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CHAPTER 1

INTRODUCTICN




CHAPTER 1
INTRODUCTION

surface active molecules when added to agqueous
phase in contact with a hydrophobic phase~say alr-are
known to accumulate at the air/water interface in such
an orientation that the hydrophoble talls of surfactant
molecules are preferentially directed towards air-the
hydrophobic phase and the hydrophille molties are in
the aqueous phase, When concentration of the surface-
tant exceeds its critical micelle concentration (CIMC)
the surfactant molecules form aggregates which are
known as micelles and stay in the bulk of the solution,
It has also been known™ that addition of soluble Sur-
factants modifies material transport across Interfaces
between phases, “Martin's dlscovery> that the addition
of a small amounts,of the order of a few ppm,of surfac-
tants like polyvinyl methyl ether (PVME) to saline feed
in reverse-osmosis dramatically enhance the salt reten-
tion capacity of cellulose acetate membranes with but
a Small decrease in the flux of product water, was

explained by Kesting's>?*»®

on the basis of a liquid
membrane hypothesis, According to thils hypothesis

the surfactant layer which forms spontanecusly at the



cellulose acetate membrane/saline solution interface
acts as a liquild membrane in the series with the
supporting membrane and 1s responsible for the enhanced
salt rejection, It was shewn that as concentration of
the surfactant is increased the interface becomes pro-
gressively covered with the surfactant layer liquid
membrane and gt the CMC it is completely covered,

Since molecules of the surface active nature
aTe crucial to living matter and its organisation®,
the hypothesis that the surfactant layer generated at
the interface acts as a 1iquid membrane cen have
significant biological implications, The present
thesis contains an account of the investigations
carried out with a view to exploring blologlcal
implications of "the liquid membrane phenomena”.
Attention hgs been focussed mainly on two aspects.
These are ¢ 1) workability of liquid membrane
bilayers generated on a hydrophobic supporting
membrane as model system for biomembranes and
2) role of liquld membranes generated by surface

active drugs in the mechanism of their action,



Model HMembrane Systems:

In a multicellular organism each c¢cell commu-
nicates with its neighbouring cells in terms of mass
transfer, energy transfer etc, If it is a unicellular
organism it communicates with its environment, In
any case the instruments of communication are embedded
in the membrane enveloping the material contents of
the cells, This is why bilologlcal membranes have
come under intense investigagtions in recent years,
However, owing to the complexity of the biological
membranes, 1t has long bteen fashionable to experiment
with artificially constituted membrane systems, This
is done in the hope,and rightly so that investlgations
on these much simllar model systems will provide
insights for understanding similar and comparable
phenocmena in biological membranes, Bilological
membranes are visualised’ as a matrix of 1ipid
bllayers in a fluid, liquid-crystalline state with
proteins incorporated in it, Since 11pid bilayer
1s the backbone or the core of biological membranes
several attempts have been directed to construct
model system for this core, The bilayer lipid
membrane or the black lipid membrane (BLM) as it



is also some times called, developed by Mueller,
Rudin, Tien and wescottn'13 is the model system which
has been most widely experimented with, Tilen's
excellent monograph13 contains a comprehensive
account of theoretlcal and practical aspects of BLM.
It has been successfully deunonstratedm’]';3 that
biologically relevant transport processes can be
mimicked on BLM's after 1ncorporating relevant
proteins or other molecules in them. Although BL!,
to date continues to be onse of the most widely
investigated model system, certain facts about BLM
deserve g mention., The values of electrical resis-

tance for BLM in general are very hig auch

nigher than those reported for biomembrauesl7,
41so the rate of passive ionic diffusion through

18,19 than through biomembranesgo*zl.

BLMs is much slower
This has been ascribedad to a tight molecular arrange-
ment of lipid molecules in the BLMs while in bio-

membranes the lipid bilayer 1is in a fluid state’.

The constituent 1lipids of biomembranes are
surface active in nature and hénce capable of

generating ilquid membranes at the interface

s
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according to the liguid wmoembrane hypothesis™ ™, It
should be possible, therefore, by sultable experi-
mental manlpulations, to generate from aqueous solu-
tlons nf the lipids, one liguid membrane on either
side of the hydrophobic supporting membrane, Can
the liquid mepbrane billayers thus generated work as
model systems for biomembranes? Although a few
investigationsgs’g4 have indicated in favour of
such a possibility 1t is not enough. To assess
this possibilit§ it 1s desirable to mimic on the
liquld wmembrane bllayers some such transport
processes which have already been mimicked on
BLMs. Attempts made in this directlon are

contained in Chapter 2,

Llguld Membranes in Drug Actlon:

4 wide variety of drugs are known to be
surface active in nature25=3L, This does not appear
to be a sheer chance because in a number of cases
excellent correlations between surface activity and
blological effects have been demonstratedsz'sg.
While investigating the actions of drugs like reser-

pine, prenylamine, chlorpromazine, propranclel ete,



it has been concluded®® that "irrespectlive of chemical
structure the surface activity of psychotrople drugs
mainly determines thelr potency to affect all kinds
ol membranes, especlally that of catecholamine
storing particles", Since structural requirements

for surface activity are often similar to those for
interaction of drugs with receptor siteséo the
correlations between surface actlivity and biological
effects appear to indicate the possibility of a
common mode of action for surface actlive drugs, 1In
view of the 1iquid membrane hypothesis 1t is logieal
to suspect that the ligquid membranes generated by

the surface active drugs at the site of thelr action
acting as a btarrier to the transport of relevant
permeants might be an important step common to the
mechanism of all surface active drugs. The investia
gations carried out recently on wide variety of

42

drugs namely haloperidol41, reserpine“, chlor-

promazine43, imipram1n944 and anti-histaminas45
have strongly substantlated this surmise, Never-
the less, there is & need to investigate

many more drugs belonging to different pharma-

cological categories for the role of the liguid



membranes generated by them in the mechanism of their
action. OStudies conducted on diazepam, local anaes-
thetics, propranclol and steroidal drugs, with this
object in view, are contained in Chapter 4, This is
preceded by Chapter 3 containing & revlew on the
surface activity of drugs. It is collection of such
litergture reports which indicate that surface
actlvity might play a significant role 1n the

mechanism of action of the drugs.

The liquid membrane generated by the drug,
itself, acting as a barrier modifying access of
relevant permeants to the receptors is a new facet
of drug action which has hitherto gone unnoticed.

The reason for this eppears to be the passive nature
of transport which has traditionally been consldered
unimportant for bilological actlon, The investigations
contained in Chapter 4 highlight the role of passive
transport through the liquid membranes generated by

surface active drugs in the mechanism of their action,

|
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CHAPTER 2

PHOTQ-OBMOSIS THROUGH LIQUID MEMBRANE BILAYERS

Black lipid membranes (BLMs) have been success-
fully used as model systems for blological membranesl.
Nevertheless, as stated 1n Chapter 1, certain facts
about BLMs cannot be lost sight of., The 1ipid mole-
cules are tightly packed within BLMs® while the lipid
bilayer in biomembranes is in a highly fluid state®.,
In addition BIMs invariably contaein in them some
residual solvent, All this is menifested in the
values of electrical resistances and of the lonic
diffusion through BLMS., The values of electrical
resistances for BLMs are several order of magnitude
higher4'8 than those for biomembranesg and also rate
of lonic diffusion through BLMS 1s much sioweriOrt

than through biomembraneslz’ls.

1 |
In a recent studY*4"5

bilayers of liquid
membrane have been generated on a hydrophobic suppor-
ting membrane using Kesting's hypothesis, from lecithin,
cholesterol and lecithin-cholestercl mixtures, The

agreement, thfbugh qualitative, of the transport data



for the lecithin-cholesterol liquid membrane bilayer
with those for the living membrane/BLMs was encouraging
and indicated that the ligquld membrane bilayers thus
generated could also workK as model systems for bio-
membranes, To assess this possibility it is desirable
to simulate some of the biologically relevant transport
processes on such liquld membrane bilayers, Light
induced transport processes through thylakold membrane
of the chloroplast afford an example where such a
simulation can be attempted. Light gradients across
chloroplast BLMs have been shownlﬁ to Induce volume
flux, The light induced volume flux, which can be
termed as "photo-osmosis”, 1s consldered to be a
consequence of electrical potentials developed across
the BLMs due to action of light - the photo~electric

effoctl®,

Chloroplast extract is nown'? to be surface
active in nature and hence according to Kesting's

hypothesislﬁ

can generate a surfactant layer liquid
membrane which would cover the interface completely
at a concentration equal to or greater than its
critical micelle concentration (CMC), Thersfore,

it should be possible uslng the procedure employed.

14



14,15

in earlier studies to generate liquid membranes

from chloroplast extract on either side of a hydrophobic

supporting membrane. The chloroplast 1iquld membrane
bilayers thus generated should also show the phenomenon
of photo-osmosis, Not only should they show the pheno-
menon,the trends in the data on photo-osmotlc transport
should also be consistent with the trends reported in
chloroplast BLMs, Experiments undertaken with a view
to demonstrating this are deseribed and discussed in
this Chapter, Haemoglobin which 1s lsnown19 to be
surface gctive and also photo-conductz’.ng;'w'o".31 and has
structural similarity with chlorophyll - both chloro-
phyll and haemoglobin have porphyrin ring - has also
been experimented with, Cyanocobalamin (Vitamin Big)
whose central structure - *'Corrint ring system - 18
very similar to that of the porphyrins has also been
investigated for the phenomenon of photo-osmosis. A4S
vwe wlll see in the subsequent sectlions all the three
substances viz, chloroplast extract, haemoglobin and
cyanocobalamin showed the phenomenon of photo-osmosis
with trends in the data, consistent with the trends
reported in chloroplast ~ BLMs,

15



Materiasls and Methods:

Chloroplast extract was obtained from Spinach
leaves using the method described in literature®®. The
flow chart of the method is given in Fig, 1. The final
fraction was evaporated to dryness and the residue was

dissolved in ethanol to make stock solutlon of known

concentration, Aqueous solutions of chloroplast extract

of desired concentrations were prepared by adding known
volume of ethanolilec stock solution to aqueous phase
with constant stirring, The amount of ethanol in the
final solution was not allowed to exceed 0,1% by volume
because it vas shown by a control experiment that 0,1%
solution of ethanol does not lower the surface tension
of water to any megsurable extent., Haemoglobin (human
type IV) and cyanocobalamin used in these experiments
were all obtained from Sigma (Cat,No,H7372 and V2876
respectively), All other chemicals used in the
present experiments were of Analar grade, Distilled
vater distilled once in an all pyrex glass still was
used for preparing solutions, The pH of all solu-
tions was malntained 5 using a 0.1M acetate buffer,

The critical micelle concentrations (CMC) of agueous

chloroplast extract, agueous haemoglobin and agueous

16
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b (100 g. DEVEIN,WASH AND ORY
BETWEEN PAPER TOWEL

CHOP IN 250 ml OF PETROLEUM EQTHER-ME THANOL
( 2:1,viv) IN AN ELECTRIC BLENDER AT LOW
SPEED FOR Imin, FLTER THROUGH FOUR LAYER
OF CHEESE CLOTH.

‘ I
FILTZRATE FILTERED MASS
(DARK GREEN LiQuiD) (DISCARD)

CENTRIFUGE AT LOW
‘ SPEED FOR Imin,

I !
LOWER LAYER UPPER LAYER

(DISCARD) PIPET INTO A 300-ml FLASK_AND DRY IN A
FLASH EVAPORATOR AT 35C.

CONDENSATE RESIDUE

(DISCARD) * DISSOLVE IN Sml OF n-OCTANE - n ~BUTANOL
| (3:2y/v), BUTANOL SHOULD
| PREVIOUSLY BE SATURATED WITH WATER,

CENTRIFUGE FOR Smin wiTH HIGH SPZED.
l

J

t |
UPPER LAYER LOWER LAYER

EVAPORATED 7O DRYNESS AND DISSOLVED
IN SATURATED ETHYL ALCOHOL {AR)

SOLUTION UBED FOR LIQUID MEMBRANE BILAYER FORMATION

Fig. 1. Flow chart showing the method for the extraction

of Chloroplast extract (Taken from Ref, 22),
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cyanocobalamin as determined from the variation of
surface tension with concentration were found to be
23.2 ppm, 12,0 ppm and 2,0 ppm respectively, The
surface tenslons were measured using a Fisher
Tensiomat Model 21, The all glass transport cell
used for hydraullc permeability measurements and photo-
osmotic veloclty measurements is described in Fig, 2.
A sartorius cellulose acetate microfiltration membrane
(Cat,No, 11107) of thickness 1 x 10~%n and area

2,55 x 107°m° which acted as a support for the liquid
mnembranes separated the transport cell in to two
compartments C and D, During hydraulic permeabllity
measurements the entire cell except the caplllaTy
(Fig, 2) was covered with black paper to protect it
from exposure to light and the electrodes E; and Eg
were short circuited to eliminate the possiblity of
eleciro-osmotic back flow, due to streaming potential
developed across the membrane, being a disturbing
factor in the hydraulic permeability measurements,
For obtaining the hydraulic permeability data, which
vas explolted to demonstrate the existence of liquid
membrane, the compartment C of the transport cell

was filled wlth gqueous solutlons of varying coucen-

trations of the photo~active materials and the
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Fig,2, The trangport cell, The thick lines indicate the blackened portions:
R - reflector; B - 100 W bulb; F=~ optical filter; E1 and Ep
platinum electrodes: M - the Supporting membrane, THe concentra-
tions of chloroplast extract, haemogiobin, protoporphyrin and
cyanocobalauin used lan photo-osmosis oxpariments were 46.4 ppm,

25,8 ppmy 1.5 ppm and 4,0 ppm respectilvely,



compartment D was filled with water, Xnown pressures
wele applied on the compartment C by adjusting the
pressure head (Fig, 2) and the volume flow in the
capillary L; Lpg was ucted using a cathetometer reading

upto 0,001 cm and a stop watch reading upto 0,1 sec.

For measurements of photo~osmotic velocity the
experimental set up 15 also described in Fig. 2, The
compartment C (Fig., 2) was filled with agueous solutions
containing desired concentrations of the photo-active
materials and electron acceptors and the compartment
D was filled with the aqueous solutions containing the
same concentration of the photo~active materials and
desired concentrations of electron donors, The concen-
tration of photo-active materials was higher than their
CMC. The condition of no net pressure difference,

AP = 0, vas imposed on the system by ad justing the
pressure head, The light was then switched on and

the consequent movement of liquid meniscus in the
capiliary Ly Lg was noted with time. During the
measurements of photo-osmotic veloeity, a constant

and stabilized voltage at 220 volts from A,.C. mains
was fed to the bulb B (Flg, 2) and the distance
between the transpart eell and the bulb was kept fixed,



In order to study the variation of photo-osmotic veloeity
with intensity of the incident 1light various voltages
were fed to the bulb tc alter the intensity of the light
and the consequent volume fluxes were noted in the
capillary Ly Lo, To measure photo-osmetic veloelty in
presence of externally appllied electric field the
electrodes Z; and I, wers connected to an electronilcally
operated stabilized D.C. power supply (Systronies,

Type 612). The electrode Eo was connected to the
positive terminal of the power supply to make the

lower compaTtment C positive with respect to the dark
compartment. The pressure head was sultably adjusted

to balance the volume flux induced by externally applied
voltage in the capillary Ly Lp., When the liquid meniscus
in the capillary became sStationary the light was allowed
to fall on the membrane in the lcwer compartment and

the consequent volume flux in the capillary I;l, was
noted. This was repeated at seweral values of

exteornally applied voltages,

All experiments were done at constant tempe-

rature using a thermostat set at 40 0.1°C.



HKesults gnd Discussion:

The hydraullc permeability dats in presence of
various concentrations of all the three photo~active
materials viz. chloroplast extract, haemoglobin and
cyanocobalamin were found to be in accordance with the

proportional relationship,
Jv = Lp AOP (1)

Where Jv 18 the volume flux per unit area of the
wembrane, &P is the applied presgure difference angd
Lp is the hydraulic conductivity coefficient, The
values of Lp obtained from the slopes of such plots:
spow a progressilve decrease with increase in the
concentrations of the photowactive materials upto
the CMU, beyond which they become more or less
constant, The normalised values of hydraulic
conductivity coefficients 1,e, the values of

LP/Lg where L; is the value of Lp when no photo-
active material was used are plotted in Flg, 3, The
trend in Fig. 3 is in keeping with Kesting's hypo-
thesislg accordling to which gs concentrations of
the surfactant is increased the Supporting membragne

gets progressively covered with the surfactant layer

ZZ
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Fig., 3. Variation of Lp/L; wilth concentration of photo~-
active materials, CurVQ;{s for Cyanocobalamin,
ecurve II 1s for Protoporphyrin, curve III is for
Haemoglobin and cuzxve IV is for Chloroplast

extract,



liquid membrane and at the CMC it is completely covered.
Analysis of the data on Lp in light of the mosaie

23-25 further confirms the existence of

membrane model
the liquid membrane in series with the supporting
membrane. Since, according fo the liquid membrane
hypothesislB at CMC, the supporting membrane is fully
covered with the surfactant layer liquld membrane, at
concentrations lower than the CMC, 1t will be only
partially covered, The situation is pictorially
depicted in Fig, 4, The equation for volume flux

for such a situation can be written as
S - c
Jv (4% + 4% =Jdva” +Jvac (2)

where A represents the area of the membrane denoted by
the superscripts and the superscripts s and ¢ represents
the bare supporting membrane and the supporting membrane
covered with the 1iquld membrane respectively., In view
of the linear relationship between Jv and &P, 1,e,

equation (1) and equation (2) can be transformed into

Jv = ll‘_,f, {Asﬂftu * Ac)}"‘ L‘; {Acﬂac + J'\J)}} AF (3)
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(CELLULOSE ACETATE MICROFILTRATION MEMBRANE )

Fig. 4. The schematic representation of mosaic membrane
formed when the concentration of the surfactant

is lower than its critical micelle concentration,

8 C
J J\'

v ' 4% and A® have the same meaning as in

equation (2>n



Functionally L; and L; represents the value of
Lp at 0 and at CMC respectively, The concept of
progressive coverage in the liquld membrane hypothesis
implies that at half the CMC, the fraction of the total
area of the supporting membrane covered with the 1liquid
membrane will be half and hence the slope of Jv vs, AP
plot, in view of the equation (3) should be equal to
(LE + Lg)/Z. Similarly, when concentration of the
surface active agent 1is one fourth its CMC, the value
of the slope should be equal to [(3/4) Lp + (1/4) Lp]
and so on. Thus in general terms if concentration of
the surfactant is n times its CC, n being less than
or equal to 1, the value of the slope of Jv vs, AP
plots should be equal to [(l - n) L; +n L;j. The values
of Lp thus computed at concentrations below the CMC in
case of chloroplast extract match favourably with the
experimentally determined values (lable I), Similar
trends were found in the data for haemoglobin and
cyanocobalamin lending sSupport %o the formation of
1iquid membrane in series with the supporting membrane,
It 1s expected that in the liquid membranes. thus
generated hydrophobic ends of the surface zctive

materials will be preferentially oriented towards



Table I Values of Lp at various concentrationsof Chloroplast Extract

Concentrations 0.0 11,902 17,388 23,134 46,368

{ppum) (O.SCMC)(O.';SCMC) (CMC) ) 09,552
-
Lp x108(n®s~1§-1) 2,611 2,185 1,697 1,513 1,480 1,450

Lp x10%(mPs~di=l) - 2,062 1,787
40,080 *0,063

* Lxperimental values.

*« Cplculated values using mosalc model.,



the hydrophobic supporting membrans, Now if the two
compartments of the transport cell (compartments C and
D in Fig, 2) are each filled with the solutions of
the surface active material - chloroplast extract or
hasmoglobin or cyanocobalamin, of concentratlon higher
than their Cls, the supporting membrane would be
sandwiched between the two layers of the liguid

membrane generated on elther side of it,

The data on photo-osmotic volume flux through
the 1liquld membrane bilayers thus generated from
chloroplast extract, haemoglobin and cyanocobalamin
are recorded in Table II to VI and in Fig, 5, The
1ighted compartment always contained an electron
acceptor and the dark compartment an electron donor,
A general observation in these experiments was that
the direction of photo-osSmotic flow was always from

the 1lighted compartment to the dark compartuwent,

Tien's observations on light induced water
flow across chloroplast ~ BLMs yere explainedlﬁ’26’27
in terms of semlconductor physics and classical
electrokinetics., When & beam of light excites the
BLM, olectrons and holes are produced, Since elec-

trons and holes have different life times and



mobilities, a separation of charges in the BLM results,
lead ing eventually to a potential difference across
the membrane, The light induced voltage across the
BLM was considered to be the primary driving force
for photo-osmosis, Similar explanation can be
extended in the present case also to account for the
originof the effect and direction of the flow, The
chloroplast 1iguid membrane on exeitatlon by light
ejects electrons which are captured by the electron
acceptors e.g. Fe''" lons present in the i1lluminated
compertment, Upon reduction of Fe' ilons by photo-
electrons or hydrated electrons an electrical double
layer 1s generated which consists of a layer of anions
in the solution - the moblle phase of the double
layer and a layer of positively charged oxldiged chloro-
plast in the membrane phase, Since the illuminatad
compartment where electrons are generated due to the
action of light is negatlve with respect to the dark
compartment the negatlvely charged mobile phase of
the double layer movesS from the illuminated compart-
ment to the dark compaertment, JimiJar exXplanation

can be offered in the c¢ase of haemoglobin and cyanow

cobalamin.



Although the present experiments were carried
out under constant temperature conditions, the possibi-
lity of the thermal gradients produced by light gbsorb-
tion, causing the observed flow has to be ruled out,
The observatlons that, in the present experiments, as
soon as the lizht was switched on, movement of the
liguid meniscus in the caplllary L Lo was noticed
instantaneously and also as soon as light was switched
off the flow stopped instantaneously strongly suggest
that the observed volume flux can not be on aceount
of thermal gradients because establishment ang
abolition of thermal gradlents can not be an 1nstan-
taneous process, It was also observed that on short-
circuiting the electrodes By and Ey the light induced
volume flux stopped completely., This observation not
only rules out the possiblity of the thermal
gradients being s cause for the observed flow but
also confirms that the light induced voltage across
+the membrane is the primary cause for the observed
photo-osmosis as suggested by Tlen in the case of
chloroplast BLMSIG.

Magnitudes of the electrical potentials deve-

loped across the pigmented BLMs, when 1t 1s 11luminated

34



from one side, are known“° to be enhanced many-fold
in asymmetrical systems e,g, when different redox
chemlcals are present in the two bathing solutions
separated by the pigmented BLM, Since the light
induced voltage difference 1s the primary driving
force for the observed photo-osmotic flux, the
magnitude of the photo-osmotic velocity should vary
with the choice of the redox chemicals in the two
compartments of the transport cell, To study this,
two sets of experiments were performed. In the
first set of experiments re" ions of concentration
1Xx 10'3M were kept in the dark compartment and two
diffarant electron acceptors of concentration

1 x 10~°M, namely, ferric chloride (FeCly) and
sodium sulphide (NagS) were taken in the 1lluminated
compartment, The data in Table II reveal that the
magnitude of the photo-osmotle velocity in all the
cases viz, chloroplast extract, haemoglobin and
eyanocobalamin when NagS was in the 1lluminated
compartment is greater than the magnitude when ferrie
echloride was taken instead. This 1s consistent with
the fact that NagS 1s stronger electron acceptor than
ferric chloridezs. Simllarly in the second set of

experiments ferric chloride of concentration 1 x 10~SM
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Table II Values of photo-osmotic velocity using different

olectron acceptors in the 1lluminated compartment,

Electron acceptor

Photo-osmotilc
in the 1lluminated wvelocit

compartment Jv x log(m.sec
Chloroplast Extract FeClg (1x10™°M) 0,358 * 0,027
NaS (1x107°M) 0,419 * 0,028
Haemoglobin FeClg (1x107°M)  0.248 * 0,009
Nao$  (1x10°°M) 0,427 0,004
Protoporphyrin FoCly (1x10™°M) 1,408 % 0,055
NagS  (1x107°HM) 1,945 % 0,101
Cyanocobalamin FeClz (1x20™°M)  0.817 * 0,012
NagS  (1x107°M) 0.853 * 0,018
The dark compartment in all cases contained Fo' @ ions

(l = 10-311) .
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Table III Values of photo-osmotic velocity using different

olectron donors in the dark compartment,

Llectron donors in the Pnoto~osmotic

dark compartuent

veloclity

Iy x 10%(m.sec-1)

Chloroplast Extract Nal (1x210™3M)  0.615 % 0,001
KgFe(CN)g (1x10°M) 0,497 * 0,010
NagSo03 (1x10"%M) 0,450 * 0,003
FeS0, (I, )5504(1x20~%M) 0,858 + 0,027
Haemoglobin Nal (1x107%M) 0,381 % 0,019
K Fe(CN)g (x107%M) 0,330 + 0,001
NagSp03 (1x10™31)  0.293 * 0,013
FoS04(IH,),S04(1x207°H) 0,248 % 0,009
Protoporphyrin Nal (1x20"°M)  2.699 * 0,088
K Fe(CN)g (1x10™3M) 2,203 + 0.084
NagSs03 (1x10°°M) 1,982 + 0.151
FoS0y(NHg )550,(1x10°M) 1,408 % 0.055
Cyanocobalamin Nal (1x107°M) 1,256 + 0.030
KsFa(CN)g (1x10"3M) 0,964 + 0.030
Nagia0g (1x10™SM)  0.913 * 0.020
FeS0q(NHy )o80,(1x10™M) 0,817 * 0,012
The illuminated compartment in all cases obtained Fe'™™ ions

(1 % 1075M).
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photo-osmotic effect, the values of photo-osmotic
velocity should increase with the increasing concen-
trations of electron acgeptors, The data on photo-
osmotic velocity in all the three cases at various
concentrations of Fe''" ilons in the illuminated
compartment keeping the concentration of Fe'' ions

in the dark compartment constant (1 x 10'3M) confirms
such a trend (Table IV). As a corollary of this it
should be expected that If an external electric field
1s applied across the liquid membrane bilayers making
the illuminated compartment positive with respect to
the dark comparitment the magnitude of the photo-osmotic
velocity should increase with increase in applied
voltage across the membrane, The data on the variation
of photo-osmotic veloclty with externally applied
voltage were obtained in two cases - one in which
Fe*+* ions (1 x 10'3M) weTre present in the illuminated
compartment and Fe® fons (1 x 107M) in the dark.
compartment and the other in the absence of electron

Fottt and Fe't lons

donor and acceptor specles 1,e,
in elther compartment. The data in both the cases
(Table V) for chloroplast liquid membrane bilayer

confirms the expectatlon. The data on haemoglobin



Table IV Values of photo~osmotic velocity at various
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concentrations of electron acceptor (Fe™* ions)

in the illuminated compartment,

Concentration of

Photo-osmotic

Fet*t ions in the veloclty
ililuminated come Jv x 10°
partment (m, sec™1)
ChloToplast Extract 1 X 1074 0,096 + 0,020
5 x 10~M 0.186 + 0,086
1 x 10~°M 0.358 + 0,027
5 x 107°M 0,598 + 0.041
1 x 10724 0,756 + 0,013
Haemoglobin 1 x 2074w 0,071 + 0,003
5 x 10°°M 0.172 + 0,004
1 x 107 0.248 * 0,009
5 x 107 0,406 * 0,017
1 x 1079y 1,308 * 0,016
protoporphyrin 1 x 10™%y 0,731 * 0,047
5 x 10~%u 1.301 £ 0.110
1 x 10N 1.408 + 0,055
5 x 10™3M 2,101 + 0,188
1 x 1072M 2,422 + 0.128

contd,...



Table IV contd.
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Concentration of

Photo=osmotic

Fet*t 1ons in the veloclty
111luminated com- Jv x 10°
partment (m. sec™1)
Cyanocobalamin - 1 x 10™%M 0,496 + 0,038
5 x 10™%M 0.567 + 0,016
1 x 1075 0.817 *+ 0,012
5 x 10™9M 1.714 * 0,089
1 x 10™3M 2.055 + 0,004

The dark compartment 1n all cases contained Fe'' ions

(1 x 107°m).



Table V Values of photo-osmotic velocity through

chloroplast liquid membrane bilayers at

different externally applied voltages.
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Photo-osmotic
velocitx
Jv x 10"

(m, sec'l)

bExternal
applied
voltage
(volts)

(a) when the dark compart- 0.1
ment contained Fe™Tions 0,2
(1 x 10‘3M} and the 1llu- 0.3
minated compartment con- 0,4
tained Fe™™™ ions 0.5
(1 x 10“35).

(b) In the absence of re*” L0
jons or Fe''" ions in 1.1
either compartment. 1.2

1.3
1.4
1.5

0.1221 + 0,003
0.236 * 0,022
0.817 * 0.011
0,403 * 0,013
0.485 + 0,002

0.661 % 0,003
C.829
1.044
1,246
1.358

1+

0,005

I+

C.010
C.015
0,001
0,002

I+

I+

1.5039

I+
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and cyanocobalamin liquid membrane bilayer could not
be obtained because the application of even small

voltages caused electrolysis,

The open circult photo voltages (Egp) in the
case of chloroplast - BLMS are known %o be dependent
on the intensity of exciting light (I), The depen-
dence has been found to be given by the following

equation™”
top = £ log (1 + I/L) 4)

where £ and L are constant for a given chloroplast
BLM at a particular temperature, Under conditions
of low light intensitles, Eop becomes directly pro-
portional to I as has indeed been found to be the
case. As an lmplication of this it follows that
the photo-osmotic velocity through the liquid
membrane bilayers should also show a similar depen-
dence on the intensity of exciting light., The dats
in Fig. 5, in the case of chloroplast extract and
haemoglobln and cyanocobalamin, indeed show such g
dependence on the Intensity of exciting light,

The values of photo-osmotic veloclty, for

chloroplast extract, havmcglobin and cyanocobalamin,
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induced by the light of different wavelengths obtained
using different optical filters are recorded in Table VI,
The variation of photo-osmotlc veloelty in case of
cyanocobalamin is consistent with 1ts absorption spectrum,
The reportedzg absorption maxime for cyanocobalamin are
at 278, 361 and 550 nm - the band at 361 nm belng more
intense than the band at 550 nm. The values of photo-
osmotic veolume flux at varilous wavelength ranges show
the same gradation (the value of the volume flux at

278 nm could not be obtained due to non-avallabllity

of a suitable light sSource end a sultable filter),

In the system containing chloroplast extract, chlore-
phylls are the main photo~active materials, whose

ma jor absorption peaks are at 400 nm and 660 nmao,
orption poak at 400 nin 1s more intense than

The abs

the peak at 660 nm, The magnitude of the photoa

osmotic valocity at varlous wavelength ranges (Table VI)
shows the same gradation indicating that the photo-

osmotic flow ig due to the absorption of 1light by the
pigmentso Porphyrins are present in both chloroplast
sxtract and hasmoglobin, The most intense absorption
pand f£or porphyrins is in the reglon of 400 nm - the

soret band°C. Therefore the observation that in both
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Table VI Values of the photo-osmotic velocity at different wave-

length ranges.

Kavelength range White 365-445 465.565 6560660 600-~-660
(nm) light (Filter (Filter (Filter (Filter
No. x No, x Yo, No.
N-Hg-2)" B-505)*% B.610)* N_830)*
(a) Chloronlast uxtract
Photo-osmotic 3.580 2.382 1,315 1,599 2,031
velocity ¥0,027 20,003 $0.001 X0.001 10.%2
Jv x 10%(m,sec™1)
.T-
(b) Haemoglobin
Photo~osmotic 2.480 1.712 1.383 1.064 1,495
velocity 20,009 20,074 *0,027 20,030 $0,028
Jv x 10°(m,sec™1)
-t-
(¢) Protoporphyrin
Photo=-osmotic 14,080 7,400 2,560 3,080 4,580
veloeity *0,560 X0.220 X0,060 +0.050 *0,120

Jv x 10%(m,sec™h)

contd,....



Table VI contd,

-1-
(8) Cyanocobalamin

¢3

Wavelength range White 330430 465-565 560~660 600~-660
(nm% light éFilter %Filter (Filter (Filter

o, lig, lig, s,
B-Hg-1)* Ba505)*  B.810)°  Wodap)®
Photo-osmotic 8,174 6,732 4,654 4,116 4,515
velocity 0,124 %0,086 *0,049 20,054 *0,045

Jv x 10%(u.sec™d)

X Obtained from Photo-volt Corporation, Wew York,

+
1 The dark compartment contained Fe + lons (1 x 10‘3M) and the

+
illuminated compariment contained Fe'' ions (1 x IO‘SM).
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chloroplast extract and haemoglobin the photo-osmotic
velocity 1s maximum for the wavelength range 365 nm -
445 nm (Table VI) suggests that in these systems

absorption of 1light by porphyrins is responsible for

the phenomena of photo-osmosis,

Should it be so protoporphyrin alone should
show the phenomena of photo-osmosis, To confirm this
suggestion, studles were extended to protoporphyrin,
Not only was the phenomenon of photo-osmosis observed,
trends in the data weTe also found to be similar to
the trends observed in case of ligquild membrane bilayers
generated from chloroplast extract, UIxperiments on
protoporphyrin and results obtained therefrom are

summarised in the following sectilon,

Egperiments on Protoporphyrin:

Protoporphyrin used in these experiments wers
obtained from Sigma (Cat.No,P5889) and was found to be
surface active., The CM of aqueous protoporphyrin gs
determined from the varTlation of surface tension with
concentration was found to be 0,7 ppm. Hydraulic
permeability datae were obtained exactly in the same



panner as described in the section dealing with
‘materials and methods'., The hydraulic permeability
data showed the same trend as in the case of chloro~
plast extract confirming the formation of the 1liquid
membrane in series with the supporting membrane, The
normalised values of hydraulic conductivity coeffi-
cients, Lp/Lg, are plotted against concentration in
Fig. 3, All other experiments in case of protopor-
phyrin were also performed in the same way as in the

case of chloroplast, hasmoglobin, The data obtained

therefrom are recorded in Table II to VI and in Fig,5,

In the case of protoporphyrin also 1t was observed
that the light induced volume flux was from the
111uminated compartment to the dark compartment,

It was also observed that (i) as soon as the light
was switched on the volume flux was noticed instan-
taneously, (ii) as soon as the light was switched
off the flow stopped completely and (iii) on short
circulting the electrodes E; and E, (Fig, 2) the
1ight induced volume flux stopped completely. 411
this leads to the conclusion that In case of proto~
porphyrin also the observed phenomenon of photo-
osmosis 1s due to 1ight induced potential difference

43
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across the membrane., Trends in rest of the data in
case of protoporphyrin (Table II to VI and Fig, 5)
can ke seen to be the sawe as In the case of chloro-
plast extract,haemoglobln, The most revealing ariong
these 1s the trend in the variatlon of photo-osmotic
velocity with wavelength (Table VI), In case of
protoporphyrin magnitude of the light Induced volume
flux, is maximum apmongst all the filters used for
the one corresponding to the wavelength range

365 - 445 nm (Table VI), This is in conformity
with the fact that the Teported absorption maximaSC
for protoporphyrin is at 408 nm,

Conclusions

The present studles indicate that the pheno-
menon of 1ight induced volume flux which was earlier
mimicked on chloroplast - BLMS can also be mimicked
on the ligquld membrane bilayers generated from chloro-
plast with trends in the data consistent with those
reported on chloroplast - BLMs, This indicates the
workability of the liquld membrane bilayers, gene-
prated using Kesting's hypothesis, as model systems

for blomembranes.



The present sStudles also indicate that the
obsexrved phenomenocn of photo-osmesls 1s due to the
absorption of light by porphyrins and porphyrin

1ike structures,

&7
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CHAPTER 3

SURFACE ACTIVITY OF DRUGS

rormatlon of cell membranes and locatlon of
receptor proteins in the 1lpid bilayer part of the
membranes 15 all a conSeguence of surface activity.
Hence it is logical to expect that the drugs acting
by altoring the permeabllity of cell membranes after
interacting with them, should also te surface active
in nature, A wide veriely of drugs are, infact, known

1-7 and as indicated in

to be surface active 1n nature
chapter 1 there is enough circumstantial evidence to
indicate that there night be at least one crucisl

step common to the mechanism of action of all

surface active drugs, Since surface active drugs as
per Kesting's hypothesls are capable of generating
1iquid membranes at the interface, the possibility

of the 1llguid membranes playing a role in the mechanism
of action of such drugs cannot be ruled out, Investiu
gations carried out recently on wide variety

of drugsa"la have strongly indicate in favour

of such a possibility. The drugs chosen for

these investlgations were mostly antagonistic drugs



03

or those which act by meldy=y the transport of rele-
vant permeants to the site of action, Nevertheless
there 1s a need to extend the investigations on many
more drugs belonging to different pharmacological
categories, OStudles have therefore been conducted

on dlagzepam, local anaesthetlcs, propranolol and
steroidal drugs, Before an account of these investi-
gations 1s presented in Chapter 4 a brief survey of

relevant 1iterature on surface activity of drugs is

in order,

D
e on the surface

Since excellent reviews
activity of drugs are alreddy available, the survey
attempted in this Chapter 1s not intended to be a
duplicetion of earlier efforts, Instead an eiforg
has been made to indicate from the reports on surface
activity of drugs, the possibility of surface activity
and hence 1liquid membrane formation by the drugs alone

or in association with membrane 1ipids, contributing

to the mechanism of thelr action,

Tranqullliserss

13
Phenothiazlines are known to reduce membrane

parmeability at very low concentrations, Ability of
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phenothlazinesto reduce water up-take by frog muSclel4’15,
inhibltion of erythrocyte hemolysislﬁ“lg, inhibition
of acetylcholine releasezo, inhiblition of endogenzous

-25

l)‘
amines in various tissues™* """, inhibitlon of glycine
26
uptake by brain slices etc. are several examples
where the membrane permeability is mltered by these

drugs,

It is also lnownl3 that not only phenothia-
2ines but all tranquillisers, irrespective of their
chemical nature, lower the surface tension of Ringer
solution in close correlatlion to thelr clinical
potency., It is not surprising therefore that possible
adsorption of all of the phenothlzzines onto tissue
cells may be explained by the physical chemistry
involved in air water adsorption'3, Commenting on
the mechanism of alteration of membrane permeability,
it 1s arguedl3 that tranquillisers form virtually

tmonomolecular films' around cell membrTane and reduce

tpansmembrane permeabillty of solutes,

Interacticn of the tranquillisers with in.

solublo monolasyers of lipids, stearie acid etc,

constitutes another proof for thelr surface activity.
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Chlorpromazine, chlorpromazine sulfoxide and trifluo-
perazine have been shown?’ 28 to interact with 1ipid
monolayers., Interaction of these drugs with l1liplds
a5 measured by lncrease in surface pressure has been
shown27’28 to correlate with thelr blological
activity. Interaction of orphenadrine hydrochloride,
chlorpromazine hydrochloride and reserpine with
monomolecular f£ilms of cholesterol, phosphoglycosides,
sphingomyelins, cerebrosides is also documentedzg.
pffect of UV radiation on interaction of a series of
phenothiazines with dipalmitoyl lecithin f1lms
indicated®®?3d that the ability of these drugs to
interact with lecithin monolayer may be a measure

of their in-vivo membrane penetrating and photo-

toxic propertles,

structural variation in phenothiazlnes has
peen shovnd2:33 to alter surface activity, which is
evident from the change of critical micelle concen-
rration (CMC) ©.8. promazline requires 6 times higher
amount of drug to produce the same surface tension as
chlorpromazine below CMC and 27 times much higher
concentration as compared to triflupromazinelS,

These observations hint at the possibllity that
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variation in biological activity can be expressed in
the form of altered surface activity which indieates
that surface actlvity should have a significant role
to play in the mechanlsm of actlon of these drugs,

since phenothlazine-nucleotide interactions
are mentioned84 to be important for «ta action, the
fact34 that "chlorpromazine can form complexes with
adenosine triphosphate and di and mono-phosphate
having surface tenslons lower than those of the
drug alone" appears interesting. It is further
indicated-C, that orientation of phenothinzines at
the air water interface may reflect qualitative and
quantitative differences in their pharmascuiogical
actions. In case of phenothiazines, thioxanthene,
dibenzocycloheptadiene and dlbenzazepines colloidal
association and surface activity were founa®® to be
dependent on chemical structure of the drug, Direct
action of phenothlazine derivative on cat heart
causing fall in blood pressure is sa1d37 to be
because of surface activity of the compound,

2
Haloperidol 1s mown" > to form a monolayer

on water/air or water/lipld interfacesat very low
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concentrations. It is further commented®S that all
neuroleptics act like detergents or Soaps l.e. they
are poweriul surface tenslon lowering agents, A
striking correlation between neuroleptic potency
and surface tension lowering activity has been
indicated, Thus, formation of monolayers on blolo-
gical structures has been suggested to be a mecha-

nism of neuroleptic actionag.

Tricyclic Antidepressants:

surface activity of a series of tricyclic
antideprGSSantS rolated to imipramine has been

reporteds. A correlation between surface activity
of some of these drugs and thelr toxicity to chang
Liver cultures®1%0 and human 1iver*! has alsc been
mentioned, Surface activity of a series of drugs
which are stimulants or depressants of the nervous
system has been reportedég- It was observed® that
while the stimularct drug populated in the aqueous
pulk phase, the depressant drugs accumulated at
the ailr solution interphase and the depressant
offedt was found to be correlating with the surface

activity of these drugs.



All these evidencessupport the observations®c
that physico-chemical behaviour of various substituted
phenothiazines and other centrally acting drugsg,
especially thelr surface activity, 15 important for

thelr action.

Barbiturgtes:

Butylbarbituric acidéd, pentobarbital, quinal-
barbital45, and mono alkyl, dialkyl tarbiturie acids46
have been Yeported to be surface active, Linear
correlation between proteln-binding propertiess and
surface activity with apparent partition coefficient
has been observed~ . 'Adsorption free energy! of

barbiturates with phosphollpid monolayers have baeen

5hown48 to correlate with thelr nerve-~blocking

potencies. Changes in lon channels and membrane-

bound enzymes as & resull of drugelipid iInteractions

49,50

have been indicated to be involved in *he

mechanism of action of barbiturates,

Local Anacgsthoticss

A correlation between local angesthetic

activity and surface tenslon in a series of esters

38



has been report6651. Interaction of local anaesthetic
drugs with lipids has been widely investigatedd2=55,
For lipids extracted from nervous tissues, penetra-
tion of the drugs 1nto the lipid monolayers has bheen
shown to correlate with their nerve blocking potency,

56, interaction of a series

In another study
of local anaesthetlc drugs with monolayers of di-
palmitoyl lecithin indicated that minimum blocking
concentration of each of these anaestheties lowered
surface tension of lecthin/water interface by

approximately the same amount,

Drugs Related to Acetylcholine:

Cheoline like compounds have been reported to

be surface-active57'°1- In case of derivatives of

papaverine, spaswolytic activity 1s Shown62 to be
proportional to surface activity of these compounds,
Curare-like activity of a series of polymethylene-
bis~tripethyl ammonium compounds has been Shown®S

to be assoclated with surface activity.

59



Xanthones and Thioxanthones:

Incanthone, as anti-schistosomiasis drug,
and its derivatives, exhibiting structural similarity
to phenothilazines are known”* to be surface active,
4 relationship between nicellar weight of these
compounds and the anti-schistosomiasis activity has

been discoveredes.

It is also reported66 that apparent distri.
bution coefficient of a surface active compound falls
steeply above the CMC, as a result of which there is
1evelling off ©f the actilvity above the CMCQ. In
case of some quazternary ammonium salts, micelle
formation has been Shown to be a limiting factor

in thelr activity67.

Annlgosics:

Surface activity of codeindione, Oxycodonesa,
antipyrine and its derivatives analgin®®, amidopyrine?0
etc, have been reported. Analgesic action of five
narcotlc compoun 8 has been observed T to correlate

with their surface activity at the boundary of air

60
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and benzene sclutions of nerve tissue preparations,

2 -Blockers:

Surface activity of a series of A <blockers
has been reported72’73a In another study74 of
A -blockers, properties like effect on myocardial
conduction velocity, local anaesthesla have been shoun

to correlate with surface activity and hydrophobileity,

Antihistamines:

Surface actlvity of antinistaminese

and their
interaction with dipalmitoyl lecithin monolayers has

been reported75.

antl-Bacterialss

In case of quasternary ammonium compounds it
has been shown’© that differsnt compounds with equal
antimlcrobial activity have surface concentrations of
the same order of magnltude. This observation 3s in
.grosment with snother £inding’’ that solutions of
quaZ ternaly ammonium compounds having equal antie
nierobial activity have surface tensions of the same

order of magnltude,
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Tuberculostatics:

Several surface actlve tuberculostatics based
on diaminodiphenyl sulfone have been found78 to be
effective in-vitro in relatlvely low concentrations,

It 1s suggested7‘ that because of their surface
activity, these molecules are adsorbed at the bacterial
surface with the sulphone portion of the molecule
embedded in the cell and polyoxyethylene chains
oriented out wards, In another report79, antituber-
cular activity of the drugs is attempted to be relateg
to their configuration at alr/water Interface,

The fact that such a wlde varlety of drugs
are suriace active and a correlation between surface
getivity and biological actlivity is indicated, hints
at the possibility that a common mode of action may be
operative in the mechanism of action of these drugs,
For surface sctive substances, reduction of surface
tension 1s accompanied by formation of a surface
layer which is complete at or above CMC, Henece the
surface active drugs are oxpected to form a "liguid
membrans" interposed between the biological membrane
and 1ts relevant permeants, Several factors @8

orientation of the surface active drug with respect



to blological membrane, active interaction of the
drug with blomembrane, nature of interaction within
the surface actlve drugs, presence of double layer
around the drug liquid membrane may Influence its
permeability characteristics. However one possibility
appears guilte obvious l,e, access of the permeant to
the 'raceptors! located on the biomembrane will
certainly be altered by presénce of a liguig membrane,

generzted by the drug.

It has been indicated®® that "aqueous £1lms
formed from solutlonsof surface-active drugs might
be sensitive tools with which to study the inter-
actions of the drugs with lons, especiglly those of
biological importance and with which to obtain a
more quantitative insight into the behaviour of the

drug molecules at surfaces",

It hag also been commented® that "Surface
tension reduction 18 only a symptom of many physico-
chemical attributes and much work still remains to
ve done before surface actlvity per se can be g
reliable guide to blological activity in a homo-
jogus series", The 1iquid membrane hypothesis for



drug action appears to be a positive step in this
direction,

The llquid membranes generated by the drugs
would alter transport of various other permeants
also in additlion to the permeants relevant for the
specific biological effect of the drug. This 1r,,ltum
indicates existence of multlplieity of biologiecal
offects of surface actlive drugs. Multiple effedts
have infact been observed in the case of several

surface active drugsgl’gz.

Fig. 1 reproduced from Florence's excellent

review2 article clearly deplctis interrelation between

several categoriles of surface active drugs,
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Fig, 1. Dlagram showing inter-relationship betwsen drugs
showing surface activity, Arroys Jolning to centre
indlcate that that class of drug has exhibited
activity, Arrows linking different phaTmacological
types show secondary activity of sope of the membars
of the class, e.8., some steroidgs have loeal anaes.
thetic activity; some tuberculostatics have shown
tranquiliising activity, It pas been suggesteq
that some diurezstics are membrane~active but there

appears to be no evidence of their surface activity
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LIoUID MEMBRAINS PHIHOMINON IN DRUG ACTION




CHAPTIR 4

LIQUID MEMBRANE PHENOMENON IN DRUG ACTION

In this Chapter are reported studies on four
different categories of drugs with a view to eXploring
the role of llquid membranes generated by them in the

mechanism of their actlion, These are

{(a) Locgl anaesthetics:

Procalne, Dibucaine, Lidocaine and Tetra-
caine (all hydrochloride salts),

(b) Iranguillisers:

Diazepan.

(c¢) Steroidal drugss

Testosterone proplonate, Ethinylestradiol

and Hydrocortisone acetate,

(3) A -Blockers:

Propranoclol,

Two kinds of data were obtained to investigate
the role of liquid membranes genersteg by the drugs in
the mechanism of thelr action. The datg on hydraulic
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permeabllity in presence of the drugs were utiliseq
to demonstrate the formation of g liguid membrane in
serles wilth a supporting membrane and the data on
the solute permeability of relevant pormeants in the
presence of the llquid membranes thus generated were
utilised to gain information on the role of 1liquig
membranes, in the mechanism of their action, 1Ip all
these experlments a cellulosic membrane/aqueoyus
interface has been chosen as site for the formation
of liguid membranes. This has been purposely done
so that the actlive interaction of the drugs with
biomembranes as a cause for the modification 1n the
permeabilitles is totally ruled out gng the contri-
bution of passive transport through the liquig
membranes 1s high lighted,

The studies conducted on the varioys drugs
belonging to different categories listed above are
described in the fOllowing sub-sections'

STUDIES ON LOCAL ANAESTHETICS

Most of the useful locgl anaesthetics contain
poth a hydrophilic and & hydrophobic part 1n theqp
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structure® and hence are surface active in nature,
They act by modifying the permeabilities of nerve
cell membranes to sodlum and potassium ions, TFor
the present study, four local anaesthetie drugs
namely procaine, lidocaine, tetracaine ang dibucaine
have been chosen, EIxistence of a 1liquid membrane
generated by each of these drugs at the interface
has been demcnstrated, Data on transport of sodium

and potassium ions through the 1liquid membraneg

generated by these drugs in serles with Supporting
membrane has been obtained to gain information on
the contribution of the liquid membrane in the

mechanism of action of the drugs. Since local

ansesthetics ave known to lnteract with membrane

11pid32 the studies have boen extended to the
1iquid membranes genorated by lecithin-cholestero].

Jocal anaesthetlc druss mixtures. In these experi-

ments a cellulose nitrate microfiltration membrana/
aqueous solution interface was chosen as site for
the formation of 1iquid membranes,



Materials and lMethods:

Procaine hydrochloride (Farbwerke Hoechst
A.G, Germeny), Lidocaine hydrochloride (John Baker
Ine, Colorado, USA), Tetracaine hydrochloride
(John Baker Inec, Colorado, USA), Dibucaine hydro-
chloride (John Baker Inc. Colorado, W4), Lecithin
(Patel Chest Institute, Delhl), Cholestero] (Centron
Research Laboratories, Bombay), Chloridesof sodiym
and potassium (both BDH Analytical reagents) ang
distilled water, distilled once over potassium
permenganate in all pyrex glass still were used in

present experiments.

The eritical micelle concentration (CIC) of
aqueous solutions of procaine hydrochloride, 1idg-
caine hydrochloride, tetracalne hydrochloride ang
dibucaine hydrocnloride were determined from the
variation of surface tensions with concentrations,
These aTe recorded in Table I, The surface tensiong

were measured using 8 surface tensiomat (Figher

Tensiomat Model 213
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Table I Critical micelle concentration {(CMC) ang Mintmum
blocking concentration (MBC) of locai

anaesthetiecs,
Tetracaine Dibucaine Lidocaine Procaine
hydrochloride hydrochloride hydrochlorige hydrochloride
MBC 10. 000 /uMa 5.000 /ul\i& 1.170 Ian 4,460 pM*
a ref. 13,

b calculated on the basis of anaesthetic potency ref, 2.



The all glass cell used for transport studies is
described in Fig, 1 which has been well labelled to
make 1t self explanatory, A4 Sartorious cellulose
nitrate microfiltration membrane (Cat. No, 11307,
bubble polnt 3,7 bar and average pore size 0.2 um)
of thickness 1 x 10~%m and area 5.373 x 10~5m2,
which acted as a support for the liquid membrane,

separated the transport cell into two compartments
C and P,

For measurements of hydraulilc permeabllity
in presence of local anaesthetlc drugs, aqueous
aolutions of the drugs of varying concentrations
were f£illed in the compartment C of the transport
cell and the compartment D was filled with distiiled
water., Known pressures were applied on the compart-
ment C by adjusting the pressure head and the
consequent volume flow was noted by noting the
advancement of the liquid meniscus in the capillary
L1 Lg using a cathetometer reading upto 0,001 em
and a Stop watch reading upto 0,1 sec., During the
volume flux measurements the solution in the

compartment C was kept well stirred and the
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electrodes &1 and “a were short circulteqd so that
the electro-osmotic back flow due to the Streaming
votentlal which might develop across the membrane
does not become a serious disturbing factor, fThe
concentration ranges of the loeal anaesthetic drugs
chosen were such that one obtains dgty on both,
lowsr and higher sides of CMC of the drugs, Hydraul1c
permeabllity measurements were glse carried out g4
varlous concentratlions of Jloeal anaesthetie drugs
in presence of lecithin-cholesterol nixture oy
fixed compesition. For this solutions of various
concentrations of local anaesthetice drugs Prepared
in an aguevus solutlon of 1ecithin-cholesterol
nixture which was 15.542 ppm with rsspect %o
lecithin and 1,175 x 107°H vith respect to
cholesterol were filled In the compartment ¢ op
the transport cell (Fig, 1) and the compartment D
was f£11led with distilled water, Thig particuigy
composition of lecithin-cholesterocl mixture vas
chosen bacause it has been shown” tigt at this
couposition the l1iquid membrane generateq by
1ecithin 1is saturated with cholesterg] and

ompletely covers the supporting nembrane,
c
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¥or the measurement or Solute peTucability (w)
¢l Scdlum and potassium lons, two sets of experiments
were performed. In the first set of eXperiments, the
compartment C of the transport cell (Fig, 1) vas
filled with a solution of the electrolyte (sediuyg
chloride or potassium chloride) ot Known Concentratipn
prepared in the aqueous solution of known Concentration
of the local anaesthetics gng Compartment D yug filleq
with distilled water. In the second Set or eXperiments
aqueous solution of known concentrationor the Permeants
(sodium chloride or potassium chloride) yas Tilled i
the compartment C and aqueous solution of knoun ¢oncen-
trations of the drug was filled in the compartment D
of the transport cell (Fig. 1). In control eXperiments,
however no drug was used. Concentration of the drygs
in these experiments was always higher thap their Cip
to ensure complete coverage of the supporting membrang
with the liquid membrane genorated by the drugs,
Because of surface active nature, the hydrophobie
portion of the drug molecules will be Preferentialyy
oriented towards the hydrophobic Supporting mémbran o
and the hydrophilic parts of the drug molecuiag 4494
be drawn outwards away from it, Thus, 1y the firgt



set of experiments where both, the permeants and the

drug are present Iin the same Compartment, the per-
meants would face the hydrophilic surface of the
liguid membrane generated by the drug while in the
second set of experiments the permeants woulg face
the hydrophobic suriace ¢I the drug 1iquid membrane,
Initial concentrations of sodium and potassium ions
in the solute permeabllity experiments were chosen
so as to correspond to the concentrations of the
ions in the neighbourhocod of nerve cells. The cono
dition of no net volume flux (Jv = 0) was imposed on
the system by adjusting the pressure head attached
to the compartment C of the transport cell (Fig, 1)

so that the 1iguid meniscus in the capillary Ly Io

remained stationary. After e known pericd of time

concentration of the permeant in the other

grtment was magsured. The amount of the

anspoTted divided by the time and the

the

comp

permeant tr
area of the membrané gave the value of the solute
riux (Js), The value of the solute permeability (u)
yas estimated using the definition®s®

'/(' _J§_ . ) - ) s

| AN
= " -JV: (8
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where AT 13 the osmotic PTOSsure difference The
Value of A7l used in the Calculation of L iyms the
average of the AT values gzt the beginning (¢ - 0)

and at the end of the ©Xperiment,

Valuss of (W) for sodiug and potassiypy 1ons
Werc also estimated in presence op lecithin-cholesterol_
local anaesthetic drug mixtures, Since the transport
o' cations was observed to be impeded Qore when the
permeants face the hydrophobic surface of the liquig
membrane, the values of (w) in presence of lecithin,
cholesterol-dru; mixtures were measured in the Secong
sat of experiments only. For this the solutyey, of
local anaesthetic druys prepared in the aqueoug
golution of locithin-cholesterol mixturas of compo.
sition 15.542 ppm with respect lecithin and
1,175 x 107°M with Tespect to cholestarcl yns £1lleq
in the compartment D of the transport cell (Fig, 1)
and msqueous solution of the permeants {s0dium op
potassium ions) were £1l1led 1in the compartment Gz
The concentrations of the local anaesthetie drugs
in these experiments were those at whigh the liquig
nembrane generated by leclthin-cholestercy nixture



§6

goets saturated by the drugs, Thess ctoncentrationg

hydraulic Pelmeab:
preseice cof lec1thin-cholesterol-drug m

were derived frog the 11ty data in

ixtures.

The amount of sodiug and potassiyy ionsg

transported in a given time, to the Compartment p

were estimated using a flame photometgp (Cs1o AIMIL.pug).

All measurements were made gt Constant tempe-

rature using a thermostal set at 40 + 0,1°C,

Rgsults and Discussion:

The hydraullc permeability datg at varioyg

concentrations of the drugs, in the case of A

four local anaesthetic drugs, were foung to oboy the
o

linear relationship,

ic conductivity coeffin]q t
the hydraul n
where Lp 1s

d pressure difference, The
the applie
and AP 1s

£ L. calculated from the slopes of the
lues © P

va P plots show & progressive decreggg as
Jv VS.A

the drug 1s increasod,

‘his treng
concentration of



in the vdlue of Lp continues upto the CC bayona
vhich the decregse in the values of Lp is only
marginal, The normalised Values of the hydraulic
conductivity coefficients 1l,e. the valugs of LR/Lg,
where Lg i1s the value when no drug was used, gpe
plotted against concentration of the drug in the
Fig, 2. The observed gradation 1in the values of
Lp (Fig. 2) 1s in keeping with Kesting's hypothesis
according to which as concentration of tpe Surfactang
i1s inereased the supporting membrane gets pro€r9531Vely

covered with the surfactant layer liguig membrang ana

68
?

at the CMC 1t 1s completely covered, Th, margingj

decrease beyond the CMU 1s most probably gy, to/dn

increase in density of the 1iguid membrane8

Analysis of the flow data in the 1jgpg of
moSaic membrane modelg'lo furnishes furthep e8Vidence
in favour of the existence of liquid membrgpg 1n
series with the supporting membrane, Folygyyy,
the arguments and the procedure given in Cpgpig, o
(pages o4-26) it 18 possible to compute the Values
of Lp at various concentirations of the Surfactans

148 CMC from the exXperimentally detsrmined
below
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valuas of L to I the Ck :
p at 0 ond the CHC of & z v
he surfactant. Tue

values Lp thus computed at variocus concentrations of

tetracaine hydrochloride below 1ts CMC are 1n good
H

agreement with the experimentally determined value
9

(Table I1) confirming the formation of a liquid
membrane at the interface. 4nalysis of the hydrauji
c

in case of other local anaesthetic

permeability data

drugs namely, procaine, dibucalne, and lidocaine also

gave similar results.

The hydraullc permeability data at various

concentratlions of local anaesthetic drugs in presence

of lecith1n~cholest
rdance with equa

hydraullc conductivity coefficient 1.e

e =e

0

0
Lp/Lp3sweTe Lp
jghin~-cholesterol nixture only

erol mixtures was also found %o be

1n acco tion (2), The normalised

vailues of
is the value of Lp ip

the values of

e concentrations of the drugs

tne decrease 1 tho value of (LE/Lp) 1s

incorporation of the drugs in the

enerated by the lecithin-cholesterol,

Tpe concentration of the drug beyond which

0
f (Lp/LP) bo

come more or less constant



g4

Table II Values of Lp at various concentrations of tetracaine

hydrochloride .

6 o 3,053 6,106 12,212
Concentration ¥ 10 M . . . 12, o4, 404
(0.,25C1C) (0.5CHMC)  (CM2)

- .6 4. L

L
P
40,077 X0.116 +0.,144 20,230 10,290

” ¥ S Ra=l1=1) - 4,655 4,291 - =
Lp x 10 (n''s
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1s the concentration at which the liquid membrane
generated by the lecithin-cholesterol mixture is
saturated with the drug. The concentrations gt
which tetracaine, lidocaine, dibucaine ang procaine
saturated the 1llguid membrane generated by the
lecithin-cholesterol mixtures were found to be
12.21 x 2079, 1.16 x 103M, 5,64 x 100} sng

5,0 x 10~3M respectilvely,

In order to ascertain ths location of the
drugs in the lecithinecholesterol liquid membrane
surface tensions of the solutions of various con-
centrations of drugs prepared in the aqueous Solutilon
of lecithin-cholesterol mixture of fixed composition
of 15,542 ppm with respect to lecithin ang 1.175 x 10-%N
with respect to cholesterol, were measured, The surface
tension of the aqueous solution of leclthin-cholesterol
mixture showed further decrease with increase in con.
centration of the local anaesthetics, This indieates
that the drugs penetrate the llquid membrane generated
by the lecithin-cholesterol mixture and reach the

interface.



Role of Liguid Membrgne in Local Anaosthesig s

The critical micelle Concentrations of the
local anaesthetic drugs as determined in the prasept
experiments are more or less aqual to thelr mingmy.
blocking concentrations (MBC) (Table I), Since
according to Kesting's hypothesis®~8 ¢y is the con.
centration at which the interface gets Completaly
covered with the llquid membrane, it appearps pPrima
facie that the liquid membranes generateg by the
local anaesthetic drugs at the site of theyp action
may have a role to play in the local anaesthetie
action, This 1s further supported by the gBradation
in the binding of local ansesthetics to nervous ang

other tissues™'. The binding affinities of tneg,

drugs increase in the following order

procaine  lidocaine  tetracaine ¢ dibucaine.

The fact that the CMC values of these drugs are in
the reverse order 1.9. dibucaine<(tetracaine‘<11d°_
caine < procaine (Table 1) 13 also indicatiye op
the role of liquid membrane phenomena in theip
action, Higher is the value of CM, higher 15 4

33
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concentration required to generate a complete linuid
membrane at the site of action., 4s Teported by
ﬁkouz relative anaesthetlc potencies of pTrocaine
lidocaine and tetracaine are in the following ord,er

tetracaine > lidocaine > procaine

The above gradation 18 in agreement with the
descending order of the CHC value of these drugs
(Table I) - the lower 1s the CMC value more potent
This again indicates the 10le of

is the drug.
1iquid membrane phenomena in local anaesthesgig

The local anaesthetic action 1is linked witp

the inhibitlon of the transport of the sodiup
and potassium ionSe. The normalized values of

o

the solute permeabilities 1,e. the value of/e2)

ey

beine the value for the control experiment wherq

no drug was used, for sodium and potassium iops
in presence of the local anaesthetic drugs alone
150 in presence of lecithin-cholesterql.lgesa;

and &
1c drug mixture, are recorded in Table IIT

anaesthet
1e¢ III reveals that the permeghi_

A perusal of Tab
nd potassium ions are inhibiteqg



Table III Values of normalised permeabilites 1y

= (/e

for sodlum and potassium ions in presence of

local anaesthetic drugs ang lacithin-cholesterol~

local ansesthetlc mixtures,

ny

: Sodium Potassiynp

r* I e X XXX
Dibucaine 0.850 0,783 0,846 0.648 0,504 0.798
Hydrochloride
Tetracaine 0.788 0,605 0,919 0.680 0.633 ¢, 765
Hydrochloride
Lidocaine 0.960  0.938  0.992  0.700 0,447 0,350
Hydrochloride
Hydrochloride
X Both permeants and the drugs in the compartment C gng water

in the compartment D.

xx Aqueons Solution of the drugs in the compartment D and

agueous solution of permeants in the Compartment ¢,

% Lecithin-cholesterol-drug mixture in the compartment D gng

permeants in the compartment C,



in both the sets of experiments, However the lnhi

pition is maxious in the second sat of experiments

where the permeating cations face the hydrophobic

surface of the Lliquid membrane generated by the

local anaesthetic drugs alone.

1
Local angesthetic drugs are known 2 o reduco

permeability of restlng nerve to potassium ag well as

to sodium lons. They also reduce permeability to sodium
and potassium ions in the membranses of musele both in

the resting St

2
potentiall”. The
¢ to which catio

ate and during the generation of an action
net effect depends however on the

nic and non=-lonle forms of the

exten

1o0cal anaesthetics are available, In case of procaine
y ?

i1t is snownl“ that while ancharged form causes

g sodium conductance, the charged

dect

form decreased the rostlng potassium conductance, Thus

the peduced ermeability of both sodium and potassium
in the present experiments (Table III)

ns as observed

in con,fa.rmity

1o
with the 1iterature reports related

to biolO
apaesthetlcs to bloek nerve

jon had neen Shown to correlate with
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their interaction with the 1ipiq @onolay gy q1S
the abllity to Interget with the 1ipig

abllity to block NETVe conduction gpe Tepor

ted ¢, [}
#i dependent®®, Tt has also

Leen obseryeq partiey

larly in the case of procaine, that the drug peng.

pid none
1ayerslso The action of loecal anaestheties ig4 known
to be short lived and reversible in hature, This

éppears to be om account of the fget that inter.
action of local anaesthetics with ce13 membraney 4

limited only to the lonlc surface or the Lembranegl6,17

In the model proposed by Leel® for action op

local anaesthetics sodium channels gre Postulateg te »
surrounded by an annulus of 1lipid which 4s in the
Crystalline or gel state, It is the rigidity of the

surround ing lipid micro-environment that keeps the
sodium channel open. Additlon of locaj ahtesthetieg
triggers a change 1D ‘he surrounding lipigs to the
fluid 1iquid-erystalline phase alloving the goq,

ol to close with resulting local anaesth951a.
chann

Drop in phase transition temperature due o the

1 anaesthetlcs is citod 1 a

s
addition of loca g



their interaction with the lipid monolayersls Both
» Both,

the ability to interact with the lipid films and th
o

ability to block nerve conduction are reported to b
e

12
pE dependent™. It has also been observed particu-

larly in the case of procaine, that the drug pene

trates only into the ionic region of the 1lipld mono

6
layersl . The action of loecal anaesthetics 1s known
to be short lived and reversible in nature, This

appears to be on account of the Toct that inter-

action of local anaesthetlcs with cell membrenes is

ace of the nembranesi®ii?,

1imited only to the ionic surl

he model proposed DY Laela for action of

Int
cs sodium channels are postulated to be

local anpasthetl
jus of 1ipid which 15 In the

syrrounded Dy al antl

crystalline or gel state.
nt that keeps the

g 1ipid micro-environme

surroundin
sodium channel opens additlon of local anaesthetics
surrounding lipids to the

phase allowing the sSodium
ulting local anassthesia

triggers 8 change 1 the
fiunid 11qu1d-cry5ta
o close with resd
ansition t empeT

annesthatics is clted

channel ©
rop in ph.&se tr ature due to the

tion of jocal

D
as an

addl
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evidence for fluidisation, since in the lowering of
©

phase transition temperatures head group interscti
ons

are knownZ0 to play an important role it appears that

polar head of local anaesth
in the channel, with polar heads of lipids

he channel and fividise them. As a

etic molecules Interact,

from with

syrrounding
consequence Of joosening of 11pid micro-environment

hammel is filled up

mainly of hydrophobic
cules impeding the transport cof

the ¢ with a hydraphoble core

consisting

noities of local

anaosthetic mole

sodium lonsSe

the presen% experiments however resistance

o transport of catlons in presence of

offered to th
erol-1ocal anaesthetic drug mlxture

jthin-cholest
s than ghat 18

lec
presence of the local anaesthetic

is 1es
y in the second sel of experiments,

(Table 111
8 the 1ocal
pin the 1igui
1 mixtures and their hydrophobic

drugs alone
anpesthetic drug molecules are

Tpis 18 pecals
d membrane generated by

incorporated wit

lecithinpcholestero

g less available to approaching cations to

Lince planar contiguration of
more Stable than circular



of se
veral drugs with phospholipid monolayers
ava are
1lable in literature®. The studies have th
9 Qrefore

been extended to the liquid membranes generated p
leelthin-cholesterol-diazepam mixture, The transy
data indicate that the liguid membrane phenomensg i:rt
make a notable contribution to the actions of diazey
In these experiments alsoy & cellulose nitrate micr:am.

filtration membrane/aqueous interface has been del
N delia

berately choSen as site for the formation of 14 n
quid

s so that actlve interaction of the drug ywit
Wwith

membrane
of biomembranes 1s totally ruled out ang

components
of the passive transport through tj
o

the contribution
highlightedo

liguid membrane 1s

Matevials and Methods?

pam (RanbaXy Laboratorles, Delhi),

Diaze
G AGA
glycine (BDH),[@ammn amino butyric acid,,BDH)’ methyy
cellosolve (Riedel-De Haenag Seelze~Hannover, GeTmany )
Phil&delphia’ USA) ’ hyd rindantin 1

nin.l‘lydfm (FisonS
g Ltd.), lecithin (Pate] Chest

(Koch-Light Laboratorie
cholesterol (Centron Research

Institute, Delhi),

Bombay s
ssup pormanganate in &l all-pyrox giagg

and distilled water, diggy;y d
e

Laboratoriess
once over potas
in the prasent experiments,

sp11] were used

180
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The critical micelle Concentratiy

1 (C.}E) ol
fqueous diazepam was deter

tinod from tha varis
ol surfgce tension with Coneentration,
tensions were measured using g Fisher T

ens lomy ¢
model 21,

To prepare agueous Solutions op di

&Z9pam
necessary volume of

ethanolie solutiong of Knoum
concentration of the drug was addeq with constynt

stirring to the agueols~phase, In the &queousg S0lg.

tions of diazepam thus prepared, the finaj concen_
tration of ethanol was never allowed to sxceed 0, 34
{by volume) because it has been shown by a controy
eXperiment that a 0.,1° solution of ethanol in wat o
did not lower the surface tension of water to any
megsurable extent, The CHC value of aqueoys
diazepam was found to be 1 x lo°4M,
For hydraulic permeability measurements two
Sets of experiments were periormed, In gpe set of
experiments aqueous solutlons of diazepanm of varioys
concentrations ranging from 0 to 2 x 107%y o,
£11led 1n the compartment C of the tr&nsport cel]
2 1) and the compartment D was filleq with
:;:f:' The comncentration range fTom Q tp g x 10~4y

get data on both the lower

and the
was chosen to



h
igher side of the CMC of the diazepam, In
. another
Sset of experiments sclutlons of various cone
entra.

tions of dlazepam prepared in an aqueous soluti
on

of lecithinecholesterol mlxture which was 1§,542
. ppn

with respect to lecithin and 1,175 x 10°%M iy,

respoct to chiclesteroly wore filled in the eopn
Palte

ment C and the compartment D of the transport cell
As already mentioned in the

was fillled with water.
on this purticular composition of

previous secti
lecithin-chclostarol mi.

has been shoun 11 an earlie
tion the liquid membrano generated by

saturated witl cholesterol and comp~

he supporting membrane, The
gulic permeabllity measurements

ribed 1in the previous section

xture was chosen because it

r study® that at thig

composi
lecithin is

leteoly covers t
procedurs for bydr

g the same &S desc

g80-82).

wa

(pages
ties (¥) for glycine gng

ute pemeabili

_cholesterol-diazepam mixture,

in
,¢ (» in presence of dlazepap gy,

sol
e of both diazepap

GABA were meas

an
£s
For paasurenan
axporiments Vo perfosmed. in the firgy
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higher side of the CM: of the diazepam, In another
set of experiments solutlons of vVarious concentrg.
tlons of dlazepam prepared in 81 aqueous solutiop
of leelthin-cholesterocl mixture whilch was 1§.542 ppn
uith respect to lecithin and 1,175 x 10704 yqg
respect to cholesterol, were filled in the compart.
ment C and the compartment D of the transport ce1y
was f1lled with water, Aas already mentioned in the
previous section this purticular composition of
Jecithin-cholesterol mixture was chosen because it
has been shown in an earlier study3 that at thig
composition the liquid membrane generated by

lecithin 1s saturated with cholesterol ang comp~-

letely covers the supporting membrane, The

procedure for hydraulic permeability measurements

was the same as dascribed in the previous section

(pages 80-82),

solute permeabllities (W) for giycine and

GABA were measured 1n presence of both diazepan
and the lecithin~cholesterol-diazepam mixtura,
In presence of diazepay two

For measurements of
In the ripst

gats of experiments were performed,
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Set of experiment solutio
n of the permeants
~ 8lycine

and GABA, prepared in aqueous solution of known
con-

centration of dimzepam was filled in the compart
ment

C and the compartment D wvas filled with water, I
« In

the second set of experlments the agqueous Solutio
n

of dlazepam was f11led in the compartment D png

the aqueous solution of the permeant was filled in

In control experiments, however
$

the compartment C.
The concentration of diagepap

no digzepam was used.
xperinents was 1.6 x 107 which 15

used in these e
similar sets of oxperimentsg

well above 1its Cif.
e earrled out ror (v measurements In presence or

osterol-diazepam mixtures, The diazepap

n thege experiments was 0,75 x 10=%y
’

wer

lecithin-chol

concentration 1

the concentration at which the liquid membrane
in-cholesterol uixture gets

ted by lecith
The procedure adoptad

ents VB3 similar to the one descriheg

genera

saturated ¥

for (v moasures
ction on local anaesthetics

in the provious 59

(pages 83-88)

ount of glyeine and GAZA transported
nt D were estimated from the amount

products with ninhydrin measureg

The all

to the compartme

of their reaction
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spectrophotometrioally at 570 pp<t Using a B
=5 ausech
and Lomp Spectronic 20 Spectrophotometap

All measursments wereg tarried ot at const
ant

temperature using a thermostat gt 4o < 0,19

Hesults and Diseussions:

The hydrsulic perzeability data at Varioys
cofzntrations of diazepam were found to be in aceop,,
dance with equatios (2). The normalilsed Valles of
the hydraulic conductivity coefficient, (LP/LS),

are plotted ageinst the concentrations or diaZEDag
in Fig, 4, The trend in Fig, 4 is in accordanceg
with Kesting's hypothes1s®™8 and 1s 1nq lcative of
the progressive coverage of the Supporting meppp,,
by the liquid membranc genorated by diazepam . g4
the CiC, the supporting membrane is Completely
covered by the drug liguid membrane. Analysig .o

the flow data in the 1ight of the mosaic membrane
e

formati
modelgflo further confirms the on of

di am liguid membrane in serles with the
aZep

brand.
supporting mem

upp so model &t various concentrationg
08a1l .

The valuss of Ly computeq

using m
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Fig, 4, Varlation of LR/Lg with concentration of
L J L]

diazepanm,
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below the CMC of dlazepam match favourably with the
experimentally determined values (Table V).,

-'I‘ 0‘1&_ L
Thelpermeability data for the other set of

experiments where sclutions of various concentrations
of diazepam prepared Iln the aqueous Solution of the
lecithin-cholesterol mixtures were filled in the
compaTtment C of the transport cell and distilleq
water was filled in the compartment D were also

found to be in accordance with the linear equation
(2). The normalised values of the hydraulic cop.
ductivity coefficlents are plotted in Fig, 5, The
values of (LP/L;) show & decrease with increasing

concentration orf diazepam upto 0,75 x 10'4H beyongd

which they become more or less constant, Thig

indicates that dlazepam gets lncorporated within
the 1iquid membrane generated by the lecithin.
cholestercl mixture and when its concentration
equals 0,75 x 10~ the lecithinecholesterol
1iguid mewbrane 1s saturated with diazepam, 1n
order to ascertain whether diazepam reaches
straight upto the interface or not surface teg.

sions of the solutlons of various concentrgtions
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o
Fig, 5. Variation of LP/LP with concentration of Diagepam
b

in presence of Lecithin-cholesterol mixture of

fixed composition = 15,542 ppm with respect to

Lecitllin and 1,175 X 10-6M Ix'ith I’es;}ect to

Cholesterol.



ol diazepam pre
prepared ln the aquecus Solutions of
lecithin-cholestarecl umixtures of lix
e s ed composition -
«242 ppm with respect to loecithiin
, } and 1,175 3 10~5y
with respect %o cholesterol, were measured. |
- ~:10
surface tension of aqueous solutlons of the jgeit
hine
cholesterol mixture showed a further decrease wit
with
the increase in concentration of diazepam upto
0.75 X 10'4M. This indicates that dlazepam pene
trates the liguid membrane generated by the lecithin

cholesterol mixture and reaches upto the Interfae
_ o,

The normalised values cf solute permeabiji
t1es (&/ w9 in presence of diazepam (Table V) ingi

cate that the dlazepall liguld membrane in toth the

sets of experiments offers resistance to the

transport of the amin
c ends of diazepam Wil
wards the hydrOphobic supporting

o aeids, Because the hydro-

phobi 1 be preferentially

oriented %o
in the sirst set of experiments the

membIane,
ce the hydrophilic surface of

permeants will fa
the liquid membrané
second set of experd

ent in the comparin

artment c (Fig,

generated by diazepail. In the
ments, however, where diazepan

ss pres ont D and the permeants

in the ¢ofp

1) the liquld membrane
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Table V Values of normalised permeabilities r = (©/ w0)

of amino acids in presence of diazepam® ang
lecithin-cholesterol-diazepam mixtyures®

;
rx e XX e

Glycine

GABA

0.864 0,290 1,115 1.161

0.880 0.531 1.261 0.472

Diazepam concentration = 1.6 x 10‘%M,

Lecithin concentration = 15,542 ppm, cholesteroy
;1
concentration = 1,175 x 10 "M, Diazepam concen.

tration = 0,75 x 10™%N,

Both permeants and diazepam in the compartment c

and water in the compartnent D,

Aqueous solution of diazepam in the compartment p
and aqueous solutlon of permeants in the compart.

wment C,
Lecithin-cholesteroi=diazepan mixture in compartment C
together with the permeents and water in the compart.

ment D,
- 3 tion of loeithin-cholesterol-diazepam
ﬁ uegga iglgompartment D and permeant in compartment C,
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will present a hydrophobic surface to the permeant,
The data in Table V reveal that in the both orien-
tations the diazepam liquid membrane impedes the

transport of amino-acids,

The values of (¥“/w®) in presence of lecithin.-
cholesterol-dlazepam mixtures (Table V) appear to be
interesting from the point of view of the drug action,
When leclthinecholesterol-dlazepam are all present
in compartment C (Fig, 1) along with the permeants
the 1iquid membrane generated by lecithin~cholesteroi-
diazepam mixture which we shall call the composite
1iquid membrane, presents a hydrophilic surface to
the permeants, Similarly vhen the permeants are
present In the compartment C and the lecithine
cholesterol-diazepan mixture in the compartment D,
the composite liquid membrane presents a hydrophobic

surface to the permeants. In the former case the

permeability of both glycine and GABA 1s enhanced
considerably in comparison to the permeability
values for blank experiments where no diazepam

was used., The observation of increased permea-

bility of GABA appears to have blologlcal relevance



because in case of benzodlazepines biochemicalzss26

and neurophysiologica127'29 evidence has suggested

that the antlanxiety action of dlazepam may be exerted
by facilitating synaptic action of GABA in bdrain,
Displacement of an endogeneous modulator protein
forming part of a macTromolecular complexXx constituting
g0

GAB4 Teceptor ionophores has been suggeste as one

of the mechanism of such an action, However events

at cellular and molecular level resulting in GABA
potentiation are completely anknown T, The increased

permeabllity of GARA through the leclthin-cholestero]-

composite llguid membrane in the specific
ydrophilic ends facing the permeants,

diazepamn
orientation of h

as indicated tn the present
xplanation for facilitatlon of GaBa action

experiments can also be

an ©
leading t
diazepines are &
have high affinity fof

o ant lanxiety action of diazepam, DBenzo-
a0
1s0 known"2 to bind to sites that

stryehnine which 1s an

antagonist of glycine. 1t has been suggested there-

o that some actlons of benz
r interaction with glycine recept

o4 increase in the permeability of

for odiazepines may result
from thel 0133.

Hence the obssIvV

glycine when 1t faces the nydrophilic surface of



the composite 1iquid membrane generated by the lecithin

cholesterol-diazepam mixture appears relavant

The decrease in permeablility of GABA (Table V)
when 1t faces the hydrophobic end of the composite
liquid membrane generated by lecithin-cholesterol-
dlazepam mixture does not appear to be relevant to
the antlanxiety action of diazepam, Nevertheless it
can offer clue to the causation of certain other
effects of dlazepam. Dlazepam has been shown to
inhitit the uptake of GABA into synaptosomes prepared
from mouse brain®® and also in rat cortical slices35,
Calcium dependent release of GABA has also been shoun
to be inhiblted by diazepamaé. The observed decrease
in permeability of GABA when it preferentially faces
the hydrophobic end of the lecithinecholesterol.
diazepam composite liquld membrane may be helpful in

explaining these effects,

Thus the ability of diazepam to get incorpo.

rated in the liquid membrane geneérated by lecithin.
cholesterol mixtures and modify the permeability of

1nhibitory-neurotransmitter amino acid molecules.
glycine and GABA, appears to have a contribution to

its actilons,

113



STUDILS ON STEROIDAL DRUGS

Steroids are known to be surface active° and
theilr interaction with constituents of biological
membranes is also documented in literatur937. in
this section are reported studies en three represen-
tative steroidal drugs namely tesiosterone propionate -
an endrogen, ethinylestradiol - an estrogen ang
hydrocortisone acetate - a glucocorticold, 1In these
experiments also a cellulose acetate microfiltration
membrane/aqueocus interface has been chosen as site
for the formation of the drug llquid membranes to
highlight the Tcle of passive transport through the

1iquid membrane in the mechanlsm of their aetion,

Data have been obtained to demonstrate the

formation of liguid membranes by the steroidal drugs

ot the interface and also thelir incorporation in
the ligquid membrane geperated by leclthin, Data
180 beon obtained on the transport of glucose

have &
and amino acids in presence of liquid membranes

goneratod by the st

1 ocithin and steroidal dr
e role of 1icuid menbrane formation in thelr action,

oroidol drugs and the mixture of

ngs to galn information on

th
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Materials and Methods:

Testosterone propionate (Organon (India) Ltq),
Ethinylestradiol (Organon (India) L¥d.), Aydrocorti.
sone acetate (Wyeth Laboratories Ltd.), Lecithin
(Patel Chest Institute, Delhi), glucose, lsucine,

histidine, tryptophan (BDH) and distilleq water,
distilled once over potassium permanganate in a1}
pyrex glass still were used in the present experiments

The critical micells concentrations of the
drugs as determined from the variation of surfgee
tension with concentration are recorded in Table ¥I,
Aqueous solutlonsof the the drugs and lecithin were
propared by adding tho desired volume of their

ethanolic solutions of known concentration tg aqueous

phase with constant stirring. In the aqueous soly.

tions thus prepared the final concentration of

ethanol was not allowed to exceed 0,1% by volume
becguse it was shown by a control experiment thgt

e 0,15 solution of ethenol In water, by volume, qi4

not lower the surface tenslon of water to any

measurable extent.



Table VI  CMC values of the steroidal drugs,

Drug

oM x 105y

Hydrocortisone Acetate

Testosterone Propionate

Ethinylestradiol

4,50

3,87

0.27
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The hydraulic permeability measurements in
presence of various concentrations of the drugs -
belaw and above the CIC, and the solute permeability
measurements for glucose and three amino acids in
presence of the liquid membrane generated by the
drugs in both the orientations - the hydrophobic
end facing the permeants and the hydrophilic ends
facing the permeants - were made using the method
described in the earlier section (pages 80-86 gnd
101-103). In the solute permeabllity measurements
the concentrations of the steroidal drugs taken wasg
always higher than thelr CMCs to ensure complete
coverage of the supporting membrane with the liquid
membrane. Hydraulic permeability data were also
obtained at various concentrations of the drugs in
presence of lecithin solution of fixed concentra-

tion, For thils, solutions of various concentrations
on.

of the drugs pree
lecithin of concentratlon 15.542 ppm wvere £illed

pred in an aqueous solutlon of

in the compartment C of the transport cell (Fig, 1)
n

4 the compartment D was £illed with distilleq
an

t This perticulal concentration of lecithin
watel.

hosen beceuse it has been shown In an esrlier
was ©



studyas that at this concentration the liquld membrane
generated by lecithin completely covers the Supporting
membrane., The solute permeability measurements were
also carxied in presence of the mixture of lecithin
and the drugs., The composition of the mixture wasgs
such thnat the ligquld membrane generated by lecithin
completely covers the supporting membrane ang was
saturated with the drugs. The concentrations at
which the lecithin liquid membrane would be saturateq
with the drugs were obtained from the hydraunlic

pormeability data in presence of mixtures of lecithin

and steroidal drugs. The concentration of lecithin
In these experiments was kept fixed at 15.542 ppp ang
the concentration of testostercne proplcnate,

athinylestradiol and hydrocortisone acetate were
5.806 x 1070, 3,374 x 1077¥ and 6,0 x 10" respec..

tively.

The amounts of glucose transported to the
compartment D was estimated by Spectrophotometric
determination of 1its reaction product with dinttro.
salicylic acid (;_);134)38, The amounts of aming acids
namely leucine, histidino or tryptophan transported



to the other compartument were estimated by spectro-
photometric determination of their reaction products
with ninaydrin®", A Bansch and Lomb Spectronic - 20

Spectrophotometer was used for the measurements,

A1l experiments were done at 37 + 0,1°C.

Res S Dis s

The hydraulic permeabllity data in presence
of various conceatrations of tho drugs were found tg
obay the linear relationship (2), The values of Lp
were found to decrease with Increase in the concen-

tration of drugs up to theilr CMls beyond which they

bacome more or less constant. The values of

AL

(LP/L;) in one partlcular Aof hydrocortisone acetate
are plotted agalnst concentration in Flg, 6, The
trend in Fig., 6 is in keeping with Kesting's hypo-

thesise's and 1s indicative of the liquid membrane
formation. The values of Lp in case of hydrocorti-
sono acetate computed, using mosaic membrane
modelg’lo9 at concentrations lower than the CM

compale favourably with
nined values (Table v1I) confirming the formaticn

the experimentally deter-



129

1.0 »
[
08 L
0.6 ‘
o
0.4 e
-
0.2
.‘
0 | | 1 | = . | |
0 |0 20 30 40 50 0 = 80

CONCENTRATION X 10%

o
Fig, 6, Varlation of Lp/Lp with concentration of Hydrocorti

sone acetate,
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Table VII Valuss of Lp at varilous concentrationsof hydrocorti-

sone acetate,

Concentration x 10°M 0.0 150 3.00 4,50 6,00 7.50
(0.33CKC ) (0,67CHC ) (1CHC)

L;xma(m%-lu-l) 4,063 3.412 2,720 1.869 1.702 1.507
%0,078 10,178 10,131 10,129 10,073 +0.236

L3 "% 108(®s~ 1) - 3.338 2,595 - ) )
40,092 +0.107

x Ebcperimental values

xx Computed values using mosalc membrane model,



of licuid membrane, Simllar trends were ocserved in
the case of ethinylestradiol and testosterone pro-
plonate also furnishing evidence in favour of liquid

nembrane formation,

Thie hydraullc permeability data at various
concentrations of the steroidal drugs in presance of
lecithin solutlon of flxed concentration 15.542 ppm,
ware also found to pe in accordance with the llnear
relationship (2). The data in one particular case -
in the case of hydrocortisone acetate in presence
of lecithin are plotted in Fig. 7. The values of
M%FShOW o decrease with increasing concentration
of hydrocortisone acetate upto 4,50 x 10~8 beyond

which they become more or 1ess constant(Fig, 7).

This indicate

incorporated within th
cithin and when its concentrations equals

by le
4,50 % 10'6m, the lecithin 1liquid membrane is

saturated with 1t

observed with ethlny
The econcentrations at which

s that hydrocortisone acetate gets

e liquid membrane generated

he driuge. Similar trends were

1estradiol and testosterone

propionatﬁ glso,

ethinylestradiol and testosterone proplonate
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SONCENTRATION X 10%

o
Fig. 7. Variation of Lp/Lp with concentration of Hydrocorti-
sone ncetate, in presence of lecithin solution of

fixed composition-L5.542 PrI.
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saturated the lecithin liquid membrane were found
to be 2,699 x 107'M and 3,871 x 10~ respectively.

In order to ascertain whether the stercidal
drugs which are incorporated in the lecithin liquid
membrane reach the interface or not, surface tensions
of solutions of varilous concentrations of the drugs
prepared in agueous solutions of lecithin of fixed
concentration - 15.542 ppm, were measured, Out of
the three drugs, only ethinylestradiol showed
further decrease in surface tenslon of aqueous
solution of the lecithin while the other two did

not implying that only ethinylestradiol is found

at the interface, This 1s in keeping with the
fact that othinylestradlol 1s more surface active
than testosterone proplonate and hydrocortisone

acotate as 1s evident from the CMC values (Table VI),

The normalised values of the Solute permea-
bilities (#/w®) for both the orilentation of the
1iquid membrans = hydrophobic surface of the liquiq
membrane facing the permeants and hydrophilic

gurface of the 11quid membrane faclng the permeants,

re recorded in Table VIII, The deta in Table VIII
a



Table VIII Values of normalised permeability r = (8/0°)
of glucose, leucine, histidine, tryptophan in
presence of steroidal drugs and lecithlne
steroidal drug mixtures®,

Steroldal drugs

Permeants Testosterone Ethinyl- HBydrocortl-

propionate estradlol sone acetate

Glucose T 1,639 2,078 1,290
rc 1,650 1,224 1.434
rd 1,185 1,081 1,022
o 1,073 1.144 1.206

b 1,373 1,210

Leucine T 1,171
r° 0,538 0,585 0,619
~d 1,178 1.162 1,095
r® 0,990 0,980 0,752

b . 26 10855 l. 222

nistidine T 1.2 . N

0,778 0.490
rC 0,546
rd 1.274 1.200 1,197
0 0.930 0,773 0,718

contdeceee

b -
)

o



126

Table VIII conty,

Permeants Testosterone stninyl H
propionate estradigl Sgg:oggggjge
Tryptophan rP 1.337 1.448 1,160
rC 0,675 0.611 0.629
rd 1,400 1.258 1,143
7© 1.000 0.691 0.681

Lecithin concentration in the mixtures 15 542 pp
® PP,

a

b  Permeants and the steroidal drugs in compartment ¢
and water in compartment D,

¢ Permeants In compartment C and the steroidaj drugs in
compartment D,

d Lecithin-steroidal drug mixture end the permeantg 1in
compartment C and water in compartment 3,

8 Permeants in compartment C and 1ecith1n_steroidal

drug mixture in compartment D,
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I'eveal the following trends, The permeability of
glucose 1s enhanced in both the orientation of th
liguid membranes generated by the steroidal g e
or lecithin steroidail drugs nixture, The an:ugs
lity of anino acids, however, 1s emhanced olz)zly Zbi-
the specific orlentation of the liguid nepbrenes
with their hydrophilic surface faclng the permeants,

The cause for the enhancement of permeabilities is

difficult to locate at this stage. Micelles

playing a role in the transport, has been indilcated

in 1iteratur939. Although in the present experi-

ments also mlicelles in the liguid membrane gene-
ing specles were present in the bulk of the

rat
e the concentrations chosen in the

solution, becaus
eriments were higher than the

solute permeability 6Xp
colles is difficult

CMCs, the role played bY the ml
Nevertheless, trends observed in

to pinpoint,
mino acids (TableVIII) appear

permeability of a

relevant to some of tha blological actions of the

steroidal drugs.
o] acids in prosenca

permeability of tho anln

of lecithin-steroiﬂal drug mixtnre
ostercne than othinyloat

g 1s enhanced more

radliol. On

in case of test
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the contrary in th ;
i > e absenco g lecithin, the trond
D permeatility o ap 43 wasg U
Ino aetug vas just the Obposity
(Table VIII), Since in biclcrienl €0118 andracenn
ale known to bs por
©Te anabolic than estrogen?o,
incorporation of the steroidanl drueg in the membr n
a < e
phospholipids in the Epecific orlentation o hydre
philic ends facing the &pproaching arine acids may

be necessary for their anpbolie action,

Glucocorticoids iike hydrocortisone are Imoun
to mobilise amino acids from a numper op tissues?l,
In the present investigation alse it vas observeq
(Tqbie VIII) that hydiocortisone either by itself

or in association with lecithin anhanced rerpes..
bility of the awminc acids. &Since for this action,
the specific orientation of the steroids with thelr
hydrophilic ends facing the permeants was observeq
to be necogsary (Table VIII), 1t is tempting to
suggest that a similar orientation of glucocorti.

coids, like hydrocortilsone may Do necessary aven
>

in biological cells,
Unlike the oifect on amino eclds the uptake

a r b3
of glucose 1s reduced in the presence ol glucocorti
however, showad

coids41. The present pxperiments,
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an increase in permeability of glucose in presence
of the steroids in both the orlentations - the
hydrophilic ends facing the permeants and the
hydrophobic ends faclng the permeants., Hence the
present observations on the increase in permeabi-
1ity of glucose 9(Table VIII) do not appear to be
rolevant to the biological effects of glucocorti.

coids on glucose transport.

Sterocoids are known to exert thelr anabolic

action by combining with a soluble receptor present

in cytoplasm42 of the target cells. Since these
actions are accompanied by increased mobilisation
of amino acids and synthesis of proteins the liquid
membranes gonerated by the steraidal drugs in
tion with phOSpholipids like lecithin may

have a role to play in the mechanism of their

associla

actlos.

STUDIES ON PROPRANOLOL

In this section are reported studies on

repres entative 5 ~blocker

propranolol which 1s &
drug Incidently, not only surface activity of
a documentod in 11teruture43;44 but

/3 -blockers i
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biological effects of S~blockers like effect on
myocardial conduction velocity have been showyn to
correlate®> with their surface activity and hydro.
phobicity. It is further indlcated® wnile studying
the effects of drugs like reserpine, chlorpromazine,
imipramine and propranolol, that irrespective of
chemical structure, the surface activity of these
drugs mainly determines their potency to affect all
kinds of membranes, especially that of catecholanine

storing particles,

Data have been obtained to demonstrate the

existence of a 1iquid membrane, generated by pro-
pranolol, at a cellulose nitrate mierdfiltration

membrane/aqueous interface, Data on transport or

adrenaline through the liquid membrane thus gene-
rated by propranolol in serles with a Supporfing

membrane, have been obtained and discussed in the

1light of mechanism of actlion of drugs, The datpg

indicate that the liquid membrane generated by
propranolol may contribute significantly to the

mechanism of its action,



Yaterials and Methods:

Propranolol hydrochloride (Sigma Chemical
Co, USA), Adrenaline acld tartrate (Loba Cheomie)
and distilied water, distilled once over potassium

permanganate in allepyrex glass still were used in

these experiments,

The CMC of aqueous propranoleol was found to
be 4,75 x 10~5M, The hydraulic permeability data
in presence of various concentrations of propra-
nolol utilised to demonstrate the liquid wembrane

formation were obtained using the method already
deseribed (sectfggﬁlﬁizﬁ;l anaesthetic), Ihe
solute permeability (&) data for adrenaline for the
tvo orientation of the drug 11quid membrane -
hydrophilic ends and hydrophobic ends of the
propranolol 1liquid membrane respectively facing

the permeant, wore ?EE%:}nedesing the method
described in sections y iOCal anaesthetics,

diazepan and steroldal drugs,

sinece propran0101 was observed to inter=

fere with fluorimetric estimation of adrenaline,
o



the amount of adrenaline transported to the compart-~
ment D was measured spectrophotometrically., For
this a calibration curve was constructed by noting
the absorbance of solutions of varying concentrations
of adrenaline prepared in a solution of fixed con-
centrations of propranolel, which was equal to the

concentration of propranolol used in solute permea-

bility experiments. The calitzration curve wes
found to obey Beer's law, & Cary 17-D spectro-
photometer was used for absorbance measurements

at 285 nm - the absorption maxima for adrenasline,

All measurements were carried out at 37 + 0,1°

Results and Discussioni

The hydraulic permeability data at various
concentratlions of propranolol were found to be in

ccordance with equation (2). The normalised
p - the values of (Lp/Lg) where Lg is

propranolol concentration

a
values of L

the value of Lp when

was zoToy are plotted against propranolol concen-
g, The values show a prograssive

tration in Fig.
rease 1n concentration of propra-

creasa With inc

de
o its CM; where &

nolol upt

fter they become morTe
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concentration of the Surfactant 1g incre
ased, +L

)y uup
laterface gets Progressively coverad wf

tao Sures, P
tant layer liquid membrans and at the CM> j B

£ 1s
completely covered. The marginal decreagse beyond tp
e

CMC may be due to densing of the l1gquig monbrane gs
postulated in the liquj.d membXane hypothgsis

The normalised values of solute permeabuity

(©/»°) for adrenaline for both the orientation of
the propranclol liquid membrane, are recorded in

Table IX, Although permeability of adrenaling 44
reduced in both the orlentations of the liguiq
membrand, the reduction in permeability is maXimuy
when the permeating adrenaline molecules face thg

hydrophoblc surface of the liquid membrane gonerateq

by propranolol (Table X),

4

7
Since propranolol is known™’ to act by

antagonising actlons of catecholamines, the specifie

oricntation of the propranolol moleculos with tney,

hydrophoblc ends faeing the permeant - adrenaling .

y be necossary oven in biologlcal cells, Thig
mi
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T
able IX Values of normalised permeabllities (r) of
O

adrenaline acid tartrate in presence of
o

PTopranolol hydrochloride,

Adrengllne 0,787 0.345
(acid tartrate)

Propranolol hydrochloride concentration = 7 317310"5M

x  Propranolol hydrochloride 1s in compartment ¢

along with perneant,

xx Propranolol hydrochloride 1s in compartment D gpg

permeant in compartment C.



iopliles
that the orlentation of 3 -receopt
- plor showmig

be such t
hat thelr hydrophillec groups get gt
attacheqd

to the h
ydrophilic groups of catecholamine
antagon e
gonists leaving thelr hydrophobic gron o
P3 pr
outwards to face the permeants., The phenolil .
¢ hydroxy

groups have been indicated to be ol particul
cular
relevance to tiie intrinsic activity of . -r
A =TreQeptors™3

Propranolol 1s known to be one of the high
potent, non-selective,ﬁ ~adrenergic blocking :ﬁ
agent

adrenallne as a Tregult of

Inhibiting setlon of
l-blockage has been shown to prevent local ed
ema

n in response to the Infectlon of a variety
e

formatio
49
Propranolol has been

of irritants in rat paw .
hylactic effect of cate-

block antianap
histanine relegse

shown to
cholamines on antigen-:!.nduced
50 Reduction in circulatiag

itized lung -
acteriStically induced by adrena-

from sens
Propranolol hasg

eosinophils, cha¥
o 1s plocked by P¥
con shown 0 1nhib

opranclol®r.

iin
1t uptake and release of

also b
CutﬂChOlﬁmiﬂesaﬁ’



Although majority of these effects are due
to reduction in permeabllity of catecholamines,
which is by actlve mechaniSmsz, the present data
(Table IX) indicate that the liquld membrane gene-
rated by propranclol also contributes to the mecha-
nism of its actlon by offering reslstance to
transport of adrenaline. Although ilmpediment in
the bransport of adrenaline, as obsarved 1in the
t experiments (Table IX) is passive in

presen

nature, it 1s likely to be accompanied by reduc-

tion in 1ts active transport as well, This is
because access of the permeable-substances to

the active site iocated on blomembranes 1is likely

to be reduced due to the propranolol liguid

membIrans interposed in between.
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CHAPTER 5

CONCLUDING REMARKS

The experiments on photo~osmosis deseribed
in Chapter 2 indicate that the liguid membrane
pilayers generated using Xesting's hypothesis,
can also be used as medel system for biomembranes.
Nevertheless there 1s a need to mimic many more
biologically relevant transport processes - active
and faclilitated processes on such liquid membrane
bilayers to establish the workebility of such

liguld membrane bilayers as model systems for

biomembranes. The work on these lines is tempting

hecause the liquld membrane bilayers appear to

have one advantage over BLMs, In BLMs the 1ipid

nolecules are more tightly packed while in bio-
membranes the 1ipid bilayer are in a fluld state,
The liquld membrane bllayers generated using
Kesting's hypothesis are expected to have more
fluidity in them and hence in this respect are

expected to be closer to the state of lipid

bilayer in bilomembranes. However much more work



on the characterisation of the liquld membrane bllayers
is necessary to gstablish their credentials as model

system for biomembranes,

The studles reported on drug actlon lend
credence to the surmlse that all surface active drugs
may have a common mode of action. The liquid membrane
generated by the surface active drugs at the site of
action of the respectlve drugs acting as a barrier
for the transport of relevant permeant appears to

be an important step common to the mechanism of
action of all surface active drugs., This is g ney
facet of drug actlon which had hitherto gone un-
notlced tecause passlve transport has been tradi-
tionally considered unimportant for drug action,
This by no means should imply that the active
interaction of drugs with receptors is unimportant .
But nevertheless, the liquid membrane aspect of
drug action £111s an Importent knowledge gap ang
deserves incorporatlon in the theories of drug
action, This appears to be an interesting line

of future work,
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