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PREFACE

Surface activity is of ubiquitous presence in living systems. Take any body fluid or cell soup,
its surface tension is always less than that of water. Most of the bimolecules, proteins, lipids
etc. are surface active in nature. Molecules of surface-active nature are crucial to living matter
and its organization. Formation of biological cell is as a matter of fact, a consequence of
surface activity. Surface activity in living systems is a matter of evolution i.e., it is need
based and therefore should have a crucial role to play in biological actions.

With this thought in mind the investigations recorded in this monograph were started.

Since formation of cell membranes and location of receptor proteins in the lipid
bilayer are a consequence of surface activity, it is logical to expect that the drugs acting by
altering the permeability of cell membranes after interacting with them may also be surface
active in nature. In fact they are, and there is enough circumstantial evidence to indicate that
there may exist some crucial step common to the mechanism of action of all surface-active
drugs. Surface-active drugs are likely to accumulate at the interface and form films at the site
of action modifying access of relevant molecules to the action sites. Our investigations on a
wide variety of drugs belonging to different pharmacological categories have revealed that
the modification in the access of relevant molecules to the site of action is an important step
common to the mechanism of the surface-active drugs and makes significant contribution to
drug action. In fact these studies have led us to propose “a liquid membrane hypothesis of
drug action” for surface-active drugs. Chapters | to 7 contains an account of the hypothesis.
Chapter 8 contains a general account of the application of surface activity in therapeutics; this
chapter has been added for the sake of completeness of the monograph.

The work recorded in this monograph has been funded by several National Funding
Agencies namely the Council of Scientific and Industrial Research (CSIR), the Department
of Science and Technology (DST), Government of India, All India Council for Technical
Education and the University Grants Commission. The support received from different
funding agencies is gratefully acknowledged.

A number of colleagues and associates have participated in the research recorded in
this monograph. Some of the prominent names are Drs. $.B. Bhise, C.V.S. Subrahmanyam,
D.B. Raju, AK. Das and A.N. Nagappa; the present co-author. Especial thanks are due to
Dr. §.B. Bhise who was the first to work on this problem with conviction, for his doctoral
degree. I (RCS) as senior author would also like to offer especial thanks to Dr. A.N. Nagappa
who suggested that a monograph be written on our work on liquid membranes in drug action.

This monograph has been written during the tenure of the first author (RCS) as an
Emeritus Fellow of the University Grants Commission at the Birla Institute of Technology
and Science (BITS) Pilani Rajasthan India. The support from the University Grants
Commission, New Delhi and the kind hospitality of the BITS as host organization are
gratefully acknowledged, particularly to the Vice-Chancellor Dr. S. Venkateswaran and
Dr. L.K. Maheshwari, Director BITS for their affectionate treatment.
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Thanks are due to Mr. Ramesh Sharma for word processing and scanning the figures
of the manuscript and Mr. K.N. Sharma for artwork.

The inspirational force from two little angels, Krishnapriya(KP) and Vaishnavi(V)
kept our zeal undamped. We dedicate this work to them: Krishnapriya is the grand daughter
of RCS and Vaishnavi is daughter of ANN. According to Indian traditions, student is like a
son to his teacher hence ANN’s daughter, Vaishnavi, is also like a grand daughter to RCS.
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Chapter 1
Introduction and scope

1. INTRODUCTION

Formation of cell membranes and location of receptor proteins in lipid bilayers is a
consequence of surface activity. It is, therefore, logical to expect that the drugs acting by
altering the permeability cell membranes after interacting with them are likely to the surface
active in nature. This is because the lipid bilayers with receptors in them represent the
interface and the drugs interacting with them will not reach the interface unless they are
surface active in nature.

A wide variety of drugs are, in fact, known to be surface active in nature [1-7]. This
activity does not appear to be a fortuitous coincidence. In a number of cases excellent
correlations between surface activity and biological effects have been demonstrated [8-17]. A
typical correlation between surface activity and clinical activity in the case of antipsychotics
is shown in Fig 1.

While investigating the actions of drugs like reserpine, prenylamine, chlorpromazine,
propranalol etc., which inhibit catecholamine transport, it has been concluded [18]
“irrespective of chemical structure the surface activity of psychotropic drugs mainly
determines their potency to affect all kinds of membranes especially that of catecholamines
storing particles”.

Since structural requirements of surface activity are often similar to those for
interaction of drugs with receptor sites [19], the correlations between surface activity and
biological effects appear to indicate that there might exist a common mode of action for all
surface active drugs or there may be at least one crucial step common to the mechanism of all
surface active drugs. What can this common mode/crucial steps be?

In view of the liquid membrane hypothesis, which we will describe briefly in the next
paragraph, it was suspected that the liquid membranes generated at the site of action of the
respective drugs, acting as a barrier to the transcript of relevant permeants, might be an
important step common to the mechanism of all surface-active drugs.

The liquid membrane hypothesis [20, 21, 22] was originally propounded to account
for enhanced salt rejection in reverse osmosis due to addition of very small amounts, of the
order of few ppm, of surfactants like polyvinyl methyl ether to saline feed. According to the
hypothesis when a surfactant a added to an aqueous phase, the surfactant layer which forms
spontaneously at the interface acts as a liquid membrane and modifies transport across the
phase boundary. The hypothesis further postulated that as the concentration of the surfactant
is increased the interface gets progressively covered with the surfactant layer liquid
membrane and at the critical micelle concentration (CMC) of the surfactant coverage of the
interface with the liquid membrane is complete. Experimental evidence from our laboratory

[23-25] furnished additional support in favor of progressive coverage of the interface with the
liquid membrane.



