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Summary 

The thermotropic properties of hydrated dispersions of dipalmitoylphosphatidylcholine (DPPC) containing 4-biphenylacetic acid 
(BPAA) or fl-cyclodextrin-4-biphenylacetic acid (BPAA-fl-Cyd) at different molar ratios, have been investigated by differential 
scanning calorimetry (DSC). Addition of increasing amounts of BPAA or BPAA-fl-Cyd to phospholipidic dispersions leads to a 
main transition peak temperature (Tin) shift towards lower temperatures with a concomitant broadening of the peak. The main 
transition enthalpy z~H remains almost constant increasing BPAA concentration. T m shift in the presence of BPAA, observed for 
DPPC dispersions, was interpreted in terms of increasing membrane "fluidity". The interaction between BPAA-fl-Cyd and DPPC 
liposomes depends on the fraction of BPAA exchanged from the complex with membranes and it is allowed by the amphiphatic 
nature of this molecule. Kinetic experiments were carried out and the diffusion rate of BPAA coming from the complex into 
liposomes was slower than that shown by free BPAA. The results demonstrate a possible interaction of BPAA with pospholipids in 
cell membranes and the potential effects of such an interaction in regulating adsorption in natural membranes modulating the 
fluidity. 

In t roduct ion  

The  recent  deve lopmen t  of  new " h o s t - g u e s t "  
systems a t t a ined  some r emarkab l e  issues in  several  
indus t r ia l  and  app l i ca t ion  fields (Takemoto ,  1969; 
Saenger,  1980), inc lud ing  pha rmaceu t i c s  ( U e k a m a ,  
1981; K a t a l  and  Anta l ,  1984; Jones  et al., 1984; 
Fenyves t  et al., 1984; Chown  a n d  Kara ra ,  1986). 

Correspondence: F. Castelli, Dipartimento di Scienze Chimiche, 
Universith di Catania, viale Andrea Doria, 6. 95125-Catania, 
Italy. 

The  use of  agents  ab le  to fo rm inc lus ion  struc- 
tures wi th  d rugs  can  op t imize  some b i o p h a r m a -  
ceut ical  pa ramete r s ,  such as so lubi l i ty  (Lach  and  
Cohen,  1963; I k e d a  et al., 1975), de l ivery  ( H a b o n  
et al., 1984), m e m b r a n e  pe rme a b i l i t y  and  b ioavai l -  
a b i l i t y  ( F r 6 m m i n g  a n d  W e y e r m a n n ,  1973; 
T o k o m u r a  et al., 1985) of  the  the rapeu t ic  compo-  
nent .  

In  such a view, in  a p rev ious  p a p e r  the  p r e p a r a -  
t ion  of  an  inc lus ion  c omple x  of  4 -b iphenylace t i c  
ac id  wi th  f l -cyc lodext r in  ( f l -Cyd) ,  a cycl ic  oligo- 
sacchar ide  wide ly  used  in complexa t ing  p h a r m a -  
ceut ical  agents  (C ra me r  and  Het t ler ,  1967; Fr~Sm- 
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ming, 1973; Szejtli, 1982), has been presented 
(Puglisi et al., 1989). 

4-Biphenyl acetic acid (BPAA) is an efficacious 
non-steroidal anti-inflammatory drug (NSAID) 
which showed to possess, also in "in vivo" studies, 
an activity comparable to that of the most com- 
mon anti-inflammatory drugs and even 10 times 
greater than aspirin (Tolman et al., 1976). In vitro 
experiments on guinea pig lung homogenates con- 
firmed that BPAA can inhibit prostaglandin bio- 
synthesis (Tolman and Partridge, 1975). Like other 
NSAIDs, BPAA proved to be able to reduce in- 
flammatory pain and hyperthermal substances ef- 
fects, as well as to attenuate UV light-induced 
skin erythema in experimental animals (Sloboda 
and Osterberg, 1976). 

Complexation of BPAA by means of fl-Cyd has 
been primarily tested by us to enhance water 
solubility of the drug, in order to extend its ther- 
apeutical applicability, and to lower its weak local 
irritating action. 

Inclusion product was analysed by several tech- 
niques (see Materials and Methods) and all results 
agree with assigning a structure for the system in 
which BPAA and fl-Cyd are in 1:1 molar ratio. 
fl-Cyd reveals itself by a 4,2-fold increase in BPAA 
solubility and a dissolution rate improvement of 
about 18 times in the first 12 min of the essay. 

Since the interaction of BPAA with lipidic 
membranes has been never examined, and by con- 
sidering that only few studies have been reported 
about the interaction of fl-Cyd inclusion com- 
plexes with membranes (Stezowski et al., 1978), 
and nothing on the characterization by differential 
scanning calorimetry (DSC) of such a phenome- 
non, we thought to extend our investigation to the 
effects that BPAA complexation could have, with 
respect to BPAA alone, on the interaction with a 
lipidic model membrane, as dipalmitoylphosphati- 
dylcholine (DPPC) liposomes. 

It is commonly assumed that lipids in biologi- 
cal membranes play structural roles, providing a 
matrix for functional membrane proteins and 
maintaining a permeability barrier between exter- 
nal and internal environments. However, a single 
common phospholipidic species such as DPPC 
could maintain the required liquid-crystalline bi- 
layer envelope, for this reason synthetic DPPC 

liposomes usually represent a good membrane 
model. 

DSC is a standard method for the study of 
membranes endothermic gel-liquid crystal phase 
transition, observed for lipid bilayers. Drugs pres- 
ence in ordered bilayer structure results in melting 
of lipid chains at lower temperature in respect to 
the pure lipid with changes in enthalpy of melting 
(Bach, 1984). 

To gain an idea on the role of BPAA in modify- 
ing the physical properties of natural membranes, 
we studied the thermotropic behaviour of binary 
mixtures of BPAA/DPPC and BPAA-fl-Cyd/ 
DPPC, carrying out kinetic experiments on the 
adsorption of BPAA in a model membrane. 

Materials and Methods 

Chemicals 
Synthetic L-a-dipalmitoylphosphatidylcholine, 

was obtained from Fluka Chemical Co. (Buchs, 
Switzerland). Solutions of lipids were chromato- 
graphically pure as assessed by bidimensional thin 
layer chromatography (TLC) on silica gel plates 
(E. Merck, Darmstadt, F.R.G.) using a solvent 
system consisting of chloroform/methanol/wa- 
ter/acetic acid (60 : 35 : 4: 1, v /v /v /v ) .  Phospho- 
lipids phosphorous content was essayed as in- 
organic phosphate as described by Bartlett (1959). 

4-Biphenylacetic acid was obtained from Jans- 
sen (Belgium), analytical grade and was recrystal- 
lized from ethanol. 

fl-Cyd was purchased from Fluka Chemical Co. 
(Buchs, Switzerland) and was used after recrys- 
tallization from water and drying with P205 in 
v a c u o .  

Preparation of BPAA-fl-Cyd complex 
A solid inclusion complex of BPAA with fl-Cyd 

was obtained by an homogeneous coprecipitation 
method. Molar ratio, which was found 1:1, for- 
marion constant and the possible structure of the 
inclusion compound were studied using both in 
solid state characterization methods (IR, DSC, 
X-ray diffraction) and in aqueous solution ana- 
lytical procedures (1H-NMR, UV). Solubility 
studies showed a significant enhancement of the 
dissolution rate and of the solubility of BPAA-fl- 



Cyd complex in respect to BPAA alone (Puglisi et 
al., 1989). 

Preparation of liposomes 
Dispersions of DPPC were prepared in the 

presence and absence of BPAA, BPAA-fl-Cyd-and 
/3-Cyd, as it is common practice at a temperafure 
above that of the gel-liquid crystalline phase tran- 
sition that the samples are fully hydrated. 

Lipidic and BPAA solutions in CH3OH-CHC13 
1 : 1, v : v, were mixed in order to obtain different 
molar  ratios of solutes. The solvent was removed 
at 3 0 ° C  on a rotary evaporator by a nitrogen 
stream following by  overnight high vacuum stor- 
age. 

BPAA-f l -Cyd and fl-Cyd dispersions in DPPC 
liposomes were prepared by adding the com- 
pounds to the lyophilized DPPC film in a suffi- 
cient amount to obtain the same relative mole 
fraction of compounds in respect to DPPC. 

Liposomes were prepared by adding to the film 
50 m M  Tris buffer at p H  7.4. The samples were 
heated at 60°C,  vortexed twice for 1 min and 
shaken for 1 h at 55 ° C in a water bath  in order to 
homogenize the liposomes. Of each sample, 120/~1 
containing 5 mg of DPPC, were sealed in an 
aluminium pan and submitted to DSC analysis. 

The kinetic experiments were carried out put- 
ting on the bot tom of the DSC pan the exact 
amount  of BPAA or BPAA-f l -Cyd in order to 
obtain a 0.48 mol fraction in BPAA, and after- 
wards adding 120/~1 of DPPC aqueous dispersion 
prepared as above. 

Differential scanning calorimetry 
Calorimetric data were obtained using a Mett- 

ler TA 3000 differential scanning calorimeter, 
equipped with a DSC 30 cell and a TC 10 
processor. The plotting range, as full scale deflec- 
tion, was set to 1.71 mW. Palmitic acid was em- 
ployed to calibrate the temperature scale and the 
AH. A pan containing 120 /~1 of p H  7.4 Tris 
buffer was used as reference. Samples were sub- 
jected to several heating and cooling cycles in the 
temperature range 10-60 ° C  at a scanning rate of 
2" C/ ra in .  Enthalpy changes were calculated from 
the peak areas. After the calorimetric runs the pan 
content was extracted and the inorganic phos- 
phate  analyzed. 
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Results and Discussion 

Some typical DSC runs, in heating mode, of 
pure DPPC dispersions in Tris buffer (pH---7.4) 
containing different molar  ratios of BPAA are 
reported in Fig. 1. The pretransition and the main 
transition peaks for pure DPPC were observed at 
36.9 and at 42.2°C, respectively. Addition of 
BPAA to DPPC bilayers produced evident changes 
in their thermotropic behaviour. By increasing the 
BPAA mole fraction in the aqueous dispersion, 
the main transition peak for the pure lipids shifts 
towards lower temperatures with a concomitant 
peak broadening, while the related A H remains 
constant. At a 0.24 BPAA mole fraction the T m 
value of the main endothermal peak in the heating 
scan goes 5 -6  ° C  below that observed for the pure 
DPPC and the enthalpy changes were negligible. 
By increasing the mole fraction to upper values no 
further variation was observed both in T m and A H 
(see Tables 1 and 2). 

These results clearly demonstrate  that the BPAA 
molecule is able, during the l iposome preparation, 
to fit into the DPPC bilayer causing a "fluidify- 
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Fig. 1. Typical DSC heating curves of hydrated DPPC contain- 
ing BPAA at mole fraction: a = 0; b = 0.06; c = 0.12; d = 0.18; 

e -- 0.24; f = 0.48. 
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TABLE 1 

Main transition peak temperature (T m expressed in °C) of 
DPPC dispersions for different molar fractions of BPAA and 
BPAA- r -  Cyd 

Mol. fraction BPAA BPAA- fl-Cyd 

0.00 42.2 42.2 
0.06 41.7 42.2 
0.12 40.6 41.4 
0.18 38.8 40.6 
0.24 36.0 40.2 
0.48 36.0 39.2 

The figures are the mean values obtained from DSC heating 
curves. The percentual standard deviation was better than 0.5. 

ing" effect on this model membrane by engaging 
hydrogen bonds with the polar head group of PC, 
whereas the apolar biphenyl rings could be intro- 
duced in the apolar tails of DPPC, causing a 
destabilization of the lipidic aggregate as well as a 
loss in cooperativity leading to a broadening of 
the curves without variation in the A H. 

The influence of BPAA on the vesicles con- 
stituted by synthetic DPPC is then exerted as a 
spacer of the lipidic structure as already demon- 
strated for other molecules (Cater et al., 1974; 
Estep et al., 1978; Castelli et al., 1984) because of 
the presence of an amphiphatic structure. 

The thermotropic behaviour of BPAA-fl-Cyd 
complex dispersed in DPPC appears slightly dif- 
ferent with respect to that previously shown by 
BPAA. Also in this case it seems evident that as 
the BPAA-/3-Cyd mole fraction increases, the 

TABLE 2 

Main transition enthalpy changes (A H expressed in kcal/mol) of 
DPPC aqueous dispersions for different molar fractions of BPAA 
and BPAA- fl-Cyd 

Mol. fraction BPAA BPAA-fl-Cyd 

0 . ~  8.4 8.4 
0.06 8.2 8.7 
0.12 7.2 7.8 
0.18 7.8 7.9 
0.24 6.8 7.4 
0.49 6.9 8.0. 

The figures are the mean values calculated from DSC heating 
curves. The peroentual standard deviation was better than 5. 
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Fig. 2. Typical DSC heating curves of hydrated DPPC contain- 
ing BPAA-fl-Cyd at mole fraction: a = 0; b = 0.06; c = 0.12; 

d = 0.18; e = 0.24; f = 0.48. 

main peak of DPPC gel-liquid crystal phase tran- 
sition shifts towards lower temperatures and the 
curves become broader (Fig. 2 and Tables 1 and 
2). 

These effects are due to BPAA that leaves the 
"hos t"  fl-Cyd molecule when the solubilized com- 
plex BPAA-fl-Cyd comes near to the liposomes 
surface. The effect exerted by this kind of free 
BPAA in the Tris-buffered solution is less power- 
ful than that observed when an exactly equal 
amount of BPAA was dispersed in liposomes (Figs. 
1, 2 and 3) because a fraction of BPAA remains 
entrapped in the fl-Cyd and is not available to 
interact with the liposome surface. The assertion 
that these effects are due only to BPAA coming 
from BPAA-/3-Cyd complex is also supported by 
experiments using DPPC liposomes in the pres- 
ence of fl-Cyd and submitting them to calorime- 
try. It was evident that fl-Cyd did not interact 
with the bilayer. In fact no variation in the shape 
of the pretransition and transition peaks was ob- 
served, and consequently the T m and zaH did not 
change (see Fig. 3), according to the literature 
(Szejtli et al., 1986). 
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Fig. 3. Transition temperature (Tin, o C) values (average of at 
least 5 runs), in heating mode, as a function of mole fraction of 

a, fl-Cyd; b, BPAA-fl-Cyd; c, BPAA-fl-Cyd. 

To verify if  the d i f ference  in  the mu tua l  in te r -  
ac t ion  be tween  B P A A - D P P C  and  B P A A  coming  
f rom the inc lus ion  complex  and  D P P C  could  be 
caused  by  the d i f ferent  p r e p a r a t i o n  p rocedures  for 
the two dispers ions,  we carr ied  out  k inet ic  exper i -  
men t s  on D P P C  l iposomes  in the presence  of  
B P A A  or  B P A A - f l - C y d  wi thout  mix ing  the aque-  
ous  suspensions.  

Fig. 4 and  Tables  3 and  4 show that  B P A A  and  
B P A A - f l - C y d ,  p resen t  in the pan ,  are  ab le  to 
dif fuse  in the aqueous  m e d i u m  reaching  the l ipo-  
somes  surface and  in te rac t ing  with  them, bu t  even 
when  the d i f fus ion  of  the complex  should  be  faster  
than  B P A A  alone  for  i ts higher  solubi l i ty ,  the 

l 30 _ i I 
5 10 

Time ( k r s )  

Fig. 4. Transition temperature (Tin, o C) values (average of at 
least 5 runs), in heating mode, as a function of time for 0.48 

mol fraction of a, BPAA-fl-Cyd; b, BPAA. 

119 

TABLE 3 

Main transition peak temperature (T,n expressed in o C) of DPPC 
dispersions for 0.48 mole fraction of BPAA and BPAA-f l -Cyd 
as a function of time 

Time (h) BPAA BPAA- fl-Cyd 

0 42.2 42.2 
1 41.5 42.0 
2 40.4 41.7 
3 39.6 41.7 
4 38.8 41.6 
5 38.6 41.4 
6 38.6 41.2 
7 38.3 41.1 
8 38.1 40.9 
9 37.8 40.9 

10 37.8 40.9 
11 37.8 40.9 

in te rac t ion  wi th  m e m b r a n e s  is s lowed by  the sta-  
b i l i ty  of  the  c omple x  tha t  seems to avoid  the  fast 
exchange  of  B P A A  wi th  D P P C  bi layer .  In  bo th  
cases we obse rved  that ,  af ter  a first  pe r iod  of  5 - 6  
hours  where  the in te rac t ion  is re la t ive ly  fast,  a 
nea r - cons t an t  T m and  A H  were reached  mean ing  
tha t  B P A A  could  be  i n c o r p o r a t e d  in the  mode l  
m e m b r a n e  fo l lowing a very slow process ,  that  
cou ld  pe rmi t  the  T m to reach  the lower values 
r epo r t ed  in Fig.  3 on ly  af ter  a very long t ime. The  
slow decrease  of  T m for  a longer  t ime m a y  be  due, 
bes ides  to the  slow d i f fus ion  of  B P A A  or  its 

TABLE 4 

Main transition enthalpy changes (A H expressed in kcal/mol) of 
DPPC aqueous dispersions for 0.48 reel fractions of BPAA and 
BPAA-f l -Cyd as a function of time 

Time (h) BPAA BPAA-fl-Cyd 

0 8.5 8.3 
1 8.4 8.6 
2 8.8 8.1 
3 8.1 8.6 
4 8.5 8.3 
5 8.0 8.6 
6 7.6 8.4 
7 7.3 8.3 
8 7.1 8.1 
9 7.6 8,0 

10 8.0 7.9 
11 7.8 8.1 
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inclusive complex  th rough  the water ,  also to diffu-  
sive processes  be tween  the in te r io r  b i layers  of  
l iposomes  and  a f l i p - f l o p  exchange of  B P A A  in- 
side them. W e  can  have an idea  of  the t ime 
requi red  b y  this process  looking  at  o ther  mole-  
cules: i.e. choles terol  needs  several  hours  to pass  
th rough  l ip id ic  b i layer  and  days  to get th rough  the 
inner  b i layers  (Hous l ay  and  Stanley,  1982). 

Conclusions 

I t  is i nd i spu tab le  tha t  cyc lodext r ins  are  ra is ing 
in the last  years  a more  and  more  qual i f ied  role as 
p ro longed- re lease  carr ier  for  drugs  ( H i r a y a m a  et 
al., 1988), and  the resul ts  p resen ted  here  show tha t  
B P A A - f l - C y d  complex  is able  to in te rac t  wi th  the  
m o d e l  m e m b r a n e  cons t i tu ted  b y  D P P C  l iposomes  
and  even i f  i ts  in te rac t ion  is not  so s t rong as when 
B P A A  alone  was employed ,  it  is i m p o r t a n t  to 
under l ine  tha t  B P A A - f l - C y d  represents  a way  to 
b r ing  in so lu t ion  the usual  inso luble  B P A A  mole-  
cule and  tha t  this  complex  could  exchange  wi th  
the m e m b r a n e  surface the "gues t "  B P A A  mole-  
cule, thus represen t ing  a sys tem to regula te  the 
adso rp t ion  ra te  of  h y d r o p h o b i c  molecules  in  cells. 

I t  should  also be  in teres t ing  to compa re  these 
results  wi th  the response  of  " i n  vivo"  p h a r m a c o -  
logical  tests tha t  we are  ca r ry ing  out  at  the  mo-  
men t  and  which  m a y  clar i fy  the  s ignif icance of  
complexa t ion  on  the t issue in te rac t ions  of  this 
drug.  

I t  should  be  p o i n t e d  out  tha t  the ca lo r imet r i c  
p rocedure  used here  can  represent  a good  ap-  
p r o a c h  to the  exper imen ta l  s tudy  of  the phys ica l  
re la t ions  be tween  a pha rmaceu t i ca l  c o m p o u n d  and  
an  ar t i f ic ial  l ip id ic  membrane .  
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