LIQUID MEMBRANE PHENOMENA
IN
DRUG ACTION

Thesis
(SNEHH”C([ mn l)arl.ir:f /u(/ifment of the

re(/uirnmtf.s far the r/cgree n]”

DOCTOR OF PHILOSOPHY

S. B. Bhise

PHARMACY DISCIPLINE
BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE
PILANI, (Rajasthan)
1982



"However hard we try to bring
in the new, it comes into
being only in the midst

of clumsy deals.™

PETER WEISS,



BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE
_ PILANI, RATASTHAN,

CERTIFICATE

This is to certify that the thesis entitled

"LIQUID MEMBRANE PHENOMENA IN DRUG ACTION" submitted

-

by Mr, S.B. Bhise, ID No, 79RH24010 for the award of

the Ph,.D, degree of the Institute, embodies original

work done by him under my supervision,

e e )

( 8.5, MATHUR )
Dated Lrg- 5. (S] e’ Professor of Pharmacy.




ACKNOWLEDGEMEN TS

I am extremely grateful to Prof, S5.5. Mathur whose
able direction has helped me in seeking the right path, In
his presence problems become simple by his crystal clear
logic juxtaposed on objective reasoning. It is a pleasure

and privilege to work under his tutelage.

Prof, R.C., Srivastava has been 'the supporting
membrane! for "all the 1liquid membranes". This support
ig very sturdy, porous and orients all the surrounding
t surfactants! in such a manner that 'transport of know-
ledge' experiences least resistance. He continues to be
a source of inspiration and information which I can never

adequately acknowledge,

Dr, P.R., Marwadi has buffered many of the experi-
mental failures with me. His skill in experimentation
has helped me a lot ?o.m5ke my efforts successful,

Dr, R.P.5. Jakhar hasrﬁeen very.kind to share some of
his experimental data for which I am very thankful to

him,

I wish to express my sincere thanks to Prof. B.M.
Mithgl and Prof, S.P, Gupta for their encouragement to the
work., 1 am also very much thankful to Dr., V.N. Sharma for

providing facility of atomic absorption spectrophotometer.



I express my sincere gratitude to Dr, H.M. Lal,
Director, Medical Affairs, Searle (India) Ltd., for a
gift of haloperidol and for his keen interest in the
work. I am also very thankful to Mr, Nandi of May and
Baker (India) Ltd, for a gift of chlorpromazine hydro-

chloride,

My freqguent discussions with Mr, M.N.A. Rao
continue to be very much enlightening. T also love to
thank my dear colleagues Dr, Bindal, Mr, Nagavi,

Mr, Madamwar, Mr, Shewade and Dr, Manavalan for exten-

ding cordial help on innumerable occassions.

I appreciate efforts of Mr, K.N. Sharma not only
for his skill in draftsmanship but also for his promtness

in the work,

I acknowledge the painstaking efforts by Mr., Matu
Ram Saini and Mr, Gokul in making many of the experimental

necessities readily available,

My sincere thanks to Mr, V.N, Sharma for neat
typing and being ready to correct any number of errors

either his or mine,

Date _28J€ (81 ; ( S%SE )



CONTENTS

R

INTRODUCTION

l.1,1 Membranes and Drug Action
1.1.,2 Surface Active Drugs
1.2,1 Liquid Membrane Phenomena
1 Passive Support

1.3.2 Investigated Drugs

1.4.1 COutline of the Thesis

LITERATURE REVIEW

8.1 Neurolentiec Drugs

o982 Barbiturates

2.3 Local Anesthetiec Drugs

2.4 Drugs Related to Acetylcholine
2.5 Analgesics

2.6 Psychotomimetics

Dol 5 -blockers

2.8 Histamine and Antihistamine
2.9 Antibiotics

2.10 Hormones

2,11 Vitamines

2.12 Miscellaneous

I Biological Activity of Surfactants

Page No,

W N e

o



BXPERIMENTAL

3.1

W W
L J
Y]

o

V) \]
L ] [ ]
N =

W (%] W w
°
\W] AV
°
(%) W
>
V] [

°
VV]

Materials

Methods

Critical Micelle Concentration
Hydraulic Permeability

Solute Permeability
Bstimations

Representative Calculations

RESULTS AND DISCUSSICN

4,1 Hydraulic Permeability

4.2 Solute Permeahbility in the Presence
of Drugs

4,3 Haloperidol

4,4 Chlorpromazine

4,5 Reserpine

4,6 Imipramine

4.7 General Discussion

CONCLUSIONS

FURTHER INVESTIGATIONS -~ A SUGGESTICN

APPENDIX

BIBLIOGRAPHY

Page No.

66
73
T@
79
81
83

20

o3

95



CHAPTER - 1

INTRODUCTION




1, INTRODUCTION

1.1.1 Membranes and Drug Action:

The barrier properties of membranes have attractéd
wide attention since life depends on the normal functioning
of membranes and membrane transport systems(1l). These
properties depend on the constituents of the membrane, and
an overview of physical properties of the membrane compo-
nents indicates surface activity to be a common and very
significant factor. This is quite understandable because
existence of surface activity decides the interfacial
locétion of the molecules constituting the membrane.

These generalisations are true of 'bilological systems' in
general and are also true of 'drug action' in particular,
Hence it is logical to expect that 'the drugs acting by
altering permeability of cell membranes are likely to be
surface active!, It is equally logical to expect that
surface active drugs are likely to act by altering the

permeability of cell membranes,

1.1.2 Surface Active Drugs:

A wide variety of drugs are known(2-8) to be sur-
face active in nabture, their surface-activity being
expressed as ability of theée drugs to accumulate at
interfaces of water with air or any other surfaces.
Surprisingly these surface active drugs(2-8) belong to

a eross-section of chemical and pharmacological categories,



Thus the co-existence of surface activity and biological
activity does not appear to be a fortuitous coincidence,
In a number of categories of surface-active drugs a co-
rrelation between surface-activity and biological effects

has been demonstrated(9-15).

Since the structural regquirements for surface-
activity are often similar to those for interaction of
drugs with receptor sites(16) these correlations appear
to be indicative of mechanism of action of surface active
drugs. Thus a common feature amongst all surface-active
drugs can offer a clue towards the probable common mecha-

nism of action.

1.2.1 Liguid Membrane Phenomena:

_Several reports(17-20) indicate ability of sur-
factants to alter permeability of cell-membranes., Inl
biphasic systems, presence of surfactants has been
shown(21-25) to influence mass transfer across the
interface. A mechanism to explain such effects on
mass-transfer was offered by Kesting(26-28), While
investigating reverse osmosis in presence of surfac-
tants like polyvinylmethyl ether, Kesting observed
that the surfactants have ability to form a "liquid
membrane" at the interface and the supporting membrane,

on which the liquid membrane is formed, gets progressively



covered as concentration of the surfactant is increased,.
This continues upto the eritical micelle concentration
(CMC) of the surfactant and at concentrations equal

to or above CMC of the surfactant the coverage is
complete, The 'liquid membrane', thus formed, can in-

fluence the mass transfer across it.

An analogous situation exists when a surface-
active drug is in contact with the biological cell.
lence it was thought worth investigating whether
Kesting's liguid membrane hypothesis has any relevance
to the action of surface-active drugs. The possibility
appears to be of notable consequence because most of
the surface-active drugs are known(4,5,9) to act by
altering permeability of cell membranes. The present

investigation is an effort to assess validity of this

proposition,

1.3,1 Passive Support:

While probing the mechanism of getion of sur-
face-active drugs one question that appears to be of
paramount importance is: "what factor is really respon-
sible for reduction in permeability of cell membranes
in presence of surface active drugs? Is it the specific

and active interaction of the drug with constituents of



2) Chlorpromazine, a prototype phenothiazine
3) Reserpine, a rauwolfia alkaloid, and

4) Imipramine, a tricyclic antidepressant.

The first three drugs are antipsychotie drugs,
Haloperidol and chlorpromazine are quite extensively
used to treat psychotic conditions like mania,

schizophrenia. Reserpine is preferred for its anti-

hypertensive rather than neuroleptic action. Imipramine

is used to treat endogenous depression,

Haloperidol and chlorpromazine are known(29)
to be antagonists of dopamine, a neurotransmitter of
central nervous system., Reserpine is known(30) to
prevent intraneuronal uptake of catecholamine neuro-
transmitters and imipramine is known(29) to exert its
antidepressant action by reducing uptake of catechola-
mines from extraneuronal sites. All these drugs are
known to be surface-active in nature(6,9,31)., It is
quite reassuring to note that, while investigating
membrane effects of drugs like reserpine, chlorproma-
zine, imipramine and propranalol, Palm et al(32) have
concluded that "irrespective of the chemical structure,

the surface activity of these psychotropic drugs mainly

determines their potency to affect all kinds of membranes,

especially that of catecholamine-storing particles,"



1.4,1 Outline of the Thesis:

The thesis is divided in six chapters, After
the first introductory chapter, the second chapter
presents review of literature upto December 1981
reporting the theme of investigations where surface-
activity of the drugs has been considered to be an
important factor for their action. Reports of surface
activity of drugs, their correlation with clinieal
potencies or interaction of these drugs with insoluble
lipid monolayers has been specially looked into, It
also includes a subsection in which biological activity
of surface-active agents is presented., A wide spectrum
of actions like antimicrobial action, hemolytic action,
effects on enzyme activity and other actions, where
permeability of cell membranes is considered to be a
contributory factor, are reviewed. The effect of sur-
factants on mass transfer in nonliving systems has also

been overviewed,

The third chapter deals with the detgils of
experiments which include determination of hydrauliec
conductivity coefficient (see Appendix) in presence of
various concentrations of surfactant drugs and demons-
tration of 1iquid membrane phenomena using mosaic

membrane model (see Appendix)., It also presents the



transport studies of various permeants viz, neuro-
transmitters like catecholamines and amino acids, in
‘presence of these liquid membrane forming drugs. The
methods of estimation of these permeants are also

briefly presented,

In the fourth chapfer this experimental data
is discussed in the light of the facts known about the
effects of these drugs on living cells, The specifie
orientation of these drugs necessary to reduce trans-
port of these permeants is discussed and its relevance
to biological situations 1s commented, A generalisation
regarding orientation of receptors and its logical

deduction, complementing our observations is presented,

The fifth chapter gives a summary of the impor-
tant conclusions of the present investigations and the
sixth chapter offers suggestions for further investi-
gations which can be pursued in this area to substan-

tiate and extend the present observationsg,



CHAPTER - 2

LITERATURE REVIEW




2. LITERATURE REVIEW

A wide variety of drugs are reported to be
surface active in nature. The literature reports
related to surface activity of these drugs have been
clagsified here according to the pharmacological

categories to which they belong.

2.1 Neuroleptic Drugs:

92.1l.1 Phenothiazines:

Phenothiazines is a group of compounds in which
case surface activity has been reported and investigated
extensively to find a clue to the mechanism of their
action. Reporting the investigations on a series of
antipsychotic neuroleptics, Seeman and Bialy(9) have
observed a correlation between average clinical doses
of these drugs and the concentrations of these drugs
required to reduce surface tension of Ringer solution.
They have further commented(9) that 'probably all of
the phenothiazines adsorb onto tissue cells and this
may be explained by the physical chemigtry involved
in air-water adsorption'. It is further stated(9)
that these drugs form virtually monomolecular films

around the cell membrane and reduce transmembrane



permeability to many solutes. Surface activity of
promazine, promethazine, and diethazine has been
studied(33), Aggregation of phenothiazines has been

studied using NMR techniques(34,35)

Effect of Buffers:

In another report(36) while investigating five
phenothiazine drugs under a variety of conditions, it
was shown that addition of phthalate, citrate and

succinate buffers inereased surface activity of these

drugs.

Effect of lons:

Presence of short-chain quaternary ammonium
and methanesulfonate ions were shown(37) to decrease
surface activity of chlorpromazine while ions like
bromide, iodide, propanesulfonate, benzenesulfonate

and napthalenesulfonate caused increase in surface

activity.

Effect of ATP:

In presence of adenosine triphosphate (ATP)
surface tension of chlorpromazine solution was found(38)
to be markedly reduced, Formation of such a surface
active complex has been indicated(38) to be of impor-

tance for the action of the drug,
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Effect of Substituents:

Phenothiazine derivatives containing alkylated
ammonium groups have been investigated(39) for their
colloidal properties, association and micelle forma-
tion. Micellar weights of phenothiazine derivatives
and their dependance on various factors have been
reported(40). Structural variation in phenothiazines
has been shown(40,41) to influence the surface activity
indicating the possibility that variation in the bio-
logical activity with gtructural change may be expressed
in the form of altered surface activity, Substitution
on the phenothiazine ring was found(41) to enhance
surface activity in the order CFq » C1NH, (all substi-
tutions at position 2). Changes in position of chloro
group effected the surface activity in the order 3C1 >
2 €131 ClL while increase in chain length of alkyl-
amino group at position 10 resulted in increase in
surface activity. It is interesting to note that
sulfoxide of chlorpromazine, which is a relatively
jnactive antipsychotic agent, was observed(Q) to be

legs effective in reducing surface tension of an

acidie solution,
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2.1.2 Tricyclic Antidepressant Drugs:

Surface-activity of trycyclic antidepressants has
been investigated(6), In case of amitriptyline, butrip-
tyline, protriptyline, nortryptyline, imipramine, desi-
pramine, clomipramine, dothiepin, dibenzepin, minserin
and maprotiline the critical micelle concentration (CMC)

have also been reported(6),

In another study, a correlation between surface
activity of some of these drugs and their toxieity to
Chang liver cultures has been reported(42,43), This
observation was also found(44) to be true in case of

the cells derived from human liver,

2.1.,3 Miscellaneous:

Surface activity of a series of stimulants and
depressants has been investigated(45), The drugs in-
cluded pentylenetetrazole, picrotoxin, amylobarbitone,
trimethadione etec, The conclusion is quite interesting,
It is concluded(45) that while stimulant drugs tended
to populate in the aqueous bulk phase, the depressant
drugs accumulated at the air-solution interface, 1In
case of depressant drugs,the surface-activity was

observed(45) to be correlated with pharmacological

effects of the drugs,



In a study on diazepam, chlorpromazine and
haloperidol(46) the drugs have been shown to reduce
surface tension of water and blood, At neutral con-
ditions (pH = 7.0) solutions of the drugs exhibited
minimum surface tension and maximum surface potential,
Colloidal association and dependence of gurface activity
on chemical structure has been shown(15) in case of

phenothiazines, thioxanthene, dibenzocycloheptadiene

aqnd dibenzazepine drugs.

Evidence presented, in all these reports supports
the observations(47) that physicochemical behaviour of
various substituted phenothiazines plays an important
role in their.activity on the central nervous system.

Tt strengthens the speculation(3) that surface activity

of centrally acting drugs is an important feature of

their action.

9.1.4 Interaction with Tnsoluble Monolavers:

Many of the drugs aceting on the central nervous
system are known to alter permeability of cell membranes.,
Hence to probe thege actions, an appropriate model of
cell membrane has been selected and interactions of the
membrane-active drugs are investigated, Insoluble mono-

layers formed bY 1lipids on water surface is one such model.
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There are variety of reports indicating interactions

of the drugs with 1lipid monolayers,

Chlorpromazine, chlorpromazine sulfoxide and
trifluoperazine have been shown(48,42) to interact
with 1lipid monolayers. Interactions of these drugs
were shown(48,49) to correlate with their biological
sctivity and the drugs have been shown to penetrate
into 1ipid film. In case of five phenothiazine drugs
it has been shown(36) that ability of these drugs to
increase the surface pressure correlated with their
nonpolarities. It was further postulated(36) that
jon-pair formation may play a role in trangport to,
and accumulation of these compounds at membrane and
other receptor surfaces, Interaction of orphenadrine
hydrochloride, chlorpromazine hydrochloride and reser-
pine with monomolecular films of cholesterocl, synthetic
phosphoglycerides, sphingomyel:in, cerebrosides and
gangliosides was investigated(50) indicating gradation
in their interaction. Since synaptic vesicles storing
acetylcholine are known to be rich in gangliosides,
the result(50) appears interesting., Interactions bet-
ween psychoactive drugs and anionic lipid monolayers
pointing importance of coulombic interaction has been

reported(51), Interaction of four phenothiazine



derivatives with lecithin and cholesterol monolayers(52)
provided evidence that these drugs acted lmmediately
below the lipid monolayers. Effect of UV radiation

on interaction of a series of phenothiazines with
dipalmitoyl lecithin films indicated(53,54) that

ability of these drugs to interact with lecithin
monolayer may be a measure of their in-vivo membrane-
‘penetrating and phototoxic properties, It 1s also
indicated(55) that the photoactivated phenothiazines
cause photosensitized reactions through formation of

new, stable, more specific active compounds.

2.2 Barbiturates:?

Bubtylbarbituric acid has been shown(56) to
reduce surface tension of aqueous solutions. ' Short-
acting barbiturates like pentobarbital, quinalbar-
bital(57) and monoalkyl, dialkyl barbituric acids(58)
have also been reported to be surface;active. Linear
correlation between protein-binding pfoperties and
surface-activity with apparent partition coefficient
has been observed(2l) in case of barbituric acid
derivatives. It has been shown(1l) in case of barbi-

tal, phenobarbital and pentobarbital that their

intersction energies with phospholipid monolayers

14



expressed as 'the adsorption free energy' correlates
with their nerve-blocking potencies. Penetration of
barbiturates in membrane lipids resulting in agltera-
tion of physical state of lipids is reported(59).
Changes in ion-channels and membrane-bound enzymes

as a result of the drug-lipid interactions have been
indicated to be a mechanism of action of barbiturates(60,61).
Barbiturates have been shown to facilitate "melting" or
nfluidization" of membrane lipids(61). Studies using
fluorescent probes(62) have also supported this obser-
vation, Surface charge of synaptic vesicles from cere-
bral cortex has been shown to be decreased in presence

of amobarbital(63).

9.3 Local Anesthetic Drugs:

2.3.1 Surface Activitys:

A relation between local anesthetic activity and
surface tension in case of 30 diethylaminoethyl esters
of substituted carbamic acids has been reported(64).

It was interesting to note that inactive derivatives

exhibited negligible surface activity,

2.3.2 Interaction with Lipid Monolayers:

Interaction of local anesthetics with lipid

monolayers has been extensively investigated(65-68),
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Local anesthetiecs have been shown to increase the
surface pressure of lipid monolayers indicating that
the drug molecules penetrated the lipid monolayers,
The drugs were shown to be expelled out at a high
gurface pressure., In case of lipids extracted from
nerve tissue, penetration of monolayers by the drugs
is shown to correlate with their nerve-blocking
potency. It has been postulated(69) that local
anesthetic drugs block nerve conductlion by increa-
sing the lateral pressure within the lipid membrane
of nerve cells resulting in blockade of the pores
through which ions permeate. The possibility of
modification of compositional 1lipid mosaic by local
anesthetics has also been proposed(70) as a mecha-

nism of their action,

29.3.,3 Interaction with Veratrum Alkaloids:

Procaine and veratrum alkalolds exhibiting
different types of permeability effects on nerves
showed(71) correlation between interaction with 1lipid
monolayers and the effects on nerve-fibre membranes.
Veratrine, which is known to increase permeability
to godium and potassium ions reduced the area per
molecule of a steariec acid monolayer(72), Lipid-

alkaloid complex was probably dissolving in the



aqueous subphase, which caused increase in permeabi-
1ity to ions. This effeét: was shown to be antago-
nized(71) by procaine. Effect of procaine and vera-
trine on desorption of monolayer of mono-octadecyl
phosphate has also been investigated(73)., While
procaine prevented desorption apparently by adsorbing

at the undersurface, veratrine increased the rate of

£ilm desorption., It was suggested(74) that repititive

activity observed in case of nerves treated with
veratrine alkaloids and the effect on phospholipid

monolayers have a common cause,

2,3.4 Other Effects:

Tn another study(75) interaction of a series
of local anesthetic drugs on monolayers of synthetie
dipalmitoyl lecithin indicated that minimum blocking
concentration of each of these anesthetics lowered
the surface tension of lecithin/water interface by

approximately same amount,

Effect of local anesthetics on thefmal phase
transitions of dipalmitoylcholine bilayer membrane
has also been reported and it has been shown that

this effect is antagonized at high pressures(76),



2.3.5 A Hypothesis:

A recent hypothesis(77) for mechanism of action
of local anesthetics indicates that the sodium channel
within the cell is surrounded by an annulus of lipids,
which is in the crystalline or gel state, Local
anesthetics change it to fluld, liquid erystalline

phase allowing the sodium channel to close,

2.4 Drugs Related %o Acetylcholine:

2,4,1 Cholinomimetic or Cholinolytic Actions:

surface activity of choline-like compounds is
well documented(78-82). Antispasmodic activity which
js dependent on antagonism to acetylcholine has also
peen linked to surface activity. In case of deri-
vatives of papaverine, spasmolytic activity is
shown(83) to be proportional to surface activity of
the compounds. Curare-like activity of a series of
polymethylene-bis-trimethylammonium compound haé?
peen shown(84) to be associated with surface-activity.
Derivatives of pyrrolidine also exhibit(85) similar
behaviour. In this group of compounds, the anti-
spasmodic activity is observed to be related to
surface activity of these compounds, Surface
activity of a series of synthetic anti-acetylcholine

drugs of the category of diphenylmethanes has been

reported(8),

1¢



2.4.2 Depolarising Agents:

In a subphase containing acetylcholine (1mM)
spreading of lecithin monolayers showed(86) a plateau
in surface pressure - surface area curves with a larger
molecular area for lecithin indicating saturation of
the interface. It has been demonstrated(87) that
surface potential of lecithin monolayers in presence
of acetylcholine is altered either with or without
sodium ions. The change in potential was also
observed(87) when §ﬁ4 or (CH3)4§ ions were added to
the subphase. It is postulated that depolarising
agents can influence the interfacial charge distri-
bution or potential without altering packing of mono-
layer. The change in phase boundry potentials, thus
created might be involved indirectly in the mechanism

of action of many substances on natural membranes(87).

Acetylcholine in the concentration of 2mM has
been reported(88) to influence the surface potential,
but not the surface pressuré of egg lecithin films,
Higher concentrations of acetylcholine (0.25M)
however showed(89) significant increase in the surface

pressure of both egg lecithin and dipalmitoyl lecithin,



2.5 Analgesics:?

Ability of codeindione and oxycodone to reduce
surface tension of water has been reported(90). Surface
activity of antipyrine and its alkyl derivatives have
also been investigated(9l). Analgesics like analgin,
amidopyrine , dimedrol, barbamyl have been shown(92)
to be surface active., Compression of the adsorption
layer of these drugs(92) on trypsin monolayer revealed
presende of surfactant admixtures in several prepara-
tions. In another study(12) analgesic action of five
narcotic compounds was observed to correlate with
their surface-activity at the boundry of air and ben-

zene solutions of nerve tissue lipoproteins.

2,6 Psychotomimetics:

In case of a series of psychotomimetic glycolate
esters, their interaction with 1lipid or lipoprotein
layer has been well investigated(93-96), Amongst these
drugs, N-methyl-3 piperidyl glycolate(94,95) increased

the viscosity of gtearic acid films possibly because

of condensations similar to those produced with calcium

indicating similarity in their mode of action. Glycolate

esters also showed(96) interaction with adenosine tri-

phosphate (ATP) which was previously interacted withiia

1ipid £ilm,

408



These studies emphasize lipids as important sites

and cell membrane, a important locus for the action of

these drugs.

2,7 /3 -blockers:

Propranalol has been shown(97) to form micelles.,
Surface-activity has also been reported(98) in case of
other j>-blockers like sotalol, oxprenolol, labetalol,
timolol, metoprolol and acebutolol., Propranalol has
been shown(32) to influence nerve-uptake or release
of catecholamines, In another investigation(13) in
case of nine JfB-blokers the properties like effect on
myocardial condiiction velocity, local anesthesia have
been shown to correlate with surface-activity and

hydrophobicity.

2.8 Histamine and Anti-histaminess

The capillary activity of cetyl phosphate at
chloroform-water interface has been shown(99) to be
inecreased by minute concentrations(lO"SM) of hista-
mine., Surface activity of a series of antihistamines
e.g. diphenhydramine, dimenhydrinate, bromodiphen-

hydramine, cyclizine, chlorcyclizine, tripelenamine,

thenyldiamine and pheniramine have also been reported(7).

21



Interaction of these antihistamines with L-«-
dipalmitoyl lecithin monolayers has been subsequently
investigated(100), Penetration of these drugs in the
1ipid film has been demonstrated, Ability of anti-
histamines to increase surface pressure was correlated(100)
with their surface activity at air-water interface., At

high pressures, these drugs wemejected from the monolayer,

A series of compounds contalning quaternary ammo-
nium salts, local anesthetics and antihistamines have
been shown(101) to prevent loss of intracellular pota-

ssium and soluble proteins from liver,

A correlation between the protective activity of
these compounds and their interaction at both air/water

or lipid/water interface has been demonstrated(101).

2,9 Antibiotics:

2.9.1 Polypeptides:

Surface properties of cyclic decapeptide anti-
biotics have been well documented(102-104). It is pro-
posed that an electrostatic interaction between amino
group of the antibiotics and phosphate group of the
bacterisl membranes is involved in biological activity

of these antibiotics viz., tyrocidin A, gramicidin SA,

polymyxin E,



2.9,2 Polyenes:
In case of polyene antibiotics, correlation
was obgerved(105-106) between their interaction with

1ipid monolayers and ability to produce membrane

damage.,

Critical micelle concentrationz of amphote-
ricin B, mycoheptin, levorin and nystatin have also been
recorded and their relation to antimicrobial activity
has been shown(107). A strong interaction between
polyene antibiotics and cholesterol is well-known as

an important factor in membrane damage,

2.9.3 0Others:

‘ Increased surface activity of positively charged
tetracyeline at the golution/membrane interface has
been reported(lOS). Chloromycetin also has been
reported(109) to be surface-active., Griseofulvin has
been shown(110,111) to increase surface pressure of
a stearic acid monolayer at low film pressures, while
cholesterol films exhibited loss of surface pressure
in presence of griseofulvin suggesting interfacial

dissolution.



Surface activity of acridines(112) and anti-

malarials(113) has also been indicated.

Cn the basis of interaction of surface-active
agents with 1ipid monomolecular films, a mechanism of
1ysis has been proposed(114,115). The lysis is either
by detergency or by penetration of the lysin into
cholesterol monomolecular film. An interesting report(116)
investigating surface activity of quaternary ammonium
compounds showed that different compounds of this cate-
gory with equal antimicrobial activity had surface
concentrations of the same order of magnitude, This
finding is in agreement with another observation(117)
that solutions of quaternary ammonium compounds having
equal antimierobial activity have surface tensions of

the same order of magnitude.

2,10 Hormones:

2,10.,1 Steroldss

Correlation between physiological action of
steroid hormones and their packing into a lipoprotein
membrane was proposed earlier(118), Progesterone was
reported to penetrate monolayers of cholesterol and
dipalmitoyl lecithin(119). Interaction of four bio-

logically active steroids with a stearyl alcohol
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monomolecular film was investigated(120) indicating
influence of these steroids on viscosity of water just
below the film, This effect showed specificity towards
cations. While desoxycorticosterone and aldosterone
reduced viscosity of water more in presence of potassium
than of sodium ions, the effects of androsterone and
etiocholanolone were not influenced.by these ions(120).
The monomolecular films of some estrogens and other
naturally occuring polycyclic compounds have also been
examined(121). Desoxycorticosterone, androsterone and
aldosterone have been shown to cause a marked increase
in the rate of increase of surface viscosity indicating
their ability to accelerate the formation of aggregates(122).-
Testosterone, testosterone propionate and deoxycorti-~
costerone acetate have been shown(123) to reduce sur-
face tensions of aqueous solutions of salts or proteins.
Deoxycorticosterone acetate has further been shown(123)
to reduce red cell sedimentation rate and increase

rate of diffusion of methylene blue into gelatin,

2,10.2 Polypeptides:

Polypeptide hormones like oxytocin, 8 arginine-
vasotocin and l-aspargine-5-valine-angiotensin have
ability to interact with lipid monolayers(124) as

evidenced by increase in surface pressure, These
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hormones are postulated to form "pores" which facili-

tate movement of water across it.

Insulin in low concentrations is shown(125) to
influence interaction of calcium ions with monooctadecyl
phosphate monolayer, It inhibited calcium uptake and
facilitated release of calcium, previously adsorbed on
the monolayer, Insulin analogs e.g. Vasopressin,
oxytocin, thyrocaleitonin, adrenocorticotropin and
adenosine monophosphate (AMP) showed(126) comparatively
less effect on uptake of calecium by monolayers of mono-
octadecyl phosphate., ©Since calcium ions in the membrane
are known to influence permeability of cell membrane,
these observations provide a clue to the mechanism of

getion of these drugs,

2,11 Vitamins:

Fat-soluble vitamins have been proposed(127) to
regulate membrane structure and permeability through
their ability to act at water/lipid interface, Ability
of vitamin A to penetrate lecithin-cholesterol mono-
molecular films has been demonstrated(128). The
hemolytic action of vitamin A is suggested(128) to be
because of vitamin A - lecithin interaction. The
protection of all-trans-retinol and A-tocophenol

against oxidative attack has been indicated(129) to



be because of their interaction with lecithin monolayers,
pointing towards a similar bioclogical role for lecithin.
Monolayers of rhodopsin at air/water interface have been

used(130,131) as a model for siructure of rod-sac

membrane,

The support for the hypothesis that Schiff base
formation may be involved in the mechanism of visual
excitation comes from the study(132) of penetration of
retinol/retinaldehyde on the phospholipid monolayers.
Formation of monolayers in case of bilologically important
quinones has been demonstrated(133,134), Thiamine(135,136),
riboflavine and ascorbic acid are known to influence
surface activity of lecithin and lecithin-cholesterol

mixtures(137).

2,12 Miscellaneous:

Surface activity of various other types of com-
pounds have algso been reported, It has been demonstrated
in case of urea(138), ¢ ~aminocaproic acid(139), deriva-
tives of lysine(140), biotin(141), iopamidol(142),
prostaglandins(143), fatty acid monoesters of ascorbic
acid(144), pyrazoles(145), pyrazolones(146), antiarrhy-
thmic drugs(147), heparin(148), betaine(149) and penta-

gastrin(150),
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2,13 Biological Activity of Surfactants:

The role of surface phenomena in biological func-
tions has been thoroughly investigated(151-153). Deve-
lopment of "Bilayer Lipid Membrane" (BLM) as a model
to investigate interfacial and electrical properties
and permeability characteristics, simulating biological
membranes has attracted wide attention in recent

years(154,155),

A variety of biological actions are known to be

associated with surface-active substances.,

2.13.1 Respiratory System:

The functional significance of surfactants present
in lungs is widely documented(156). The existence of
phospholipids like dipalmitoyl lecithin and their role
in uptake of inhaled gases(157), deficiency of phos-
pholipids causing pathological effects on the respiratory
system(158) and interactions with biologically active
substances like prostaglandins(159) indicate wider

implications of such systems to the activity of lungs.

2,13,2 Hemolysis:

Hemolytic activity of surfactants(160) is another
such example. The mechanism of hemolytic activity

caused by surfactants has  attracted some attention(161),



A relation between physicochemical properties of sur-
factants like critical micelle ' concentration (CMC),
hydrophile-lipophile balance (HLB), relation of
surface lytic effects to molecular organization of
the membrane and hemolytic activity has been dis-
cussed(162), Effect of modification of membrane on

hemolysis of erythrocytes has also been reported(163),

2.13.3 Antimicroblal Activity:

Bactericidal property of surface-active agents
ig yet another area where extensive investigations
have been reported(164), The influence of surface-
active agents on growth of bacteria(165), the mecha-
nism of bactericidal action of surface-active ageﬁts(166),
fungicidal action(167,168) and the relagtion of anti-
microbial activity to physicochemical properties of

surfactants(169) have received considerable attention,

2,13.4 Effects on Enzyme Activitys

Effect of surfactants on the activity of enzymes
is another interesting aspect. The effects of deter-
gents used to isolate membrane components on'the activity
of variety of enzymes(170) has been documented, Activa-

tion of lipase by naturally occuring surfactants like
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bile salts is an extensively investigated system, Acti-
vation of mammalian brain acetylcholinesterase by non-
jonic surfactants has been shown(171) to be by virtue

of surface-activity alone, Effect of surface-active
agents on the activity of enzymes in brush border of
enterocytes has been reported(172). Surfactants like
triton-X-100, lubrol have been observed(173) to activate
Na-k-ATPase. In one of our investigations(174) micellar

inhibition of amylase in the presence of sodium deoxy-

cholate was reported.

2.13.5 Other Effects:

There are several other instances where surface-
sctivity has been considered to be of importance for
biological action. On isolated tissues e.g. frog muscle,
clam heart ete, the surfactants like sodium tetrapropyl

benzenesulfonate have been shown(175) to suppress acetyl-

choline-induced contractions. Effects like mitotie
inhibition(176), inhibition of conjugation and trans-
duetion transfer of plasmids(177) have also been

observed in presence of surfactanis,

Surface-active agents e.g, sodium cholate,
Tween-80, ethonium are known(178) to influence regu-
1stion of epithelial cell permeability caused by

antidiuretic hormone.
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In an interesting study(179), dose-response inhi-

bition of water transport in everted hamster jejunal
segments with sodium dodecyl sulfate, dioctyl sodium
sulfosuceinate, ricinolate was related to CMC of these

surfactants.

Bffects of surfactants on cell-aggregation
have been reported(180)., Possible relation of plasma
surface activity to thrombosis(181) has been indicated.
Ssurfactants like Brij 58 have been shown to stabilige
the platelets(182). Surface-activity of mucoproteins
and theif adnerence to surface phospholipids is indi-
cated(183) to be of some importance for g functicnal
lipoprotein unit. Surface-active agents like digito-
nin, sodium deoxycholate, triton-¥X-100, cetyltrimethyl-
ammonium bromide are known(184) to interact with lyso-
phosphatidylcholine, which is the cause of effect on

platelet aggregation,

Invert soaps have been shown(185) to exhibit
curare-like action on frog rectus muscle, Antispas-
modic activity of a variety of surfactants on a large
number of smooth muscles have heen demonstrated(186).

Toxicity of surfactants is also well documented(187),
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2.13.6 Effects on Permeability:

Effect of surfactants on permeatbility of epider-
mis(188), cornea(l?), dialysis(189) is reported. Depen-
danee of biological activity on surface properties like

CMC, HLB has also been indicated(190),

Diffusion properties of surfactants have been

1inked(191) to their mechanism of action,

Increase in membrane permeability in presence of
surfactants is also a documented observation. Glucose
transport has been shown(192) to be facilitated in
presence of pluronic F 68, Use of cationic surfactants
has been shown(193) to enhance the activity of paren-
terally administered drugs. Presence of surfactants at
liquid/1liquid interface influencing mass transfer has
been reported(194). Micellar solubilization of intes-
tinal protein increasing transport of substance in
everted rat intestinal membrané has been demonstrated(195),
Interfacially controlled transport of micelle solubilized
sterols across oil/water interface has been investi-
gated(196). Availability of drugs has been shown to be

reduced in presence of some surfactants(197).
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Effect of surfactants on diffusion of drugs
through gels and their dependence on CMC has been in-
vestigated(25)., Some interesting biological activities

of surface-active agents need special mention,

Decrease in surface tension of female urines
during menstruation has been shown to be because of a
tensic-asctive substance(198). The damaging effect of
surfactants on Ehrlich cancer cells is shown to be
functicn of their surface activity(199). Spermicidal
action of surfactants and presence of surface activity
for this action has been indicated(200), A relation
between surface tension reducing property of nonioniec
agents and their toxicity against mosquito is shoﬁn(201).
A relation between acute toxicity of anionie surfactants
towards fishes, with surface activity of these compounds
has been demonstrated(202). Existence of critical
surface tension and its correspondence to the median
lethal dose(202) is an important indicator of contri-
bution of surface activity towards lethal action.

Surface activity of polypeptide toxins is also docu-

mented(203),

2,13.7 Structural Variation and Surface Activity:

Minor structural changes in the compounds are

known to alter surface activity and are therefore of
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3., EXPERIMENTAL

3.1 Materials:

Various drugs and other materials used in the
present investigation are listed below along with their

sources,

Haloperidol (B.P., Searle (India) Ltd.)

Chlorpromazine hydrochloride (I.P., May and Baker
(India) Ltd.)

Reserpine (B.P. - U.S.P. Roussel UCLAF, Paris)
Imipramine hydrochloride (B,P., Jagson Pal & Co,)
Dopamine chlorhydrate and Adrenal ine hydrogen
tartrate (Loba Chemie)

L-noradrenaline (Fluka A.G.,)

5-Hydroxytryptamine creatinine sulphate and
Hydrindantin (Koech Light Laboratories Ltd,)

Histamine acid phosphate, L-glutamic acid, Gamma-
amino-butyric acid (GABA), Ninhydrin, Sodium
acetate, Acetic acid glacial (B,D.H,)
O-phthalaldehyde (Sigma)

Methyl cellosolve (Riedel-de Haen AG Seelze-Nannover)
Alcohol (B.P., Bengal Chemicals & Pharmaceuticals Ltd.)
Sodium chloride, Potassium chloride, Calcium

chloride (AnglaR Grade)

Water, once distilled over potassium permanganate

in all pyrex glass still wag used,



The all glass transport cell used in the present
experiments is diagrammed in Fig., 1 which has been well
labelled, It consists of a round bottom flask of about
500 ml capacity to which a glass tube can be attached
with help of a standard joint. Placement of a suppor-
ting membrane (M) below the tube separates the whole
transport cell in two compartments (C and D), A glass
capillary (LjLs) is attached to compartment D, On
each side of the supporting membrane (M) two electrodes
(Eq and Eg) are fixed, A stop-cock ié attached to
upper part of compartment D to adjust the level of
water in capillary (LqL,) whenever necessary. Com-
partment C is connected to a pressure head, the level
of which is measured with the help of g cathetometer,
During the experiments, the whole transport cell is
placed over a magnetic stirrer, whereby the needle in
compartment C keeps the solution well stirred. This
is done to avoid concentration polarisation of the
dissolved substance, The areas of cross-section
for the membrane (M) and for the capillary (L1Lo)

were measured before the experiment,

Sartorilous cellulose acetate/nitrate milli-
pore filter (Cat, No,11107/11307 of thickness it o 10‘4m

and area 5,373 X 10”5m2) were used as supports for the
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Caption for the Figure

Fig, 1 ¢ The transport cell, M : Supporting membrane,
*(cellulose acetate Sartorius millipore filter,
Cat, No, 11107), P, bright Platinum electrodes,
Ll 2: Capillary tube of length 17 cms. and
diameter with 1.33 x 107tem. The volume of

compartments C and D are 590 ml, and 50 ml.

respectively. Eq; Ez; Electrode terminals.

of
*(cellulose nitrate Sartorium millipore filter,

Catl No, 11307},
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liquid membrane. Two types of cellulosic supporting
membranes were used to ensure that the support is
really inert and any variation in its chemical compo-

sition does not influence the trend of results,

3,2 Methods:

3.2,1 Critical Micelle Concentration (CMC):

3.2.1,1 Haloperidol: The CMC of aqueous haloperidol

was determined from the plots of surface tension
against concentration. The surface tensions were
measured using the method of capillary rise., To prepare
aqueous solutions of haloperidol, necessary volume of
an ethanolic sclution of the drug was added with cons-
tant stirring to the aqueous phase. The gtirring was
continued for about twelve hours. In case of aqueous
solutions of haloperidol, thus prepared, final concen-
tration of ethanol was never allowed to exceed 0.1
percent by volume because it was shown by a control
experiment that 0,1 percent solutions (v/v) of ethanol
in water did not lower surface tensicn of water to any

measurable extent,

3.2.1.2 Reserpine: gyrface tensions were measured by

a tensiomat (Fisher Surface Tensiomat Model 21). Reser-

pine being less soluble in alcohol, the quantity of



alcoholic solution reqliired to obtain maximum reducticn
in surface tension was around 1.0 percent (v/v), Hence
while measuring surface tension values, blanks and
other intermediate concentrations were adjusted to

contain equivalent (1.0 percent v/v) amount of alcochol,

3.2.1.3 Chlorpromazine Hydrochloride and Imipramine

Hydrochloride: gor these drugs, water soluble

salts were used for the investigation, Surface tensions
for varying concentrations were measured using a ten-

giomat (Fisher Surface Tensiomat Model 21).

3.2.2 Hydraulic Permeability™

For measurements of hydraulic permeability,
aqueous solutions of the drugs with following concen-

tration ranges were taken

O to 1.064 x 10"5M for Haloperidol

0 to 1.800 x 10‘4M for Chlorpromazine hydrochloride
0 to 6.400 x 10~%M for Reserpine and

0 to 7,400 x 10~4M for Imipramine hydrochloride,

These aqueous solutions of the drugs were filled
in compartment C of the transport cell (Fig. 1) while
compartment D was filled with distilled water. The

respective concentration ranges were selected in order

* For definition and other details see Appendix.
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to get data on both lower and higher sides of CMC of
the drugs. Xnown pressures were applied on compart-
ment C by adjusting the pressure head and the conse-
quent volume flux was measured by noting the rate of
advancement of liquid meniscus in the capillary LqLg
(Fig, 1) with a cathetometer of least count 0,001 cm
and a stopwatch reading upto 0.1 sec, Magnitude of
the applied pressures was also measured by noting
the position of the pressure head with a catheto-
meter reading upto 0,001 cm, During the volume flux
measurements the solution in eompartment C was well
stirred and also the electrodes Eq and E; were short
circuited so that the electro-osmotic back flow on
account of streaming potentials does not interfere

with the observations.

From the graph of volume flux against the
pressure applied, the value of Lp, the'hydraulic
conductivify coefficient was calculated, For one
set of calculations of Lp, about 8 té 10 observa-
tions with prressures, applied in an increasing or
decreasing order were recorded, From values of Lp
at individual pressures, a mean value of Lp and its
mean deviation was calculated, The values of Lp were
recorded for a range of concentration of the drugs

both below and above its CMC,



to get dats on both lower and higher sides of CMC of
the drugs. Known pressures were applied on compart-
ment C by adjusting the pressure head and the conse-
quent volume flux was measured by noting the rate of
advancement of liquid meniscus in the capillary LqLo
(Fig. 1) with a cathetometer of least count 0,001 cm
and a stopwatch reading upto 0.1 sec, Magnitude of
the applied pressures was also measured by noting
the position of the pressure head with a catheto-
meter reading upto 0,001 cm, During the volume flux
measurements the solution in eompartment C was well
stirred and also the electrodes E; and E; were short
circuited so that the electro-osmotic back flow on
asccount of streaming potentials does not interfere

with the observations.

From the graph of volume flux against the
pressure applied, the value of Lp, the hydraulic
conductivify coefficient was calculated, For one
set of calculations of Lp, about 8 té 10 observa-
tions with prressures, applied in an increasing or
decreasing order were recorded, From values of Lp
at individual pressures, a mean value of Lp and its
mean deviation was calculated, The values of Lp were
recorded for a range of concentration of the drugs

both below and ahove its CMC,
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Solute Permeability ™

Those permeants which are known either to be

neurotransmitters or are involved in the transmission

of nerve-impulge were used as solutes for the transport

study. The drugs and the respective permeants used

for trnasport study are listed below,

Haloperidol: adrenaline (acid tartrate), L-noradrenaline,

dopamine (chlorhydrate), 5-hydroxytryptamine
(ereatinine sulphate), histamine (acid
phosphate), glutamic acid, G.A.B.A., sodium
chloride, potassium chloride and calcium

chloride,

chlorpromazine (hydrochloride): adrenaline (acid tartrate),

Reserpine

L-noradrenaline, dopamine (chlorhydrate), 5-
hydroxytryptamine (creatinine sulphate),

glutamic acid, G.A.B.A,

adrenaline (acid tartrate), L-noradrenaline,
dopamine (chlorhydrate), 5-hydroxytryptamine
(creatinine sulphate), glutamic acid, G.A.B.A.

Imipramine (hydrochloride)s adrenaline (acid tartrate),

L-noradrenaline, dopamine (chlorhydrate),
5-hydroxytryptamine (ereatinine sulphate)
Sodium chloride, potassium chloride and

calecium chloride,

% For definition and other details see Appendix,



The initial concentrations of the permeants
were selected to mateh with their concentrations in

the viecinity of nervous tissue,

In case of chlorpromazine hydrochloride, and
regerpine, since the estimation of transported bio-
genic amines was carrled out using spectrophotometric
absorption, a higher initial concentration was selected

so that the transported amount becomes measurable,

For measurement of solute permeagbility,two
sets of experiments were performed., In the first
set of experiments, compartment C of the transport
cell (Fig, 1) was filled with respective permeants
dissolved in aqueous solution of the drug at a concen-
tration above its CMC, The respective concentrations

of the drugs were as follows.

4.256 x 10~%M for Haloperidol ( 4CMC)

1,800 x 10~ for Chlorpromazine hydrochloride ( 4CMC)
6.400 x 10~°M for Reserpine ( 4CMC)

5,920 x 10—4M for Imipramine hydrochloride ( 4CMC),

In all these experiments, compartment D was

filled with distilled water,
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In the second set of experiments, compartment
D (Fig. 1) was filled with the concentrations of drugs
as indicated above and compartment C was filled with

aqueous solutions of known concentrations of the

permeants.

For each permeant control experiments without

the respective drug were carried out,

The condition of no net volume flux (Jv = 0)
was imposed on the system by adjusting the pressure
nead attached to compartment C of the transport cell
(Fig, 1) such that the liquid meniscus in the capi-
1lary Lqlg remgined stationary. After a known period
of time ranging from 4 to 12 hours, concentration of
the permeant in compartment D was measured. IThe
amount of permeant gained by compartment D divided
by the time and area of the membrane gave the value
of solute flux (Js). The value of solute permeability

() was estimated using the definition(208,209)

Js
) - W (Eq. 1)
AT\- JV:O

where AT is the osmotic pressure difference., The

value of AT used in the calculations of w was average

of the values of AT at begining of the experiment (t=0)



and at end of the experiment. During the permeability
measurements, soluticn in the compartment C was kept
well stirred. All measurements were taken at constant
temperature by placing the transport cell (Fig. 1) in
a thermostat set at 37 & e.1°%¢,

3.2.3.2 Estimations:

The amounts of various permeants transported

to compartment D were estimated as follovs,

3.2.3.2. a) Endogenous Amines (in presence of Haloperidol)

Haloperidol did not interfere with the fluoro-
metric estimation of endogenous amines, In case of
catecholamines viz., dopamine, noradrenaline and adre-
naline, the transported amounts were estimated by
measuring intensity of fluorescent light at 325 nm(240),
Though the fluorescent intensity of 5-hydroxytryptamine
is reported to be maximum at 330 nu(241), since in the
present experiments quartz* cuvette was used, the esti-
mations of 5-hydroxytryptamine also were carried out at
325 nm. Histamine was estimated by measuring the fluore-
t intensity of its flurophor derived from its reaction

scen
with O-phthalaldehyde(2&0,2&23 at 450 nn,

+ Quartz, when excited by UV light (<300 nm) itself emits

at around 330 nu,
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3.2.3.2. b) Biogenic Amines (in the presence of Chlor-

promazine, Reserpine or Imipramine)

Chlorpramazine, reserpine and imipramine were
observed to quench fluorescence of biogenic amines viz.
adrenaline , noradrenaline, dopamine and S-hydroxytryp-
tamine. Hence their estimations were carried out by
measuring absorbance at 282,4 nm (Amax). For this
calibration curves were constructed by noting absor-
bance of the solutions of varying concentrations of
biogenic amines prepared in a solution of fixed con-
centration of the respective drug, which was equal %o
its concentration in the solute permeability experi-
ments. The calibration curves, thus constructed, were
found to be linear in accordance with Beer's law, The

amount of transported biogenic amines was estimated

with the help of this calibration curve .

8.2 3.3, ¢) Amino Acids (in the presence of Haloperidol,

Imipramine or Chlorpromazine)

The amofnts of transported glutamic acid and

G, A.B,A, were estimgted from amounts of their reaction

% A Cary 17-D Spectrophotometer (Varian) with fluorescence

attachment was used for the estimation of biogenic/

‘endogenous amines,
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products with ninhydrin(243) at 570 nm, These amino acids
in 4M acetate buffer (pH 5.,5) with a mixture of hydrin-
dantin and ninhydrin in methyl cellosolve produce a blue

coloured reaction product with absorption maxima at

570 nu.*

3.2.,3.2. d) Cations (in the presence of Haloperidol or

Imipramine)

The amounts of sodium, potassium and calcium
ions were determined using atomic absorption spectro-~

photometer (Perkin-Elmer model 306) using emission mode.

The estimgtions were carried out using following

lines.

sodium 5892,6 nm,
potassium 766,5 nm,

calcium = 422,7 nm.

3.2.3.2. e) Dopamine (in the presence of G,A.B.A, and

Haloperidol or Chlorpromazine)

The amount of trangported dopamine was esti-
mated in presence of haloperidol and G,A.B.A, or chlor-

promazine and G.A.B,A,, only in the second set of

% A Baush & Lomb Spectronic 20 Spectrophotometer was
used for estimation of coloured product of amino

gcids with ninhydrin,



experiments (where the drug and G.A.B.A. were kept in
compartment D and the permeant was in compartment C),
In case of haloperidol, the estimations were carried
out using fluorimetry (325 nm) while in case of chlor-
promazine the estimations were carried out using

spectrophotometry (282,4 nm)f

* Cary 17-D Spectrophotometer (Varian) with fluore-

scence attachment.
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3.3 Representative Calculations

Table 1

3.3.1 Calculations of Hydraulic Conductivity Coefficient

Drug: Reserpine Concentration 1,200 x 10“6M

A B C D E F G H I

1 5,616 8,787 74,024 118,2 0,695 420,424 1.653 0.265
% 6,157 9,799 78,514 57,8 1,630 860,5 1.8%4 0,024
3 5.812 12,900 83,179 75.8 2.418 1220,0 1,982 0,064
4 6,165 13.234¢ 86,160 55,8 3.276 1610.0 2,034 0.116
5 5.863 14,260 86,160 71.0 3,055 1610.0 1,893 0.020
6 6,420 12.718 82,118 67.5 2,413 1214.,0 1,988 0,070
7 6,218 9,975 78,024 59,0 1,647 812.,4, 2,028 0.110
8 6,335 9,486 74,162 100.2 0,811 433,929 1,869 0,049

Do ¢ Zero setting at 69,734 cm,

Column A 3 Serial No,

Initial capillary reading cm,

(1]

Final capillary reading cm,

ad

Pressure head reading cm,

Time in seconds for distance (C-B)

ad

Volume flux (Jv x 10°) ms~1
=9

(1]

Hydrostatic pressure (AP) Nm
Hydraulic conductivity coefficient (Lp) mSs-In-1

H OB e = s 8 e W
[ 13

Mean deviation (Lp - Ly
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where Lp : individual hydraulic conductivity coefficient

Lp ¢ mean hydraulic conductivity coefficient.

Following are constant parameters of the transport cell
(Fig, 1)
r : radius of the capillary (LiLs) : 0,0665 cm
= 6,65 x 10™"m.

R s radius of the membrane (M) : 0.,4135 cm
4,135 x 10~2m,

1

1

2 :
.r5(C-B
Jv _'L"’ET—-l/é“Rg

i

E

- 2,586 x 10~2 C=B R
E A

2
) = 2,586 x 10'?]

poul L

For Serial No, 1

—-O -2
2,586 x 107° (8,787 - 65,610 £ >
T4 = X =t 10) x 10 ms~L (C-B in m)

2,586 x 8,177 x 107% .1
= ms

118,.2

0,695 x 10'5 mg™ L

1



ol

P = (D - Do) x 98 NmZ

(72,024 - 69,734) x 98 Nm™2

- 4,29 x 98 Nm~2

- 420,4 Nm~°

p o IV _ 0,69 x 1078 o musees
- AP 450,4 s
_ 1.653 x 10°8 mSs~v-1

3,3,2 Calculations for Mosaic Membrane Model:

Mean Lp value for above 8 readings = 1,918 + 0,0980
This observation corresponds to 0,75 CMC of reserpine.

Lp for supporting membrane = 2,482 + 0,086

Lp for supporting membrane fully covered = 1.848 + 0,057
with the liquid membrane (reserpine conc. = 1 CMC)

Hence expected Lp = 0,75(1.84840,057)+0,25(2,482+0,086)

= (1.38 + 0,043) + (0,620 + 0,021)

n

2,006 + 0,064

1.918 £ 0,090

1

Experimental Lp



3.3,3 Calculations for Solute Permeability(d)s

Permeability of glutamic acid in the presence of

6.4 X 10~5M reserpine,

Pe = _exv
.rst M

LAV)

solute flux per unit area per unit time.

where Js
concentration of solute in compartment D 77,5 pg/ml.

v : volume of compartment D 7,0 ml,
r : radius of memBrane =95 X 10~ m

time = 4 hours =4 x 3600 seconds.

(1]

M : mol., wt. (glutamic acid) = 147,1

7765 X 7.0

Js =
T(5x1073)2 x 4x3600 x 147.1

6M m’2s'l

i}

3,262 x 10™

GuReT,

"

il

where Tﬁ

g -2
osmotic pressure Nm

s

concentration of the solute 500 pg/ml.

(]
ab

gas constant 8,31 Nm deg=l mole-1

v

absolute temperature 31094

H

500 x 310 x 8,31
147 .1

= 8760,4 Nm~2

Tnitial osmotic pressure =

02



8760.4 - 025 X 310 x 8.31

*in osmotic pressure =
al D 147 .1

= 8760.,4 - 1357.9 = 7402.5 Nm—2

8760,4 + 7402,5
2

Hence mean osmotic pressure =

8081.5 Nm~2

1

Jds
o .__)
(Aﬂ Jv=0

3.262 x 10~°
8081,5

4,036 x 10~1° Moles g1 n-1

1l

03

* Since volume of compartment C is about 10 times larger, the
reduction in the amount of solute during the period of

experiment is considered to be negligible,
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4, RESULTS AND DISCUSSION

(]

4.1 gzgraq;ic Permeability:

4. 191 C.I”I.C.:
The critical micelle concentrations of the drugs

were determined first and they are as follows:

1.064 x 10~°M

ao

Haloperidol

Chlorpromazine hydrochloride : 4,500 x 10~°M
Reserpine : 1.600 x 10~%y

Imipramine hydrochloride : 1.480 x 10-3M

4.1.2 Hydraulic Conductivity Coefficients(Lp):

From the hydraulic permeability data at various

concentrations of these drugs (Fig. 2 - 5), it is obvious

that the lineaT relationship
IJv = LP. AP (Eq.a')

where JV represents the volume flux per unit area of

the membrane, AP the applied pressure difference and

Lp, the hydraulic conductivity coefficient, is obeyed
in all cases. Complementary to these figures (Fig. 2-5),

the values of Lp were calculated individually for each

aet of applied pressures and the corresponding wvolume

f1uxes. Considering about 8 - 10 such observations,

04



Table 2

o6

Values of Lp at Various Concentrztions of Haloperidol.

Conc.of Ealoperidol x 107(1'&) 0 lo 064 50820 10.64: 106.4
(0.1CMC) (0.5CMC)  (CMC)
Ly x 108 (m® s72 871 2,804 2.095 1,603 0.7993  0,7662
40,4368 0,1273 #0.2015 0.0692  +0.0216
L 108 (@3 -1 -1 3 2.6035"  1.8017 - -

P

+0.3996 +0,2510

& Experimental values,

% Calculated values on the basis of mosaie

Fig, 2 3

model

Caption for the Figure

The hydraulic peT
IV and V, are for 0; 1.064 x 10"7; 5,82 x 10-7;
1,064 % 10'6; 1,064 x 107° M concentrations of

haloperidol regpectively.

meability data. Curves I, II, III,
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Table 3 ¢ Values of LP at Various Concentrations of Chlorpreomazine,

Conec.of Chlorpromazine X 0 2.25 3,775 4,5 18,0
1.0° (M) (0,5CMC) (0,75CMC) (1CMC)
L; X 10° (w3 st H) 3,960 3.621 3,341 3,102 3.305
+0,112 #0.168 +0,089 10,286 10,184
Ly % 102 @® s~1 8-1) - 3,632  3.468 " P

0,148 10,166

* Experimental values.

x* Cgleculated values on the basis of mosaic model,

Caption for the Fig ure

ydraulic permeability data, Curves I, 11, III, &ad IV

5

Fig, 3 : The h 5
5,26 x AT M3 13,775 % 105 defebi 10~°M and

. &% 10"4M concentrations of chlorpromazine hydrochloride

re spectiV81Y o
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Table 4 3

60

Values of Lp at Various Concentraztions of Reserpine.

Conc.of Reserpine x 105(M) 0 0,800 1.200 1.600 8,000
(0,5CMC) (0,75CMC) (1CMC)
* B ; 8 3 sl ‘ o
Lp x 10° (@3 s~ 07 H) 2,482 2,191 1.918 1,848 95480
+0,086 0,055 +0,090 +0.057 +0,031
Ly'x 108 (m° 2™ By " 2.165 2,006 < "
40,071  +0,064

* lLixperimental values.

x*% Calculated values on the basis

of mosaic model.

Caption for the Figure

Fiz 4 3 The hydraulic permeability data,

and V are for 0; 0.8 x 107%;

6,4 X 1O“6M concentrations of reserpine

1.2 x-36%8;

i G

1.6 % 107

Curves

respectively,
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Table 5 : Values of Lp at Various Concentrations of Imipramine.

Conc. of imipramine 0 0.148 0,37 0.74 1.11 1.48 3.70 7.40
= 104 M (0.1CMC) (0.25CMCY) (0.5CMC) (0.75CMC) (CMC)

* i R PR - ;

Ip x 10 (m* s Nes) 3.369 3.233 3075 2,925 2.702 2,451 2,444 2.442

#0,050 +0.090 +0.080 0,060 #0.070 ¥0.080 +0.070 #0.,080

£ 8,3 =1 1

IP X 10 (m S N- ) = 3.277 3.152 2.935 2-718 - L -

+0,050 +0,018 +0.030 #0.041

* Experimental values.

**Cglculated values using mosaic model.

cd
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Caption for the Figure

The hydraulic permeability data., Curves I to
VI are for 0, 0.148 x 10"4M, 0,37 x 10‘4M,
0.74 x 10~%M, 1.11 x 10~%M, 1.48 x 10-%M,
3,70 x 10-%M and 7.40 x 10-4M concentrations

of imipramine hydrochloride respectively.
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lower than CMC, the supporting membrane is only partially
covered with the liquid membrane, the equation for volume

flux of water for such a case can be written as

e G 1oy s & I
Jv = |Lp ’__é___.) + Lp (_c_‘.f‘___) - AP (Eq.3)
7+ aS A+ A°

where A represents area of the membrane denoted by the

superscripts. The superscripts ¢ and s represent the

bare supporting membrane and the supporting membrane
covered with the liquid membrane respectively. In the

c
present case Lp represents the value of hydraulic

conductivity coefficient without the drug being added

s
to water and Lp represents the value of hydraulic con-

guctivity coefficient when concentration of the drug

under consideration equals its CMC, &t hglf the CMC,

the fraction of the total area covered with the 1liquid

membrane Will be equal to halsf and therefore the Value

c s
of Lp should be equal to (L__P.___; L.P_). Similarly for
0.25 CMC of the drug the value of Lp should be equal %o
(0.75 L% + (.95 Lg)° The values of Lp, thus computed,
cofresponding to g fraction of CMC of the drugs have .

peen presented (Table 2 - 5). For all the drugs in-

vestigated, these computed values match well with the

pxperimentally determined values,

6o



4,1.5 Variation in Lp Values:

The absolute values of hydraulic conductivity
coefficients for the supporting membranes (Table 2 - 5)
show variation, The reason for this variation lies,
probably in a vital experimental necessity, The
supporting membrane is fixed to the transport cell (Fig.1)
with the help of a polymer™ solution which solidifies on
standing. During this process, there are chances of
this solution diffusing inside the membrane area respon-
gible for hydraulic permeability. This, in all proba-
bility, will reduce the effective surface area for water
permeability reducing the value of Lp as a consequence.

Thig appears to be the case, at least for chlorpromazine,

shere the absolute value of hydraulic conductivity co-

efficient is low.

4.2 Solute Permeability in the Presence of Drugs:

. T Variation in ¢ Values?

The values of solute permeability (&) for various
permeants in presence of the liguid membrane forming
drugs under investigation are recorded (Table 6 -~ 9),
From the definition of ® (see Appendix) it is clear

that 1t 1s averase rate of flow of solute per unit

__ﬂ_d__ﬂ“_,e_ﬂ_"

ES Araldite ao o0 (Cibatul Ltdo).
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Table 6 ¢ Solute Permegbility &> of Endogenous Amines, Amino

]

of 4.256 x 10~%nm

®

Acdids and Cations in Presenc

-

Haloperidol.

@y x 102 g x 1002 gy x 1012 o x 100
moles s—1N~1 moles s'lﬂ"l moles g—1N-1 moles s‘lﬂ“l

- Dopamine® 887,3 680,0 2607 ,0 274 4
Noradrenalineb 75,83 65,9 204 ,3

Adrenaline 60,7 unde tectable 237 .4
5—Hydroxytryptaminea 193,7 4,5 343,1

Higtamine 48,8 109.1 313,.8

Glutamic acid® 58.9 47.3 81,0

G.A,B.A.° 119.8 86,6 152,2

Sodium (chloride)e 1729 53,4 70.7

Potassium (chloride)f 1765 Bl 100.:8

Caleium (chloride)® — 119:2 qa50 57 106.8

Control value - when no haloperidol was used,

g *
Wo 3 Haloperidol in compartment D of the transport cell,
g * Haloperidol in compartment C of the transport cell,
g In the presence of G,A.B.A. and haloperidol,

a ¢ Imitiial concentration used 2.0 pg/ml,
' b s Initial concentration used 1,0 pg/ml,

¢ : Initial concentration used 500 pg/ml,

d : Initial concentration used 200 jpg/ml,

e : Initial concentration used 5.382 mg/ml,

f s Initial concentration used 10,430 mg/ml,

g s Initial concentration used 0,222 pg/ml,
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Table 7 : Solute Permeability ¢ of Biogenic Amines and Amino

Acids in Presence of 1.8 x 10~4u Chlorpromazine

Hydrochloride,

ujl X 1012 cﬁz x 1012 W3 X 1012 QQ4x1012

moles 5'1N'1 moles s—inN-1 moles s=IN-1 mpoles

U
* Dopamine 1015, 0 344,9 531.5 70,98
* Noradrenaline e M 166,3 609,0
* Adrensline 2635,.0 361.5 2000,0
+ 5-Hydroxytryptamine 842,83 164,1 334.2
*x# Glutamic acid 426,0 325,1 366,0
7847 608,3 624,1

x%% G,A.Bohs

ok

E s

be

L 1]

Control value - when no chlorpromazine was used.

Chlorpromazine in compartment D of the transport cell.

Chlorpromazine in compartment C of the transport cell,

In the presence of chlorpromazine and G,A,B,A.

ntration used 10 pg/ml,
sed 500 pg/ml,

Initial conce
Tnibial concentration 4

Initial concentration used 200 pg/ml,



Table 8 : Solute Permeability ¢J of Blogenic Amines and Amino

Acids in Presence of 6,4 x 10~°M Regerpine,

69

63y % 1605 ek, 107 Ja)% 4167 %
moles s”*N-1 moles s~W-1 poles s~Iy-1
* Dopamine 1137.0 738,2 883,6
* Woradrenaline 1155, 0 67.8 658,3
* Adrenaline 1165,0 567,.3 880,2
* 5-Hydroxytryptamine 1063,0 311.6 518.9
**G]lutamic acid 403,6 2175 491,7
695,1 207 3 1115,0

***GOA‘BCIA‘

-
W N

*
Be

£

s

ok K

Initial concentration used

Control value - when no reserpine was used.
Regerpine in compartment D of the transport cell,
Reserpine in compartment C of the transport cell.
10 pg/ml,

Initial concentration used 500 yg/ml,

Initial concentration used 200 pg/ml,



Table 9 : Solute Permeability ¢ of Biogenic Amines and

Cations in Presence of 5,92 x 10~%u Imipramine,

70

o
Dopamine

Noradrenaline

P o
Adrenal 1ne

5_Hydroxytryptamineb
Sodium (chloride)c

f d
Potassium (chloride)

e
Calcium (chloride)

, o, X 105 E@ G012 e x 10M°
moles s~Hi~1 moles s~I-1 poles s—in-1

265,70 104,80 433,70

98,93 48,20 1210,00

462,50 176,80 688,70

227 20 97,30 954,10

86,20 46,90 71:29

475,70 138,30 186,10

56,60 10,20 20,80

ab

»e

(1)

as

Control value when no imipramine wasg used.

Imiprami

ne in compartment D of the transport cell,

Imipramine in compartment C of the transport cell,

Initial
Tnitial

Initial

‘Initial

Initial

concentration
concentration
concentration
concentration

concentration

used
used
used
used

used

2.0 pg/ml,
1.0 pg/ml.
5,382 mg/ml,
10,43 mg/ml,
0,222 pg/ml.



area of the membrane divided by the average osmotie
pressure exerted by the solute. Hence it is likely to
depend on (a) Initial concentration of the permeants

(b) the total time for the transport of permeants.

and
Higher the initial concentration of the per
meants higher will be the rate of transport, Similarly
ss more and more time is allowed for the experiment
e ’

the concentration gradient scross the membrane will

reduce gradually, leading to decrease in rate of trans-

port. This will result in lesser average rate. Thus

e the time sllowed, lesser will be the average rate

sported and hence @@ value will reduce

mor

of solute tran
In the set of experiments undertaken in the present

study , gince these factors viz. time and initial concen-

trations of the :permeants have varied for different
drugs, the variation in the values of & in control

lents are understandable. This may also be

experin
t types of supporting membranes,

use of differen

beca
ate in case of haloperidol and imipra-

(Ce1lulose acet
mine and cellulose nitrate in case of reserpine and

chlorpromazine )o

the Drugs:$

4,2.8 Concentration of

In all these casésS;,
y covered with the liquid membrane

membraneé is completel

to ensure that the supporting

71



formed by the n
y the drug, concentrations of the d
) = irugs used

for the trans
I'al'lspOl’t stuﬂ_}:‘ were slwavs above thei
W = ~ 1€ 1 Vi
values. iAotk

Orientation of the Liquid Membrane
All St

A1l these drugs bei
their m : e
heir molecules have both hydrophobic and hyd ;
- g e ydrophilic

- ; ;
parts 1in their structure. The orilentati f
ntation of these

mOleCuleS “fill, therefol‘e, be Signifi(-ant he th
L s W n ey

form 1iquid membranes. The hydrophobic ends of th
& ese

molecules will be preferentially oriented towards th
hydrOphobic supporting membrane and the hydrophilic e
ends will face outwards away from the SuppOrting.

se drugs are in compartment C of

membrane. When the

ansport cell (first s
entially present polar surface to

the tr et of experiments) the liquid
membranés will prefer

the permeant present 1N the same compartment. In th
. he

- L
gset of experiments, where the drugs are in co
M—

second
g, 1) of the transport cell and the

partment D (Fi
2.queous solutions of the permeants are in compartment C
the 1liquid membranes will preferentially present hydro_,
pic surface ©
cules with respe

. S
ent in two sets of experiments,

o the permeants. The orientation of the

pho
ct to approaching permeant will

drug mole

thus be differ

P
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Since orientation of the drug molecules h

- ~ : ) JS aS
influenced transport of the vermeants charact

< B haracteris~

tiecally (T o :
11y (Tables 6 - 9), data in case of each drug is

discussed individually. The reports on biological
4 a

cells indicating influence of the drugs on cell
g > per-

meability are also discussed accordingly
Q== L]

4, 3 Haloperidol:

4. 1 Effect on Solute Permeability:
The values of & recorded in table 6 indicate

that when hydrophobic surface of the haloperidol liquid
quic

membrane preferentially faces the approaching permeant

(the second set of experlments), a marked decrease in

their perme

ability 1s observed, The only exception to
this observation is that of histamine acid phosphate in
Lhich cases s was found to be increased indicating

port of histamine. Tn the first set of

increased trans
Joperidol liquid membrane preferen

priments where hal
philic ends to the permeants
?

expe
gents its hydror

tially PTe

except ror the cations viz. sodium, potassium and

calcium permeablllfy of other solute molecules 2 e
aloperidol.

creased in presence of h

4.3.2 caEEEEEEamines-
Haloperldoj 1iquid membrane, in the second set
of experiments offers resistance to transport of cate-
In biological cells, haloperidol



is known(20) to reduce permeability of catecholamines
. = ’
amongst which reduction in permeability to dopamine

is of conseguence 10T the biological effect. The

antiemetic and antipsychotic actions of haloperidol are

explained(30) on the basis of reduced permeability of
dopamine , which is under the influence of GABA-glutamic
scid system. To investigate whether similar trend is

also observed in case of the present experiments, dopa-

mine transport was measured in presence of G.A.B.A,

Quite interestingly , it was observed that presence of

G.A.B:sbs further increases resistance to flow of dopa-

mine through haloperidol liguid membrane. This can be
explained on the basis of strengthening of hydrophobic

core of halop
-;“obvious from the similarity of the hydrophobic compo-

i i
iy theilr StI'U.CtllI'e (Flg. 6)- Thug it appears

eridol liquid membrane by G,A.B.A. which

nents ©O
reased passive resistance to the flow of

1ikel¥y that inc
esence of G.A.B.A., coupled with the

amine 1in the pTr

dop
resistance to the flow of glutamic acid (Table 6)
offered bY the halopezmidel 1iquidimembrane is. likely to

have & reasonable contribution to the mechanism of action

Of haloperido:lo

rigon with Chlorpromazine :
ris

4.3.3' P_Qm,._pf-
eridol is known(217) to be considerably more

Halop
m basis than chlorpromazine in vivo,

potent on milligre
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(fZ-CHz-CH;)-Q\CHJ

Reserpine

N + ,CH, Cl

|

CHA-CHE SN
CHp P2 ™72 e,
rine hydrochloride
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Formation of liquid membrane seems to offer an explanati

for this. Since haloperidol exhibits greater sur;ace e
sctivity than chlorpromazine(9,30) as is evident f?om
their CMC values (refer 4,1.1) haloperidol will form-
1iquid membranes at a lesser concentration, making it

1 i + 5%
pharmaco_oglcally effective even at a comparitively

lower concentration.

e

4.3.4 5-Hydroxytryptamine:

The present study shows that haloperidol, in
the second set of experiments reduces permesbility of

5—hydroxytryptamine as well (Table 6), This is-in
agreement with the observation on biclogical cells(218).
The extrapyramidal effects of antipsychotic drugs like
haloperidol are reported to be resistant to levodopa
therapy(219). This may possibly be due to reduction
in transport of levodopa in presence of haloperidol.

To test this sugge
Another possibility to explain this

stion, additional experimental proof

is necessary.
obgervation ig reduction in transport of 5-hydroxytryp-
as shown 1n the present experiment (Table 6),

tamine,
pecial emphasis because reduced concentra-

This needs S
of 5-hydrox

1inked to defect i
ction in transport of S-hydroxytryptamine in

ytryptamine in cerebrospinal fluid has

tion
n extrapyramidal function(220,221)

been

Thus redu

presence of haloperidol offers a clue to the causations

of extrapyramidal symptoms.
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WY

9]

Histamine:

The explanation T i
9 or increased per :
meabilit 3
V' eofthlig-

tami i O = :
amine in presence of haloperidol liquid memb
] Tane and its

implication, if any, remains to be eomprehendad
L"‘e.

4.8,6 g§§i0n32
The resistance offered Dby haloperidol liquid
1 mem-

brane to the flow of cations viz., sodium, potassiu :
S m an

calcium is probably because of hydrophilicity of the i
= ions,

The I'e.;‘i.;<tance tO 'lOW Of ions _'1.. .l[] ‘t
OI':Lentation
S

ridol liquid membrane.

e in relation to nerve conduction

of halope This observation may have

some piological relevanc

4,4 Chlorpramazine:

4.,4,1 Effect on Solute Permeability?

The chlorproma
o reduce permeability o)
Reduction in permesbility is

zine liguid membrane has also been

f biogenie amines and

observed t

amino acids (Table 7).
howeveT s only when nydrophobic surface of the

maximums,
1iquid nembrane 18 preferentially oriented towards the
oaching P€ rmeants.

appT

4 ,4,2 Biogenic Amines?
Chlorpromazine is known to act by reducing per
meabi1Hy of piogenic amines(222,223) it



Effeect 4 : i
s of chlorpromazine have been noted with
. ' ‘h membran
containing i i 1 )
aining uvnits like mitochondria(224), nerv q
\222), nerve-ending

particles(225), platelets(226), adrenomeduilary
par-

ticles(227) and muscle fibres, For all these eff
- effects,

influence of chlorpromazine on the uptak
ptake and release

of various neurotransmitters(222,223) seems to b
= 1 0 be of

much significance.

4.,4,3 Interactions with Monolayers:

In order to investigate the role-of accumulati
ation

of the drug in biomembranes in the mechanism of it
s

aC ;ion 9 i i - -

monolayer
However toO what extent permeability of the biogenic i
amines
ond the amino acids is modified as a result of thi
: 8

on has not been reported. The present experi
i

interacti
e evidence that the liguid membrane of chl
OT=

ments provid
promazine itself offer
and the neurotransmitter amino acids

s resistance to the flow of biogeric

amines

Glutaemic Acid:

4.,4,4 G AsBoAe=
Chlor romazine liquid membrane also reduces
h p -5 per-

naabillty L@ ¢.A.B.A, and glutamic acid (Table 7), The

major factor XeLizs
quction in permeability to dopamine(229) which

tipsychotic action of chlorpromazin
. S

ig the re

78



is under control of glutamic acid G.A.B.A, system(31)
Similar to the observation in case of haloperidol(Table 6)

further increased the resistance to flow of dopamine
(Table 7), which is possibly because of strengthening
of hydrophobic core of chlorpromazine liquid membrane

by G.A.B.A, (Fig, 6), Thus increased resistance to the

flow of dopamine in presence of G.A.B.A., coupled with

resistance to the flow of glutamic acid (Table 7) offered

by chlorpramazine appears to have a notable contribution

to the mechanism of action of chlorpromazine,

4.5 Reserpinest

4.8, Effect on Solute Permeability:

The values of solute permeability (&) for biogenic

amines and amino acids (Table 8) indicate that in both

etsg of exper iments representing two different orien-

the s
of reserpine molecules in the liquid membrane,

tgtions
the permeabil
However maximum reduction in the permeability values is

rved only in second
surface of the reserpine liquid membrane is

shge set of experiments where hydro-

ia2l1ly facing the approaching permeants,

ity values for all these solutes are decreased

79



4,5,2 Catecholamines:

o . .
Reserpine is known to act by inhibiting intra
+ neu-
ronal storage of catecholamine
23 L Lamine s(230) Thouzh 3
o wough zctive mecha-

Lism i.e. inhibition of ATP-Mg™ dependent uptake in isolated
ate

chromaffin granules has been considered to be a fact
or

governing this fact(231), effect on other subcellular
, par_

i inoa : )
ticles is believed to.be by a'e
D ommon , un T
3 specific mechani
anism(32).

Results of these experiments indicate that 'liquid memb
rane

phenomena' cal pe one such mechanism,

4 5. Biological Relevance:
e of the wilde ranging actions of reserpine

While som
can be explained on the basis of blocking of uptake of
HE

catecholamines(ZSO)a a common mechanism to reveal other

effects appeals difficult. Inhibition of experimentally
oked thrombosis rormation in rats(232), decreased

oxygen uti
ct(235), extrapyramidal symtoms(236) and

antitumour effe

ction of thyroid se
+ of release of catecholamines by reserpine has

redu cretion(237) are a few of them

Impairmen
rted(238) for which no explanation e

also beell repo
aT level ig avail

5 to offer & ¢ ommo
eration in transport of biologically rele-

able. The liquid membrane pheno-

molecul
n explanation to all such

mena seem

effects. ALt

1t molecules as
gible explanation.

o result of the liguid membrane could

van

be a plat



4,5,4 5-Hydroxytryptamine:

Reserpine 1 known t
serpine is also known to reduce permeagbility of

biological cells to 5-hydroxytryptamine(238), which may

have some contribution to its sedative effect, 5-hydroxy

tryptamine has also been implicated in causation of extra
yramidal symptoms(214,215). The present experiments also

reduction in permeability of S-hydroxytryptamine as a

8]
show

result of reserpine liquid membrane. This may have some

relevance to explain extrapyramidal symptoms caused by

reserpine.

4.5.5 E;A.B.An
Regerpine is also known to lower threshold to

clectroshock 1n rats(239), which is related to depletion

of G.A.B.A, 1IN brain.

Since reserpine liquid membrane

reduces permeabilit

et can at jeast partially be assigned to formation

effe
of ligquid membrane in gitu,
4,6 Tmipramine?
S —
¢ Amines:?
£ w (Table 9) in case of imipramine

4.6.1 Biogenl

The values ©

pilar trend as observed in case of haloperidol,

show a si
when hydrophilic ends of imipramine

For biogenic amines,

4 membrane are preferentially facing the permeants,

1iqui



permeability
y of the solutes is increased while i
orientati £ imi i + A
ation of imipramine liguid membran i
‘ Foh rane, when 1t
hydrophobi i = £ ; )
L c ends are preferentially facing th
= <ls e permeant
L +8

the bilogeni i
he biogenic amines experience some resist
o slstance

4,6,2 Relevance to Biological Action:

J-'he aﬂtidepra i n £
Ssant aCtWO O 1l il
e L lmlp:! 1 =]
wh

o be caused oy d
t e »d by reducing u take 1
g uptake of biogenic amines(240)
L

The results of present experiments appear to h
ave bio-

1ogical relevance. In certain tissues imiprami
: pramine 1s

W (o] e 2ase Outflow oL (@] I»)
t pere n radrenalin 4.
8(_4] 2 2)
? ®

£o3 * 1
of imipramine liguid membrane

kno
nce one orientation

Si

ho i i

shoyn increase 1n permeability of biogeni
genic

(Table 9) has

amines the biological
ore understanding of ori A
ientation of imi

of imiprami

amine

aeffects may have similar genesis

HoweveI M

les with regpect o the relevant biological
glcal

molecl

membraneé ig necessarly.

4,6.3 Cations:?
permeability of sodium, potassium and caleci
cium

duced (Table 9) in both the orientations of
s O

ijons 1s T®
e ligquid membrane.
nobic ends of imipramine liquid

jmipramin The reduction is mo
Ta,

nhowever ) when hydrop
e are prefere
ave, HPER relevance to the effect of
of

membr ntially f&Cing the Cations Thi
an . s
otion may B

observ
rve-conduction.

imipramine on ne



4,7 General Discussion:

Eo.f‘ g
ffects of all these drugs, on transport of rele-

vant biomolecules are examined., A few generalisatiaon

appear to De quite revealing,

. M o Effect on Permeability:

! e gs 1 1f4 3 . .
A11 these drugs 1ln one specific orientation i,e,

r bic bl i _ :
when hydrophoblc ends of liguid membranes preferentially

face the approaching permeants have shown reduction in
fransport of permeants across the membrane, This clearly

indicates that the 1iguid membrane formed by these drugs,
itself, is capable of reducing the transport. This

observation is of special importance because on biolo-

when a drug reduces transport of a permeant
?

gical cells,
re either interaction of the drug

probable causes a

the
ane components Or effect o

with membr f the drug itself,
periments indicate that contribu-

The present set of ex
s towards resistance to the

tion of the liguid membrane
meants is also notable, and interaction

transport of per

e drugs with membrane components may not be the

of thes
reduction 1in permeability,

gsole cause of

fact _on Active Transports

4.7.20 Ef
se observations (Table 6 - 9) showing

A1l the

st of the perme
e drugs 1is essentially an effect on passive

transpo ants being impeded in presence of

surface—actlv
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transfer However ia i i v
sfer. owever, this is likely to be accompanied by
consequent reduction in acti
1 n active transport as well, The
reason is quite ovident. Formation of a liquid memb
a Tane
interposed between a permeant and the active carrier
1 +1 2 ]
located on the membrane is likely to reduce access of
the permeant. If the sequence of events leading to
o
transfer of solute molecules across lipid region of bio
¥ o -
anes are seen(243), the above inference appears to

membr
Adsorption of the hydrated solute at

be realistic.
nterface is the initia
rt(243). ,Formation of the liquid

membrane 1 1 important event

qary for transpo

neces
educe the rate of this very event, leading

membrane may T
:1itated or active transport

opientation of Surfactant Molecules:

457 .80 LG

One generalisation rel
o—active drugs forming a liquid membrane appears

r most of the permeants, so

port is concerned, The reduc-

ated to drientation of

gurfac

4o be Grue Lo
e to thelr trans
port is maximum when hydrophobie

far as

regigtanc
in thelr trans

o drug 1agaiein
e the drugs under investigation are

tion
embrane preferentially face

groups OFf th

the permeants. sinc

reducing the actilon of respective

known To act either bY
agonists at thelr receptors (6., haloperidol, chlor-
venting uptake of catecholamines

promazine) or by pre
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(e.g, imiprami 1 -
= pramine, reserpine), this specific orientat
I rientation

of surface- iy

race-active drugs appears necessary even on b
. — n bio-
logical cells.

m -
This inf i
s inference has many logical corollaries t
T o
£*
foll i P i
oliow, If in the case of biomembranes, a surface t
. active
drug influencing membrane t i i
g 1 ransport is lik
ely to offe
i

more resistance to permeants when its hydrophobic g
b roups
are preferentially facing outside, then the hydrophili .
I ie
of the drug are more likely to be associateé with
e i

ends
biomembrane. LAUS the complementary site on biomembrane
with which the surface-active drugs are combining should
also be hydrophilic in nature. In other words, for a
receptor protein 1ocated on the surface of biomembrane,
rientation should be such that the hydrophilie sites

of the callis

its ©
This inference is in confir

face exterior
h various 1iteratur

ation(244—246)

mity wit e reports about this aspect

of receptor orient

Such an ordentation of receptor proteins can

onalized indepen
s expected to be surface-active and

also be £a 54 dently. The receptor, being
a
membrane component i
ave hydrOphilié R
n

ce should h

hen
oL 1
e exuterlor environment of biolo

jts structureé. Since th
11s is aqueous in nature, it is logical to expect
1ral onvironment, hydrophobic part of the



recept ein wi i
ptor proteln will be associated with the hydroph
A R rophobie

core OL th@ ]._-._'Jid bila:yel's and OIllV lly S | e
k dI'O' gl
b= phw_....(,’ Darv w 11
ik { Hl

o~

race the ext i fey i

exterior. It 1s interesting to note that
at such

'1[’1 oT ie'_lta t'i_o?'l Ol ?ece )t !:()L.P.
= - Or s} .r] ;

predicted recently(244).

e .l 3 g g 5 S -Jud ( :;4:5 ? 1356 ) tklat the I'eceptOI'
| 't 1 ge e Can be
COY’IS C]eI'Pd (o] b comp 5 : . ] ."'
actj_ve grouﬁl.) in the drug mOleculF‘ (1
- an

recgion to rit with

site where the hydrophobic groups are

a nonspecifie

+he latter jnvolving a weak hydrophobic int
; er-

attached, T

While commenting on micellar properties of d
5 - TUZS 4

action.
it has been pointed out(16) that in ca !
se of surface-acti
i i T 1ve
drugs, p0556551on of a well-defined hydrophobic head
a
s opportunitie

arged hydrophilic head group provides

provide s for hydrophobic interactions and
2

existence of a ch
nteractions with receptor molecule
Se

hydrogen bOI’ld ing o}
g it appeals gafe to generalise that for
a

Thu
pydrophilic sites are important

ane,active drug s

membf
he receptor protein and increased

pinding with ©
improves probabil

Thus increase in hydrophobicity i
S

to gecide

phobicity

. ity lof ‘such drugs Teaching
tor sites.
rease effectiv

e even at a comparitively lower

to recep
eness of a drug making it

1ikely to inc
biologically activ
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concentration than its prototype drug i
5 g4 S0 lOng as
uyufopnlllclty of the drug is unaltered On t
20 . n the oth
2 er

hand, any glteration in hydrophilic sites of
ites of a drug i
B _ : . g rug 1s
1ikely to alter its binding site and theref
erefore may

infiuence the rum of bi i
spectrum of biological action shown by th
e

drug.

arforts have been made (247-249) to discuss tt
ss the

nature of nydrophilic and lipophili
_ 3 I : X ic groups in th
e d
. N L] - . - - I‘ugs ’
cheir size shape and posltlon in the drug Infl
. fluence
sion
elle formation, wetting have also be
en

cver the relatlonship between

reductions mic
diSCaSSGd(247~249 . How
activity an

e oT descriptive m

g molecular structure is dealt with

surface
anner only.

in a qualitativ
pndence of drue activity on lipophilicit
1ty

The depeé
dynamiqally predictable inference (246)

is a thermo

1inear. There 1s a 1imit to which

11icity can increase effectiveness of
> > ol

relation between drug-activity

the druge As a result,
lipophil
n pature can be
guch a mode

and icity is flparabOliC" in nature. This "para_
predicted theoretically(246), F
- ‘o

polic
1 few assumptions are necessary

development of
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L 12 ne(‘.ess""ﬂ' = -
ssary assumption 1% Shaty il
ment of the bi hat lipoidal

- e biophas o al com

O}hdﬁe has dreater'a?finifx - Part_
s T

it OI. the h‘

ydro-

phobic part 1 y
15 1¢ Pe in the struc ' n
] 3 ture of the drug than th f
. i . e affini
husg 1T predlets that recent tlth
eceptier g
e

of receptor for it
should be U i
e more polar than the general lipoid
o poidal bi
1 biophase

4 4 i ‘:-l, a i
I? I im T S Oi th el’lel’al i sa. j.
t t n e t on:
e i i i L
| i ene_, i i n
I ! =} satvions

glisations may be true only with

about orie ta '

rienta ptor molecules with re
rgpect

Thege gener &

thtﬁ. dI‘ll_Ef -
s and when a drug i
g is likely t
y to get

active drug
n the hydrOphobic core
g '
rom these generalisation
s e

membrane
_F' -
of Iipid bilayer,

incorporated i
me departure

13 ¢ i
OftS tOWardS 1solation of recept
E Z pLor

¢ several ef

In spite ©
1ar integrity or 'the physiologi
- - cal

oteins:s the molecu

£ these mol
oh circumstan
pted'in the thesi

wesis, are expected

pTr
remains incompletely under

eculeS'

state ©
ces, conclusi
sions dr
awn fro
m

Under su

stOOdd
as a‘btem

- ace

the expeTil®
f smportant

g in relation to the receptor
! S

to offer =
g molecule
e experime

g as they offer a clue to th
_ e

Relevance of thes

s Conte}{t .
¢ piologilce

e 50 Jlon
b effects, the conclusions conti
nue
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m :
-!-.] ere iq one f‘ i fe SD ;
15 = . - -cc\.a Whl(‘h 1’1 d i
s 205 sShecla en h i
by el .]!_L asls

ma
The serum concentrations
entrat ¢ of some of the. i
? 2 lnvestigat
ated

i 244 3 - theid
drugs(244) are less than their CMC values at air/wat
L Lue: water

_.,'.’1 A . N e L2 .l.l)l LIl 11 L}-PJ ]] Si .
S d

L 7 s emb n +
whether 1 lqul membrane &_henomena contin ues (0] ffer
L ollie :

artial explanation even at s
: : at such low concentrations?!

o)

These drugs are known to be surface-active and h
< * I ence

are expected to accunulate at the bi !
I he ol

oglcal membranes,
} 2
Becguse of thelr tendency to accumulate at the inter
ir serum concentrations may not be correct

jndicator
What matters for their action is their

of action.
t the site i.e. Dbrai T
. braln, Llthese drugs are

concentration a
centrated in the brain(250) and hence

xnown to be con
g at the respective sites may be conside

concentration
er than the seait
arameter, which depends on

concentrations, Moreover

rably high
surfactaﬂt is a P

cMc of a
e.2. presence of ions, pH
?

environmental conditions

presence Of prot

1 sjnterface and that
y be gifferent. Hence only after determi

ein ete. Hence CMC, found at air/

& at the actual biological
interface ma

ning cMc values on a b1
e conclusions can be drawn
L

ologically simulating condi

tions, mOre predidtabl
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5.1

5.4

5, CONCLUSIONS

The important conclusions of the present investig
pres iga

ions are summarised below,

The surface-active neuroleptic drugs viz, haloperidol
e: "

chlorpromazine, reserpine and imipramine form a liquid

membrane.

The 1liquid membrane formed Dby these drugs reduces trang-

port of biologically relevant molecules like neurotrans-

mitters, cations, etc.

» the above nentioned effect (2), specific orientation

n

Lo

of the molecules constituting liquid membrane is essential
L

The gpecific orientation demands that hydrophobic groups

¢ these drugs preferentlally face the approaching
permeants.
355 roceptors for a drug have structural complementarity,

philic

Sin
the hydro

groups OFf the surface-active drugs are

ociate with hydrophilic part of the recentor

exp
. 1jcating thal nembrane located receptors should possess
indlC

towards exterior of the cell

i iectin
rophillc groups prol g

hyd
Thus the 1iquid membrane formation by surface-active drugs
g ,
g o De one of the notable steps in the mechanism of
apped

their agction.

30



CHAPTER ~ 6

FURTHER INVESTIGATIONS

A SUGGESTION
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6. Further Inwv tigati !
rther Investlgatlons - A Suggestion:

o

i —————— =

Listed below are some of th
- : g 2 e possible off
: )le offshoots of
the present work to confirm a t )
, present worx U nfirm and further e
rther explore appli :
o L b -—Catlon

of these findings.

quid membrane formed by the drug
] = gs can be char
ac-

6.1 The 11
seek following information,

terized further to

2) Thickness of the liquid membrane.
b) The state of organization of individual molecules

14 membrane €.€e liguid expanded film
i)

in the 1liqu

1iquid condensed film.
surement of surface pressure, b ad aee
/)

c) Mea
compressibility of the liquid NP o e B
characterize it further.

d) By selecting an extremely sensitive method for esti

mgbaon oF HE
jedty of kB8
an be studied at a lower con

1iquid membrane towards

the specif
permeants (o]

different
centration.
6,2 The 1iquid embrane phencmend can be further investi-
.2 >
gated by extending it to other classes of surface -
rive drugse

_nsported permeants (e.g. radicactivity)
S ?

Il
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It can be further investigated whether surface-active
druss interact with phospholipids of biological impor-

tance , and whether this interaction can alter trans-

port properties of the phospholipid liquid mewmbrane,

some efforts to simulate facilitated and active

transport of cations
are in progress.

on lecithin-cholesterol liquid

membrane (251) If these experiments

fter incorporating enzymes like

succeed, then a

K-ATPase in the phospholipid liguid membrane,

Na
_active drugs can be reinvesti-

cated tO gtudy the effeet on reconstituted membranes.
gate
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APPENDIX

i

Hydraulic Conductivity Coefficient:
__“,_,,,_,ﬂ_aﬂm.,,m*,,,,*,,ww_.*.___
Tt ig the volume of water flowing through a
o of the membrane per unit pressure

membrane DPeT unit are

Jv
Definigigg LP = :;;_

——————

conductivity coefficients (mas‘lw-l)

nydraulic
_1)

. yolume fluX peT
difference (Nm=2)

ae

where Lp
unit area of membrane (m.s

[
<

pressure

A1)

Mosalc MQDP£§E§#§2§§£521Q-216)=
e LTy
of two regions of different trans-

the net i,
fractional coverage of

the membrane is consi-

be Composed

dered tO
ux of the permeant can

and
basis Of
rod BY the respective regions,

to Kesting's hypothesis (26)
od bY the surfactant layer liquid

rting membrane ig complete at

on the supp©

X .
membral + then at any concentration less

rresponding fraction of

93



orting membrane will be O ened by 4t

the supp
L}

@B Lf A is the area of the 3

. . he supporting membrane

and A rggjps“nts the area occupied by the surfactant
factan

layer 1iquid membrane at concentration C, (C<CMC) and

| a

AS represents the remaining area (that of the base

o esane i, ) @bl A

gupporting mem rane), and Lp ant =P represent corres

nductivity coefficients, then

g hydraulic co

pondin
Jv = LP.‘QP
i AC)J’LS 5l
= P e 4 B
Jv P ( e B 2Cond
£ 1 permeabilit (@) (208-
Coe?flcant of Solute . Permeablliity - ) (208-209)
1t is the rate at which a solute is transferred

it osmotic pressufe,
sis i reduced to

per un

when the VO

1ume flLux becalse of osmo

72T0.

\
g
\

s ihlONe
Def 1l l'_i_j_"___,_..- Is )
pT/Iv=0

Ve priedent, of4esleRERIEE AR

where kit
(moles S NG

moles
rea Of membrane ,

\

Js
per unit time

(moles ™

Osmotic pressure (Nm~<)

per unit area of the membrane
?

of solute transferred per unit
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