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On treatm ent with sodium cholate, the phase transition tem perature ( Tc) of m ultilam ellar
liposomes derived from dipalm itoyl phosphatidylcholine (DPPC) progressively decreased with
increasing cholate: lipid-P m olar ratio. A molar ratio of 4.5 caused a one degree depression in Tc.
The unilamellar cholate vesicles o f DPPC exhibited the same Tc as that o f the m ultilam ellar ones.
The formation of unilam ellar vesicles from the m ultilam ellar ones by cholate treatm ent was in
vestigated by electron microscopy.

1. Introduction

2. Materials and Methods

The effect of sodium cholate, a trihydroxy bile
salt, on the lipid bilayer deserves attention for
several reasons: (i) It has been widely used in m em 
brane reconstitution studies which offer a most
promising approach to the elucidation of the molec
ular organisation o f the proteins and lipids in the
biom em branes [1], (ii) The stability o f liposomes in
the presence of bile salts is im portant because the
extent to which liposomes retain their structural
integrity in the hostile environment o f the gastro
intestinal tract is probably crucial to their effective
ness as potential carriers of therapeutic agents [2 ]
and (iii) Sodium cholate has been used to produce
the single bilayer vesicles (cholate vesicles) from the
multilam ellar liposomes and the use o f these ves
icles as another model m em brane system has been
advocated [3]. On the other hand, the nature of the
interaction of sodium cholate with lipid bilayers has
not been investigated adequately.
The alteration of the conductance of black lipid
membranes by sodium cholate was reported by
Bangham and Lea [4], Rowland and W oodley [2]
demonstrated that liposomes derived from various
lipids released more than 80% of their entrapped
l2 5 I-labelled polyvinylpyrrolidone in the presence of
10 m M bile salts. This paper reports, in this context,
the effect o f sodium cholate on the phase transition
parameters of dipalm itoyl phosphatidylcholine
(DPPC) forming m ultilam ellar liposomes. This
study has further ensured that the DPPC forming
the single-bilayer cholate vesicle has the normal
phase transition tem perature.
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2.1 Materials
DL-a-dipalmitoyl phosphatidylcholine (DPPC)
and sodium cholate were purchased from Sigma
Chemical Company, USA.
2.2 Liposome preparation. Liposomes were pre
pared following in general the m ethod described by
Bangham et al. [5] and Mandal et al. [6 ]. A chloro
form solution of dipalmitoyl phosphatidylcholine
was rotary evaporated to yield a thin film. The film
was resuspended in phosphate buffer of pH 7.0 and
ionic strength / = 0 .0 1 , by vortexing in a nitrogen
atmosphere at a tem perature well above the transi
tion temperature of the lipid so as to ensure the
formation of well sealed m ultilam ellar liposomes.
2.3 Preparation of unilam ellar cholate vesicles.
Unilamellar cholate vesicles or liposomes were pre
pared by treatment of m ultilam ellar liposomes with
sodium cholate following in general the m ethod of
Brunner et al. [3], Cholate was then removed from
the vesicle preparation by Sephadex G-50 chrom a
tography followed by extensive dialysis or by a
second chromatography.
2.4 Electron Microscopy. For electron microscopy
by negative staining [7, 8 ], the lipid vesicles were
dispersed in 0.16 m am m onium acetate, pH 7.0 and,
then mixed with an equal volume of 0.5% am m o
nium molybdate. One drop of this mixture was
deposited on a carbon coated grid, the excess liquid
being taken off by a filter paper after 5 - 1 0 min.
The preparation was examined by a Siemens elec
tron microscope Elmiskop-I at an instrumental
magnification of 8000 X.
2.5 Phase transition study. The liposomes in
2 m M phosphate buffer (pH 7.0) were treated with
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sodium cholate at different cholate/lipid-P m olar
ratios at room tem perature and the reaction was
monitored by noting the absorbance at 450 nm with
time. After about 30 min, when no further decrease
in absorbance was noted, the liposome cholate mix
ture was subjected to phase transition study in a
Zeiss PMQ II Spectrophotom eter provided with a
thermostat controlled cell holder. The transition was
noted by m easuring the absorbance of the sample at
450 nm [9] with increasing tem perature. The tem 
perature corresponding to the absorbance A = A min
+ A A /2 was defined as the transition tem perature
corresponding to the particular lipid-cholate mix
ture, where /4mjn was the m inim um value o f ab
sorbance after transition and AA the change in ab
sorbance. The extent o f co-operativeness in the
phase transition was estim ated from the m easure
ment of A T, the tem perature interval through which
the absorbance changed during phase transition.

3. Result

Tem perature
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Fig. 2. Phase transition profiles of DPPC m ultilam ellar
liposomes (in 2 m M phosphate buffer, pH 7.0) at the
following cholate (nmol): lipid-P (nmol) ratios: 0.0 (■ —■),
21.78 ( a - a ) and 4 3 - 5 3 ( a - a ) .

The kinetics o f the interaction o f sodium cholate
with m ultilam ellar liposomes at room tem perature
is shown in Fig. 1. The absorbance at 450 nm de
creased with tim e exponentially and the reaction
completed by about 30 min. Sim ilar reaction kinet
ics were obtained for different values of cholate:
lipid-P molar ratio, except that the overall decrease
in absorbance was different for the different values
of the ratio.
The absorbance vs. tem perature plots shown in
Fig. 2 are illustrative o f the therm al phase transi-

Cholate/Lipid-P (yu moles/yu moles)
Fig. 3. The phase transition tem perature of m ultilam ellar
DPPC vesicles on interaction with sodium cholate, as a
function of cholate (nmol): lipid-P (nmol) ratio.

Time

m inutes

Fig. 1. Kinetics of the interaction at room tem perature of
sodium cholate with m ultilam ellar DPPC liposomes (in
2 m M phosphate buffer, pH 7.0) at cholate (nmol): lipid-P
(|imol) ratio of 21.

tions undergone by the lipid molecules in the pres
ence of varying amounts of cholate. The transition
temperature gradually decreased with increasing
value of the cholate: lipid-P molar ratio (Fig. 3), but
the overall decrease in absorbance, ^ 4 5 0 , increased
with increasing values of the ratio. It was found that
a one degree depression in the transition tem pera
ture (A T C= 1) resulted with the cholate/lipid-P
molar ratio of 4.5. The measured values of the
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Table I. Parameters describing the phase transition in 2 m M phosphate buffer (pH 7.0) o f i)
multilamellar DPPC liposomes in the presence of varying amounts of cholate and ii) unilam ellar
cholate vesicles (DPPC) after removal of the cholate by methods described in the text. The
critical micellar concentration of sodium cholate was in the range 1 2 -1 5 m M .
Concen
tration
of sodium
cholate

C holate/
Lipid-P
molar
ratio

[ mM]

Phase
transition
tem perature
7'c[°C]

Depression
in the phase
transition
tem perature
A T C[° C]

AA

Tem perature
interval over
which transi
tion occurs
A T [° C]

41.6
40.3
39.3
38.6
37.4
36.2
35.4

0
1.3
2.3
3.0
4.2
5.4
6.0

31.25
60.00
61.54
67.39
76.92
83.50
99.30

6.0
15.5
15.0
14.0
13.0
12.0
10.0

41.6

-

41.67

9.0

Percentage
decrease in
absorbance

M ultilamellar liposomes
0.0
1.63
2.32
4.66
6.97
9.29
13.93

0.0
5.09
7.25
14.50
21.78
29.03
43.53

Unilamellar cholate vesicles
0.0

0.0

different param eters describing the thermal phase
transition characteristics of the liposomal lipid
molecules are presented in Table I. In the presence
of cholate, the values of A T , the tem perature
interval over which the phase transition occurred,
were significantly higher than the control value. The
DPPC in the single-bilayer vesicles derived by
cholate treatm ent (cholate vesicles) and after ex
tensive dialysis exhibited a phase transition tem per
ature which was not significantly different from the
control value (untreated m ultilam ellar liposomes).
Electron m icrograph (Fig. 4) o f cholate treated

(cholate: lipid-P = 1.16) m ultilam ellar liposomes
describes how the unilam ellar vesicles may be
produced from the m ultilam ellar ones by such treat
ment. Arrows in Fig. 4 show the protrusion of the
lipid bilayer resulting presum ably from its en
hanced fluidity produced by cholate treatment.
Vesicles harvested similarly but treated with a
higher cholate: lipid-P ratio (~ 4) showed (Fig. 5)
that many of the m ultilam ellar liposomes have
already been transformed into fairly uniform small
unilamellar vesicles of most frequent size around
300 A. Attempts to record electron micrographs of

Fig. 4. Electron micrograph describing the formation of unilam ellar vesicles from m ultilam ellar ones by cholate treatm ent
(cholate: lipid-P = 1.16). The m ultilam ellar liposomes were treated with sodium cholate at room tem perature (cholate:
lipid-P = 1.16) for 30 min and then passed through a Sephadex G-50 column. The fraction obtained at the void volume
was prepared for electron microscopy by negatively staining with am m onium molybdate. Bar = 730 A.
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Fig. 5. Electron micrograph o f sodium cholate treated
(cholate: lipid-P ~ 4.0) multilam ellar liposomes. The ves
icles were harvested and prepared for electron microscopy
as in Fig. 4. Bar = 1400Ä.

multilamellar liposomes treated with cholate at a
very high cholate: lipid-P ratio (~ 40) did not suc
ceed presumably because o f the difficulty in re
moving cholate and hence its interference with the
specimen preparation.
4. Discussion
Phase transition has been followed in this work
from a measurement of absorbance, A 4 5 0 as de
scribed by Hill [9]. To our experience, this tech
nique is simpler and yet yields consistent results.
Using this technique, we found the transition tem 
perature (T c) of DPPC m ultilam ellar liposomes as
41.6 °C, which is in good agreement with the value
obtained by other techniques [10-12], The ab
sorbance of the lipid dispersion at 450 nm decreased
sharply at the crystalline to liquid crystalline phase
transition temperature. This decrease in absorbance
resulted from the increase in the volume occupied
by the lipid molecules. The abrupt volume increase
accompanying phase transition in the lipid bilayer
was also detected by Träuble and Haynes [13] by
dilatometric measurements.
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Increasing amounts of cholate was found to cause
a progressive reduction of the phase transition
tem perature of DPPC liposomes. Stillwell et at. [14]
also showed by absorbance measurements that
retinol and retinoic acid, both possessing “detergent
shape”, depressed the phase transition tem perature
of dimyristoyl phosphatidylcholine and dipalmitoyl
phosphatidylcholine liposomes. This lowering of
phase transition tem perature by cholate may be
attributed to its labilizing effect and its ability to
perturb the bilayer packing. Previous workers also
demonstrated by fluorescence studies that Triton X1 0 0 [15] and bile salt [16] incorporation fluidises the
phospholipid matrix. Bangham and Lea [3] reported
that cholate also increases the electrical conductivity
of black lipid membranes.
The present study also revealed that sodium
cholate broadened the range of transition i.e. en
larged the tem perature range (A T) over which both
fluid and gel phases could co-exist. At higher
cholate concentrations the transition was sharper
presumably because of the faster action of cholate,
but the transition tem perature interval (A T) was
always greater than that observed for untreated
multilam ellar liposomes. Similar broadening of the
phase transition tem perature interval (A T) on intro
duction of foreign materials into DPPC liposomes
was reported earlier by Eliasz et al. [17].
Sodium cholate has thus been found to increase
the fluidity of the dipalmitoyl phosphatidylcholine
and also to decrease the co-operativeness in its
phase transition. This is in agreement with the
electron microscopic observation (Fig. 4) indicating
the mechanism of formation of the unilamellar
vesicles from the multilam ellar ones by cholate
treatment. The most frequent size (300 A) of vesicles
obtained after treatm ent at the cholate: lipid-P
molar ratio of 4.0 agreed reasonably with the
particle size of unilam ellar liposomes derived by
cholate treatm ent and assayed by Sepharose-4B
chromatography [3, 18],
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