, indicating a 
disordered state. The first step transition takes 
place at 25°C going into an intermediate state. 
The second step transition begins at 23 °C with a 
midpoint at 20.5 °C and ends at about 19°C. Far 
from this second step transition point, the 
wavenumber of this band is similar to those of 
membranes in the absence of drug. The existence 
of these two transitions confirms the two step 
transition observed by QLS. 

While the frequency of the CH 2 stretching 
bands can be used to detect changes in the 
trans/gauche ratio of the lipid acyl chains, the 
width of this band can be used to detect changes 
in the mobility of the acyl chains. An increase of 
mobility is reflected by a higher value of the 
bandwidth [33]. The full bandwith at half height 
of the 2850 cm -~ band of pure lipid (data not 
shown) indicates that, when the temperature is 
lowered, the conformationai transition is 
associated with a decrease in the torsional or 
librationai motions about the axes of the acyl 
chains. Once again, in the case of vesicles con- 
taining loperamide, this decrease is accomplished 
in two different steps. 

The interfacial region 

The interfaciai region lies at the hydrocarbon- 
water interface and acts as a link between the 
hydrophobic and hydrophilic regions of the lipid 
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matrix. We have explored all spectral regions 
lying in the range 1800--1000 cm -1. The most 
sensitive bands with respect to temperature 
change are the C=O stretching bands in the 
1750--1700 cm -l region. 

Spectra of the C=O stretching bands of 
DMPC LUV prepared in 2H20 buffer exhibits an 
apparent change in frequency around 1730 cm -~ 
both in the absence or in the presence of loper- 
amide. It changes with the temperature as 
shown in Figs. 5a,b. This band contour has been 
assigned to two different bands corresponding 
to two myristoyl ester groups of the lipid mole- 
cule [31] the sn-1 C=O group (approximately 
1742 cm -~) and sn-2 C=O group 
approximately 1727 cm-~). As the temperature 
decreases, the relative peak heights of these two 
bands change, giving rise to the apparent 
frequency change effect in Fig. 5. When cooling 
down pure DMPC LUV, the temperature- 
dependence curve of the profil maximum 
wavenumber showed an increase with a 
transition around 23.5°C separating liquid-crys- 
talline and gel states of the membrane. The pre- 
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Fig. 5. Frequency shift of the C~O bands contour peak ver- 
sus temperature (I ')  pure DMPC LUV (@) loperamide/ 
DMPC 1:3 LUV. 

transition was not observable In the presence of 
loperamide, the curve showed three states 
separated by two step transitions. Far above the 
transition point T~ the presence of loperamide 
has no influence on the spectrum. Below the 
second step transition the drug also has only a 
very small effect on wavenumbers. In the 
interfacial region the first transition takes place 
around 24°C, like the acyl chains transition. It 
must be emphasized that the second step 
transition is shifted towards lower temperatures 
for the C=O stretching bands in the drug-con- 
taining vesicles: it starts at 16.5°(2 and ends at 
15°C instead of 19°C, as observed for the CH e 
bands. 

The head group regions 

Spectral region 1500--1300 cm -1 
Spectra in this region were obtained from 

samples prepared in H20 buffers. The compari- 
son between spectra corresponding to LUV with 
and without loperamide shows an increase in 
intensity of the 1405 cm -l weak band when 
loperamide was present in the membrane. This 
increase occurred at high and low temperatures 
(data not shown). The 1405 cm -m band was 
assigned to the CH 3 bending mode of the polar 
head group --N(CH3) 3 [22]. 

Spectral region 1300--1000 cm -1 
No noticeable change of the two intense 

bands at 1088 cm -m and 1232 cm -1 corresponding 
to the symmetric and antisymmetric stretching 
modes of PO~ groups, neither with respect to 
temperature variation nor to the presence of 
loperamide in the membrane. 

Discuss ion  

Insight into the effect of loperamide on 
DMPC large unilamellar vesicles can be obtained 
from the above results. In particular the physical 
state of the lipid membranes and its thermal 
behavior can be inferred. Measurements of 
hydrodynamic radii by QLS, corroborated by 
FT-IR spectroscopy data, reveal the existence of 
two step transitions. Three states of the mere- 



branes in the presence of loperamide were thus 
shown to exist. 

At high temperatures, far above the first step 
transition, the stretching modes wavenumbers of 
CH 2 groups, as well as of CO groups are 
practically unchanged in comparison with those 
in pure lipid vesicles which were in the disor- 
dered liquid-crystalline state. We found the same 
behavior for temperatures far below the second 
step transition: the wavenumbers of these modes 
are again the same as those of pure DMPC 
LUV. This shows that in this case vesicles with 
or without drug molecules are in the highly 
ordered gel state. The T-dependence curves of 
vesicles sizes showed the same ratio of radii at 
12°C and at 35°C than the one obtained with 
pure lipid vesicles. At these temperatures, there 
is no evidence of a specific interaction between 
lipid and loperamide molecules. 

At the transition around 25°C the C H  2 

stretching modes showed a partial change in 
gauche/trans conformer ratio. This is consistent 
with the first decrease of vesicles radii which 
reflects an incomplete reduction in the area per 
polar heads and thus of vesicles areas. The first 
change in the CO profil contour wavenumber 
occured at the same temperature. In the 
intermediate state after this first transition, IR 
spectroscopy results as well as QLS results reveal 
only a partial ordering of the vesicles: the 
wavenumbers and vesicles sizes are not yet char- 
acteristic of the gel phase. Furthermore note that 
the jump A R~ increases with the loperamide/ 
lipid ratio used for the preparation but A R~ does 
not attain the value obtained for the transition 
into the gel phase in pure lipid vesicles. 

The behavior of the second step transition is 
very interesting. The above results clearly show 
that the second transition starts at different 
temperatures depending on the depth within the 
bilayer. For the hydrophobic tails in the internal 
region, the transition begins at higher 
temperatures and finishes well before the 
external interfacial region begins its transition. 
At the same time, the radius of the whole vesicle 
exhibited a broad transition, which covered both 
temperature ranges. 

Can the existence of three states be explained 
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by the liquid-crystalline-ripple-gel phase trans- 
ition [24] in which the second transition is 
identified with the pretransition? This is not 
plausible because the pretransition on pure 
DMPC membranes was not observed either by 
QLS experiments, or by IR spectroscopy. 
Another explanation may be the existence of a 
third lower temperatures, interdigitated state as 
observed in other systems [25]. However, if the 
lower temperature state is interdigitated, an 
increase in the area per polar head and hence, 
an increase of the total surface should be 
observed. This was not the case. On the other 
hand it should be stressed that transitions with 
two components were observed in DMPC multi- 
layered vesicles in the presence of such peptides 
as poly-L-lysine, gramicidin S and valinomycin 
[34]. In these MLV, the higher temperature 
transition was assigned to a simple arrangement 
of the disordered phase before the structural 
change occurred. It is probable that the step 
transitions observed here are similarly a simple 
arrangement for the high temperature transition 
and a liquid crystalline-gel phase transition for 
the low temperature one, rather than two 
different structural changes. The step transitions 
appear sharper than the transition in pure lipid 
vesicles. That might be due to the change in 
cooperativity when loperamide is present in the 
membranes. 

Therefore, the effect of loperamide on DMPC 
LUV may result in the existence of a 'fluidity 
gradient' (or 'rigidity gradient') from the surface 
to the core of the bilayer. Such a fluidity gra- 
dient was observed by NMR in some bilayers 
[35]. It appears that although the loperamide 
molecules cannot be localized at a specific site of 
the membrane, they disturbed the outer region 
and most of the interfacial region between the 
head groups and the hydrophobic acyl tails. This 
gradient keeps the interfacial region in a more 
fluid state than the inner side, which is rigidified 
first when the membranes are cooled. 

Acknowledgement 

We are indebted to Professor W. Peticolas 
for useful discussions. 



82 

References 

1 C.  Hansch and J. Clayton (1973) J. Pharm. Sci. 62(1), 
1--21. 

2 A.G. Lee (1977) Biochim. Biophys. Acta 472, 285-- 
344. 

3 M.K. Jain and N.Y. Wu (1977) J. Membr. Biol. 34, 
157--201. 

4 J. Bolard (1986) Biocltim. Biophys. Acta 864, 257-- 
304. 

5 D.C. Lee, A.A. Durrani and D. Chapman (1984) 
Biochim. Biophys. Acta 769, 49--56. 

6 R.S. Phadke, S. SHvaslava and G. Govil (1985) Mag- 
netic Resonance in Biology and Medicine, 307. 

7 G. Govil, R.S. Phadke and S. Srivastava (1982), Curr. 
Sci. 51(10), 493--499. 

8 T.Y. Tsong, M. Greenberg and M.I. Kanehisa (1977) 
Biochemistry 16(14), 3115w3121. 

9 E. Hantz, A. Cao and E. Taillandier (1988) Chem. 
Phys. Lipids, 49, 143--151. 

10 J.F. Szoka and D. Papahadjopoulos (1980) Annu. Rev. 
Biophys. Bioeng. 9, 467--508. 

11 G. Perevucnik, P. Schurtenberger, D.D. Lasic and H. 
Hauser (1985) Biochim. Biophys. Acta 821, 169--173. 

12 A. MiUon, J. Ricka, S.R. Sun, T. Tanaka, Y. Nakatani 
and G. Ourisson (1984) Biochim. Biophys. Acta 777, 
331--333. 

13 H. EUens, J. Bentz and F. Szoka (1986) Biochemistry 
25, 4144---4147. 

14 H.Z. Cummins (1974) in: H.Z. Cummins and M. Pike 
(Eds.), Photon Correlation and Light Beating Spectro- 
metry, Plenum Press, New York, pp. 225--236. 

15 R. Pecora (1983) in: B.E. Dahneke (Ed.), Measurement 
of Suspended Particles by Quasi Elastic Light Scatter- 
ing, John Wiley, New York, pp. 3--30. 

16 E. Hantz, A. Cao, J. Escaig and E. TaiUandier (1986) 
Biochim. Biophys. Acta 862, 379--386. 

17 D. Koppel (1972) J. Chem. Phys. 57, 4814--4820. 

18 S. Mabrey and J.M. Sturtevant (1976) Proc. Natl. 
Acad. Sci.(USA) 73(11), 3862--3866. 

19 E. Evans and R. Kwok (1982) Biochemistry 21, 4874-- 
4879. 

20 B. De Kruijff, P.R. Cullis and G.K. Radda (1975) 
Biochim. Biophys. Acta 406, 6--20. 

21 M. Kodama, H. Hashigami and Sekis (1985) Biochim. 
Biophys. Acta 814, 300--306. 

22 H. Casal and H. Mantsch (1984) Biochim. Biophys. 
Acta 779, 381--401. 

23 B.P. Gaber and W.L. Peticolas (1977) Biochim. Bio- 
phys. Acta 465, 260---274. 

24 M.D. Janiak, D.M. Small and G.G. Shipley (1979) J. 
Biol. Chem. 254, 6068--6078. 

25 J.M. Bous  and G. Rangaraj (1985) Biochim. Biophys. 
Acta 816, 221--233. 

26 M. Singer (1981) Chem. Phys. Lipids 28, 253--267. 
27 R.P. Rand (1964) Biophys. J. 4, 303--316. 
28 R. Wangh and E.A. Evans (1979) Biophys. J. 26, 115-- 

132. 
29 R.P. Rand, V.A. Persagian, J.A.C. Henry, L.J. Lis 

and M. McAUister (1980) Can. J. Biochern. 58, 959-- 
968. 

30 K.G. Brown, W.L. Peticolas and E. Brown (1973) 
Biochem. Biophys. Res. Commun. 54(1), 358--364. 

31 S.F. Bush, H. Levin and I.W. Levin (1980) Chem. 
Phys. Lipids 27, 101--111. 

32 R. Meldelsohn, R. Dinhy, T. Taraschi, D.G. Cameron 
and H.H. Mantsch (1981) Biochemistry 20, 6699--6706. 

33 R. Mendelsohn and R. Mantsch (1986) in: A. Watts 
and J.J.H. de Pont (Eds.), Progress in Protein-Lipid 
Interactions, Vol. 2, Elsevier, Amsterdam, pp. 103-- 
146. 

34 H. Susi, J. Sampugna, J.W. Hampson and J.S. Ard 
(1979) Biochemistry 18, 297. 

35 G. Lenaz and G. Parenti Castelli (1985) in: G. Benga 
(Ed.), Structure and Properties of Cell Membranes, 
Vol. I, CRC Press, Florida, pp. 93--157. 


