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Fartition coeflicient: Large unitamellar liposome

The ion of the deri (£)-5,6-dihydro-6-phenyl-imidazo[2,1-bthiazcle and a number of its
Z-n--lkyl homolngnes {(-ethyl through -u-pemyl and -n-fieptyl) with large unil iy

i uid (2:1:0.06, w/w) vesicles was studied by means of
steady-state i hin; usilg 8-(2-anth ic acid as b probe. Linear Stern-Volmer
plots were obi ‘formh'J ing d; i Theslopesoftheplotsdumsedwﬂ

respective membrane partition coefficients K, smd bi

For four skost-chain lmmlomes (-H, -ethyl, -n-propy! and -n-bulyly

rate Fq wore dote: ‘rom

the plots of the reci; 1 of the rate

(k) ! against the Ilp:d volume fraction ¢, of

Rhe l-posomes. The partition tufﬁc.enls increased with immsing chain-lengtls of the tetramisoles. A Jaear

ip was found betv

the free energy of partitioning and the number of methy

units of the homok

(-AG° per methylene group = 1.6 + 0.1 kimol ~'). For the m-pentyl and n-heptyl derivatives, the fluorescence
qumching technique did ‘not allow one to detennme their membrane partition coefficients. Analysis of the

with S
with :he li

: Aerivati o0t

d plots gaw- further evidence for the partitioning nature of the

Abbrevistions; H-TETR, (+)-5.6-Dihydro-6-phenyl-imidazo{2.1-

blthiazole hydrochloride; C2-TETR, (z }5.6-dihydro-6-phenyl-2-

ethyl-imidazo{2,1-b)thiazole oxalale C3 TETR, (1 )-56-dihydro-6-
121

henyi-2 -imidaz
2 Propy.

Introduction

The dlstnbunon of amphipathic or lipophilic

acid: C4-TETR. (4 )-5.6-8ihydio-6-pheny!-2-n-butyl-imidazo]2.1-
blthiazole hydrochioride; CS-TETR, ()-5,6-dihydro-6-phenyl-2-n-
pentyl-imidazo{2,1-blthiazole oxalate; C?-TETR, (1 )-5.6-dihydro-6-
phenyl-2.n-heptyl- |ll||dam[21b|l||mznl: oxul.nl: Cl()-TE’I'R (x>
5.6-dihydro-¢-phenyl-2. yl-imidazof2,

CI13-TETK, (1)5.
blthi

§ ydm 6-phcn)l-2An-n:decyl—nmldazolz 1-

PC, egg 1 PE g8
i DPPA. ipalmif idic acid;
DCM, -di il-4H

pyran; dimethyl?OPOP, 2.2"p- plwnylcncblsﬂ-melhyl 5-1 phcnyl
oxazole).

N. Boens, L of Chemistry. Katholicke
Umvem.m Leuven, Celestijnenlaan 200F, B-3001 Heveriee, Bel-
Blllm

an phase and the lipid
region of biological memoranes or artificial bilayer
systcms has been the suhject of many reports in the
ass ions of lipid-soluble com-
pounds have been considered as a partition process
[1-8] or as a binding equilibrium [9-12]. The mtemc-
tion of homol series of comp is with
lipid bilayers is of special interest. In several studies,
the lipophilic character of the homologues, defined by
their organic solvent/water or membrane partition co-
efficient, has been correlated to the biological activity
of the homologues [8 13-15).
Fluorescence guenching is a powerful technique to
examine quanticatively the distribution of molecules
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Fig. L. Structures of (A) (+)-56-dihyd:0-6-ph :z,i-2-n-alkyl-imid-
azo{2.1-blthiszolc and (B) 842-avdhryl-tanoir acid.

betweer: an aqucous phase and a lipid bilayer. The

oxalate, (%)-5,6-dihydro-6-phenyl-2-n-decyl-imid:
[2,1-b}thiazole hydrochlondc and (:t) 5. 6-d|hydm-6-

phenyl-2-n-trid

rlde were Lindly pmvnded by Janssen Pharmac;,unm
(Becrse Belgi Eze v line and
egg hati lamine were hased from
Avanti Polar Lipids (Birmingham, AL, USA). Dipalmi-
toylphosphatidic acid was from Sigma Chemical Co.
(St. Louis, MO, USA). The phospholipids y:ve a smgle
spot on thin-I aphy
CHCI,/CH,()H/H;O(GS 25:4,v/v) 1, stammg)and
were used wnha"t funher purification. n-Cctyl-8-p-
hased from Bochringer
GmbH (Mannh-‘im FRG) 8-(2-AnthryDoctanoic acid
was synthetised according to the method of Kaplun et
al, (28] Glycine, gold label (Aldrich Chemie, Brussels,

method has been used to study the t interac-
tion of several includil hlori
insecticides [16-19], local anaesthetics {20} dimeth-
vianiline [21] and copper(1l) {22).

The curenti paper repiris on ihe associ-

and chi and both of fluo-
rimetric grade (Merck, Darmstadt, FRG) were used as
received.

ation of an series of deriva-
tives, namely (+)-5,6-dihydro-6-phenyl-2-n-alkyl-im-
idazo[2,1-b}thiazoles (Fig. 1), studied with steady-state
fluorescence quenching of 8-(2-anthryijoctanoic acid
(Fig. 1) in large umlame'iar liposomes. Tetramisole
((£)2,3,5,6 hyd yl-imidazof2 l-b] thia-
zole), and in i m
levamisole, has potent broad-speclrum anthelmintic
properties [23,24]. Besides, levamisole has been found
to be an immunopotentiating agent [25] and an in-
hibitor of alkaiine phosphatase [26,27].

The quenching data were analysed in two different
ways. in the first method, apparent querching rate

k3P were d inec from the Stern-Volmer

plots. By plolang k)~ ! versus the fipid volume
fraction «, the membrane partition coetficicnts K,
and bimol hing rate kg, for sev-
eral of the homologues, were calculated. In the second
method, the quenching data were analysed with
Scatchard plots. The results indicated that the interac-
tion of the tel'amlsole denvalwes with Ilposomal mem-
branes can ve dered as a pure i pro-
CPSS.

Materials and Methods

Reagents
(4 )-%.5-Dihydro-6-phenyl-imidazo|2,1-b thiazole hy-
drochioride, (+)-5,6-dihydro-6-phenyl-2-ethyl-imid-
az0{2,1-bjthiazole ::xalate. (+)-5,6-dihydro-6-phenyl-2-
L-im:id iazol lohexvlam i

F ion of iij
i were d ing to a
dmlysw method [29,30]. A chloroform solution of 38.25
mg of phospholipid (PC/PE/DPPA (2:1:0.06, w/w))
was evaporated as a film in a small conical vessel under
argon and stored in vacuo fos 1 h to eliminate residual
solvent. 75 mg of n-ociyl-8-p-glucopyranoside in 6 ml
of 0.1 »2 giycine buffer (pli 9.5), containing 0.2 mM
EDTA (referred to as ‘standard buffer’), was added
and the mixture was gently stirred until the lipid was
completely dissolved. Mixed micelle solutions were
dialysed for 16 i at room temperature against 3 litres
of the standard buffer using a Lipoprep-apparatus (Di-
achema, Langnau a.A./Ziirich, Switzerland). After di-
lution of the liposomal suspension to the desired lipid
the f} probe was added in a
small volume (< 10 ul) of methanol to each diluted
vesicle suspension so that the probe to lipid molar ratio
varied between 1:100 and 1:800. Uptake of the probe
was effected by vortex mixing for 15 s.

Stock solutions of the tetramisole derivatives (500
mM for H-TETR, C2-TETR and C3-TETR; 250 mM
for C4-TETR and C5-TETR and 100 mM for C7-
TETR) were made in 5N% aqueous methano! (by vol-
ume). Aliquots (total volume < 20 i) of the quenchers
were added to the li usmg Agla i

ingas ( R ics. Becki
ham, UK). The total con:enlrauon of methanol in the
vesicle dilutions, after addition of probe and increasing
amounts of quencher, did not exceed 1% (by volume).

propy 2,1-b1th
sulphonic arid, (+)-5,6-dihydro-6-phenyl-2-n-butyl-i

At this small concentration, methanol did not effect
the fl

idazo[2,1-b)ti:iazole hydrochloride, (4 )-5,6-dihydro-6-
phenyl-: 2—n-pcm,l-|m|dazo[2 1-blthiazole oxalate, (+)-
5,6-dihydro-6-phenyl heptyi-imidazof2,1-b]thiazo’e

5 p of 8-(2-anthryl)octanoic acid.
Phospholipid i were determined by
itation of il hosphate [31]. For the den-

sity of the vesicles, a value of 1 g/mi was accepted {32}.
The average relative molecular mass of the phospho-



lipids was taken as 770. Assuming that the vesicles

tyl-p- dialysis had a
n‘can diameter of 176 nm [30], a bilayer thickness of 4
nm [33], and that the total bilayer volume of the
liposomes was availahle for partition, it was calculated
that there are 2.9-10° phospholipid molecules per
vesicle and that a vesicle suspension of 1 mg/ml corre-
spond to a 4.5+ 10~¢ millimolar concentration of vesi-
cles.

The pK, values of the tetramisole derivatives in
50% metnanol were 8.2, 8.5, 8.4, 8.3, 8.3 and 8.3 for
H-TETR, C2-TETR, C3-TETR, C4-TETR, C5-TETR,
C7-TETR, respectively, and in water, the pK, values
of H- TETR and CZ-TETR amounted lo 8.7 and 90

d by Janssen Pl
Based on a difference of 0.5 between the pK, value in
water and the pK, value in 50% aqueous methanol for
H-TETR and C2-TETR, the pK, values in water of
the 2-n-propyl, 2-n-butyl, 2-n-pentyl and 2-n-heptyl ho-
moiogues were assumed to be 89, 88, 8.8 and 88,
respectiveiy.

Fluorescence experiments
Fluorescence spectra of 8-(2-anthryloctanoic acid
labelled vesicles were rccm'dcd with a Spex Fluorolog
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the total h i the
fluorescence lifetime of the pmbe m the absence of
quencher and k_ is the bimolecular rate constant of
Guenching.

if the fluorophore 1s solubllued in a lipid bilayer,
the fl is on the con-
centration of solecules present in the lipid phase,
[Q],.. Thus the Stern-Volmer equation becomes:

Iy/1=1+kgaolQh 3]
[Ql, is given by:

Q] = K, [Qla 3
where [Q], refers to the concentration of quencher

molecules in the aqueous phase and K, is the mem-
brane parmlon coefficient.

Sor an her Q und an acid-
base equilibrium in the aqueous phase, QH} = Q, +
Hj, the of neutral hy
[Ql,, is a fi of its di i K, and
of the pH of the aqueous phase:

[Qla = [QH" Ja100H-PK @

212/D: at an excil length of 360 nm. where [QH* 1, is the concentration of ionized quencher
All fluorescence measurements were carried out with 2 in the aqucous phase. The total mass of quencher can
ml of 1i in dard buffer, as:
m 1 cm X 1 cm quartz cuvettes, at ‘40"C. 'l'he probe’s

e lifetime was (QlVy = (IQH" Ja+{QlA)V, +1QWV )

lated single photon counting [34,35] using a Spectra-
Physics mode-locked, cavity-dumped, synchronously
pumped, frequency-doubled DCM dye laser. Excitation
was at 330 nm. A detailed description of the instru-
mentation has been gw:n elsewhere [35,36]. Correction
for the ! d of the i re-
sponse function was performed using the delta func-
tion convolution method [37.38] Dun:thyIPOPOP was
used as d. The

for residual analysis were plots of weighted residuals,
the autocorrelation function and the normal probabil-
ity plot. Numerical critcria for the goodness-of-fit in-
cluded the reduced chi-square x? and its standard
normal deviate Z, ., the ordinary runs test statistic Z
and the Durbin-Watson test statistic d {36,39).

‘Theory
Dynamic fl ing in an h

neous solution can be described by the Stern-Volmer
equation:

L/I=1+kgolQh M

where [, and [ are the ﬂuorcscence mtensmes in the

where V, and V| denote the volume of the aqueous
and the lipid phase, respectively. If only the neutral
form of the quencher is capable of partitioning into the
lipid phase, substitution of Eqns. 3-5 into Eqn. 2 gives
the Stern-Volmer ionship, written as a function of
the total quencher concentration, [Q)y

Ip/T=1+ k3rgfQlr ©

with kP given by
0@KeuHr 4y 100K P 4
ap + ————— o

.
w0 —_
1/ky ll/kq K, K,

where a; (= VI_/VI-) is the lipid volume fraction. Thus,
the ko™ is on
the I|p|d volume fraction @, of the liposomes. kg
values are obtained as the slopes of the ..tem-Volmcr
plots, divided by 7,. By plotting 1/k™ vesus ay, the
partition coefficient K, and the bimolecular quenching
rate constant k, can be calculated from Eqn. 7.

Partition and binding
A aliernaiive model can be applied to distinguish

absence and of p y. {Qly is

b binding and /or partition of a quencher [40,41).



Scheme |

The method assumes that f,/1 at a particular quencher

ica is only d dent on the average num-
ber of grenchers per vesicle, (@), regardless of the
quenching mechanism. Scheme 1 describes the uptake
of a quencher into a lipid bilayer: Q, and QH} refer
to the neutral and charged form of the quencher in the

phase, peci neutral
quencher in the lipid phase, v dcnoles vesicle and K,

e

is an equilibrium distribution constant defined as

K= hl ™
iQ.iivi

[Q,], [Q,] and [v] are concentrations related to the total
volume V. The dissociation constant X, is defined
with respect to the aqueous volume V,. Assuming that
V, = Vg, one obtains

[QH] ]=[Q,J1owk.-rI» [O)

The average number of quencher molecules per vesi-

cle, {Q), i~ given by

(@) =1Q4)/tv] (10)
The total ion of [Ql; is exp! d
as

[QFr = [Q.I+[QH: 1+[Qy} an

Combining Eqns. 8~11 gives

[Qlr = (@)1 +10®KPHy /K 4+ ()] a2
When both binding and partition of neutral quencher
occur, the equilibrivm distribution constant is given by
141]

- kK,
A gy " TR RN

as

where K, is the binding constant, ¥, is the molar
volume of the liposomes and » is the number of
equivalent binding sites. For an ionizable quencher,
the binding of both the charged and the nevtral form
should be considercd,

Application of the analysis involves obtaining
Stein-Volmer plots at several lipid concentrations. At

each: particular level of 1,/1, a plot of [O); versus [v]'

yields one pair of values for K., and (Q). Secondary
plots of K., against {Q) which are, in fact, Scatchard
plots, allows one to distinguish between binding and /or
partition. Independence of K, on {Q) indicates that
lhe quencher partitions into lhe vesicles while a linear

hip with a negative slope indicates binding.
When bmdmg and pa'ftmon occur simultaneously, the
Scatchard plots show a ing depedence of K.,
with increasing (Q) asympmucally spproaching to a
constant value of ¥, K,

Results

Characterisation of the 8-(2-anthryl)octanoic acid la-
belled vesicles

Large unilamellar [ were obtai using
lhe n-octyl- ﬁ-D—qucopyranosxde dmlys:s method. Their
d frof of neg-

atively stained llposomcs, varied between 150 and 250
nm (results not shown), which is in accordance with
values published elsewhere [30,42].

The fluorescence decay of 8-(2-anthryl)octanoic acid
in the PC/PE/DPPA (2:1:0.06, w/w) liposomes was
single-exponential with a lifetime 7,=3.5010.03 ns
(Fig. 2). 7, was independent of the probe/lipid molar
ratio, indicating that no excimers werc formed. Mea-

of the fli decay in the p of
C3-TETR showed that the quencher did not effect the
single exponential decay mode cf the fluomphore al-
though its lifetime d d with i
concentrations (Vermeir, M. and Boens, N unpub-
lished data). Since only one lifetime contributed to the
fluorophore’s decay, this indicated that the probe was
entirely taken up into the liposomal membrane.

Pariition coefficients

Fluorescence intensities of 8-(2-anthryl)octanoic acid
to PC/PE/DPPA (2:1:0.06, w/w) li-
posomes in the presence of H-TETR or one of its
2-n-alkyl homologues (C2-TETR, C3-TETR, C4-TETR,
C5-TETR or C7-TETR) were measured at several llpo-
somal lipid volume fracti The fl
ing titrations were carried out at pH 9.5 to cnsure that
most of the quencher molecules were in the neutral
form whick enables sufficient penetration of the
quenchers in the mcmbrane. Fig. 3 depicts the quench-
ing of the fluorescence intensity of 8-(2-anthryloc-
tanoic acid in liposomes by C4-TETR. None of the
quenchers induced the formation of an exciplex band
in the fluorescence spectrum. Linear Stern-Volmer
plots were obtained for each homologue which indi-
cated that the quenching resulted from diffusion colli-
sions and not from complex formation. Figs. 4A, B and
C show the Stern-Volmier plots for the quenching ex-
penmems with C2-TETR, C4-TETR and C7-TETR,

The

pp 0 ing rate

incorporatsd
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decay of B-(2- acid in li of PC/PE/DPPA (2:1:006, w/W) (A, = 330 nm; A, = 405 nm: channel

vndlh 01}98 ns). The experimental decay (point plot) was fitted to a single-exponential decay fum:lmn (solid line). Estimated decay parameters

were: a=0.77, 7, =35 ns and 7, = 1.25 ns. The fluorescence decay of the reference OPOT in i is shown as a

point plot. Plots of the autocorrelation function, AC, and of the weighted residuals, R,. versus channel number i and versus calculated valies yf
are depicted at the top. Test statistics: x? == 1.19, Z,:= 2,03, ordinary runs test statistic Z = 0.31 and Dutbin-Watson test statistic « - 1.0,

k3™, obtained from the slopes of the Stern-Volmer i d with i ing hydroph of the homeo-
plots, decrcased with increasing lipid volume fraction logues. For each telramxsolc derivative, a linear rela-
of the liposomes (Table 1). The quenching efficiency tionship was found when the reciprocal of the apparent

TABLE §
Values of the apparent quenching rate constants ky#® (x10°'
2 M~'s"") at verious lipid volume fractions a; (X lo') obtained
i from the sieady-state quenching of liposomal incorporated 8-(2-
H anthryloctanoic acid by ( + )-5.6-ditydro-6-phenyl-
£ imidazof2,1-b]thiazoles
N
g HTETR C2TETR C3-TETR
8 a kP ay e ay [l
5 o5t 191 057 182
3 115 34 ;2 731 113 1650
173 130 154 &7 170 1577
I . 23 121 205 628 226 1404
400 440 480 520 560 600 288 123 307 5.89 3.40 11.64
wavelengthk (nm) 4.10 R¥x] 453 9.48
Fig. 3. Fluorescence cmission spectrum of 8-(2- icacia  CHTETR CS-TETR CLTEIR
incorporated into liposomes of PC/PE/DPPA (2:1:006, w/w) in  ay [ a & a [

the presence of (a)  mM, () 0.075 mM, (c) 0.150 mM, (d) 0225 o5
mM, (€) 0.300mM, () 0.575 mM and () 0350 m (£)-,6ulibydro- 058 32t - BB 4 eele

.16 84, 997 1.91 0.88 8275
G-phenyl-2 The vesicles had a phos- :;4 73:3-: 146 is_m .12 56.36
phcl:pud concentration of 2432 mg/ml suspension and a lipid « 232 64.57 125 3022 176 41.07
probe molar ratio of 400. Excitation was at 360 nm. The measure- 3'“ 4754 292 1747 264 24.56
ments were performed in 0.1 M glycine buffer pH ¢.5, containing 0.2

mM EDTA. 464 3780 3.89 129 352 16.96
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Fig. 5. Dependence of the reciprocal of the apparent bimolecular

qGuenching rate constant (k3)" ! on the lipid volume fraction ) of

the vesicles for the 8<2-anthryloctinoic acid quenching by the

tetramisole derivatives. The symbols refer to: H-TETR (a); C2-

TETR (&); C3-TETR (a) and C4-TETR (0). The error bars
represent +one standard deviation.

TABLE I

Membrane-partition coefficients K, + standard deviation and bimolec-
ular quenching rate constants k, + standard deviation of 2-n-alkyl
substituted tetramisole derivatives in liposomes of PC/PE /DPPA
(2:1:0.06. w / w) determined by fluorescence quenching of 8-(2-anth-
nl)octanoic acid

K, kg (X107* M~ 15 1)
HTEIA 63t 2 1.71£0.09
C2TETR 191115 57 03
C3-TETR 365138 7.7 05
C4-TETR 307478 234 +08
C3-TETR 50 103
C7-TETR 58 £02

00 02 04 06 08B 10 12
[Cc7-TETR)  (msn)

Fig. 4. Stem-Volmer plots of fluerescence intensity quenching of 23

8-2-anthsyloctanoic acid in lipasomes of PC/PE/DPPA (2:1:0.06, 3

w/w) by (A} C2-TETR, (B) C4-TETR and (C) C7-TETR at differcnt S

lipid volume fractions. The numbers denote the phospholipid con- ;-

centration of the vesicles in mg/ml. s 5

quenching rate constant (k:‘”‘)" was plotted against 5“ 108 -1.58 x 0.10 &J/MOL/CHy

the lipid volume fraction a, of the liposomes (Fig. 5), E

indicating that for each compound, a true partition q ]

process occurred. On the assumption that only neutral

quencher molecules partition into the lipid membrane, o

the membrane partition ccefficients K, of H-TETR,
C2-TETR, C5-TETR and C4-TETR, and the respec-
tive bimol hing rate k, for the
8-(2-anthryloctanoic acid quenching by H-TETR, C2-
TETR, C3-TETR, C4-TETR, C5-TETR and C7-TETR

2 4
NO. OF METHYLENE UNITS
Fig. 6. Size dependence of the frec energy of transfer — AG® be-
tween 0.1 M glycine buffer (pH 9.5), containing 0.2 mM EDTA and
PC/PE/DPPA (2:1:0.06, w/w) liposomes for several 2-n-alkyl sub-
stituted (£ )-5,6-diliydro-6-phenyl-imidazol2,1-b thiazoles,
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Fig. 7. Quenching of 8+2-anthryloctanoic acid by C2-TETR. The
data wore plntied accorded to Eun. 12 at 7, /1 values of 1.25 (@),
1.5¢10), 1.75¢ 4),2.00(Q), 2.50 (@) and 3.00 (2 ).

were determinzd according to Eqn. 7 (Table iD.
Quenching measurements with T3-TETR at several
pH values demonstrated i:at, indeed, only the neutral
species of the quencher is taken up into the membrane
(Vermeir, M. and Boens, N., unpublished datz). The
k, values for H-TETR through C4-TETR increased
with elongation cf the alkyl side chain of the homo-
logues. For C5-TETR and C7-TETR, smaller quench-
ing rate constants were determined than for C4-TETR.
The intercepts of the (k3*°)~" versus @, plots on the
1 /k""’-ax|s decreased wﬂh increasing llpophlhcny of
the ives (Fig. 5). Negati

Y opaedst

» )

.

] ® 3 0 0 & @

£, ¥ " a2 = u =
3 9 “2

]
@ (x10%
Fig. & Seatchard plot for the 842-anthryDoctanoic acid quenching by
2-n-alkyl substituted (+)-5,6-dihydro-6-phenyl-imidazo{2.1-hjthia-
zoles in vesicles of PC/PE/DPPA (2:1:0.06. w/w). The symbols
refer to: H-TETR (a): C2-TETR (@); C3-TETR (#) and C4-TETR
{0). The errcr bars represent + one standard deviation.

units in the alkyl chain of the tctramisole derivatives
(Fig. 6). From the slope of the —AG%(K,) versus
(CH,), plot, a value of —1.6 + 0.1 kI /mol /methylene
group was calculated for the size deperdence of the
free energy of partition.

Quenching experiments were also performed with
C10-TETR and CI3-TETR in standard bufier. Upon
addition of cnher one of bolh derivaiives to a liposo-
mal susp of in the cu-

vette was observed CI10-TETR showed only a minor

were obtained for C5-TETR (~ 02103 (8.D.)) and
C7-TETR (—0.4 + 0.2 (S.D.)). As the membrane parti-
tion coefficient of a quencher is obtained from the
ordinate intercept (Eqn. 7), it was not possible to
calculate the K, value of the latter two compounds.
The partmon coeff‘ clems of the feur shonest-chmn
d with i
of the quenchers (Table ll) For these compounds, the
free energy of partil the phase
and the llposomal membiane was determined accord-
ing to 4G°= —RTInK,. The free energy of partition
was linearly dependent on the nuinber of methylene

TABLE 111

acic

hing efficiency, and for C13-TETR, quenching
was completely absent. As a consequence, neither Kn
values nor &, values could be determined for the latter
compounds.

Analysis of the quenching data with Scatchard plots
For each tetramisole derivative, the quencher con-
centrations [Q}; as a function of the vesicle concentra-
tion [v] at various levels of I,/1, were determined from
the Stern-Volmer plots. Fig. 7 show the plots of [Q};
versus [v} for C2-TETR. Negative ordinate intercepts
were obtained for the plots of C5-TETR and C7-TETR.
Hence, values of the average numbcr of quenchers per

Average number of quencher molecules (Q) per vesicle + standara deviation at different values of 1, /1 fur the quenching of 8-(2-anthrylloctanoic
id

L2 <Q) (X107

H-TETR C2-TETR C3-TEVR T4-TETR
125 02402 029001 0.22+0.01 0.00+0.01
LSO 08+02 0.52+0.02 0.43-£0.02 0131651
175 14402 0.75+0.04 0.63+0.04 0.20+0.0!
200 20403 0.98+0.05 004 4£0.05 0.27:0.0!
225 26103 - - -
250 32+03 1.4310.08 1.25+0.08 -
3.00 - 1.9 101 17 +0.1 0541001
4.00 - -

- 0811002
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vesicle (@) (Table 11I) and of the equilibrium distribu-
tion constant K., could only be determined for H-
TETR, C2-TETR, C3-TETR and C4-TETR. For each
of the four short-chain homol the Scatchard plots

the ibiity of the fluoropk Iccules to

the quenchers or a static quenching mechanism. Our
data were consistent with a model that ijonized

(K, versus {Q)) were horizontal (Fig. 8), character-
istic of a panmon process The equlllbnum dlatnbnnon
d with i

les are unable to partiticn into the
lipid membrane and that the quenc‘m‘.g of 8-(2-
ic acid by the isa

Key

ity of the lelramlsnle compounds. The values of K., at
a Iy/I ievel of 2.5 amounted to 1.20- 107 M~! , 345 -
i0” M~ 8.24-10” M~! and 17.78- 10 M~! for H-
TETR, CZ-TETK C3-TETR and C4-TETR, respec-
tively. A plot of the free energy of the quenchers’
association with the vesicles, 4G° = ~RTInK,,, versus
the number of carbon atoms of the atkyl side chain of
the quenchers resulted in a linear relationship with
r =099, From the slopc of the —4G*(K,,) vs. (CH;),

plot, 2 value of — 1.7 0.1 kI /mol per (‘H. was ddcr-
mined for the change of free energy per melhylcnc unit
for thz quencher-vesicle association, which is similar to
the value calculated for the size dependence of free
energy of partition.

Discussion

Vanous tcchmques are bung used in the study of
To ine the mem-
brane association of a series of (%)-5,6-dihydro-6-
phenyl-2-n-alkvl-imidazo[2,1-b]thiazoles, we used fluo-
rescence quenching because this technique offers sev~
eral ad over more used method;
like ccntnfugauon or filtration. The technique is vcry
ive and allows onc to investigate if a quencher is
E aily taken up inio the interior hpu. region of a
membrane. Moreover, flucrescence quenching is an
equilibrium method that does not require the separa-
tion of membrane-associated and free solutc.
8-(2-Anthryloctanoic acid forms a valuable alterna-
tive membrane probe for the anthroyloxy fatty acids
which have frequently been used in fluorescence
quenching studies [20-22,43,44], and will align with the
fatty acyl chains of the phospholipids allowing a regu-
lar packing in tne bilayer. The fluorophore is highly
lipophilic. From its single-exponential fluorescence de-
cay, it appeared that the probe entirely incorporates
into the lipid moiety of the membrane. Eximer forma-
tion was not observed at the probe to lipid molar ratios
used. The fluorophore proved very useful in exammmg
the i ion of the homol series of !
derivatives with the PC/PE/DPPA liposomes. Addi-
uon of qucnchen mduccd a decrease of the probc s

ic process Whlch takes place via an intermediate
ited-stat lex (Vermeir, M. and
Boens, N., nnpubllslled results).

The i of smail hipathic or hpophlhc

! with lipid t has been id
as a binding or a partition or a combination of both
types oi association. Treating the solute—-membrane
interaction as a partition process implies a constant
ratio, at equilibrium, b the solute’s
tion in the lipid and the aqueous phase. Such approach
does not take into account the anisotropic structure of
the lipid bilayer. Due to this non-uniform membrane
architecture, solute molecules may locate at different
depths within the bilayer {21,45,46]. Experimemal
membrane partition cocfficicnts rclate to the total vol-
ume of the membrane and thus may differ from {ocal
partition coefficients ti to various
of the membrane.

At pH 9.5, DPPA bears two negative charges per
molecule {47], so that the liposomes were negatively
charged under the experimental conditions. Hence,
there was a possibility of electrostatic mtuacnon be-
tween cationic and the
vesicles. Nevertheless, for each quencher, lmcar
Stern-Volmer plots were obtained and the reciprocal

of the hing rate was linearly
dependent on the lipid volume fraction of the lipo-
somes, indicating that a pure ion occurred for

each tetramisole derivative. The analysis of the fluores-
cence ing data with Scatchard plots supported
lhls concluslon for each derlvatlve, the equilibrium

were ind; nt of the average
number of quencher molecules per vesicle. Probably,
no binding was observed because of the low charge
density of the membranes and the relatively high ionic
strength of the glycine buffer, reducing the negative
surface potential of the liposomes.

The membrane partition coefficicnts of H-TETR,
C2-TETR, C3-TETR and C4-TETR were determmed
with a good level of their d
were about 10% or less. Log(K ) increascd linearly
with the number of methylene units in the alkyl side
chain of the tetramisole derivatives. A similar relation-
Shlp has been observed for the membrane interaction

series of and ic hy-

dicating that the
locate in the hydrophobic core of the li mem- I b
branes. No fi ion of an exciplex-band could be

observed in the spectra. Furthermore, linear Stern-
Volmcr plots were obtained, ruling out the partition of
b different b phases or

[2,8,48,49]. The value of —1.6 1 0.1 kJ /mol
per methylene unit, determined for the size depen-
dence of the free energy of partition is realistic. For
comparison, values of —1.72 kJ /mol (—-0.41 kcal /mol)
and —1.13 kJ/mol (-0.27 kcal/mol) have been re-



ported for the change of the frce energy per mcthylcne
unit for the b partitioning of n-alcohols in
lecithin and of aromatic hydrocarbons in rat liver mi-
crosomes, respectively [49,50]. In accordance with the
increase of the partition coefficients of the tetramisole
derivatives, an increase of the equilibrium distribution
K. upon el ion of the alkyl side chain
of the homol was ob: d. The infl of the
alkyl chain-length of the tetramisoles on their K, and
K., values was identical: comparable values were found
for the size dependence of partitioning and of the
quenchers' association with the vesicles.
Although flum'esccnce quenching praved very cor-
venient for the d of
coefficients, application of the technique was restricted
to the short-chain members of the homologous series
of tetramisole dcrivatives. A serious drawback of the
technique, especially for highly lipophilic molecules, is
that the partition cuefficicnt of 2 !sp:d-uyluble com-
pound is d from the ordil of the
kg™ versus &, plot. Since K|, is inversely correlated to
tlu: ordinate intercept, high partition coefficients corre-
spond to small mterceptc. Experimental errors may
cause the ordi to become negative, mak-
ing the of the coefficient impossi
ble, as was the case for GS-TETR and C7-TETR. It is
easy to realize that for highly lipophilic compounds, &
minor change of the ordiate intercept may cause a
substantial chang&’. of its X, value. As a consequence,

high t can be for such
: ds. For 1 dard errors up to 300%

were cep d for the b ition coefficient

of lindane d from fl hil

measurements using carbazole derivatives as mem-
brane probes [18.19] For each tetrammle derivative,
the ion of its rate

was less than 10%. The values of the quenching rate
constants for the four shortest-chain homologues in-
creased with the number of methylene units in the
alkyl side chain (Table II). The highest k valtee was
measured for C4-TETR, lmplymg lhnl the l'mmanon of
the 1l lex is fastest
for this compound. In analogy, an increase of quench-
ing rate constants with increasing alkyl chain length
has been reported for the quenching of 16-(9-arumc-
yloxy)palmitic acid by a series of n-alkyl-p-amino-
benzoate derivatives [20].

The decrease of the quenching capacity of the long-
chain tetramisole derivatives CI10-TETR and CI3-
TETR may be raticnalized by their limiicd aqueous
solubllny lndeed upon addmon of either onc of both

her pre-

cipitation was cleaﬂy visible, reducing the concentra-
tion of in the phase and,
as a consequence, also the number of quencner
lecules that itior: into the This could

n

account {ur the decreased quenching of C10-TETR
and the absence of quenching for C13-TETR.
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