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This thesis contains an account of the investi-
gaticns carried out with & view to explaring the role
of 1licuid membronce phonomona in the action of suriace

accive drugs. The gonesis of these investigations is

the following. 11 drugs which act by modifying the

sormeability of cell membranes, of neccssity should be
240

surfaco active. Lot only ave a wide verlety of drugs

roally surfoce acbive, in & number or cases cxcellent
correlaticns beowsen surface activity and biolegical

activity havo been discovered. This led vo the suspl-

cicn that there might oxist a common mode of action for
a1l surface active deugs. oince, surface active subge
tances are capable of generating liguid membrane at the

snterface {(Kesting's hypothesis) it was suspected that

ghe 1iquid nmombranes generated ab thie site ¢f action cof

the pespective drugs, nedifylng the transport of rele~

vont perraeants, night be an important step commen tO

she mechanisu of action of all surlace active drugs.

Jpomnted by this concention, a wide variety of struc-

surally dicsimllay dyags belonging to different pharuae-

aclogleal categoriss were invesvigated. These lavesti-

pations have led to what moy be called & "oigueid
~ombrane Hypothesls for vrug dction's (820 «dv.uolloid

iagerfaco veds, 20, (19861 139-1011,



In this thecis, certain categories of <rugs
namely antihistamines (lij~-antagonists and  lp-anta-

gonists), histamine rclease blockers, antiepiloptic
drugs and antiarrhythmic drugs have been chesen to
investigate the role of liquid membrane phenrchonon in

their action. The data which throw a now 1light on the

machanisa of zction of these druys substanbiute the
licuid meatrane hypothesis for drug actlott.

The thesis ig divided into five vhopuers.
Chanser I eontaing a congolidated account of the blo-
“Liquid lembrane henomena®
1L

logical implications of the

with speclal reference to drug action, Chaptoer

contains a survey of the literature reports on surface

acvivity of the drups chosea for the present study.
Changer LI deseribes the details of the exneriuents

conlucted to demonstrate the forpmation of liguld

membroae cad o obtain vhe data on the tronsport of

relevant navmeanss through the drug liquid menbyranes.

Chapter IV, 2 discussioa of the daba, high-lighting

the volo of liguid wembrano ohenomena in drug oction,

is proscuted aad in vhapter V o chapberviss sunmary

is opescabed.



in the present investigavious, choice of
structurally dissimilar drugs is deliberave %o make
she pole of liguid wembranes jenerdted by suriace
acolve dru.s conspicuoug, Jiallarly the non=living
and no..~specific mewbzrane like ceilulose acetate/
aigrate nicrolfiltration membranc has been deliberately
chosen as the supvorting membrane for vhe liquid
nembranes so thot s-ecific and active interaction of
the drug moleculos ulth the constituenss of bilo=~
menbrones as a cause for the modificaticn in the
cranspord of relevant nermednts is totally ruled

aut 014 tho role of passive transport through whe

dpur 1iconid membranes in the mechanism of thelr

aption ig highiishted.

i i?ﬁﬂi . Ve V ol e C)Ubl“ah:{lﬂya‘ﬂ

24-08.1925.
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Tik, LIGUIL L GabBRAKE HYPUTHESLS AL

I18 BLOLUGICAL LAPLICAT LOLS

surface active molecules when added to agueous

phase in comtact with hydrophoblc phage are kncwn to

accurmlate at the interface in such an orientation
that the hydrophoblc tails of surfactant moleccules are
nrefoventially directed towards the hydrophoble phase

and the hydrophilic ends are ir the agueous phase.

“hon concentracion of the suriactant exceeds 1its
critical micelle concentration (C:L) the surfactane
molecules aggragate themselves as micelles and rei. ln
in the bulk of the sclution. It has been observed!

that addition of surractancs modifies material transport

across the interiace.

dartin discovered® that the additicn of surface
tanss like polyviayluethyl ether (/Vil), in very minute
quantities say of the order of a fow ppm, o saline
feed in roverse osmosis dramatically enhanced the salb
rebention capaclty of cellulose acetabe membranes with
a small decrease in water lux, This phenonencn was
exploined by Lesting et al 3 on she basis of a liquid

nerbrane hypothesis. deecording $o this hypothesis,



the surlaectant layer uvhich forms ab the cellulose
acetate merbrane/saline goluetion inverface acts as a
liquid membrane in serics with the supporting menbrane
g responsible for the enhanced salt rejection.
hown thot as concentration of the surfac-

[=2»

and
It was aloo s
tant is increased the interface gets progressively
covered by the surfactant layer liquid membrane and
ot the G.L it is completoly coverced. Asdditional
exporimental evidonee in favour off the liquid menbrone

hypothesis has beea furnished by orivastava and
Lyw$

covorkers.

I)-&- ‘ud“lb. 1l oed'bd A,l.L&l l'fr-‘- Ul

vince aolecules of suriace active nature are

erucial to living watter and ivs organisation, Dbio-

iogical implications of vhe liquid meabrane hypovhosis

have boen investigatod roce auly.7’8 ]iﬁ these studies,

bilayors of 1iquid werbrancs have been generated fyon
She constituencs of blomembranes on a hydrophobic

guppepbing nemnvrane and ¢ranspert acress them has

been studiode ot only has vhe passive trangport data

cn the licuid wombrone bilaysys thus generated, boon



shown ¢0 be closey ©o the corresponding data oz bio-
neabranes, sorie of the blologlcalliy relovont transport

nrogesses like light induced woluae {low tshrough the

licuid menbrane bilayers {photo-cgizosis) penerated from

chloroplast extract has beoa miaickod.9=1o The trends

in the data on the photc-osagsis through liquid uembrane
vilayers generated fyon chloreopiast exbtract ¢n a hydro-

nhoble supporying menmbrane have been shoun e be con-
sispent with the trends repsrted in chiloroplast BL¢.11

41l these investipgaoticns have given a strong indlicuatlon

that liguid wembrane bllayers generated on & hydrophobic

supporting membrane by the constituents of the bic-

veibranes ars capable of acting as model systens fop

biclogical uembrones,

Fornation of bilomcmbrancs and the locabion of

poceptor proteins in the lipld billayer part of bio-

membranes 19 ads & consequence of gurface activi

logical o expect that the dougs acting
by pediiying the permeability of cell membranes aftowr

prace actlve,
s wide vardety of drugs aro, in Jact, kaoun bo Lo

suriuce acvive in noture. 913 Yhig activity does not



appear to be a fortuitous coincldence. In a number of

cases, corrclations between swrface activity and biolo-
£
pical effects have been demonst abed.1b'1° Lhile iavestl-

goting the actlons of drugs like reserpine, preaylaming,
“oromazine, propranolel cte., which inhibit catecho-

clilor
hos been cancluded17 that Yirres-

lamine transpert, 1t
noctive of chemical structure, the surface activity of

poychotropic drugs mainly determines their notency to

affect all kinds of membrenes, especially vhat of

catccholonine storing varticles”. Since the structural

face activity ave often giwmiiar to

requirements for sur
16

those for interaction of druge with rece Aoy glites,

tho correlation botween gsurface activivy and biclogical

offects appearsto indicate that thore mnight exist &

comnon node of action for all swrface active drugs.

in view of the liguid meabrane hypothesis, it was

suspectod that the liguid membranes generated ay the
site of action of the regpective drugs, acting as o
barrier to the transport of relevant permeants, mnlisht
be an importent step, comnen te the mechanlsm of
acoion of ell surface active drugs. rrouapbed by this
congepbion, a number of iavestigations as to the role
gt 0 action

of ligquld membrane phenomencn in the wmechounisn



of surface active drugs has boea uﬁdertaken.19 oy

¢his study, structurally dissimilar drugs of diifevent
rharnacological categories were chosen deliberately
50 as to gain informatlon and highlight the role of
liquid membrane phencumend in suriace active drugs.

Fost of the drugs ars antagonistic in action and act

by altering peroeability of relevams permeants Lo the
site of action. The resulvs ol these investigations
have proved cuite revealing. These investigations have,
in faet, lead to what can be termed as "Liquid .embrone

Hynothesis for DPrug sctlon®, & concise accourty of

this hynotheﬁis19 is given belouws

The Liquid Liombyrane Lhypothegis for Jrug iekd gn:“g

The antogonistic dmgs, in general, iateract

with the membrane components, and occupy the came sives

wicth which the agonist druge would have ilateracted to

elicit vhe desived rospoasc. 7Thug anbagonistlc drugs

act Ly creaving hindrance in the interaction of agonist

druges with rocepbtor sltes, liow this hindrance is

is containod in the liquld mewbrane hypovhesis

craoged,
Por drug ac%ioa,’g which hos beon substanviated Lhrough

javestigations on a variety of drugs bolonging %o

diffovent pharmacological categorios.
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The mombrancs represent an interface. 48 a

corollary any drug which acts by wodifying the pormen-

bilicy of cell membrancs afger interasting with <hen,

has to be suriace agtive 1in nature.

are capable of forming

of neceosecliiy,
since surface active cubsgtances
nembrancs, which con influence the rass transier
is) the formaw

licuid
he iaverface {Kesting's hypothesis
site of action could be

across ¢
tion of llcuid membrane ot the

an imvovtant event in the mechanisim of action of

supface actlve dyugse. The liguid mewbrancs, thus
generated by surface active agents, wmay act as a
barricr modiflying the transnort of relevant molecules
to those sltes. This is in addition to tho concepts

like strucitural couplinentority of the antagonistg

Crugs enabling them o interact with the same receptor

ites with which the agonist nmolecales inceract. The

[-‘.

1iquid mombrane generated by dwyug ltcelf, acting as

g of mlevant noleculos to the

24 EWRLAAN

barzyier rodifiving acces

cite of actiom 18 & new facet of drvg ockhion, IO

this cencept is viewed in the light of the Voccupancy

oy i:.
theory”auﬂz? and vhe "rote theory?, R2ya3 ROYE

rabional biophysicol ouplanation feov the actien of

surface active drugs actlng by modifying the poruwabilivy
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of cell membranes cmevges. ihe reason why such a

ssibility has pone unnoticed so far, appedrs to be the
fact that passive transport processes have traditionally

been considered unimportant Doy biological actions -

transport through the liquid membyanes are undoubtedly

passive in nature. L1t may, howsver, be clariiied that
the liocuid membrane hypothesis in no way disputes the
gnecific/active interaction between the agonisy drugs

and their recentors. The liqguid membrane formavion ig

an event which precedes the actiwe interaction. “he

new noiant of the hypothesis lies ia the assertlon

that the pascive transport through the liquld wmembrane

also makes & signiilcant contribwion to dyug action.

._,‘.]. i_- . O_n 1,112 ’i‘-mi!] L) :

budics on the liquid membrancs genoragsed b

,.

o

surface active drugs can provide a clue to their

quancisative action. This 1s because Lil of a drug

indiecates the concontratvion at which interface will

be comnletely covered by the drug liquid membrane.

At this concontration {CiL), vhorefore, modiicubion

in the permedbility of bhlologleal wenmbrane would be

maxisum. Henece, lower the GiG of a drug, louwcr is the

concenvration required vo alter the menbrane trausport
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e
and ag a cengecupce, more potent would be the drus.
Thus, Lwis of a serles of druzs with the sane pharna-

cological action can be a pood indicator of their

potency. The investigations on haloperid0124 and
chlorpromazin925 Justify this conjecturc. 1L for

haloperidol is 1 x 15=0u while that of chlorpromazine

g, . . .
is 4.5 x 1077d. lHalcperidol is kaown to be more peoient

than cihlorpromagine on milligronm basiS.ZG Lnother
exanple subsgtantiating this is that of lecal anesthetic

drugsz7-the lowar ig tho G, the uore »notent is the
~ i . : 27
dmag. In a series of local anesgthetics, 1t was found
that C.Cg and miaimuz blocking concentration (.130)
for nerves are identical. This indicates that Jerma-
tion of liquid neambrane botuween catious like scdium,
nobassiug and Lhe nerve wmembrane anpears Lo be an

iaporvant step in the wmechanisu of actlon of local
anastlietled.

The licwid membranes senarated by suriace active

drugs are expected o have two types of orientations with

pespect to the anproaching permeants. Yhe drug liguid

membrane can presont elthor hydrophilic oy hydrophobic

ouds ©o the permeants. Yhe change in ovienboticn of

the drugs con alter transport of pormeants. uhichever
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orlentation shows alterations in perrceability, similer
%0 those observed in biological cells, is of predictive
in a majority of drugs investigated 8o fapt?

resigtance o transport

vaiud.
it has been Tound that the

of permneants is wmossiiman when hydrophoblce ends of the

sarface active drugs face the approcching rvarmeants,

Yhiis imnlics that the recentors for these drugs are

likely to be oriented in guch & nanner that their

hydrophilic moleties are projected outwards to which

hydrophilic ends of the drugs get avbached, so tha
hydeophicbic ends of the druges projoct cuswards e face
ghe permcants. Such an oriontation can be raticnalised
if onc examineg thoe nature of dhe receptors; in general,

in relotion to the 1lipid vilayer part of the biomembrunes.

Yhe receptorg, in general, are meubganc proteing

and henece should bo surrace oevive in aature. lience,

they shonld have hoeh hydrophilic and hydrophcbic nolee
ties in thelr shructuro. oince, the oxtericr environment
al

of blclogical cells io acueous in nabure, it is logl

to ecxpoeet that the hydrophobie part ¢f the nembrane
proteins will bo associated with the hydrophobic cors

of the 1ipid bilayor and oaly the hydrophilic parg

1) foce oxterier. Prodiction about simiiup

lJ .

[RE



orientatiocn of receptor preoteins and also the nembrane

proteins, in general, has beon made in vhe literatura, <0
Thuz, thce studics on liguid membranes generated by drugs
can indiecave the possible orientation of receptors reg-

pongible for interaction with the drugs.

vince the biclogical membrane compriges of
different types of 1lipids and pnroteluns, o drug can
alter transport across the membirone Ly any one or nove

of the foliowing mechanisme:

i) the drug itsel? may form a liquid nembrane
which can reasonably oxplein alteration of

transvort across the nowbrane;

the drug Jipid lateracticn may be responsible

=g
=
g

for oboerved biclogical effect; o

idi: the drug protein interaction may be causative

agente

in the case where first possibllivy is vuled
out, beccuse an effect sinilay to that on blological
tissue ig nob mdnicked by che drug liauld wmerbrane

alone, interactlon with the 1iguld mombrane Lormed



by the 1lipids needs vo be studied. Iin case of diagepam

. N ) . . . . . . .
it was found®? ghat the Liological actions of the drug
ie0., facilitabing actions of Guba could not be wimicked

in elther oriencationg of tho drug, bud inbteraction

with lecithin iiquid rembyane showed increase in pers
reability of GADL,.

The mulsiplicity of blologlcal actions exerted
by suriace active drugs can be well explained con the

bagic of the licuid membrane hypothesis e.g. chlorpro-
have

mazire and fow other low potency phenothiazines
3
30

mild antibistamine’® ond untiserctonin activity.

intihistamines are kaown?? to have antlcholinergic

1ocal anesthetic action, Such actions can be

of alteration in the transhort

and

oxplainod as a remily

cf rolevant permeants becaunge of the limid weubrane

insernosed bebween permeant and blomerbranc.

-

DOLRGsls Tig=a=¥is wxiotl

The Liquid tembrane b

T1 ios DI Y s

The llgquid mewbrane hypothesis for drvg acticn

proposes Gthat In a gevles of structurally related

druge which are congensrg of a common chemical moiety

and which act by vreducing the permeabilivy of
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by the lipids needs to be studied. 4in c¢ase o diagepam
it was found®? ©hat the biological actions of the drug
Lea, facilivaving actions of Guba could not be mimicked
in eitvheyr corientucions of the drug, but interaction

with lecithin iliquid mewbrane showed increase in pepr-
meability of GADA.

The maleiplicity of blological actlions exerted
by surface acbive drugs can be well exnlained on the
bagis of the licuid membrane hypothesis e.g. chlorpro-

have

O
)

ind.ld antihistaminoBo and anciserotonin activity.
Aintihistanines arc known?? to hava anticholinergic
and local anesthetic action. wueh actions can be

wplained as a remilt of alteration in the transport
of relevant perneents becauge of the liopid menbrane

interposed between permeant and blomenbrone.

The Liguid sembrane ki

T1 3 L i e

The licquid mewbrane hypethesis for drvg acticn

proposes that In a serles of structurally related

druge which are congevers of a common chemigal moiety

apd  whiech act by rodueclng the permeabllivy of



bydrcphllic gubstances, any structural modlfication

that increases hydrophobicity of the compound will

wnereacse resistance to transport of the hydrophilic

peruednt. «n obther vords, a2ny modificasion in struce

ture leading o increase in hydrophobleity of a drug
wili reduce Gl of tho drug, malte it move potent and

incroase resisvance towards a hydrophilic permoant.

However, thic sequonco of cvents will continue as loug

ag the hydrophilic group of the drug, respousible for
interaction with tho biomeubranse is unaltered. hny
alieratioa I the haydrophilic .woicties of the drug

may aiter gpeclliicity towards the uenmbrane and

therofore, may alter the nature of rosponse towards

the permeants, 8.0e, on clberation of the hydrophllie

shructure, the drug may inhibit transport of anothor

noraeant more gpecifically thon the earliey permeant.

“his offors & cluve tCowazds the structure-~activity

rvolocioashipe \increose in  hydrophobicity will alter

the drug action quantlsatively i.o., 16 will inereasge

tho povoncy, while change in hydrophdlicity may alter
tho action qualitutively i.o., the speeiflecity of the

rosistance towards diiferent permeancs w2y chanse.

A9
similoy comments have boen uode by Burgeﬁj"

connectlon with structure-activity velationship,
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for drug action. The addition of each methylene group
in an antagonist will increase its hydrophoblcity,

resulting ia reduction of itg G, Lowering the C.O

say be linked ¢o an increase in potency of the compound

as discugsed earlier. Bosides, veducing the CiL, an
nethylere groups will strengtheon the

liguid menbrane and w@ay

increaso in

hydrophobic core of the drug

oifer more ypecistance vo the transport of hydrophilic

porpeants. Tho GIC of a dreg, therefore, appears o
1 e

provide the ocame information which the dlssociation

constamnt provides in cace of vrate theory.32’33
If the dosee-rosponse cwmrve of an  agonist 1is

ad with the dosc-respense curve oi a mlxture of
there is a flatieainy of
a3

. - . 3 n ',."\n'-r Tlad
sho dose-vesponcse ewrve in che latter ctue.~ "% Thig

CORPY

an agenlst and an antagonist,

change leade o a parallel right shilt in the cage of
competitive aunbagonists. Yhe proposition that an

eplaces on anbogonist io rulsd out. This

agonlsh
effect is furbher substantioted by low dissoclation
congtonts in the case of untu;onlst.zz These obgsy-

as relabed vo the doy C=PEIponse curves can alao

be oxplained on the bosls of the 1iquid menbrone

pochesis for drug action, 4 licuid meubrang
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generated by a8 surface-active "anbdagonilst™ druy is

imserposed botween receptors in the biomembrane and the

agonist. «+5 & consegueace, transport of agonist is

iikely ©o be veduced, vzresulting in a lesser anount

ol agonist reaching the receptors. lonce to achicve

the sawe quantun of response, & hisher amount of

agonist will be needed. This effect will result in

the shkiiting of dose-r@oponge curves to the pight.

tho nature of the liquid mexbranc and extent of the

resistance offered ©o the aponist will determine the

nature and extent of the shif't in the dose-response

CUrveC.

Une experimental observation in relaticn to

the dose-resnonse curve of the agonist-tntoconisy

pinture has necesgivated the hypothesis of grare

raceptors¥. Lt ig observed“3 that a nixture of an

aponist and an antagonist elicit vthe same moximel

regponse as in vhe case of an agonist alone, bub

at a comparatively highor concentvation. “ho

dilemma is 3 if tho receptors are occluded by the
e to obtain pavallel

antagenist, bhow is iy possib
«h oond without an antagoulisy?

dOBC=PesnNotE Curves wis
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Oy inspito of a sigzgeable section of reccontors being

occupiled by an antagonist, how can a maximil responso

be obtained? The dilemna has been resolved by

proposinzd3 the existonco of Yspare recsptors®, i.o.,

those roceptors without combining with which the

agonist &alone was capable of eliciting mauimal

response.  Howsver, there iz a c¢priticism of this

hypothesis. & direct cxperimental demonstration for

fignare receptors® i still awalted.’* Biforts have

also becn made?? to demonstrate experimentally that

thore are no ‘spare recentors! 2apon kas commentedzs

vhat "loy occupancy theory, existence of spare

receptors morely seems a puzgling extravagance®.

n the liquid membrane hypothesis for drug actiecn,

the existence of spare recentors is not necessary.

The rate of transport of an agonist aercess the iiguid

c i epondent on vho concentri-

membrane of, an antagonise is de
ombrane .

;.....
.‘_:_..

gion pradient of the agonlst acvoss the .
Lg the concentration of the agonist o increased, the

vate of flow of the agonist across cthe 1iquid

pembrane generated by the antagonist will also

increase and &b 8 cerbain higher concoutration of ¢tho

agonlst it will elicit the vame guantul 0L response as
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in the absence of the antogonist. Thus, racther than

the exigtence of "hypothetical additional recepbtors®,
the reslstance offered by the liquid membrane genoratoed
by the antagonist, to the flow of agonist is likely wo
decide the ostrensth of tho blological resnonse. 4n
indication of this proposition is available in tho
literature. dHccording o the Ppotentialsvergifouny
theory”Bé the action of tho agonist was melated to

itie flux across the cell pembrane, which In tura was
related to the driving force.

concentravion gradient.

4

Lhile comumenting on the rate theory, it ig

renticnedd® that,

of tho drug, eny one of the following four stens nay

bo rate determining ghep:

1) access wo the racentors)

“he dyiving force is the

in general, for 4 he rate of action

2 conversion of the drug from an inactive to

aa acvive form;

31 rate of combination with the recentors;

L) rate of production of respenss.

Among these steops, access bo tho recopuor

Cad L la)
G107

G

1

A

to be nost common rave limlving atepag’&’ teneo,



any event which is likely to reduce access of the

agonist t¢ tho recevtor should have profound

influence on the nature and sequence of the agonist
recentey inceraction and, hence, on the consecuont

biological response. Ceneration of a liquid wuswbrans

having the abilivy to reduce access of the agonist to

the receptor is one such step. 4g a result, it is

likely o affccet the agonistereceptor interaction in

S notable marnor.

To explain the kinetics of vrevevrsible anvago-
anigay in aorbic strips, a biophasic model was prcposed.37'36

Lecording to this  hypothesls, it was suggested that

receptors are situated in a bicphass separated Lrom

the extracellular space by an iabterfacial bavrier

shrough which agonist (but not antagonist) venetrave

quickly, penetration of this baveier is considored as

limiting step dicbaging the kineties of

2 rage
antaganlsi. lowover, the exlstonce of such a borriecr
a iR s e 2 " a8 ‘j'\'
in case of antagonlst has been ruled ow experamentally.“j

G

Another prediction of the biophase hypothesis i.0., th
dose-ratlo {the ratic by which the agonist doso rmush

be increased iR orcer to rostore a standard ressonse
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in presence of antagonist) shouwld rise/fall oxponen=

tially when an antagonist is added/removed, is alse

not truec.23 It is occupancy and not the dose-

ratio that ig observed to chamge oxvonentially., The

liquid nembrane hypothesls for dyug action resclves this

problen. Though there is no barrier for the antagonist

to reach the receiror, & liquid nembrane gemerat:od by

an antagenist can act ags a barvier to the £ lou of tho

agonlst.

4 peacral conment regarding the validity of

thie liqulid meumbrane hyoothesis for druy action noeds

gpecial monbion. It is hkuown that the majevrivy of

in bilolegical systews (espeeially

o

Lranspert proceises

those of newrctyransuiiters) are active in naturc. in

contrast resilstance offoved by the liguid oexbrane
cenerated by the surfuce active drugs s passive in

Hence, only alter ghowlng that the active

G

nabur

neecess s 2lao dapaded by the dvug~licuid mesbrone,

1 the vole of tho liguid membrane ohencmenon in

istic dmups beeome acconbable.

"l,}",

<
P
€2
E‘U
Q
L
[._

Jer any process of active transnort, the rate of

of the permeant t¢ the active site ig an

-

access

ipportant facbor. LI this s dapeded, becanse of



the resistaice offered vy the 1liquid mombrane to

perneanys, aven the active transport will be reduced.

This vreducticn can rasult in antagonism, This ig

especlally true in case of drus/recentor interaction

beeause cccess of the diug ©o the receptor has been

considered3® to be a ate limdting process in the

whole sequence cf dreg action.

Thus liguid nembrane hypothesis for drug action

points towards & new facet of drug actioa., The hypo-
thecis provides a physical bhasis fepr the acgion of antae

goalstic drugs which are surface active in nature.

winee Ghe liguid membrane hypothesis Toy drug

action is guite recewut, There is & definite aeed to

iavestigave wucere and meore categorles of supiace active
drugs, for the vole of the llguid membranc hencmona
»action, o subgtantiade the

in the mechanism of thelr og

hypotnesis,

The Cwogont investlcation:
B e e e e

this thesis, the folloviny eategeries of
investizated for the role of liguid

popbirang ohenctmenon in the mochonisn of tholr action

E.'J
niy
o

£ psaﬁulat;d in the "llquid sembrane dypothogis

Cremarp 1C ..L@n

~ S



-2] -

Hemgntarzonlsts:

Chlorpheniramine maleate,
viphenhydvanine hydrochloride, and

Tripelennamine hydrochloride.

Ea-antagonists ¢

Clretidine, and

fanividine.

ik, Higtamine iielease islogkor:

Llsodium cronoglycato.

dile sungieplileptic Lrups:

Liphenylhydamtoin,
arbamcepine, and

Valpreoate sodiwm,

iV, iptlarreh

inidine hydrochloride,

isopyranlde phosphate,
Jrocairamide hydrochloride, and

Propranolol hydrochloride.

ALL the drugs listed above contaln hydrophilic

b

and hydrophobic melctios din thelr shructure and honce
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are expected to be surface actlive in nature and
capable of generaving liquid membrones at  the

interface.

Before an account of the investipgations carried
out on these drags 1s presented in Chapter lil and IV,
the ligerature reports on the surface activlity of the

drugs listed above are surmarised in the nexbt Chapter.
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SERPAC.. aCTLVITY OF DHUGS

Iir Ghis chapter a cuick survey of the lltera-

vrface activity of the drugs experimented

ture on &

with in ¢hls thesis is prosented.

e = gntazonlotss

surface activity and micellar aggregation in
acucous selutions L diphenhydranine hydrochleride,
bromodiphenbydranine hydrochloride, chlorcocyclizine
hydrochicride, diphonyl=pyriline hydrochloride,
nhenothiaging derivatives, tripelennamine hydro-
chileride, mepyramine maleate, bromophendpiuiing
maleate have been vororted. The effect of eloctro-
iytes o the micellar properbles of some diphenyl-
mothane depyiveobiveg has boen invegbipated. 4n
inereaso in the aggregation number and decrease
ericical mlcelle concemrotion {Cid) was cobgerved

Anh incpeasing conceniration of elec “GTYL05.5

“ho interaction of these antihistaminos with

Lefedipalnitoyl  leclthin monolayers have also bheen
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denonstrated. 4billity of amihistamines to increase

surface pressure was correlated® wich tholr surface

activity at air-water intorface. ot high pressures,

these drugs were cjected f£rom the monclayers.
Series of drugs eontaining quaternary amuaoniun

salts belongzing o local anosthetics and antihlsed-

mings have Leen shoun to possess’ the property of

sreventing  liver uecrosis. vthe cause for such a
prevention has been crvributed to  perneability

chanzes, %o rrovent the leoss of iatracellulir notassiunm

ané soluble oroteoins fren liver cells i  coryelation

between the protective actlon of theee conpounds

and their interaction at air/water ond 1lipid/water

interface has been demonstratod.

s = aptagonists:

FPhysico=choriieal properties of 4 lis-rocentor
p oy o4 'l'q o 3 3 iiﬂ 8 p v b e “ & car &
antapenist, cimetidine,” have boea investigated.

Surfaca proverdies of cimetidine, like surface adsorpe

suriace tension and surface potential were

ey

tlon,
stundied. Tho parvameters ilike hydrophoblelvy, parti-

rion coefficlents, which ore also relabed o surface

{." a e . - *
ape docurmnsed’ in case of cimetidinge.

ligwover, no definite informetion on Cif of cimesidine
fdine, which ave invostigated in this Shosis

and rankt

E)
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ig available. In general, it appears 21l the Hoeanta-

gom."w nay act ob uembrane watey interracce,

Latiepileptic LPrugzss

Degpregsant drugg, in general, are reported o

populate at the air-uaser imserface. 'Y  This is a

conseyuonce or dhelr surface activivy. 4sntiepileptic

5 aro ve,optod1' to coatddin both hydrophilic and

=432 23
az

hydeophobic moleties in tholy structurc. ismong the

comnon characveristics of anticonvuisant agenbvs, the

hizhest thorapouvic actlvity is generally seen in agenbs

wieh relatively cowplex Liydrophouic su?faee,11 Loy

wample, highly brasched cavbon atom is rouud iy hydan-

/3.1)-(.;5
goinc, amides, imides ete. Whis implies that the hydro-
iccproioleculcs of bioe

shobic imteraction of apgents with o
mcnbranes may be responsible for thelr in vive tctions.

i+ has been em;hgcuzud12 that the fundamertal noleculay

cuen?

mochanicns 0f action of many LIS dedressonts con be

jdencical, even though, cwalitenively actions ¢ilfer.
¢ hig indicates that supriace activity wnd peossibly the

shenomeacs of 1iquid mesbrove fovmatlon moy play an
e

in the moechanign of actlon of antioni-

AW Y

Japortant role
druge Just Mike 1t does in the cooe of halge

4
¢

lontie

. LA -
poridol, sernine, W o chiovmomazingt2 and dsas sonan!®,
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antiarrhythuic Druge:

apslarrhychnic drugs are kacun o consdin bogh
hydrophilic and hydrophobic woleties ia thelr struce
t’ﬂe17 and hence are exnscted to be suwrface active in

niture,. Thase drugs are cboerved o cluse incrsasg in
membrane surface presouee’’ and stabilisction of

membrancs. 7 The penetrasicn of these dwugs in 1lipid

A ( "
pnono and bilayer menbrancs is documented1“919 which

ailso is indicavive of the possible role of suriace

wetivity in the mechanisn of their action.

~~

Tihus £t aprears from the survey of literature,

vhot ths drugs chosen for the present study are ilikely

to Le surface acvive in novture and hence copablo of
gencrating liquid membrenes at  the interface as per
tegtiag's hypothesisoao The iavestigoticas carried
ut with o view vo exploring the role of the licuid

pembranes cenereted by vhese druge in their acticn

wd in the 1ight of

and anclyses of the daba so obtai

who Suiquid cembrance liypothesis for Urug sction®

qumarised IR previcus chuptey aro conbained in the

equent chopters - Uhaptor LIL end V. Yho noub

aubs

apter, Chaptor LLL, cotalns an acecunt of the

.‘
-'

ommaﬁm@&<@m“
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wadhilds 1T Al

This chaptor concains an accouat of the oxperie
cenbs corrded out to denonstrate the fermatlon of liguiad
rnerbrancs by the drags in serics with a supporting mon-
brance and to obtain data on the traunsport of relevant
vormeants in the presence of the drug liquid membranesg

thus generated.

Thoe drucs and other chenicals used in the nresent

grudics are listed in the Yable 1.

“peparaticn of Uolutions:

squeous solutlons of all drugs preosemvly studiced
oxcent diphenylhydamtoin and corbamasepine could be

cosily peeparod. 4n the case of diphenylhydanvoln and

>

covbanazepine whose soiubilivy in water :

=

3

s very low, @
different procedurc wag adopted. Yo prepare agueous
sotutions of the cbove two drugs, the neconsary voluse
of steck solutlon ol kncwm gtrengbh, prosore. i ace-
song, WS added o aguecus phage with constunt stivying,
Phe final concentration of acetone in the awooug

~

~olutions vhus prepared pever exceeded U,Upﬁ/“/n o
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it was shown by control cxnervdmonts thet a8 0,02%0

soluvion ¢ acctons in water decs not ioweyry the

surface tension of wator o any wmeacsurable extent,

Agueous solubions were rrepared with triple discilled

water, disctilled in an all pyrex glass still,

Cpitical .declle uvoncenbration (Cil) Letermination:

The crivical miceclle cencentravion (L.L) of
coueons solutions off the drugs was doterained fron
the varietion of surface tensicon uwith concentration.

gurface tensions were nmeasured uwsing a sisher

vhe
Tensiomat tedel 21, Tho values of the C.ls of the

various drucs thus determined are recorded in Tables
6, 8 and 10 in Chapter IV,

by

Hydraulic U erroability ieaguremonts:

The hydrawlic permeobllisy dota in preseace of

w\ls

vorious conesntrations of drugs, which vere exploited

to couonstyove existence of the liouid moubrane in

with the supporting mewbrane, were obtal

o)
ga
[
f\

tho @11l glass tronsport cell diagrammed i

1, ¢ vhe diagram of the transport cell (Mg, 1)

%]

)
has been well labelled vo make 3t self oup Lanatory.
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(1] 4 s

>
""‘MCXCLM

e

Baf—i

p.lmss ua\/\/’t j
head

B4 —/

’:z;..
o \d>< -

Magnetic needle

——— .

Magnetic
stiner
The all-pless Lranspore goll .1 = puppordting wenbrans ;

A;'ig o

{ colluiosd scobabe slercfiloration mombrane Lab.Ho.11107
o 3 ,-,.f) ¥ o a

of thickness 1 x 10-bm and avea 5.373 x 10°m8), P e bright
Dlat;nnﬁ olectrodes; iq Ba = electrode sormdmls; Ly Lo =
canillopy of length 17 ¢ and diametor 1,18 = 10~ em,
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it essentialily consists of two compartuments U and D

geparated by & cellulosic (cellulose acetate/

cellulose uitrate) microfiltration membrane (Sorborius

Je%. 0. 11107 oz 11307, nove slze O.B‘Fm) of thicknegs

L‘ :; L
; = . £ 277 = 10%5m2 ol 3.
2 10=%n and avea 5.375 x 10°7m~ which, in fact,

et a3 a supporting menbrane for the licuid nembranes.

Jhe stopecock attoched to compartment U could be used

ve adjust the liquid nminiscus in the capillary .q Lo,

To obtain the hydraulic permeability data at

vorious concentrations of the drugs, aueous solubliocus

of the drugs of varying concomrations uwere filled in

the compartment U o the transport cell and compartuens

filled with distilled water. ilnowun progsures

o WS
wore anplied on compartment O by adjusting the

pressure head Aand  the regudiing volume flux was
masured by nowing the rate of advancement of the

5 in caplllary iq Lp wsing & cabheto

1iculd niniscus
poter reading upie 0.001 cm and & sbopuabeh reading upe

N

1 socond, The magnitude of the applicd vressure
algo meacured by noting the positlon
o aeogoure  hoad using & cothetomebor roading upho

AR imporsant precaution the measurouent

O 0iF Chite

off volume &



ubfo-

application of pressurce on compartncrd U beliors the
measurement of licuid miniscus in the capillavy iLq Lp
done o ensure that the Ilow

()

i

-
-

G

were recoxdod. his wa

in the eapillory wuas steady fiow. In foct, the dige-

tane: neved by tho liguid miniscus in the capillawsy

wag plotted against dime. if such plcts were found
%o be stroight lines passing throush the wrizin, the

£lew wag teken to be steady flow. Turing voluse £low

swenss, vhe solution in comparsment U was well

~ St g <
Qa J...vr.. L&'-IY-J,

e}

ard L {fig. 1) were

=

atirred and the electrodes Liq

¢

shert  clrcoited so that  the electyo-osticoie bvack

iy that could develop aue Lo sbreaiing potentials
did not bocome & soricus dicturbing fuctor. The
voluge flux Jy at varicus vaelues of (B¢}, the

.
]

-

1ied pressuve difference, were caleulased ugd

Ghe reluvion

>L L4
7 T (%)

L
r R*K R/ &k (1)

vhepe r und Boare radii of the caplilavy iq Lo and

she membrane, < {Fig. 1] respectvively and "A' 1o the

soponce vravelled by the 1iguld mindscus 1o che

cﬁﬂill”“T 41 Lm in time t. The concenbration PANZES
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selected were such that hydraulic pewmeabilitvy data
were obtained both below azad above the LGiiv of the

dArurse

solute Permeability Jeasurengifg:

Yor the measurenct of solute permeabllitvy (W)

of relevart verpeants in pregence of the liquid membrane

generated by the drugs, tuo sets of experiments were

serformed. In the ¥irgt set of exporiments, a

of the relevamd rerreant
filled in

pixcure of ayueouws solutions
ond  the drug under invostigation was
compartont o (fig. 1) was

ri1led with distilled water. Lo the second seb of

compartnent O and the

xnerinonts, the aqueows solution of she relevant

peracant wWas kept in conpartment & and coapavinent v
uas £illed with the agueous solution of the diug

under iavestlgasicn. .n conbrol cuporimonte, houever,

no deug Wos uscde

ihe valucs of solubo permeability (W) ia

PEESeRt” of the liquid pembrancs generated by the

various Aruge vere measured weing the dofiniviontse

Ia
AR J, =0

= 0 (2)



where Jy and ds  are the volume flux znd solute flux
per unit area of ths membrane, rospectively, and Mis
the osnmotic pressure diifference. <The conditlon of no
net volume riuwm (Jy = O) during the solute permeability
(W) measurcmencs was astained by adjusting the prossuxe
hoad attachod vo the compartment U of the transport cell
50 that liguid miniscus in vhe caplllary Lq L2 remaing
stotionary. 42ter @ known peried ol time, which was of
the order of scvercl hours, the concentration of the
sepmcant  bransported o the other compartment -
sompartment U, was ueasured. The amcunt of the permeant
seiped by comparimont . ¢ivided by the time and the
apea of the membrane, zave the value of the solute flux
Jg for use in tho calculation of W using oguation 2.
he yalue of AR used in vhe calculasion of W was the
~vera~e of the values of AR at beginning (¢ = 0) and
at tho end of the cxperlmont,.

dor the solute permoability (W) measuremnents,
Hhe concentyation of the dyugss btokon were always
hipghop vhom thelr Gebg, Thig was done vo mako sure
ehat Ghe supporbing meubrane was completely covered

el bhe Tiguld nembrane gencraved by the divugs -
T & n LI q L o
according Vo Reasting's hynotheslis,” Whe supporting



S

membrane gets complotely covered with the liquid

nembrane when concentravion of the surfactant cvuals

or oxceeds critical wicelle concentration. The initial

concentration of the permeants in the solute sormeabi-

ity (W) cxperiments was taken to be as far as possible

comparable with chelr in vivo conceatrations.

111 measurcliznbs -~ solute peraeability, hydraulic

pormeability and vhe ogasurement of Coi - vwere carried

vt at constart temporature usimt 4 thernostot set av
37 % 0.1%.
_sbimations:
liigtamdngt
The amount of histanine transnorted to compari-

esbimatved by measuping fluordmetrically the

rent L was
rigorophor dopivative from its reacticn with o-phthal-

;-;,mehyde"??f’ A 2hotovolt fluorescence moboey model 540

for the eabimabions.

¢ scld (Gaba)e

¥y ~aninobut

The amount of Gduws bransporbed was ostinoted

by &p gcwaphoueme tric determination of its reaction

produet with ninhydria® at 370 nu. The antieplleptic



nq!{,-

drmags were found not to interfere with the ostimation
of Chul, &L Spectrouic 20 Bausch and Lomb Spectro-
Photoneter was uged for ostimations.

-}

G
J ¢

Cationg (lia

- . . 1. 8 .
The amount of sodium {lia”) transportod was
estimated uvsing flane photometer. klico {(Indis) td.,

soiel CL 28 was used for estbimabion.

The resultc obvtained and the discussions thoroeod

apre concained in vhs next chapter - Chapter 4V,
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Th: Liguid Jembrane ror.ationd

The hyderaulic pormeability data in case of all

the drugs vere fLouad to obey the liacar relaticashin

wigre Jy renresents the volune Jiux per unit area of the
P Ze the applied pressure diiforence and ap
concuctivity coefliclimnt. Tho typleal
Apeicular cases - in case

¢f cimoviding, valproase sodium aud quinidine hydro-

chloride arc shown in Migs. 1, 2 and J resnectively. i

porusal of the J, vs. Av plots {Fiss. 1, 2 ond 3) in

case of cipetidine, valproate sodium, and uiniding

hydrochloride reveals that the valve of Ly which

C

measuras reciprocal of rosistance o volume Lfloy

5 conecentravion of the drug increases. The
i e valvos of Lo 1,0 E#hn yalnna oFf ('E. O,
normaliged values of L) L.C., the values of dy/hﬂ}

-

whon drug eonconuration

ahere Lo renresents the valuo
.
avp plotted agelust concentration ¢f the deug in case

WOS GCT0,
23l drugs omd are rocorded inm JigtekeT. I cum be secen (¢
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o

iIYdraulic peL
I ikaclhl.-inby acbia &Y Tarion
uo con
- conbravd
.I., L1 and it o
I are for O
-]

991& - () l‘.
§ & QA X
concertration of tl
11 ' : Ycz’lq
'\cv\l? <A )
sents data for ¢
P G0N

20 )uCLivvl:V' Lurvo
lehl LJ
JLoher then whe il
04‘ L)h\e

L iong oqual v
90 cmd 15.936 = 10'5

cc.z‘bx‘ﬁv
7 \';}"' b+ O

diil vige)
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S
APX10 Nm

irauddie per@eabllity data at variocus concentrations of
liyarag

snidine kydrochloride, OGurwes Ly LI, AL, IV apa v
quinidiae | zf |

Poy O, Ua969 X EO“?M, 1978 x 10 7ﬁp 3:956 2 10~7,
are L s

~ . ~
7,912 x 10714 concentrations of the drug,
nnr] { a 7 e
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()‘-br 0{6 Or'8 I-IO l-'2 l"G 0
CONC.XI(’):M(SCALE FOR CURVE 1)
CONC.XI0M (SCALE FOR CURVE Tr&TI)

V]

. PR A « I _

veriation of lipfil) with concentravion of the druss,
hag:

curvas L, +4 and LI reprogent daga in pregenes of

chilovpheniramine malsate, tripelenmnine hydroe

chiopide and diphonhydraning respectively,
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L _
05— Scol cunv
! ; A 3 '-i;"“ ‘I\IJ.) ‘

STT06 08 10 12 14(Scolefon e

f1g.5 Veriztion of {%,/12) with concentravion of the drugs.
cupves L, IE and ITT veoresent dava in presence of

cimotiding, ranitiding and disodivm CroRoplyclte,

respechivalye
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6 @ 10 12 14 16 18

Coen. x 108 M (Jox curver)

Cocn. x 107 M (fon cunve 1)
4 N L !
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that deereasc in the value of (Lp/Lg] continues

upto the criticai micelie concmngration of the
drug, ulereafter, it becomes more or less constant.

This trend ir the variation of hydraulic conductivity
coofficient uith conceatration, which was found to be
sye in case of all other drugs 2lso presently iuves-
tigated (<lg. & Zor Hi-untagonists, rFige 5 fov Ho-
antagonists and histamine release blocker, Iig, §)
for antiopileptic drugs and Fige. 7 Jox antiarrhythaic
crugs) is inkeeping with ilesting's liquid membrane
hy:othesis1~ Aceording to Kesting's hypothesis, as
concentyation of the surfactant is increased tho

sunporting membranc sets progressively covered
with the surfactant layer llouid membrane and ot

she critlcal nicelle concentracion, it is completely
coverad. The marcinal decrease in the nermalised
yoluos of Lp beyond CHC as observed in a few case
(Fige b Sor © i hevhydramine end tripelennanine,

e & Pop sodiud cromoglycate, Fig. 6 for diphenyl=-

nydant okl and carbamasepinge and Filge. 7 fop quinidine

NPoCeLE apide and nropranclol), oy be due to densing
ol the 15quid oubrans.  Kesting himsels has mentlonad
Ahout such 8 20565bi1ity dn the liquid mewbrane hypo-



snalysls of flow dota in the light of mosaic

’)

3.4
mepbrane model™? ™ fuprther supports the oxistence
of the licuid membrane in cezrics with the susnorting

ACHLYSNS .

hy»oth aeSlb,? at C.C, the supporting wembranc iz fully

covered with the surfacueid layer liguid membrenc, ab
concentrasions louexr than the L, it will Lo
“he sitvation is pictorially

~orcially covered,

de ke Li:‘f f.‘:.‘. l""}.{:- 8. v I'].C chutf‘.uﬂ oy '\}'33.'&[2‘;&‘ flOW
.,,,E).... Gl .
Loy n‘n : ?»Y.’ 1.I‘..‘,..,..“/\,t.’l,: ._‘S

Pap such & situaglon

T, (e K) = TA + T A

whore L pervesents the aren of the membranc denoted

g ond the superscrinshs s oad

Ih'? t,t’](“- \_)LLIDOI‘SC?“?_ W

supnoting membrane and the

Lo
"y e \—)~

Q@

panpoganis the

a - wate . p ) ke Y12 1A N n.yu'. do Tr A - & o = - re e

supperting momorans covered with the lioguid rvombrane,

pespoctively. n view of the lincor velationghip
[PATSYES &

" i o) Ifq“ [T %4 ¥ d Y=Y
b atees Jy and P AP, the equation (2 can be trans

formod 2ato




Liguid membravie

w \<
\!\\ \- \\.‘v \‘.,.

J 2 8
Tl
= ] |
Supporting mewnbrane
etate micato;:ilt&mtion membiane)

(Cellulose ac

ohemabic revregentation of mosale nembrane forued
on the concorsration of ithe surfactant is lower

— 3 -G 5 :
Cil o JW Iy o  and s have the same

» » 0 Y ATaY R M Ly grn D
ﬁ-:.'e;.nw.ng ag i SGRAGAL0N Coe



P values of “wo @O various concenuyations of vinetidine,
Cimetidine concentration x 10%.
8] 1.270 2.552 5103 11.923
ﬁClNW C‘r?w ﬂ.r;.w Coru
s x 108’ s~ ™) 2.,020¢ 1.7637 i.5681 Te832 Lo
- +060278 +0404LG3 +0s 0457 20e 1420 +0.0201
) .L;..“ = 1.€115 1.6020 - -
iy X 40 A = )
+0.0314 20.0349



Cimetidino conce: _
: X concentration x 10,

O 1.276

(0.35°G:)  (oustm) 193 L

Lm. x 10%(n e~ 1-1)
N i 240209 1.7C37 1.5681 1.1032 1.1801
Fhe0278 00463 200487 2Ue0L20 +0,0201

b L P S
» x 107 (m7s™ ' : - 1.£115 1.6020 -
+0.0314 200349

L

< Laoeryinendsal valuecs.

B sazeulased values on the mais of

membrane was used 48 4 SUpPpOrting

nosaie modele Celiuleone acstute mderoifiloration

mombrans .«



1 . umb.nvo “ ! i A =" | ¥3 .y J.l
Ex 1 values of L) &t various concentrat iong of simetidine,

Cimetidine concontration x 10%1

Q0 1.276 2e552 210 1.
ﬂQ.NW C».T.v ﬂCOU&W.hv ! W WNW

Ly x 108~ i) 2.0209 1.7637 1,566 1.1632  1.1801
+04 0278 2060403 200867 1Ue 0420 +0,0201
2 x 10°(e?s™ i) - 1,6115 1.6020 . -
| +0,0314 00349

& Lynoyinental valuss.
uea ndcrofiloration

He TS ~1e module Celliuloso 460t
B Colculated values on tie tueis of 1S 1
pombranz Vas ugsed .5 2 sunnorting Hmembranc.



Valprocte scdium concencration x 407:.

0 1.992 3.98L 7.96¢ 15,936
(Ce25 U.L) (0.5 L)
a (57 GG SRR T o R .
Ls = 108 (mrem1n-1) 2.0699 1.9312 1.7878 1.5L9% 145169
44,0005 *0,0237 +0.0535 20.037  20.0743
LS x 108(mds=1-1) - 1.9095 1.7897 - -
40,0545 +0,0500

@ Lmperiluental values.

a Yl . 3 H
Galeulated values con vhe Bsis of 1mosalc UoGOLs

1 ine nerorance.
» e A ag o supporting el
Cellulose acetate microfiliration rerbrone was used &
LLOOE vl uatl o -



aainidine hydrochloride concentrotion x 107

0 0.989 1.978
& - o&QC - 7
(0e25 C.0) {050 G:8) u..oomw [¥N2
-8 8
L3 x 10 =1=1 \
(> g=1u=1) 249647 2.6515 2.2359 146253 1.5239
20,0902 400644 400250 060337 0,031
b :
bp x 1083 s=ti-1) - 2.6299 2.2950 . .
40,0761 10,0680
a

sxporimontal valucsS.

b Galculsted values on +he basis of mosaic modele

Geliulose nitrate nicrofiltration mombranc VAo uced as & supporting Lembrande
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Funectionally LD anmd Lp represeants the value of Lp

o Tut and G0 vespectively. “he conecept of progre=-
sive coverage in vhe liquid membrane hypothesis

inplics shat at half of the G:C, the fraction of the

cotal area of the supporting membrane covered with the
1icuid menmbrane will be hald and hence, thg alope of
Jy vs. AP plot, in view of the equation (3) should
be ecual to (L5 + 18)/2. Similarly, when concentrae
tion of the surface actlve agent 1s one fourth its

oG, the value of the slope should be oqual teo

(3/8 15

the concentration of thaz

+ 1/ L p end so on. 7Thus, in general Cerums,

surfactant is n times

jeg GG, n belng less than or equal to 1, the value
» vho slope of dy vs. DP plots should be cqual vo
18+ n Lf|. The valuos of Ly thus eomputed
& vapious concentrations of the drugs below thelr
Gl were found ©O te in good agreement with the
enorinenbally deternined values

vhe data ia case of a fow of the

in gese ol al

vho drugsSe

dpugs is given in Tables
i, bevuoen the coapuved waiues of hydvoullc

1 -3, a5 a saaplo. This

Qroei
conductivity cosfficiens, Lp, using megalc moded,

o W s W M
nd the @xuerimantally dovernined values, Lurnishes
and ois we



additional evidence in favour of the formation of liquid

wembrans by the drugs in series with thr supparting

mombrane. Thus, tho prosent data (Figs. 4 to 7 and

Tableg 1 = 3) amply indicate that all the drugs investi-
gated in the precent study do generste a liquid wembrane

in gories with the supporting menmbrane in accordance with

destinz's E:uogmmnm.a

n Solute Permeability (w):

For evaluaclng the values of '«' for relevant

permeants in presence of the liquid meabranes generated

R ittt LS |
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additisnnl evidence in favour oY the formation of liquid

e

membrane by the dmugs in series with the supportlng

nombrane. Thus, tho present data (Figs. & %o 7 and

Tables 1 - 3) aunply indicate that all the drugs investi-
cated in the precent study do gensrate a liquid werbrane
in sevies with the supporting menbrane ia accerdance with

{ecsting's hypothesi

The wota on Solute Popmoability (ed):

For evaluatlng the vaolues of ' for relevant

permeants in prosence of the liguid meubranes generatved
by the drugs, tWo 5008 of experimcats have been porforied,
The devails of ohe procedure are recorded in Chapter X,

Tn ohe fipst seb of cxperiments, aquoous solution of
and the
compartucnt ¢ of the transport cell

the drugs perpoants wore taken in the saue
compartuent -
(iige 1, Chapter 11} and the compartment L wag filled
with digtilled water
of the drugs was taken in conparthiert

In the second set of experimonts,

aqueous soluslons o
Y of the trunsport cell (Fig. 1, Chapter III) and
she 4queous solutlon of the perneont, was taken in
canoarpnent C. winge, according to Kestving®
hypothe 5ic, ! complete liquid mombranes are genorated
e the intersace when

concontration of the surfaectang
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ecuals or exceeds its CUC, the concentration of the

drucs taken in the solute permeability (W) exnerinemts

were always higher than theiyr Cil, to make sure thag

the supporting meombrane is cowpletely covered with
she 1iquid nembrane generated by the drug. Thse data

on the gsclute permpability (W) for relevant nermeonts,

obtained from both the sets of experiments, for the

varicus drugs investizated ore recorded in Tables 5,
7, 9 cnd along with Lhe veluos cbtained fron a

songrol cxperiment, whore ao drug wos used.

Since, ail the doups iavestizated are surface

active in avture, Uhey have both hydrophilic wnd
hydrophoblc moleties in their structure. lisnce the
onsagion of the drug molecules in the liguid

embranes with resoect to approaching permeent would

La Jifferent iu the two sets of cxperiments Lop ‘w?

HeOENPOeRLS 6 In view of the swrface active nature

nf tha Arurs, it 1o oo zieal ¢o exnoch that the

hydpophoblc narte of the drug noleculss would bo

sroforentiolly oriented towards the hydrophobic

B L R pembrane and the hydrephilie parts would

we dpown ontuwards auway fron it, Thus In the Llrg
el oF @};peg‘ii'ﬂ@iﬁiﬁi D00 W neasnroments wvherve the
7 .



.

drag and the permeamts are in the sauc compartnont,

the approachinz ermcants would face the hydrophilic

surface of the dmug liquid weubrane whercas in the

seccond set of experimemts, the persvants would face tho

hydrophobic cerface of the ligquid membrane generated

by the drug. 7The gross picture of the orientation of

drur liguid membrane vigea-vis pormeants in the wwo
seto of experlmonts for () measuremonts is depicted

'ifl Fige 9.

in the present studies a non-living/mon-gpecific
supporting ferbrane e.g., ccellulose acetase/aivrate
pierofiloration membrans hog teen delibe

epaction of the dmg with

ravely chosen

weific/active ing

-

w

s that
she constituents of blomembranes og a cause for oo

modificasion in the permeability of relovent peroeants
ig totally ruled ous and the role of pagsive transport
ghrougn the 4rug iiguld menbranes in the mechanisn

o7 cheir action is highlighted. Murther, choosing

ctructurally dMsalniior drmgs within the sane

ical catopery makes the xole of passive

Y

oharnacolog
ispors shrough the drug liquid mombranes in the

A, #
CEFAS

ochanion of thelr action eonspleucus.
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HY RROPHILIC

THE GROSS PICTURE OF THE ORIENTATION OF THE DRUG
s 1QUIC MEMBRANE ON THE SUPPORTIM%MEMBRANE
ViG-A-ViSs PERMEANTS (P)IN THE TWO SETS OF
E;{P.ERIMENTS FOR SOLUTE PERMEABILITY MEASUREMENY
— Ci}DAUG AND PERMEANT IH THE SAME COMPARTMENT
” /

(id) oRUG AND PERMEART IN DIFFERENT COMPARTMENTS



i discussion of the deta highlighting the role

of the phenomena of licuid membrane formation in the
mechanisn of action of the various categories of drugs
study is presented below.

investigated in the »resend

¥y Lll",jl,'.} chwiBRiee PR NA

T
Ad LA

aptihistvanines?

Jq-_atawonx oo

in this secbion a discussion of the data on

three structurally dissimdlor antihistomines (Hg-anta-

ronists), nowely, chlorlpheniramine maleate, diphons

hydranine hydrocihloride and vripelennanine hydrochloride

srosonted to throw light cn the role of liguid

mobpane phenomend in thelr action. Surlace activity

ig documented 1n litoraturg. s

»
.
s )

of an sihistanines

Iaterature valuos of CoUs of antihistamines ave

atso rocorded in Table &4 along with thoe waluss detop-

in the present invesbigation. In cuse of dlphen-

hydrochloride, it has been cencludodc shaty

ninod

hydramine
tmag ShOus aggrogation beyond 04056 concenvration,

the 1
lsnce, the G should be above this concentration,

i
ihe Gl of chloripheniromine naleate 1s nov docwnonbed
che ldperature. The b wvelues deveralmed in the

in %
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el Lo uritical nmiecelle concentration data of antihilstie

nes in aecsus scluiions,

Colo

ol ™ woludg? w1~

Uhlorphoniranine (1 % 10-1,1 0 .

oaleate

- xk ‘: Aride s
~inhoahydranine (1 2 10=3) 0.122™ U 0,05

hydrochloride

"pipelonnanine (1 = 10=3)" ~ 0,20%% _

hydrochlorlde

investigation, values are av 37°%C,

alucs arg av 3990,

.0, 6, values are at 25%,



- 67

nresent investigation, though lowor thon the litcra-
Lure veluss, were found o bo consistent with the
hydraulic serpcability data (rig. 4). Tho rosis-
tonce so volume flux in the presence of drugs ine

croased with increasing conceatravion «f the drugs
unts the Gl values -~ nresently deverzined, bayond
wnich it beoeamc more o less constant. Thig implies
hat these are the coacentyations at which a compleote

ane Ls gencrated in

cr

1iquid me series with the
in accordance with the llqguid

1

auoporting menbrane,

acubrane hynothesiss.

satihistomines are ki nown’! to oceupy lg-higta
recentors causing exclusion of histamine Zrom

sra preceptor site. The actica iz known to be compe-
nitivo and reversi »1e.Y The entagonism is considored

counte of the snecific interaction of

Fd

5 with the veceptors. The presens

LoUCTOT, ipdicave that the licuid mombrancs generated
- the druges clso cenbribute to the antibhistominic

&.Ctlon-

phe data on the soluse peracability (W) of

apine in the prescace o the antihisvaninle drugo

hiso
ble 5., %he values e Caprossed
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'GBLL 5 3 Permeabllity of histamin b {W} in preasence of imti-

T :
nistomines’ .
N 1610
Lrugs g 2 107 W, x 1079 Wy x 1014
(mol.g=in=7) (mol.s=1:~T} (mol.s~ti=1)
Chlorpheniranine 5.16855 53,0620 33460
maleate *0.0379 20,5600 043398
Diphenhydromine hydro- 5.1855 3.1063 145250
chloride 30,0379 +0.3251 4G 1420
?ripeleinanine bydro- 1650 341579 246607
1046379 4042691 2043145

chloride

Control valuo - when ne drug vag used.

Wy & LIGE ~nd hisbamine in the comperbnent U and witer in

the comparbuer [}

Ly = pyug in the couparvnent i and histamine in the

Corqo‘ 1?"‘&3[;13 nt U ®

e coraceqtmt ions of chlorpheairanine maleate, diphene

o Th
hydpaning hydvrochloride, tripelemnanine hydrochlorids
~1' & .- \ T e :
wore + 2 % 10704, = x 10 P4 mnd 2 x 1075, respece
tivelye
by radpiol concentragion of histamine 10 pg/ml.

Collulose acctote nlgrofiltration mewbranc wos used

ag Gu HpOPbing ReIbYUng
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as arithmetic medn ZF oV

the 15 repeats Jox each vaiue ol W .

cebucea varlous Wevalues in Table 5

statvictically significan

indicate that the liguid wmetbrands gepore
amsaponiscs themselves iapede the tya

4o o notable cxtent., Ohlorphoniramine mlcate

o be uost potom;8 araony 3%

Thio consigstent vwith the cbgerva

2d, 15

Gudi

e
(Table &) implying thot it forms & complete

nembrane at a much lesser

sun dpucs. This prima fucie indlcates

aarhrane zeagrated by the

af actlon may play 2 role in tho mechaniom of

action.

1Ina

Crlovpheniramlae maloate

all three Hq-antagonist

vandard deviastion - based on
The differences
vere found vo bLe
Tho dete In Yable 5 clearly
ced by

noport of hisgtaaine

lig=

igs knroun

S

ticn that
i 00 of chlorpheairamine maleato is the lowest
Llouid
concentration than the other
that the licuid
ansihistaminos at the site

thoiy

which is kaovwa to be

woat rovent of &ll the three dxugs sY presently studied,

1mpados sho bransport of histaunine move or leso wo tho

pare oxbent AR beth the crientabions - whon tho porhoum
sarfcco of the

she hydrophilie or the hydrophoblic

« - e irg! - v 0N S OL
1mer 1dcuid mombrone, The rest of the drugs
i tdzy e .

of histanine nore when
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1cnid merranes weesent thelr
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the nermpoant tham whesn the peraeant faces shie hydro-
¥ ic suariace of the drug iiguid meubrancs. wince, in
vhie histanine recotors, oxistence ol both hydrophili
ang hydrophoblic sites has been iudicated,g it annears
leate pets attached ¢o both

chat chlorpheniramine s
in the formation of

lige and hydronhickic sites
while the other two drugs get

sites, :decordinz to

hylrophi
liquid wewnbrange,
caly to tho hydrophilie

eotachad
10 vhopency may 3nply selectivity'.
the more selective

Laud in other
phe aore potent the drug is

TOraS ,
Thas the condency of chlop-

c to the receptor.

iy may be
ohoniremine maleate to attach voth hydrophilic and

selectivity to histamine

sites implics its
statenem , 10

hydropnooad

('\

OCEIEIRS which io in lkeeoing with taud’s

j& iz interesting Lo ncte bhit structurc-icti-
joy studics of fi, =antagonists have exhibited a
VALY Gbdts
sh partision characteristics

solationship Wit
e .00 nhenomgna13»14 both of which are related
USGUCE-‘-“’ '
"-';UG Licéivity‘

nough whe reduction in the vermoability of

4"..1%3
(3 stealng on cceounv of 1iguld meabranes generatod
sdewnd g
©g s passlve in pature, It is

the Aptihlotomal

5y
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ikely to be acconmpanied by 2 consequent reduciticn
in the active processes as well. This 1s because
the presence of the liquid membrone generated by
antihistamines is likely to reduce the 2ccoss of

histamine to its recertovs.

The multiple effocts! associaved with Lq-nasa-

gonist viz., antichctlinergic effcets, local anacge

thevic effects or sedabtion may also be explained by

aodificatvion in the transport of relevant perieunto.

Phe liquid membrane generated by Hi~antagonists tEay
ofifer a varylng degree of resistance vo the transpors

of relevant perissunts. Jartheyr investigations are,

pProposit ioits

Thus there is enoygh cireunstantial evidenec
to indicate that the liquid mombranes genorated by

the antihistomines ab tho site of action may contri-
pate bo the mechanism of their action.

& o 2
u".'-d?'ua"o ;—t‘—:-
Thic section comsalns a discussion of iho

data on cimetidine and renitidine in vhe lighy of
tho 1iquid mmbranc hypothosis Lo dmug action.



TADLE © ;3 Critical micelle concentration data of iga

antagonists and histanine release blocker,

Lrug GG
Cimebidine 5,4025 % 1070,
“anitidine 1.0188 % 10~C..

vromoglycate disodiun

1.5925 x 10~9;
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TiLLe 7 ¢ Solute perzeabllity (L) of Histanine” in nressnce

of drugs®,

Wy = 1919 Wy x 1010 R 1010
(mol.s~t=1) (mol.s=¥i=1) (mol.g=li=1)

5.1555 50379 3.0516
20,0379 2C.3531 30,2710

wanitidine 561855 1.,65630 20741

20,0379 20e3205 Z04347
Cromoglycate dlsodiun 5416355 13139 24207
046379 4041952 4042631

ZAME Control value - when no drug was used.

Lyug ond histamine in compartiert C and uwater in
compartmert U.
Lrag in comparcnent L and higtomdne in  compartrent G.

W
' The valucs ofexvressced os arithmetic mean X sbuadard

e
w
u

deviation.
b initicl coneentration of higtairine 10 pg/ml.
c The concentrations of eimcvddine, panitidine and

‘ b
eponosglycase disodiun were 240410 x 1U 7,
0750 = 10=0ii ani 6.3700 x 10"V vespectively.

lye
Golluloso acetate microlilbretion mbRune wus used

ag gupportlng nembrans .



Goth cimetidine end vanitidine aze kaownl? to
be Hp-antagonists., Tho data on histamine permoability
(W} in nresence of these drugs (Yable ¥) indicabe that
the liquid membrancs which are likely to be formed ag
the olte of action of the resnectivo drugs may contrie
bute to their biological action. A porusal of
Yoble 7 reveals that the peripcbility of histanine is
reduged o @ greater exteat in the first set of

o rmawmd Mt - 9 wkrernh thn sasosanans R AL Ared an ¥ PR



ianitidine is known t0 be a more potent Hoe

giﬁmtidim.15 This fact can be

cntagonist than
tho besis of Giw values (iable 6) of

fationalised on

she two ArugSe. ranividine is logs

vines, the GO of

vhan that of c¢imetidine, the Lorar would form the
couplete liquid membrane offering maximum resistance

to the transpert of higtamine at & lower ccncene-

bt oan +har pdnetiding usmilad ramirve . Ehvre. ralrdine
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nividine are hnoxn" Lo

Goth cimetidine and za

be Hp-antugonlsta. The data on histamine peruwabilisy

(W) 4in presence of these deugs (Cable 7) indicate that
the liquid membrancs which are likely to be formed
the sise of action of the resnectivo drugs may conbpri-

biological actions # perusal of

bute tc their
shat the parmecbility of histamine is

voble 7 roveals |
redneod o & greaser oxcent
wnopdmen’ s in which the permeant, histamine, faces

liquid rembrane. “his

in the Dirst set of

+he hydrophilic surface of the
trend apnears Lo sndicave that the Hp-receptors are
oriented I% such a monney chat ¢heir hydrophobic
available Lo geb attached with the

noictiecs are
hydrophcbic moietics of vhe My-uubagonlst - ciuevi-
dinz and ranitvidine, jeaving hydrophilic woietics of
she dreugs ©O face histanino meleculess Whis
r oo the gaylicy obsorvation in the cuse

FAS N B Y

ConLIas
of anantagoniats, uhere the transport of histamine
was impeded wmore whon Iistamine faces hydrophcbic
who liculd membrane generatved by the

supiace of ©
oprvabions, therelore,

o Those CbBECE anpeap

ARG ')’On.«f.‘b& s
v indicate chat orientation of g and ﬂ “TMCGuLOTS
winilar

T 1 e
gpanine way be cprosilbe Lo ead h) otlex

24

s

Xy i I§i

~

b
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aanitidine is known te be a more potent loe
2
catagonist chan cimetidim.w This fact cen be
sntcionclised on vhe basis of Luw values (iable 6} of
ehe tuo drugs. oiace, the Ll of ranividine is loss
thon ohas of cimetidine, the Ioraer would form the
coaplete liquid wmembrane offoring naximun resistance
sneport of histamine

to the tran:
ipetiding would roquire, thus, waking

a¢ & lowey cCccncelie

spation than

nanitidine moYe notent than cimetldine.

n case of disodium cromoglycate, 2 histamine
7 +ne transport of histanine is

rINYD

relcase blO(‘I“"‘
shen the drug liquid membrane »nresents

jpeded HOSY ’
dz*ophilic suriace o
s herefove, that o

. she permeant  (Table 7).

1t appsusss
cho 119 sid mepbrone with hydrophllic moletics of
(X728
scules facing hishaming

oo, f,lf{(;u Lo mok
pr AECESBAry Oveh on st cells.
on o the nature and cricne

diseadua ©

- g 'r'.r's«’ ALY l
more nLovhRY

sve of action on magt cells

')t,ll

LLU-



‘ntiepilentic Drugss

sntiepileptic druss are known to stabiliso

biological,nembranes15 afper interacting with then.

They are known to contain both hydrophilic and hydro-

phoblc moletios in their structure. 19 The antiepie-

leptic drugs, vherefore, are expected o be surface
setive in nature and hence cupable of generating llquid
pbrane &t the interface in accordance with Legting's
hypothesis.1 411l the three aantlienileptlc drugs,
namely, diphenylhydantoin, carbampsepine and godi

valproate ~resencly studied have, in fact, been

shown Lo generate liguid wesbrane in series with

sho gupporting nembrane {seo vlg. 6 on poge S2).
Lenressant drusgs in penercol are known ©o populate
at the air-golution intorface¢20 vince antiepilepbic

apbion L9 doternined by the concentraticn of
e

Jeaminobutyric acld (CiaBL) in brain, data on the
odificasion of permeability of GiBA in presence of
i -

the 1iquid membrane senorated by the antienileptlic
l' -

pave beoi chrained ond ove rocorded in Table G

drugs

"
g &y

¢ nerusal of Tablo 9 roveals that in the firgt

P4
%mmm{ww.ﬂ ere the pepmeant, Wb, fLaces

»

sface of the drug liquld noubyone,

2
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DIDLL & ¢ Critdcal micolle concentration (CiC) of
Lintiepileptic drugs.
- l,d‘::: \-;o l'h;
. inhenylhydantoin 4,00 x 10~ il
. [~ 4 « "'8
Carbamas ine Ge 50 x® 1077w
- w!'-r-
Valpproape sediul 7.97 x 10™24
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g 3 P - » P 3. -t: -
FTaiiLi 9 ¢ ooluto permeability of CabA™ {(W}" in presencc of

~U

LIUES W, x 1?10 W, x 1 %9

(mroles™ i}"?} ({&01.8"133"1) (mouou 1=1)

Jiphenylhydantoin 1.1082 6.5487 11501
2041532 40,6815 x0.1076

Curbanozesine 101032 L8175 1,0630

V al«)ln bn SOdiw:} 1 1682 200039 1.6624
+0e 1532 2343782 1041534

N Contpol vailue = Jhon no drug was used.
§ = LV

s GALs in compartment ¢ and water 1n compartiont L.
Wy = Srug and

l

| : mont 1 ond GADA in compartment L.
LJB - Lyun 20 CcOmnPAET
nerablon of GiBA is 200 ng fad,

a iy lg\;lql conectiv
; cort PabLonS of diphenyl hydanwm, carbanazaepine
s Phe CcOREYES -
a 19“0 a6 {3{)‘31'&{ arg © X 107 ""9 te. 6 % 10 7“ and
an

o poonectlvedy.

¢ o J iag fﬁ“—-’
1.6 X 1
W aro poporeed as arithuetic woan of 10
ng @ .
6o 2 aondard deviation.
rcp\,.u
080 8CO spabe i rofilorabion membyane was used as
uCllUI

HPQLCs
, ing 12 e
upporY
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shoe permeabilisy of Gisé is enhanced considerably

15 case of all the three drugs. 4in the socond sot

of oxperimeits, houever, vherg ig 4 distincs roduc-

ion in che perikoabllitvy ol Galla, oxeept in case of

sodium valproate, uhere & norginal incroase in the

soracabilivy is observed iTable 9)e. Even in the
cage of sodium valproave, the increase in the por-

moability of GALA is much more in the {irgy sot of
oxparikoncs vhan in che second sob. The preosens

observations od the increase in the permeabllity

B apcear relevani to the antiepilentic

of Ch
action
vhe ontionileptic drugs, which, vhen adminis-
54 ”
cored, oot srabilising offeet 1S on excitable coll

aembrancs, Hre known Go increase the concentration
of (AL in braine

The “resent cxperiments appear o

i nJiCd' te L"m ab i ’1131"0’;.1’ 5C d L)el"'_](‘,dbl'i :.’-ty Of ULL.’.; ‘3.'51

l .

‘ he ’)I’QS 10 ol '}1 ‘-% .""; ! “": (-1 lﬂeiﬂbl"aneu Wili@h are
B- 1 <,.-5 e UL G 9 d‘i l Cu U =]

goncombrasion of

lon, may be

1ikely ©
opaib1o yor the increased
o0 2 e
D LIee onbauwwm in the PEYLHS abilie S

t g

(giddis 1” e Lﬂ.

o Giih w98 abserved LO UC maximwn in the first oot
(@) s
, 34 appoars that the specific cricne
g’o‘uﬂvnbu 9 ;
ol expe
drag molocules in the liquld menbyove,

2= % j,gi'.l G

L0 o

tho
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with their hydrophilic ends facing the permeant may
be necessary even at the actual site of action., To
agubstanticste this conjocture, detailed investlgations

an the nature of the site of acticn are called for.

snother indication of the possible role of
she liquid membrane phenomenon in amienileptic

action is obtained Iron vhe gradation in valuss of
she Gi0s of the drugs (Table 8) vis-a-vis the grada-

tion in che concentrations of these drugs in plasma.

Ghe Cis values ofF vhe three drugs are in the

foliowing ordey

Voloroate > diphenylhydantoin > carbamazepine

which also js the sradotion in thelr concentirations
i 31qsma.21 Conceabrations of the drugs in plasma
in pla “

saken to Do a measure of their concentraticns

can be
action. ihe repoz*todm concentration

at the

€158
ax

1lquid mewbrenes can be geunerated by

o for higher than their Gits,

e gito of ocvion., Slnce modificution

Ability of Gsbi due to the presence of

membirones 1o regponsl le for the

o roducn paglm blologleal
drugs poquired €O | ==
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ressonse may be related vo their Ceuls, Cul is the

concentration at which the interface is complotely
covered by the licuid membrane and, therefore,
modification in the perweabllivy of biomembrancs
toc G/Bn will bo maximm av Ghis concentration.
Honce, agreenent between the gradavion in the
ccncentration of the drugs in plasma and the gra-

dasicn in theiyr C.0s is alse indlcative of the

contriburion of the licuid membrane generated by

these drugs te their antiepilepiic aetion,

Thus, the present study indicates that the

rormation of liquid membrane at the site of action,

by these drugs, modifying the transport of G4, may
qq ipporitant step common ¢o vhe mechanism of action

ve

of all the
hamagepine and valproate sodium. The faet that

theee drugs namely dglphenylhydonsoin,

car
the three antiepileptic drugs chosen for the present

. . how o R P T AN 2 ta



acbive iu nagvure., Yhaose drugs are kunoun $o cause

increase in membrane suriace pressurcgz and gtabie

licabion off rGEDPANCS. 22

The antiarvhythuic acticon ig knouwn o uogj

nainly on account of modif'ication in the permeability

of blomembrones to sodium ions. Sinece antiarrhythnic

are expected to be surfacc active in nature and

druzs ax
honee capable of generating liguid meubranes at the

sprerfoce,! it 1s legical to ocuspect that modiiication
che »ermeability of sodiuwn ions may be on account

..v\
121 i

of the liquid mesbrancs jgeneraved by them atv the

presnective sites of action. Lt is of interest o

nention that many . local

arphythnic action,zh since, in local ancotheti vl
1icuid n potbrancs generated Gy them hove been showmm €0

ification in  cablon neranabli-

~ibnbe €O whe medi

consi
25 one is oncouraged to condecture that the

1i6Y,

snenomenon of 1lquid membrane formation may cleo be
semorbant in the made of actlon of antiarrhythmic
L -

ArUEs e

pponpbed by this, fowr structurally digssimilap

,1?,,...11/';37‘; ]}Elc x'i'v‘ur';;s v-'nl‘3 Qiiinidﬁ.ﬂ(}

anti
1~rpq7?amide shoaphate, procainanids hydrochloride
S EASTHIENE

eearanolol hydrochloride vore chosen for imvose

wnd
b b AON e tach of those drugs have beon shown o
Jofa



response may b3 related to theixr Cils.e CL is the

concentration at which the interiace is coumplotely
covered by the licuid membrane and, therefore,

nmodification in the perieablilivy of biowenbrancs

te GiBa will bo maxitmm av this concentration.

lionce, agreenent between the gradation in the

concentration of the drugs in plasma and the gra-
dasicn in their C.Cs 1s dlso indlcative of the
cntpibution of vhe liguid membrane generaved by

tlese drugs to their antiepileptic aetion.

Thus, the precent study indicates that the
ormation of liguid membrane ot the silte of action,
'y L

i these dEuGS modifying the transport of Gablh, may

ne inpoprtant step comumen %o vhe mechanism of acbion

bo &r

of  all the chree drugs nomely diphonylhydontoln,

15 »o~" -
shamazepine and valproate sodiuwm. TYhe fact that

CE:E'- (" - p] -’ -

:6 chogen for the presens

the three antiepileptlc drugs
serucourally dissluilor further hishlights
ne roie OF rhe liguid membrane phenomenon in their
ghe 1ol

yudy are

8

hythitle drugs are knosn $o contain

t;. -

and hydrophobie noletlos in thelr

2 and honce are expected to be curiace

"*-..t

(:' z"gu IJ ,{,O



active in nature., These drugs are known to cause

increasc in membrane surrace ore"CWrczz and gtabie

lisaticn of nembranes.ez

The antiarrhythuic action is known o bood

2ainly cn aceount of modificazion in the permeabilitvy

cf blomembranes to sodium ions. Since antiarrhythnic

diruns ape eoxneceted to be surface active in nature and

heace capable of generating licuid menbranes at the

T it is losical to onapect that nodiiication
the nermeubllity cf sodium ions may be on Lceount

of the liquid membranzs generated by them at the

respective oites of action. It is of iuterest to

ment vhat mony lecal ancsthetics also zhow onbie
arrhythaic action, 2 tince, in local ancsthetics, the

liguid membrancs geworated Ly chem hove beon shoum 4o
OG-

9 £29

connribute to the nedification in eabion DEDD
23 one is encouragzed to conjectbure that tho

iity,
shenomonon of Llqguid mombrane formation my cleo be

importont in the mode of action of enclaryhythnic
druss,

veompbed by this, fow structurally dlssimilaw

angiarrhychiale dewss vig,, quinidine hydroch Weride,
disonyranide pheophate, procainonide hydrochlorido

olcl hydrochloride ware chagsen

-5
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ipetions boch of those drugs havo bhoen sbown to



“ 23 w

TO0Ll 10 ¢ Critical micells concentration of antie

arvhythnle drucs in uateyp,

TRS buU (j,»_)
‘ninidine hydrochloride 3.95 x 10™7
vigopyranlde phosphate 500 2 307
srecainanido hydecchloride 400 x 1073

rpopranolol aydrochloride La75 x 107




-

Tioli 11 ¢ “ermeability of scdium® (Ha*), (W)*, in presence
of sntiarrhythnic &,cmuu.

g oy x 10'° 0y x 1010w, x 4010
(n0Lles™16"1)  (moles=Ti=1)  fmad ~=Tiats



ceaerace liquid membrane in serles with the supporting

membrene (ses Fig. 7 on page 53). The valves of the
er
tout with the concentrations of the drugs ab which

igicn: micelle concentratlons (Table 1U) are consise

the rooistance offered to the volwe flux is paxicunm

s ndicubing the complebe coverage of the supporting

nembrane with liquid wombrane (see Fiz. 7 on page 53).
arecingl decrease in the values of (LP/;?) beyond
Cudy particularly in case of quinidine, procalnanide
and 9rOpranolol may be due  ©O increase in density
of the liguld pembrane as indicated in the liquic
renbrlne hypothosis itself.1

44inco anti arrhy shiade ac cion  ig knoum to be
- -

painly on aceoul
data on the permcabi-

godium ions,
in presence oL the 1i

oL 11 omerbranes (2% |
e o gediun lond (uid membranes
o ?i 4 by vhe anticrrhythaic drugs have been obtained
Scnerabc Sl B

R )
il 219 speopdud 2
s p the 1iquid meubranes generated by the

R
Lo s -
.r',-h_l

bie 110

PUD ia 0o oh b he orientations
¢ arios

f:tCi'lL} {,Jhc '{)pg.rzf.x '.-'1}:1.> Ceel Z’;q h}?] ?f)pl u@b ".:.C
» r-‘ [ - -

imnede the transpowt of
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TiBik 11 @ Permeability of sediun® {Ka'), (w)™, in presence
of antiarrhythulc drugsb.
g w; x 1070w, x 10" « 1010

(noLes~1i=")  (moL.s=ti~1) (mcﬂ s~1i-1)

.ninidine hydro- 543255 2.8934 3.8757
chloride 20.3521 +0.1710 04 15,05
Ligopyramide phiosphate 5.3255 3,0709 3.3023
+0.3521 01731 2061540
spocainanide hydro= 5.3255 301132 31776
chloride 20.3521 +0.2108 +0.2475
g’l”opnﬂnOlOl hydrou- ,533?55 Lo JOinp 2'5835
043521 10.1293 +0, 1542

chloride

ol valug = ubon IO drug woes used.

W iy ond godiua ion in compayiuens O and waver in the
25
CompATbRois e

IR O LB colaparbiont o aad
- = E AV T 4
E

w‘a Lonty

sodlum lon in the comparsment C.

onrasion of godima lon 2117.2 ppi

of L) are yoported o8 arivthrotic moan of 10 renecats
falucs ©* .
‘,‘,d V. 1é sU.LO Tle

s (""“13‘-&
- pon pubi0029 of quinidine hydrochlovide, disopyra-
A n’ . - .

b g oophatoy pmcdlru: ide nyd??c%lomdo and prepranclol
pide Pi: e used uore 1.0 2 1079, 1.0 x 10‘“@;‘.1,
‘ as , 2 wwpe T

Jdroc 0‘3 and 7,315 10 L1 POGPRCOLIVELY .
- i prote mderofilovation memdTIN0 was used ug

, 1087
Gollus

N «
mg‘ay’ﬂ’)‘? m .
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stebilige curdiac mombrane by a none=gpecific ucchae-

131,23 The prosent soudy indicutes that the liquid

[LEN
3

nenbrancs generated Ly antlaprhythaic drugs in sopries

with thoe cardiac aenmbrane iopeding the

scdium lon nay be such O wwechunisw. & scrutiny of

ble 11 further revooloc that the transpert of gcediunm

ions ig impeded more o 1oss ©o the same ezteny in both

the orientations of the 1llguid meabranes generated Ly

the dru;s which implies that both hydrophilic and

1 ¢he strueture of these drmars

¢

hydrophebic noietios i

7ay be nocessary foy aatlorrhycvhnie action., This

conjecture is conslstent with the literature resort

22

vhat nonesoacific anbiarrhythnic agents interact with
j and hydeophoblic vogions of vho blice

both hydrophlll

sembroncs. Cropranolol which is primarvily a B-blockor

l'" P Ju Al = 1.
Waee 50 oxert & nolespecifiec monbrane
wabiliciag acvion simidapr ©o that of yainidine ag

highor than those mecded for Beblocking

0

goncentration
for this veason, that the transaory of

{=te
&)

actione AU

=

seddun iong in prosence of progranolold was studicd.
Che data on the inbibition of sodiu

OnR  Sransnert

4 prosence of propranclol

i1
Cd

. e e gl oot G it il e et ox
?}it h 106 L"el‘j{:}f GQd 06 LAY Egy\.ﬂ&.ﬁﬁn.‘lﬂu QCLLONe



Louzecludins Hoparks:

1. The present studies strongly indicate that
the 1ligquid membranes geaerated by the drugs ab their

o ?

respeciive cites of
permeants might be an inportant step

tion  modliying the transport

AR

CL relevant

coaon to the nechanien of action of all surviace
aevlve drags. This coneept that liquid membrane
genorated by the dmg itself modify access of moloe
voat perieants to the site of action is the central

idea of the "uicuid Jembrane Hypothesis for Lrug

which has boen sunmarised in Chapter i.

.ction®

These studles also throw light on the nasure

0
.

and orientation of receotors. I the solute perneebi-

lizy (W) experiments, two different orlentation of the

arug molecules, with respect to permeating speclec,
ave nogsible {gco Fig. 9 on page 641 - hydrophilic

surface of the diug liguid membrane facing the per-

sont op hydrophoblic surface of the drug 1iquid

onmbrane focing the perieant, Whichever orientation
nows modification in the permeability consistent

rtav
»
B

with the oboservations reported on biclogical ccll
cap be of predictive valuo. DBased on this concop-



Ior
ol

oz “1' and Hp~receptors have been made which have been
substantiated by literature revorts (sece nage 7h). Simi-
larly, in the case antiorrhythmlc drugs, it has bLeen
soncluded that interacticn of the drugs with both
hydrophilic and hydrophobic sites is important for
ansiepvhythric acvion, which is in agreemany with
1icepature revorts (see vage 36). In the case of
antienileptic druzs, it has becn nredictod that
interaction of the dvuys with hydrophobic sites may

be immortant for their action,

This kind of approach, wilch ls a consequence
of the %liguid Jembrane fynothesis for vruy Letion®
apg attractive for setting initial lafommation on
ehe neeure and orientaticn of recontors/sitesof actiow.

t

oresent studl o on the rolo of liquid
monbrane phenomend in drug astion, Iindleate vhat

opitical nicelle cencentrations of 2 series of
eritical

-

supface active drRss with the samo pharmoacological

aepion con be @ good indicator of their povency.

-

. . .w ~ ‘._: - ‘l\ - 1 Iy A . : .
Phig inferonte, which égain s o consequence of tho
‘,‘Jo L Ld -

7

. enbrane Hypothecis

for urug Action”, arises

J!J

‘,I‘ﬂ 3 i £ i H 9 s .i [$1 & o s
Bocause erivical micelle concentration of @ deug



2% whilch the interface

indicotes the concontration
will be couplotely covered by the drug liquid ncubranc,
£t this concentration (Cul), therefore, modification
in the permeabilivy of biolezical menbranes weuld be

maxinuile This conclusion lmnlies that at the C'AC.
vhe wagnitude of the biological effect would also be

naxigun.  Hence, vhe lower the Cil of a diug, the
lover he concentration required to alter the membranc
transpore and &s & consecuence, more potent would be
the drug. The Investigations on lig~ant- gonlsts (see
nuge 69), lHo-uatagonists (see page 75) and satiepie

tie druss {see page £0) Justify tvhis
C ore noLent

conjecture,

Chleroheniranine moleate is known t0 b
amonsol £ll the three onvibistamines studicd. %hig

N A

vhat vhe Uik of

-

consisvent with the oboervaticn

iz
chiorphenivanine muleate is the Lowesi.
Le &R cxplanation Doy the arleiplicivy of
gy action con algo be Lfound in Serus of the Phenoe
tltu

1Y e <

apabprane Yormation,

nalsin
ot T da < £ +4 8 N .
,Prﬁcholingpgic BLIGCYE Local nesthetic egf@gga
[ R Eaiindiaind
=)

Oz’: r‘e(;t.,t U 103’1
uiG membrane genarated By

udues kay offer to relovent noymesnts
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5. silthough the data presented in this thesis
ig all on passive vrangpert through ¢he licuid
aeabranes generated by the surface active drugs, ilo
should not be construed that active precessos are
uniaportant. 4in fact, the liguid membrone generated
by the drug at the site of cction modifies the access
¢f the relevant permeants to the active site located
on the membrane. Thus i the licuid sembrane barrier
inmpedes the transport of the nermeant, the active

vrocess would also be impeded.

The poimt that is driven home through those
iavestigations is that tho passive eransport through
the liquid nembranos that are likely to be gonerated
ot the sive of actlon make a significant contribution
vo drug action. This aspecy of dyvug achbion was

1A cherto considercd unimporvant.
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O s
L coneise chapserwise summary is given belows

Chazstor = L

Thic chapter gives an account ol the liquid

enbrane hypothesls and ivs bLiocloglceal iuplicationg,.

temvbg made on the use of licquid mewbrane bLilayers as

odol systens for siomenbrancs ond the invasticaticns
on the role of the iquid membranes genorated Ly the
face "'(.,t“}e Qx‘L}(‘S L0 th@ macha

opeeial avtention hag

g of their action

S
hove boen discussed. been
the lotter aspect -~ the liquid asombrage

fpeussed o
acticn., “he assessuznt aof thoe

ie for diug

. ambrang lypothesls Lor vrug sobion” vige0-vis

oo of drug action has been prosontod.

hynothes

mine Gheorl

Lang
“eod fow jpvestigations on more and more cuotegeries

(".
[ty

OXi

-~

o ructurally diosindlor drugs G0 substantiate
=D

oL
serbeane hypothos

she liguid is fer drug aeticn hog
oLl

Chapter =

ppis chapter pregents & quick survey of the

Jevont jiteraturd on surfaco aebivity of the druss
releva
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chosen fopr the present study., 41 offort has been made
~0 acsess how the roports on suricce activivty of the
drugs indicate the rossibllity of the liquid azmbramncs

rencrated Ly vhen contributing to the mechanism of

thoir action.

r gives the dotalls of the materials

) st s uged in the prosent investigation. Yhe
and nevhod

sranshort cell used ior obtalning the duta on Lydrvaulic

Aotule
seymeability aad thokpsrmoabillty of rolevant nermeants
has beea deseribed, alonz with the procedure adopted
for covaining tho datida

Chapter = Y5

n

wnis chopter containe a discussion of the data
o ke hydroulic poxmeabilivy and tho solute nerueabilivy
an vhy 1ight of licudd meumbrane hypothosls for deug

Pollowing structurally digsimillar dyugs

-0 gifforent pharmacolegical categorien

drated for the yole of tho liguid
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I. sntihistanines:
M

gifanqggonists=

Chlorpheniramnins naleata,
viphenhydraming hydrochloride, ang

Tripelennamine hydrochloride.

Cimetidine, and

Lanitidine.

iI, Histaming lelease Llockor:

Jigcdiun eromoglycate.,
ill, sngienilepvic brugs:
Lipheaylhydantoln,
Carbamozepine, and

Valproabe sodium.

1y, sangiarrhythoie Uruses
pinidine hydrochloride,
pisopyranide phosphate,
srocainadde hydrochloride, ang

rropranolol hydvoehloride.

rhe chiolce of the strmcturally dis ssioilar drues
’ 9

Jcliberate ©o make the rolo of tho physical segoosg
L LY

" f‘
L



us in theip

Lach of the drugs listed above hag %een shown tq

rate a liquid membrans in series with the
embrane,

gene Supporting
ulic nermeabi lity

ations of the drugs has
been utilised. In each case, it has

For this, the data on hydra

in presence of varying concentr

been found that

of the hydraulic conductivity
coeificients decroase prog:re

the normalised values

ssively with inerease in

concentration of the drugs upto theip critical micelle
concantrations (CiC), ihen the concentrations exeeeq

the values of the hydraulic Conductivity
coeificients becomes

their Cid,

nore or less ¢onstant,

trend is consistent with Kestins's liquid membrane

hypothosis and is indicative of the fact that,

This

S Cone
centration of the surface active drug ig increased, the

supporting membrane gets Progressively covereg with the
wld! =

drug liquid membranc and at Ci, iy 34 Complstely covereq,
The hydraulic permeability dats have been Turther ana

lysed

in the 1ight of mosaic model to obtain addition
171 g

ne in
eries with ©he  supporting membrane,  The
sories

Jues of  hydraulie conduetivity coefficient, L
values @

1t ed using mosaic model at various concentrations
QoLI[HAt,
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lover than critical micelle concentraticn have boon

shoun to match with the experimontally detormined

206 in case of all the drmugs, Yhis agreemens londs

vadn
additional support ¢o the existence of the liguid

wenbrone in gerdes with the supporting neabrans.

solute permeability (W) data for relevant pewe

Yy

meante in presence of the liguid membranes geanerated by
Lo

the varicus drugs have bzen obtained for Loth the ori

tations of the drug melecules in the liquid mombrane -
thz hydrophilic surfzce of the 1iquid wembrane Lfacing
-ermeants 2ad the hydrophobie ends of ths dwug

woleculss in the liquid menbrane fzeing the perceanta.
Those dasa amply indicate that the phens

1icpid membrane formetion makes a definise econtripy-

thoe

coana of tho

o o Pl -~ - » s T &~ = TP, -
n to the action of these druss. In those QAL L=

P
ific, non~living mowbrane iilie coilye

a nfl HS"}QCW o

; o/nitrase micrelilorution LOmbrane hus boon

lose acetob:
cheesn s sunporsing  membrane Lop Lhie

s s ey e e
DoARCS

Ky

% cctive and speeific intcract ion

1icnid pomurane ¢ vhat ¢
- . 9 NG vy 3 A e &3 S | . - B
RS rir 036100ukes with vhe consvataents of bio
04 tne - Ly

iy zaied ous oad the role of pussive

. T4 cudd i theisn aeid e
bronsport through the 1Lspid mewbranes in thedr aetien
o e

phiighteds & gummary of the signitieong Clmdings

is bd
3 pivon bolow,

¢
g0

} e

[ola

in case OF each drup
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ie -:gnt:.-.j,’c'ni&t:.? :

Uf the three antihistaninge drugs

«» Chlorphoniraning mlease, diphenl-aydmmim hydro-
pelennaning hydroenl

studiag
Vig
chloride and tri oride, chilorphonia

ranine maleate is knoun o be mogt potent,

Thig
is consistent with the Tinding thag the eritieny
i2dcelle  ecncentrasion {Ci) o Chlorpheniramjne

maleate is the lowest which ip turn ig Collsisteng
with the liquid wombeane hypothesis fop drug action,
Jne implication of the liquid fenbrane hypothesig

el
for drug action is thag lover the . of ¢he

arug,
higher is the potency,
The values of solute Perimeabllivy () pop

kistamine have revealed thag chlo:m)lm‘ziramine maleate
the three 3
d to both, the hydrophili e ang |

gites of who recepiors while tho othep
* u -

ugpached ouly to hydrophiiie
(S

L TV

which i known to be the mogy, potent of
~obs attache 1ydroph0bic
(]

bwo drugs geg

sitey Lakdng chiope
rheniranlne wore selectiye to the hlataming PeCeptorn
Thig inferencg iy in

s with 1aud's some ligat drn o
kooping with Loaudrg generaligation

ehan the other two dpye
2l

P
‘L;.‘I.‘.‘e

hat, “potoncy way
. 9 X ¢ i Vi;ﬂ P2
ipply soloctivityt,
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Hoeantagonrictst

0f the tuo Hp-antagonisis namely cimetidine and

ranitidine, the latser is reported ¢o be more potent

than Ghe foruor. Thig is consistent with the fact that
£ panitidine is less than vhat of cimetidine,

i

The data on the solute permeabilivy (W) of

histanine has also indicaved that the orientation of
Hnepocoptors should e opposite Lo that of liq=-roceptors.
inference on the cpposing orientations of tho Hy-

Thiu
Jor histamine is in conforaity with

and Ho=pecepuors
iivevabure reportss
Higtamine felolse bLlockor:

J..L. P

vhe dyug disodium cromoglycate falls in thi

catoporye Ln tho cdgc of disodium cromoglycate, it hag
At o
Loga Lound thot the transport of hilstamine is impeded

« when the drug liquid mombrans presents its hydre-

nosS
sl gurface Lo the permeans-histamine, Yhis obsey-
[ i dcmainn— 7

4.n prodicod chot o sindlar oriontation of discdium

b | (SRR

cronoglycate with its hydreophilic moleties facing
1 gpamine 487 be nocessary on wast cells.

o [ -

Iile nnticnilenﬁic LTS :

shpec asblepilopbic dirups, namoly, diphonyle

g O cavbamazepim and valprogte sodiuwm, have
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The data indicate thav liguid

netbranes likely to be generated by these drags ab

been iavestigated.

«he site of achtion mrke significant contribution €O
theoir acticn. It hasc been found that the transpord

o Veauinsbubyrle acid (Giba) is enhaaced when it
nydrephilic surface c¢f the liguid membrane
py she drags. Since antlepilopvic drugs

haace choe congcentration of GaLa in

faves Hhe
genorated

ape Kacun o eah
brain, the Preseny studies ot only indlcave the
derizite centyivution of drug liquid asubrane in

tho mbiepilentic aesion, thoy alsc indicate thaet

secific orierntaclion of the drug nolecules with

the &
eliein hydroohi“wc rmoieties facing the pormeant may
I %] -

be nocessary even ab the actual site of action.
been found that gradaticn in the

- ..,
Is bas

ig also the zradaticn in theliy
he

r,

€

G of the

concentretions in plagma, This nifect also zives
HROES = :

& the contribution of the liquid mombrenes

rhese drmigs in the mechanisy of thoiy

~onerabed O

digginilar antilaverhythiic

winddine, diseopyranide, procailnamide apd

ve boen investigotod. Gince ontlarrhyvhaie
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ic kpoun wo e mainly due to medificutica in

livy of capdiac membrane to sodiun ions,

the permedvl

rerneabilivy of sodiuva icns in presence of the ligquid

werbrones generated by the dirugs has been measured. it

has been found that tho transpawrd of sodlun icns is
impeded more or loss o vhe same cxbent in both the

orientations of the liquic meabrinc cencrated by the

Arugs - hydronhobic surface of the licuid meibrane

the permsant and hydropbllic surface off the

14734 membranc faging the peracant. These findincs

are consiatent -Ath the literature rerorts that none

antlarriythaic ageats interact with both

feeing

sneciffic
hrdrophilic and hydprophobic regicus of the curdiac
b raAne s e Tho dabe o bhe transport of sodiua long

tn mrasenc: oF nropranclol, which is wrimorily a
L5821 4 s 05 3

<

ﬁ-»bl ockor Ayug, has 2lso been found ©o be consisten

o pevorted antiarshythuie acoions.

‘-J'v

with
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