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L&
xtlonlng of varlous analogues of

beta blocke;'drugs) and 2‘n1tro1m1dazol§§ﬁ\;

-\v.'

Al

NEARYY X ; .\\- Lo \i
sgﬁemperature dependent and solutlon calor1metry
Tv),é

1c§70f part1t1on1ng revealed major dlfferences 1n

b;’tﬁ.‘. v f_‘ ‘ )
arti q'%%ﬂg of solutes 1n the two systems. Generally, §i>

D

bfd entfop;es of part1¢1on1ng of the beta

'lfg qysgem'ﬁnq;1n flu1d-state lgposomes and small and negatxve=
‘ ‘Q}"‘ R .

&“.iAMAéiugﬁ( }ge detected in. the oil- water system or ln"

-~

state 11posomes but all drugs could be measured 1nny\:

-

si‘es(éﬁcgeased beta blocker and decreased j,}_, ”'3_’fﬁ

—— -

FEY

o 2- n?&rolmldazole part1t1on1ng Sxmllarltles in the ¢

part1t1on1ng of propranolol in erythrocytes, erythrocyte
A .

ghost cell and l1posomes vere observed although cons1derably

larger-values W

K~obta1ned in’ the erythrocytes contaxn;ng

xwplement. 'totect1on aga1nst DU

erythrocyte hemolys1s by propranolol may be attr1buted to'

the1r full protelﬁ‘

. structural changes 1n the membrane caused by the drug duegﬁg
1ts substant1h1 partxtxonxng Detazled stud1es of the'f':gf,f‘
1nteract1ons between unxlamellar vesxcles and beta blockers

s o

&
<
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’ uszng "H3 NMR demonstrated 2 correlatlon between the R

partltlon coef 1c1ents and the ablllty to d1sp1ace'

. - L .
- praseodym1um catxon from the b1layers h1ch enabled
. o
d1£ferent1atlon betweefinonselect1ve and card1oselectrve S

S » 7
gﬁ't beta blockens by phy51cochem1T61 means. Correlat1ons between;

part1t1on1ng of beta blockers 1n the n- octanol buffer o
. r ~ : 2R 2=
};system, l1posomes of var1ons comp051t10ns and the1r

3 , oo
i«*&ﬁph?rmacoklnetlc parameters or corneal penetratfbn were best

L in ﬂrposomes hut part1cu1arly in negatlvely charged
T‘lposomes. Cholesterol conta1n1ng neutral llposomes ylelded

;f*J\ the best correlatlons w1th corneal penetratlon values.

;f Neutral lec1th1n l1posomes correlated best with

Q

pharmacok1net1c parameters of the 2- n1tr01m1dazoles.
FL”J ”Pged1c£hons of pharmacokinet1c parameter or corneal ; s
o k f])‘ . ’

Q; -penetratlon were always better in “the 11posome system Wlth

sxgnlfzcant 1mprovements by varylng the l1posome compos1tlon~

fﬁfthan in the‘%-octanol -buffer system 1qd1cat1ng the potent1a1

o of 11posomes to prov1de greate select1v1t in a s ries of
3 Y. e

——

: compounds with respect to the1r part1t10n1ng and transport

)
.

; beha&1ors in blolog1ca1 membranes._'.f
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FRERIEE N ¥ m'rnonuc'rlon
The des1gn of drugs hav1ng optzmal act1v1ty r_gylres anhbi
' understandlng of the relatlonshlp between the chemlcal-
‘ystructure and phy51cochem1cal propertles of drugs as 1t

: pertalns to the 1nteract10n of drugs w1th blologlcal

- . -

membranes. AD obstacle Ln understand1ﬁg such 1nteract10ns 1s

)

lthe complexlty of membranes. Experlmentally, real membrane
2

llnteract1ons are dlfflcult to study. Thus, an a{tai;:;}ve
(o

“approach of study1ng ‘mo systems whlch can mimic h

_reactlons-has become common actlce. The use of model %{
systems has enabled the descrlptlon of both the qualltatxve_'
:and quant1tat1ve behav1or of many complex 1nteract10ns.\
The relailonshlps between structure and act1v1ty (SAR)
i.have routlnely ‘been descrlbed 1n qualltatlve terms for some~
_t1me.,But in 1963 HanschS:t al., (1) 1ntroduced the notlon
:-of structure act1v1ty relatlonshlps in quant1tat1ve terhs |
(QSAR) Slnce then the rap1d developments 1n QSAR have,
occurred and have been rev1ewed (2 7) and now there'ls a
substant1a1 body of knowledge w1th respect to such stud1es.. f
Meyer (8) and Overton (9) showed that the narcotlc

'?act1V1ty of many s1mp1e organlc compounds paralleled the1r

AP
01l/wa5:r partltlon coeff1c1ents and they 1n1t1ated the use

.of such meagarements as a méans for def;n1ng reLat1ve L
1hydrophob1c1ty or 11poph111c1ty of blologlcallyhacblve '
organlc compounds. However, the 1nterest that was created 1n
r,these early stud1es gradually sub51dsd as it was felt that

,such a general parameter as a partltlon coefflc1ent was of

“.



11tt1e value for ratlonallz1ng hlghly.spec1f1c druo.

act1v1ty. But aga1n in the early 19505, Collander (10) RO
f@mmerafed new 1nterest 1n the relatlonshlp between 011Ywater’
-pa;\}tlon coeff1c1ents and act1v1ty by demonstratlng |

A;correiat1ons between the ‘rate of penetratlon of plant cell”

K4

‘ membranes by a wlde var1ety of organlc compounds and the1r

part1t1on coeff1c1ents.’ R o R o e

~ - A

The part1t10n coeff1c1ent (K) flrst deflned by

'Berthelot et al. (11) 1s, the equ111br1um ratlo of
. 3?,

concentratlons ex1st1ng as a s1ngle neutral spec1es of a-

compound in a nonaqueous phase [D] " and aqueous'LD] phase

‘ respectlvely Thus, .

(D],

n : ) T e

K= {D]a

It 1sralso recogn1zed that K of an electrolyte moIecule may
llbe a pH- dependent property. The phy51cal property of the a
:molecule wh1ch governs 1ts part1t10n1ng 1nto a nonaqueous )
'solvent from an aqueous med1um 1s referred to as 1ts

l .

. hydrophob1c1ty or lxpoph1l1c1ty._. AR _
‘The concept of the hydrophob1c bond, wh1ch came from o
| Frank and Evans (12),,arose from the evxdence that nonpolar_'
structures 1n water are surrounded by loosely-structured
water molecules. The 1mportance of the hydrophobxc _
"rnteractlon of nonpolar compounds w1th b1ochem1cal systems

was examxned cr1t1cally by Kauzmann (13) The hydrophobic .

bond is actually not a bond formatxon at all but rather the.



.

tendency of hydrophob1c molecules or hydrophoblc parts of
molecules to be: squeezed out of water because these are not e
readlly accommodated in the h1gh1y hydrogen bonded structure
of water. Thus,‘attract1on between similar hydrophoblc

- species 1s accentuated 1n water result1ng in what is
-referred ‘to as a hydrophob1c 1nteract10n or hydrophobzc
bond The bond 1nvolves Van der Waals forces, hydrogen
bonding of water molecules in a three dlmen51onal—stfucturey

>and other ty*s.- of i 'ermo}ecular 1nteract10ns. The,

hydrophob;c 1nter; ;on is favored thermodynamlcally because_

of the'increaSed* order or entropy of water molecules that
accompan1es the assocxatlon of the nonpolar molecules when

“they become squeezed out of water (14).

Although the K of a molecule can be used as a‘measure -
of 1tszﬁ;drophob1c1ty 1t is more common’ to use the relat1ve
/hydrophob1c1t1es of its funct1onal groups. “In thzs case e
know1ng the relatlve hydrophob1c1ty of the substxf_énts of a
parent compound can. often be suff1c1ent for -
structure act1v1ty studles. In fact one somet1mes f1nds

that only subst1tuents 1n certain poszt1ons 1nteract

hydrophoblcally w1th a g1ven system (15, 16). In order to

determ1ne the contrlbutlon of the relatlve hydrophob1c1ty of[,

subst1tuents, and 1n th1s way separate hydrophobxc character
from electronlc and ster1c effects of the subst1tuents,‘the.
parameter %as def1ned by Hansch and coworKers (17, 18)'
as: :

szlogl(x;logKH o (@)



~ where Ky apdTK"' .the part1tlon coeff1c1ent of the

,
L

'_derlvat1ve and the‘parent compound respectlvely. A pos1t1ve

!

m value means that'jn comparlson to H, the substltuent x,

v

gaugfs/the organ1c_phase. A negat1ve T value 1s 1nd1cat1ve ,b

of | 1ts hydrophligc_eharacter relat1ve to H

: The property of hydrophob1c1ty is measured in terms of

the relatlve afflnlty of a molecule for a nonpolar phase to

that 6f/3ater. Meyer and 0vertoh (8, 9) chose ol1ve
v —

01l/water as a model system to measure hydrophob1c1t1es or

alternatlvely, part1t10n coeff1c1ents..Later in 1935 Meyer'

_,and»Hemm1 (19) ‘re- evaluated varlous solvent systems and

A concluded that an alcohol such as oleyl alcohol would be a L

I .
better model of fatty phases. . Collander (10) in the 19505,;‘

also favored'the alcohols and'con51dered oCtanoluas a

possiblenreference'solyent Substantial'studieS»(20523) haye'.

conf1rmed that sem1polar hydrogen bond1ng solvents are best

‘s

'su1ted to model the partltlonlng of lipoph1l1c substances.

It had been suggested by others(24 25) ‘that s1nce

hydrophob1c part of b1ologlcal membranes con51st of 11p1d

‘dbllayers, a hydrocarbon solvent m1ght be’ better suxted to

model the part1t1onlng of\solutes in the hydrocarbon 11ke
»sw

reg1ons of membranes. Furthermore, a hydrocarbon solvent'
reference system would be theoretzcally s1mp1er to descrlbe

s1nce there would be m1n1mal 1nteract1on w1th the'

- vepm

"part1t10n1ng solute. However, such solvents suffer from the
' dxsadvantage that most drugs are essent1a11y 1nsolub1e 1n'

,them#thh the result that part1t1on coeff 1ents can not be

W W”
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"measured w1th sufflc;ent accurac; to be useful When ‘a polarﬁ
molecule part1t10n1ng into sem1polar organlc solvents such
‘as the alcohols 1t carrles.attached water molecules with 1t
~g1v1ng r1se to several dlfferent spec1es of solute, thus
'complrcat1ng any 1nterpretat10n.of molecular-1nteract1ons
from the partition'coefficients (20). It has been—argued
that a bulh'hydrocarbon liquid is not a good model of the
lipld bilayer. (26, 27), although n- octanol is probably’ the
most w1dely used solvent for part1t10n1ng studles (18)
Octanol is a good solvent for compounds because of its
semlpolar nature but alSO'because Qf-the solubll;ty of water
in it (2.31M.at saturatlon). Water-saturated n-octanol is
sufficiently polar that d1ssolved molecules tend to "
associate w1th solvent rather than each other and - 1t has a
regular structure wh1ch is not changed by the add1t1on of
solute (20) n- Octanol is chem1cally stable, commerczally
available, nonvolat1le and it does not absorb ultrav1olet
light. Each of these character1st1cs is of pract1ca1
:1mportance.; | |
Collander (28) establlshed a relat10nsh1p between the

part1t10n coefficients of solutes in two dlfferent phase

systems K, and K;, as

logK alogK2+b L o (3)

vhere the constants ‘a’ and 'b’ of equat1bn (3) have been
used to descr1be the relat1ve hydrophob1c1t1es of var1ous

two phase systems w1th respect to several classes of

~



fcompounds.

~

v

.In QSAR studles n- oetanol water system.has been w1dely
’iused However it is not clear whether 1t is- the 1deal
solvent system for modelllnq all the 1nt§ract1ons«of organ;;_n__:
f'compounds w1th b1ologlcal systems. Martin (29) has
empha51zed that var1ous absorpt1on phenomena 1nvolv1ng the B
passageﬁﬁf drugs across b1olog1cal membranes are not well L
'modeledtby octanol water part1tzon coeff1c1ents.‘ | . Ej
Bhdsphol1p1d ve51cles (llposomes) have been
1nvest1gated as. a model system to study solute dlstr1but1on
1nt% membranes 51nce these closely resemble the ordered
structural features of-blologlcal membranes (30-32) Thei
H;propertles of l1posomes, such as h1gh permeab11lty to water
“’and electrolytes, osmotlc act1v1ty (33), and ‘the |
1mpermeab111ty“bf charged 11posomes to oppos1tely charged :“
ions (34) favor these systems in- m1m1ck1/g<blolog1cal _
membranes. :. R R ,\ o
There is now a cgn51derable body of knowledge regard1ng‘y.
the structure .and: pnopert1es of 11posomes.;However, there: .
has not been any~systemat1c studyvti¥evaluate the 11posome.'
as a model for the dlstr;but1on of d¥ugs ‘in the same fashxond
. ‘as carr1ed out w1th bulk o1l-water systems. Dependxng on ‘the
nature of the solute, correlation w1th b1ologlca1 act1v1ty
may:occur above or below the thSph0101pzd phase trans1txon -
/temperature (Tc) wh1ch clearly suggests ‘that, structure ‘and
order w1th;n,the.phosphol1p1d bxlayersrzs.an.xmportant

determinant of the extent to which a solute is able to



‘the follow1ng objectives: .

Ea RN

1nteract wlth the membrane (35) The llposome system has

been shown to dlscrlmlnate agalnst branched solutes more

" than does a bulk solvent of semlpolar‘character (30)

‘ Furthermore, 11posome/sal1ne hydrophob1c1t1es were found to

correlate’ w1th‘the bloioglcal act1y1t;es ofgchloramphenicol

.congenors muCh_better‘than.the“n4octahol—nater system (36)}

This thesis is aimed at developing adpartitioning model

using phosphollp1d ves1cles (11posomes) to 1mprove the

)

correlat1on with blologlcal propertles of der1vat1ves of-

pre- prenalterol (béta blockers) and. 2 n1tr01m1dazoles wlth

e o

1. To compare the partitioning,of“a;series of;beta

adrenoreceptor blockersfénd nitroimid oles in the

n- octanol~water system and in a llposome system.'_
w

2. To 1dent1fy dlfferences between two partitioning -model

systems us1ng a thermodynamlc approach

3. To study the effects on partltion coeff1c1ents of

llposome composxtlonS\versus the % octanol water - system
) 4
and to compare correlat1ons between . '

» ‘s

pharmacok1net1c/b1ologlca1 act1v1ty pa;ameters and -

’

: part1tlon ‘coefficient in both model systems. T
4. :To identify spec1f1c drug- 11pdsome 1nteract10n5°'
-1)Interactlon of cardloselectlve and nonselective beta
blockers w;th unzlamellar DMPC 11posomes using NMR
11)Evaluat1on of the role of spec1f1c 1nteract10ns wh1ch
occur follow1ng part1tlon1ng of propranolol 1n

erythrocytes, erythrocyte ghosts, liposomes and the



e

“Tfn octanol water system and the relatlonshlp o£ such

‘1nteract10ns to the act1on of th1s drug as a membrane

¢
-stablllzer.- .

~To ‘show how' dlfferences 1n the structures of llposomes

and . the n- octanol-water system may account for the

_predlctlon of blologlcal propert1es from part1t10n

coeff1c1ents. .
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A, QUANTITATIVE STRUCTURE AC'PIVITY W IONSH!PS (Q§£R7 “‘% -

QSAR prov1des a means -of’ rank1ﬁ§:jr pred1ct1n§
s qz«\ ‘-,._ :
'b1olog1cal effects of chemlcal entxt;gsfbﬁfed on some '

‘.

funct1on related to structure. For-¢A

PR
T

structure act1v1ty model, two klnds ok ’;:téfa@ive"; "f,r i
~1n£ormatlon are requlred namely, blologlc act1v1ty and B

o

molecular propertles. Albert (Gf) has. been foremost in”

| p01nt1ng out that there mlght be a quant1tat1ve relatlonshap .
.between blolog1ca1 potency and chemical propert1es in a

,serles of drugs. Hansch and coworkers (38 39) were the‘

.f1rst to propose the model - for QSAR. They also proposed that

the observed relatlonshlp between l1poph111c1ty and

b1olod1cal potency of solutes be 1ncorporated into the

useful equatxdhs of linear- free energy relatlonsh1ps (LFER) h}
to prov1de a general model for QSAR in the bloiog1ca1
'context (40) ‘The success of Hansch in demonstratlng that
free energy correlatxons can be successfully applled to
‘biological processes has” prompted some workers to reexamine
' the Hansch eduation ln greater detail.»Using'the principles
- of theoretical pharmacology or pharmacokinetics>(41 42),
some have attempted to-develdpan 1mproved theoretlcal model
" to accommodate some of the complex relat1onsh1ps observed
between blolog1ca1 actxvaty and chem1ca1 structure or
Zpropertles of compounds, and to broaden the scope of the

" Hansch ‘equation. Excellent discussions of these models;have_.

r’, 9 ' .‘ | ' ‘\fl’/ _. o k
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been rev1ewed by Martin (6 43) and Kub1ny1 (7) In spxte of
th1s, the free energy model of Hansch has still been the

Amost‘wldely used because of 1ts broad appllcablllty and 1ts

51mp11c1ty

Quantxtatxve Llnear Free—Energy Relatxonshxps for Chem1ca1

. ] ’ v

React1ons of Organxc Compound5°
N

Uniysriant Relationships: Electronic Effects of
Substjtuents_on Beniene" |
| Hammett (44') s‘tudi_edthe"strUctdre.‘-act:ivit'y
relationships of the effect'of stericali; remote
- _ L -

'spbstituents on the‘equilibrium.or-rate constants of'
organic reactions. Substltuent effects 1n such react1ons
n:, are electronlc in nature. By this he meant the
~subst1tuted effect is due to changes in the
,electrostatlc forces at the reactlon center. Eiectronxc

fgy effects are subd1v1ded into 1nduct1ve fxv)d and

-

. resonance effects.

The Hammett equat1on can be expressed as.

. _ ‘ log—=pG - ' v (4y
) . ‘. 1\”,“, N - ) . ko &( ) R . . e . ) “'.'

.Jhe;e ;k refers to the rate'or equilxbrlum constant for

" .sens1t1v1ty of the reactxon to electronxc effects.

- T
. "F :
WL ; .
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.Hundreds of structure agtlvzty relat10nsh1ps (45)
have been observed o f1t Eq. (4) and both equ111br1um -
f_zand rate constants “have been founds o obey this - Uy
'-relatlonshlp. Thus, 31gma constants appear to be

rel1able descr1ptors of-the electronlc 1nf1uence of
d1fferent subziltuents. |
| Propert1es correlated w1th 51gma (o) consfants are
_usually 3escr1bed as be1ng add1t1ve, wh1ch means that-
multlple subStltuents exert an 1nf1uen%e equal to the
‘eum of the 1nd1v1dual substltuents, and const1tut1ve
whlch means . that the effect of a substltuent may differ
dependlng on the molecd‘b t°\¥?1Ch it is attached or k;s
| env1ronment A 51mple illustration of the: constltutlve
nature of 51gma constants is when the same substltuent
has a different 51gma value when subst1tuted dt-the meta

. S

or para positions. - EEEEE | - it

It shouid.be noted'that not all'series produce a
single llnear relat1onsh1p between 51gma and log k (46)
:A nonlrpear relat1onsh1p is 1nterpreted to mean that ‘a
change in the predomznant_mechan1sm or'a change-in the-
rate?limiting step'in the reaction has becured.

These relationShibs are ektrgﬁhermodynamic because
although the relat1onsh1ps between the react:ons are
stated in thermodynam1c terms (bG or log k values)

there is no thermodynam1c pr1nc1ple wh1ch says that
O .

these relat1onsh1ps should be true.
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The Hammett relat1onsh1p~prov1des a quant1tat1ve

L
.equatlon whlch allows one to compare the relat1ve

‘Conversely, it prov1des a method to examine the relatlve '

'~sen51t1v1ty of react1ons to electronxc or polar effects."“

electronlc effect of dlfferent substltuents.

+

”*Mult1var1ant Relat1onsh1p5° Ster1c and Electron%c

Effects Operatxng Slmultaneously

Tafo\extended the Hammett equatlon to 1nclude the

,sterlc effects of subst1t%$nts and also to 1pclude the

7.

effect of substltuents of nqnaromat1c parent compounds
(47). The steric effect of a substltuent was assigned .
the symbol E ., and the electronic effect of a-

substituent on an aromatic parent, q;

parameter E_- is expressed as - . : !

. . e

where 'k' and 'k_' refer to the substituted and parent

compound respectively. The subscript 'a' denotes -acid

"cata1y51s. N

] : \
Taft also descrlbed aQ equ111br1um state in’ wh1ch

~ .more than one effect of subst1tutxon was consxdered 1n

the pred1ct1on oﬂ’react1on rates or equnl1br1a. Thus,

T

og-=p' 0 +8E, T - . (6
. '.0 [ o L

. The Taft steric

E =log[E;]:a - : ,. | (5) ]



either o, Eg or both may contribute to the»therwed
differences in the rate or equilibrium constants.

- B. DESCR?JTION OF THE EXTRATHERMODYNAMIC METHOD

-A bas1c premlse of the extrathermodynam1c concept i's
T B
that the elatlve blologlcal effects of members of a set of

li

analogstare attrlbuted to 1nfernce the subst1tuent has on
the chemical and phy51cal propertles of the molecule. The
behav1ors whlch substituents impart on a molecule usually 1s
tested using model compounds and reactlons. For 1n5tance,
‘the effect of a substltuent on the d1§tr1butlon of a
compound between water and a nonaqueous blologzcal ‘phase is
determined from 1ts effgct on the molecule as it reflects
its 011 water part1t1on coeff1c1ent (K) of a compound and

Palso on its electronlc effect ai descr1bed byad"or g*. <

Appllcagﬁﬂn of- the extrathermodynamxc.method is,not

l1m1ted to the throspectlve study of QSAR w1th1n a serles.

_ The assumptlon of the relat10nsh1p between chemicalv N "
properties and blologlcal act1v1ty can'be practically used

» in the design of a ser1°s of analogs to follow up a leqn

The 1n1t1al serles contains a max1mum varlatlon 1n the‘V

s

.properties of usual importance, a substltutlon pattern 1n
which these propert1es are not correlated andethe minimum

number- of compounds. If the’ analy51s 1s performed us1ng the

S

— -

model- based,equat1ons, é;ts to the equat1ons can provide

pred1ct1ons w1th respect to the molecular pharmacology of -

the drug receptor 1nteract1on. In certaln cases one ctn



d1st1ngu1sh if the 1on or the neutral form is respon51b1e

for® the observed act1v1ty It 1s an assumpt;on of thls o

.

method that all analogs of the series react wqtﬁ the same ~

\ - R . .
_receptor in-an 1dent1cal fashlon. Co 4 St

v

Early Studies of the onlolgxcal Propertles of Organxc
Compounds .

o '.'4)" '[ ' M
Fallure of the Hammett. s1gma va#ye to predlct the -

relat1ve potency of ‘some plant growth h1b1tors, promp ed '
helevant phy51cal é

Hansch et. al. tléi t0‘1dent1fy a moge

property, namely he partltlon coeff1c1ent K, and they

'demonstrated that log K was an add1t1ve constltutlve‘ o ff )
property (17, 48) Hegce, the change 1n log K due to a |

' subst1tuent may be readlly predlcted Actually,;xt is well erf'

"establlshed that each succe551ve addition Egia methylgﬁ

. group 1nto a’ molecule 1ncreases log K by a falrly constant

_However, . nd one had prevxously empha51zed the

generallty of thlS observatxon in QSAR studxes.

A substztuent produces three dlfferent ma)or changes in J '

@

the phy51cal propertles of a molecule. electronlc,vsterxc.

L

aﬁd hydrophobxc. Slmllarly 1t was postulated that a

correspondlng effect of subst1tuents on the b1ologxgal ‘ : _
4 . N - ’
‘propertlesipf a molecule may also occur (15) on ther

'assumpt1on that the eﬂectronlc,:sterxc and hydrophob:c

1nfluences of subst1tuents on drug potency (1/C) are o

.1ndependently addxt1ve, the followzng relatxonsh1p was 0,5

developed. log%:--alogl(-kbE +po+d f R ) 1

)

o

}
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The valzdlty of equatlon (7) (the Hansch equat1on) is

o

usually based on “the correlatlon coeff1c1ent from multlplev
regre551on analy51s The blologlcal act1v1ty 0]
approxlmately 135 such relat10nsh1ps has been reported by
Hansch and Dunn (49)
'Parabolic'Relationship'Between'sotency and loghk
The! va11d1ty of the l1near1ty of the Hansch equat1on
' was dlSCOVered to be 11m1ted to a certaln range of
concentratlons. The relatlonshlp is llnear and p051t1ve at'
Z'relatlvely low log K values, then potency reaches a maxlmum
' ~then gradually decreases w1th further 1ncrease in log K.
Hansch and co- workers (15) further proposed a parabol1c'f"
'} relatlonshlp g1ven by o

B 5"

g S T TR 4
log=alogK-blogK'+cEgapoed -

_and over 150 examples of parabollc relatlonshlps w1th log K

have been reported by Hansch and Clayton (50)

C. PARTITION COEFFICIENTS e T

L 4
£ e
The partxtxon coeff1c1ent is- the rat1o of -
. ‘?*’ ’ " . L
concentuat1ons at equlllbr1um of a solute dlstrlbuted

e . o
between two 1mmxsc1ble phases-'the concentratzon 1n the morg

K2 o Y

l1poph111c phase 15, by convent1on, thg»nnmerator. The term .

1mm1sc1ble does not preclude the t.,'phases havzng part1al3

mzsc1b111ty. For example, water sa 'rated 1 bctanol contalns‘j.



: ahout'é7% mole of'water=(51)' Thefterm "partition",‘f

. .
R

o

_“coeff1c1ent" is restrlcted to def1n1ng the concentrat1on
_ rat1o of the same molecular spec1es, as was flrst po1nted

.out by Nernst (52) “The terms "d15tr1but1on coeff1c1ent" or

apparent‘part1t1on coeff1c1ent" apply to the ratlo of total

concentratlons, “of 1on1zed and assoc1ated spec1es.

o The just1f1catlon for the use of log K is pr1mar1ly

- that th1s lS a free- energy related term,.from the Van t Hoff

1sotherm

AG=-RTInK | | (9)

]

where AG represents the free energy change dur1ng the .

'vtransfer of the solute from water to nonaqueous phase.

.. 2

“‘f_Correlatxon Between log K Values in Dxfferent Solvents

S1nce hydrophob1c1ty depends so heav1ly on the'

) there 1s a 11near correlatlon between the log K values of
lcompounds between var1ous solvent—water systems (10 53lef
g ;Log K- of compounds partxtloned'Between octanol-water and
fbetween oleyl alcohol prxmary butanols, secondary and
L»tertlary pentanolsv cyclohexanol and water have ylelded

:.:excellent correlatlons (r=0 99)

For solvents whzch do not contaxn a polat group |

'”(benzene, cyclohe ne) the log K values of solutes whxdh are

”hydrogen bond donors" and “hydrogen bond acceptors' are
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_correlated~by'different equationsr(53) W1th1n each type of

compound however;, there is often an almost perfect

vcorrelatlon between the n -octanol- water log K value and the

[ ©

other solvent and water.
Hansch and Dunn (49) reported that for a- serles of
phenols the dlfference between the octanol water log K and.
that between cyclohexane and water is quantltatlvely
explaxned by hydrogen bondlng‘*S**ler (54) studied this -
. problem by means of regress1on analysxs of . the d1fference
between the n- octanol,bater and cyclohexane-wvater log K
values of 230 compounds and found that th1s dlfference is .
totally explalned by the substxtuents present in the
Tmolecules._Accord;ngly,’a new"dd‘t1ve¢const1tut1ve-
’substituent const’ant’.IH was definedhasbfpllou5'
2016 - (10)

logK

Ty log Koc.tanol 8 cyclohcxanc

;The»vaIUes of IH for a substltuent 1s approx1mately

~

proport1onal to 1ts hydrogen bondlng ab111ty Hydrogen bond
dformers have a relatxvely hlgher log K 1n octanol than in

'_“cyclohexane. The I, parameters may be used as. a var1ab1e in
- .

: the structure act1v1ty analy51s or as a correctlon to the

Ny 5 ,

octanol water log K

-~ -

_ZHydrophobxc Substxtuent Constant

The part1t1on coef c1ent (log K) is used as a measure

.of the hydrophob1c1ty of a whole molecule,.wh1le work1ng c:

. .
x



T,

A

w1th a set of derlvatlves of a,parent compound 1n whxch a
large portlon of the stru;ture remaqns constant. In such a' o

case, knowlng the relat1ve hydrophob1c1ty of . subst1tuents_ d@
v Y _

can be suf£1c1ent for correlat1on analy51s. The relat1ve

hydrophob1c1ty of substltuents, the parameter (r) has been
deflned (17 ‘_18)...v'«i g o

,HK =log K . 1o‘gKm'H - - B

where K mx is;f part1t10n coeff1c1ent of ahderxvat1ve and

K '15 that

mH ‘f parent compound In general for 5ubst1tuents

,;'v

op aﬁgaromat;g;r1ng; m values are. constant whether the

o

parent‘ivaeniene,'benzo1q.ac1d,or phenylacet1c ac1d,

B R . L Af‘:. . . ‘ ) VA‘ v % A . * - <

Measurlng ‘the Part1tlon Coe££1c1ent N ,“ QO ,; ™
The measurement of‘partltxon coeff1c1ents 15 1n '

pr1nc1ple very sxmple. One merely equ111brates the solute ’

Al

between an aqueous solut on and n- octanol ‘and’ measurj? the

P

conceng{atgon of solute 1n the tworphases. In.pgacxxce one_

;ul

must be certa1n that pure substances afe ugpd fer solute,

solvents and buffers, equ1lrbr1um has been obtaxned and

that the flna} result 1s the equ111br1um value ofzfﬁe

nonprotonated monomerlc specxes between the twb phases. The

N

stab1l;ty of the compound should be veri£1ed under the

v

cond1t1ons ohosen. Any 1on1zab1e substahce may be used as a T

buffer provxded that 1t does not 1nteract w1th the solute or'

.

1nterfere w1th the analytxcal method and’ that 1t mazntaxns Lf'



_the pH Albert and Serjeant (55) llsted several poss1ble

‘.

cho1ces."

4

In 51tuat10ns of 1onlzat10n of the compound only the

}onlzed form partltxons then only an apparent K' can be

determined. yowever, 1t913,possxble to calculate the

Ta LTV v,
Y o

COFféngn&idgj7true or’lon comrected part1tlon coeff1c1ent

e e
oo Gl (undissociated) : |
- "7% “water (undissociated) + ~water (dissociated) -
K o
_ | K oo . J (13)
8 . ' 1on- COITCC! (1 a)
1 S
o (14)

~ T+ antilog (pH - pK;)

where“a is the fract1on 1on1zed and when equatxon (13) is

used the exact K_ must b known
? u e -’

D. 'Tﬂsmonyumt“’cs OF pan'rx'rxoxmc
The Partltzon coeffxclent 1s a free energy related term

as shown 1n the follow1ng equatxons (58).

- | 'Q-AGW_’L
‘ ! n.K.= RT _ | )
IR | a8y
Ao e —-~As o |
S ,*‘.,R |



: subscrlpts L and w refer-to'the lipid'phaSe’and agueou5~

phase, respectzvely The superscript o's. denote that the_
thermodynamhp quantltles are measured at standard state. The -

%f correspondlng.changessln standard partlal molar free energy,

[

enthalpy and enrrOpy, respect:vely on transferr1ng solute

:R N ,!-'

_from water to the 11p1d phase, ‘are’ g1ven by

o J,

,
o 0’

e ,j o WAG G (; : _“ .f; ‘ " (16)

- _b‘ - [

(17) .

PR (18)

where,nG;,' Gi,”Etc., aée~tﬁeﬁSﬁandard partial molar state

_functions.ot solute in‘eachféﬁége.
Partial Molar Fnee”Energies of Partition ; o | |
Using equatlon (15) and K values, one-can: calculate 7"
partlal molar free energxes of part1t1on. AG° ,L.has the{.
phy51cal meaning of ‘the change 1n free energy on
'transferrlng one mole of solute from a hypothet1ca1 aqueous R
solutxon to a hypothet1cal solut1on in 11p1d each solution a
'conta1n1ng solute at a concentrat1on of 1 molal and havxng
the phys1cal propertles of an 1nf1n1tely dllute solution, : .

-

-Partxalfﬁolar Enthalpxes of Partxtxon e

‘ﬁ The temperature dependence of part1txon1ng can be used:~'
vto obtaln the enthalpy of the process based on the'

.relat1onsh1p (59) ( 5H /ST) -T( SS /ST) " (19 o |

'l. )
)

ST
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o v
n are
w—rp 2 d A Sw__L

approximately independent'of temperature (60) 'AHS Lhas -

—

and the assumption is made that . AH

o the phy51cal mean1ng of' the change in enthalpy when one mole

of solute 1s transferred from water to l1p1d at 1nf1n1te'

d11ut1on. Since AGS__L is obtained d1rectly from K,

- whzle_ AH° L' as‘obtained'from the slope of log K against .
1/T, is more sensitive to experimental errors than AG@—-L .
Partial Molar Entropies of Partition

The.fundamental thermodynamic,relationship is
AG=AH-TAS - (20)

as applled to the part1t10n1ng of a solute, follow1ng

rearrangement becomes

ASw L has the phys1cal meanlng of the change in entropy
_zhen one moleeof SOIute is transferred between two |
_"hypothetxcal m1xture5“'1n each of wh;ch the solute has a
’molal concentrat1on of 1 but has the same physxéal |
propertxes as in an 1nf1n1tely dilute solut1on.

'Measurement of Partxal Molar Enthalpy usxng Solutxon )

e

Calorxmeter

’ .' ‘ A -w-—»L o : ‘
| 23”“ . | Yo ()
) w—bL U o » - '

v
iy



Heats of reaction e1ther endothermlc or exothermxc,v L
~can be determ1ned 1n many dlfferent systems,. ranging from |
51mple acid-base reactzons'fo‘more‘compllcated redox,'
chelatlon, hydroly51s, protonat1on and oﬁher react1ons. The,
cal9r1meter is partlcularly effect1ve for assays of weak
ac1ds and weak bases which do not‘respond read1ly to other
j detectlon methods. The heat of solution produced when a
sol1d d1ssolves in a l1qu1d can be readily measured by
solut1on calor1metry ‘The solutlon calorlmeter con51sts of a
glass dewar react1on chamber thh a rotatlng sample cell, a-
thermlstor probe and ‘a speclally des1gned temperature | K-
. measur1ng br1dge, all assembled in a- compact cablnet.
Temperature changes are plotted d1rect1y us1ng an accessory e

tr1p chart recorder. The energy change (Q) ‘in calor1es 1s -
alculated from mu1t1ply1ng the net corrected temperature

irc ange, ATc, -and the energy'equ1valent (e) of the

calor1meter and its contents accordlngly
Q=(.ATC')(e)_" o @)
N BT L L ¥

The change in enthalpy, AH, at the ‘mean reactxon

N

temperature is ngen by -Q and sample we1ght 1n moles or

grams as g e

B € )

jwhererthe”mean-reactignrtemperature7is'the{temperature_at__



the 0.63R point on the thermogram (61).
E. LIPOSOMES

General Descr1ptxon and‘Propertxes ‘

In the early 1960s, great empha51s was placed upon the‘
study of the propertles of llpId-water systems as mpdel
blomembn%nes. Bangham and others (33) studled these systems
from dlfferent po1nts of view, a1m1ng tao ga1n 1n51ght 1nto
. blomémbrane propert1es. ‘ ‘ | o » _
OCompounds which exhibit amphiphilic-properties to - the -
3exte$t'that they'snstaln highly ordered sheet—likeﬁmicelles.
or closed membranes in equ111br1um w1th water are the polar

il1p§ds such ‘as phosphat1dylchollnes (PC) phosphat1dy1 v
m'ethqnodhﬂlnes (PE) and phosphat1dyl serines, sph1ngomyel1ns,ﬂ'
card1ol1p1ns» plasmologens, phosphat1d1c ac1d (PA) and | -“
fcerebr051deg. When phosphollplds ‘are- hydrated they undergo a

) .
‘-sequence of assemblages, whlch step-by step, reflect the

ther 9 ynam%c perturbatlons of 1ncrea51ng oil- o1l, water- oil
anda ater water 1nteract10n. The final’ structures, referred g
to. as 11posomes wh1ch‘are layer lattlces of alternat1ng,
closed blmolecular 11p1d sheets 1nterca1ated by aqueous
spaces, per51st as equ111hr1um stryctures even in the

'presence of -excess ,0f water(56) ' ‘ _f.'f ' o .

\
L]

Llposomes can be'prepared from a varlety of 11p1ds and
L l?p1d mlxtures, w1th phospholzp1ds being the most commonly

--used (79) ﬁowever, ves1cles can be prepared from s1ngle
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"chain amphiphiles (80) lysophosphatldes in the: presence of
eqh1molar cholesterol (81) and dlcetylphosphate (82) The
'bd1fferent types of l1posomes are usually referred to byra-_.
three letter acronym, ‘e.qg. mult11amellar ve51cles (MLV);:’

small un1lamellar ve51cles (SUV) under 1000 A“ in d}ameter{

and large unllamellar ve51cles (LUV) from 1000 A° to 2000

\A°. S o~ i
In many cases llposomes have been prepared from
mixtures of dlfferent phospholxp1ds Saturated phosphol1p1ds '
of the same head group but dlfferlng by only two methylene h
un1ts in the acyl chalns, w111 exh1b1t complete m1sc1b111ty
. in all proport1ons However, non 1dea1 m1x1ng w1ll occur
with ev1dence of lateral phase separatlon of the °
phosphol1p1ds when the cha1n lengths d1££3r by four .or more
methylene groups (83) Slmllar results are observed witk
m:xtures of saturated PGs- and PCs, both 1n the presence and
absence of calc1um (84). - In the latter system, calc1um does -
""not 1nduce a phase separat1on when the PG chain lungths are
equal or two carbons longer than the PC but does SO when the .
PG cha1n lengths are. two carbons shorter (84). Such ca1c1um |
1nduced lateral phase separat1on has been observed 1n4t1ally
.in PS/PC mrxtures (85) and later w1th PA/PC m1xtures (86)
_t Q?d DPPS/DPPC m1xtures (87) Ma%tures of PCs and ghs of
equal cha1n lengths also exhrbxt lateral phase separatxons
in the gel phase 1n MLV (88) whlch appear to be accentuated
1p.SUV (89) PE appears to be unxgue among the phospholipxds

f in not form1ng closed bxlayer ves1cles at neutral pH (89),»
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but rather a hexagonal phase~structure (90) In fact,
’ ves1cles cannot be formed frém PE (at neutral pH) 1f the
mole fract1on of PE 1s greater than 70% (91)

In CHOL—PC‘m1xtures*the comp051t10n'of the two
monolayers in the bllayer is found to- he s;mllar up to 30
mole % of cholesterol (92) but at hlgher concentratzons
cholesterol resides preferent1ally in the inner monolayer

:Thus, when using mlxtures of 11p1ds to form SUVs, it is )
v p0551b1e that the compos1tlon of the outer monoépyer dhy not
. be- the same as the comp051tlon of the 1n1t1a1 m1xture. The
resultlng dlstrlbutlon depends ypon “the packlng requ1rements

- of the 1pd1v1dual head groups, the acyl side cha1n
comp051t10n the surface charge of the phosphollpds, and pH—

3

N The study of the subm;croscop1c and dynam1c propertless

o of thesé model b1omembranes such ‘as flufdfty (62) phase

.’ ——

transztzons and change to other mesomorphlc structures was
for some E1me carrled out d15t1nct1y and separately from- the

study of more macroscoplc p%opert1es such as thelr ion e

trapplng and release characteristics (63) Con51derable. .:;%gj
;1nterest and excztement was created by ‘the p0551b111ty o@\ln |

vivo appilcat1on 5} l1posomes in med1c1ne. Sessa and | N e

wexsmann (64) and Gregor1adzs et al. (65) cons1dered the | o
| l1posome as a veh1cle for replacement therapy in genetlc : "?%
_ defitiencies of lysosomal enzymeé. . L o %@

?}v Encapsulat1on of Water Soluble Compounds- The
quntaneous rearrangement of anhydrous phosphollp1ds 1n

the presence of water into a hydrated bllayer structure f

‘
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is'accompanied-by the entrapment of a portion of the

water in.an. -agueous space between repetztlve contlnuous

" closed bllayers(lamellae) For wates—soluble compounds

' of relat1vely small molecular welght their

encapsulatlon depends upon the relatlve amounts of l1p1d

~and water present in the preparatlon, the llposoméi51ze,'

and the number of lameilae. Also,_ln addltlon to pass1ve

L

‘entrapment the applxcat1bn of a 'PH gradlent across the

,‘\‘

:'b1layer of a llposome has enabled greater concentrations

: Incorporat1on of,

of catecholamlnes df 1, to: 23 fold to be entrapped (66)

?1p1d Soluble Compounds- L1poph111c-

;compounds can bghome entrapped in liposome by f‘

1ntercalat1on wlth the phosphollplds in the bllayer. The
mode of 1nteract1on of 11poph111c compounds w1th
1;posomes,determ1nes‘tﬁ‘rr degree_of permeablllty, as -

as the size ~and stability of the liposomeshand is a -

_dfunctlon of both the compos1t10n and amount of the added

11poph111c compound Ampthathlc compounds such as

detergents below the1r CMC 1ntercalate into - the bzlayer

f1ncreas1ng the permeablllty to entrapped compounds,

whereas concentrat1ons above the e lead to dlsrupt1onh

of the bllayer (67 68) Max1mal assoc1at1on of:

;1711poph111c compound with l1posomes 1s usually obta1ned

\ lxposome preparatmon (69)

by 1nc1ud1ng the}ﬁfmpound 1n the orgaq.Csphase dur1ng
T e

| Permeab111ty. The‘permeabxlaty through 11posoma1

_b1layers generally 1ncreases w1th decreaszng acyl cha1n ”:
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A ’ . "
length of phosphollp1d and ‘the degree of unsaturat1on of *

"the acyl chalns (70) In l1posomes composed of s1ngle,
¥

_'pure phosphollp1ds the permeabllyty to solutes 151

relat1vel§ low <Tc, exhibits an. anomolous 1ncrease and

decrease at the v1c1n1ty of 1ts Tc, and 1n.reases

”further at temperatures above, the Tc (71, 72). When the

11p1d compos1t1on of the, llpdlome includes at least 33

‘moiey CHOL, the permeab111ty is decreased and ‘the

anomolous permeab111ty 1ncrease 1n the v1c1n1ty of the
\_ﬁ—

~transxt10n temperature is elqmlnated (73 74) The

permeablllty of varlous molecules in 11posomes occurs 1n

'the followlng order- water> small nonelectrolytes>

van1ons> catlons(75)

Stab1l1ty L1posomes can become phys1cally unstable on

‘storage due to either leakage of the encapsulated drug

1nto the suspendzng medlum .or to aggregatlon or’ fu51on

.of the 11posomes to form larger ent1t1es. Fsokjaer et'-

51. (76) reported that the 1ncrease 1n size and drug

leakage on storage of small unllamellar llposomes were .

5 dependent upon the nature both of the lipid components

and of the encapsulated marker compounds. Drug retentlon

“behav1or of a range. of 11posomal comp051t1ons under
vartous condxtlons of storage was c1ted by Szoka and

'Papahad]opoulos (77).

The chemxcal stablllty of the llphd components of a

-llposomal system are subject to varnous degradat1ve

processes on storage. Hunt and Tsang (78) showed that
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the ox1dat1ve decomp051t10n of  egg lec1th1n in: 11posomes ’
tcan be retarded drastlcally by add1t1on of 'w—tocopherol
to the lipid mlxture. Both unsaturated and saturated

:phosphollplds are subject to hydrolys1s 1n aqueous

E

medla, resultlng 1n1t1ally in. the formatlon of the

A

;icorrespondlng lysophosphollpld and fatty ac1d Frok)aer
et al. (76) reported that the hydrolytlc degradatlon of
a long, saturated chain lec1th1n was rapld at both

:'ac1d1c and alkallne pH values. ;"

3
» k4

Role of the Phosphol1p1d Thermotrop1c Phase Trans1t1on

The 1mportance of the thermotrop1c phase tran51nzon

>

'temperature 1s demonstrated by the ev1dence that water

' ,dxffuses 1nto the polar reglon of the bllayer only >Te i.e.

vvwhen the hydrocarbon cha1ns melt"

s composed of phospholipids‘that are at ‘
'*}below the Tc are. cons1dered as solid“;wuhed
_ ’;i are con51dered as "flUId" (94) The Tc f; a .
functlon ofllcyl cha1n lsﬁgth and 1ncreases by {Bout 14~ ﬁ7°
with every 2= methylene un1t 1ncrease in cha1n length The
,presence of unsaturated acyl cha1ns, branched chalns or
those carrying a con51dﬂﬁatle bulky s1de group, e. g
cyclopropane r1ngs, prduuées a cons1derable decrease in the
‘ Tc. In m;;23~§cyl chain phospholxp1ds composed of saturated f
!;fatty ac1ds that d1£fer by twosmethylene u;?i;, the 1somer
l'that has)the longer cha1n 1n the ,sn- 1 pos1t1on of glyoerol lf;

_ has the lower Tc of the pair (95). Also the head group of
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'h'the ac1d1c phosphol1p1d such as. PS PG or PA can have a_f'

on51derable 1nfluence on the Tc (96)._The Tc of these

"‘:phosphol1p1ds can be modulated by 1nteractlons w1th d1valent ”fff

.iCat1ons or by H 1on t1tratlon of the head group Ca1c1um‘-fr

' ._and magpe51um 1ons Jn the phz ologlcal range (0 1 - 10 mM)

Q@

,Qcan 1ncrease the Tc of PA PS and PG (97) and the add1tlon
of a hydrogen 1on 1ncreases the Tc by 17°'C in’ DPPG (98)and

by 6- 8° in DMPA and DPPA (99)

'TMethods of Preparatxon

D1fferent methods of preparatlon are known to yleld L >c;j§3hd

'vfllposomes of d1fferent shapes and 51zes.,These range frOm

llarge myelznlc structures, to oblong MLVs, to small f'}fi'

"5fspher1cal ves1cles._Concurrently, the1r szzes may vary 1n j,.'

'-d1men51on from several hundred A° to fract1ons of a B

I~

m1111meter, so that a whole range of 51zes and shapes can

,coex1st Phosphollplds may be- dlspersed by a varaety of

—

”"'techn1ques to form multllamellar 11posqmes and also to form

CE.

”ewun1lamellar llposomes. The term "11posome" 15 frequently

ffused to encompass th1s entvre range of multzlamellar or

: un1lamellar structures(93) although SUVs are also referred

-

'.to as ve51cles. ' C .‘j
. o

D1fferent methods of llposdme preparatlon are known of

whlch the most 1mportant ones are 1)the typ1cal Banghamb

q"method (63), 2)the ether evaporatlon method 3)the detergent

r-removal method 4)the reverse phase evaporat1on ves1c1e.-

method (REV) (110) and 5)the dehydrat10n rehydrat1on method



(101) Several var1at1ons of these methods have been 3i

"fyrev1eyed (102 108) Slze selectlon of 11posomes has been M;
:.haccompllshed by sonlcatlon (100) gel permeatlon _
'vechromatography (101) extru51on technlques and the.h %:ijfi'ijgdf‘;.

. applzcatlon‘of the'french pressure CEll:(109f111)%'

ﬁprplxcat1on of NMR to Study/Lrug szosome Interactlons S
Over the last decade, the or1entat10n and ' '

3}characterlst4cs of the propertles of phosphol1p1ds in model e
bf.membranes haVe been studled by new spectrosc glc prob1ng
“bmethods. Many of these technlques have contrlbuted to our.

:'e:present understandlng of a membrane. Studles employlng NMR

i-technlques have prov1ded some of the more detalled data.‘f g“'

Phosphol1p1d membranes can be exam1ned fwfm |
J,u-dlfferent v1ewpo1nts._F1rstly, 3he membrane 1s con51dered as1f:s;h"
';;fa collectlon of phospholiplds w1th partzcular macroscoplc | |
afpropertles, e g “the thermodynamlc propertles such as’ phase:_ff‘
"dbehav1or ‘and. tran51t10ns. The second vlewpoxnt is a ‘-;f%t. -
'“d molecuiar or m1croscop1c one, whlch exam1nes the structural
?-yand mot1onal propertles of the varlous parts of the ‘ h
'vphosphollpld molecule._gbth aspects can be studled by NMR |
'famethods. Apcurate descriptxons of the varlous phosphol1p1ds *b}tii4
.3are necessary in. order to 1nterpret such complex ph;nbmena g f;;ff
.‘as prote1n l1p1d drug l1p1d or 1on 11p1d 1neeractzons.?{;'%§tf€'

‘-"’H "’C ‘3F "P and 'H NMR have been the m31m;W;ﬂ

used 1n deta1led studxes..The app11cat10n of 'H-NMR to ’
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'mémbféhe“sf‘arés has been hlndered by two major problems-}an;h¢

RS PR

/3apl1ty to obtaln resolved spectra from dlspersed or natural,f

X &. '\
@em‘r_nes and the lack of an eas11y characterlzable
phy51cal parameter. H1gh resolutlon spectra are obtalned

,“'wlth small sonlcated ve51cles,'but in- dlspersed systems:,

e

'E‘these resonances broaden 1nto large featureless 51gnals.
Some success has been obta;ned w1th 1ntermed1ate 51zed

’ves1cles (113) The exact nature of the broaden1ng of the

7,51gnals rn dlsperSed samples is st1ll not tompletely

,.'I 8

- understood '3{5"'51‘“,7]_;f, ,

::tf'Lanthanide”TonsVinlﬂembranezStudies

One of the earl1est uses of Ln’* 1ons to probe‘f“
b1olog1cal membranes 1s the1r employment as shift

N reagents 1n NMR stud1es of phospholipld bllayer

“

. ve51c1es. Inr1971 Bystrov et (114) reported that

Y -

the eXternal Eu" 1ons sh1ft th&"H NMR resonance of the

’

tr1methylamm0n1um head group oﬁblec1th1n molecules ‘in

g

wu.~the external layer of a b1layer ve51cle to- hlgher fleld

whlle leav1ng the corﬁesp¢nd1ng 1nterlor resonance. S

. NS
Y

'f‘,{ﬂv unshxfted Increasvng bhe concentrat1on of Eu”»h
/

. 1ncreased the 11ne wwéth of the external S
"F' . _ _
trlmethylammonlum %e;onance. This” behav1or 1nd1cates a

T*h' rapld exchange%df %u” 1ons 1nteract1ng w1th polar head

groups on- t?ﬁ exterlor surface. N _v"j” o

i g

'_AFernandez and Cerbon (115) used the spllttlng in
the proton resonance of the tr1methy1ammon1um head group

"~ of. egg yolk lec1th1n ve51cles 1nduced by Eu” and Pr’*ii




,'{ 1ons to stu y the dlsplacement of these 1ons bg the

- _ é f*ﬂfw L
Vg'local anaest t1cs. They found that the downf1eld sh1ft 'thkg

f}produced by Prﬁ’ 1ons was larger than the upfleld Shlﬁ¢ fd o

'jcaused by Eu" 1ons. Hydrophoblc ;nteractxon w1th the L.liibf‘i

'llpzd portlontof the ve51cle appears to neutrallze the :.?ffgd5
PN O SRR S
.lec1th1n phosphate mo1et1es as 51tes of Ln”tiond;f'tﬁ'v

b1nd1ng(115) fff7!'_ }fV g .ﬂ P AR S S

, 3. L . “ : co . L
&‘ , o 5-. _0, 3 . }.‘ . ' . , * o+
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’VF ‘THE LIPOSOME AS A MODEL PARTITIONING SYSTEM IN QSAR

LR

Llposomes have been used prev1ously as model

Y

: o ,
* part1t1on1nd sjstems and the contr1buttons‘of substxtuents ?'f : mg
‘to the thermodynamlcs of partltlonlng of alcohols, phenols,é@izs
v'_phenoth1a21nes and beta blockers 1n DMPC l1posomesfhave been’x
 studied ‘in some detall (30 3 116*119) Usually, a
.51gn1f1cant decrease in the part1t1on coefflcxent 'K' . sTryg':.;;
’ observed upon coollng the l1posomes below the Tb of the 'l ’;;ff?;l
phosphollp1d The part1cu1ar structdres and hydrophob1c1t1es
o of” drug molecules contr:bute to the%‘ d1str1butlon in ;f
V”llposomes. Drugs'can be located e1th@r 1n the l1p1d b1layérs
;or assoc1£;ed w1th the polar head groups at the sutface of’;w“
N the bllayers. The part1tlon1ng of phenothzazlnes 1n DPPC

. =2 ig
’r.llposomes has alsotbeen studled (120) Wr1ght and andslevﬁ

(35) demonstrated that permeat1ons.of solutes across the fﬂ'fjfifkj
~toad bladder were closely related to thexr lxposome '
N

ﬁgd1str1but1on data when ths\llposomes were below the Tc. In%;ffi

'f_contrast the l1posome dhrt1t1on1ng of a serxes of

, chloramphen1cols 1n ﬁMPC lxposomes has been reported to lfffh

, R R
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y1e1d a better correlatlon Qlth the1r blolog1ca1 act1v1t1es

r

above the Tc in comparlson to the n octanol water system

- —'/

,:ﬁfselection of'ﬁodei Compounds
" u{;" A series of homologous compounds is- de51rable in
stud1es of quantltatlve structure act1v1ty relatlonshlps
_(QSAR) to make ratlonal drug deSJQn p0551ble.'It 1s a

r

‘prerequ1s1te that data on the phy51cochem1ca1 and blologlcal
-propertles e;1st:for a suff1c1ent number of these compounds.
The QSAR estab11shed for these reference compounds could
j__then prov1de a ba51s for the pred1ctlon of the In-VIvo
‘.performance of new compounds w1th1n the parameter rangewl”
icovered Two serles of compound; were selezted for the .
"present-study on the bas1s of the follgw1ng-cr1ter1a.

~

1. -selectlon of a ser1es of. compounds havzng a common

'.'parent structure . 3;
é. ba w1d range of hydrophobic1t1es
'{ 35 ava1lable 1nformat10n concernlng the1r blologlcal
bpropertxes L;v‘_i" d'flf vad bf.' - 'hA~ .
4;‘,reasonable_chemical”stability . |
' 5. known methods of analys1s ,;'d'd - )f
'6.'bpharmacolog1cal 1mportance |

o B ) bd



' ;were developed as agents that mlght protect the heart from f,, o

.

;fdlverse 1nd1cat10ns,'not all of wh1ch depend on d1r .beta f

'”tBeta Adrenoreceptor Block1ng Agents

in 1948&h1qu15t (121) fifst proposed the | SO

‘class1f1catiga of adrénerglc receptors 1nto two

'Lsubtypes,_a and B and further subdlvlsrons of receptors has

.abeen proposed (122 124) Beta adrenerglc blocklng agents

.r‘4

'sgmpathetlc dr1ve and therefore, prevent 1schem1a 1n_fl°;

;_patlents already sufferlng from ang;na pector1s (125)

‘Cllnlcally; beta blockers have found w1de use 1n a number of

“adrenerg1c blockade (126 129)

Beta block1ng drugs can be d1v1ded 1nto those that are

_-ffnonselectlve and those that have a selectlve actlon on one

mtype of beta receptor, beta 1 or : beta 2, and further 1nto h

'-jdrugs that 1n 3331t10n, possess alpha receptor blocklng

'p”7prdpert1es(130) Beta blockers appear only to occupy ‘the

"receptors, wh1lq

,'compet1t1vely 1.

T

;'-hetéroaryl oxypropanolam1nes (132) It 1s not essent1a1 for

0."’

'II'

.;to the structure of the 51de cha1n,'1nh1b1tors are d1v1ded

;1nto two ma1n classes, namely, the aryl- or

»

heteroarylﬁethanolamlnes and the aryl-'or

gbeﬁa*blocklng act1v1ty that the 51de chaln can be attached

l'_dlrectly to a’ benzene nucleu5° The 1sOpropy1 substltuted

W

:}ethaholamxne maxntalns act1v1ty when attached to var1ous ‘
'hheteroacyl structures such as naphthyl (133) benzodxoxanyl

_hd(134) benzod1ox1nyl (135), benzofuranyl (136) and 1ndole-”

. i
S
Sy

R

Qny prevent cont1nu1ng functlon by ‘;-“

}"1t1ng access of agonlsts (131) Accord1ng




'”:r1ngs (137) W1th pzndolol ahd t1molol (138), con51«§%

<

“»'blndlng'

: (140) ha, studled the role of llpoph111c1ty on the '
- i

4

able:'ﬁ

potency is assoc1ated w1th a hetqfocnglc r1ng.

'-', RS » R s "&%%

v

Structure Act1v1ty Conﬁldtratlons

: Bega blockers vary wldely 1n the1r l1p1d

.SOIUbllltY. The aff1n1ty constant of e1ght beta—blqckerS'#
'for m1crosomal cytochrome P- 450 causxng type 1 spectralfq

:sh1fts have been correlated w1th their. odtanol water

n

.partrt10n-coeff1c1ents at pH&V'4 wwhereas the'extent of‘

d15tr1but1on propertles of beta blockers. T1ssue storage."
'J

iof propranolol was found to be 15 tlmes hlgher 1n bra1nf

-'than plasma,'whlle 1t was only 3 t1mes hlgher for'_;;n_°-

«

.

"‘nmetoprolol and practolol The uptake of beta blockers by N
;_vred cells and the1r plasma b1nd1ng have also been'l
”.estlmated from thelr llpoph111c1t1es (141) Van>Zwieten‘l

'and Tlmmermans (142 143) found a correlat1on between

o

h_ degree of penetratloq of . beta blockers in cerebrosp1na1

-.fflu1d and log K for metoprolol‘”sotalol and atenolol

falthough there was no correlatlon between thexr degree

of penetratlon and acute hypotens1ve effects. .

A number of proposals have been made to relate

D

“fphy51cal propertles and molecular structure to
: _card1oselect1v1ty. It has been argued that
;l1posolub111ty should favor such access of drug to N |
lim;receptor s1te (144) and that structural features such as i

_the -OCH, mo1ety 1n the 51de chaxn, w1th an am1d1c or =

T

"”n—456 couldmnot be correlated (139) Verme1] R
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”;“g,ﬁ_'other hydrogen brndtng group 1n the para r1ng posltlon,_fl
- 'dare szgn1f1cant (145 146) Unfortunately, deta1led
~qua11tat1ve comparlsons and exper1mental observatlons
-vargue agalnst any 51mple relatlonshlp.‘If water o
o sglub1l1ty werebto confer cardloseleotfixty, then the :
nonse’lectlve sotalol and nadolol would be expect‘to.}“";
'hhave thls property. A general relatlonsglp between the
"hratlo of fractlons of proteln bound to ftee drug and log
K in the ‘n- octanol buffer (pH 7 4) system demonstrated |
”ithe lack of any obv1ous relatlonsh1p to :: |
_lcardloselect1v1ty that could 1nclude all drugs exam1ned 2"”
f‘.f(147) Cardloselect1v1ty of beta lockers does not;-
b'ﬁ'”appear to be related to any ;rmple phy51cal property

'wh1ch they may possess

Nxtro1m1dazo1es

The ant1b1ot1c azomyc1n 1s the s1mp1est b1ologlcally

——

act1ve 1mldazole. It Was f1rst 1solated 1n 1953 by the groupjlﬁ“'”

| of Umezawa (148) and 1dent1f1ed 1n 1955 bymNakamura (149) as

2= n1tr01m1dazole. It was found that 2 n1troxm1dazoles areT

generally more effect1ve than 5- n1tr01m1dazoles as hypoxzc'

;] cell radxosens1t1zers (150 151) The bas1c_}73"ﬂd"""”
) 5 n1tro1m1dazole, nxmorazole, 1s more act1ve on a molar

5,’concentrat1on ba51s than metron1dazole (152) whxle several

(2 n1tro-1 1m1dazolyl) alkylamxhes show correspondingly

hlgher act1v1ty than m1son1dazole (153) These observat1ons fptj_..

have prov1ded the baszs for the ratlonal drug de51gn and



‘x'_synthes1s of Several ne serles of 1m1dazoles ‘ha 1ng the

_ " . ", A
mproved erapeutlc propertles - YPOXIC_

g L ﬁ“* %

‘*celi rad1oFen 3 ol

ﬁ'potent1al ﬁor

.*mlson1dazole.

' ST S
,;’ Structure Aftivity’Cons;derations
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The most 1mportant chem1cal property 1n the

. selectlon and de51gn of oxygeg,mrmlck1ng ddj'j &_Hﬂrrf . }:
radlosen51tlzers has been electroph111c1ty. Adams and
Cooke (154) suggested that electron affﬁuty was the
domlnant property that conferred radlosens1t121ng -

: potentlal on chemIcals. Electron aff1n1ty had prevaously f;yi7}
been anoked 1n a mechanlsm proposed to expla1n the
rad1osenszt121ng effect of molecular oxygen (155)

Chapman et. al. (156) showed that a threshold in

electron aff1n1ty near that of n1trobenzene exxsted for
the radlosens1tlzatlon of hypoxlc Ch1nese hamster lung
f1$:obla5ts growlng in vitro. Thls observat1on led to a.

.systematlc study of fhe radlosen51t121ng act1v1ty of ‘,:fﬁf fg;
several subst1tuted n1trobenzenes and resulted 1n ‘the- | B
f1rst exper1mental conf1rmat10n that sensxtlzzng
act1v1ty correlated strongly w1th electroph111c1ty
(157) o _ N

L1poph111c1ty of n1troaromat1c drugs d1d not
correlate w1th e1ther tox1c1ty or sens1t1z1ng : V‘fdﬁ'llh e
effect1veness in stud1es w1th mammallan cells grow1ng in

vltPo(156 158), On the other hand early studles on thé

pharmacok1net1cs and. d1str1bu ion of sensztlzers in m1ce~‘;hi
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”(159) 1nd1cated that llpoph111c1ty could be an 1mportant

' facton Recent studles by Brown et al. (160) and Brown ?17'

?,-and Lee (161) on. a serles of 2= n1tr01m1dazole compounds_

- of 51m11ar electrog‘afflnlty_but varylng llpoph111c1ty \Q.'

have c;early shown that l1poph111c1ty 1s an 1mportant
' &€

. chem1c§%'property fbr determxnlng drug concentratlons in

'braln and other nervous tlssues.b



:'"RO 07 0741" were used as rece1ved

N
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Propranolol(PPL)’; Acebutolol(ABL)’, Metoprolol(MPL)
_and}Oxprenolol(OPL)’, Bupranolol(BPL)‘, Tollprolol(TPL)s
ahd Alprehoiol(A?L)‘ were rece1ved and used as the1r
fhydrochloride salte Atenolol(ATL)’[ Nadolol(NDL)‘
vP1ndolol(PDL)’ were recelved as their free bases. SR- 2508

- SR- 2555 RO- 07- 2044 MISO 1dazole; Desmethylm1son1dazole,-*—’-“'

Azomyc1n r1b051de, Iodoaz r1b051de'°, Azomyc1n and

L-a d1m1r1stoylphosphatldylchollne (DMPC 98%),

'L L-a- d1palm1toylphosphatldylchollne (DPPC 99%) cholesterol

ko .

(cHOL) . and d1cetylphosphate (DCP 99%) were used as f?'

L4

‘received'?, S %
L Petroleum ether, chloroform", methanol"_and

n- octanol" wvere all reagent grade H1ghly pure grades of

. VAylrst Laboratorles, Montreal Canada
*May and Baker Ltd., England.
#%€iba- -Geigy Canada, Ltd.

*"'8Sanol Schwartz GmbH.

“Boehringer - Ingelhe1m‘Canada, Ltd.

f-,‘Hassle, Sweeden.

ICI, England. | T .

' Squ1bb Canada,'Inc. ¥ L

*Sandoz Canada, Ltd. . B "

“*Dr. L. I. Wiebe Faculty of Pharmacy and Pharmaceutlcal

-'SC1ences University of Alberta;. Edmonton, Canada.

- v Dr. J. D. Chapman Cross Cancer Instltute $Edmonton,
Alberta Canada. - : :

-.'?Sigma Chemical Co., St. Lour;e, M1ssour1, USA
'?Fisher Scientific Co. NJ 3 :
~'“Caledon Lab. Canada - ' °;‘1 . SRR

. '*BDH, Toronto, Canada. - -
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| chlor1de heptahydrate (PrCl,, 99 99% gdld 1abe1)“ were used

" B. METHODS

in the NMR studles. B D H. Cg;mlcals”, De ionlzed r-“lﬂ'

dlstxlled water was used to prepare all aqueous solutlons.

g

— . ‘.

UV Analys1s of Beta Blockers

+

Approprlate amounts ot beta blockers were dlssolved in.
phosphate buffer (5 43 mg) and d11uted to 100 ‘ml at pH 7. 4.

Further dllutlons were made w1th buffer to obtaln

' concentratlons rangln? trom 0 596 to 430 mcg/ml The ;:

" absorbance of the solutlons were measured at the kmax of

. —0ctanol Bu;@é?nSystem '

each beta blocker and callbrat1on curves were prepared and

thelr llnearltxes'de5cr1bed by regre551on analy51s., T
N L ’_ _‘ . . . '_', &_

o d Lo . ) . ,_.q'..“‘.“l_', [

‘1stf1but1on Studles of Beta Blockers 1n the o | o

)
3.),, .

thlllbrrum Studies ofLFﬁg“ ‘1 ."h ‘i' '?‘:'iég;?°‘

&

- 7%?;vv_ 5 ml of 0. 2 pﬂppropranolol in 1soton1c phosphate i
- Q - ; lc'\( S

2

buffer, pH 7 Ghand 0 5 ml n- octanol each mutually
- saturated, were welghed" 1nto 25 ml round bottom flasks
and ma1nta1ned at’ constant temperature (30° C) 1n a

’j, shak1ng water“bath";_Concentratxons of drug 1n the

R Aldr1ch Chemlcal Company, Inc M1lwaukee, WIS.,

7 BDH Chem1cals, Toronto; Canada.

Sl ‘Model FP52, Mettler Analyt1cal ang, Prec1sxon Balances,

Zurich, watzerland.,;

"Dubnoff Metabolic Shaking Incubatot, Prec1s1on Sczent1£1cﬁf"'
3 Co., Chzcago, IL 60647 USA. y : : :

TP -
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aqueous phase were determ1ned at dlfferent tlmei‘h

1ntervals by UV spectrophotometry at 288 nm. The

-\

' concentratzon of drug 1n the 011 phase was determlned

from the mass balance. The dlstrlbutlon of the drug was

Y

‘~/calculated at varlous‘tlme 1ntervals and the t1me

Ry

-

Jrequ1red to equ111brate the sample was ' determlned

Influence of the 0il- Water Phase Volume Rat1o

Volumes of n- octanol (0 5 5 ml) and 5 ml of 0. 2 mM
'PPL solut1on each mutually saturated ‘were welghed into- @

25 ml round bottom flasks and equlllbrated for 4 hr. at-'”

-COncentrat of" drug in the 011 phase was determlned

_ from the mass balance and the dlstr1but1on of the drug

.

was calculated

| ﬁéa

£

nce of @he Concentratlons of PPL MPL, and TPL»;

;,,;'Aqn@pus phase (5 nl isotonic phosphate buffer “PH

‘a- at’
h4) conta1n1ng the a&proprlate concentratlons of drug

['SfO 2-20 mM) and n-octanel (0. 5 ml) were welghed into 25
33

77§ml round bottom flasks ang, egu111brated for, 4 hr at 37°

5;5gc The concentratlon of drug 1n the 011 phase was'

m,\ ‘\
V'determlned from the mas§ b&lance and the dlstrlbutlon of
_ 3
‘drug was calculated for the dlfferent concentratlons of
a' .. ‘~-' . r‘% '
beta blockers.~;nﬁ ; R




‘Influence of the pH of PPL or MPL Sqlut1ons L

' Aqueous phase (5 ml 1soton1c phosphate buffer, pH ”-fvi,f?
3 9) contalnlng the approprlate concentrat1ons of drug o
(0. 2-0.7 mM) and n octanol (0,5 ml) were welghed 1nto 25
:.r_ml round bottom flasks and equ111brated for 4 hr at 30°'
'C Concentrat1ons of drug in the aqueous phase were
determlned by uv spectrophotometry at kmax
f Concentratlons of drug in the 011 phase were determlned
'-.from the mass balance<and the d1str1but10n of ‘the drug

. 5
was calculated at each solutlon pH

I

,Temperature*Dependent‘Studies o

SN

Aqueous pha?e (5 ml 1soton1c phosphate buffer, pH '
- 7. 4) conta1n1ng the approprlate concentrat1ons of drug
'(0 2-1, 4 mM) and n- octanol (0 5 ml) were welghed 1nto 25
ml round- bottom flasks and equ111brated for 4 hr at _ |
»constant‘temperature ( *0 5°) 1n a shak1ng water bath‘° v::“‘
f_Each phase had been mutually pré equ111brated w1th the |
Ft.other at each temperature beforehand Concentrat1ons of
hf‘drug in the aqueous phase were determ1ned by ﬁV P ";. \},f}
‘spectrophotometry’%}at %‘max. The concentratlon of drugf ]-'
“in the o11 phase was detetm1ned from the mass balance.‘3'
:'The d15tr1but1on of the drug was obba1ned from the _‘
: average of dupllcate determ1nat1ons at each temperatureda.ﬁﬁ

R over ‘the- range 10- 50° C.

L - - - - ———

- 2°Dybnoff ‘Metabolic Shakzng Incubator, Precls1on Scientxficﬁ'
P of NS Chlcago, IL 60647 USA . -
"~ 2'pye Un;cam SP6- 550 spectrophotometer, Cambrxdge England L

o cBU2Px ST I
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v_-vl)l'i_str‘i_but'_i'o'nl Stud_'i,es?‘o_f‘ Beta B

=‘»calculatlons.-Determ1nat1ons were made in dupllcate

Equ1l1br1um Studles

he walls of 50 ml

PC f1lms wera formed on,

round bottom flasks folIowlng rotary evaporatlon”fof 5

'ml al1quots of a p troleum ether metnanol stock solutlon

k)

J(10 mg/ml) The fllms ﬁere drled 1n a vacuum oven”“at:
~f30 C overnlght.vThe lems were dlspersed 1n 5 ml" |
-hallquots of 1soton1c buffer SOlUthD (pH 7. 4) at about
L40° C; to whlch 0. 2 mM propranolol had been added by
gvortex’f mlxrng for JO m1n. ThlS resulted in the
::formatlon of multllamellar 11posomes (MLVs) The:u
udlstrlbutlon of the drug was determlned at d1fferent

;Qt1me 1ntervals of equ111brat10n followlng centr1fugatlon

.ﬁj(143 000 9,_30 m1n)”'from UV analy51s and mass balance

and

B

'f;the results aVeraged

;Influence of the Concentratlons of PPL «MPL and TPL

These exper1ments were carrled out exactly under

‘-*the same cond1t1ons as’ above,'except that dlfferent

'_concentratlons of drug (0 2\00 mM) 1n the aqueous buffer

¢

f':fsolut1ons(pH 7 4) were added

;-;_-__a;-;;LJ'

4;;**Lab -Line Instruments Inc. Melrose Park; IllanIS, USA

‘13Model 524, Precision . Sc1ent1f1c Co. Ch1cago, IL 60647 USA; ‘

:."Deluxe Mxxer, Canlab R »
¥'Mpdel -L8~55, Ultracentr1fuge,\8eckman Instruments,

-PalO‘Alto, CA 94304 USA



i f'Influence of Llposome Comp031tlon . Z:'i ‘ LT
S N . e *,_,1,.u.,n7

The exper1ments were carr1ed out exactly Uﬁder the"’

‘same condltlons as. above, except d1fferent llpodaﬁa ?jfai""“

g

._composntlons,_such as DMPC DPP? DMPC CHOL(1°1 mole

"lratla) ' DMPC: DCP(7 1 mole ratlo) and Dugg CHOL ncp(7 2: Sl
'mole ratlo) were used .“3_7T._' “;;,1;‘._; B

)',nce of the DMPC CHOL Ratlo '. v'lgﬂf?"
* " . . ’ fﬁ . .
The experlments vere carrled out exacly under the'

o same cond1tlons as above, except for the llposomédﬁgﬁf
&

e

compos1t1on, such as dlfferent rat1os of DMPC CHOL, were
L AR | ‘;fV.Q%,.
"1Temperature-Dependent Studles ; "'H
| These exper1ments vere carrled out exactly under f'd
'“3the same condltlons as above,zexcept for the llposome o
comp051t1on and the temperature..In these studles DMPC o d}}
,,-11posomes were. used and part1t10n1ng of all the beta )
5.2iblockers were measured at temperatures rang1ng from

oot

\mv;_;_'10 41°‘év

M g . . e S
Ten m1&11grams of each n1tro1m1dazole was d1ssolved 1n

s

'”methanol and d11uted to 100 ml w1th methanol Approprzate o, _iiij
‘-‘amounts of stock solut1on (0 42 1. 44 ml) were transferred to,

"5 ml round bottom flasks, the methanol was evaporated then

: b
f the n1tro1m1dazoles were dzssolved 1n 2 ml of 0 15 M NaCl.,
R SRR _ _ : o '

L g

Lo



. The absorbance of the solutlons were meas'u

;/{

each',‘t:01m1dazole and callbrat1on curv_h ﬂﬁprepared and

v the;r 1near1t1es descrlbed by regressxon analys!s.”“

-:D1str1butxon Studles of N1tr01m1dazoles

A

- where C =the total

-vgetermlnataon of Part1t1on Coef£1c1ents?

S
xcalculated from the d15tr1but10n results by employ1ng Eq

dtheﬂaqueous buf fex

The experlments were carr1ed out exactly under the same o

o ) ; /

' cond1t1ons as before, except for the L}posome compos1trpn,
'ethe tempexature_and 1ncorporat10n of the drug In these' |
: stud1es the drug was 1ncorporated in the phosph011p1d f11m
ivand the part1t10n1ng was measured 1n DMPC DPPC ‘
p“dDMPC CHOL(1*1 mole ratlo) and DMPC CHOL DCP(? 2:1 mole

z rat1o) llposomes at 30°'C;

.- _
The apparent molal part1t1on coeff1c1ents, K;, were

4 24;

(24

mm-\—u—-—-’
n1t1al concentrat1on of drug (mg/ml) in

phase before equ111brat1on, v =fxnal

Jfaqueous conce trat1on -of drug (mg/ml) w,= we1ght (g) of

s

. -
o e e - —

!¢Model 25 Beckman Spectrophotometer, Sc1ent1f1c Instruments

: D1v151on, Irvxne CA 92713 USA

.

o 45‘.:«-:.

{‘.atiakmak of

1
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: ‘aqueous pha§e g%nd w,-we1gh¢ (g) of the 11p1d phase 1nathe

K ) . .

. _.,?. } o 40@, | ,

. Values of K were- cbé‘erted to K us1ng Eq..gs,"

. e

'l sample.

pK 74 R T
k (1+10 ) S syl

‘using literatu;e.values.of the pKavofveéeﬁlyeﬁefblcckef;

Thermodynam1cs of- Part1tron1ng “h_li ~-'="f:l'3_4f-”‘v§"

B l The standard change in free energy,; Go;»L

\pgwf1t10n1ng is g1ven by ;-.*4,7:~" fﬂ”ﬂfrhlﬁ,5li7

, QQW,_*L—-ZISRTLlogKm i ,

The _tempe rature aependence of part1txon§ng @as employed
a0 44.,"- A~..

to obta1n .data on the enthalpy of the prdbes§ based on the
R ,‘_{ "i* P " :

ion 7 g LT ST m‘!',x<.' SRR
relat o shlp (2 ) s 311_13:/;:,* ;,:C. ".15‘ R

(o / a1, -T(SS /8T) Vo
@ o g

) . ) . s L . . ' ne . ﬂ.“ "' ““ T
. "The aséumptaoh~xs‘made.that»AH°'---and AS° are;:f-'-
' X WL T e WL g

.fapproxxmately 1ndependent of temperatu;e over the :ange of -

>
[ N baands ~ ""7"
v1nterest. S1nce' 1“”i SRR

23RT 23R‘gfﬁ*lf}ﬂﬂ?* A

log K

g



._,‘ o . - . . - . . , ) . ) . L
a’ 11near plot of log Km versus 1/T y1e1ds AHw —L. from the

slope.‘Theuehange 1n entropy of part1t10n1ng, ASw I"Was

obtalned from A "

"(29);-' |

S .: S ‘ : r~_ﬁd ,v . . . e .. .
o The’physical meanfng'df :AHW L and As —p has been T

s prev1ously def1ned Opage 20 and 21).

'

» >, B
. ) - : . P,

SolutiondCalorimetry-

N

Standard1za€3on w1th TRIS v*_' s _“ _ "“,’__
A sample of (TRIS) was d;ssolged in dxlute HC1 in a

ifcontrolled react1on for wh1ch the amount of heat evolved

— ot
d is known.:Ai_ord»ng 'i%He recommended qalorlmeter”
) seandargfzat1oq°pro

“in 100 ml of 0 fs

r S 0.5 g of TRIS was d1ssolved -
&ﬁﬁpl, 7yéive 58 738 calorles per..'

" The Dewar flask was tared on a balance and exactly

-~ ——

' '_gram of 'I-‘RIS at»25 ,

roo_o 05.g of 0.1 N HC1 was added 0. so+o 01 g of 'rrus-- o

" was welghed 1nto the 126C Teflon dlSh usxng an '.
analytxcal balanceP' to an accuracy of 0 0001 g. The
rotat1ng cell~was assembled and placed in the -

-

’ K ;" .
”calor1meter and'thejmotor,was‘startedl'At equ1l1br1um'

. .
N e - - - - ——

CoTa PARR 1451 Solut1/; Calor1meter, Mol1ne, Ill1noxs 61265',ff7
" USA.
"'Model AE163, Mettler Analytzcal and Precxs1on Balances,
yzurxch watzerland .

. ﬂ‘
.' 4 k



‘lfthe recorder”vwas set at 0 10§y11 000 °C)full scale

f; _wh1ch was at the bottom of the chart for an exothermlc .

-

»"'react1on and the thermogram was traced The thermogram

‘was analyzed to determlne the net\ orrected temperature',ﬂ.

;v:rlse, ATCJ The known energy 1nput was calculated by

'_approprlate subst1tut1on in Eq 5

/

U*TRIS in grams, and T-the temperature at the 0 63R poxnt/.'v-*

on the thermogram. The term 0 34;3 (25 T063R ) adjusts

o

pa

S

the heat of react1on to any temperature above or belcw :

"~ the 25° C reference temperature. The energy equxvalent
\ 9 -

o ;Qé;;n'[-sgjsg _'+,o.'34-33-'(’2'5'-'"T'o;é;),]\-_ o . (30)

of the calorlmeter and 1ts contents were calculated by fﬁ_f'v |

; subst1tut1on 1nto Eq._31 ,Th(

R ) . LI S

-where '?r/:;/;;preSSed 1n calorzes per -8
equ1va1ent of the empty calor1meter was determzned by

subtract1ng the heat capac1ty of the 100 g of 0 1 N HCl

from ‘as iollous-:vf-‘

e=e- (10000) (099894) A :

J”Fxsher Recordall Ser1es 5000 Fxsher Sc1ent1f1c Co. PA
‘15719 USA.}gw. | I
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‘where e -the energy equ1valent of the empty calorlmeter 1n

_calor1es per PC,‘100 00- the grams of 0 1 N HCl and 0 99894a4i5;f?

" Specmc heat of 0. TN HCl at 25° Coi
v o i A y

"vDetermlnat1on of ihe Enthalpy of SOlUthn (AH?)«OE %’?’til

»'Propranolol in. Phosphate Buffer at pH 5 0-: sy

K5

Phosphate buffer saturated wlth n octanol

'0 10 g of propranolol(free base) was welghed 1nto the }:Tush
'126C Teflon dlSh on an analytlcal balance. It was ffﬁﬂfiﬁ.Tpfj

| 'necessary to conduct stud1es at pH 5 0 to avo1d téb ,1;i‘}.

':iSolubl-’ problem~of propraﬂolol free base 1n phosphate

\// buf fer ¥§ .‘ ) | 3 ﬁ ' - . '. *
: f-'t'_ ‘The rotatlng cell was assembled and placed 1n the fﬁjfﬁf
1calor1meter, the motor started and at equ1l1br1um the .‘;uum

recorder was set at 0. 01 V full scale (0 100 °c). Thef:i7}f7‘

< '."

base 11ne was set at’ the bottom of. the chart for an-
._exotherm1c reactlon 3nd the thermogram was traced .v;h,iATTJ
-Tr1p11cate samples were recorded Thermograms Were'p' 1

\r_examlned to determlne the net corrected temperaturc. —— ‘*'j:

fr1se AT . The enthalpy change AH °£~pr0pranolol‘was r;/rf;r

\;calculated from Eq L _ N uflf IR
L “ AH = n? ', '. (33) i

: Id;i. where ‘AH the enthalpy change,uvp[: :

,Q*the enérgy evolved ‘and m= the we1ght of propranolol | 3?

) The energy evolved Q‘ was calculated from Eq 34.‘ » o

| | E‘ ’ Qé(ﬁATc')(‘»"): ”7."' R £ L



B B A
: s
;tv' hfrwhere AT the corrected temperature r1se and e= the -
fd{ :-energy equ1valent obtalned from the calxbratlon of the
;;f 1nstrument.,v>" | | | .

e R ' o o R -
Determ1nat10n of the Enthalpy of Solutlon QAHO) of
Propranolol in n- chanol , _ S

) o n Octanol (100 00+0 05 g) saturated w1tﬁ§phosphate'

4and 0 10 g of propranolol(free base) was added to the_sd~'f}f‘

gzsc Teflon.dlsh The rotat1ng cell was assembled as
before and placed 1n the calorgpeter and the motor was:
.1;;;d‘e started When the calor1meter reachéd equxlrbrium the
r‘.}:' recorger was set at 0 01 V full scale {0, 100 °C) then
| the base lxne was set at the top of the chart for anf'
endotherm1c reactlon and the thermogram traced

A
Tr1p11cate samples of propranolol 0 10. g were recorded

oy P

Thermoqrams were examlned to determine ‘the net corrected

¢

‘temperature chﬁnge AT then AH%, was calculated*us1ng
rEqs.i 30 33 SR |

g Determznatlon of the Enthalpy (A&kv_o) of Transfer of
B o ' Propranolol from Aqueous'Solutlon to n-Octanol Phase
SR "" The enthalpy of tran‘er AHW__O, vas calculated
T s ',./

R u51ng an Equatlon 1Tr,q.5: #“ *Jf”f«“ffxfff';gf.’I

v
8 .'v,’. - A R
2, L . . 3 . ..
i S : T - «
L3 . e . e - .
. Do A
< a S Lo e . . i
~ ‘. 4 N - T e c.
E . . L .
Al . ] CEL e ! 0
X . - g . . .
. : . . X ..
P i e o . ]
- [P PR LA :
: : . S S . . 7
,, e o o
L ' Ve .
» [ BN

- buffer (pH 5.0) was we1ghed 1nto the tared Dewar flask,rfv

.;v



‘Uptake StudigsyofdprapranololI,ffihfaf_Q*§; L

-bd o -
| Fresh“human blood to whlch/jk;%’fh vp ';f‘ 'dfgtdin:.ewz
Vethylened1am1ne tetra_gﬁiig.351d (EDTA) had bé;& added

‘as an ant1coagulent was obtarned from the Un1vers1ty of
A

‘Alberta Hosp1tal for each. ser1es of experlments. Pr&or:.;

2

) to each exper1ment the blood was washed three t1mes 1n’

. 'PH. 7 4 1soton1c Trqs buffer, then dlluted to yleld,a
- ud
test sample conta1n1ng,5 7 percent hemaQOcrlt The test

| sample (2 ml) wa5061luted w1th 1 ml PPL solut1on

R x

g .
d1v1ded 1nto two equal port1ons then transferred to
‘centrlfugelfubes (1. 5 ml Eppendorf),'vortex-mlxed

”1ncubated at the de51red temperature for 1§ m1n, then'
. w/ K
: centrlfuged“ at. 1500 rpm for 1. mxn.wThe supernatant was

pcarefully removed and 1ts absopbance measured at 288 nm .

agalnst buffer solutlon as: reference.-Absorbance values

JN

vwere corrected for the absorbance of a blank treated

*51m11arly Exper1ments w1th several blanks gave the. same

oo
L 3
absorbance value verlfyxng that the amount of absorb1ng
T Y

_mater1a1 retazned 1n the supernatant was reasonably‘

"constant on all occa51ons. Concentrat1ons of PPL were

o

'obtalned from a callbrat1on curve and the uptake

-*determlned Thg temperature dependent studles were
conducted at 2s°; 30°, &AAITCand .

fvconcentratron-dependent?studles covered the;range,0.1 to .

;--;_-———;__g;____v “ﬁ s

‘‘Fisher Mlcrocentrlfuge, Model 2353 Flsher Sc;ent1f1c, Co.‘_’<
P1ttsburgh PA, USA. . : . 6 :

P

s



*fn Erythrocyte'r e ﬁ:'” -
Erythocyte gﬂo‘ns“were7preparedifrom'fresh.human o
vblood as follow5° Whole blood was centrlfuged at 2500 ‘
hrpm for 5 m1n,‘and washed twlce wlth sal1ne. The pooled
packed cells were d1luted 14 tlmes w1th 1ce cold

Trls/EDTA solutlon, m1xed for 10 m1n, then centrlfuged

"(36 000 g,»37 C 30 m1n) Subsequently, the supernatant'

was removed and the pellet resuspended 1n Trls/EDTA and .r'

'centrzfuged agaln (36 000 g, 37 C 15" m1n) Follow1ng

v.th1s treatmentl\the pellet was then washed tw1ce in 10

‘ fva Tr1s buffer a@d centrlfuged as before. Flnally, the

‘ll_ghost cells were: dlluted back to the orlg1nal volume and:f”

7;th15 stock suspen51on was USed for the uptake studzes.-
- .The test sample (4 ml of stock suspens1on) was dlluted
‘wlth 2 ml of 1soton1c, buffered PPL solut1on,-'

gvortex-m1xed .1ncubated for 30 m1n, then centrlfuged :

'41(56 000 g, 37 °C, 10 m1n) The uptake of PPL by the ghostff“

}.cells was determlned by d1fference from the resxdual
;;concentratlons of the supernatant. The results of

¢r1p11cate exper1ments were averaged
In Llposomes SO - ki"”fvf-» [ -j- g ’f~”

L1posomes were prepared by a modlfzed Bangham
'method (63) A th1n f1lm of the 11p1d components was

'formed on the wall Of a round bottom flask then =
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‘dlspersed 1n 5 ml of an’ aqueous, buffered solut1on of

:-PPL at approx1mate1y 40°";.vortex m1xed for 10
‘E:‘then 3.5 ml were transferred to a centrlfuge tub
) l1posomes were equ111brated at the desﬁred temp
hfor at least 24 hr ’centrlfuged (143 000 g, 379C
m1n) and the concentratlon of drug in the supernatant
determ1ned spectrophotometr1ca§ly Under these o
. cond1t1dhs, the re51dual phosphollpld 1n tge supernatant

’1s negllglble (31 167).

jPartltlon Coefflczent Determlnatlons
Apparent part1t10n coeff1c1ents (K ). df propranolol '
were determlned in erythrocytes, erythrocyte ghosts;‘ans\b

l1pOSomes from uptake studzes .KE were expressed as

.mole(Kg dry membrane)"/mole l". The dry we1ght of o
'fyerythrocytes was determlned as follows- To 0.5 ml of the
.ypacked erythrocytes 1 S ml dlstllled water was added
ﬁm1xed for 3 m1nutes to hemolyse the erythrocytes and 1.5
' ml of Tris buffer tw1ce the concentrat1on was added and

-

mlxed to seal the hemolysed erythrocytes. Centrlfuged at
10, 000 rpm for 10 m1nutes and the’supernatant was . V: ﬂ
',;removed The volume of erythrocyte suspen51on was -
'adjusted to 25 ml w1th dlst1lled water._lo ml of the |
dlluted suspension was dr1ed in-oven at 100° C for 24 e
hours and the dry we1ght vas. determlned The dry weights |
vof erythrocytes and erythrocyte ghosts were found to be'}i\
~2 9% and 0 78% respectzvely. In temperature dependent

| stud1es 1nd1v1dual samples were used for erythroc%ées or

v
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7‘fghosts at each temperature, whereas in 11posome systems
'-same samples vere repeatedly equ111brated at dlfferent

' temperatures to determlne K values.
. : l__;

trPhosphollpld Analy51s‘[e_ S

The phosphohlpld content of erythrocytes and
bllposome was determlned by phosphate analyszs as :
_descrlbed by Flske and Subbarow (197) subsequently, the
»phosphollpld éontent bf erythrocytes vas - expressed 1n :

R terms of equ1v!ﬂent DMPC Thus, an average of 15 93

. pmoles phosphate/ml'of erythrocytes calculated for an:

“equ1va1ent of 100% hematocr1t was found (4 experlments) o

- whzch is eq01valent to 24 69 umoles phosphol1p1d/ml of

erythrocytes. Erythrocyte ghosts were assumed to - conta1n .

" an equlvalent amount of phosphol1p1d as for

erythrocytes; In thls way, uptake of propranolol could '

be compared among erythrocytes, ghosts and llposqmes on

'a normal1zed ba51s in terms of phospholzpld
. g:j \,: ’ . - N “;-:m ’

.

Antxhemoly51s Stud1es of Erythrocytes Employxng Propranolol i

v The stab1lxzat10n of the erythrocyte membrane aga1nst
:hemoly51s by PPL aadltlon was measured, at 37° C at var1ous
'.concentrat1ons of drug accordlng to the procedure reported

by Florence and Rahman (162) Erythrocyte suspensxons for
/

hemolys1s exper1ments were prepared by centr1£uglng c1trated, ff-

blood at 1500 g for 10 m1n. The plasma was carefully

'removed and 1 ml of the erythrocyte layer was m1xed with 154?

. mM NaCl 1n 10 mM- phosphate buffer at pH 7,“to_g;ye.q totals\‘r'fF_

e



.Tivolume of 12 5 ml Thls'served as stock suspen51on
'fHemoly51s experlments were carr1ed out as follows.v |
AN O 1. ml of the stock erythrocyte suspens1on was added to.
o ml of 130 mM NaCl in 20 mM sodium phosphate buffer, pH -

© 7.8, with 7 ml of PPL’ solution (0.01-10 mM)in water.jjn

)

'control expezlments5water was, added instead of PPL solution

E The mlxture was kept at room temperature for 5 min and then

¢

centrlfuged for 455 at 1500 g. The hemoglob1n content of

_the clear supernatant was measured by record1ng the

- absorbance at 543° nm us1ng a spectrophotometer All

i

-exper1ments were conducted at least in trlpllcate and the

results averaged ?Vfw'

.Proton NMR: Stud1es of the Interactxons of Beta Blockers w1th‘
Unllamellar L1posomes ‘:-' S . .'?V
Preparatlon of Beta Blockers 1n B,o
Slx beta blockers were 1nvestlgated in. th1s study,
namely PPL OPL APL,. TPL MPL and ATL Each d1ssolved
in D,0° to make 10 ml of SOlUthﬂ Concentratlons vere
prepared over the range Jb-40 mM.M .
.Preparatlon of PrCl, in D, O : ‘ _
75 mg of’PrCl, heptahydrate were d1ssolved in 2.ml .
D,0 in a 25 ml round- bottom flask The solut1on was
| freeze drled" overn1ght The resultlng f11m was -

~

dissolved in D,0, then transferred to a 10 ml yolumetric

——— e et e e -

" 'Wirtis Résearch Equipment, Gardiner;lNew York,‘USA.
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Preparat1on of Llposomes

Fllms cbn€%1n1ng 100 mg of DMPC were prepared in-

round bottom flasks as. before -and’ drled in-a vacuum oven

at 30° C overnlght The resultlng drled f1lms were

dlspersed in 5 ml D, 0. by vortex m1x1ng for 5 min, ﬁThe cﬁfﬁ'”

'-reultlng MLVs were probe sonlcated" for 30 min to

obtain, a clear solut1on of unllamellar l1posomes. The

'funllamellar llposo§,:r"

waterfbath_unt1l redisl ;'use.

Preparatlon of Llposo es Contalnlngaaeta Blockers

0 5 ml of a unllamellar lzposome stock solut1on o

4"

were transferred to a 3 ml v1al -0, 1 ml of 20 mM PrCl;

. r'u;l1brated at 30° Cin a_;_

solutlon was added to each v1a1 and then equlllbrated at .

ﬂ

A; 30° ¢ for 30 min. Solutlons of beta blockers vere, added

B N

“in varlous amounts then dlluted to 1 ml wlth DzO The jé.?

spectra of these samples were recorded w1th1n 15 m1nqtes

of preparlng the samples at 30° C

. -

Determlnatlon -of NMR Spectra

‘:.

The proton NMR spectra were recorded w1th a 300 MHz

[
o

-

. w1th a reproduc1b111ty of 3 Hz. Chem1cal shlft

'\soectrophotometer"._All spectra were recorded at 30°'C'

measurements vere carr1ed out uszng the HDO peak as

internal reference wh1ch was set at 4. 63 ppm.' ‘

--—————_-———-_—-—-

Y- 375 Heat Systems, Ultrasonz&s, Inc. Pla1nv1ew

USA.

"Bruker AM- - 300 MHz spectrophotometer

Nr_11so3;u'5

flask_to"proddce‘Zoumuiprclgfstock'SolutiOn..7' -
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"ﬂzlistat1st1cs based on the tgo 51ded t- test were used to

B T

g Statxstlcal Analys1s .j.dfdlh f~§j¢il‘: "&fﬁjf:"

Relatlve standard devaatlon (%) was calculated as

- [N : . R ! . 9

shown b\_low-'- s e

'ﬂ Relat}ve Standard DeVIatLoa_\%tahdardJZZ:1at1enx100;

[ L \

The relative stahdard dev1at1oas (%) were cal tédjfofiallfi
the experlmen%al dat .’i-f;:f‘m;;;?”~ s %V‘= f‘:;v'Fi'-h‘ .

. Qs
' evalﬂgte the-s?gnzfl%ance bf the coeff1c1ent of

° .

"fdetétmlnatlon obta1ned in the regress1ons..LeVels of p<0 05

were congldered to be 51gn1f1cant 'I-
T .%-u S "-f;“ SRR
o S e T e , B
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R ;A ANALYSES OF BETA BLochR?

N A N
= RIS v“{j *hf“jg_ft

Tne wavelengths of max1mum absorbance,- Xmax, of beta'_?

j;leckers 1n Phosphate buffer (pH 7. 4) thelr chem1ca1

iQfstructures, molecular we1ghts and pK 5 are shown 1n Table

A e
15 L1near callbratlon curves wh1ch obeyed Beers law over the

'lponcentratlon range of 10 430 mcg/ml were obtalned for the

e of the exper1mental p01nts yleldea slopes rang1ng from 0 003

‘V?,_to 0 027 t1ntercepts from 0 0G¢’to 0 075 and correlatlonﬂaw’

e
B PO L
. f e

“coeff1c1ents, r, from o 99\9 = ooo

Jlog

f wblockers @xcapt j&\lqy temperatureﬁ Depéﬁdlng on: the

i . T

_-v q’ ;~',

FN [

e

v

Temperature Dependence,ﬂ.h“

Lo K‘ of beta blockers as a funct1on of temperature
9

| ——a

:f are glven 1Q(Tab1er2 Van t Hoff plots oﬁ the corraspondxng

‘lues as shown 1n Fzghre 5, Lndlcate an unlform

1.crea§e 1n log K Wlth temperature for all of the beta
(: .. : '9.

Chemxcal nature of the drug, PPL BPL AEL and TPL had 1ower;yfu

K' values at 10° than expected wh11e values for ABL PDL anq

MPL could hot be detecte& at 10° or'forﬂMPL at Zb’. Also ::”f

Tyl

“-‘hfbeta blockers as shown in Flguees 1 4 Regress1on analy51s sf'
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v Fxgure '5 Beer§ plbt.,o.f BPL and ABL 'm phosphate.
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'E‘xgure 4 Beers plot of ’I‘PL ATL and NDL 1n phosphate buf'fer B

"'.,

: :-"-_at pH 7 4
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Apparent Partltlon Coeff1c1ents
;he n*Octanol Phosphate

AN

B%ffer System at pH 7 4a

(log K" ) of Beta Blocqus 1n

"-i;Tempeia:ure;9Cv‘f‘
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Flgure $s Van t- Hoff. plots of the part1t1on coeff1c1ents : of
'°béta blockers 1n the h éctanol phosphate ’buffer system at pH

- 7 4, (The maxmum R. S D was +2 4% 'rhe range of duphcate
| ,expenmental values d'oes';, not extend beyond h symbol
dxmensxons in alL Cases) A N *
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to determrne»that\whether under these cond1t1ons a K' value
could_be_detected But thlS was not the case.‘On the other f?}i

hand the xange of standard dev1at1ons of K“§ of ATL and‘OPL

© (0.0071-0- 0141) were comparable to those ‘of ‘PRL, BRI, ﬁapo;;'_
and TBL (0. 0071-.0212) aty10°.g. and. ABL, eoL 0.00-6: 0283)3’7

laat 20° C whlch suggests the val1d1ty of the mean values as“ﬁﬁhdf

”vd1fferent1ated as shown 1p Flgure 5 Nadolol d1d not y1e1d a f:

L~ >

‘_*d:measurable K'. over the temperatune range of 10° 40° but 1ts

1.Iover the entlre temperature range. The re1at1ve

‘ ‘iand ATL 'PDL’ (111)

T TR U .f',xg'“v T T A AT

T B P TR UL PR R

B T R L ST C
° B - v

T ey

e Concentratxon Dependence,uda;f”f?éid:~fﬂ,ﬁ

;,Only a: sllght depq'dency of log K on 1ncreasdo'7ff”hf ;
"iaconcentrat1ons of PPL,»MEL or TPLsis obse:véd’and in” marked
"%«ncontgast to‘ﬁhat observed for chlorpromazlne in the»_h;ffixﬁfg.”

'f;.n octanol-phosphate buffer system at 37°'(118).

:“f;fpﬂ Dependence Te*ﬂf*fﬁé

"'log K' at 50° was’ found to be‘~1 22 The except1ons to th1s

vftype of behav1or were OPL and ATL whlch ylélded 11near plotsﬂ-‘

";:llpoph111c1t1es of the beta blockers fall 1nto approxlmately

'”*three groups. ppL BpL ApL (1) opL,/TpL ABL MPL (II)

t

oy e w

e

. The effect of beta hlocker concentrat1on on

R N

e_fpart1t1on1ng at pH 7 4 and 37° C 1s summarzzed 1n‘F1gure 6.uﬁjgf

iy ] 1 :

= T e - g
) . ..._« o L. .o f‘,\ Tl
. DI . . Pry N : g
- .

,; O .,*;,f— ;,»:,wg“;_g;,»‘“;;.: S
'~Eyﬂwf_ﬂy'-'“~m'_[“5;'“‘u"“Ji'"'“‘mw

e

F1gure 7 shows the pﬂ absorbance prolees of PgL and1‘.

77ffMPL at 30° c Thezr molar absorptzvztxes were found to be

. C

T*Jfb1ndependent of pH At low pH the absorbance 13 h1gh because

fcdlf.e“?gfﬁ S yf;bmfﬁ;iFg;t,‘»Ygf”~ﬁ.;A&tm,_hgvgﬂ,jgg»f“

¢ ﬁ




O PropranICI
O Tbhprokﬂ
A Metoprolol

R o - ,’, “ 0 5 X ‘0 . ‘~ 15 ‘_ 20\ & 25 l;. n'
T T Concentrohon(mM)

-

e Flgure 6 Concentrat1on dependence of part1txon coeff1c1ents
ARy A2
j;of-PPL TPL and MPL 1n the n= octanol buffer system at pH 7. 4

o and_ 37° ' (?he max1mum R S D was +1 7%, The range of

‘ d1mensxons 1n al} cases)

* ..\

e

'1cate exper1menta1 values does vnpt extend beyond -thef“?"h
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: -"_Flgure 7 pl-! dependencJ of the absorbance of. PPL and MPL in"' |

t equ:.lnbrated aqueOUS phase of"j' the n-octanol-aqueous:-_f-“,__"_“‘

"~','f:jpart1t1on1ng system at 30°’:." (The maxunum RS, -,‘-",’a'fS’:"

":‘*‘ 05%- “ The range of duphcate expenmental values does not"‘ g



l:the drugs are essentlally completely 1onlzed and re51de in

the. aqueous phase. However, as’ the pH was 1ncreased the

"-“.-by n- octanol A 51m11ar pattern of behav1or of PPL. has

~iprev1ously been repbrted in the l1terature (196).

~C. PARTITIONING OF BETA BLOCKERS IN LIPOSOMES

LR '

"N

-:Temperature Depéndence , _ S "

T ' AN ) e Y
Log K values of beta blockers as a- funct1on of_

temperature are glven 1n $able 3 Van t Hoff plots of the

'ﬂ}fégf
.'*@1'.

*f%a@&n

'_absorbance decreased 1nd1cat1ng extractlon of unlon1zed drug"

correspond1ng log K values are shown in Flgure 8. It can be’--'r

8

L seen here that the beta blockers part4t1oned in 11posomes .

'leven at low temperatures (except NDL) in contrast to the
5n octanol buffer system A d1scont1nu1ty 1n the curves -

'between low and hlgh temperature ranges 1n the v1c1n1ty of

’

. -+ the Tc'of DMPC d1sperszons (23° C) is ‘clearly ev1dent (59).

| fh~compared to the other beta blockers owever, 1ts

_Also, the slopés\of the. curves decrease w1th 1ncrease 1n

[}

;.llpoph111c1ty <Tc. and >Tc although thelr 1nc11nat10ns are o

——

4 generally opp051te. The obvious exceptlon “to: thls pattern off

v behav1or 15 NDL wh;ch dlsplays an oeﬁps1te trend >Tc

I:part1txon1ng 1n llposomes <Tc was not detectable.

n{Partltlonlng studles do not represent a sen51t1ve means of e

8- suggest the follow1ng. PPL APL BPL TPL, OPL do not

',change the Te of DMPQ -pu; MPL,~ATL;~ABL,v?DL'cause it to

R

;detectxng the Tc of a phosphol1p1d but the results 1n Flgure o
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of Beta Blockers ih’DMPC.LipGSQmés at pH 7.42.

x s

ﬁhmpetatufe °C

. . s
‘_:-. .B_éta Bloc'ker' 10% .15

20

—
23 27 30 33

2.15 2.09.2

2.04 2.03 1,

1.84°1.93 1,

'£5J419:

221,09 1,09 1.

1.07"

0.90

?

. 0.80

" Metoprolol 10,88 0.

0.137 -

ﬂAQﬁ_Afénélol_
" Acebutolol 0.21 =0.35

‘Nadolol -

.08
99

1.10 0.

1.09 0.88

2.66 2.68 2.70

. ©2:47 2.51 2.51

87 2,22'2,25 2.26

88 1.23 1.46 1.51 1.47

03.1.21 " 1.31 1.30 1.%0

_1.2;; 1.48 1.51 1.54
72 1,00 1.12 1.22 1.21
‘-b;STijO,94 4.03 1.09
0.44- 0.61 N
0,82 1.0

0.73 0.69
1,07 10,9748.72
R "’r o + '

2,23
1,54
1.42

2.51 2,56 -
4. 2?253tfﬁ
}1}5457'
ﬁf4éj‘”
‘;1;57.i ‘
RPEE R
-  iq}94; 3
0.7
ot

T
~.The maximum R..S. D, was

was < £4.6%. .

£10%.8 In most cases the

P -
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‘l‘?1gure 8 Van't Hoff pIots of the partltlon coeff1c1ents of w
-i beta blockers in the l1posome phosphate g%ffe: system at pH
(The maxlmum R. S. D. was #1. 6%. The range.of duplxcate '
experlmental values does nqt. extend beyond Té._:ymbol

,
L ] : R i Ve

_dimensions in all cases)
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‘decrease. Also, the. greater the‘decrease 1n the Tc~caused by

the solute (e.' ATL ABL) the more unfavorable the-l

' env1r“\ t f £ partltlonlng in the reglon of the Tc. Hence,,
¥ / \ .
! Kv could not. be measured for ATL and ABL at 20° C. i
: . C
_ o _ o . SN
-Concentration Dependence 1"’-_ . ";v BELRE

The dependencleS'ofilog K on the concentrat1ons of

_:h ‘PPL MPL,apd TPL 1n UMPC llposomes are shown in Table 4 and
~the correspondlng plots of log K are shown 1n Flgure 9 The
| observed tendency towards decneas1ng§values of log K m’ is 1n

é Z .ma‘rked contrast to that observed for chlorpromazme in the

ol

DMPC l1posome system at 37° C (118) Alcohols (163) and
-phenols (164) have been previously @hown to behave in a f'
‘ manner 51m11ar to the beta blockers. |
-.i f ‘;;}; o r -;.ﬁ\ = o ;
;Lf?gct:of DMPC Concentr txon' A S : ;h
The dependenc1es o% log &; and log K on 1ncreasxng
DMPC cohcentratlons are. shown 1n Table 5 The part1t1on1ng
could not be detected at 0 01 - 0.08 mg/ml of DMPC. There
was a sllght deérease 1n par‘;tlonlng with 1ncrea51ng DMPC
concentratlon up to. about‘f mg/ml but then remalned |

i

- constant, e :
D S S ) R
Effect of DMPC:CHOL ‘Ratio |
m values of PPL determlned as a function’ of DMPC CHOL {'

rat1o are g1ven,1n ‘Table 6 1& hlgh ratlos or. low -
concentratxons of CHOL it tln be seen that the partltlonzng

~

N =



"Effegt of Beta Bloqker”ConCEAXratibn on Partitioning In DMPC -
. LipoSomes at 37°C and pH 7.4.. . . ST T T

‘

ts .

S e . a'Logf(~
Concentration B G

oy ]

(mM) Ptdptanbloi Toliprolol Metoprolol.

0.2
I 0;3
0.4
0.6
1.0
2.0
5.0
10.0
20.0 é-'

-

.
$2.8720.03
2.69£0.01
24612001
2.58£0.02
2.47+0.04

2.43+0.03

12.38:0.03
2.05:0.04
1.85£0.02

+1.68:0.04

1.5820.03
j;s4:0502:'
1.5240.02
| 1.510.04

. 1.46£0.01
1.4420.01-
. 1.35$£0.03

1.23$0.01

]

1.50+0:04
1.48£0/03

1.30£0.03
1;29:0;01
1.2940.03
1.27:0.08

1,2420.01
1.06£0.03

0.96£0.06

©0.93t0.03
© 0.90:0.03
 0.7620.04

aMgantS,D.

[
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Effect o% DMPC Concentrar.a,on on the Parti’honmg of PR
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%2.80:0.04 - 4.85:0.05
2. 80+0 06 -f"}'s 4.85£0,07
2.720.03  4.780.03
2.64:0,64 L 4.69%0; 043,'7 i
©2.60£0.03 4.6620. 03
2.61£0.01 4.6720.01
.2.6250.03 4.6740.04
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. Effect off CHOL Content .in DMPC. Liposomes on Partitioning of -
:..Propran it 37° C and pH-7.4. S .
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DMPC:CHOL = - - " - @K (x¥D¢)"
mole ratio - ' . L

dMean+s.p. .
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'_blockers 1Q gll llposqﬁe
mﬁbe detected in the‘n;o;tafk

5comparat1v’1y low 1n$bMPC CHOL (1@V”
o ' v
“but hlgh in DMPC DCP (7J1 mole'ﬁ

L4

‘the n- octanol bufferp%ys - 5“' /‘7ff'fjf éﬁRNDL could not

haﬁé—.)t'\ % .

o 'f,"efm and in DMPC CHOL

(1-1 mole ra¢1o) 11p?éomes. For thgkothers, part1t10n1ng was"~
> *‘\ W@ n Y MG W_/NJ :

Aol ¢ tmo) llposomes;
&yawﬁ%*$‘

T'fr - Bﬁ@%ﬁ éhod:ndp

\*{3 A ,#a

e

(7 23 1 mole ratlo) llposomgsf» 4

D. FUNCTIONAL “gfoup cong

Hydrophobzcv

iwﬁﬁ?rom Eq , in order tohcompare the relat1ve aff1n1t1es of B

the vaYlous f tional groups for the n- octanol buffer
%@‘

sygtggoand DMR% 11posomes. TPese values, show@ann Table 8 -

T e \g,/}

were obta1ned from the values of K or K of the v;f

blockers {x}) and from ‘the parent compound pre prenah@erol
(H). In every case (llposome) is greater than nx S

(n- octanol) and on an average, 1t vas 55% greater.. *
Tae 5
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N ) . N v - - . - A
IR SR S Table 7 Lo
_ e T
N 4 1 F . -
. A ) } AN " . ( -
- Logmk (n-bcfanol Bugfer) of Beta Blockers and log K ‘}
.4 X (L1pos°mes) at ' .ﬁand pH 7.4.2
- "vli; Libosome;cbmpdsition : '
| ‘.\ '_‘,‘ ‘ . “,‘ kY . : ' .
O ,':‘ \\\ | | ,
Beta Block rons _fi\*,ﬁl - i ¢ R
g ¢\_n§“§£ Buffer>‘ o1 orrr IV v
\‘."’\‘\\\/2‘ {“‘. S . ‘v-- o g\ystem 1 ' 3 ‘
A . '
. nadolol 0;54 - 1.00 0.87
-~ pindolol . - ;.3\1 0.49 " 1.17  1.58
- S : :' ) ~, 'T: \(
Atenolol\_‘_ A 09" \d.32‘«§o.ss 0.37- "1.43
, Metoprolel 0. 20.'*5*1;23. '1 zsﬁ 1.49 - 1.25  1.76
3 > . X .‘ ! x\“. ‘ N » » i
g Acebu¥ololﬂv' | o.4evv_ ‘o 65‘”‘ o 66g'f0.69 0.90 0.79
" Tolipgolol. .  0.58 o, 540 ”  © 0.9 1.68 1.91
. okbtenbloi'j_~ om72ﬂf~‘ 1;s4;““ .25 1.33 ~ 1.57 1,90
'aupranolol 1.250 72510 1.86  1.55  2.48  2.62
7 N | S : .
”Alprenolol Cio1e38 2023 1,60 1.42 2,36 - 2.43
Prbpranolol.: 1.49  2.62 2,00 1.52  3.03

%

2.72

n — o

was < $3.8%.

® 1 - omec
' Il - DPPC. '
II1 - DMPC:CHOL (1-1 mole ratlo)
IV - DMPC:CHOL:DCP (7:2:1 mole ratlo)
V== DMPC : DCP (7:1 mole rat1o)

-

The maximum R. S. D. was +11%. In most cases The R. S. D.
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. SR ®. . Table 8 5
s a - - L . S

Hydrophobic*Substituent Constant of Fypctional Gtodds on the
~Arbmatic Ri¥ng Structure of Beta Blockers at. PH 7.4 and.30°

ca L, «
Liposomes >Tc ﬂ—.ovctambl-’biiffe’r' "
) . , . , L ) DR ) " : * . N
Funct;lon'al Group . .. - Lpg Kmx . Fx, Log Ky DTy
P . ~ 3.05(n) SR 2R R 100 B
~CH,(meta) (TPL) £ 3,69 0.64 2,57 ps6
- _ o ) _ . ¢ "
'-CH;CH=CH,(ortho) (APL)  4.47. 1.42  3.34 o 1.23
-OCH,CH=CH, (ortho) (OPL) = .  3.61  0.56 2.62 Ty 0.51
L - . Tl o @ : '~;i :
. CHiCH,OCH; (para)(MPL)  3.43  0.38 2.28%"" -9%'0.17
| -CH,GNH;(para) (ATL) 3,18 " 0.13 1.98" T i-0.16
. . o ' ' - . ) .. . o .'f‘ 14":-".7"' - ) :
y . ‘.. ‘ . .‘l- . . > ‘ ’ C : ! : T )
| ' (PPL). " 4.73 . 1.68  3.37 1,26 -
. . '( ‘. . ' - . N : .

/N\ “tepn) T 282 -0.23 1.56  "-0.55

. adetermined from Ty = log Kmx * 109 Ky where Kmy is the -
y partition coefficient ‘of pre-prenalterol - : : S

~.

e N . S 2 -
§ | S ~OCH;CHCH,NHCH(CH,),

T~
and Ky is the value for the derivative,

- -

s

b



’bmagn1tudes of AGw 0 are.

_the part1t1on process anqm_

'E. THERMODYNAMIC ANALYSES ¢

The nFOctenol?Buffer System:

.Thermodynamic parameters. of the'beta.bloCkers in the N

.

n- octanol buffer. system are‘ ed in Table 9.
"5ve of the spontanelty of

"“§he varlous beta blockers’
F \v o

’these are seen to be proport1onal to the degree of

11poph111c1ty Both- AH® - and AS values arevaSitive
. w -0 w =0

. and except for ATL and PDL, each is approx1mately of equal

" magnltude among the drugs. Also, positive entha1p1es and

entroples of partltlonzng have been found in the

' phenol- cyclohexane (117) and &he

-

g.phenoth1az1ne n-octanol-agueous phase systems (118). In

: a

'contrast _negatlve enthalpies of partltlonzng of phenols i

the n- octanol saline system have been obsyrved (165) ?5?f

) 1nd1cat1ng the presence of 51gn1£rcant hydrogen bonding

“

between molecules of phenol and n- octanol A}though many\\g

the beta blockers ‘are phenollc derlvatlves, their

Co thermodynamlc behav1or does not resemble that of the

: uLiposomes

ohénoy%ﬁ

-

Thermodynamlc parameters of the beta blockers in DMPC“
liposomes . are llsted 1n Table 10 The free energies of
part1t1on1ng in 11posomes (AGw L) are slxghtly hzgher <Tc

than >Tc &t the phospHollpld but the respective

-

v
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R _ Table}s. . .

L B S R .

The. Thermodynamics of Partitioning qf;Be‘t’l*ke:ﬂs in the -
‘n-Octanol-Phosphate BQQ{SI'SyStem at pH 7.4 and 30° C}a

( ;
: . o .
Beta Blocker 46 w0 . &H w0 - -
SR 5 SRS R S R “1y-1)
S s Kmel Ty (kdmo1 T (Imo1 K

E- o s
'// X A B . - R 1S
; . f

. \l g "‘ . V | . ) ‘ B

_ Propran]o'lol'ﬁ “19.6 ’ B ‘._l‘f33.2 . 174

- A;pfenoiok¢3~5:'  S1e.a” . 42,5 j “ 204
Bupranolol. -18.9. 383 189,

,Oxp}énoloi.:» Cis2 35,1 'i»- “166
 Toliprolol -14.9 ©caee o 180

_Acebutolol | -14.1 e 2.6~ 220"
Metoprolol | -13.2 ' _ | 44,1 ) 18‘9._
atenolol i 113 ST T R o
-APiqdoloit. ' 9.1 | o 666
Nadolol a |
T EECE .

~® The maximum R. . .D. was #5.3%,

RN
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Table 10 X

The Thermodynamxcs of - Partxtxonxng of Beta Blockers <Tc (15' C) and >Tc (30° C) -

2

in DMPC prosomesa : - P 0 ¢ '
* L
- [ ] )
Py I R
a . . N . . L.
: _Below .Tc (15° ¢) . = - Above Tc (30° C) Ve
Beta B}Ockef . AG.‘\“-.L. AH..,-.L 4 AS.H_L AG.V.L AH.“.L AS.V;L‘.
(ka1 (kdmolY . (JnoT TRRY (kamol™h)  (Kdmol™H) (dmod THKTY)
_ L}
Propranolol, | -22.8 -7 0.8 -27.4 ' -6.6° 68.6
Alprenolol -22.7 °} 4.9 ‘95.8 . -25.9 1.9. . 91,7
" “Bupranolol =23.3 . . -6.4° 58.8 . . ' =-27.2 8.3 17
Oxprenolol =172 © =30.1 -44.8 -21.0 10.6 106 _ .
Proliprolol  -18.00 . -49.3  -109.0 -21.4 - 9.9 103
. Acebutolol £10.6-  -172.0  -562.0 -17.0 13.4 100
‘Metoprolol:’ -17.2 28.6 --39.6,  -20.0 - 28.9 161°
Y . . ° [
“Atenolol ¥ -12.6 ~207.0 -675.0 - -18.4 19.6 L 126
| : ; , | @
Pindolol - -14.2 -9.5 -16.2 S =16.4 - 21,3 uzz/f—l
Nadolol 0 0 0 _ ~18.7 -78.0 -196
P 5 -
The maximum R. S D.‘was 4. 61;» r .
- »
4%1 . ©
\ - ' f? - -
L 3 . & v
LA : g
v N. :’){ . - . ?'g"’, <
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contr1but1ons of AH, and AS& -~ are.oppos1te

fgrfl‘vllqu1d crystalllne state of the llposomes (>Tc) enthalples %f
and entroples are: greater (excgpt APL) than in- the gek.stéte.f;

,»(<Tc) Nadolol part1t1ons under strong entHElpy control dhly
in flu1d llposomes, probablx arlslng from polar group

ﬁ},
< 1nteraétlons between NDL and the b1layer. Thls behav1or 1s

oppos1te to that of a ser1es of phenols (31 117) wh1ch are

generally unlonlzed at neutral pH W1tn phenols <Tc of DMPC

S ‘
: llposomes, AH —~1L and AS L» ‘were pos1t1ve and >Tc were
L= ~ ’

negatlve Enthalples and entroples of p:::itgonlng gf

A
pos;#gve both >Tc. and <Tc (118) -
] ﬁ' .l

A The enthalples and entroples of par tlonzng are

t \

1$n1zed phenothlazlnes in DMPC 11posgme were found to be

]

»gaiater in the n- octanol buffer system t an 1n 11posomes >Tc.
A gy 7 beta blockers llsted in Table 9 an
%\ﬁ

the rat1o‘o‘ AH° {n- octanol) AH°
W—0 WL

: approx1mately 4°1-fon average) the same was found for

”L For example,

(llp somes) is.

K“. "T
v

_ phehoth1a§1nes (118) "In contrast th1s same ratlo is 83 1

<Tc’ of DMPC. whxch compares w1th 1.3:1 for phenoth1az1nes
v (118%. Thesel""

interaction ofﬁlffa blockers with model membranes than\\he

: L o S &
phenothiazihes. T _’ Y

EEE S ¥

.

1ts suggest a d1fferent mechan1sm of "0

Solut1on Calorxmetxy

&

The change in enthalpy of solutlon of propranolol 1n

phosphate buffer at pH 5.0 (AH ) and of propranolol 1n

buffer saturated n- octanol (AH )g and the,enthalpy of “d
. B \\ - i “q :
o »

T~



- Table BRI _
Enthalpy of Transfer'of Propranoiol (AH? () Determined'ffom
Enthalples o§\§olut10n 1n PH 5.0 Phosphate Buffer (AHg, ). and
/1n Buffer- Sa@brated -n- Octanol (AHY ). at 25° cS

5

I DR SRR Yol AR
Bxpt. #  (KmolYy . (KJ%  (Kdmol™Yy
1 -5.31 20062 25.93
2 ’(l\ -4.65 T o19l72 24,37

e300 T -sae9 - 220210 0 27570

" Mean#S.D.-  5,15%0.44  20.85%1.26 = 26.00%1.67

-

K

"aL00 pgmof'propranolp;’f}ée base and 100,g»sblvént was used.

C e
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2 s oA
S, n= octanoldphase (AH ) are g1ven in Table, 11 The fean 0 -$f

“7

P

o erythrocyte or eqythroéyte ghost cells above 1 mM. It is

'yunderwent an: exotherm1c react1on. The mean values of AHO was

T

. ~
°

transfer of propranolol from the aqueous buffer to the

“value of AH° was. -5.15 hav1ng a rel§t1ve standarﬂ\dfv1atlon

of 8 S% “The negatlve 51gn 1nd1cates that the process
'20.85 ang. endothermlc hav1ng a relatxs% standard devxatlon:

of +6%.—The AHw o was determlned using equatlon 11) and had

\‘i/\).

-a mean value of 26 00*6 4% S.D. 1nd1cat1ng that overall

‘the transfer process was endotherm1c ~

‘Uptake Studies

» .
Py A ; - - _-\_\

F. INTERACTIONS OF.PROPRANOLOLhWITH4M0DEL‘AND,BIOLQGICAU

MEMBRANES

The comparat1ve uptakes of PPL by huﬂan erythrocytes,

.erythrocyte ghostw and 11posomes after equftlbratlon w1th

—the concentratlon range. In1t1ally, a 11near uptake is

‘ observed wh1ch reaches a plateau at about 0 3 mM PPL,. - 2.

1n1t1a1 conccntrat1ons of PPL varying from 0. 05 to 2 3 mM

.are descrlbed in Flgure 10 gt can be seen that the uptake »

- a

in- neutral DMPC llposomes is 11near w1th r ect to PPL

_concentratldn and cons1derab1y less than that found wlth

o

noted, however, that uptake in cells us dxscontlnuous over

"

rema1ns'cpprox1mately constant to about 0 6 mM PPL then the

rises l1nearly, but at a rate somewhat léss

\.FL

uptabp
‘than the 1n1t1a1 rate. These: data suggest that ‘as the PPL
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-c‘onvceritrationj., e erythrocytes; = ghostsv; A neutv’ral_ | (DMPC)
‘liposomes at PH 7.4 (The #akimum R. S. D. was #4%. The
"_r‘angé‘ of quadrpplicate_experimeﬁt‘ai Qalues‘ ‘Bo:s not. ex"ténd
._;‘beyond rthe' symbol dimensions in all 'cases): 2
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concentratlon 1s 1ncreased the erythrocyte or ghost membrane’

undergoes a molecular conformat1onal rearrangement, perhaps_
1ead1ng to a phase change IF the membrane, wh1ch confers a
dlfferent degree of aff1n1ty for PPL Th1s type of behavxor ‘
does not occur 1n llposomes 1nd1cat1ng that perhaps
i‘lnteractlon of PPL w1th the phosphollp1d backbone of’ the
erythrocyte cell membrane i's medlated by other membrane -
' 'components, 'such as proteln (166) or other‘types of 11p1ds
including ac1d1c phosphol1p1ds (167, 168) glv1ng rlse to a
bcomplex and causes the bot’ understood re- organlzatlon of” the
cell membrane. Uptake of- PPL in erythrocytes at three
'iemperatures»(25°, 30° and 37° C) was found to be only
slightly tgmperature dependent as shown in F1gure_11, but
_m1th retentlon of the apparent concentration- dependent phase
N change. Thus, the uptake appears to ‘be controlled by the
{phy51cal propert1es of the 11qu1d crystalllne state of the
'membrane 1tself on wh1ch PPL exerts a profound 1nfluence.
The 1nteract10n of PPL w1th neutral. 11posomes can be
,quantltated by applylng a part1t10n model (161) However,
when interaction occurs via negat1vely charged polar surface
groups, ‘such as w1th erythrocytes or. ghosts, an adsorptlon
‘“model may be more approprlate. Flgure 12 clearly shows that
the uptake of PPL pe§~g of- dry.membrane rapxdly decreases as
;the weight of membrane is. 1ncreased then gradually levels
U'off. Slmllar part1t1on1ng behavxor in neutral lxposomes has

~ *been observed (169) Consequently,-a compar1son of K in

erythrocytes, ghosts and 11posomes has been made.,

, I
| o . ' o b

.

T o#la
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PartftlonytoeffiClents o - '. RO e
‘The log Ko of PPL as a functlon of the 1n1tlal PPL

concentratlon in each of the three membrane systems 1s'

.'graphlcally 1llustrated in Figure 13. Log R appearsvto

remain fairly constant in the erythrocyte cell systems but

1t undergoes an 1nb1al decrease up to about 0. 6 mM PPL

o before becom1ng-approx1mately constant 1n llposomes. Similar ‘ vﬂ

behav1or has been reported by others for membrane/buffer
'Qpartltlon coeff1c1ents of alcohols (163) and phenols (164)

- The log K in erythrocytes and ghosts is greater than that

1n neutral llposomes similar to the observed uptake but

lower values of log K in erythrocytes compared to ghosts e

were obtalned because of the greater membrane dry wexght of O

a

:the former,\llkely due to protelnsﬂand other moleculesuwhrch:
are normally part of the: erythrocyte membrane.

The-temperature dependency of log K- in ghosts and
\s

llposomes is dep1cted in F1gure 14. The dramatlc change in
the log K’ as the temperature is increased thrdfgh the Tc of
DMPC (23° C) is’ clearly ev1dent (59), whereas the - change is

barely d1scern1ble in the ghogt..membranes. This is
0

understandable on the bas1s‘of earlier arguments w1th
respect to'the“hptake'results and" also with the knowledge

that the Tc of 1nd1v1dual phosphollp1ds in mxxed membranes

S

‘is often obscured or e11m1nated (170). The 1nd1cat10n that a.

" ‘break occurs in the slope of the curve 15 not meant to

)

’suggest that there is necessarlly a change in the flu1d1ty
of the membrane but 1t 1mp11es only that in thls

1

LS.
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temperature reglon a new organlzat1onal phenomenon beg1ns to

take place 1n the ghasb*membrane.-Although 1ts effect 1s

-falmost negl1glble at the temperature seen at the break it=

becomes 1ncrea51ngly important in a roughly exponent1al

manner w1th decrea51ng temperature (170) p
E5Y

‘_ The energetlcs of the part1t10n1ng of PPL under these_

coﬁﬁltlons, expressed as the free energy.AAG°

Wl ’ enthalpy_

AHW L and entropy-o,.sw L determlned at 37° C: u51ng

standard equat1ons (31) are g1ven in Table 12, It is

AN

.apparent ‘that although the partltlonlng is spontaneous in

o

each membtane system, i.e. AGw ~L is negatlve, the
4 «

energetlcs of 1nd1v1dual processes differ. The transfer of

PPL molecules to erythrocyte ghosts from the’ aqueous phase

“is accompan1ed by a net exchange of heat energy (AH° )

@/ _’L
der1ved from the breaking of electrostatlc and hydrogenf

‘_bonds with water and the reformatlon of attractlve bonds

-

with the. phosphollplds in the. erythocyte ghost membranes.

The overall negative AH° 1nd1cates that the 1nteract1ons

W—L
~involving PPL is stronger in the membranes than in the

aqueous phase result1ng 1n a net loss of - heat in the

) exchange. Furthegkore, the transfer of PPL from the aqueous

—

phase to the membrane results in a net p051t1ve ASw ~L

although PPL molecules would have transferred 1nto a more

restr1cted envxronment. Hence, th1s leads to the conc1u51on

| that the ghost membrane molecules have undergone

E1N

con51derable d1srupt1on in their ordered states as a result*‘-

of accommodatlng PPL molecules.‘In comparzson, part1t1on1ng

~'h
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o Table 12

-
S

Thermodynmlc-Parametets for the Part1t10n1ng of- Propranolol
_in*Erythrocyte Ghosts and L1posome Membrane System at 37°.C

“and pH 7. 4a
BG® ol B
- (KJmo1~%) S(KImo1™h) L (Um0l iKY

&

_Erythrocyte -17.72 o -2.66 48.56 N
- ghosts

Liposomes -15.53 . -6.66. . 28.61

~ ®The maximum R. S. D. was #3.2%. . ‘ .

L3
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:of PPL in DMPC llposomes is drlven by a lower positive . -

0
\

-

vASS I: but Whlch is SUfflClent to overcome a greater net

negatlve AH°__L 1nchat1ng that the accommodatlon of PPL

,molecules in the DMPC bllayers causes some d1sruptlon of the

ordered state of the phosphol1p1d b1layer but not

r -
accompanled by any . strong polar group interaction between
phosphollpld and drug molecules, in contrast LO that

obsepved for ac1d1c phospholzp1d l1posomes (167 171) .

&

§y ~

‘fProtec%ion Againat OsmotiC’Hemolysis

One of ‘the actlons of PPL that is clalmed to be related
to 1ts membrane stab1l121ng propertles is protect1on of

erythrocytes aga1nst hypotonlc hemolys1s (172) F1gure 15

'shows the zelatlve hemoly51s of erythrocytes over a falrly

dtert butyIphenol (164)

wide range of PPL concentratlon. Lt is apparent that there

is gradual reﬁuctlon of the percent relat;ve hemoly51s over

two orders of magn1tude of PPL concentratlon urtil about 1

mM, 1t remalns/unchanged from 1 mM to about 2.4 mM, then the
percent relatrve hemolyszs 1ncreases rapxdly as
concentrat1ons approach 10 mM. ‘The maxlmum amount of
protect1on obta1ned ‘was approxlmately 54% Th1s compares

with 37 6% found for steroids (173) and about 80% found for 3
[ 4

PR A . . oo : : R
o . - ' .
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'G; INTERACTIONS OF BETA BLOC‘FRS WITH SONICATED DMPC

LIPOSOMES

Unllamellar llposomes prepared by sonlcatlon glve rise

'to hlgh resolutlon proton NMR spectra. The add1tlon of

lanthanxde ion 1ncreases the chemlcal sh1ft ma1nly~of the o~

external tr1methylammon1um group. The add1t1on of Euy’*

causes an upfleld sh1ft whereas Pre*. causes a downf1eld'

shift, Flgure 16 1s a. proton NMR spectrum of DMPC. F1gure 17
'shows the spectra of a)DMp PPL c)DMPC + PPL d)DMPC'+ Pt’*;-
e ) DMPC + PPL + Pr*. These s ctra were plottedrfrom 0 4 ppm..

_because thlS range 1ncludes the pgak of 1nterest

-~ - . A

oJ
v (tr;methylammonlum) Deta11ed spectra have;been'lncluded.in‘

the appendrx.

: Increa51ng\the concentratlon of Pr)' 1ncreased the

»downfleld Shlft of the external peak The . dlfference 1n'

=

chemlcal sh1ft (AHz) of the- external tr1methy1ammon1um group

w'

\.\
Jand 1nternal peaks (Aext A1nt) correlated w1th the Pr‘*:

N -~ -

concentratlon (r=.99) as shown in Fzgure 18. Also broadenxng

3‘_ of the l1ne w1dth of the external_peak occurred as. the

F1gures 19 and 1n append1f As seen in F1gure 19, PPL

-

concentratlon of Pr”was 1ncreased f Lo : ‘~

EY " -
. . iy

Eifect of Beta Blockers ‘ -‘:,_ ' v: o f' .o

5

Addition of the beta b?ockers PPL, APL, TPL, OPL MPL_ o

. and. ATL to DMPC (14.4: mM) + Pr’*(z 5 mM) are shown in

~

-
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Figure .17, 'H- NMR spectra of 11posomes of a)DMPC(14 4 mM)
| b)ppL(s mM) ; c) DMPC(M 4 mM) + PPL(S mM); a) DMPC(14 " mM); S
+ Pr”_‘ (2 mM) and ) DMP@’(M 4 mM) o+, PPL(S mM) + Pr“’(ZmM)"

"'""from 0-4 ppm chem1cal shzft "', ,
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© Figure ' 18. Correlation of , difference in internal ~ and

external peak of choline (A) and PrCl, concentration. &
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reversed the effect of Pr" completely at 5 mM. W1th other
-beta blockers hlgher concentratlons were requ1red to
,d1splace Pr3* from the membrane surfaces. In the case of ‘opL *
or TPL- 1t ‘was ot able to completely reverse the. effect of
PrJ+ even at’ éoncentratlons as high as 20 mM. Figure 20 is a
comp051te of thefdkta from Flgure 19 and figures from

uappendlx w1th respect to the d1sp1acement of Pr’* from the

membrane surfaces as-a functlon of- beta blocker

- e

- concentrat1on Each of the beta blockers used in thls study ‘

» y1elded, a 11near relat10nsh1p but hav1ng a d1fferent slope.
- The greater the slope, the better was the eff1c1ency of the
| beta blocker to dlsplace Pr’*; A plot of the dlsplacement
constant (P) obtained from the slopes of F1gure 20 versus
'log K of beta blockers is 1llustrated in Flgure 21. Four of
:the beta blockers nemely PPL, APL TPL and OPL obeyed a f
'11near relatlonshlp (r 0. 99 p<0 01) whereas MPL and ATL d1d

not Th1s is. part1cular S1gn1f1cant since beta blockers

wh1ch conform to thls 11near relatlonshlp are nonselect1ve

'whereas MPL and ATL are regarded as be1ng card1oselect1ve. .

-~

" H. QSAR OF BETA BLOCKERS -

.r .
-

Correlatxons of Partxt;onxng Between the n-Octanol Buffer

- —_— © e »

' System and L1posomes o _ o o
Correlatlons of log K' or log K of 9 beta blockers in
.‘the n- octanol buffer and log K or log K in DMPCu'DPPC
.'-DMPC +CHOL, DMPC:DCP and DMPC CHOL : DCP- l1posomes yielded

N ! : . . _;) 3" B S r.
: . N . . ",.v : .

' S s

'Y
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"~ Trimethylammonium signal®

(e)

(4)

3.5 2. 2.5 2. 1.5 1.m S
PPH-

Figure .19. 'H-NMR spectra of liposomes of DMPC (14.4* mM) +
Pri+- (2 mM) as a function of PPL: a)0 mM; b)0.5 mM; c)2 mM;

d)4 mM and e)5 mM.

-
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llnear relatlonshlps. The llnear regress1on parameters -are

given in Table 13, Log K (n- oct%nol) VS log K (l1posomes)

are shown in ﬁsgures 22-26. Correlat1on coeff1c1ents (r) of

.. log K' vs . log . K . ranged from 0. 75 to 0.94 and from 0 83. to

0.94 for plots of log K.and log Knpe Correlat1ons were

'statlstlcally significant elther at p<0.05 or p<0 01, The

(7.2.1 mole ratio) as shown.in Flgure 26 or Table 13

Correlatgtns Between Part1t10n Coeffxcxents in the

3@
.~ humans are llsted in Table 14, Correlatxons bétween K' . ora&

best correlation was found w1th llposomes of DMPC CHOL: DCP '

_:n,

P

—Octanol Buffer System and Pharmacok1net1c Parameters

Pharmacoklnetlc parameters of beta blockers (174).. 1n,,

: J‘kv)‘ s ot

~and pharmacoklnetlc parameters vere calculated and llnear

. regre551on parameters determlned (Table 15) When d

correlatlons were calculated uszng K' 6 out of 7 parameters
were correlated 51gn1£1cantly at p<0 05 However when K
values were used only 1 out of 7 parameters was 51gn1f1cant

at p<0. 05 The ratio of the fraction of drug bound and

- unbound to a,-acid glycoproteln‘g1d not correlate with: log

K' or log K in the n- octanol buffer- system. A 51m11ar'

.

pattern of behavior has prev1ously been reported for betar

‘ blockers ‘in the n- -octanol- buffer system (174)



DMPC:CHOL:DCP(7:2:1)

-

'o ,;: ."_. 10 6
‘Table 13 _ ’ f'*'ft
— v‘Y‘ . L
: ‘.:.'-‘ 2 ¥
Linear Regre551on Parameters Der1ved from Correlations of:*o'
log K' or log K and log Kmor log Kjof 9 Beta §lockers
Log K'
Liposome ] _ ,
Compositionx - .a ‘b r P
b
Logak%
‘DMPC’ 0.99.  0.99 0.85 <0.01
~ DPEC 0.76 0.75 081 <0.01
DMPC:CHOL(1:1) 0.73 0.57 0,75 <0.05
' DMPC:DCP(7:1) 0.85 1.34 0.80 -  <0.01
DMPC:CHOL:DCP(7:2:1) 0.72 1.38 0.94 <0.01
~Log K g
Log Kp
DMPC 0.90  1.25 0.87  <0.01
DPPC 0.71 1.40 0.87 <0.01
“DMPC:CHOL( 1:1). 0.72 1.22 0.83- <0.01
DMPC:DCP(7:1) 0.83 1.71 0.84 <0.01
1.23 0.34 0.94 <0.01

" * mole ratios in brackets

v -



107

\% »

N Wl I

Q ‘.
»' : ) g,‘\ ‘
e ‘
. E‘“ 1

o

o0
. O

. a

Z

.CD 3.5

0
N
?

3_
}
S _ S
2.5 .|‘ 1 — ‘l- 4 .
0 { 2 ' 4

Iog K (n chanol—Bu‘ffer)

.Fxgure 22, Correlat1on of the part1t1on coeffxc1ents of beta
blockers in the n*octanol buffer system and DMPC lxposomes
_at pH74and 37° ¢, (r=0.~87) s

. . I s i
B - N B S b SR .
SRR 1



"1'08

4.5
e : CD
3 S B '
—_—
o
3.5
£
-0
8 - o
H
=
N’
j /.,
o 31
.
C
v 2.5 "
~ R ‘
| - ;
2 9 . '. . T ‘ -
0 N 2 3 4
log K .(n'—chanol—-Buffer) . o

Figure 23. Correlat1on of the partition coefficients of beta

blockers in the n- octanol butfer system and’ DPPC 1rpo§omes-'ﬁ
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Mean Secondar

‘v

5, e

Y- Pharmacokinetic Parameters of

Table - 14

o
>

PR

‘Beta Blockers. Determined in

- Nadolol

_Humanss, L .
Beta "log K :log'E-L log r. log K log Vuss llég-r ~ log'r
Blockers L P A G- gc. . L5 T B o

23 .
"Propranolol . 2,40 S 0.09 . o.34 0.84 ' 3.29 . i.61 1.40
o AlprenSlol” " 178" glig 1 0.08 0.67 - 2.50 0.91 1.82 .. .
‘‘Oxprenolol 2.34 - -0.53 . .41 -0.004 + oo - S I 1)
Acebutolol 0.82° = - - 0.49 . 2,10 0.66  0.16
' ‘Metoprolol .12 -0.81  -1,48 - 0.00 . 2,35 0.88 - 0.75

‘Pindolol .44 7 -0:65 . -p.3s 0.22 '0.00

Atenolol -0.23 - Tt -0ae ©=1.20

-0.50 -

) t»Réf;-)?@\

p
I
rG -

Vuss- Steady state volume of dxstrnbut1on refer

ﬁ. plasma v .

rT ~ Ratio of the fraction of drdg'bound and unbound to tissuye
T, - Ratio of ‘the fraction of drug nonrenally and renally eliminated
) v"&‘. ﬂ‘,‘



Table 15 °
. ‘ S
Linéar'ﬁegreSSionaPafametefsvDerived from Correlations of = .

log K'.or log K and Pharmacokinetic Parameters of Beta -
Blockers. IR IR . o _

-—

Log K'

Pharmacokinetié L o o -
Parameterx coan b r. B o

log Ky S 31 00700 0.76 0 <0.05(ne7)
‘logr, . 0.5  -0.83  0.95  <0.05(n=5)

Rl SR S S 95 so.08t
Togfg. - 0.72. ° -0.69  0.70 - -

log Kge' -~ 0.51" - -0.01 "~ 0.84 <0.05(n=7)
log vuss . 0.58 . 2.08  0.81  <0.05(n=7)
‘log r, . 0.61 " 0.43°-  0.85  <0.05(n=6)

dogir ‘440ﬁ‘”,"f0-297‘,. <0.87 3 <0.05(n=7),f*’

Log K -

Clogr, . 0.35 - -0,39  0.19 _
logry '.   0;41**4{;:fiQé8 _‘-VYOSSZ."-‘- jv¥f
. ldngC ‘ . 00.3'7 —0.69 X 0-72 - . - .
- log Vuss o _ ﬂ0,40Hf‘ ij.36" - 3[0L66:_  -
igg.ff‘4 . 0.48 . Z0.48 0479 s

Cologr o 1ai 242 0,81 o <0.05(ne7)

', % See Table 14 . - N



b Correlatxons Betwee1 Dartxtmn Coe£f1c1ents in DMPC

L v

Correlat1ons Between Part1t1on Coeff1c1ents in the

b Octanol ‘Buffer System and Corneal Penetratlon

The corneal‘penetratlon of beta blockers.(175) in

-”rabbits,is'sonmarized in Table lGQ_Theée_have been

correlated'with log K' or log K of the beta blockers as

Q

given'in Table 2. The l1near regression parameters are. shown‘

ln‘Table.17. However,_the correlations were not

.statiStioally significant (r=0.68) in_ the n-octanol-buffer

1

system,v " o ,é

Correlatlons Between Part1t1on Coe£f1c1ents of Beta Blockers

- in Var1ous prosome Compos1t1ons and Corneal Penetratxon

Correlatlons of the corneal penetratlon of beta

"blockers (175) in rabblts and log K and log K_ in various

llposome compos1t10ns ylelded the l1near regre551on

parameters presented. in Table 17. Except for DMPC the other
l1posome comp651t10ns produced statlstlcally 51gn1f1cant

correlatlons u51ng elther log K or log Ko However, a

51gn1f1cant correlatlon Mlth DMPC llposomes was found Uang

log K and the best correlat1on was found when DMPC CHOL

- llgpsomes were e»ployed

a_'

L1posomes and Pharmacokxnet1c Parameters
Correlat1ons between log K or log K 1n DMPC llposomes-
<Tc (10° c) and >Tc (37° C) and pharmacoklnetlc pJ@ameters

of beta blockers (Table 14) are summar1zed in Table 18

&

1\b.

. . ~ . .
. R . . - . = . - ) .
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' Table-16 -, %

. Tewory e . ) ) . . 2T A
Permeability L@efficients Across the Intact Excised Rabbit,
Cornea of Beta’Blockerss., - o » e ~ <

$

1

éeta'BldQKer . TF - ‘ ‘llogﬁPT(cm/seé)

» : o E

v

Propranolol |~ - | a o - -é;{24 |
Oxprenolol ¥    - “ ' ' : ";4356f f'“
- Metopfolol' "l‘f . | o | f4;éé' |
. Ace$utolo1_ .  ; - . , .”', |  %§;6}5"'“
Aéeholol -.:%ggﬁji_‘

— - ¢

*Ref. 1757 o
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. Table 17 -

Linear Regression Parameters Derived from Correlations of
log K' or log K and of logMK%fand log K - in Liposomes of"

”

i

‘Various'compositions'andﬁthe;COrneal Pelletration of Beta
- Blockers (n=9). - ‘ ’

¢

" Log P : ﬁ

Partitioning . ";w$é§:
system* . a- b :! ‘ .r/ p ,?‘:, R |

— : — - ——
- Log K' or Logbxh‘ , ‘
n-Octonol- buffer 1:02  -5.70 0.68 - |
DMPC 1.01  -6.62 0.81 RER A
DPPC 1.37  -6.68° 0.94 <0.01(n=6)

" DMPC:CHOL(1:1) =~ 1.97  =7.33 0.99 -  <0.01(n=5)
DMPC:DCP(7:1) . 1.08 -6.98 0.88 <0.05(n=6)
DMPC: CHOL :DCP(7:2: 1), 0.80 -6.35  0.82 <0.05(n=6)

Log P
Log K or Log-Km
n-Ocpanol-buffef 1.13 -8.21 9.68  .-

- DMPC | .17 -9.37 °0.83 '<0.05(n=6)

DPPC ’ .46 -9.97° 0.92.  <0.01(n=6)
DMPCICHOL(1:1) 1.94  -11.50 0.93  '<0.05(n=5)
- DMPC:DCP(7:1)  ° '~ - 1.24  -9.93 0.90. <0.05(n=6)
. DMPC:CHOL:DCP(7:2:1) 0.85 -8.27  0.81. - <0.05(n=6) (
— T - )V/
L ﬁlmblé“rétios in braCkets” “
P,‘_ “ . . :;5'
o ¥ .
. ' . .8, .
S5
, - L
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and 19. The results show'that at '106 C, ii ranged from | _
h 0.60?0.98uusing log K values but r,lr= 0 98, p<0 01) and

V9§5[ﬁ‘?6;83 p<0 05) were 51gn1f1cant1y correlated.quwever
-dsing log R r ranged from 0. 46~ Q 87 and none of the .~
‘parameters was S1gn1f1cant1y correlated On Qhe other hand
‘at 37°C 5 out of 7 parametéf; were 51gn1f1cantly correlated

u51ng log K rG ‘and KBC be1ng the exceptlons. However, when'l

%

Km was used only 4 out of. 7 parameters were s1gn1f1cant1y

correlated the exceptlons in th1s case belng K WG and «ws' )

p’
Kge- The correlatlon coeff1c1ents were h1gher us1ng log K o
compared to us1ng log K The correlatlons were markedlx

1mproved when the 11posomes ‘were at 37°'C and 1n ‘the li';

_ crystall1ne phase. (Tc of DMPC 23° c). : . #w
| N P
Effectfof‘Lipdsome’Composition,on:cqrrelation of log Knand
log K, ofiBetaIBlockers with PharmaCokinetic'Parameters
Correlatlons determ1ned between log K and log K
DPPC DMPC: CHOL {1:1 mole ratio) DMPC DCp (7 1 mole . rat1o)
-and DMPC CHOL:DCP (7:2: 1 mole rat1o) 11posomes and |
pharmacoklnetlc parameters y1elded the correspondlng 11near
regress1on ‘parameters presented in Tables 20 23, In" all
1nstances the correlat1ons vere better us1ng log K . Thus“
the number of pharmacok1net1c parameters wh1ch ylelded a_ﬂff :
S1gn1f1cant correlatlon of 1og K w1th the var1ous l1posome

' compositions was as follows~ .DMPC- 5/7 DPPC-5/7 3 DMPC~CHOL :
(1-1 mole ratio)- 2/7 DMPC CHOL DCP (7:2 1 mole ratlo) 6/7
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Table 18 "~

A\

‘118

Linear Regression Parameters Derived from Correlations of

log K/ (DMPC Liposomes) and Pharmacokineti
Beta Blockers <Tc (10° .C) and >Tc (37° c).

c Parameters of

g

Pharmacokinetic

°Log_K; (10° C)

A

.20

Parametqrf b D
- Tog K, 0.93 0.31 0.66 ¢ -
log ¢, 0.65.  -1.34 0.98 <0.01(n=5)
log rg 0.71 -1.14 0.60 -
log KBC - 0.34 -0.10 0.§0 T
log Vuss 0.56 1.76 0.83 <0.05(n=6)
log ry ©0.48 0.22 0.71 e
log r 1.04 -0.65 0,68 -
. ’ ) o - ‘
: log:Km (37.,C)
log K, 0.93  -0.03 -  0.72 - <0.05(n=8)
log r, 0.56 -1.45 0.99 <0.01(n=5)
log rc- 0.73 .—1;46“- 0.66 o=
log Ky 0.35  -0.25 0.64 - -
log Vuss 0.51 1.66. 0.84  <0.05(n=7) "
log 0.47  -0.08  0.76  <0.05(n=7)
log r 1.12 -1 0.76 - <0.05(n=8)

&

* See Table 14
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" Table 19

. ‘Linear Regression Parameters Derivediffbm Corfélations of
log K (DMPC Liposomes) and. Pharmacokinetic Parameters of

Beta Blockers <Tc (10° C) and >Tc (37° C). = . o

. - | O Log k' (10° )

Pharmacokinetic o ~ : o ‘
. Parameterx - a : b _ r » p

log K, . 0.78 “1.15 . 0.57 R
log, rA.‘ S 0.47.  -2.04 0.87 N
log r 0.44  -1.66 - 0.46 S
4log KBC , 0.33 : --0:77 0.59. | -

log Vuss® ©0.51 0.76 0.78 . -
log r,, o 0.50 ~ -0.85  0.77 -

log | 1,10 -3,02. 0.74 -

. ° , ) ’
log Ko (37 ;) )

log K 0.83  =1.63  0.65 SRS

logr, , 0.45 - -2.15 0.89 « <0.05(n=5)

log rg . -0.47.  -1.93 0.2 e

- log Kpe ~0.3¢  -0.92 0.63 .- . -

log Vuss®> 0.48 - 0.67 0.81  <0.05(n=7).-.
. 0.50  -1.02°  0.82 - <0.05(n=5)

‘log r

Clegr ot -3.150 o;so‘~.’.&p.05(n-e)'”

-

%

*:See.Table%J4

RS

-



»(" . .

.

Table €0

120

'Lihear,RegreSSion,Parameters Derived from Correlations.of

log K’ and log K_ (DPPC Liposomes) a

Param@ters of Befa Blockers.

nd Pharmacokinetic

- ~Log Kp
Pharmacokinetic
Parameter=x - .7 a r p
log K, - 1.38  -0.2¢  0.88  <0.01(n=8)

] Lo . : .
log r, . , - 1.07 -2.01 y 07%94 © <0.05(n=5)
log rg 0.96 . -1.57 0.47 -
log Rpl ~0.24 -0.05 0 o0.48 ;, -

' log viss. 0.66 1.66 " 0.89 7 <0.01(n=7)
log fo 0.64 0.0 .~ 0.85  <0.05(n=7)
- y L ] S e
16g r 1,60 =1.38 4} 0§88 '  <0.01(n=8)

| sy e = =8
= ng Km. ) >
log K - o 1.23 -2.66 , 0.80  <0.05(n=8)
log.r, 0.55 -2.36 . 0.73 -
| | . . -' B Fan
log r, =~ 0.37 -1.43 . 4£0.27, -

log Rge :0.42  -1.06 ) 0.66 -
log Vuss  0.62 0.40 " 0.86  <0.05(n=7)
logrgy 0.68  -1.15 0.93 <0.01(n=7)
logr 166 -4.96 . 0.94  <0.01(n=8) -
* See Table 14 PEEEELE o



Linear Regression Parameters

log K'-"and log K

-'Pharmgcokinetic_pa

‘Table 21

121.

MDeriQed-from Correlations of
(DMPC:CHOL" 1:1 mole ratio Li

posomes) arnd
rameters of ‘Beta Blockers. .

|  Log K~

Pharmacokinetic

Parameter* a b .r p

1og*xp' 1.33 -0.04 0.67 -

log r, 0.34 -0.84 0.40 -

log rg 0.16 - -0.32 0.11 . -
.log.KBC' A 0.28 - j0,00B '\0.35 -~

log Vuss 0.70 -1.70 0.72 L.

log ry, 0.80 -0.04 0.82 <0,05(n=6)
Clogr 1.80 -1.38 . 0.84 ' <0.05(n=7)

' ~ Log Km

“log K - 0.59 ' -0.49 0.41 -

log r, 0.15 -0.92 0.31 -

Jdog rg- 0.03 “0.25  0.04 -

log Kye 0.16 -0.20 0.27 -

" log Vuss 0.36 1,34 0,50 -
. log rn. - 0.47  -0.68 . 0.68 -
logr, 1.08 "% -2.88 0.70 -

‘%:See Table 14
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"Table 22

Linear Regression Parameters Derived from Correlations of
log K and log K_ (DMPC:DCP 7:1 mole ratio) Liposomes and
Pha:mgcokinetic 9arameters of Beta Blockers.. B

o .. X -

. Log Km

o

Pharmacokinetic ™=

Parameter# a b o r o p -

log K, 0.89  -0.18  0.69. . _

logr, . ©0.73° -1.94 - 0.96 <0.01(n=5)

log rg ’ 0.79  -1.78 0.58 -

log Kge . 0.28 0.2z .0.48 -

log Vuss o 0.48 1,60 0-.78 <0.05(h=7)

log ry 0.45 0.01 073 -
logr 1,13 -1.48  ° 0.76  <0.05(n=8)

e
“ | " Log. K‘m .

log Ry 0.75- :1s2 T %le0 - -

log r, ~ 0.40 . -2.08 0,75 - - _

log rg . 0.36 -1.61 0.370

log Kp. - 0.25  -0.68 0.46 -

log Vvuss - ' 0.43 - 0.77 .  0.73
logrg o 0.46  $-0.98  0.76 ©  <0.05(n=7)
log r - 1137 -3.87*7 0.79  <0.05(n=8)

g o s : A ;

* See Table'ﬁ4



Y

T Tablé 23 ¢

LineaFvRégtessidn Paramétéfs Derived from}Correlatiéns of
. -log K_ and log K _(DMPC:CHOL:DCP 7:2:1 mole ratio) Liposomes
~and PRarmacokinefic Parameters of- Beta Blockers. - .

' Log Km o

Pharmacokinetic -'-"'. N — SR
Functions - a b e - b

log K 0,86 0.07. . 0.84  <0.07(n=8)}

log r, - . 0.45  -1.26 0.98  <0.01(n=5}
log re 0.51 - -1.09 - 0.62" . s - Foe

lééyKBC SR 0.33 -0.20 - ,d.79’ﬁ{;}éq,o§(g§7)
: ‘ ‘ E AT ‘ 'J/‘-*)‘,‘;": I

log Vuss = . o 0.45-_ t.as oo 0'94, [ <0.01@p=?)

ldg/rT o :0;45 T 9.1 o 0;92  -<0,01?n=7)

L logr - 1,02 -1.07 0.88  ,<0.01(n=8)

- log K_ - © 70073 h-1430 0.75 go;OS(n-EL,' ;
g 0038 -1174 0.88  <0.05(n=5)

| o;géiiﬁ‘jij;ég 0.50 e

036 40173 ",- Q;vs' j_'ko.65($-7)‘ o
e 16:46 :f°fo.965 _ 7‘d;éé ':'<o;61(n-75 -
i 0443 0178 1. 0,92 0.01(n=7) =
'h{;f-g?iﬁﬁgév‘ ?5-3ibs-f: 0.87 <0.01(ng8)

K .
3

3

{#;Sée:Table>14,}bg;W?.'fhj'e,I S

4

 42:3'3&



‘I.'ANALYSES OF NITROIMIDAZOLES

shown in Tab

Lo 124

The correspond1ng results u51ng log K, DMPC 4/7 ; DPPC—4/7;

DMPC:CHOL- 0/7; DMPC:DCP-2/7 and DMPC: CHOL DCP-6/7. Among
all the llposome comp051tlons, DMPC :CHOL DCP (7 2:1) y1elded'f

the best correlations (Table 23). o f' -

A o o o 4

5 : .
The wavelengths of ma§%mum absorbance Amax, of

' n1tr01m1dazole 1n sal1ne solutlon were scanned in a Beckman :

spectrophotometer in the uv reglon (200-360 nm) to obtaln'

Amax. The1r chemlcal structures and molecular welghts are

“'. L1near cal1brat1on curves wh1ch obeyed»\i

concentrat;on range of 4 4~ 72 0 mcg/mlj._'

were obta1ned'for the n1tr01m1dazoles as” shown in Flgures'
27- 29 Regre551on analy51s of the experlmental pOIDtS
,ylelded slopes ranglng from Q,018 ‘to 0. 042 1ntercepts from

"-0 030 to 0 017 and correlatlon coeff1c1ents, r, from 0. 999.

to 000 o

dJ. PARTITIDNING OF NfTROIMIDAZOLES - LT

N1tr01m1dazolgs are polar and hlghly water soluble

L l.‘.

compounds. Consequently low partltlon coefflcxents wetre

obtalned in the n- octanol sal1ne system. Log K and log K

_values in the n-octanol- sallne system and lxposomes of

varlous compos1t10ns, respect1vely are prov1de€ 1n Table 25

'for the n1tr01m1dazoles. Nltr01m1dazoles are un10n1zed at

neutral pH therefore part1tlon coeff1c1ents measured;weref

AN
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. N . . “1 .
Q ‘ Table 24 \
y N . Chemical St;ucturgs,_'o}f Nitroimidazoles.
Nitr_cimida'zole Structure ' Mol.wt.
| ‘,/ v
. \ L
LS,
\ . R ‘ ‘ i .
R0-07-0741 R=CH; CHOHCH, F 189
RC-07-2044 i CH,CHOHCH ;OCH, CF, 269
SR-2508 > - CH, CONHCH:; cu,cﬁ - . 214
“SR-2555 CHzCON(CH CHzOH){.~ 258
Misonidazole . CHzCHOHCHzOCH; 201
Desmethyl " CH cuoacn,dﬁu 187 4.<> ‘
' mi.soni'dazo.‘le T -
Azomycin riboside 245 )
- Azomycin: “H- 113 S
' I.odoazomyci"ﬁ' - ‘ A 1 359 A
SRR o - iy
riboside w . A
. S . = HO OH *
L] t _.‘A : _



2

Absorbance
n

?
s
/

© O sR=2555 e
O Ro-07-2044" -
" @ I-Azomyclnriboside

I~

0 AUEG AT TR T =1 T 1

L _
0. j0 20 “730 0 40° S0 .60 70 80
: - Concentration (mcg/ml)

. Figure 27. Beers. plot - of SR-2555, RO-07-2044 and
‘saline solution. T o

~ I-Azomycinriboside }‘"

Y " -
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<.

' 'Ab'éiﬁbane ,'  _< ‘,
n

Closd oy S |
'q“o SR-2508'

_ :'_:.'iC] M&somdazole B

@ Ro-07-0741 |

T A B
o . 10 ‘20 30 40 S0 o
| Concentrahon (mcg/ml) R

SR L e
- - A '

"'_"Flgure 28}.;.', Beers plot "_6'f ‘*SR—_,ZSOB';‘.}_,Misl.on-id,a‘?di'?”.ahd R

:-3v-_:Ro 07 0741 in salme solut1on. Tt



" L5*

| Ab$~o'r:b_qn'c_'§‘-_" . -
A

)

O °"“‘"h1|MIlOn|daxolo R 8
D Aumyclnrﬂulldo o L

0 10 20 23070 40 . so
| Concenfrahon (mcg /ml)

| [t’:f el
PR . . . 5 ¢ :”ial .
Fxgure ?9.1 Beers plot of Desmethylmxson1dazole, Azomjgfn

&5p051de and Azomyc;n 1n saline solutlon\-' L,




@’

true (K or K ) values. It can be,seen thatfxn lxposomes of

,%;\ all compos1tlons K ‘was hlgher»than in: the n- octanol sal1ne

\system. Jn llposomes of DPPC whlch have longer acyl cha1ns :
’than DMPC Ko ‘values’ were decreased At 30° < DPPC balayers ¥

]gj”h eXISt in he gel- state and’ may m-se an add1t1onal structural

barr1er to artltlonlng. Rey in K was also’the result Ld
v‘OfJCHOL,OBID bbadditiqn to DMY posémes; di';dV § '.;:;;-A :

' ° ‘ S Ras Lo B A

K. QSAR OF NITROIMIDAZOLES -~~~ = =~ = " = - § RS A

. : . . . . . . ] . ! . ‘ll,v' (“ o R

: _Correlatxon of Part1txon1ng 1n thé n-Octanol Sallne System ;'
"“and prosomes ‘ ' ER S '

v o B
?. o e

Correlatlons of partltlon coeff1c1ents of - 9 fa': %;_‘
/"‘-'—\ B P 3

n1tro1m1dazoles 1n the n octanol sallne and 11posomes of '
&

e

d';varlous compo'xtlons are dep1cted in Flgures 30 33 and thexr f
i_assoc1ated llnear regress1on parameters are glven in Table |
*f26 The correlatlon coeff1c1ents, r, ranged from 0 78 to.fh

'0 92 Llposomes of DMPC CHOL DCP gave 51gn1£1cant\

'correlatlon at p<0 05 wh1le other 11posome compos1t10ns gave —

. /

o s1gn1f1cant correlatlons at p<0 01 The best correlatlon was

v:found w1th DMPC«l1posomes (r=0 92) (F1gure 30 and Table 26)

‘¢Correlatxon Between the n-Octanol Salzne Partztxon
| Coeffxcents and Pharmacokxnet1c Parameters‘ ;v,hy'ﬁlw;" :_;';
Pharmacok1net1c parameters of n1tro1m1d£zoles (176

177) are 11sted 1n Table 27 The 11near regressxon

. . . . . o 4
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AR . - ., Table 25 . S
. Al . B < - ‘. ° , e . i . . .
g ) S : - e % : o
’ -\4 . . ;o T

'._‘Log K and log K, oE.Nitroimidazolesffn_Vérious Liposome Compositions at
30 Ca~ - - v‘_"' . ".,.V'-%' L o

.

B B ‘ ] P i i‘ . ] .
Log K e j; , Log Km )

REE ,n-@c;anbl=c : -'iﬂ~_~ Liposo@éﬂCdmpositidnsy

, Nitrogpidazole [ saline o
L 7 system . o B L

B A Yoo IR 4 & v

1

Ly . >
R

- sr-2555 164 a ose 0.08 -~ -0.32 -0.23
Azopycin’ S1ae 7 ole v 0.65 . o.29 0.25
riboéide ‘ : v e ' . v . .
"Vsn-gqod " 1.6 <66 . 0.37 . 0.16 . 0.14
'DeSmethyI .;; ‘-0.%5 . %.0.69 . 0.49 o 0,170 0.21
misonidazole ' . v . o

CRO-070741 7 . ous2 ., glg0 0.60, . 0.62 . 0.10°

Misonidazole - - -0.37 = - 0,92 0.1 ez 0.
,']Azomycxn_ "2 .  'Q;lg m“': ':I,Ié - » 0.83 - 0.5% .0;40 
’wjxodoazomyc;n G I T RN 0.92 0.4¢'  0.34
r;bo;;de,’ '_, . B o 4 T . | .
RO-07-2044 © ffolo%_'j_ e s 0.6 050

' ‘The maxlmum R S D. vas :102. In most cases. the R. S D vas < 24.4%.

"
ot *

w1 - Dupc o o _ . o
Y12 pepc . : ‘ :
CIIr - "~ DMPC: CHOL( )= 1. mole ratio)
I 4 "2 DMPC CHQL: DCP(? 2:1 mole ratxo)

o



e

'Comp051t1on*

. DMPC CHOL(1-1) o '_o 29

vV_DMPC CHOL DCP(7 2 1) 0.21

"+ mole ratios in brackets

'fTable 26 

ERRE LI

L1near Regre551on Parameters Der1ved from Cq;rq‘ﬁtlons of

Comp051t10ns.

~log K and log Km of . Nltr01m1dazoles 1n L1p0503§s‘of Varrous -3

-

199"3m;,_-;,:§91

=

Liposome - .- = a

" 3
R .

ec o

DPPC "fl S 0-351,’

1u1g

0.44
0.33

0.84

0. 92
'o 90
.0.80

0.78

'<0.01

"<0.01 

1 <0.01

‘ <Q;Q5 .'..

Rﬁ‘». "

!?: e

[N

&

I"

N
B P



T4|<$_g_v.iv_\<;r,(Lipbs_-bh18s) |

o
i
—l

1 ) . I

a2   —-|5 o o5 0 os ;-
- E logK(n-chanol—Sallne) e

Figuré"BO. Correlat1on .of L§h¢. partxtxon coefficiéntdef _

nxtroxmldazoles in {the- n- octanol sa11ne system apd' DMPC

 11posomes‘a; 30° C,‘Yréo.92).

-



LS — —— - — — — o

i

“_‘lcv)g _K“(Liposbmeé)

. O
o
L]

-5 -1 ~05 .0 0.5
-k g K (n Octanol—Sallne)

. Figure 31, Correlfﬁ{bb;~ £<rthe part1txon coe£f1c1ents  6£ =
4v"hitfdim§dazolésffi;' the n- octanol salxne ‘system and DPPC

“liposomes At.30§"Cé (r-O 90)
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\54;[1;Vif.: - T34 ;

0.5

log K,;(ﬁl__i;.josomes)i‘

e —
e I S N
o logK (n— Octonol—Sallne) SR

'Figu:e 327 Cortelatlon _of. thé part1t1on coéffitiénfs.of
r . = .
. nitréimidazoléb"'in - the .~ "n- octanol salxne __system_ and

DMPC CHOL(I-I mole ratlo) lxposomes at 30° C,»(rEOFBO).' i  L
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.

“4"?igufe
bﬁnztro1m1dazoles
| 'YDMPC CHQL DCP(? 2-1
(e=0. .78).

L35 o

- T

0.5

<

~ f-Iog'_ K:fkiposomes)

’ .

2
Cd
%

i

R

- - .[‘ y .. >[ T
B B B —0 5 0

| 05
log K (n—chonoI—Salune) S

Correlatlon

33, 'dfz the

Avih; f;h¢ . system and

-

n- ottgnol salxne
: 3

: . ‘»
ratxo)

! lxposomes

, mole . atd 30’ C,

N

part1t10n coef£1c1ents of



. parambters der1ved from pharmacoklnetlc parameters are_'
. i

7

presented in Table 28, Tﬁ%ee pharmacok1net1c parameters of sf;
‘f”correlated 51gn1f1cant1y Ylth log K. The best correlatlon
:was-found@u51ng peak plasma concentratlons of the"> |
n1tr01m1dazoles (r -0. 99) whereas correlatlons obtalnedowlth
amount of unchanged drug in ur1ne and % oral bloavallablllty
(r=-0 93 and 0. 68 respectlvely) were determlned to be not.
:;statlstlcally s1gn1f1cant |
Correlatxon Between~Part1t10n Cof£1c1ents in. Llposomes of
1Varxous Composxt1ons and ?hexrlpharmacokanet1c Parameters
Partztloﬁ?coeff1c1ents of n1tr01m1dazoles in 11posomes
‘Qhof DMPC DPPC DMPC CHOL or DMPC CHOL DCP were corroiated
WIth pharmacoklnet1c parameters in the dog (Table 27) and
“the derlved 11near regre551on parameters are llsted in v
Tables 29-32, Llposomes of DMPC CHOL and DMPC ‘CHOL:DCP dld
not yield 51gn1f1cant correlatlons with any pharmacok1net1c.a
'parameters._The r\rhnr i pharmacok1net1c parameters that
'gavp SlgnlfICPat correlat1ons with 11posomes were as‘
follows. DMQk - '3/5 (r=-0 96 to - 00) and DPPC —'2/5
(r=-0.97 @nd =1.00). Oral bloavazlablllty dig- not yield . - .
'51gnlf1cant correlatlon w1th elther n- ocbanol sallne or‘ |

/
. lzposomes of any comp051t10n.
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Pharmacoklnetacﬂpata

T

Nitroimidazole

@eters of N1tr01m1dazoles*

137

. Pharmacokinetic Parameter *

7 per

0B’

.. ALD

SR 2555

‘sR,25Q8

S *Désmefhy1~

misonidazole

“Misonidazole -

©0.64 .

1 0.26

0.21°

0.19 .

0,09‘

100

I
88.8

86"

19
G

: 921}?:

345
. e -
18.2

. 8.5

*’Ref.'176,_177,‘

o | g,
PP —'Peak plasma concentratlon ( #mole/ml)

_ PCR'- Plasma clearance rate (l1ter/kg ke
27}jgﬁﬁ01—vUnchanged drug in urlne (%)

* OB :%5Ora1 Bloava1}ab111ty (%)
" ALD - Acute LDso;§mmole/kg)

-

L
L

2=

/

.'\..‘

kS qg,‘
: .
.
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- Linear Regression Parameters Derived from Corfelétibns”of'*gf:}

e

Table 28

N

——

138 .

log K'and Pharmacokinetic Parameters of Nitroimidazoles =/

‘(.n'_—'4v)'_.v

Loé K-

Pharmacokinetic’ a

" Parametersx

ep -1.13

PCR 0 -0.12

. =709

o8  40.46

ALD -18.81

©105.98

% See Table' 27

d e
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. Table 29 L R R
PO o .
. M .
:f'LinearvRegres§iqn*Parame;ers‘Dérived from Correlations-of
- log K _(DMPC LipoSomes) and Pharmacokinetic Parameters of"
Nitronidazolgs (n=¢). .~ PR
e S

~ - ’ . H
. . i

Log. K,

- - Bharmacokinetic i R
Parameter* . . a b T

CU4PPL s T 333 368 C-0u91 Tl

~ PCR - Y IS B 0.47 . =1.00 <001

o Cuwpw b"  ;232;68 ' 228.56 - -0.96 .dgo;os,r

R 5_. B . S v . _‘J\ . ‘ ',v:h'w‘,’ . »
cooB T "7 159050 -46.95 0.83 e

"~ ab 76117 63.38 - -0.98  %0.05

. B P - > -

_ #.See Table 27 o R _
] abie " o E

SO

o t.7k



":Pharmachlnetic

Table 30 °.

-};Llnear Regress1on Parameters Derlvea from Correlat1ons of
.+ log K_(DPPC Llposomes) and Pharmacoklnetlc Parameters of
i'Nltronldazo1es (n 4) ' o . o

” 7 Leg R
2 o T

g ?Prl" EEERS o »-2 7:[ 73,2329:5[~'_-O;93' Lo e
CPCR vfa”,._7’ -0.25, - 020 ©-0.97 ' '50.05

Cooupul A o ~138. 54 ‘A' 125 s1ffrt"‘¥0;90 -

'féﬁff“f kf:~;v: '\4{0 B 21.26.::. ; o B SIS

S oAb 33037057 si0g | <0.01

. *.See Table 27 .
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_Table 317

N

jlenear Regre551on Parameters Der1ved from Correlatlons of 7
log K, (DMPC:CHOL 1:1 mole ratio- L1posomes) and b
‘_fPharmacoklnetlc Parameters of N1tr01m1dazoles (n 4)

PN

_Pharmacoklnetlc :
"szarameter* -

féPVEf;& f»f - 'sb  157 j.43f' .°_j+o;59 ‘_,_)_TI
o *f7'7‘-78 4 f7{*fsé.9sﬂ‘;-_ 0.4
8 . . 0.6 sess os

N,

. % See Table 27‘:




Llnear Regr ss
log K (DM % d@ﬁ

?ar eters Der1ved from Correlatlons of
:DCP* 722:1 mole ratio 1posomes) and
Ph;rmacok) 5 1c Parameters of N1tro1m1 les (n=4).

4

.. .Table 32 - .

£

Léngm

.Pharmacoklnerlc
Parameter *

pp
" PCR

UbU

légf . ';7.'ih;f'ﬁf

ALD

1,51

10,20

L7370 .
54,78 "

23.85

-0.65
-0.62

. 0.80
4 -0.80

f0.46‘.“

—_—

% See Table .27 " -

L4
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‘,MQ; f; One of the f1rst and partlcularly 1mportant

hobservat1ons made 1n these studles was the lackfof , ;;:

-hrdependence of log K or: log K on concentrat1ons of PPL MPL 4

Tor TPL 1n elther the n- octanol buffer or l1posome systehqj&
(Flgure 6 and 9) Thls is in contrast to chlorproma21ne

whlch exh1b1ted a marked concentrat1on dependence of the o

n- octanol buffer part1t10n Qpe£LLCLent (118) The latter was.

lvexplalned as p0551bly being. due to transfer of 1on pa1rs-

-~

acrqss the 011 water Interface into the oil: (pH 7.4) or "
'adsorptlon onto l1posome surfaces./Thus,'lt would seem to beh
‘;%-reasonable assumptlon that betaé%}ockers do not exh1b1t
_'elther of these types of behav1or..These data would appear_iu
to valldate Eq 25 to obta1n K from exper1mental K

;f'requ1red 1n calculatlons of the thermodynam1cs of ﬁ

_ part1t1on1ng and funct1onal group contrxbutxons to

> d_fpartltlonlng of the beta blockers. .g- T ' L?~f
A, PARTITIONING OF BETA BLOCKERS IN THE n—OCTANOL-BUFFER AﬂD
£

-4

LIPOSOME SYSTEMS

A
P

| | ‘, p: : : R
“ Molecular”Considerations . @?Jﬂ_;'
¥ s

» .“ The part1t1on1ng of many solutes between an aqueous

phase and an organxc phase has been shown to’ be . ';fﬁ':‘
entropy controlled because of the con51derab1e 1nf1uence

solutes have on the structure of water molecules (20)

However, th1s 1s}not always the case, partlcular;y, when the

143
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&3b£phase w1ll be determ1ned by the algegra1c sum of the net

'ffenthalpy and the net entropy changes in the system and is

‘-the magnltudes of . these~are not aluays equal caus1“

.,of greater magnltude to be dominate 1n dr1v1ng Eg*

‘ o 144:;‘

= 4

- solute molecules, assoc1ate w1th the molecules of the

organlc phase e1ther by formlng new bonds w1th the evolutlon=

.;;of heat or by dlsruptlng ‘highly organ1zed molecular .
,V structures in the organﬁc phase. Usually the one act1ol'

”~-vcauses the other and therefore, the net effect 1s -*

compensatzng e.g. enthalpy entropy compensatlon. However,

S *’n? Wb f
part1t1on1ng For example, lzpoph111c>groups ténd‘to

create p051t1ve changes in phase entrop1es whereas ,

7,hydroph111c or polar groups tend to contrlbute to negat1Ve
o changes in phase entha1p1es wh1ch may somet1mes 1ncrease the”

'*_;phase order or structur1ng Whether a. solute is able to

‘

P spontaneously transfer from an aqueous phase to an organlc;'.

[ 4

-

organ1c phase is 1nd1cated by a negat1ve AG°

’,

i magnxtudes of the AG; values of the beta blockers shown

0 4

- i‘1n Table 9 .are in order of the1r llébph111c1t1es. Pos1t1ve

v K

-AHor 0values 1nd1cate that polaregroup 1nteract10ns between

) “the beta bﬁockers and n*octanol molecules are relatlvely

@
weak and outwelghed by “heat energy requ1red to break bonds

in the aqueous phase. Thus, 351t1ve AHS and AS°' descrlbe

-

a partxtionlng process that 1s dr1ven by entroplc energy.

D |
?he low degree of partltxonxng of some beta blockers/(;.e;

4

e e . . X . . (I




o too lotho detect) 1s 1nd1cat1ve of water water and -

1

‘ water~solhte 1nteract10ns whlch exceed any lrpoph1l1c

, tendenc1es that the solutes may have. Thua, at lower

'QF~ temperatures the part1t?bn1ng of certa1n beta blockerd’gn - :)
| the n- octanol buffer system could not be‘detected (e 9. at e
10°’ PPL, BPL and APL had lower values of K than expected
wh1le K values of ABL MPL and PDL could not be determlned)

*' It is th1s balance in/ hyirop 111c and 11poph111c“

' .1pteract10ns that determxnés the: ‘xtent to wh1ch a solute

- molecule will dlstnabute between the two phases. Thls 1s
fpartlcularly demonstrated by Van t Hofj%%lots in llposome .'_;
systems. The beta blocker partltlonlng can be organxzed 1nto
3 groups- PPL APL, BPL (I),A-OFL TPL MPL (11) ABL‘ ' ATL
PDL (III) where l1poph111c1t1es are ‘in the order I>II>III
| It has been often substant1ated that the accuracy of
:thermodynamlc values derlved from a Van t Hoff plot 1s
3dependent on the prec1s1on of the exper1mental data‘
fFurthermore,:lt has been asserted that thermodynamlc
;quantltles obtalned from ;a study of the
.temperature dependency of solute distrxbution is:

i1nappropr1ate partlcularly when the solvents studled have ;

Tr&hlgh mutual solub111t1es and there ex1sts molecular

structures in the- solvents Whlch are temperature sens1t1ve o

1. <

'[2(198) The ﬂ octanol water system 1s subjectedvto these ;"i,g

’

: p0551ble llm1tatlons because of the relatxxely hxgh
.'solub111ty of water (27 mole%) 1n n- octanol (20). The AH;_J; -
'of propranolol\(T;ble 11) determ1ned by solutxon calor:metayrrt



| ’i]eingshy

(26 00 KJ/mole) was less than that determ1ned from the Van:t“

“Hoff plot (33.2 KJ/mole) by 27, 7% 'I‘hls dlscrepency in An‘; .
v’may be attr1buted to changes in the solvent prOpertles of’

n- octanol buffer as a functlon of temperature. However, théf{f

_dlscrepancy may also be partly due to the fact that the |
:?solutlon calor1metry experlments had - to be'conducted at pH
_ ”p5 0 1nstead of pH- 7 4 It has been determ1ned that lowerlng |
v% ,the pH from 7 4 to 5 0 decreased log K'-by 27 5%, .

W—0

1on1zat10n of propranolol It may be concluded from these

suggest1ng a 90551ble dependency of AH® © .on the extent of'\’Ff

| studles that the- apparent d1screpancy in- values OL\&H; o
u51ng e1ther the Van t Hoff plot or solutlon calorlmetry is
B ’ 4
fxot 51gn1f1cant and that thermodynamlc para s determlned~
3 . .

. u91ng temperature dependent studles are indee valld to

9
Yo
1
{

descrlbe the'part1t10n1ng behav1or in the n= octénol aqueous -
buﬂfer system. ‘ SRR

Soe .

“\'Phe part1t1on1ng of all beta blockers was hlgher in
s . _f O s « v : .
o 11posomes than in the n- octanol buffer systemT>NDL did not’ L

part1t1on 1n dlposgmes <Tc, for the same reasons that 1t dld

3 e

not tr/aner:to n- octanol at low temperatures‘ In thlS case;'f:

the energy requxred to penetrate the phosphollpd bllayers 1ng’
. (
a rlgad ge% State of 11poph111c reglon was not. avallable. s~f

o Negaﬂive values of AGw L for all beta blockers (except,
NDL) <Tc and >Tc of DMPC (Table 15) 1nd1cate the spontanelty_

of ‘their part1t10n1ng 1n 11posomes. The or1gin of thls is ;

found in - the relatlve magnltudes of AHw _y and’ ASw L f?,»ff'
Below the Tcw AH ' and ASw I‘.of beta blockers a/e\
‘z o L . - . . i -‘,.gt _\—-'.
R T \vtgi



&o@*flpi@nt calqulatlohs(118) §'7j"-t? e L
° f_"‘ »m'f‘hf& ratid of AH° 40 in n- octanol buffer andAH L' in___

BN W=
' 11posome of beta blockers was found to be the saq‘ -as’ for

y lv..

[ U
negatlve whereas >Tc they were pos1t1ve. In comparlson,

AHw t and ASw L of phenols were p051t1ve <Tc and negat1ve

>Tc): pOSlthe >Tc and <Tc for phenoth1a21mes (118)

;
.
) 1,.

o

"

>

Bhenols form hydrogen bonds mo;e readlly than beta blockers'
and‘chlorpromaz1ne was found to be suff1c1ently '

R S R ¥
§ur£ac§ act1ve to adsprb at llposome surfaces br1ngxng 1nto

I A
sqpestaoﬁ the phase separat1on method of part1t1on

.";

for beta blockers com?%red to phenoth1a21nes <Tc. The

e

3
blockers thh model n%mbranes than the phenoth1az1nes whzch

have con51derable surface act1v1ty (178 1?9).,In a membrane'w

?

EH ‘
ex1stung in a flu1d s%ate, such .as occurs >Tc of DMPC,

’1nteractlon is malnly by hydrophob1cally controlled . lﬁjiit

part;t10n1ng (1 e. entropy dom§nated) On the otherrhand 1n~r‘

r '-,f"g)b"‘f .
‘a membrane of a more r1g1d structure (<Tc) 1nteraction._f

through polar group assoc1a5t1on on the merane surfaces is

ay

phenoth1az1nes (118) >Tc.,In contrast thts ratxo was hlgher,rhi

:results suggest a dlfﬁerent mechan1sm of xn%eractaon of beta,ﬁ

predomlnant fOr the beta blogkegs (wh1ch have lou surface ;;f;f'

actzvxty) and partdtxon1ng i% enthalpy druvens ;f?ﬂﬁﬁs.”'
R
’ Part1t1on coeff1c1ent values of beta blockers 1n

l1posomes depends on the phosphol1p1d composxt;pn,'When tlff?

acyl chaln length wa5q1ncreased by changlng DMPC to DPPCtthe

"vK‘-values (Table 12) were dECreased When CHOL was

. m

. 1ncorporated 1nto DMPC the K values were decreased compared

—_— " .
! . " o S e
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| 'bllayers and YIQld lower values of the K f?%

-of the acyl chalns that characterlze the llqu1d crystalllne

oL a8

i-to DMPC l1posomes. Increa51ng the acyl cha1n length of a
v'iphosphol1p1d (DPPC) or’ 1ncrea51ng the content of CHOL (Table

6) in DMPC llposomes 1ncrease the degree of;or T 1nrthe-l",

fbeta‘blockers;o

Below the Tc, CHOL hlnders the phosphol1p1d acyl cha1ns 1n

"achlev1ng the qua51 crysta111ne order that characterlzes the

“gel- state and >Tc CHOL 1nterferes w1th the lateral motions

)

'state (180). .QEOL increases the permeab111ty <Tc and
‘decreases it >Tc.jHigh levels.of'Cﬂéi may thus tend'to'put‘

the acyl cha1n reglon of the .membrane 1nto a state that is

"'r‘" - v ) :/ .
1ntermed1ate in somé respects between the gel and ‘y*"

The 1ntroduct10n of a
51tes in the 11posome4 for

liquid- crystalllne states.

negat1vely-chargedvbln;“n

example~DCP 1ncreased the K’ values of beta blockers._Thls

is due to electrostatlc 1nteractlon between cat1on1c beta

blockers and the negatlvely charged llposomes. A 51m11ar

result was obtalned for the local anesthetlc, dlbucalne-

(pos;tlvely charged) with negatlvely charged (PS) llposomeS"
(181). Charge charge 1nteract1ons must therefore play an

1mportant role 1n partltlonlng ‘of ‘beta blockers.

Y ——————— . /7 N . R Y

a
D

gFunctxonal Group'eontrxbutxons T ‘ ‘,r' '{"'

As’ prev1ously stated 'the hydroph111c and llpoghlllc‘.

tendencles of solute molecules is determ1ned by: the nature
. .

4,of the funct1ona1 groups which compr1se a part1cular

V_molecular structure. The behavxor of a group of chemlcal

-~



'by the nature and p051tlo§ of added funct1onal grou_\

,__popular approach at quant1fy1ng the contr1but1on of

v:“’ s ’ !
'xthe hydrophoblc substltuent constant (v ), applxed to the,’

‘solyte trandfer across biological membranes.

/

”serles of, beta blockers examlned 1n thls study (Table 8)

\

enabled an est1mat1on of the d1scr1m1nat1ng ab111ty of the-_
n- octanol -Buffer model part1t10n1ng system and the llposome y
system. Also, the more polar the functlonal group, the
smaller was n ‘in e1ther part1t1on1ng system._It wasv

partlcularly noted that after polar group add1t10n the

’..d1fferences 1n n-.bwere greater 1n 11posomes than in the

n-octanol- buffer system 1nd1cat1ng a greater sens;t;v1ty_and

select1v1ty=of 11posomes_as a-model membrane for evaluabing_

£

r.

" B. m'rERAC'rrfou OF PROPRANOLOL WITH MODEL AND BIOLOGICAL

MEMBRANES :

The 1nteract1on of PPL w1th memBranes or membrane f

'components has prev1ously been reported employ1ng

| ‘erythrocytes (166) l1posomes (167, 171 172 182) and

'Lmonolayers (183) These 1ndependent studres provxde strong

ev1dence that catxon1c PPL undergoes spec1f1c electrostatxc

vb1nd1ng to negat1vely charged sites located e1ther outs1de
or 1ns1de the membrane. There 1s alsp evzdence that

‘szgnlfxcant hydrophoblc effects occur w1th1n the
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_‘phospholipid bilayer to result in a major structural

'ereorganization of the membrane. When this happens, a number o~

bvof events take place. For 1nstance, the b1nd1ng of PPL to-

negatively-charged phospholipids may produce a domino effect
by altering the protein 11p1d 1nteraction which 1n turn
alters the assymetric distrlbution of certain phospholipids

v1n the membrane, which 1n turn, alters the p051tion and

- arrangements of other molecules 1n the membrane, etc.

' Likew;se, b1nd1ng to a bas1c group ‘in a proégin ‘may also
1n1t1ate a series of reactions. Tamura et-al, (184) reported

that treatment of human erythr cytes with cationic \

v amphiphilic drugs increased t§® degradation of PC and PE,by.

‘fphosphoiipase“Az,

I

% The uptake of PPL in-ery 0cytesi ghoSts, and neutral

.

liposomes expressed in'termsﬂo -n.equ1va1ent neutral
iphospholipid'content supports the contentlon that spec1f1c ’
binding 51tes for PPL exist in erythrocytes. These would Ea
'appear to be dlstributed between proteln and |
negatively charged phosphollpids, with the greatest affinity
found towards the phospholipids (Figure 10). Lowering of the- :
Tc of 51ngle phospholipids by local anesthetics and PPL have
been reported at concentrations of 1 mM and_h;gher (171,
- 182). This 51gn1fies afstate of greater disorder within the
. membrane due to‘the'in eraction with the drug However, in:
the'erythrchtehm;mb{::e, local restrictions by proteins and .

vother 11p1d components likely of fset any temperature.effects

on the phy51ca1 ordering states of\indﬂv1dual phospholipids.'
. )

P
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Thus; over the concentratlon range used in thls study,
uptake of PPL by erythrocytes was - 1ndepeJdent of temperature
(25°-37° C) from 0. 1 to about aE mM and var1ed only sl1ghtly
from 1 mN to: 5'3 ‘mM of added PPL (Flgure 11) In. contrast,

the temperature dependence and Van t Hoff. plot of K of PPL

J~-1n 11posomes clearly 1dent1f1ed the Tc of DMPC and it was

. valso-poss;ble to dlstlngulsh a: phase change in. erythrocyte

N

ghost‘{wmbﬁanes (Flgure 14y, The temperature dependence of‘

.\'

,m o

log K d1splays a trend >Tc whlch is opp051te to that *fb:_gﬁ.s

| d1splayed <Tc in both erythrocyte ghosts and llposomo

systems. The trends are also opp051te between erthrocyte .

ghosts and 11p§§omes <Tc or >Tc of each At an aqueous a

concentratlon of 0. 2 mM, ‘PPL does not 51gn1f1cantly lower

the Tc of DMPC. W1th these p01nts in m1nd the generated

thermodynam1c parameters indicate a greater 1nteractlon of
PPL w1th the - erythrocyte ghost membrane than\hlth the.
11posome but w1th a -lower degree of dlsrupt1on of 1ts

organlzatlonal structure (167)

The uptake,of PPL - 1ncreases (Flgure %07 even though Km-

: rema1ns constant (Flgure 13) with an 1ncrease in PPL

concentratlon. A correlat1on between the\relat1ve hemoly51s

_-and PPL uptake in each of the membranes (Flgure 34) is also

apparent. These curves were constructed by determ1n1ng the

uptake (Figure 10) and relat1ve hemoly51s (Fxgure 15) at f

various 1n1t1a1 PPL concentrat1ons. Thus, the 1nteract10n‘of

R

PPL with erythrocytes or ghosts produces a sim11ar response;f

\

'g'1n terms of the. organ1zat10nal structure wh1ch affords some -
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“organlzatlonal structures 1mparted to the erythrocyte and

1nterface than the bulk oil- water system. The K of PPL_J«;"
not vary w1de1y w1th 1ncrease 1h 1ts concentratlon in ﬁ;

'erythrocytes, ghosts and neutral llposomes (F1gure 13)

:.,membranet‘ . a o - T

k. S

"'A‘degree of protectlon aga1nst hypoton1c osmotlc hemolys1s, o -

‘even though much of the proteln and 1nterna112ed solutes of

—

'the erythrocyte have been removed to produce the ghosts; In

addltlon, these plots 1nd1cate that the relat1ve hemgﬁysis

- ? N

change W1th uptake is governed by at least three S ’aiﬁ"..',

'ghost membranes by PPL but only"” two organ1zatlonal

structures in the case of 11posomes.'-"‘“

Structurally,'the membrane offers a very d1f¥erent

it does vary markedly with membrane we1ght (Flgure 12) and

.concentratlon of phosphol1ﬁ$d (169) both’ of whlch are

'd1rect determlnants of the liquid crystall1ne state of a

-
°

membrane.

The partxtlonxng of d1ssoc1ated acxds or bases i

biological membranes may not even resemble that found 1n the ‘

oxl water system. The K' of PPL between n- octanol and

phosphate buffer at pH 7.4 1s 30 9 However, the Kn of PPL

1n 11posomes can vary w1dely depend1ng on. 11poSome

mcomp051t1on (Table 7 ). The membrane stab;lxzxng behavzor of

o

B EPL on cell membrane is more l1kély a result of structural

changes occurr1ng w1th1n the membrane, 1n1t1ated then

anchored by PEL¢_rather than 51mple solubllxty wlth1n the

’

PR -
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dC INTERACTION OF BETA BLOCKERS WITH UNILAMELLAR LIPOSOMES

. The chollne methyl protons of DMPC 11posomes gave two

\.h'sharp s1gnals each"hav1ng con51derabh¥ dlféer’“t peak

o he1ghts a; shown in Flgure 19 The¢downf1e1d DeaV Can be

ﬂa551gned fo the chnllne methyl protoqs of phospholqpld

. molecules in the exterlor layer and the upf}eld one to those

in the 1nter1or layer (186) Addltlon of Pr’*to the_:"’V”.aat.

11posomes separate the 1nternai and external peaks of the-

..

»

.dlfference 1n chem1cal shlfts of the 1nternal and external

'peaks 1s d1rect1y proport;onal to the Pr“’fcohcent,ratlon. :

' ' \'»Downfleld Shlft of the external pea& 1s‘due ‘to the pseudo‘;

xpeak due to the 11posome chol1ne methyl group by d15plac1ng ’

a-'Pr’*bfrom the 11posome sunfaces as shown 1n F}gure 16 A

_contact effect of the paramagnetlc Pr’*at pH.sphate sites ‘on

ISR
4

'53' Add1t1on of PPL reverses the movementfof the external

i;‘DMPC 11posomes was obta1ned for nonselectlve beta bdockers

- “7

kY

quut card1oselect1ve beta blockers d1d not f1t thls

I‘

Yy

1nonselect1ve beta blockers are p051t10ned d1fferently w1th1n -
.

.
sow,

the bllayer w;th the result that card1oselect1ve beta

l.!

blockers d1splace pr30 more effectxvely than nonselect1ve ; L

;%ta blockers of the éime or sl1ghtly hzgher hydrophob1c1ty
Calormmetr1c studles have shqnh that PPL 1ntef/cts ma1n1y

wrth the nonpolar part of the bxlayer\(laa) Sxmllar - VZ*

R

« i . .

chollne methyl groups 1n 11near fashloﬂ 1nd1cat§ng that the"

i
e
e

-

o the extraves1cular head group (187) 7ff’[';f 'p.wi:;' T

: ~11near corref\atwn between Q’r“ dlsplacement and log K 1{1 '

correlatlen (Flguee 21) It appears that cardzoselecthe andhf‘t



Rl

e

bi,locallzatlon has been suggested ﬁor tetraca1ne on the ba51s

—

‘”of MR studles (189) : TR
o . (g s S
It/would appear that nonselectlve beta blockers wh1ch

-a .'

”-gdhave ortho or meta substltutlon arp ster1cally h1ndered from B

‘i1nteract1ng w1th the polar head groups of DMPC But :7]”"
“increased part1t1on1ng offsets thlS problem of ster1e _
fhlnderance Onrthe other hand para subst1tutlon of thp
'b'card1pselect1ve agents with low K"s permlts polar group b_ s
_1nteg§§tlon vlth the1membrane. Thus, the dlsplacement of o |
"polyvalent catlons from l1posomes may be taken as 1nd1rect
'4ev1dEnce of the ab111ty of~ a beta blocker to e1ther . i'fg ;. ;{
”b‘penetrate the hydrophoblc bllayer or to b1nd w1th the polar h
5 head groups of lzposomes.wThese f1nd1ngs suggest that beta ;.f*z
fznblockers wh1ch 1nteract hydrophob1cally are nonselect1ve » N

S ) o G
‘T;whereas thoSe whlch 1nteract preferentially xlth the polar

’i

.fhead groups of l1posomes are cardloselesth'eﬁ' g
o QSAR OF BETA BLOCKERS T ."_ - | ) e T
'1_\_ ‘A plot of log K (n o‘fa*bl buffer) vs log K (DMPC _f??ffil

””\:'llposomes) 1s g1venb1n Fxgure 22 and shows generally that.vf‘
;’?pthe hydrophob;c*tles of the beta blockers areJcorrelated in,
1the n octanol buf.tr and lzposome sysxj_p. However, ABgudoes v

"*ﬂ;;nOt correlate as well as the others. Correlatxons of thzg |

:;;?ftype have been found ﬂ1th other solutes (30 3?):;§“t thfso ﬁ E
J”:fadoes not necessarzly mean that the two systems behave : ‘}yg:.m
'51m1larly therm;dynam1cally (117) t;fﬁlfl;f;:g?{fﬂqfaflf"'“h“



s L1near relatlonshlps obtalned from enthalpy entropy
\ 'compensat1on plots suggest a 51ngle mechanlsm of transfer

for a- serles of solutes or solrﬁnts (40) H0wever, in the

Es : CE : oy

e nfoctanolzn 15:M NaCl solutlon system no llnear £

-

relat1onsh1p was obtalned between AG and AH for phenollc

;solutes (117) Likew1se, a poor correlatlon between fAGg b, R

.

 and VAH° Oawas obtalned for the beta bloc’ers in the
i S .

n- octanoxfbuffer system (r=-0.: 543) and 1n DMPC llposomes <Tc
(r=-0 493) However, a- pos1t1ve correlat1on was obta;ned 1n
DMPC llposomes >Tc (r= 0 767) as shown in. F1gure 35 ‘This is

Hnot a strong 1nd1catlon that all of the beta blockers o -@'
. )

*lnteract w1th phosphollp1d bllayer molecules in exactly the
~ o
same manner but 1t does suggest that there are no major o

wstructural alteratlons 1n the 11P1d env1ronment over the
temperature range of the study, whereas th1s may be the case
";*‘1n n- octanol because of the ex1stence of structures of

: ‘“water-centered aggregates (20) By varylng the l1posome ,w‘fi.

=y

R composltlon correlatrons can be 1mproved as. glven 1n Table
. N

-

BRERE Although e1ther model zgstem is able to . dlfferentlate v

~
-, . .- ~ . .
_M‘___.

'_thls ser1es of beta blockers on'. the bas1s of thelr relatlve -
o ;hydrophob1c1t1es, the thermodynamzc approach shows how
i? ,fstructural organ1zatlon and rlgldfty of the 11p1d phase .
-},mlght account,for the select1V1ty of molecules through the.ﬁ‘ .

,yainteractdve behav1 r of certa1n fpnd€1onal groups. Thus, f'f¥f

a
BN

ot T
ABL and NDL were found-to be selected by the 3ne systenx//Pyx'

.

e 411posomes% but not the other (n octanql buffer);{rf-f.{‘



g .1:57;,.':- "

Al

.

* Figure 35 Enthalpy entropy'compensatxon of beta biockeri 1n

DMPC I;posomes abOVe the Tc (r-o 767) . %a;fgf:;}fia"‘



when K' or K and K or

the correlatlons were'
better when K' Or K"values‘Nere used in both the |
- n-= octanol buffer and llposome systems. These results (
1nd1cate that the polar group as well as hydrophoblc
Jtnteract1ons are the determlnants of the pharmacoklnetlc.
parameters. ThlS is- also 1n accordance w1th‘the results of
B publlshed studles on structure and pharmacok15§t1c-

\.4-\._, —

relat10nsh1ps (174 190 192)

t L
corneal penetrat1on behav1or was fomnd w1th llposomes of
DMPC CHOL comp051tlon 'whereas there was no slgnlflcant

eorrelatlon when n- octanol buffer values were used In

The best correlatlon between partrtlon coeff1c1ent and,ff'“

' comparlson, the correlatlon between part1tlon coeff1c1ents;rv'”

b of sterozds and n- alkyl P a?gf:ghenobe:zoate homologues 1n-.

“'.‘K:\ A

the n- octanol uater system and corneal penetratlon behav1or’ LN

Y &

was found to be parabollc (193 194) Next correlatlon

coeff1c1 ts wete blgher u51ng K or K values, (Table 17)

N

5 ..', ' ‘.'_ : . .
i »lndxc. e'a’ 11m1tat1on 1n the use of the n- octanol buffer

dembnstra?ed as havxng better overall g&efulness gn QSAR

hhe advantage of ;ha L~29$ome Syshem is that 1¢s

istructure can be altered 1h terms of charge permeab111tx
. “,,}-\ qg_\ X

and 51ze to 1mprove correiatlons wh1ch 1s not poss1ble 1n anf

9 -~

o11 water system. Correlat1on stuoleS“wlth\pharm“toffﬁet1c

-Vf; suggestlng that hyHrophlllc and hydropho 1c 1nteractlons are .:;;ff

the factors 1n the1r corneal penetratlon. These results alsofu‘d"

u_v-tQSAR stud1es whereas the l1posome system has beenmeili
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parémeters or. corneal penetratxon behav1or c}early 1nd1cate'
“the: dszerences in the 1nteract1ans of,beta blockers w1th I

d1fferent blologzcal membranes. The charged llposome model _? ;”agg'

gave the best correlat1on w1th pharmacok1net1c parameters B

-whereas 11posomes hav1ng decreased flu1d1ty and a more ;';if :;1'
B d‘ordered structure betber descr1bed corneal penetratlon | .
. behav1or.‘;,};;'C¥j3 | . :id fﬂ g
Predlctlons of, ngtic;:a_‘%
parameters, Vuss,vrk . ‘ ; ;4 .' _dpchavidr-ﬁere‘ﬂ

2 d1fferent phosphohpld Feomposn:mns (Ta _'-33 35)’., 'I"he— .:i : “'&

predlctlons wé%e made by usxng'prev1ously obta1ned 5 7!?; njef?f
.ﬁ regre551ons of the pharmacokrnet1c-parameters and corneal dir‘g_ilg
”.,penetrat1on behav1or w1th K‘ or K . 051ng thls procedure 'n_:ui},d”f
= allOws est1mates ofpthe biologlcal propert1es qﬁ new «lif;hraéfu. }
. fcompounﬂ in. vrvo prOV1ded tha in vao--la vftno L :i? 'i;j
sTLfrelatlonf 1ps were khowh forJéﬂguf;rc1e]t}humherlof f:; rf;
; congeners and that.the ln VIV character strcs of new VY%‘ ﬁj
) cqmpounds were 11th1h the tan df‘ E
i Rat1onal drug des1gh would th n be écssable.ti. _;ﬂ
{. | Compar1sons of pred1cted‘va%pes of phardacok1net1c

parameters thh laterature values (174) sﬂows that DMPC5

DPPC and DMPC:CHOLXDQE lzposcme sysﬁems are-spﬁétaeﬁ €6 the

,.

{' n octanol buffer sys}em for pred1ct1ng Vuss hiléaﬁﬁéCfahd%ft;;ff‘

“b

DMPC CHOL DCP were better 1n pred1c]10ns of T

average % error wasyfound u§1ng lxposomes of DMPC CHOL DCP

These results 1nd1cate thatfthe pharmacok1net1c behavxor oi
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Table 33"

oL gﬁr
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v
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S

Comparxson of ‘Membrane- —'Ptedlcted and therature Values of Steady State

VOlumes of sttrxbutxon (Vuss) of Beta g}ockers.

Y

T

"éredictéd{(Vuss,L)' s .

o Liposomes
Beta ‘ .

Literature

‘n- Octanol-- -
\Buffer - K :
_.System: - .- 11 . IIT.
- P e . . -

Blocker

IV L.V

>  Propranolol 864 - 1,606 941 567

" Mlprenolal 708 . 226 . 514 483’

Metoprolol - 156 1226 540

"% . Pinddlol 109

R Nadolol “““:_

"

ey 298 g
.1243'.". ‘20 R '_(.‘
Acebutolol 226 w000 2 s

ST PRE
- T e e : R T

- Acgpo;ol, 103, 185, 7 122

. 576
" 276 -
227

o

790 1,271 -0 1,950

636

202 240
200

186

T TR
104 156"
96 et

'
v

85 23

: TN e S VLI SR
stng .regression equations”from Tables 15,

1 SORBC e o LT :

18-53° 4

';7Ixr

DHPC CHOL

T'l mole Tatio)

IV = DMPC: bee (7 2} mole ratxo) . T

T

v f:DMPC CHOL'
R 8

{7 2:1 mpLevratio)‘~ )

Values(174)
316,

126

a9 82 AR P
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Comparison of Membrane - Predicted %nd.j_[.ite_t»atdpeff&al’u’,esfof_: thesRatio of . .o

‘ Praction of Beta Blocker Bound and nbouqd-tg 'Albumiﬁ- (r)i).' R s
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L. s oy R [
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d L& P

oo

PN

“Predicted ?‘(fr'A) TR

v _ . o ST ) Liposomes . G R
——mnabetw- n-Octanol- . - e - R Literature
" . .Blocker Buffer _ : - 0 7T T T values(174)
.System . 1 . 1. ST v v E _

T

9rdpr$§§i;1 0.94 '.‘ 15i§177. 11;36 : I,p;q7 j'>: 1.13 v -”f1.26 s '1;2;  o -:;

“Alprenolol 0.78,  o.26 - 0.5 [RYE Jo.es 063 0.66..

S Oxpréﬁélél © 0.36 - 0.36 'Jf;oiéﬁ '7]_pg4i‘_- 0.28 40,28  0,29-:'_>
394:%4¥P}ndqi§i, f* 6:15,1;._50;3i1  024 0.2 R NI 019 0.2z

7 Metoprolol, C.0.26 | 0.23 0.46 - 0.22 .- 0.20' . 0,16 ...

.&:' Co P T S AR S
‘ Q‘ .”. Us.ing regrcs&ioa ¢quati°ns tlr.:m T’Ql“es 1 5.)' 18-23 Lo ’ e T ' - A o - N ) &l )
: T kb LN ER A

1. 3 DMPC T e ST R

TIT - DMPCICHOL (131 mole ratio) '\ 7"+ . Ll
LIy - DMPC:DCP* (7:1 mole: ratio) - - o PR S e e
v ::.pnac;CHQLibca_{ZfzhI:mb}e,rqciq) T T ,
SRR ," ' ;1.-“"5 ;f ' ;”.Vj_a;,,‘f ;ﬂ7~,lf.[.‘f“v'¥-.ff¥ﬂ;.‘?';'{;ffsq_f“”;7‘”"
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Table 35 %
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LR | Je - -
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o ) 1
N R

. v
N . l
S .
. g )
B
e
A
. [P
- [;,
- . 4 )E e -
Sy
) L
A} K -
5

ednged“éhdnggerature‘Values.of Corneal Penetration.

2

: Predicted'(PT)'
- - ’\ .

Liposomes

u

I v v

therature
Values(‘75

3
o s :. .
“.,{.. o
R T -
St ot
’ _J‘
: L (
~-Com?arxson of Membrane - Pr.
of Beta Blockbrs. 3
e s
Beté ’ n-Octanol-
Blocker Buffer
. .System
e
. Propranolol 66.40
B Oxprenolol - .10.80
Metoprolol 3.19
" MNadolol ' - C-

Acebilolol . 6.17

Atenolol 1.5§. 

+10.00
8.84
4729,
.57
o

309 -

v
-

‘116.00
110,80

* 11,96

45,50 91.21

19,30
39.80 - -

ST oley

3.67

11.53f§‘
8.35

0.74

. 115.00

uug‘

a

§7.50
.27: so*

I 02,.
0 85

- oves

Y

Ao % error. 192 .

142

.29 107

! B . [ T .
3

-; . 1'";:_2!2914;“_ L

11 - DPPC .

.III = “DMPC: CHOL (1'1 mole ratio)

; 'psing”reéstgipnf:sygsioﬁévﬁnom'Tgb{g;l7
. RAression R ane

1

IVt DMPC: DCP (7:1 mole ratio) -

'V .- DMPC: CHOL .DCP- (7 2:1 mole- 13 txo)

. v
- -
3
v
)
b
b
-



a new beta blocker ‘can be reasonably pred1cted when a ‘”"l_hfuh:f
s negatlvely charged 11posome system is used 1n dlstrlbutlon
'studles.,,rug.gd-fh Llhf. : N - S : r'ﬁp

* The predlctlon of the corneal penetrat1on behavzor of N

" “Peta. bleckers in rabb1ts was- best obta1ned from 11posomes of N

all compos1t10ns studled rather than the n-octanol buffer; F??;€¢f
system and the corneal penetrat1on behav1or of a new beta |

"'blocker can be predlcted best from DMPC CHOL 11posomes.‘

. Although the relat1ve hydrophob1c1t1es of group of
_fcompounds can be determ1ned in the n- octanol buffer system,

' _fra 11posome system may also be used Thermodynamlcally.AGw4)

; and4AG _L are temperature dependent but 1n add1t1on '_ o |
AH® and AS change dramatxcally when the temperature 1s‘~"J*;
ool Byl R

. Vvaried: over the Tc. Comparlson of uptakes of PPL 1n : R :

;'lllposomes and in erythrocytes 1ndlcated that the 11p1d _tf }ﬁtnﬁﬂfi

V'brlayerﬁstructure plays armajor roleﬁ prosomes have the iiﬁ;hfi )

ftflex1b111ty of be1ng able to modlfy thelr 51ze,-Sur£ace | _

o charg; and structures (gel or fluld) whzch produce changes R

f-rn the part1b1on1ng or uptake of solutes, the1r

~lhfthermodynam1c analysxs,,functlonal group contrxbut1o‘§ of

1 molecules and spec1f1c drug membrane 1nteractlons (us1ng

?ﬁrsen31t1ve tEGhn1ques Sueh as ESR, NMR‘etc.,) wﬁﬁch relate 'i;fﬁffﬁ““
o A T
»;more closely to b1ologlcal membranes Depend1ng on the B

‘r;partzcular group ogflompounds; correlatxons between

'Vf‘part1t1on coeff1c1ents and b1olog1cal act1v1ties may be

'T'sxgnxflcantly 1mprowed by alté//ng the lxposome composxtzon '
’ .dﬂ;a,'A

_and structure. Th1s>f1ex1b111ty of laposomes 13 not i"*-*&jﬁ]{:e-l”

L

R e s e e



_available;in'the'octahol?water.systemr.
.Q-Ar;‘:;"""*"PARTITIONING OF. NITROIMIDAZOLES IN THE n-OCTANOL-SALINE
AND LIPOSOME SYSTEMS _
N1tro1m1dazoles are hydroph111c compounds, hence, thelr'

K or Kn values were qu1te low. Log K values in |
’n octanol sallne system ranged from =1, 64 to 0. 46. L1posomes
of any phosphollp1d comp051tlon (Table 25) y1elded higher
values of K “than the n- octanol sa11ne system DMPC
‘lllposomes gave the h1ghest log K values when measured >Tc.r
1HWhen DPPC and DMPC: CHOL (1-1 mole ratlo) llposomes were used
-Athe log K values ‘were lower '51m11ar ‘to that of the beta
rtblockers. when:negat;vely charged llposomes were used

S(DMPC CHOL DCP) the ‘log- K values d1d not increase 1hp
,‘:contrast to that observed w1th beta blockers. Slnce

~—

4n1tr01m1dazoles age completely un1onlzed 1n sa11ne éolutlon

. v

'u*at neutral pH there are no. electrostat1c 1nteractIons. The-

| T -
u;‘presence ofj B '1n€reases the ofdered structure of b1layers
’ X Q’“,n e 4 ; .

\1 ”' "_._ o -, :{

«evf§g K values nere dlfferent 1n 11posomes of
= "I\‘ _:\7\"



>

#on

"'act1v1t1es mn S0 for as theseyane 1nfluenced Q?'th ‘

Cwith” llposome comp051t10n suggests that var1ous types of

Correlation;of?
n1tro1mrdazoles 1n the n octanol sallne system and 1n

i .
llposomes of varlous compo 1tlons wer;%51gn1f1cant at the

p<0 01 level (Table 26) However, the best correlat1dn found_:

for this group of compounds was with neutral llposomes

'(DMPC) >Tc. These results suggest that, over.*

l'r the ‘ ‘\-‘,

n octanol sallne system and llpOSOmes may eq"

'S

%ly predlct v'

y‘the behav1or of the n1tro1m1dazoles w1th respect to thelr

. n .
partition aoeff1c1ent Varlatlon of the correlatlon level

"Ynembr% structure and compgsulon can offset thé’ role of
K
partltlonlng 1n descr1b1ng drug act1on]
Correlatlons between part1tlon coeff1c1ents and oy

‘pharmacoklnetlc parameters were comparable in. the

f

'n octanol- sal1ne system and in DMPC or DPPC llposomes...

4_L1posomes of pure phosphollp1ds correlated better than _
~;hl1posomes of mlxed comp051tlon. DMPC CHOL and DMPC CHOL DCP

, dyiydld not correlate 51gn1f1cantly w1th any of the

}pharmacokrnet1c parameters (Tables 31 32) S1nce the

'fn1!}o1mldazoles are completely unzonxzed at phys1ologlcal pH f

':.hnegat1vely-charged l1posomes (DMPC CHOL DCP) had’ho effect

on’ the correlatxon of part1t1on coeff1c1ents w1th ."gff"u

71pharmacok1net1c parameters (contrary to that observed w1th

i;beta blockers)

part1t1on coeff1c1ents of E S =
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‘ Table 36
ECompanson of Membrane - Predxcted and Literature Values of Acute LDgso of
Nxtronmxdazoles )
‘ \ ‘ “:‘:é ¥
e - B y .
’, . : ‘- . K
Predig€ed LDy, (mM/Kg)" -
; - — &
c ) o PR P Y, S n"’m """‘i;”é.‘; i
. EX ST S SR R P el ] fx,;posomes .
Nxtroxmxd% n-Octanol= i ) e Literature
"zaQle Saline . B _ Values(177)
' System I 11 111 v !
« L .
SR 2555 <" 32,12 Wi a0 36.42 - 33.87 . 33.84 34.50
SR 2508 26,48 23.01 '22.99 © 16.45 - 17.77 22.90
~ Desmethyl 17.26. 21,18 18.27 . 16.09 . 14.72 18,20
" ‘misonidazole E ] N
Misonidazole 8.24 7.1 8.42 17.88 17377 - 8.50
> - ‘
Av. % error vgl 10 - 0.5 27 27
Using regression éQUAti'ons,jfrbm"I"ablesi28:-32 : , . ' R
1°#8~ omec .
I < PPPC : w p
111 - "DMPC: CHOL (1-1 mole ratio) .
v - DMPC CHOL:DCP (7 231 mole ratlo) .
A .
“-\: RN b v - i o
SN " Sy,



Comparison of Membrane , - Predicted
“Rate (PCR) of Nitrq}midq;olgs.-
< Y : :

 157 

Table 37

> : Q‘\
J e . ¢ " : e e

and Citerature Values of Plasma Clearance

N s 87 ( e c 1
A L ' : .

~

L,
4
.

T s
Predicted (PCR,'Liter/kg;hr)_' )

g I8 CBR LD e . Liposomes
Nitro- r@;’can A . SN - . a

imidazole

4

4

ol-
Buffer
System

Literature
B .- Values(176)
. Iv ] . - u‘ .

-

", SR 2555

SR 2508
Desmethyl -
‘fmisﬁnidazole

Misonidazole

~0.22

0.26 _ 0.26

0.21
0.19

\ ‘.  [,

0.10 0.09

Av. X o

error -

o 2 0 8 25

‘Ufipg \t’eg:ﬂéss

1 .- DMPC
I1 - DPPC
111

= DMPC : CHOL ‘ v D S
- DMPC:CHOL:DCP (7:2:1 mole ratio) B o o _

¢

ion equations .from Tables 28-32 - . _“'},‘, 4"{}

(1:v mole ratio) .~~~ . Lo \

- ° N - . c :
ﬁh . A . : .

¥
*



- Rred1ct1ons QI the pharmacok1nt“1c parameters, ALD and’

Ty ' _
VPCR in- the n- octanol sallne and lrpoSome systems of

-V;fiieé:f

. o
. RS

: obta1ne6 regre551ons of the pharmacoklnetlc parameters w1th

o

'»me' Compar1sons of predlcted values of pharmacok1net1c Fv'

5

'suggested by Brown: and wOrkman (195)

-parameters and‘thelr llterature valves (176 177) show that

DMPC and DPPC 11posome~systems are superlor to the

-éctanol sallne system for pred1ct1ng PCR whlle DPPG. gave -
R
better predlctlons of ALD. ~-The least average % errors of the

predlctlons were found w1th DMPC C2%) and DPEC - (0. 5%)

-

‘]:llposomes. Thus, the pharmacok1net1c behav1or of a nex'_v

~ .

‘n1tr01m1dazole ‘can be reasonably pred1cted u51ng a neutral

0 . »

. : .
'l1posome system and also,’ the development of

\

hrad1osen51tlzers wh1ch are less tox1c than m1son1dazole may

',nbe }mpgbved by appl1cat10n of the partltlon dggff1c1ent as

P

‘dlfferent phosphollpld comp051t1on§ aré shown 1n Tables 36
' . *. SR
ﬂgand 37 The predlctlonsiwerr made’by qsLng prev1ouslyr_-' .

~

-

]



R TR . £ sumny AND coucwsxons

Llposomes have been well estab11s as models to m1m1c-:
. S /. ¥
blolog1cal membranes 51nce 11p1d bflayers are .the backbone

.}h'structune of b1olog1cal membr es. The bnlk oil water systemn}

k is often too s1mpl1f1ed a médaq to dgscrlbe the propertles
'eof drug-membtane,1nteractlons‘wh1ch are 1mportant in

.‘¥' membrane uptake and transport of: drugs. On the other hand

' the llposome has beem>shown-to be a more selectlve

. .

ot d15tr1butlon mode; to sgpdy the. QSAR of beta- blockers and
| n1tro1m1dazoles.“ : | |
Partltxon coeff1c1ents were measured in-
~n octanol buffer ana laposomes of varylng comp051t10ns.'

Thermodynamlc anelyses were carrled out for beta blockers 1n

( f»the n—octanoL*bu‘fer system and DMPC 11posomes JThe spec1f;c;

¥

©

1nteractlontof PPL w1th human”’ erythrocytes, erythrocyte
ghosts and 1posomes has been 1nvest1gat§d and protectlon '

agalnst hemoly51s of erythrocytes was measured Interactlon
A B .

of cardloselectlve and nonselectlve beta blockers w1th

unglamellar DMPC llposomes has been stndied uslng NMR QSARA“

o )
A were determined for beta blockers based -on pharmacok1net1c

propert1es, corneal penetratzon and part1t10n coeff1c1ents
;1n the n‘octanol buffer and llposome systems.»51m11arly, i
QSAR were determ1ned for n1tro1m1dazoles based on j-'"
v“ pharmacokznetlc propertles and partltlon coefflc1ents in the‘
jpctanol sallnjrand l1posome systems. |
1. In general; the partltlon coeff1c1ent of beta blockers

and n1troxm1dazoles is greater in. ﬁposomes than in the
o189t e o



'ﬂi:ﬁ:‘

. SYStem. g \'b_7f h _’~ 'tﬂ

5f,system.;

]temperature dependent studles._

'rK s of beta blockers and n1troxm1dazoles were lower @n

n- octanoi buffer or: n~octanol sal1ne~system. o R
et _ '**;»j;'

.fEnthalpies and entroples of partltron were generally

o)

':flower below th phase tran51t16n temperature of the &Tt' ’

: phosph011p1d and 1n comparlson to the g-octanol buffer ‘h'

'S 4 KRR S o »'».'

¥ ) RIREN

Enthalpy entropy compensat1on'%xrsts for beta blockeélln'

in 11posome$ >Tc but not <Tc.or in. the n- octanol buffer

-AH° o-values of propranolol determlned by solutlon,.

caiorlmeter were lower than values obta1ned from e

BPPC’and DMPC CHOL llposomes compared to DMPC.

T

Inv negat1ve1y charged 11posomes of DMPC CHOL DCP the_ff

m -

- K s of beta blockers but not the nltr01m1dazoles were

hhlgher.

“Very low concentrat1ons of CHOL 1n DMPC 11posomes

1ncreased the part1t1on1ng of propranolol bub

_tpartltlonlng decreased as. the concentrat1on of CHOL \

e 1ncreased

.l-.['

‘The'uptake of‘propranolol»wasxgreatest’in erythrotheS,-~

7'sllghtly less in ghosts and cons1derab1y less in neutral

11posomes.<

~

" The maxlmum amount of- protect1on agalnst osmotlc

i.hemolys1s of erythrocytes by propranolol was about 54x.»

10.

The membrane stabfd1z1ng behavxor of propranolol on cell

S

_membranes 15 more 11kely a result o£ structural changes

A : . ) LY

o
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» 11,

N

12,

14,

' occurrlng wﬁth1n the membrane,irather th 3\\le | 4'53

L .

&Add1t1on of Pr‘* to bhe aigeous phase 1n NMR stud1es

'Pr’*increased llnearly _47

AT

solublllty w1th1n the membrane.:_q

‘1ncreased the\spllttzng of the tr1methy1ammon1 group

-~
e

,51gdals arzslng from the 1nterq;l and - external polar

groups of the phospholfpld molecules in the bllayers."

The splltt1ng of the TH- NMR s1gnal from the 1nternal and

fexternal tr1methylaMmon1um groups of DMPC due to

N

' ’ !

“The add1t1on of ta blocﬁers reversed the effect of ~de”

1_ .
N

1'H~NMR analys1s of l1poso%e-assoc1ated beta blockers

', enables dlst1nct10n between thelr nonselegtlve ‘and -

19

16,

AN S

_caggigselectlve actxons. ')123' R e

Statlstlcally 51gn1f1cant correlatlons were found for

partltlonlng in the n-octanol- buffen and l1posome‘

rsystems. The best correlataon for beta blockers'was

~ found w1th a: llposome comp051t10n of DMPC CHOL DCP

(7 2-1 mole ratio’) whereas for n1tro1m1dazoles DMPC

yielded the better corre{at1on. Y -

Y

Log K' of beta blockers 1n the n- octanol buffer\and log

© K in llposomes correlated w1th pharmacoklnetlc

A;log K or 1dg K

S 7.

m
. N v

parameters and corneal penetratlon behav1or better than

\/% ) .

Part1t1on1ng of n1tr01m1dazoles in thé—n octanol ‘saline ~

- -~

and 11posome systems correlated with pharmacok1net1c
parameters best w1th l1posomes of pure phoSghol1p1d

r I T,



o

. _. . 7\;\ . /_ ) N " Ll S . .;3‘~ .‘u_ o '»\.;a::_.‘
compos1t1ons (DMPC and DPPC) w }7,:f“¢‘:m'T-7 o
u o ;.__,‘ " \ i . ¥ B -“. _.:\:.., . .
. 18 Preglctxons of pharmacokiﬁet1ofparameters of beta
fi-r' ' ~fblockers and n1tro;f1daiele9 and the corneal penetratzon
4 - . :

.—» -

j‘_f;,>b9hav1or#o£ beta blockers from the structured 11posome

T = ..

L model agreed more clqsely w1th 11terature values than o

D from those predlcted from-the n- octanol buffer\(or tfiéff
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4 Figure a-2, 'x{-NMRt,‘Spec'tr#‘of‘_.nupc(u'.o, mM) + Pr’* : a)0 mM;

b) 1. mM; c) 4 mM; d) B mM and e) 10mM o
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~ Figure°A-3. 'H-NMR spectfa of DMPC(14.4 mM) + Pr* (2 mM) +
APL : a) 0 mM; b) 2 mM;, c) 4 mM; d) 6 mM and e} 8 mM. |
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Figure ' A-4. 'H-NMR spectra of DMPC(14.4 mM) * Pr* (2 mM) +
TPL : a) 0 mM; b) 2 mM;.c) 5 mM; d) 15 mM and'e) 25 mM.
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Figure 8-5. 'H—NMR'épectr§ oﬁ DMPC(14}4
;'OPL-: 5) 0 mM; b) 5 mM; c) 10 mM; . d) 15 é>
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A- 6. ‘H NMR spectra of DN;C(14 4 mM) + p:"-(z

' a) 0 mM, b) 1 mM- c) 3 mM, d) 6 mM and e) 8 mM
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* Pigure 'A-7. 'H-NMR spectra of BMPC(14.4 mM) + Pr>* (2 mM) .+

ATL :a) 0 mM; b) 1mM; c) 2 mujédy 3 mM ahdg) 5 mM.
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