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Mieroenvlronments (micropularities and microviscosities) in bile salt micelles (sodium cbolate, sodium deoxycholate, 
sodium taurocholate, and sodium giycochulate), sodium taarocholate / egg yolk phosphatidylchuline (egg PC) mLxtures, 
and the above mieelles and mixtures containing cholesterol were investigated system2tically by using two fluorescent 
pmhes, pyrene and 3,3'.dioctadecyl-2,2'-thincarbocyanine bromide (Cla.18). The vibr :: strnctm'e of pyrene fluores- 
cence is a measure of the micropolarities, while the absorption maximal wave number and the fluorescence yield of 
Cla.lS both the micropolarities and the microviscnsities. The estimated mic,'oenvironments were interpreted in terms of 
structural variations of these assemblies with the lipid composition and the resultant translocation of the probes. The 
bile salt mieelles were found to have a nonpolar and rigid interior. In the taurochulate/egg PC mixed micelles, the egg 
PC molecules were motionally more restricted than in egg PC liposomes. The incorporation of cholesterol resulted in a 
fluidization of the taurocholate micellar interior but a rigidification of the egg PC molecules in the case of the mixed 
micelles. 

Introduction 

Bile salts and bile salt/phosphatidylcholine systems 
are of physiological importance in the intestinal absorp- 
tion of dietary lipids and in the formation of cholesterol 
gallstones. Bile salts are amphiphilic in nature and form 
micelles in aqueous media [1-4]. The micellization pro- 
cess is characteristic of 'mild cooperativity' [5] because 
of small aggregation numbers, although the size and the 
shape of the micelles are known 1o depend on pH, bile 
salt concentration, and the presence of added salts [1]. 
Mixed micelles are formed by solubilizing small amounts 
of phosphatidylcholine and transforming to mixed 
vesicles [6-11] when the intramicellar fraction of phos- 
phatidylcholine exceeds a critical value. The structures 
of these assemblies have been extensively investigated 
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by X-ray diffraction [6], quasi-elastic light scattering 
[7,8], NMR [9], and differential scanning calorimetry 
[10] techniques. 

The locus of a solubilizate in micelles and vesicles is 
not determined by its structure alone, but the solubili- 
zate-assembly interactions. The solubilized states can, 
therefore, vary with changes of assembly composition 
and structure, e.g., the mixed micelle-vesicle transition. 
The spectral properties of a solubilized optical probe 
provide some important information on intermolccular 
interactions between the probe and the surrounding 
lipids. Thus, polarity (micropolarity) and fluidity (mi- 
croviscosity) in the close vicinity of the probe molecule 
(rnicroenvironment) can be evaluated by analysis of the 
spectral properties of the probe. Many works have been 
done on microenvironments in 'typical" micelles and 
vesicles for elucidating the natures of lipid-lipid and 
lipid-water interactions through the probe-assembly 
interactions. In contrast, only a few groups have re- 
ported on the microenvironments of bile salts and bile 
salt/phosphatidylcholine systems, suggesting nonpolar 
and rigid environment within the bile salt micelles 
[12-16]. These results by different methods for various 
systems cannot be compared with each other. There 
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have been no systematic studies on the microenviron- 
ments in these systems using a single method. 

In this work, bile salt micelles, bile salt-phosphati- 
dylcholine mixed micelles and vesicles, and those as- 
semblies containing cholesterol are investigated by using 
two fluorescence probes, pyrene [17] and 3,3'-dioctade- 
cyl-2,2'-thiacarbocyanine bromide (Clsqs) [18]. The mi- 
croenvironments experienced by the probe molecules in 
the mixed lipid systems are estimated and interpreted in 
relation to structural variations with the fipid composi- 
tion and consequent locus changes of the sohibilized 
probe molecules. Also, a distinction between the bile 
salt systems and the typical micellar systems is dis- 
cussed. 

Materials and Methods 

Materials 
Sodium cholate, sodium deo×ycholate, sodium glyco- 

cholate, and sodium taurocholate were purchased from 
Nacalai Tesque (Kyoto, Japan). Egg yolk L-a-phos- 
phatidylcholine (egg PC) and cholesterol were obtained 
from Sigma and Wako (Tokyo, Japan), respectively. 
Sodium dodecyl sulfate (SDS) from Wako was purified 
as described previously [191. Hepta(ethyleneglycol)dode- 
eyl ether (HED) was a product of Nikko Chemicals 
(Tokyo, Japan). Pyrene from Wako and C18.1s from the 
Japan Research Institute for Photosensitizing Dye Co. 
(Okayama, Japan) were used as received. Water was 
distilled twice from quartz. 

Sample  preparation 
Pyrene or Clsqs was solubilized into micelles and 

vesicles by a coprecipitation method. A chloroform 
solution of either dye was mixed in a test tube with a 
methanol solution of a bile salt a n d / o r  a chloroform 
solution of the lipids (egg PC a n d / o r  cholesterol). The 
solvent was removed with a rotary evaporator, and the 
residue was dried under vacuum at least 24 h. Then a 15 
mM Tris-HC1/135 mM NaCI (pH 7.0) buffer was ad- 
ded and the solution was vortexed. In the case of egg 
PC-containing vesicle systems, nitrogen gas was purged 
and then the tube was sealed and left standing for 48 h 
at room temperature for equifibration [11]. The final 
concentrations of pyrene and Cls.ls were 5 #M and 0.5 
/LM, respectively. 

Spectroscopic measurements 
The fluorescence spectra of the pyrene- and Cls.ls- 

containing samples were recorded on a Jasco FP-550 
spectrofluorimeter at excitation wavelengths of 335 and 
530 nm, respectively. Both excitation and emission slit 
widths were 5 nm. Absorption spectra on a Shimadzu 
UV-240 spectrophotometer were also measured for the 
Clsas-SOhibilized samples. A relative fluorescence 
quantum yield, q5 R, was calculated as reported elsewhere 

[18,21]. Evaluation of #,~ requires the absorbance of 
monomeric C1a.18 at the excitation wavelength (A~)  
because of the nonfluorescent property of the dimer. 
The A~ values of the monomer was estimated as fol- 
lows. At the excitation wavelength, an observed ab- 
sorbance Aex is expressed as 

a°x = E~Cm + @(C, - Cm)/2 (ll 

where e~ and e~ x are the molar absorption coefficients 
of the monomer and the dimer. C t and C m arc total and 
monomeric Ci8.1g concentrations. A similar equation 
holds at an absorption maximum wavelength. 

Area ~ = e ~ C m  + e ~ (  Ct - C m )/2 (2) 

From Eqns. 1 and 2, one obtains 

A~ = e~cm 

= { A~ - (E~V~)a~ }/{l - (E~VE,~'~)(E~/E~) } (3) 

Here we have eliminated C t to avoid an improperly 
estimated qbf g value due to an error in Ct. We have 
assumed that the spectral shape of the monomer and 
that of the dimer are the same as those of 3,3'-diethyl- 
thiacarbocyanine dye in water [22], except for some 
wavclet~gth shifts. Thus, by using ~he values of e ~ / e ~  a~ 
= 1.82 and e ~ / e  m~ = 0.44, the absorbance due to the 
monomer was estimated. This approximation seems to 
be valid because when [bile salts] > 20 mM (completely 
monomeric solubilization of Cls.ls in the micelles), the 
monomer absorbances ( A ~ )  evaluated from Eqn. 3 are 
equal to observed Aex values. 

All measurements were carried out at 25 5= 0.5°C. 

Results 

Pyrene in bile salt mic~ ~.les 
The fluorescence vibronie structure of a pyrene 

monomer is known to be sensitive to medium polarity 
[17]. Two fluorescence intensity ratios, 13/11 and l s / l ~ ,  
can be used to monitor microenvironments in the close 
vicinity of pyrene molecules [13,17]. Here Ii,  13, and 15 
are the fluorescence intensities of vibronic peaks at 
about 376, 385, and 394 nm, respectively [171. These 
ratios were measured in a series of solvents of graded 
polarity, i.e., n-hexane, 1-octanol, 1-butanol, 1-pro- 
panol, ethanol, and methanol, and found to be a mo- 
notonously decreasing function with an increasing 
solvent dielectric constant as a measure of polarity (data 
not shown). The micropolarities of pyrene in the bile 
salt micelles were estimated on the basis of the relation- 
ship between the intensity ratios and the dielectric 
constant. 

Fig. 1 shows changes of 13/11 and 15/11 as a func- 
tion of the sodium cholate concentration. The ratios 
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TABLE I 

Microenoironments surrounding pyrene and Cla.ta in variolL~ mitelles and vesicles 

Pyrene (5 pM) or Cla.la (0.5/~M) was solubilized in var~ou~ micelles and vesicles in a I0 mM Tris-HCI/135 mM NaCI buffer (pH 7.07 at 25 ° C. 
The effective dielectric constant (D~t f) around pyrene was estimated from the fluorescence intensity ratios l l 3 / l l  and Is/117. The effective 
dielectric constant (Den) and the effective viscosity 1~1,,) .~xpelSenced by CIx.~ were evaluated on the basis of the absorption maximal wave 
number (~m~) and the relative yield (~b R ). See !ext. 

System Perene Cis.i 

13/11 15/I  1 Dot t - ( 10 "I cm - I ) epR Deft ~lctt (cP) 

Sodium cholate micelle 1.39 1.42 7 1.776 12.2 20 39 
Sodium dcoxychola*.e trdcelle 1.52 1.50 5 1,774 13.7 18 106 
Sodium taurocholate micelle 1.22 1.30 l I 1.774 12.9 I 8 50 
Sodium glycocholate micelle 1.27 1.34 I0 1.778 10.8 21 79 
SDS micelle 0.97 1.13 22 1,777 ~ 8.4 ~ 78 ~ 9 a 
HED micelle 0.94 1.12 23 1.776 ~ 6.2 20 ~ 5 ~ 
Egg PC vesicle 1.03 1.22 17 1,779 8.6 22 l0 
Dipalmitoylphosphatidylcholine vesicle - 1,776 ~ 12.3 ~ 21 ~ 63 ~ 

increase, and therefore the micropolar i ty  decreases, 
gradually around 10 mM, suggesting the mi ld  cooper- 

a t ivi ty  [5] of  micellar formation.  F r o m  the constait t  

ratios above 20 mM, one can obta in  the micropolar i ty  

sur rounding  pyrene incorporated into the micelle. The  

micropolar i ty  is expressed in corresponding solvent  di- 

electric constant,  termed 'effective dielectric constant '  
by Mukerjee and Ray [20]. The effective dielectric con- 
stant,  Det f, (an averaged value from the two ratios) is 
l is ted in Table  I with  values in the other  bile salt  
micelles and typical micelles, i.e., SDS and HED.  The 

Def t values in the bile salt  micelles are lower than those 
in  the typical micelles. The order  of  Def f is sodium 
deoxycholate < sodium chelate < sodium glyeocholate 
< sodium taurocholate,  coinciding with the order  of  the 
hydrophi l ic i ty  of  the bile salt molecule itself. 

Cj8.18 in bile salt  micelles 
We havc shown [18,21] that  the max imum absorpt ion 

wave number  (Vma,,) of Cts-t8 is dependent  on  medium 

1.0 1.2 

• ' ' ' ' 0 . 8  
0 s 0 10  20  ao  

[Che la te ]  ( raM)  

Fig. 1. Changes of the intensity ratios of pyrene fluorescence with the 
sodium chelate concentration. Pyrene (5 ~M) was solubilized in 
various concentrations of sodium chelate solutions in a tO mM 
Tris-HCI/135 mM NaCI (pH 7.0) buffer at 25°C. Two fluorescence 
intensity ratios plotted, 13/11 loper circles) and 15/11 (closed circles) 

are sensitive to medium polarity. See text. 
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Fig. 2. Changes of the solubilized state of Cjs.~s with the sodium 
cholate concentration• CI8.18 (0.5 ,~M) was present in the same system 
as in Fig. 1. (a) The visible absorption spectra of Cis_ts at chelate 
concentrations (mM) of (It 2, (2) 6, (3) 10 and (4) 30. (b) Absorbance 
rat io,  As65/Asz s, as a measure of  monomer - t o -d ime r  rat io,  p lo t ted  

against the chelate concentration. 

polar i ty  and that its relative fluorescence quan tum yield 
(~b~) depends on medium viscosity as well as polarity. 
On the basis of  this dependence, the micropolari ty 
(Den) and the tt~icroviscosity (expressed as "effective 

~. < o ° o 10 

• "~ ,o ,oi° 
IC~olml (mM) 

Fig. 3. Variations of the spectrai properties of C~sqs as a function of 
the sodium chelate concentrat:on. The experimental conditions are 
exactly the same as in Fig. 2. Open circles, the absorption maximal 
wave number (~m=,); closed circles, the relative fluorescence yield 

(O~)- 
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Fig. 4. Mieropo]arhies of pyrene in sodium tanrecholate/egg PC 
mixtures. Pyrene (5 /tM) was incorporated in taurocholate/egg PC 
mixed systems (total lipid concentration, 30 raM) in the buffer at 
25 o C. Effective dielectric constant (D~fr, open circles) estimated from 
the intensity ratios of pyrcne fluorescence is shown as a function of 
the egg PC-to-taurocholate molar ratio (egg PC/NaTC). Optical 
absorbance at 450 nm (closed circles) is also plotted as a mark of the 

miceUc-to-vesicle transition. 
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Fig, S. Microenvironracnts around CI8.I 8 in sodium taurocholate/e~ 
PC mixtures. C18.1 s (0.5/~M) was solubifized in taurocholate/egg PC 
mixed micelles (total lipid concentration was 30 raM) and in egg PC 
sonicated vesicles in the buffer at 25 ° C. Effective dielectric constant 
(Dell, open circles) and effective viscosity (~eff, closed circles) 
evaluated from the absorption maximal wave number and the fluores- 
cence yield of Cis.ls are plotted against the egg PC-to-tanrecholate 
molar ratio (egg PC/NaTCI. The dotted llne shows a plausible 

maximal viscosity in the micelle-to-vesicle transition regior,. 

viscosity", ~lett) of the Czs.t8 fluorophore in micelles 
and vesicles can be estimated. 

Fig. 2a illustrates variation of the Cts.ts absorption 
spectra upon solubilization into sodium chelate micelles. 
At a low concentration of 2 mM, Cls.ts is present 
mainly as the dimer. An increase in chelate concentra- 
tion leads to appearance of a monomeric peak around 
565 nm. An absorbance ratio, As6s/As2 s, is plotted in 
Fig. 2b as a measure of the monomer-to-dimer ratio. 
Here again, the ratio is constant above 20 mM, suggest- 
~1~ c~mplete monomeric sohibilization of Cls.ts. Fig. 3 
demonstrates ~m~ and ~ as a function of the chelate 
concentration. Similar results were obtained for the 
other bile salts. The ~m~ and ~b R values of monomeric 
Cts.~s in the four bile salt micelles as well as in some 
other ;r.icellcs and vesicles having alkyl chains are sum- 
marized in Table I with the corresponding Def t and v/er t 
values. The Det f values in the bile salt micelles are 
almost equal to those in the spherical miceUes and 
vesicles, whereas the ~tf  values are several times higher 
than those in SDS and HED, and comparable to the 
microviscosity of the gel-state bilayer (dipalmitoylphos- 
phatidylcholine). 

Fyrene in sodium taurocholate /egg PC system 
Addition of egg PC to sodium taurocholate micelles 

causes a gradual increase in and a subsequent leveling- 
off of pyrene micropolarity, as shown in Fig. 4. The 
plateau region (egg PC./NaTC > 1.5) is just the same as 
the vesicular region, which is consistent with an in- 
creased turbidity (optical absorbance at 450 nm). Fur- 
thermore, the Def f value in the plateau region is equal to 
that in egg PC vesicles. Here we describe the mixed 
lipid system in terms of the whole composition, not the 
assembly composition. The latter, which seems to be a 
more appropriate expression, may be approximately 

estimated by using the free tanrocholate concentration 
data in a similar experimental condition (Fig. 15 of Ref. 
7). Indeed, the micelle-vesicle boundary (egg P C / N a T C  
= 1.5) is in accordance with that reported by Mazer et 
al. (Fig. 9 of Ref. 7). 

CI8.18 in sodium taurocholate /egg PC micelle 
Addition of a small amount  of egg PC to sodium 

tanrocholate micelles results in a shift of Def t from 18 to 
23 (Fig. 5), the latter value being characteristic of Cts.Is 
in egg PC vesicles. This shift implies that the Czs.]s 
molecule, which has two long alkyl chains, interacts 
preferentially with the egg PC molecules, measuring the 
microenvirouments in the close vicinity of the egg PC 
molecules. The ~err value first decreases to a minimum 
value (about 20 cP), .which is still larger than ~ett in egg 
PC vesicles, then increases monotonously toward the 
mixed micelle-vesicle phase boundary (the broken line 
in Fig. 5). 

20 l o  . . . . . .  I' ' lbv.  t '°° ~ 2 0  _ ~  5o 

2O 

lC ~0 . . . . .  
0.O 0.s 1.0 0 2 4 • 

C~l~tem~ mot ~, claret*ms m~ ~t 

Fig. 6. Effects of cholesterol incorporation on microenvironmcnts 
surroundin s C18.18. C18.18 (0.5 /~M) was solubilized in (a) sodium 
tanrocbolate micelles (30 raM) and (b) tausocholate/egg PC mixed 
micelles (the concentrations of egg PC and taurocholate were 13.3 
mM and 16.7 raM, respectively) containing various amounts of 
cholesterol in the buffer at 25 o C. Estimated effective dielectric con- 
stant (De,, open circles) and effective viscosity (~ctt, closed ci~'cies) 
are shown as a function of the molar percentage of incorporated 

cholesterol. 



Cts.18 in sodium murocholate/ cholesterol and sodium 
taurocholate / egg PC~ cholesterol micelles 

Fig. 6a shows the effects of cholesterol incorporation 
on the microenvironments of Cla-ls in sodium cholate 
micelles. The micropolarity does not change on addition 
of cholesterol up to I tool%, near the solubilization limit 
[23]. On the other hand, the microviscosity decreases 
significantly, that is, cholesterol fluidizes the micellar 
interior. Contrary to this, sohibilized cholesterol rigidi- 
ties sodium taurocholate/egg PC mixed micelles as 
shown in Fig. 6b. Here the micropolarlty remains unal- 
tered on addition of cholesterol. 

Discussion 

Molecular assemblies formed by amphiphiles, such 
as micelles and vesicles, provide regions of different 
microscopic polarities and viscosities. Such microscopic 
environments or microenvironments have been exten- 
sively studied by comparison of the spectral characteris- 
tics of incorporated probe molecules with those in refer- 
ence solvents [17-21,24-29]. Estimated micropolarities, 
which are often represented by effective dielectric con- 
stants [18-21,26,28], depend on the reference system 
used. Mukerjee and Cardinal [26] recommended the use 
of hydrocarborz/n-alkanols/water as reference solvent 
system because dielectric constants in this system, which 
are proportional to OH dipole concentration, are re- 
lated to dipole-dipole and hydrogen-bonding interac- 
tions. 

The fluorescence vibronic structure of a pyrene 
monomer depends on solvent dipole moment rather 
than on medium dielectric constant [17]. However, as 
mentioned above, the dielectric constants in our solvent 
system can reflect solute-solvent dipolar interactions. 
In the bile salt micelles, pyrene experiences fairly apolar 
environments (Dat = 5-11) compared with those in the 
typical micelles and vesicles (Def t = 20), as shown in 
Table I. This apparently small difference in the D~fr 
values leads to a large difference in dipolar interactions 
because the interaction energy is proportional to ( D -  
1 ) / (2D + 1) [30] (D: dielectric constan0. Indeed, the 
13/11 and 15/11 values change most significantly in a 
range of D = 2-10 (data not shown, see Ref. 17). Simi- 
lar apolar environments, although roughly astirnated, 
have been suggested for sodium cholate, sodium de- 
oxycholate,  and sodium taurochenodeoxycholate  
micelles [13]. These observations are explained in terms 
of solubilization of pyrene between steroidal hydro- 
phobic surfaces [12]. Aromatic hydrocarbons such as 
pyrene in mieeUes are known to be located primarily at 
micellar surfaces [~1], even if they are attached to the ~0 
carbon of a long chain fatty acid [19]. Their affinity to 
polar environments is attributed to a hydrophilic char- 
acter of z-electron systems and to high surface energy 
of micelles [26]. In this context the observed hydro- 
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phobic environments of pyrene bile salt micelles suggest 
low energy of their surfaces, that is, non-existence of 
high energy 'cleavages' which aromatic mo!eot!es fit to 
lower the surface energy. The micropolarity difference 
within the four bile salt micelles investigated (Table I) 
may be interpreted as partial solubilization of pyrene in 
'palisade layers" formed by the side-chains of sodium 
glycocholate and sodium taurocholate [13]. 

We have investigated the microenvironments of Cis.ts 
in various micelles and vesicles on the basis of (1) the 
polarity dependence of '~ma., and (2) the polarity and 
viscosity dependence of e& R [18,21]. The results can be 
summarized as follows: the micropolarities are similar 
(D, ff = 20) in all the micelles and vesicles investigated 
because the positively charged ~quorophore tends to be 
located at their surface polar regions. On the other 
hand, the microviscosities vary with individual molecu- 
lar assemblies. In the micelles the "0e# values are in an 
order of several centipoise, whereas in the vesicles they 
vary from approx. 10 cP in the liquid crystalline bi- 
layers to approx. 60 cP in the gel bilayer. In the bile salt 
micelles (Table 1), the Doff values are similar to those in 
the other micelles and vesicles, suggesting the positively 
charged chromophore interacts with the negatively 
charged head groups of the bile salt molecules. The 
fairly high 71eU values are comparable with those in the 
gel-state lipid bilayer. The rigid interior of bile salt 
micelles has been reported on the basis of the intrami- 
cedar excimer formation of pyrene [13], the fluorescence 
quenching of pyrene [12], fluorescence polari2ztion 
[12,14] and ESR [14]. The two alkyl chains of Cls.ls 
embedded in the rigid interior can in.mobilize the fluo- 
rophore attached directly to the alkyi moiety. The ex- 
tremely high value in sodium deoxycholate may be 
attributed to a large aggregate formed by sodium de- 
oxycholate under our experimental conditions (pH 7.0; 
[NaCI] 150 mM) [1]. 

The gradual increase in the Det r values of pyrene in 
sodium taurocholate with addition of egg PC (Fig. 4) 
seems to be interpreted as follows. Pyrene sohibilized 
between the hydrophobic surfaces of the sodium 
taurocholate molecules has a Def t of 11, whereas pyrene 
surrounded by the egg PC molecules experiences a /)err 
of 16-17. The observed increase in Den thus represents 
the release of pyrene molecules sandwiched between the 
steroid rings into the phospholipid environment. At an 
egg PC-to-taurocholate ratio of 0.5, the taurocholate 
simple micelles disappear and the mixed micelles are 
the unique species in the solution up to a ratio of about 
1.5, where the micelle-to-vesicle transition occurs. The 
pyrene molecules are, therefore, translocated from the 
interior of the sodium taurocholate miceUes to the 
boundary between the hydrophobic surfaces of the di- 
merle taurocholate molecules or peripheral ones in the 
mixed micelles, and further from the boundary to the 
egg PC environment of the vesicles. The transloeation 
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suggests thai the oppor tuni ty  of  contact  between the 
nonpolar  steroidal moieties decreases with increasing 
egg PC molar  fraction. 

The  microenvironments  surrounding Cts.ts in the 
mixed micelles were found to change with the egg 
PC-to-taurocholate molar  ratio in a complexed m a n n e r  
(Fig. 5). In the presence of  egg PC Cts.ts seems to 
interact preferentially with the egg PC molecules as 
suggested by  the f inding that the Deft values decrease 
upon  addit ion of  a small  a m o u n t  of  egg PC, with no  
further change upon  addit ion of  more  egg PC. Accord-  
ingly, the microviscosities of  Cts.ts are related to the 
assembly states of  the egg PC molecules. The  initial 
reduction of  microviscosity is due  to the translat ion of  
Cts-~s f rom the sodium cholate micellar  interior  to the 
neighbor of  egg PC. Fur ther  addi t ion of  egg PC causes 
the rise in 7/et f ascribed to an  increased size of  the mixed  
micelles [7,8]. Such a tight phosphol ipid  packing has 
been reported by  using a deut r ium N M R  technique [9]. 
Fur thermore ,  the m a x i m u m  microviscosity has  been 
detected in the region of  the mice l le /ves ic le  phase  
boundary  on the basis of  diphenylhexatr iene fluores- 
cence polarization [15] and  1,3-diphenylpropane excimer  
format ion [16]. 

Cholesterol  incorpora t ion  into sod ium chola te  
miceUes fluidizes the micellar  interior (Fig. 6a). This  
effect coincides with an  earlier observat ion that  
cholesterol enhances the permeabi l i ty  of  small  mole-  
cules into the micelle [12]. In  contrast ,  solubilized 
cholesterol in the sod ium t au rocho la t e / egg  PC mixed  
micelles seems to induce a t ighter packing of  the egg PC 
molecules (Fig. 6b). A similar cholesterol effect has  
been observed in egg PC bilayers [32]. The  results 
suggest preferential  interactions of  egg PC-C1s.lS and  
egg PC-choles terol  in the mixed micelles. 

Conclusions 

The micropolari t ies and the microviscositics in the 
close vicinity of  pyrene  or  Cfs.t8 solubilized in the bile 
s a l t / egg  PC systems are  correlated with the s tructural  
change of  the mixed-lipid assemblies in aqueous  media .  
The  bile salt micelles are character ized by  a rigid and  
nonpolar  interior. In  sodium t a u i o c h o l a t e / e g g  PC mixed  
micelles, the egg PC molecules are  motional ly  restricted 
compared  with those in egg PC vesicles. Cholesterol  
incorporat ion causes flnidization of  sod ium taurocho-  
late micellar interior, bu t  immobi l izat ion of  the egg PC 
molecules in the mixed miceUes. 
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