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PREFACE

Liguid meubrine hypothesis for the ection of surface active
biolor,icel @ =2nts has been proposed recently (adv., Colloid Interw
face Sci., 20, (19€%) 131-161). The central idea of the hypo-

thesis lia2s in the generalisatiicn that surface active biological

(03]

jents may oenerate a linuid membrane at the site of action modi-
fying transport of relevant molecules to these sites - this of
course is in addition to the concepts like structural complimen-
tarity of the antegonlists enabling them to interact with the same
receptor sites with wnlcn the agonist molecules interact. Accor-
ding to the ligquid membrane hypothesis of drug action modification
in <he transport of relevani wolecules due to the licuid membrane
barrier may be an important step common to the mechanism of action
of all surface active drugs contributing significantly to their
biological action. The liquid membrane hypothesis for biological
action, when viewed in the light of existing theories, leads to

a more rational biophysical explanation of such agents which act
by modifying the permeasbility of cell membrane. Although several
studies substantiating the liquid membrane hypothesis have been
conducted in past few years, there is a need to investigate many
more biological agents for the role of liquid membrane phenomenon
in their action. Since the liquid membrane hypothesis of
biological actions is of very recent origin, this need is quite

pressing.

The studies conducted with this object in view are
contained in this thesis. The thesis is divided into eight

chapters. Chapter I contains s consolidated account of the



liquid membrane hypothesis of drug action. Chapter I1 contains
a generalised version of the experimental techniques adopted in
the present studies. Chapters III to VI respectively contain
an account of the investigations carried out on barbiturates,
benzodiazepines, prostaglandins and hydroccortisone to explore
the role of liquid membrane phenomenon in their bioclogical
actions. In Chapter VII multiplicity of biological action of
psychotropic drugs has been discussed in the light of the
liquid membrane hypothesis of drug action. Chapter VIII is

summary (chapterwise) of the contents of the thesis.

DONTAMSETTI BASAVA RAJU
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CHAPTER 1

THE LIQUID MEMBRANE HYPOTHESIS - BIOLOGICAL IMPLICATIONS

The liquid membrane hypothesisl-S was originally propoun-
ded to account for enhanced salt rejection in reverse osmosis
due to addition of surfcctanis like polyvinylmethyl ether to
saline feed. According to the hypothesis, when a surfactant
is added to an aqueous phase, a surfactant layer liquid membrane
is generated at the intexrface which modifies mass transfer
across the phase boundary. The hypothesis further postulated
that as the concentration of the surfactant is increased, the
interface gets progressively covered with the surfactant layer
liquid membrane. At the critical micelle concentration (CMC),
coverage of the interface with the liquid membrane is complete.

e

Experimental evidence from this laboratory4 furnished addi-
tional support in favor of the progressive coverage of the
interface with the liquid membrane. Since molecules of a
surface active nature are crucial to living matter and its
organization, biological implications of the liquid membrane

hypothesis have been investigated recently. From these

investigations, two significant conclusions have been arrived

at., The-e are: generated

. Liguid membrane bilayersﬁon a hydrophobic supporting membrane
by the constituent lipids of the biomembranes are capable of

acting as model systems for biological membranes.



2. Liquid membrenes generated by surface active drugs at their
respective sites of action, make a significant contribution
to the bioclogicel actions of these drugs. Infact a liquid

membrane hypothesis of drug action has been arrived 5%

In this chapter,a brief but critical account on the
liquid membrane hypothesis of drug action which is relevent

to the theme of the investigations in this thesis is presented.

The liquid membrane hypothesis for drug action6:

The observed bioclogical effects of drugs are a consequence
of interaction of drugs with membrane components. The antagoni-
stic drugs, in genersl, are stated to interact with the membrane
components and occupy the sites with which the agonist drugs
would have interacted to give the desired biclogical response.
Thus it can be stated that antagonistic drugs act by creating
hindrance in the interaction of agonist drugs with receptor
sites. How is this hindrance created, is contained in the liquid
membrane hypothesis for drug action, which has been substantiated
through investigations on a variety of drugs belonging to diffe-

rent pharmacological categorie§7'26.

1he membranes represent interface. As a corollary any
drug which acts by modifying the pemmeability of cell membranes
after interacting with them, of necessity, has to be surface
active in nature. Since surface active substances are capable

of fomming liquid membranes which can influence mass transfer



across the interface (Kesting's Hypothesis) the formation of
liguic membrane at the site of action could be an important
event in the mechanism of action of surface active drugs. Thus
the central concept in the liquid membrene hypothesis for drug
action is that surface active drug  may generate a liquid
membrene at the site of action either by itself or in associ-
ation with membrane lipids which act as a barrier modifying

the transport of relevant molecules to these sites. This is

in addition to the concepts like structural complimentarity of
the antagonist drugs enabling them to interact with the same
receptor sites with which the agonist molecules interact. The
liquid membrane generated by the drug itself, acting as barrier
modifying access of relevanit molecules to the site of action is
a2 new facet of drug action. If this concept is viewed in the

2l b and the "rate theory"Qg'B‘,

light of the "occupancy theory"
a more rational biophysical explanation for the action of surface
active drugs acting by modifying the pemmeability of cell

membranes, emerges.

It may, however, be clarified that the liquid membrane
hypothesis in no way disputes the specific/active interaction
between the agonist drugs and their receptors. The liquid
membrane formation is an event which precedes the active inter-
action. The rew point of the hypothesis lies in the assertion
that the passive transport which has traditionally been consi-
dered unimportant for biological action also makes significant
contributions-transport through the liquid membranes are indeed

pascive in nature.



Implications of the Hypothesis:

The liquid membrane hypothesis can provide a clue to
their quantitative action. This is because CMC of the drug
indicates the concentration at which the intefface will be
completely covered by the drug liquid membrane. At this concen-
tration (CMC), therefore, modificetion in the permeability of
biological membrane would be maximum. This implies that at
the CMC, magnitude of biclogical effect would also be maximum,
Hence lower the CGMC of a drug, lower is the concentration requi-
red to alter the membrane transport and as a consequence, more
potent would be the drug. Thus CMCs of a series of drugs with
the same pharmacological action can be a good indicator of their
potency. The investigations of haloperidol7 and chlorpromazinelo
justify this conjecture. CMC for haloperidol is 1 x 107 M while
that of chlorpromazine is 4.5 x 10™°M. Haloperidol is known to

32

be more potent than chlorpromazine on milligram basis™", although

5.33
B 1Y JIB o2 23 , substantiating this

there are several examples
result, the example of local anaesthetics is most striking: the
lower the CMC the more potent the drug. In a series of local
anaesthetics, it was found'® that CMGs and minimum blocking
concentrations (MBC) for nerves are identical. This indicates
that formation of liquid membrane between cations like sodium,
potassium and the nerve membrane appears to be an important step
in the mechanism of action of local anaesthetics. It is proposed
that interaction of local anaesthetics with the lipid micro-

environment of the sodium channel results in its fluidisation

causing blockade of sodium transportﬁﬂ. Thus a physical mechanism



can provide satisfactory explanation for local anaesthesia.
Formation of liquid membranes by these drugs within sodium
channel s and polar head interaction of the drugs with the liquid
microenvironment of the channels can, therefore, explain why

nerve blocking concentrations and CMCs are identical.

The liquid membranes generated by surface active drugs
are expected to have two types of orientations with respect to
the approcaching permeants. The drug liquid membrane can present
either hydrophilic or hydrophobic ends to the pemeants. It is
obsarved that a change in orientation of the drugs can alter
transport of pemmeants. Whichever orientation shows alterations
in permeability, similar to those observed in biological cells,
is of predictive value. 1In the majority of drugs investigated
so far, it was found that resistance to transport of permeants
is maximum when hydrophobic ends of the surface active drugs
face the approaching permeants. This implies that the receptors
for these drugs are likely to be oriented in such a manner that
their hydrophilic moieties are projected outwards to which hydro-
philic ends of the drugs get attached. Therefore,the hydrophobic
ends of the drugs project outwards to face the pemmeants. Such
an orientation can be rationalised if one examine the nature of
receptors, in general, in relation to the lipid bilayers part

0f the biomembranes.

The receptors, in general, are membrane proteins and
hence should be surface active in nature. Hence they should

have hydrophilic and hydrophobic moieties in their structures,



Since the exterior environment of biological cells 1s aqueous
in nature, it is logical to expect that hydrophobic part of
these membrane proteins will be associated with hydrophobic
core of the lipid bilayers and only hydrophilic part will fece
the exterior. Prediction about similar orientation of receptor
proteins and also the membrane proteins, in general, has been
made in literature'a. Thus the studies on liquid membrane
generated by drugs are capable of indicating the possible

orientation of receptors, responsible for interaction with the

drugs.

since the biclogical membrane is comprised of different
types of lipids and proteins, a drug can alter transport across

the membrane by one of the following mechanisms :

(i) the drug itself may form a liquid membrane which can

reasonably explain alteration of transport across the

memb rane;

(ii) the drug lipid interaction may be responsible for the

observed biological effect; oI

(iii) the drug protein interaction may be the causative action.

In the case where first possibility is ruled out, because
an effect similar to that on biological tissues is not mimicked
by the drug liquid membrane alone, interaction with the liquid
membrane fommed by the lipids needs to be studied. In case of
diazepamll, for example, it was found that the biclogical actions

of the drug i.e. facilitating actions of GABA could not be

mimicked in either orientations of the drug, but interaction



with lecithin liquid membrane showed increase in permeability

towards GABA.

The multiplicity of biological actions exerted by surface-

active drugs can be well explained on the basis of liquid membrane

36

hypothesis e.g. antihistamines are also known to have anti-

cholinergic and local anaesthetic action, Chlorpromazine and

few other low-potency phenothiazines have mild an'tihistamine37

and antiserotonin”’ activity. Such actions can be explained
as a result of alteration of transport of relevant pemmeants
because of the liquid membrane interposed between the permeant

and the biomembrane.

- -

The 1iguid membrane hypothesis vis—a-vis existing theorieg

of drug action:

The liquid membrane hypothesis for drug action proposes
that in a series of structurally related drugs which are congeners
of a common chemical moiety and which act by reducing permeabi-
lity of hydrophilic substances, any structural variation which
increases hydrophobicity of the compound will increase resistance
towards transport of the hydrophilic permmeant. In other words,
any deviation in structure leading to increase in hydrophobicity
will reduce CMGC of the drug, make it more potent and increase
resistance towards a hydrophilic permeant. However, this sequence
of events will continue so long as the hydrophilic group of the

drug responsible for interaction with the biomembrane is



unaltered. Any alteration of the hydrophilic moisties of the
drug may alter specificity towards the membrane and therefore
may alter the nature of response towards the pemmeants e.g.
after alteration of the hydrophilic structure, the drug may
inhibit transport of another permeant more specifically than

the earlier permeant. This offers a clue towards the structure
activity relationship. An increase in hydrophobicity will alter
the drug action quantitatively i,e. it will increase the potency
while change in hydrophilicity may alter the nature of action
qualitastively i.e. the specificity of the resistance towards
different permeants may change. Similar comments have been made

by Burger38 in connection with structure-activity relationship,

According to rate “l:heon:‘yzg"31 the dissociation rate

constant can be a good indicator of the nature of action shown
by a drug. An antagonist is expected to have a low dissociation
constant (Kz) as compared to the agonist. Consequently, in a
series of antagonists, as the dissociation constant goes on
decreasing the potency of the compound as an antagonist increases.
In a series of monoquaternary salts, it is indicated that

v = 0.0038 x 2,65l2_n, where n = number of carbon atoms in the
alkyl chainSO. In other words, Ko falls by a constant factor
of 2.65 for each methylene group added. 1In case of monoquater-
nary salts, paton29 has commented: "The association of these
monoquaternaries is dictated by long range lonic forces, i,e.,
by the cationic head, but once, the molecule is bound, its

dissociation is more or less hampered by Van der Waals binding
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of the molecule to the receptor surface. The association rate
would then be similar for all the compcunds, but the dissocia-
tion constant would be sensitive to length of the alkyl chain

to a degree comparable with the manner in which surface tension
of alkyl carboxylic aclds varies with alkyl chain length".

These comments can also be understood in temms of the liquid
membrane hypothesis. The addition of each methylene group in

an antagonist will increase its hydrophobicity resulting in
reduction of its CMC. Lowering of CMC may be linked to increase
in potency of the compound as discussed earlier. Besides redu-
cing the GMC, an increase in the methylene groups will strengthen
the hydrophobic core of the drug liquid membrane and may offer
more resistance to the transport of hydrophilic permeants. The
CMC of a drug, therefore, appears to provide the same informa-

tion which dissociation constant provides 1n case of rate theoryzq

If dose- response curve of an agonist is compared with
dose~ response curve of a mixture of an agonist and antagonist,
it is observed that there is flattening of dosew response curve

27-30,39 " This leads to a parallel right shift

in the later case
in case of competitive antagonist - the proposition that agonist
Teplaces antagonist is ruled outzg. This 1s further substantiated
by low dissociation constants in case of antagonist2?, The
observations, related to dose- response curve can also be
explained on the basis of the liquid membrane hypothesis. 4
liquid membrane generated by a surface active 'antagonist! drug

is interposed between receptor in the biomembrane and the

agonist. As a consequence, transport of agonist is likely to be
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reduced resulting in lesser amount of agonist reaching the
raceptor. Hence to achieve the same quantum of response, higher
amount of agonist will be needed. This effect will result in
the shifting of dose- response curve to the right. The nature
of the liquid membrane and the extent of the resistance offered
to the agonist will detemmine the nature and extent of shift in

the dose~ response cCurve.

One experimental observation in relatlon to dose - response
curve of agonist- antagonist mixture has necessitated the hypo-~

thesis of M"spare- receptors". It is observed3

O that a mixture
of an agonist and an antagonist elicits the same maximum response
as in the case of agonist alone, but at a comparatively higher
concentration., The dilemma 1s: if the receptors are occluded

by the antagonist, how is it possible to obtain parallel dose-
response curve with and without antagonist ? or, inspite of a
cizable section of receptors being cccupied by an aniegonist,
how can a maximal Tesponse be obtained ? The dilemma has been
resolved by proposing4o existance of "spare- receptors"; i.,e.,
those receptors without combining with which the agonist alone
was capable of eliciting maximum response. However, there is

a criticism about this hypothesis. A direct experimental
demonstration of spare-recepltor is still awaited4l. Efforts
have also been made to demonstrat934 experimentally that there
are no spare-receptors. Paton has commentedso that "for occupa-
ncy theory, existance of spare receptors merely seems a puzz -
ling extravagance". 1D the liquid membrane hypothesis for drug

action, the existance of spare receptors 1is not necessary.



The rate of transport of an agonist across the liquid membrane
of an antagonist is dependent on the concentration gradient of
the agonist across the liquid membrane. As concentration of

the agonist is increased, the rate of flow of the agonist across
the liquid membrane generated by antagonist will also increase
and at a certain higher conceniration of the agonist it will
elicit the same quantum of response as in the absence of the
antagonist. Thus, rather than existance of "hypothetical addi-
tional receptors", the resistance offered by the liquid membrane
generated by the antegonist to the flow of agonist is likely to
decide the strength of the biological response. An indication
of this proposition is avallable in literature. According to
the potential - svergiftung theory42; the "action of the agonist
was related to its flux across the cell membrane, which inturn

was related to the driving force". The driving force is the

concentration gradient.

While commenting4l on the rate theory it is mentioned
that, in general, for the rate of action of the drug any one of

the following four steps may be the rate detemmining step:
(a) access to the receptor;
(b) conversion of the drug from an inactive to active form;

(c) rate of production of the response; or

(d) rate of combination with the receptor.

Amongst these steps, access to the receptor seems to be

i e 1
the most common rate-limiting step4“. Hence any event which is



likely to reduce access of the agonist to the receptor should
have profound influence on nature and sequence of agonist -
receptor interaction and hence the consequent biological
response. Generation of a liquid membrane having ability to
reduce access of the agonist to the receptor is one such step.
As a result, it is likely to affect the agonist-receptor inter-
action in a notable manner.

To explain kinetics of reversible antagonism in aoxrtic
strips, a biophase model was proposed 99, According to this
hypothesis, it was suggested that receptors are situated in a
biophase separated from the extracellular space by an inter-
facial barrier through which agonists (but not antagonists),
penetrate quickly; penetration of this barrlier 1s considered as
the rate- limiting step dictating the kinetics of antagonism.
However,the existance of such a barrier in the case of aentagonist
has been zuled-out experimentallygo. Another prediction of the
biophase hypothesis, i.e., the dose- ratio (the ratio by which
the agonist dose must be increased in order to restore a standard
response in the presence of antagonist) should rise/fall exponen-
tially when antagonist is added/ removed, is also not trueaﬁ,

It is occupancy and not the dose~ratio that is observed to
change exponentially. The liguid membrane hypothesis resclves
this problem. Though there is no barrier for the antagonist to
reach the receptor, a liquid membrane generated by an antagonist

can asct as a barrier to the flow of the agonilst,



A general comment regarding the validity of liquid
membrane hypothesis for drug action needs special mention. It
is known that majority of transport processes in biological
system (especlally those of neurotransmitters) are 'active!
in nature. Hence, only after showing that the actiive process
is also impeded by a drug- liquid membrane, would the role of
liquid membrane phenomenon in the action of antagonistic drugs
become acceptable. For any process of active transport, rate
of access of the pemeant to the active site is an important
factor. If this itself is impeded, because of resistance to its
transport, even the active transport will be reduced. This
reduction can result in antagonism. This is especially tzxue
in the case of drug-receptor interaction because access to the
receptor has been considered4l to be a rate-limiting process

in the whole sequence of drug action.

Thus, the liquid membrane hypothesls for drug action
points out towards a new facet of drug action. This aspect of
drug action has hitherto gone unnoticed. The hypothesis provi-
des a physical basis for the action of those drugs which act by
modifying the permeability of cell membranes and are surface

active in nature.

The task in this thesis:

since the liquid membrane hypothesis for drug action
is a recently postulated one, there is a need to carry out

investigations on more categories of drugs/bioclogical agents,
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for exploring the role of liquid membrane phe.acmenon in the
mechanism of their bioclogical action with & view to _urther
subs.ontleting the hypothesis. In the present thesis, there-
fora, on account of the studics on perbituretes, Benzodliazepines,
Frosteglandins end Hydrocortisone is pxrcesented, 1In additicn,
multiplicity of biclogical actiua. exerted by psychotropic

drucs has been discussed in the light of the liquid mernbrane
hvpothesis for drug action. The cl:zedy publighed data on
haloperidol7, imipramineg, reserpineg and chloxrpromazine

have been utilised for this discussion.

Refore an account of these studies 1. taken up in
Chapters 111 to Vil, the experimental methods used in these

studies are described in a general manner in the next chapter

(Chapter 11).
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CHAPTER II

EXPERIMENTAL - A GENERALISED ACCOUNT

In the presenlt investigations three main experiments

have been performed. These are,

1. Determination of c¢ritical micelle concentrations

(CMCs) of the biclogical agents/drugs under study.

2. Determination of the liquid membrane formation in
series with the supporting membrane by the biological
agents/drugs and the incorporation of these biological
agents/drugs in the bicmembrane phospholipid..
cholesterol liquid membrane generated in series with
the supporting membrane.

3. Measurements of solute permeabilities of relevant
permeants through the liquid membranes generateq
by the drugs themselves or in association with the

phosphelipid and cholesterol.

Determination of the CMCs :

The critical micelle concentration (CMC) of aqueous
solutions of the drugs was detemrined from the variation of
surface tension with concentration. The surface tensions

were measured using a Fisher Tensiomat Model 21l. The values
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of the CMCs thus determined are recorded in the relevent

chapters.

Detemination of liquid membrane formation:

For demonstration of the formation of liquid membrenes
by the various drugs/biclogical agents, in series with the
supporting membrane, the data on hydraulic permeability in the
presence of the various concentration of drugs/biological agents
were exploited. For obtaining the hydraulic permmeability data
the all glass cell diagrammed in Fig. 1 was utilised. The
diagram of the trensport cell (Fig. 1) has been well labelled
to make it self explanatory. 1t essentially consists of two
compartments C ana D separated by a cellulosic (cellulose
acetate/cellulose nitrate) microfiltration membrane (Sartorious
cat., no. 11107 or L1307 pore size 0.2 pm) of thickness
. v 10°%m and area 2.55 x 107~ m~ which, infact, acts as a
supporting membrene for the liquid membranes. The stop cock

attached to compartment D could be used to adjust the liquid

miniscus in the capillary LLLE'

To obtain the hydraulic permeability data at various
concentrations of the drugs, aqueous solutions of the drugs
of varying concentrations were filled in the compartment G
of the transport cell and compartment D was filled with
distilled water. Known pressures were applied on compartment
C by adjusting the pressure head and the resulting volume flux

was measured by noting the rate of advancement of the liquid



miniscus in capillery L’L;, using a cathetometer reading upto
0.001 cm and a stop watch reading upto 0.l second. The magni-
tude of the applied pressure difference was also measured by
noting the position of pressure head using a cathetometer
reading 0.G0l cm. An important precaution in the measurement
of volume flux was to allow sufficient time after the applica-
tion of pressure on compartment C before the measurement of
liquid miniscus in the cepillary L,L, weIe recorded. This was
done to ensure that the flow in the capillary was steady flow.
In fact, the distance moved by the liguid miniscus was ploted
against time. If such plots were found to be straight lines
passing through the origin, the flow was taken to be steady flow.
During volume flow measurements, solution in compartment C was
well stirred and the el ectrodes Ey and E, (Fig. 1) were short
circuited so that the electro-osmotic back flow that could
develop due to streaming potentisl did not become a serious

The volume flux J, at various values of

disturbing factoT.

(pp), the applied pressure difference, were calculated using

the relation (1) where T and R are radii of the capillary L1L 

=
\

)

e’ d
__]' =

£,2 £

vo (1)

and the membrane, M (Fig. 1) respectively and ? is the distance
travell ed by the liquid miniscus in the capillary LJL2 in time t.
The concentration ranges selected were such that hydraulic

permeability data were obtained both below and above the CMC of

the drugs.



Analysis of the hydraulic permeability data:

To obtain information on the formation of liquid membrane
the data on hydraulic permeability was analysed in the following
manner. Volume flux JV was plotted against applied pressure

difference 4P. In all the cases the data were found to be

represented by the proportional rel ationship

J, = Lp4aP .o (2)

where L 1is the hydraullc conductivity coefficient. The values

of L at various concentrations of the drugs/biological agents
under study were estimated from the slopes of the J, versus aP

plots. The value of L  1in all cases showed a decreasigg trend
with the increase in the concentration of the drugs/biological
agents. The decreasing trend continued upto the CMC of the
drugs / biological agents beyond which the values of Lp B
more or less constant. This trend was taken to be indication
of the formation of the liquid membranes in series with the
supporting membrane in accordance with the Kesting's Liquid
Membrane Hypothesisl—B. According to Kesting's hypothesis (See
Chapter 1) as concentration of the surfactant 1s increased the

interface gets progressively covered with the surfactant layer

liquid membrane and at the CMC it is completely covered.
Additional evidence in favour of liquid membrane forma-

tion was obtained using mosaic modelé""6 and the concept of

Lon ]

proaressive coverage as contained in the Kesting's hYPOtheSisl-J

Since, according to liquid membrane hypothesisl"a, at CMC, the



supporting membrane is fully covered with the surfactant layer
liquid membrane, at concentration lower than the CMC it will
be partially covered. The situation is pictorially depicted in

Fig. 2. The equation for volume flow for such a situation can

be written as

T (A% #85 = I3A% & I e

w
~—

where .. repre.«ii.s the area of the membrane denoted by the super-
scripts and the superscripts s and ¢ represent the bare supporting
membrane and the supporting membrane covered with the liquid
membrane respectively. 1In view of the linear relationship between

J and AP, the equation (3) can be transformed into
G

I :[LS(—-ﬁ‘i—) ¢ LS (—i—)] ap .. (4)

v P 5S4 AC PTa%4a”
Functionaly L; and L; represent the value of Lp at 'O' and
CMC respectively. The concept of progressive coverage in the
liquid membrane hypothesis implies that at half of the CMC the
fraction of the total area of the supporting membrane covered
with the liquid membrane will be half and hence, the slope of
J, versus AP plots in view of equation (4) should be equal to
(Lg + Li)/ 5. similarly when concentration of the surface active
agent is one forth its CMC, the value of the slope should be
equal to (3/4 L; + 1/4 Lg) and so on. Thus in general terms if
the concentration of the surfactant is n times its CMC, n being
less than or equal to 1, the value of the slope of J, versus 4P

plots should be equal to [(l-n)L; -+ nlé;]. Values of i, thus
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computed, at various concentration of the drugs/ biological
agents should be in good agreement with the experimentally
determined values. This agreement should constituie additional

evidence in favour of liquid membrane formation.

Solute permeability measurgqgnts:

For measurement of solute permeabiliiy , the transport
cell (Fig. 1) was used. The compartment C of the transport cell
was filled with the solution of desired composition of the liquid
membrane generating solution (drug or drug-lipid mixture) along
with the solution of permeant of known concentration. The
compartment D was filled either with distilled waler or the
liquid membrane generating solution of the same composition as

was filled in the compartment C. In the control experiment

no drug or biological agent under study was used.

The values of solute permeability (&) in presence of

the liquid membranes generated by the various drugs were measured

using the definitioﬁ?'a,
Jb
(7)1 =0 ~ e .. (9)

where JV and Js are the volume flux and solute flux per unit
area of the membrane respectively and aflis the osmotic prassure
difference. The condition of no net volume flux (JV = 0) during
the solute permeability (&) measurements was attained by
adjusting the pressure head attached to the compartment ¢ of

the transport cell so that liquid miniscus in the capillary L L.
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remains stationary. After a known period of time, which was

of the order of several hours, the concentration of the
permeant transported to the other compartment - compartment D
was measured. The amount of the permeant gained by compart-
ment D divided by the time and the area of the membrane, gave
the value of the solute flux Ty for use in the calculation of &
using equation (5), the value of AIT used in the calculation

of &) was the average of the values of 77 at beginning (t = O)

and at the end of the experiment.

In all these measurements a non-living/non-specific

memb rane has been deliberately chosen to emphasize the role

of passive transport - the transport through liquid membranes

is indeed passive in nature.

For the solute permeability measurements the composition

of the liquid membrane generating solution was always above the

CMC. These compositions were derived from the hydraulic permea-

bility data.

what has been given above is the general description

of the experimental procedures. The details will be recorded

in the Chapters dealing with the respective studies.
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CHAPTER IIl

LIQUID MEMBRANE PHENOMENON IN THE ACTION
OF BARBITURATES”

Barbiturates have been used extensively as sedative-

hypnotic drugs. These drugs can produce all degrees of

depression of the CNS ranging from mild sedation to general

anaesthesia. These drugs reversibly depress the activity of

all excitable tissues. Barbiturates are known to be surface

activel—B and hence should be capable of gencrating liquid

membranes at the interface in accordance with Kesting's liquid

membrane hypothesis4. There are several instances where the

vity in the biological actions of barbitu-
7

role of surface acti

rates has been indicated5' In the present studies the

formation of liquid membranes in series with a supporting

membrane either DY barbitures alone or by barbiturates in

association with membrane lipids (lecithin and cholesterol),

has been demonstrated. FoT this, data on the hydraulic pemmea-
bility in the presence of lecithin-cholesterol-barbiturate

mixtures, and Kesting's liquid membrane hypothesis4 have been

utilized. Data on modification in the transport of the relevant

arapre——

*A paper based on this study bas appeared in the Colloids and
surfaces., 39, (1989) 17-25.




pemmeants, namely y-aminobutyric acid (GABA), glycine, aspartic
acid, serotonin and noradrenaline, in the presence of the liquid
membranes generated by a lecithin-cholesterol-barbiturate
mixture have been obtained and discussed in the light of the

reported biological actions of barbiturates.

Sodium phenobarbital and sodium pentocbarbital have been

chosen for the present study.

MATERIALS AND METHODS
Materials

Lecithin (Patel Chest Institute, CSIR centre for Biochemi—
cals, Delhi), cholesterol (Centron Research Laboratories, Bombay),
sodium phenobarbital (Bayer, India), sodium pentobarbital (aAbbott,
India), glycine, y-aminobutyric acid (both from BDH, U.K.),
serotonin creatinine sulphate (Merck, Darmstadt, F.R.G,),
aspartic acid (Loba, Bombay), noradrenaline (Fluka, F.R.G.) and

distilled water redistilled in an all-pyrex glass still were

used in the present experiments.

Methods

The critical micelle concentrations (c.m.c.) of aqueous
sodium phenobarbital (7.5 % lO":M) and sodium pentobarbital
(5.0 x lO_5NU were determined from the variation of surface
tension with concentration at 3700. The surface tensions were

measured using & Fisher tensiomat, Model 2}.

The all-glass cell described in Chapter ZZ (Fig. 1 of

Chapter I1)} was used for obtaining the hydraulic permeability



and solute permeability data. It is essentially a two-compart-
ment cell. The two compartments are separated by a Sartorius
cellulose acetate microfiltration membrane (Catalogue No.ll1107,
pore size 0.2 um) of thickness 1 X 10'4 m and area 2.55 X 10_5
mz, which acts as a supporting membrane for the liquid membranes.
To obtain the hydraulic permeability data, one compartment of

the transport cell was filled with aqueous solution of a mixtures
of lecithin, cholesterol and a barbiiurate oi desired composi-
tion (Fig. 1 of Chapter I1) and the other compartment was filled
with distilled water. Details of the method used for the
hydraulic permeability measurements were the same as described
in Chapter I1. The solute permeabilities (o of the relevant

permeanis in the presence of the ligquid membranes generaied by

the lecithin-cholestercl-barbiturate mixtures were determined

using the equation8
= C.] . (l)

where J_ and J,, are the solute flux and the volume flux per
unit area of the membrane, respectively, and ATT is the osmotic
pressure difference. For solute permeability & measurements,
the composition of the lecithin-cholestercl-barbiturate mixture
chosen was the one at which the liquid membrane generated by
lecithin completely covered the supporting membrane and was
saturated with both cholesterol and the barbiturate under
investigation. This composition was derived from our earlier

studiesg’lo and from the present data on hydraulic permeability

in the presence of the varying concentrations of barbiturates



in the mixture of lecithin and cholesterol of fixed composition,
i.e. 15.542 pom with respect to lecithin and 1.175 x J.O""C M
with respect to cholesterol. This particulcr composition of
the lccithin-cholesterol mixture was chosen because it was

10 that st this composition the liquid

shown in en earlier study
meabrene yeneieted by lecithin at the interfeace is completely
setuzaicd with cholesterol. For tne measurement of solute
jemicebility &) , one couwpextment of the transport cell was
filled with the squeous solution of the lecithin~cholesterol-
bamiturate mixture (Fig. 1 of Chepter I1), along with permeant,
and the other compsrtment wes filled with distilled water. lhe
cendition J, = 0 was imposed on the systen and the amount of
permeant transported to the compertment filled with distilled

water in a known pericd of time was estimeted. Details of the

method of measurement of sclute permeability ) were the same

as described in Chapter I1.

All measurements were performed at constant temperature,

using a themmostat setting of 37+ 0.1°C.

Estimations

The amounts of the various pemmeants transported to the

compartment filled with distilled water were estimated as

fellows:

Amnino acids: The amounts of glycine, aspartic acid and GaABA

were estimated from the amount of their reaction products with

Ll

ninhydrin, measured at 570nm using a Bausch and Lomb

Spectronic 20 spectrophotcmeter.
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Serotonin and noradrenaline: The amounts o. serotonin and

noradrenaline were estimated by measurement of sbsorbance at

281 nm in O.1LN HCl using a Varian Cary 17-D spectrophotometerlz.

RESULTS AND DISCUSSION

The hydraulic permeability data &t various concentrations
in the case of both barbiturates ( sodium phenobarbital and

sodium pentobarbital) were found to be in accordance with the

provortional rel ationship
J, ©° Lp&¥ o 42D

where J is the volume flux per unit area of the membrane, A P
is the applied pressure difference across the membrane and Lp
is the hydraullc conductivity coefficient. The values of Lp
at various concentrations of the drugs, estimated from the Jv
versus A P plots, are recorded in Table 1. The values of Lp
decrease with increasing concentration of the dxrugs up to their
C.Mm. G, beyond which they become more OI less constent, This
trend in the values of Lp is consistent with Kesting's liquid
membrane hypothesis4 and is indicative of the fommation of
liguid membranes by the drugs, in series with the supporting
membrane. According to Kesting's hypothesis, which was
originally propounded in the context of enhanced salt rejection
in reverse osmosis due to the addition of very small amounts of

surfactants to saline feed, when a surfactant 1s added to an

aqueous phase, the surfactant layer which fomms spontaneocusly
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at the interface acts as a liguid membrene and modifies trans-
port across the interface. As the concentration of surfactant
is increassed, the interfasce becomes progressively covered with
surfactant layer liquid membrane and at the c.m.c. it is comp-
letely covered. Analyslis of the values of L in the light of
the mosaic model&'15 lends further support té the formation of
the drug liquid membrane in series with the supporting membrane.
4% has been shown in Chapter 11, for a concentration of surfac-
teant n times its c.m,c., N £ 1, the value of Lf should be equal
to [(i- n)Lé + nL; ], where superscripts s end ¢, respectively
represent the values for the bare supporting membrane and the
supporting membrane completely covered with surfactant layer
liquid membrane. L? and L? represent the values of Lp when the
surfactant concentrations are equal to zero and the c.m.c.,
respectively. The value of L thus computed at several concen-
trations of the drugs below their c.m.c. match with the experi-

mentally determined values (Table 1), lending additional support

to the formation of the liquid membranes.

Evidence in favour of the incorporation of barbiturates
in the liquid membrane generated by the lecithin-cholesterol
mixture can be obtained from the hydraulic permeability data
at varying concentrations of these drugs in the lecithin-
cholesterol mixtures of fixed composition. The hydraulic
permeability data in this case were found to be represented
by Eqn. (2). It was observed that as the concentration of drug

is increased, the values of LI‘ first decrease and then become



more or less constant (Table 2). The concentretions of drug
beyond which the values of L become more or less constant can
be taken to be the concentration at which the lecithin liquid
membrane at the interface (which is already saturated with

cholesterol) is also saturated with the drug (Table 2),

Thus, the concentrations of sodium phenobarbital and
sodium pentobarbital required to saturate the lecithin-cholesterol

5

liquid membrane are 6.0 x 107 M and 2.0 x 107> M respectively,

The concentrations of sodium phenobarbital and sodium pento-

barbital compare favourably with their reportedlé’ly

pl asma
concentrations, at least in order of magnitude., The plasma
concentretion of sodium phenobarbital is in the range 0.2- 0.5

mhﬂlé and that of sodium pentobarbital ranges from 4.2 to

1l uM 'L7.

In view of these studies, the concentrations of barbi-
turates in the lecithin-cholesterol mixture of fixed composition
used in the solute permeability experiments were either S
to or a little higher than the concentrations required to

saturate the lecithin-~cholesterol liquid membrane,

Solute permeasbility data

The solute permeabllity data recorded in Table 3 appear

relevant to the biological actions of the barbiturates,

Electrophysiological studies have indicated that sedative

barbiturates inhibit excitatory transmission and enhance inhibi.

tory transmissionls. This 1s consistent with the enhanced
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permeabil ity of GABA and the reduced permeability of aspartic
acid, as observed in the present experiments (Table 3). Elec-
trophysiclogical evidence has also indicated ~ that GABA has a
major role in barbliturate actlons., Receptor binding studies
have, however, failed to detect any interactions between GARA
and barbiturateslg. On this basis it has been concluded18 that
barbiturates do not affect the post-synaptic binding of GABA,
even though GABA mimetic actions have been observed electro-
physiclogically. The present studies appear to offer an expla-
nation for these observations. The present data on enhancement
in the transport of GABA (Table 3) suggest that access to a
GABA receptor is likely to be facilitated by the presence of

the liquid membrane generated by the barbiturates in association

with membrane lipids at the receptor site.

The anticonvulsant activity of phenobarbitone, which
has been used in the treatment of epilepsy, 1s ascribed %o its
ability to produce an increased concentration of GABA in the
brain. Phenobarbitone is reported to be most effective when
the brain GABA content has been depletedzo. The enhancement in
the permeability of GABA in the presence of the lecithin.

cholesterol-sodium phenobarbital liquid membrane (Table 3) 4s

consistent with these clinical observations.

The two barbitals presently studied are reported to have
the following gradation in onset of actionZl: sodium pentobarbitsl
> sodium phenobarbital. This gradation in onset of activity of

the barbitals is consistent with the present observation on the



concentration of the barbitals required to sawurate the lecithin-
cholesterol liquid membrane (Table 2) : sodium phenobarbital >
sodium pentobarbital. Thus sodium pentobarbital, which crosses
the blood-brain barrier the fastest‘l, is required at the lower
concentration to saturete the lecithin-cholesterol liquid
membrane. Since modification in the permeability of the biolo-
gical membrane would be maximum when the lipid bilayer is
saturated with barbiturate, leading to maximum biclogical effect,
the gradation in the onset of biological action appears to be a
consequence of both factors, i.e. how fest it crosses the
blood_brain barrier and how small is the concentration of drug
required to saturate the lipid bilayer. The gradation in the
onset of barbiturate action is also consistent with the conclusion
that the c.m.c. is a good indicator of the potency of surface-

22

active drugs - the lower the c.m.c. the more potent 1s the drug™,

The c¢.m,c. of sodium phenobarbital is higher than that of sodium

pentobarbital.

Barbiturates are known to disturb the balance of the

phases of sleep - the initial effect is that of reducing the

(rapid eyeball movement) sleep in comparison

to NREM (non_rapid eyeball movement) sleep23. This observation

proportion of REM

can also be expl ained in terms of the enhanced permeability of

serotonin and reduced permeability of noradrenaline in the
presence of the liquid membrane generated by the lecithin-

chol esterol-barbiturate mixture (Table 3). It is documented
that raphe nuclei, which are rich in serotonin, are responsible

both for NREM sleep and for the transition to and onset of



REM sleep. When a system of neurons in the pons known as the
locus caeruleus (rich 1n noradrenaline) is destroyed, animals
previously deprived of REM sleep fail to take the usual rebound
excess of REM sleep when undisturbed24. The present data

(Table 3) indicate that the liquid membrenes likely to be formed
in the synaptic cleft by the barbituretes in association with
the membrane lipids may enhance the access of serotonin to its
site of action in the raphe nuclei and reduce the access of
noradrenaline to its site of action in the locus caeruleus,
which may also contribute to the causation of imbalance in the

phases of sleep by barbiturates.

Barbiturates are known to depress the respiratory drive
and to disturb the rhythmic character of resplratlonzs_ Tt is
also documented that iontophoretically applied GABA and glycine

in the bulbar respiratoxy units have been found to inhibit
medullazxy respiratory neuron526’27, and glutamic and aspartic
.cids to excite the ongoing phasic neural activity of both inspi-
ratory and expiratory neuron527. Thus the rhythmic character

of respiration has been postulated to be a conseguence of the
.ctions of inhibitory amino acids like GABA and, excitatory ones
like aspartic acidZB. The present data (Table 3) indicate that
enhancement 1N permeability of GABA and glycine and reduction

in the pemmeability of excitatory neurotransmitiers like aspartic
acid, due to the liguid membranes formed by barbiturates in
association with the membrane lipids in the synaptic cleft of

the respective neurons, may also be a factor responsible for

disturbance in the rhythmic character of respiration,
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Thus the present studies on modification in the permea-
bility of relevant permeants in the presence of the liquid
membranes indicate effects which support the liquid membrane
hypothesis of drug action and are worthy of further investi-
gation with natural membranes. The pH, which is likely to
influence the ionization of the barbiturates and the pemmeants,
is different from its physiological value in the present expe-
rimen.s for solute permeability () measurements, This fact,
however, may not alter the qualitative conclusicns because the
pH of the experimental sclutions are close to the pH of the
solutions in the corresponding control experiments, at least

in order of magnitude.
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CHAPTER 1V

LIQUID MBEVMBRANE PHENOMENON 1IN THE BIOLOGICAL

ACTIONS OF BENZODIAZEPINES"

In clinical use all the benzodiazepines exert guantita—
tively different and qualitetively similar effects. 1In an
earlier studyl, the role of liquid membrane phenomenon in the
antianxiety action of diazepam has been investigated. Since
benzodiazepines in addition to anxiolytic action are also known
to exert myorelaxant and anticonvulsant actions = involving
multiplicity of neurotransmitter systems’ including catechol.
amines, serctonin, y-aminobutyric acid (GABA) and glycine, a
more detailed study is described in this chapter. The present
study has been conducted on two benzodiazepines, Namely nitra-
zepam and chlordiazepoxide. Data on hydraulic permeability have
been obtained to demonstrate the formation of liquid memb rangs
by these drugs in series with a supporting membrane ang also the
incorporation of these drugs into the liquid membTanes generated
by the lecithin-cholesterol mixtures. Transport of the rel evant
pemeants, viz. glycine, GABA, noradrenaline, dopamine and

serotonin, through the liquid membrane generated by the lecithin_

"A paper based on this study has appeared in the Indlan oI
Blochem Biophys., 26 (1989) 104- 108.

— -




cholesterol-benzodiazepine mixtures has been studied and the
data obtained have been utilized to throw light on the role of
licuid membrane phenomenon in the biological actions of these
drugs. In the present studies, a non-living supporting membrane
has been deliberately chosen so that the possibility of active
interaction with the constituents of biomembranes is totally
ruled out and the role of passive transport through the liquid

membranes in the biological actions of the drugs is highlighted.

MATERLALS AND METHODS

Lecithin (Patel Chest Institute, CSIR Centre for Biochemi-
cals, Delhi), cholesterol (Centron Research Laboratories, Bombay),
L-_noradrenaline (Fluka- AG), serotonin creetinine sulphcie (Koch-
Liyht Laboratories), dopamine chlorhydrate (Riedel), glycine
(Loba-~Chemie), y-aminobutyric acid (GABA) (BDH England) and water

twice distiiled in an all pyrex glass still were used in the

present experiments.

Thes eritical micelle concenirctions (CMCs) of aguecus
sglutions of nitrazepam and chlordiazepoxide as determined from

the variation of surfece tensions with concentirations wers found
to be 8 x 10 M and 2.0016 x 1077 W respectively. The surface
tensions were measured using e Fisher lensiomat “odel 2i. The
aqueous solutions of benzodiazepines, which are sparingly scluble
in weter, were prepared by adding the requisite velume of ethano-
lic stock soluion of known concentretion of the drug to the

agueous phase with constant stirring. In the aqueous solutions

of the drugs, thus prepared, the final concentration of ethanol



-
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was never allowed to exceed G.1,4 by volume besceuse it was shown
by & control experiments that a 0.1% solution of ethancl in
ater did noi affect the surface tension oi wat.or to any measu-

raple extent.

The all glass transport cell described in Chapter 11 (Fig.l
of Chapter 11) was also used in the present studies. In the all
glass cell, a sartorius cellulose nitrate microfiltretion membrane
(Cat. no. 11307, average pore size 0.2 um) of thickness L x 107 m
and area 2.5 % 10_5 m2 which also acted as a supportinc membrane
for the liguid membrane divided the cell into two compartments C

and D (see Fig. 1 of Chapter L )

The hydraulic pemesbility dats in the presence of various
concentrations of the drugs in the lower compartment C of the
transport cell were obtained to demonstrate the formation of
liquid membranes by the drugs in series with the supporting mem-
brane. The infoimation about the incorporation of the benzodia-
zepines in the liquid membranes generated by the lecithina
cholesterol mixture was obtained from the data on hydraulic
permeability in the presence of varying concenirations of the
drugs in the agueous solution of the lecithin-cholestercl mixture
of fixed composition - 15.542 ppm with respect 1o lecithin andg
1,175 = lo‘é M with respect to cholesterol - taken in the lower
compartment, C, of the transport cell. This particular composi-
tion of the jecithin-cholestercl mixture is derived from our

earlier study5 wherein it has been demonstrated that at this



composition the liquid membrane generated by lecithin completely
covers the interface and 1s saturated with cholestercl. The
method used for obtaining the hydraulic permeability data was the

same os described in Chap.er II.

The values of solute permeability ((0) were estimated using

the equatioﬂ

(‘5—’ = e bud

\ A

where J and JV are the solute flux and the volume flux per
unit area of the membrane and AT is the osmotic pressure diffe-
rence across the membrane. In experiments for determining (J,
z solution cf desired concenirastion of the permeant prepared in
the eaqueous solution of the lecithin~cholesterol-benzodiazepine
mixture of known composition was filled in compartment C and
water in compartment D of the transport cell, The details of
the method were the same as described in Chaepter II. The compo-
sition of the lecithin-.cholesterol-benzodiazepine mixture used
in the experiments for () measurements was derived from the
hydraulic permeability data in the presence of varying concen-
trations of benzodiazepines in the agueous solution of the
fixed composition of the lecithin-cholesterol mixture., The
composition of the lecithin-cholesterol-benzodiazepine mixtures
used in the solute permeability (&) measurements were those at
which the liquid membrane generated by lecithin completely

covers the intexrface and is saturated with both cholesterol and

the benzodiazepine under study.
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All measurements were made at constant temperature using

a thernosist set at 37°+0.1°C.

stimations: The amounts of dopamine, serotonin and noradrena-
E

line transported to compexrtment D were estimated spectrophoto-
metricaslly by measuring absorbance at 282.4 nm 7, using & Varian

Cary 17-D spectrophotcmeter.

GABA and glycine were estimated fxrom the amount of their
reaction product with ninhydrin measured spectrophotometrically

at 570 nm R, using a Varian Cary 17-D spectrophotometer.

RESULTS AND DI SCUSSION

The hydraulic permeability data in all cases were found to

be in accordance with the equstion

N

= P “ v
I Lp Fas (

where J, is the volume flow per unit area of the membrane, A P is
the applied pressure difference and Lp is the hydraulic conducti..
vity coefficient. The values of Lp, as estimated from the 3,
versus AP plots, in the case of both drugs (Table 1) show trends
which are indicative of the fommation of the drug liquid membrane
in series with the supporting membrane., According to Kesting?'s
hypothesisg when a surfactent 1s added to an aqueous phase the
surfactant layer which forms sponteneously at the interface acts

as a liquid membrane and modifies transport across the interface,

As the concentration of the surfactant is increased, the interface
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gets progressively covered with the surfactant layer liquid
meibrsne and at the CMC it is completely covered. The values
of L decrease progressively with the increase in the concen-
trstions of the drugs up to their CMCs beyond which they become
more or less constant (Table 1). Analysis of the data on Lp

10-12

values in the light of mosaic model further confirms the

formation of the drug liquid membrane in series with the suppor-
ting membreane. Utilizing the concept of progressive coverage of
the supporting membrane by the liquid membrane, as shown in
Chapter 11, when the concentretion of the surfactant is n times
its GMG, n £ 1, the values of L can be computed using the
expression [(1- n)L B nLC] where Lﬁ and _ﬁ are the values of

L when the concentration of the surfactant is egual to zero and
CMC respectively. The values of Lp thus computed et different

concentrations below the CMC of the drug compaze favourebly with

the corresponding experimentally determined values (Table 1).

The hydraulic permeability data at varying concentrations
of the benzodiazepines in aqueous solutions of the lecithin-
cholesterol mixture of the fixed composition also obeyed Eg. 2.
The values of L_ (Table 2) decrease with the increase in concen-
tration of $hé arug up to a particular concentretion whereafter

they become more or less constant. The decreasing trend in the

values of Lp indicates the incorperation of the benzodiazepines
in the liquid membrane generated at the interface by the lecithin-
cholesterol mixture and the concentration whereafter the values

of . become constant are the concentrations at which the lecithin-
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cholesterol liquid membrane at the interface is saturated with
the benzodiazepine. It is these particular compositions of the
lecithin-cholesterol~benzodiszepine mixtures thst were used in

the experiments for solute permeability (¢J) detemminations.

Solute permeability data and biological actions: Solute permea-

bility data for the various permeants recorded in Table 3 appear

relevant to the reported biological actions of the benzodiazepines.

Biochemical and neurophysiological evidences recorded in
literaturelg—lg have suggested that antianxiety action of benzo-
diazepines may be exerted by facilitating synaptic action of GABA
in the brain. Enhanced pemmeability of GABA through the lecithin-
cholesterol-benzodiazepines composite liquid membrene, as observed
in the present study (Table 3), could also facilitate GABA poten-

tiation leading to the antianxiety action of benzodiazepines,

Glycine present in relatively high concentration in the
grey matter of the spinal cord is known to cause muscle rel sxa-

(),
== The

- L 4 = . 2 2
tion by depressing the excessive motor activity
enhanced permeability of glycine through the lecithin-cholesterol_
benzodizzepine composite liquid membrane (Table 3) may facilitate

its access to the glycine receptor in the central nervous system

and thus may also contribute to the reported muscle relaxant

action of benzodiazepines.

Use of benzodiazepines in the treatment of epilepsy is

documentedgoizz, Electrophysiological and bicchemical evidences

have linked the actions of benzodiazepines to theix ability to
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potenticte the effects of exogeneous GABA or to enhance GABA -~
mediated presynaptic and posi-synaptic inhibitory pathways™ g
The enhanced permeability of GABA, as observed in the present
study (Table 3), may contribute to the reported anti-epileptic

effects of benzadiazepines.

The benzodiazepines are believed to suppress the ability
of the limbic system to active the reticular formation and thus
induce sleep 1in cases of inngEa due to anxiety24. This effect
appears to be due to the GABA potentiation to which the enhanced

permeability of GABA (Table 3) may be a contributing factor.

Nitrazepam, like barbiturates, is known to disturb the
balance of the phases of sleep24. The initial effect is that
of reducing the proportion of REM (rapid eyeball movement) sleep
in comparison to NREM {non-rapid eyeball movement) sleep™ .

Raphe nuclei which are rich in serotonin are responsible both
25

for NREM sleep and for the transition to and onset of REM sleep
when the locus caeruleus which is rich in noradrenaline is
destroyed, animals previously deprived of REM sleep fail 4o
take the susual rebound excess of REM sleep when undisturbed25,
The present data (Table 3) indicate that the liquid membrane may
be formed by the nitrazepam in association with the membrane
lipids in the synaptic cleft and may enhance the access of
serotonin to its site of action in the raphe nuclei and reduce
the access of noradrenaline to its site of action in the locus

caeruleus causing disbalance in the phases of sleep.



1t is documented that patienis treated with benzodiaze-
pines also show failure of ovulate®" like those treated with
drugs like reserpine and chlorpromazine27 which impede the
trensport of dopaminezs. The present data indicate that impe-
diment in the transport of dopamine (Table 3), due to the
liguid membrenes of the benzadiazepines in association with
membrene lipids, which acts &t the level of median eminem:ez7
to stimulate the release of LH/ FSH-RH, could also be a factor

responsible for this side effect of the benzodiazepines.

One side effect of benzodieazepines is reported to be

iy
26,97,29  plthough the

weight gain due to renewed appetite
pharmacology of eating behaviour is complex and is governed by
several factorszg, broadly speaking GABA and noradrenaline acting
at the level of hypothalamus are known to act as feeding enha-
ncers and feeding inhibitors respectively3o. The data recorded
in Table 3 on the enhanced permeability of GABA and the reduced
permeability of noradrenaline appear consistent with these
observations particularly in the case of nitrezzepam. The obser—
vation that permeability of noradrenaline is enhanced in the

case of chlordiazepoxide (Table 3) appears consistant with the

report that it is less toxic than nitrazepamal.

LH/FSH-RH - Luteinizing hommone/ Follicle stimulating
hoxmone — Rel easing hormone.



According to the ligquid membrane hypothesis of drug
. 28 . .
actlon‘2 the GC of the drug is a good indicator of its
potency - lower the CMC more potent is the drug. Since the

CMC value of nitrezepam is lower than that of chlordiazepoxide

it should be more potent than chlordiazepoxide which indeed
is the case 7.

Thus it appears that the phenomenon of liguid membrane
formation may also contribute to the bioclogical actions of

benzodiazepines.
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CHAPTER V

ROLE OF LIQUID MEMBRANE PHENOMENON IN THE BIOLOGICAL
ACTIONS OF PROSTAGLANDINS : STUDLES ON PROSTAGLANDIN E; AND
PROSTAGLANDIN 1:2;

Recently, the liquid membrane phenomenon has been shown
to contribute significantly to the biological activity of pros-
taglandinsl. gince prostaglandins are ubiquitously distributed
in almost every tissue and body fluid and produce a remarkably
broad spectrum of biological effects2, a further discussion on
the biological action of prostaglandins in the light of the
l1iquid membrane phenomenon has been attempted in this chapter.

The study includes among other actions on the nervous system,

both central and peripheral. ForI this purpose the transport
data reported carlier as well as obtained now in the presence of
the liguid membranes generated by prostaglandins on a supporting
membrane have been utilised. Although the formation of the
liquid membranes by prostaglandins in series with a supporting
membrane and also the incorvoration of the prostaglandins into

the ligquid membranes generated by the lecithin-cholesterol

.ixture have been demonstrated earlierl, it has been done once

————— — — P

g . on this study has been accepted and is in press
san 1. pdnzhed, Lloinvs. (1989).

ittt Che T2«




again in the ca f i i '

9 se of prostaglandin P2 . This was consildered
desirable because in the present study prostagl andin P avai
lable to us for experiments was a tris salt from Sigma (Cat
no. P3023) while in the earlier study it was a Pure sample

obteined from Serva, Germany (Cat. no. 33735).

MATERIALS AND METHODS

Materials :

e .

Prostagl andin E_L (Sigma Cat. no. P5518), Prostagl andin
an (Sigma Cat. no. P3023), L-noradrenalin (Fluka AG), serotonin
creatinine sulphate (Kochlight Laboratories Ltd.), dopamine
chlorhydrate (Riedel}, lecithin (Patel Chest Institute, csIR
Cenire for Biochemicals), cholesterol (cCentron Research Labor, .

tories, Bombay) and double distilled water, glass-distilled P

potassium pemmanganate, were used.

Methods ;

while critical micelle concentrations (GMg) of prosta
gl andin , lecithin and cholesterol were same as Teported
: 1 i s
earliert, that of the aqueous prostaglandin F,, (tris salt)
determined from the variation in surface tension with Concen

tration, using a Fisher tensiomat model 23 was 2,019 x 10"8

The data on the hydraulic permeability danonstratin
£ ation of liquid membrane by prostagl andi i
. qu gl andain El into +4 . llquid
membranes generated by the lecithin..cholestero] mixture.

fixed composition in series with the sartoriusg
cellulose 3
Nitrate



supprting membraene were opteined as reporied earlier . These
are reproduced in Tables 1 and 2, Similar hydraulic permeabi-
lity deta for the prostaglandin . were obtalned to demonstrate

the formation of liguid membrane by it alone and alsc 1its incor-

poration in the lecithin-cholesterol liquid membrane in series

with the supporting membrane. The methods and the ransport cell

(Fig. L of chapter I1) used for obtaining the hydraulic permea-

hility data were the same as described in Chapter II.

The solute permeability (&) dete for additional permeants,

namely serotonin, nordrenaline and dopemine, in the presence of

liquid membranes generated By the lecithin-cholestercl.prosta~

ol andin mixtures of desired composition were obtained as

described in Chapter 2. The compositions of the lecithin-

Cholesterol-prostaglandins mixtures were those at which the

liquid membrane generated by lecithin in series with the supp-

orting membraneé was completely saturated with both cholcesterol

.nd the r:ostaglandin under study. These cempositions were

. 7 .
derived from oufr corlicr study” end from the date on hydraulic

penneabillty at varying concentrations of prosteglondins in

E:_Cj__ar.[-,,.chole-sterol ixture of fixed cumpoésition (15.542

ppm with respect to lecithin and 1.175 x 107 il with respect

to cholesterol) obtained in the present work. Since 1lacithin
’

cholesterol and the prostaglandins are all surface active in

nature it is obvlous that in the liquid membranes ihe hydrophobic
2 mo.i-ebl.'u..c:‘.a el e pumo= T e -t

tails of thes

£ hydrophobic supportinc membrane and the hydrcphilic moieties

will be drawn outwards away from it.



R
2

r\'ll measureaie 1L s werle made at L { i e -t
& I s v constant ‘Eemptr ] ¢
dlure usin
9

a tuemostat set at 37_-;-0..].0(2.

cl

The amounts of serotonin, noredrenaline and dopamine
in the solutc¢ permeability meosurements were estimated by

mecsuring absorbance at 262.4 nm4 using a Varian Cary 17-D

spectrephotometer. Calibration curves were constructed b
Y

noting the ebsorbance of the solutions of varying concentrati
LLaTlcns

of bio.enic anines, prepared in a solution of lecithin.choles
_terol_prostaglandin mixtures of composition equal to the
composition used in solute pemecbility experiments. The

ca. ibration curves thus constructed were found to be linear

in accordance with Beer's 1aw.

RESULTS AND DI SCUSSION

The hydraullc pemeability data at various concentrations

of prostaglandin Fo, were found to be represented by the eguation

- L_ AP
Jy p -+ (1)

1 i £1 'y
where J, 18 the volume flux per unit area of the membrane, ap
is the applied pressure difference across the membrane and 1 j
., A8
the hydraulic conductivity coefflcient. The value of L aé
p | 4
estimated from the JV versus AP plots, showed a decreasing

increase in the concenivration of prostaglandin
£

trend with
up to its CMC beyond which it became more or less constant g
(Table 1). This trend is in keeping with the Kesting's 1iquig

. B . :
memb rane hypothesis according to which when a surfactant is
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adaea to an aqueous phase the surfactsnt layer which fomms
sponieneously at the interface acts as 3 liquid membrane and
modifies the transport across the interface, The Kesting's
nypothesis further states thet as concentration of the surfa.
ctant is increased the interface gets progressively covered
with the surfactani layer liquid membrane and at the CMC it is
completely covered. The analysis of the values of L in the
light of the mosaic modelé'8 furnishes further evidence in
fevour of the fommation of liquid membrsne in series with the
supporting membrane. As discussed in the Chapter 11, if the
concentratiocn of the surfactant is n times its CMC, n < 1 the
value of L should be equal to [(l- n)Lb + nL;] where the
superscrip{s s and ¢ represent the values for the bare SuUpp-

orting membrane and the supporting membrane completely covered with
the liquid membrane. and ;? represent values of Ll at surfa-
ctant conceniration of zero and CliC respectively. The values

of L, thus computed at several concentrations of prostaqgl a_
ST an below its CMC, compare favourably with thoge determined

experimentally, thereby lending further support to the fomation

of the liquid membrane in series with the Supporitng membrone.

The hydraulic permeability data at varying CoOncentration.
of prostaglandin an in the lecithin-cholesterol mixture of
fixed composition (15.542 ppm with respect to lecithin ang

1,175 x 1070 M with respect to cholestercl) have been obtaineq

to gain information on the incorporation of pProstaglandin F2
Q

in the liquid membranes generated by the lecithin—cholesterol



mixture at the interfsce. Thie particular composition of the
lecithin-cholesterol mixtures is the one at which, as shown
earlaer™, the lecithin liquid membrane completely covers the
interface and is fully saturated with cholestercl. The dat g
in this case also were found to be represented by pProportional
Egn. (1). The values of L  Tecorded in Table 2 reveal g decre-

asing trend with increase in concentration up to a concentration

equal to 7.37 x 102 M wheresfter they become more or less Con .

tant. Thus 7.57 % 10"9 M 1s the concentration at which the

liquid membrene generated et the interface by the lecithin.

cholesterol mixture is seturated with prostaglandin F2a'

Biological actions: On a macroscopic level inflammation jg
usually accompanied by the familiar clinical signs of erythems .

edema, hyperalqesia and pain”. Prostaglandins are always

released when cells are damaged and have been detected in

increased concentrations in inflammatory exudates”. During

infl ammation chemical medistors like histamine, serotonin etc.

are also liberated locally, which stimulete Sensory nerye

fin - .
endings and cause pain ' . Prostaglandins by themselvyes are

now known to act directly to stimulate sensory Teceptors sup._
serving pain” It i documented that histamine or Serotonin
antagonists have little therapeutic effect in infl ammation
wheress aspirin-like drugs which have little or no effect upon
the release or activity of histamine or serotonin byt are well

known for their prostaglandin synthetase inhibitory activity

are therapeutically important in the treatment of inflammation9,
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The present data on the reduced volume flow in the
presence of prostaglandins (Tables 1 and 2) indicate that the
liquid membrznes fommed by prosteglandins releesed in the inter.
stitial fluid offering resistance to the volume flow may be a
contributing fector to the causation of edema. Similarly,
impediment in the trensport of histamine and serotonin in the
prosence of the liquid membranes generated by the prostaglandins.
as observed in the present study (Table 3), may lead to the

accumul ation of hictamine and serotonin in the interstitial

region ceausing hyperalgesia and pain. Thus it appears that the

phenomena of liguid membrane formatlon by the prostaglandins
may be a contributing ractor to the causation of edema, hyper-
algesia and pain in inflammation and its cure by the prosta-
glandin synthetase inhibiting drugs like aspirin. It may be
mentioned that intrademmal, intravenous and intra-~arteria)

injections of prostaglandins proauce effects strongly remini-

scent of infl ammation .

The Suggestion that prostaglandins, particularly Prosta.

glandin E , may be impliceted in migreine has been made in
1iteraturél2’l3- This suggestion has been prompted by the
observation thet intravenous injection of prostaglandin E|
in non-migrainous subjects consistently resulted in vascul ar

headache that bore migrainous features,

son of serotonin at the post-synaptic receptor

Reduction in the

concentrat
resulting in defective neurotransmission has also been impli-
Since serotonin is a prostagl andin

cated in migraine
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releasing factor, 1t has been suggested12 that hypotheses
implicating either of these agents are not mutually exclusive.
The present data on the reduced permeability of serotonin in
the presence of prostaglandin E; (Table 3) suggest that the
reduced access of serotonin to the postsynaptic receptor due
to the prostaglandin liquid membrasne formed at the receptor

site could also be a contributing factor to the causation of
migraine by prostagleandins.

shock is considered essentially to be an inadequate

tissue perfusion that impairs nomal organ functionslq

Elevated levels of circulating prostaglandins have been

15=-17

observed in several shock states » though the exact signi.

ficance of prostaglandias in the various shock models remains

unclearl4 Aspirin-like drugs which inhibit prostaglandin
synthesls are reported to have beneficial effects in several
shock statesl4 The present data on the reduction in volume
flow in the presence of prostaglandins (Taebles 1 and 2) appear
to indicate that the liquid membranes formed by prostagl andins

in the blood capillaries offering resistance to the volume
flow into the interstitial region resutling in impaired tigsye
perfusion could be 3 plausible explenation for these observatjons

A similar explanation can be offered in the case of

ondary glaucoma due to inflammation. Anterior uveitis parti

sec
lites results in an increased intraocu}agr

cularly iridocyc
pressure because of the swelling and the increased rate of
fluid formation including the inflammatory exudate. Thig
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condition is reported to respond to non-steroidal antiinfla-

The ability of prostaglandins to raise

socular pressure in rabbit eyes is well knownlg, The

mmatory drug5:

IrEr

outflow of agueocus humour in humans ana primates occurs

primarily through ihe conventional drainage pathway, i.e.

through the angle of anterior chamber via canal of Schlemm™ .
The present date (Tebles 1 and 2) appear <to suggest that

blockede of drainage pathway by the prostaglendin liquid mem-

branes could be a contributing factor to the increased intraocular

pressure in the secondary glaucoma due to inflammation.

It is roiGalied that prostaglandins often modify

pathetic neuroeffector junctions in exceedingly low concen-

ple, prostaglendins of E series inhibit

sym

tration. For exdan

noradrenaline output from adrenergic nerve endings and depress

fhe Dasponse of the innervated structures whereas contrery
utput of noradrenaline or heigh-

cffects leading to increased o

of the effector organ have been noted

| Piye-0 TOALONERN B AR

staglandins of F series. These observations appear

present findings that the permeability

with pTo
consistent with the
& noradrenslin® *° reduced in the presence of prostaglandin

and enhanced in the presence of prostagl andin F2a (Table a3y,

prostaglandins of E serlies are known2l to relax

p ronchial cmooth muscle and produce bronchodilation in the
lungs in situ. pronchoconstrictor responses to histamine,
serotonin and nther pbronchospasmogens are counteracted by
| -udins of E series” . The present data (Table 3)



therefore sugyest that the i: membrane formed . Brieisd oyl

ndin offering resistance to the transport of histamine and

serotonin to their sites of action could be one of the contro
buting factors to the observed bronchodil ation effects of
prostagl andin El and also to the observed counteraction of

the bronchoconstrictor Tesponse to histamine and serotonip.

Prostaglandins of E series are reported2 to inhibit

water reabsorption induced by antidiuretic hormone in toad

bladder and rabbit collecting tubules., The Teduced values of

L., as observed in the present study (Tables 1 ang 2), may
also contribute to the reported inhibition of water Teabsorption

in the presence of prosteglandins of E series leading to diuresis.

In epileptic patients marked increase in pProstagl andin
F,_ levels in cerebrospinal fluid has been detected22, bR 3E
2a
also documented that prostaglandins of E series antagonise

convul sions induced by pentylenetetrazol, penicillin and
et These observations appear consistent with the
trends observed in the solute permeasbility data for eXCitato;:
neurotransmitters, viz. dopamine, serotonin and noradrenaling.
and inhibitory neurotransmitters, i.e. glycine ang y~aming_
butyric acid (GABA), in the presence of prostaglandip F, and
prostaglandin F, (Table 3). Transport of the excitatory
neurotransmitters is impeded in the presence of Prostacl angin
and enhanced in the presence of prostaglandin g . Transport

E
i the inhibitory neurotransmitter GABA though enhanced in the
&) e

case of both prostaglandin E; and prostaglandin F20, the
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(Tanle 3).

tre

andin F

and impeded in the case of prostagl
2a

|
o

The nerve cell bodies of the paraventricular and
a supera-

optic nuclei have both cholenergic and noradrenergic nerve
endings impinging on them., Thus the activity in the neuro
cacretory cells is perhaps also controlled by noradrenalin;°

It 15 reported that noradrenaline injected into carotii i

tion inhibits the release of antidiuretic hormone>". :h:lz::ia_
on the reduced permeability of noradrenaline in the presence
(Table 3) appear to indicate that access

of prostaglandin B
drenaline to the postsynaptic receptor may be reduced
ce

of nora
stance offered by the liquid membranes generat
ated

due to the resl
in association with the membrane lipid a
s an

by prostag
thereby stimul ate an’

t theat prostagl
or the cerebral ventricles also stimulat
ate

andins of E series when injected into

to point ou

o oA

commorn carotliu &t!
s 22

e ',—,[1';1—, vt (o LTS TS

the release of

pothalmic l1evel, the secretion of prolactin in

mammals 18 con'rolled by the prol

p-RIH) and possibly by a prolectin releasing hormone
if any,
H from neuroendocrine transducer cells in

at hy
actin release inhibiting

hormone (
nf P-RH is of secondary importa 12
neal

(p-pl) . The TOLE

The releasé o1 F-iis
nence 19 controlled by nypothalanic dopanin
e

promazine and haloper:dods aiz g redioe The PeINSEbIlIty of
25227
dopaminez and

thersby lower its concentration in th
e



slemic region, decreuse the release of P-RIH and hence

hypotl
s s ——— 24 - s )

oromove prolactln release Systematic administration of
roslta,l andins articul arl rostagl andi :

: ) = y Pe Yy pqo gLa din El, has been shown

to stimulate prolactin release’ This observation is consis
craase permeability of dopamine in the presence

tent with the de
sbserved in the present study (Table 3)

of prostaglandiu e
e reduced access of dopamine to its site of

1t appears that th

action in hypothal anus, which also is reported to be the
-

Staglandlns t, may be a Contributing

of action of pIro

prolactin release stimul ating action of prosta-

h

gl andin —'bl‘
Thus it appeals that modification in the transport of
+heir respective sites of action due to

relevant permeants
e formea by prostagl andins in assoclation

1iquid memb ran

e
also contribute to thelr piological

with membrane 1ipids maYy

actions.
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CHAPTER V1

TRANSPORT THROUGH LIQUI
D MEMBBANE BILA
YER GENERATE
D

BY PROSTAGLANDLN
£, IN THE PRESENCE OF HYDROCORTISONE *

Polyene antipiotics are knownl to create aqueou
) S pores
in thin bilayel 1i i membranes. 1t has been shovn that th

a e

cholesterol is necessary for the formation of

ence Of
Recent studies by our group on liquid mem

agueous pores
substantiated these observations

il ayers have al.

nrane b
.tural similarity of cholesterol to hydro

pBecause of tne
cortisone .- ' P S g D iins to polyene antibiotics
’

y of the formation of aqueous pores by hydro

the possibilit
id membrane bilayers generated by prost
C A=

isone 1in the ligu
+ pe ruled out an

n this chapter on the transport through 1i
iquid

glandins canno d hence merits exploration. Th
. e

studies reporte- i

] ayers generated by prostaglandln E in the pr
esence

membrane bl
e were undertaken with this object in vi
cw, The

of hydr0001t14;

_ate formation of aqueous pores by hydrocortison
e in

data 1nda+
d by prostaglandin E

-~ bilayers generate
_'L ]

the liquid membre
those reported in the case of pol
Yene

nds comparaple v

with tre
-G ; 'l -11,2.
.—-—---.-_-,_ —___.—--"—"--"—""’— S ——; - S
*p note based on 'S study has been accepted for publicati 2
and is in press ML O Colloid Interface Science ?l;on)
’ 890
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MATERTIALS AND METHODS

Materials

Prostaglandin E, (Sigma P-5515), hydrocortisone acetate
{~4126), histaaine (Sigma H-7250), ssrotonin creatinine
(2. werck, Germany), o-phthalaldehyde (Sigma P-1378)

oL.r distilled twice in an all-Pyrex glass still were used

in the present experiments.

Methods

The all-glass cell described in Chepueor LI was used to

obtain duea on hydraulic and solute permeability. It consisteq
cssentizlly of two compertmencs C and D separat.d by & sartorius
celluloce acetcte nicrofiltration membrane (Cai. nc. 11107,

0Le ~ize 0.2 pm) 1 1074 7 thick with n 43 of
.59 x 10*5 m2 which acted 25 & supporting mewbrane for the
liguid meabranss (Fig. 1 of Chapter I1). To obtain the hydra-
shility dete, the two conpertments of the iransport

flag pltd
£111ed with an aqueous solution of nixtures of PLos

ocortisone acetate lesired ———
and hydxr L3 acete of desired composition

taglandin El
ere applied to the lower compartment ¢ ang

Known pressuraes W
+ volume flow was measured with time in the

the conseguen
ached to compartment D of the transport gell]

capillery att
of the procedure wele the same as those described

The details

in Chapter L-



the solute permaability (GJ) measuremen.s compart

.nt o of the trans ort cell was filled with acueous soluti
: ons

cnc..a concen.retions o1 the permeant alony with ajueou
-~ b S

AT of prostcglandin E & i i
f p ¢ E, end hydrocortisone

<ir d com ssition anu compartment D wes till

Vo ec only with
solutions ©1 the mixture of prostaglandin g, ana

L

uLou
roce rtasone of desired composition. The equaﬁion3

=) A

("_';I,le .':O k ;
whaere J tand for the solute flux and the volume flux

g ¥
respaCLivedlys i r unit oreé of the membrane and AlTis the
osmotic pressure difference 8CIOSS the membrane, was used for
s of &I - The details of the method are

estima’ 2 t+he value
e described in Chapter TT.

.the same as ‘thOs
e made at & constant temperature

_ r the various p¢ : &
Egtimataons: The emounts O% permeants transported
~ .gment D were estimated as follows

to C
ine was estimated by measuring

unt of hietam

(i) The &
11y the fluoroph™" derivatave trom 1ts resction

fluorometLi'
4.5 » podel 540 pho.ovolt fluorescenc
e

with o”phthalaldehyde
meter wa- use'’
(1i) Th amount of . rotonin transported to the other
id
compartment wa estimated using 4 cseyslF D SPRCETGERStanctes
gy e 0 35S SOSREPULER maxima®

S



RESULTS AND DI SCUSSION

raulie permeubility data were obtained an the foll
owing

~e1s O % eriments

~tpent C of the transport cell was filled with soluti
Utions

_L . COM- v_" s
+T-.;|tiO“S Of hydI‘OCOI"tiSOI'le pI‘EDaI‘ed in an aque—
n b

of varyin cornce

ution of fixed concentration of prosta
gl endan El equal to

compartment D was fille

ous sol
d with distilled water

10Ns
+ g mixture of prostaglandin E| and hydIOCOrtisone of the
| Salie

Ox
compositicn #S that in compartment C in get L.
The partty' | concentration of prostaglandin E, used
1
"-8 . 5 1
3 x 10 M, de higher then its critical
Q

e experiment S,
ration (CMC)

1t was shown,

in thes
and was derived from earlier

micelle concent
sn which
du¢_active pr

L :
phase, @ Al ctant layer R
ce at aony e Ta Lot s e I s

The CMC of prostaglandin

using Kesting's hypothesis”,

ostaglendin E; is added to an

that when surl
quid membrane which comp

aqueoUS
_ the interfa

MG is generated.

o8 M7, It is obvious that in the

T than -5 bt & G

El was found to be 1 * 1
T 1iquid memb T

surfa

greate
ane thus generated by prosta

phobic portions of the prostaglandin E
1

: !andin El
.“ferentially oriented toward the hydro
and the hydrophilic moieties would

In the experiments (Set 1) in

prostaglandin E; was added only
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(..ont G, the ligquid membrane would be generated onl
onLy

to €0
EE L.2ni C in serie vl
W as with the supporti
porting membr
_ ane, where
i 3 t th. supporting ]
2 By membrene would b i
e sandwich
ed betw
een

t ley.rs of liquid membrane generated by prostagland:
n E
1

e hydraulic permeability data in all cases were f
ound

to be in egreement with the relationship

p

jume flux per unit area of the membrane, AP
]

ijs the VO
erence across the membrane, and
b4

where J
ed oressule diftd

the appli
G conductivity coefficirent.

Lp is the hydraull The values of

an o estimated from Jv versus AP plot
S

Lp for the dili

sre recorded in
s or L. 1in the experiments 1n which solutions

The value
ons of hydrocortisone prepared in a

COncentIa ti
- -
ion Of pIOStagl andln el were

) do not show any

Inda
=l entrat

solution of the A o

to the lowe
e increase +n
¢ 1s & decrease (Tab

r compartment ¢ (56t L

added only
concentration of hydrocortison
e

le 1). The decreasing

trary ther

£ Table 1) ma be due i
ues © LP ( ) ¥ to incorporation

on the con

IR SR irn +he Val
of hydrocortisone, which also is surface active in natureg
into the alreoﬂy b bl prostaglandln El § LT Hebishe b
in t
The values of Lp jn the other set of experi-

the interface-
n increasing trend with increas
e

. oy howevel:
of hydrocortisone (T

Slew @

ments (-
: bl
in the concenl gk B LS abie _L). The value
_— ; yp to @ certain concentration of hydrocortiso
_ Ty ne
P
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beyond which 1t becomes more or less constant (Table 1)

These trends in the value indi
alues of Lp indicate the formation of

=) e Y 3 i P > - o
soueous pores in the prostaglandin E; liquid membrane bilayer

only when hydrocortisone 1s present on both the sides of th
e

A perusal of Table 1 reveals that the values of

a hydrocortisone concentration of 2 x 10~%m

memb rane.

. increase up to

b eyond which they become more OI less constant. Thus the

y -6
concentration of 2 X 1077 M hydrocortisone appears to be th
e

concentration at ~nd beyond which complete agueous pores a
1 re

formed in the prostaglandin liquid membrane bilayer Simil
. ar
in the case of agueous pore

observations have been reported

sormation by polyene antibioticst’ .

The solute permeability (L)) data for histamine and

erotonin were also obteined in two sets of experiments, In

a solution of known concen

5
§ S set tretion of the permeant

histamine OT serotonlin, prepared in an aqueous solution of

jon of the mixture of prostaglandin E, and

1

desired composit
R Tali O it C 01 th= t Tamerest

hydrocortisone,
4 ~. filled with Jiseilled Nigten. In

c-11 and coiirelt enoont ) owas
experiments for W measurements, compartment

second set ot
port cell instead of bein
queous solution of the mixture of

195
D of the +trans

ier was f£illed with an a

g filled with daistilled

w

‘.;-:'}_j;n;jﬁ & g herdroesTtisone of the same composition

g that 10 compartment C. In the control experiments no

hydrocortisone was used. The composition of the prostaglandin
_.,- solute permeability

xture used 1in

Ey and hydrocortisone mi



increase indi Rave .
dicating the formation of complete a i
Gqueous pores

srostagl andi i qui .
I jlandin El liquid membrane bilayer (Table 1)

10N L

The normclized values (y) of solute permeability (r =
for histamine and 6 . Y control
stamine anu serotonin &re recorded in Table 2 It
» [FE
ute permeability of both histauine and

obvious that the sol

¢ enhanced 1n the second set of experiments wh
¢ ereas

serotonin u'l
periments the solute pemmeability of

in the first set of ex

serotonin remains unal tered while that of histamine oecres
ses
(Table 2)- These observations are consistent with the concl
U~
. ylic permeability experiments (Table 1)

sions dreawn from the

gueous pores in the prostaglandin liquid membranes are

that a
hen hydrocortisone is

formed only Ww present on both the sides

¢f ‘the l1iquid membrane.

s in the hydraulic permeability and in +he

These trend
solute permeabiljty appear relevant to therapeutic action of
n the treatment of snflammation. On a micro

n is usually accompanied by the familar
10

hydrocortisone i

el inflammatio

scopic lev
hyperalgesia, and pain

§ erythema, edema,

clinical signs ©
s released when cells are damaged and

ndins &aTre€ alway

Prostagla
ed in increased conce

have been sntect ntrations in inflammatory
exudatesLﬂ- U Thil infl ammation chemical medietors like
rotonin which stimulate ==no0Iy DETvE Eriedan i

histamine and S€
so liberated jocally. Hydrocortisone

lo’ll. are al

and cause pain
0 suppress the inflammatory

41 = known t

nalods
hanlsm of these therapeutic

its gynthetic a
The exact mec

el

manifestations.



TABLE 2

Normalized velues (7) of soclurte pemmeability for histamine
and serotonin through the liquid membrane generasted by the
prostagl endin E; - hydrocortisone mixture ¢

Permeant 7b g ©
Histamine 0.€78 1.903
1.C0 1.470

Serotonin

- Concentrations of prostaglandin E, and hydrocortisone

in the mixture were 3 x 10_8 and 2.5 x 10"6 M, respe-
ctively.

i Values obtained when the mixtures of prostaglandin Eq
and hydrocortisone were added only to the lower compart-

ment G of the transport cell and compartment D a

was filled with distilled water.
C yalues obtained when the mixtures of prostaglandin E,
and hydrocortisone were added to both lower and upper

compartments of the transport cell.
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12

effects of hydrocortisone, however, remains unclear—“, The

present deta indicate that enhanced solute permeability of
nistanine and serotonin leading to their reduced concen-

tration at the inflammation site and enhanced volume flow -

increase in the values of Lp - due to the formation of

acueous pores in the prosteglandin liquid membrane could

be a plausible explanation for the observed suppression of

infl ammatory manifestation by hydrocortisone.
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CHAPTER VII

LIQUID MEMBRANE PHENOMENA IN THE MULTIPLE
ACTIONS OF PSYCHOTROPIC DRUGS

One important implication of the liquid membrane

hypothesis for drug action‘L is that it can offer a genera-

lised explanation for the multiplicity of biological actions

exerted by surface active drugs (see Chapter I). It has

been arguedl that the multiplicity of biological actions

exerted by surface active drugs can be explained on the

basis of alteration in the transport of relevant permeants

because of the drug liguid membrane interposed between the
permeant and the site of action.

In this chapter an attempt has been made to discuss in
some detail the multiplicity of biological actions exerted by

the psychotropic drugs in the light of the liquid membrane

hypothesis for drug action. The drugs chosen for the present

discussion are haloperidol, chlorpromazine, reserpine and
imipramine. The data obtained in the earlier studies ™ ', on

the transport of relevant permeants in the presence of the
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licuid membranes generat
" g ated by these drugs have been utilised

for the present discussion.

DISCUSSION

The normalised values of solute permeability for

relevant permeants in the presence of the drug liguid mem-

brancs in case of each of the four psychotropic drugs viz,

haloperidol, chlorpromazine, reserpine and imipramlne as

obtained in the esrlier studiesz_ are recorded in Tables 1-4,
The datea in Tables 1-4 are from two sets of model experaments,
the one in which the permeants face hydrophilic surface of
in which they face the

the drug liguid membrane and the other

hydrephobic surface.

clinically chlorpromazine, haloperidol and reserpine
mine is used as an

are used as antipsychotics whereas imiprea

antidepressant. In addition to antipsychotic and anctidepre-

these drugs are reported to
s well (multiplicity of drug

. ssant effects, T e

of other biological actions a
in what follows’™we present & rationale for the

action).”
PR i [ .+ drugs in temms of liguid

multiple biological actiivn?

membrane hypothesis for drug action.

1t is well known that central regulation of the pitu-

itary is mediated by the hypothalamus which in turn is under
the influence of neurotransmitters. It is, the:. i rv, lod
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Key to Tables 1 to 4

(9) of soluie , 2IW zoility in the presence

i olized values
li Jj i e nes Y encratl.}d Dy the drugs:
IS IR ' _ £) beiny the value of solute pemmeabilaty
lefined by the equatien (it s B ¢) where J_ and J
) v

i :*l J 2 I W 7 AP
of the melnbxrane and ATTis the osmotic pressure difference
sarpss the MEMOTans and @ gntrol the value from control
ug was use’ .-

ex eriments in which no dr

vy ¢ pPermeants facing the hydrOphobic surface of the drug
liquid membrane.

pPermeants facing the hydrophilic surface of the drug

72;
liquid memb rane.

TABLE 1
ridol (ref. 153.)

;;;ﬁeants 1y ] )
;;;;¥;;;; . 0.766 2,938
s o e 202 0.869 3.883
Adrenaline Undetectable 4,682
Serotonin 0.488 1297
0.723 1. 270




TABLE 2

41

Chlorpremazine hydrochloride (ref. 1:5)

Penmmeants 71 75
Dopamine 0. 340 0.524
Noradrenaline 0.214 0.783
Adrenaline 0.119 0.7869
Serotonin 0, 195 0.397
0.775 0.795

y-Aminocbutyric acid

(GABA)




TABLE 3

Reserplne (ref. 1,4)

S | e 8
Permeanis ) 75
s e = e s -
popamine 0.777
Noradrenaline 0.059 0.570
Adrenaline 0,487 0.756
gerotonin 0.293 0.488
0.586 1.6C4

7_Aminobutyric acid

(GABA)



TABLE 4

Imipramine hydrochloride (ref.1,2)

_——

Permeants 71 75
Dopamine 0.394 1.632
Noradrenaline 0. 487 1,223
Adrengline 0.382 1.489
0.428 4.199

Serotonin




to expeec chat che drugs modifying the permeability of neuro
transmicter molecules should display altered pituitary func-

tions resulting from the alteration in the release of adenohypo -

paysins and neurohypophysins.

For the actions of dopamine the hydrophilic portions

of dopamine receptors which are located in higher brain centres

have been considered to be important *' . It is therefore exXpe~

cteu thuat in the liquid .embranes formed at the site of action

Ly halo.eridol, chlorpromazine or reserpine which are known to

be dopamine antagonists, the hydrophilic parts of the drugs

PO

would be preferentially oriented towards the "“ydrophilic

carts of the receptor and the ‘hydrophobic, parts of the' drugs’

would be drewn out.ards awey from it. Therefore the zgonisg,

olecules would f ce the hydrophobic surface ¢f the

le,“':v [ :.r_: - 8 I

drug liquid wenbranes interposed between the "agonist and its

site of action. Thus the data (Tables L-3) on the transport

of dopamine in the specific orientation of the drug liguigd

mebranes willh iis hydrophobic surface facing the pemeant,

dopanine, appear relevant to iis biological &ctions. Sinilar

considerations zpply to adrenaline end noradrenaline and also

to serotonin, which act on pre end post synaptic receptors

Neurctransmitters through lheir ection on median emine-

nce promote or inhibit the relecse of hypophysiotrophic hommones,

both release and releese inhibiting hommones. These hypophysio-

trophic hormones in turn act on adenohypophysis and regul ate

the ralease of adenohypophysins™ .



Dopaniine, noradrensline end adrenaline are reportedl1“!5

to inhibit the release of CRH. This inhibition of the release
of CRH inturn inhibits the release of ACTH. The neurol eptic

dru nemely haloperidol, chloropromazine and reserpine which

impede the trensport of dopamine, noradrenaline and adrenaline

(Tables 1-3) end thereby reduce the acdess of ‘hese neuro.rans
nitiers to their site of action in medisn eminence should enhance

the release of CRH and consequently of ACTH. This expectation

is in aareement with litersture reports that administration of
haloperidol, chlorpromazine and reserpline does

enhance the release of ACTH

whose permeability is reduced in the presence cof 1mipremine
omplicated. Both stimu-

(Table 4), on the release of ACTH is €
17,18

1atory and inhibitory actions have been reported This 1s
ificant effect cof imipramine
?

stent with the fact that no sign

consi
e and post synaptic receptors, on the release

which blocks both pr

ohypophysins including ACTH h
itory effect on the release of crRH Y . The

of aden ave been reportedl o GEBA

is known to have inhib
impediment in the transport of GABA in the presence of the
three neuroleptlics namely haloperidol, chlorpromazine and

;i c orientation of the drug

reserpine (Tables 1-3) in the specifl
ydrophoblc surface facing the

liquid membranes with their h
rted enhancement in the

permeants is consistent with the TEPO
\ o |

release of ACTH by these drugs -

i

- pr——
cortico_trophln releasing hormone.

Gt
3 ¥ - 1

ACTH = ‘,.._._'. o B o 3 :
GABA = y-Aminobutyrlc . -

vl @ METENGINGs



It 15 documented that dopamine, and GABA have inhibi.
tory effects on the release of TSH whereas noradrenaline and
edrenaline have stimul atory effectsl3’l4’20'22. Lite el -
ment in the .rensport of noradrensline and adrenaline in the
pr sence of the chlorpromazine liquid membrane (Table 2) could

be a plausible explanation for the reported inhibition of TSH

release by chlorpromazinelh It has been rePOrtedl3, —_—

chlorpromazine has specific affinity for accumulation in the
hypothal amus area.

At hypothalemic level, the secretion of prolactin in
mammal s*is contrelled by the inhibitory hozmone P~.EIH and

possibly a prolactin relessing hormone, P-RH, the role if any

; i i
of P=RH 1is only of secondary importance ~. The release of

P-RIH from neuro-endocrine transducer cells in the median
eminence is controlled primarily by hypothalamic dopamine.
Neuroleptic drugs which inhibit the transport of dopamine
(Tables 1-3) are therefore expected to enhance the prolactin

secretion which indeed is substantiated by literature

report513’24. It may be mentioned that there are very strong
evidences to suggest that dopamine itself functions as P~R1H13,25.

The role of GABA in the secretion of prolactin is simi.

lar to that of dopamine at the level of medien eminence and

also at the hypophyseal level The impediment in the

- i ting hoxmone,
TSH = Thyroid stimula 9 O IMOr
P_RIH = Prolactin release inhibiting hoxmone,
P~-RH = Prolactin releasing hormone.



trans;ort of GABA due to the liguid membranes generated by

the neurcleptic drugs (Tables 1-3) could also be 3 factor

contributing to the in acti i
¢ creased prolactin secretion brought

aobout by the neuroleptics. The role of adrenaline, noradre-

naline and sero.onin st the level of median eminence, in
prolactin secretion is stimulatory in nature, the magnitude

of the stimuletory effect being much smaller in comparison to

the inhibitory effect of dopaminelé'“7’28. The neuroleptic

drugs should therefore, bring about a decrease in prolactin

release on account of impediment in the transport of serotonin

noradrenaline and adrenaline due to the liquid membranes gene-

rated by these drugs. 1In order that this effect becomes

observable, one should first block the dopamine receptors ang

then study the effect of neuroleptics on prolactin release,

At the hypophyseal level the effects of noradrenaline

and adrenaline on the release of prolactin are similar to that
of dopaminezg’do It has been shown that adding extracts of

hypothal amus to the cultured anterior pituitories decreased
the quantity of prolactin released into the medium™ I+

has been shown that hypothalamus obtained from rats treated

with phenothiazine derivative, perphenazine, when added to the
34

cultures of pituitaries does not inhibit prolactin secretion

The impediment in the transport of noradrenaline, adrenaline
and dopamine due to the liquid membranes of phenothiazine drugs

like chlorpromazine (Table 2) could be a plausible explanation
for the antagonistic effect of phenothiazine on the normally



operating inhibitory influence of the hypothalamus on prols-

ctin secretion at the level of pituitory.

The fact that dopamine plays s key role at the level
o1 meulan eminence in stimulating the release of LH/ FSH-RH

is well established'l. The release of dopamine at the median

eminence is in turn controlled by other neurotransmitters viz

noredrenaline, adrenaline, GABA, serotonin and also dopamine

at the hicher brain centress> The observation that neuroleptics

like chlorpromazine, haloperidol and reserpine block the release

of LH/ FSH=-RH can be explained in tems of the resistance

offered to the transport of the neurctransmitters by the
neuroleptic drugs (Tebles 1-3) which are known to accumul ate

not only in the median eminence but also in the higher brain

centres

Dopamine and noradrenaline have been reported to increase

growth hormone release in animals and man Neuroleptic dzugs

like haloperidol, reserpine, chlorpromazine etc. caused redu-

ction in the release of growth hommone™ * . The impediment

in the transport of these neurotransmitters viz. dopamine and
noradrenaline (Tables 1-3) due to the liquid membranes generated
by the neuroleptic drugs can be utilized to explain this obser.

vation - the liquid membranes reduce the access of the neuro-

transmitter to their action sites,

Luteinizing hormone/Follicle stimulating

hormone - Rel easing hormone.

LH/ FSH-RH =
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on y on ] ]
.] Lhe mEdlcn emlnellc:e bl[l

on sGiiic\ 2 . 5
cotrophs has & ical inhibitoxy effect on the

Tﬁ*]’ a o Lo 3
1 » of growth hormone in acromegalics. This is attributed
e
o somototrophic cells themsc—zlvesj‘3 1t may be mentioned that
a
henothiazines which inhibit the trans

trerating acremegaly with p
ort of dopamine (Tal ! ) met with little succe5538 This

; of the paradoxical 3

nexpected in view nhlbltorY action

is not u
of dopamine in +he release of growth hoIrmene in acromegalic

# by the pars intermedia of pituitary gland

MSHS secretlo
-+ chol amines G B nnrTadrenaline, adrenaline

is inhiblted Y

3
9, Neuroleptlc drugs as haloperldol, reserl-

vided b

and dopamine
stimulate MSH secre-

pine and B ot Gy e reported to

39 ) . :

tion L. 18 an expets observation 10 ¥ . reduced

penneability of adrenalineé, noradrenaline and dopamine 10 the

presence e I KA I B i AP ek od SR L TP Sk i R
to thelr relevant

c the catecholamines

drugs reduclng access ©-

of action.

s A iEren fpnams Al e v cn

Neurohypophyseal sec -
and neurophysiBbs are evoke T VY ai fferent gtimuli. Acetyl-
choline and nicotine injected I ogie e circulation cause
t+the release of ADH, oxytocin and neurophyslns .{ ;] ¢ noradre-
pnaline i6hd i TETPTS G release4o’4l. 1t is therefole logical
il ating pra——

MSHS = Mel anocyte stimula

Antidiuret.r figs TSI

ADH =
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to ex' aect that the druas like chlorpromazine & ! cpldiny

1ikely to reduce the access of noradrenaline to Ln?

i nt site of action dque to its reduced permeability throug!

e

the liquid membranes qenerated by these drugs (Tables 2,3)

shoul~ Teduce +he inhibitoIy effect and thereby focilitate

hormones like ADH, oxytocin

the rele.se of neurohypopLyspw
14,42,43

etc. This indeed has heen found to be the case

.. an the concentration of serotonin at the post

r resulting jn defective neurotransmission has

syng tic recepto
Imipramine in some cases 15

been implicated in migraine
known to act bene:-vi. - in migraine whereas neuroleptics
5

n to aggravate it 7.
ability through the imipra=-

like reserpine are know Blockade of reuptake

of serotonin due to 17s reduced perme
pine liquid membrane (Table By tikely U .. formed at the pre-
o neurotransmission could

synaptic receptors resultaing 31D 3.0
also be & possible axpl 2fi A feiee Ll i EE Uba e B R imipra=-
. oi.in due tO jts reduced pemmes~

mine. gimilarly plockade 0
 through the 1iquid memb ranes Likety b 2 generated by
) T S K i PR LY & S I 15 G

e neuroleptic drugs .=

th
resulting in poOor L0 e S . ;1 could be a plausible expl a-
nation for the aggrav.;‘ru of mi Lati o the neUIOleptic drugs
like reserpine.

haloperidol, chlorpromazine, and

NGUI‘OJ.E}J T g LA
! reported to cause liypo-

antidepT® gant drugs like imipramine
S adipeid DO BU

19’46. This effect can also be ex. 1 -

basis

thermia
. +ion in the pemeabilitv gy W TEAT

of the mo ™
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due to liguid : 7 be P P ey

in the hypothalamic region. The hormones AGCTH/MSH whose secre-

tion 18 inhibited by noradrenaline, sdrenaline and dopamine at

& . - 11-1D,-"
he level of median eminence 1-19,-- nhave been shown L0 CaUsE

r > 4 3
~ $all In body temperature gince the neuroleptic drugs and

ity of noradrenaline, adrenaline and dopainlneé (Tables 1-%),

al

the presence nf these drugs at the hypothalamic level may reduce

f these neurotransmiclers TO tne relevant sites of

the
se in the secretion of ACTH/MSH.

cau. thereby an increa

This inturn may b responsible the hypothermic &t - - The

poikilothermlc e .@& chlorpromazine which is sometimes

TR S - . : o L

to facilitate the inductlon Ot surgical hypothermla can also
Le ratiomelisce in terms O: nodificatien in the permeability of
neurotransmitters due fo e presence of neuroleptic drugs like

chlorpromazine (Table 2} - Neurofransmitters have also been

implicated in central regulation of body temperature in NOIMO~
thennia - while mo et neurons are temperatu+= Siidanet S Ve
warm-sensitive neurons and cold sanex T Lve neurons located in

the preopiic -7 and in the enterlol hypothal
in themmaoregulation in mammals.
with waprming or decrease

amic area have

peen implicatef The firing
~~ncitive nNeurons increase
-2 0 cold sensitlve neurons.

rates of warm

with cooling while reverse ig the
sgzn Uriisid 22 iniection of seroctonin produ~

BTSN O T therefore logical to

o b

in mammals *

ces a rise iy a3 EmES
GiIEES Y seroﬁonin scts on Coiu .ensitive neurons and noradre~
naline on AT T LeuTons. 1+ is documented that cold
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sensitive neur i
ons Lose thelr thermosensitivity during synaptic

block whi iti
ck-de while the waim sensitive neurons do not48"' Cchl
~ . OX =

oromezine during synaptac blockade would therefore impair the

‘hernosensitlvity of cold senslilve Neurons and leave the

thermosen
; neurons unaffected leading

to Hoikilothermia.

parkinsonts disease is known to be due to deficiency of

neurotransmitters like dopamine in basal ganglia5O Neurolepti
¢ e

chlorpromazine and reserpine are known

drugys €. 4. haloperidol,

to cause parkinson's diseaseZ*’5O. Reduced permeabiliiy of

in the presence of the liquid membranes

dopamnine (Tables | [

1ikely to be generated by these drugs 1n the region of basal
ganglia could be one of the contributing factors for this side
offect 1i.€. druags induced parkinsonism. The extrapyramidal
ic drugs lake haloperidol are reported to

effects of antipsychot
: gince reduced concentration

be resistant to 1 evodopa therapy
of serotonin in cerebrospinal .1 i has also been linked with
a defect of extra-pyramidal func:1:n52’53, the reduced permea-
pbility of serotonin in the presen of aﬂtiPSYCthiC drugs

loperidol (Table 1) offers o the causation of

like ho a clue t

extrapyramidal syinptoms.

have marked protective action

% neuroleptic drugs
cts of dopamine agonists

mesis inducing effe

MO S

‘net nauses and €
with the ¢

entral dOpaminergic receptors in

v [
19_ This effect

_'I!' ! il

cepltoT triggel sone of the m

d by th

the chemoI®
ermeability of

duction in the p

so be expl aine
guperated by the neuro-

can al
dopamlne due -to [ !ju Il|-1 1l L ni!

leptic dTrugs (Tables I 2 T
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It is reported that neuroleptics and also tricyclic anti-

3 ssan.s e.o, imipramine cause orthostatic hypotensionl’

For exauple in normal man intravenous administration of chlor

promazine ceuses orthostatic hypotension due to a combination
of central action and peripheral g-adrenergic blockade54

Altnough the actions of these drugs on cardiovascular system
are compl ‘X because these drugs produce direct effects on the
heart and blood vessels and also indirect ones through actions

on central nervous system and autonomic reflexes, reduced permea

bility of noradrenaline in the presence of these drugs (Tables

l~4) could also contribute to the causation of orthostatic

hypotension,

Neuroleptic drugs particularly chlorpromazine and reser-

pine, during coition, are known to impair ejaculation without

1 G
interfering with erection’ ’55. Attribution of this effect to
adrenergic blockade though logical remains Unsubstantiatede'
Reduction in the permeability of noracarenaline due to the liquid

y the neuroleptic drugs (Tables 1-3) is

membranes generated b
consistent with the conjecture that impairement of ejaculation

may be due to adrenergic blockade.
s that modification in the permeability of

Thus it appeal
1iquid membrenes generated

vant neurotransmitters due to the

rele
drugs may be one of the causal factors for

by the psychotrOpic
the multiple gctions of these drugs.
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CHAPTER VIII

SUMMARY

The Chapterwise summary of the work Tecorded in this

thesis is given below:

Chapter 1

Chapter I gives & brief account of the Kesting's liquid
membrane hypothesis and its biological implications. A discu-
ssion of the liquid membrane hypothesis of drug action vis-a.vis
existing theories of drug action has been presented. At the

end of the chapter, the tasks intended to be achieved in the

thesis have been brought out.

11

Chdpter
A ceneral account of the experimental methods used in

these investications have been recorded in this chapter,
es C

Chapter III

) iturates has been
The liquid membrane phenomenon 1n barbitursa
i i ith a
iqui -nes, i serlies W
i aquid membre ,
i mation of 119
Aied. For

) fra f. Lo

v 1
- -rting

i by barbiturates

& . - il ot been 'emons-
% T = [l (BN RS . e
R U e

in associatio rel evant pemeants, VviZz.

t+rated. Date ont



- i"f 4 i i 3 1 1 3
Y-cailnobulyric acid, glycine, aspartic acid, serotonin and
noredrenaline, in the presence of the liquid membrane gene.-
y baroil.urstes in association with lecithin and

r‘ \_::NJ

cholesterol have been obtained. The data indicate that

modification in the transport of these pemmeants due to

the liquid membrene barrier may have & bearing on the mode

of action of barbiturates,

The barbiturates chosen for the present study are

sodium phenobarbital and sodium pentobarbital.

Chapter IV

The liquid membrane phenomenon in benzodiazepines

has been studied. Transport of glycine, GABA, noradrenaline,

dopamine and serotonin in the presence of the liquid membranes

generated by the benzodiazepines in assocliation with lecithin
The data indicate that

and cholesterol has been studied.

modification in permeabilities in the presence of the liquid
gnificant contribution to

membranes is likely to make a si
jcal actions of the benzodiazepines.

several biclog

Chapter V

nsport of relevant permeants

Modifications in the tra
ites of action due to the ligquid -

association with lecithin

of biological

their respective s

.t-
d by prostagl

andins in

branes forme .
iscussed 1n tie light

d
and cholesterol have been
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of lioui ) 2 i ' I
weibrane formation is likely to make a significant

oo - \ ko 8¢, coon . -
contribution to their bioclogical actions

Chapter VI

Trensnort through liquid membrane bilayers generated by
rostagl andin B, has been studied in the presence of hydrocorti

sone, The data indicate the formation of aqueous pores when

~ar « - . A} ) .
hydrocortisone is added on both sides of the prostaglandin
(=}

t: |

liquid wembrane bilayer. The phenomenon of acueous pore fomm
=

+tion has been utilized to explain the therapeutic actlon of

hydrocortisone in the treatment of inflammation

Chapter VII

wiultiplicity of biological actions of surface active psycho

pic drugs has been discussed in the light of modifications in

txro
evant neurotransmitter molecules viz

the permeability of rel
adrenaline, y-aminobutyric acid (GABA)

dopamine, noradrenaline,
liquid membranes generated by these

and serotonin through the

drugs. 1+ has been shown that modification in the transport of

relevant permeants through the drug liquid membranes likely to
provide a generalised

be generated at various sites of action may
s of the surface active drugs. The

n for multiple action
haloperidol, chlor.

explanatio
1 20 are’

osen for the present

drugs cf - e N
Ry ., published ealiliel
romazine, reserplne and b2 P
" i . i +hrough the liquid membra-
N (P lf B : r ool Ty

by theseé drugs

st} | 1Y 1

nes

discussion.
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ARBSTRACT

‘The hquid membrane phenomenon in barbiturates has been studied. Formation of liguid mem-
branes, in series with a supporting membrane, by barbiturates alone and by barbiturates in asso-
ciation with lecithin and cholesterol has been demonstrated. Data on the transport of relevant
permeants, viz. y-aminobutyric acid, glycine, aspartic acid, serotonin and noradrenaline. in (he
presence of the liquid membrane generated by barbiturates in association with lecithin and cho-
lesterol have been obtained. The data indicate that modification in the transport of these per-
meants due to the liquid membrane barrier may have a bearing on the mode of action of barbiturates

The barbiturates chosen for the present study are sodium phenobarhital and sodium

pentobarbital.

INTRODUCTION

Extensive studies on a wide variety of surtace-active drugs belon.gin_g to dif-
ferent pharmacological categories have led to what may he calle.d “liquid mem-
hrane hypothesis for drug action’. Aln account of thxs hyp?thesm and a discus-
sion of its implications is contained in a recent review F:_)y Srivastavaetal. [1].
It has been shown that the liquid mel.nbrarl)e h}’POth_ESIS for d_m? a‘;tlig Whe_“
viewed in the light of existing theories of drug aCthU, particu art)_’ ?‘ lf{i;e
theory [2.3] and the occupancy theor}/ [4,5], leads ;0 ﬁ mtt)rs r:l;s;lii 11}]6:
physical explanation for the actions of such drugs, W fl'ch ai gthesm his e

- bility of cell membranes [1] The central idea of the yp‘ e
e lization that the liquid membranes generated by the drugs, either by
I;:E? gesgfjqu;? iln association with membrane lipids at therr reSpefﬁve Slteslm
them 3 4 , : eants to these sites. 1his may be
action. modify the tranS]JOrtff iiljifgiliijir:m of action of all surface-active
nt-step common o assive transport n biological ac-

. by . Of' D ¥
]hghts 1he lOJe I hr()ugh the dll]g hql”d mem-

an importa
neants t

" s higl
Arugs The hypothems.
tion. The transport of the relevant peri

.. correspondence should be addressed.
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brane, which appears to be one of the factors determining their access to the
rglm:anl sites and which precedes interaction with the receptors, is indeed pas-
SIVe I nature,

In the present communication. studies on barhiturates are reported. Barbi-
turates are known to he surface active [6-8] and hence should be capable of
generating liquid membranes at the interface in accordance with Kesting's
hguid membrane hyvpothesis (8], 1 here are several instances where the role of
surface actinvity m the biological actions of barbiturates has been indicated
[10-12]. In the present studies the formation of liquid membranes in series
with a supporting membrane, either by barbitures alone or by barbiturates in
association with membrane lipids (lecithin and cholesterol ), has heen dem-
onstrated. For this, data on the hydraulic permeability in the presence of lec-
ithin-cholesterol-barbiturate mixtures, and Kesting’s liquid membrane hy-
pothesis |9] have heen utilized. Data on modification in the transport of the
relevant permeants, namely j;-aminobutyric acid (GABA), glycine, aspartic
acid. serotonin and noradrenaline, in the presence of the liquid membranes
generated by a lecithin-cholesterol-barbiturate mixture have been obtained
and discussed in the light of the reported biological actions of barbiturates.

Sodium phenobarbital and sodium pentobarbital have been chosen for the

present study.

MATERIALS AND METHODS

Materials

Lecithin (purity 99%; Patel Chest Institute, CSIR centre for‘Biochemicals,
Delhi), cholesterol (purity 99%:; Centron Research Labor_atorles, Bombay )
sodium phenobarbital (purity 98.56%; Bayer, India),.sodmm p'entobarbllria.l
(purity 99%; Abbott, India), glycine, y-aminobutyric acid (both of purity 99 %;
BDH, U.K.), serotonin creatinine sulphate (purity 99%; Merck, Darmstadt:
F.R.G.), aspartic acid (purity 98.5%; Loba, Bombay), noradrenaline (purltl;:
99%, Fluka, F.R.G.) and distilled water redistilled in an all-pyrex glass st1

were used in the present experiments.

Methods

The critical micelle concentrations (c.m.c.) of aqueous sodium phenobarc;
bital (7.5-107°M) and sodium pentobarbital (5.0-10-°M) were determlfnee
from the variation of surface tension with concentration at 37 C. The suriac

tensions were measured using a Fisher tensiomat, Model 21. AU
The all-glass cell described earlier [13,14] was used for obtaining th

NN : je L: ) com
draulic permeability and solute permeability data. It is essentially d-t“elJ] o
partment cell. The two compartments are separated by a Sartorius cell.
: :



acetate microfiltration membrane (Catalogue No 11107, pore size 0.2 am) of
thickness 1-10 "' m and area 2.55-10 " m~. which acts as a supporung mem-
brane for the liquid membranes. To obtain the hvdraulic permeahility data,
ane compartment of the transport cell was filled with aqueous solution of 2
mixtures of lecithin, cholesterol and a barhbiturate of desired composition  Fig.,
2 of Ref, 140 and the other compartment was filled with distilled water.
Details of the method used for the hvdraulie permeability measurements wer
the same as used in earlier studies tegr Ref. [14]). The solute permeabilitios
crof the relevant permeants in the presence of the v membranes generated
by the lecithin cholesterol harbiturate mixtures were determined using the
equation [15]

where -/_ and <J, are the solute flux and the \'fulume flux per unit area of the
membrane, respectively, and .1//is the osmotic pressure dlff-el‘(?]u-e_ Bopssiina
permeability ) measurements, the composn.l_on of lh'e lgmthm—cholestemf_
harhituratevmixture chosen was the one at Wth}:l the liquid membraae gener-
ated by lecithin completely covered the_supporlmg n?emhr'fme .andr\.}ra.s satu-
rated with both cholesterol and the harblt-urate under Investigation. ['his com-
position was derived from our earlier studies [16,17] andlirom the present dala.
on hydraulic permeability in the presence of the varying “C.()ncentrano_11§ o
l}al‘l'){turates in the mixture of lecithin and cholesterol of t'lxed COMPOSILIOn,
i.e. 15.542 ppm with respect to lecithin and 1.175-10 "M with respt_ect to cho-
Jesterol. T'his particular composition o_f the IECithin—clmIestergl mixture was
chosen because it was shown in an ear-her' study [17] that at; this composition
the liquid membrane generated by lecithin at the interface is completely gat-
urated with cholesterol. For the measurement of solute permeability ). one
compartment of the transport cell was filled with the aqueous solution of {he
lecithin-cholesterol-barbiturate mixture (Fig. 2 of Ref. [14]), along with -
meant, and the other compartment was filled with distilled water. The conidi-
tion J,. = 0 was imposed on the system and the amount of permea
ported to the compartment filled with distilled water in 2 known —
was estimated. Details of the method of measurement of solute per
' were the same as described 1n earlier publications (e.g. Ref [141)

All measurements were performed at cong
mostat setting of 37 + 0.1°C.

nt trans-
el oot

meabilitv

tant temperature, using a ther-

Estimations

The amounts of the various permeants transported to the compartment {;

Hed
with distilled water were estimated as follows:



. ere estiimated
' its of glyveine aspartic ““‘ld,m]d : ”-\HA “,.( lj:l:(:;‘::: 70
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rom the amount of lh('llf i ; Lomb Spectronice 20 spect I.{.,p}wlm“‘ If I1 aline
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NCOPOL RN (N ”“;m:l):.zf:::,(n-lI“]I(':l‘l"““rh“m‘v at 281 nmoan (L1 N HOT using
P v 1S

'\:{';l';(”‘(i‘u:\”(“:::'( f ") [;]_ pectrophotometer | 1],

RESULTS AN DISCUSKION

lous concentrations in the case of
bility data at various (Ull((lllldlll ]? . S o]
+ hydraulic permea ) . ocli entobarbital } were
i MR : diumphmmharhltal;md.\n(hLm;I_ .
both barbiturates (so vional relationship
to be in accordance with the proportion
¢ 1 H

g, = L, i

;o ‘ol flux per unit area of the l_nemhra-nw‘.l.ll" .ir:.thel 311.31‘)1‘1_9(1'
where ./ is the vo Um‘? ss the membrane and 1) is the hydraulic cone uetivity
bressure difterence m‘{ob;;] at various concentrations of the drugs. estimated
cuetliclunt, L he \.aluib (1) 1:,"11'9 recorded in Table 1. The values of I, dec‘reallse
Sl Yersus.u’(?ﬁt?‘&itinll of the drugs up to their c.m.c., bevond which
“{hh :Iwr?i:l:;ff):;g; l.ess constant. This trend in the values of L,
thev beco
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[ ivity coefficient (L.} at various concentrations of by
Values of the hydraulic conductivity coefficient (L)} at vy
alues 5

irbiturate
o Sodium phenobarbital Concentration- 10" (Af)
—
0.0 1.875 3.75 gl TS 15.0 30.0
L, 10" (m's 'N ) 14.360 12.46§ 10,700 9.110 7.391 7.396 7439
" £ 0044 = 0147 4 (917 40009 10.002 4 0037 + 0,206
. b N 12618 10876  gy3q
L«I,'I“ Vit 1 )
£ 0034 + (g9 +0.013
Sodium pentobarbia) conecentration- 10° (A1)
_ "
A e Sk Vi Y I 10.0 1
102 Bt ﬁaal"__'_‘-——- = _ ) )
Li10" (mrg v b +13-3§0 12,791 10929 g 457 CThy e % g
= DO 0 v ey (.17 H
S e RS 23 DA A IO 5 . .
{) s TN . S L 0.07; )
0 tm'g 1 2 [ 11.064 9413 Yot
+ (]“-19 S B R N
!111(- values ¢ e reported ge arithmetpie Means of 1) Fepeaty < .
“Xperiment valyes.

{omputed valyes USIng maoy

aie mode|
"ritical micelle

concentration,
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progressively covered with surfactant layver liquid membrane and at the ¢.m.e.
it 1s completely covered. Analysis of the values of L, in the light of the mosaic
model [ 20 22] lends further support to the formation of the drug liquid mem-
brane in series with the supporting membrane. It has been shown in earlier
publications 16,17 ] that for a concentration of surfactant n times its c.m.c..
1 I. the value of L should be equal to [(1—n) L~ [ | wiere e
seripts o and s. respectively, represent the values for the bare supporting mem-
brane and the supporting membrane completely covered with surfactant laver
liquid membrane. L; and L, represent the values of L, when the surfactant
concentrations are equal to zero and the c.m.c., respectively, The value of s,
thus computed at several concentrations of the drugs below their c.m.c. match
with the experimentally determined values (Table 1), lending additional sup-
port to the formation of the liquid membranes. | -

Evidence in favour of the incorporation of barbiturates in the liquid mem-
hrane generated by the lecithin-cholesterol mixture can be obtained from the
hvdraulic permeability data at varying concentrations of these drugs in the
lecithin—-cholesterol mixtures of fixed composition. The hydraulic permeabil-
ity data in this case were found to he represented by Eqn (2). It was observed
Lliat as the concentration of drug is increased, the values of L, first decrease
and then hecome more or less constant (Table 2}. The concentrations of drug
beyond which the values of L, become more or less constant can be taken to
be the concentration at which the lecithin liquid membrane at the interface
(which is already saturated with cholesterol) is also saturated with the drye
(Table 2).

Thus, the concentrations of sodium phenobarbital and sodium pentobarbital
required to saturate the lecithin—cholesterol liquid membrane are 6.0- 10-3M
and 2.0-10~°M respectively. The concentrations of sodium phenobarbital and
sodium pentobarbital compare favourably with their reported [23.241 nlasma
concentrations, at least in order of magnitude. The plasma concentration of
sodium phenobarbital 1s 1n the range 0.2-05 mM [23} and that of sodium
pentobarbital ranges from 4.2 to 11 ;M [24)]

In view of these studies, the concentrations of barbiturates in the lecithin-
cholesterol mixture of fixed composition used in the solute permeability ex-
periments were either equal to or a little higher than the concentrations re-

quired to saturate the lecithin-cholesterol liquid membrane.



FABLE.

-
| " ! srrcluctivity coethicient (L} at various concentrations of sodium pheno-
it an e pentobarbital in the presence of lecithin cholesteral mixtare of fixed
r]]wp
Sodinm phenabarbital concentral ion- 10 (A}
1 1) 30 1 h t () : g4
' oaud 0036 8105 6813 AISE S04 2201

(i
(0.022 0.207 0142 Ol < (108D L08R

Sodium pentuhnrhiml concentration® 10" (M)

(.0 1.0 () 3.0 g}
L-wrims "N ") 26 1436 B390  B.24T 8417
voa0Ts  t 0.007 +0.087 F0.146 *0.068

d us arithme

[ he vilues of © are reporte tic means of 10 repeats * 5.1
TABLE Y

) of various permeants in the presence of liquid membranes generated by
(e, } i sodium pemnbarbita]‘ {(¢v,) in lecithin-cholesterol mixture of
¢ with the control values (@a) when no harbiturates were used

Solute permeability (e
sodiuin phenobarbual
fixed composition alon

Permeants Initial w10 gy B H ;10"
concentration (mols 'N 1) (mols ' N—') (mols N
(10" mol 1" ")
- Aminobutyric acid ~ 1.940 0.284 0.719 0.855
'1(};,\?1;10) ¢ +0.014(6.6) +0.018(6.8) +0.006(6.8)
Glycine 1.333 1.077 1.402 1.674
+0.021(7.05)  +0.011(7.0) £0.017(6.9)
Serotonin ereatinine  0.0247 0.219 0.652 0.748
sulphate +0.008(6.9) +0.013(6.5) 10.011(6.4)
Aspartic acid 1.127 0.269 0.136 0.192
10.014(4.2) +0.015(4.0) 10.017(4.0)
Noradrenaline 0.059 0.752 0.135 0595 '

+0.020(7.1)

+0.011(6.5)

T0.003(6.2)

i.-Vz!ues of w reported as arithmet'ic means of 15 repeats + S.D. The figures within p: ”
indicate pH of the permeant solution in the lecithin-cholesterol-barbiturate mixtu e
xture,

1 :
Sodium phenobarbital concentration 6.0}

107°M.

‘Sodium pentobarbital concentration 2.0-10 "M

Solute permeability data

The solute permeability data recorded in Table 3 appear relevant to the bi
ological actions of the barbiturates. 1o



Electrophysiological studies have indicated that sedative barbiturates in-
hibit excitatory transmission and enhance inhibitery transmussion [Zo |, This
is consistent wih the enhanced permeability of GARA and the reduvefi perme-

' bserved in the present experiments { Iabled). Elec
sas also indicated [25] that GABA has a major role

{1 entor binding studies have, however, failed 1o detect
o0 CABA and barbiturates [26]. On this I)e_l.c.ls.n has

. do not affect the post-synaptic binding
have been observed electro-

T O |

.1 that barbiturates :
L\ IRA mimetic actions

b by NRAN e e wugh (1 o el :
L . 'Il!l {;r'eqem stiilie- anpear 1O offer an explanation for these
..l,<_:”.. i sl ]e e Py ’ . i y 5
. rle'-a 1 (ata on enhancement In the transport of GABA
Vet o, | e pres v

ess to a GABA receptor is likely to be facilitated by

rhoade g that ace d by the barbiturates in associ-

figquid membrane generate

1 ) I. i 1 .-\ h“ rl’l !‘l”ll! ~,{11"
: bra]]e lll)l‘!u At - - .
all(}l L‘-llh.l‘nen'] Ty . l l : , h ; : l I
I 1€ c'iﬂllCUnUlllS a “L cht:lVl ()t l) le”()bal 3 to“e \Vhl(:}l l[as een ]lc;ed 1 t =

eilopsy, asasentdlo s ability to produce an increased concen-
Lreatment (3{ 1) .y', hpaon DPhenobarbitone is reported to be most effective
tration of (IABA mn th content has been depleted [27]. The enhancement n
whieh Uy hra.nn GAZ[:II& A 1n 1he presence of the Iecithin—cholesterol—sodl_um
Lflxe pe{mgia_lt);llntl)i’qoulid 'me'mbfa“e (Table 3) is consistent with these clinical
phenobarih
ARMEFEETS. |- presently studied are reported to have the following gra-
The two barbititls II | ‘ 251 sodium pentobarbital > sodium phenobarbital.
dation in onset ot activn - ilwt\' of the barbitals is consistent with the pres-

Tt 4 n ons=tt -.»ll 't ; : >

ks graddt:;o;nlon the concentratiin of the barbitals required to saturate the
(fnt Oll)ser;k?oiesl erol linpud membrane  Table 2y sodiim phenobarbi-
ecithin- :

P us sodium pentobarbital, which crosses the
f;al > T¢,o(‘11url’1 Ipe?'?r' 'iall:rlf."ltlt'pzh[zg], is required at the lower concentration to
e .n)(l I,r:;; l)é‘cri’tl}tlin—chlc;lésteml liquid membrane. Since modification in the
?1?:1;~l;rr12;?r)ility of the biological membrane would be maximum when the lipid
imiiaver & ot with barbitlgrate' leading to maximum biological effect, the
oradation in the onset of biological action appears to F)e AsansCqpense:olhoth
factors ie. how fast it crosses the blood-brain barrier and how small is the
cotitentiation.of drag required to saturate the lipid bilayer. The gradation in
the onset of barbiturate action is also consistent with the conclusion that the
c.m.c. is a good indicator of the potency of surface-active drugs — the lower
the c.m.c. the more potent is the drug [1]. The c.m.c. of sodium phenobarbital
is higher than that of sodium pentobarbital.

. .B_arbit:tilratt'es are knpwn to- disturb the balance of the phases of sleep — the
initial effect is that of reducing the proportion of REM (rapid eyeball move-
ment) sleep in comparison to NREM (non-rapid eyeball movement) sleep
[29]. This ohservation can also be explained in terms of the enhanced perme-

ability of serotonin and reduced permeability of noradrenaline in the presence

the presence of the



“the liquid membrane generated by the lecithin cholesterol-barbiturate mjx-
ture (Table 22 1. 1t is documented that raphe nuclei, which are rich in serotonin,
are responsible both for NREM sleep and for the transition to and onset of
REM sleep. W hen a svstem of neurons in the pons known as the locus caeru-
levus (rich in noradrenaline) is dest roved, animals previously deprived of REM
slean fail 1o take the usual rebound excess of REM sleep when undisturbed
[30].The present data (Table 3) indicate that the liguid lnelnl)r;}nes likelv to
be formed in the svnaptic cleft By the barbiturates in association ‘\\'nh_the.menp
brane lipids may enhance the access of serotonin to its site of action in the
raphe nuclei and reduce the access of noradrenaline to its site of action in the
locus caeruleus. which may also contribute to the causation of imbalance in

the phases of sleep by barbiturates. - - |
Barbiturates are known to depress the respiratory drive and to disturb the

rhythmic character of respiration [31]. It is also docugnented th.at iontophor-
etically applied GABA and glycine in the bulbar relsplratory units }}ave been
found vlo inhibit medullary respiratory neurons [3.2,-33], and gl'utal'mc and as-
partic acids to excite the ongoing phasic neural activity ofboth'ms'p!ratory and
expiratory neurons [33]. Thus the rhythm_ic chara.cte-r qf resplra.tlon hgs bgen
postulated to be a consequence of the actions of inhibitory amino acids like
GABA and excitatory ones like aspartic acid [34]. The prese{lt data (Tablg 3)
indicate that enhancement in permeability of GABA apd glycme_and Feductlon
in the permeability of excitatory neurotransnm';ters hkt_e a§part1_c acid, due to
the liquid membranes formed by barbiturates in association with the mem-
brane lipids in the synaptic cleft of the respective neurons, may al.so be a factor
responsible for disturbance in the rhythmic character of respiration.

Thus the present studies on modification in the;.pe}”meabxhty of rglevant
permeants in the presence of the liquid membranes indicate etfects Whu{h are
worthy of further investigation with natural membranes. The pH, which is
likely to influence the ionization of the barbiturates and t;he permeants, is
different from its physiological value in the present experiments for solute
permeability o measurements. This fact, however, may not alter the qualita-
tive conclusions because the pH of the experimental sglutlons are close to the
pH of the solutions in the corresponding control experiments, at least in order
of magnitude.
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Liquid membrane phenomenon in the biological actions of benzodiazepines

DB Raju, AN Nagappa & R C Srivastava®
Birla Institute of Technology & Science., Pilani 333031

Recvived 12 September 1988

liqurd memb: ane phenomenon in benzodiazepines has been studied. Transport of glycine, GA-
BA, noradrenahne, dopamine and serotomn in the presence of the liquid membranes generated by th
benzodiazepines 1 association with lecithin and cholesterol has been studied. The data indicate th i
modification in permeabilities in the presence of the liquid membranes is likely to make a sienificant con-
trbution to several biological actions of the benzodiazepines.

[nvestigations on a wide varicty of surface active
drugs belonging to different pharmacological cate-
gories have revealed that liquid membranes likely o
be gencrated by the drugs either by themselves or in
association with the membrane lipids at their res-
pective sites of action may modify access of relevant
permeants to these sites. This modification in the ac-
cess of relevant permeants to the respective sites of
action due to the presence of the liquid membrane
barrier, though passive in nature, is likely to make a
,Sigyliﬁcam contribution to bio]ogica.l acti'ons of'thc
drugs. A consolidated account of this point of vr.)c‘\r‘-
and its implications substantiated in a good num }:.
of cases—some of the recent cX?}mplf-‘F bc'mg [e(r:
studies on proslaglandin§', vitamin ;5 . zél;gza;ic_
drugs* and antiarrhythmic drugs®—has

T,
sented carlier™. o .
{n an carlier study®, the role of liquid membran

phenomenon in the antianxiety action of'dIaZOGP:":‘
has been investigated. Since benzodiazepines mxert
dition to anxiolytic action are also l'(nou;r_lqwnﬁolv_
myorelaxant and anticonvulsaf}t actions . ilnclud-
ing multiplicity of ncurotransmitier systems = i
ing catecholamines, serotonin, Y-El_mmc’b"ty i< dos-
(GABA) and glycine, a more detailed study 15 des
cribed in this communication, The present study has
been conducted on two benzodiazepines, namely
nitrazepam and chlordiazepoxide. Data on hydrau-
lic permeability have been obtained to demonstrate
the formation of liquid membrancs by these drugs in
series with a supporting membrane and also the in-
corporation of these drugs inlp the ligquid mem-
branes generated by the Icmthm-cholcstcm_l mix-
tures. Transport of the relevant permeants, viz. gly-
cine. GABA, noradrenaline, dopamine and sero-
tonin, through the liquid membrane generated by

*T'or correspondency

104

the icmthin-cholcsterol—hcnzodiazepinc mixtures
has been studied and the data obtained have been
utthzed to throw light on the role of liquid nwem-
brane phenomenon in the biological actions of these
drugs. In the present studics, a non-living supporting
membrane has been deliberately chosen so that the
possibility of active interaction with the constituens
of biomembranes is totally ruled out and the role of
passve transport through the liquid membranes in
the biological actions of the drugs is highlighted,

Materials and Methods
T ecrthun (Parei € hoest _lhs‘-unne, C8IR Cenre
Biochemicaly, Delhi), Cholesterol (Cennon kee-

search Laboratories, Bombay), 1-noradrenaline
{(Fluka—AG), serotonin creatinine sulphate (Koch—
Light Laboratorics), dopamine chlerhydrate (Rie-
del), glycine (Loba-Chemie), y-amino butyric acid
(GABA) (BDH England) and wator twice distilled
in an all pyrex glass still were used in the present ex-
periments.

The critical micelle concentrations (CMCs) of
aqueous solutions of nitrazepam and chlordiaze-
poxide as determined from the variation of surface
tensions with concentrations were found to be
8X 1076 Mand 2.0016 X 105 M respectively. The
surface tensions were measured using a Fisher Ten-
Siomat Model 21. The aqucous solutions of benzo-
diazepines, which are sparingly soluble in water
were prepared by adding the requisite volume of
cthanohc stock solution of known concentration of
the drug to the aqueous phasc with constant stirrin 2.
In the aqueous solutions of the drugs, thus prepared,
the final concentration of ethanol was never allowed
to ¢xceed 0.1% by votume because it was shown by
a control experiments that a 0.1% solution of etha-
nol in water did not affect the surface tension of wa-
ter to any measurable extent.
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a8 transport cell used i the carlier

Sty :
(it ] Y e
Wi oy o SPAM Was also used i the present
B
SR i U"—”PIIUH the transport cell see refs
< mlass cell, a sartorius cellilose mitr-

3le mys
ige r;:)i:‘m Tation mt‘mhr;m_c: Cat. non llﬁ()y?. daver
Mea 2.5 % 10 _ ‘I-f . thickness 110 ¥ moand
Membrane oo . W J{Lh also acted ds it supporting
o twq com -mlL I‘. v membriane dj.\'lLlL‘(l thc‘ccli
Bk ,“5; ments € and D see Fig. 2 of ref. 3
Of Varione con 'C PC’I'H_ICE!h!hty data tn l_hc presence
compimmcm rgtﬂflrduons of the drugs in the lower
to ety of the trar?sp()rl (‘F'll were obtained
by gy e f.orma_tlon of liquid membranes
b"ﬂne Th?gfs 'fi-serics with the supporting meni-
o (“ mf()rmalr.(m abqur .!hc mcorporation of
“rlazepines in the liguid membranes gener-
ingg i, the lccnhm-chnlcst_crol_mlxturc was ob-
the pre. com the data on hydraulic permeability in
M the a. nee . varying concentrations of the drugs
mmum glflCOus Solulmn.(_)f the Iccuhm—cholc_slcml
SPegy & fixed composition—15.542 ppm with re-
Chg, 51, Ccithn and 1.175 X 107° A with respect to
the try Toi—taken in the lower compartment, C, of
lecyps ASport cell, This particular composition of the
lie;Stln'C ?Olcslerol mixture is derived from our ear-
thi C‘J(’I-‘ "wherein it has been demonstrated that at
Iem:.',"mpOSiliOn the liquid membranc generated by
' LCompletely covers the interface and is satu-
Ing the h[ cholesterol. T he mczhod uscd for obtain-
I Ydraulic permeability data was the same as

I .
L K the carljer study®. _
Values of solute permeability (o) were esti-

'Tla[ .
. USing the equation’

-

Az =w

H =0
I.’. 5
nu‘;:e /. and J, are the solute flux and thc_ volum_c
-"‘:'\J'u'cu unit area of the membrane and A is the oIs
e, PTessure difference across the I_nernbranf:. 3
CO;I Nments for determining , a solution of d_csnre
d, Mration of the permeant prepared in the
beﬂzous solution of the Iecithin-chc_)lf:slcrol-
fy,.-2diazepine mixture of known composition was
D J,J ' compartment C and water in compartment
"~ thc transport cell. The details of the method
v same as described earlicr' ~*. The compo-
iy, of the lecithin-cholesterol-benzodiazcpine
Mg, 'Ure used in the experiments for w mcasurc-
Yy, Was derived from the hydraulic permgab#nr);
be,,. ' it presence of varying concentrations o
c0,-,/0d'_a-"fe,m'ncs in the aquecous solution gf the tiFIed
Qor;posftion of the lecithin-cholesterol muxture. : 1?
Position of the lecithin-cholesterol-benzodiaze

pme mxtures used i he solute permeabilin
measurements were those g which the tiqui |,
brane generaied by lecithin completeh ¢ . | I'
mterface and 1s saturaced with both cholester 1!‘-[ .
the hulmulr;m‘;mlr under study S
All measuements were Mmade ar sanstant emneypy-
[urc_t using & thermosia seq g ‘
Estrnations—1he amounts of dopamine  «
tomn and noradrenatine transpored o comp or
ment [ were eshmated SpcclnJ[)hnltm]ctrirn'f!\' I}”'-
measuring absorbance at 282 4 - hsing 4 \ ar ~‘:
Car}' ]7~Dspcctmpho[nmclc:. T
GABA and glycine were estimated  from the
amount ol their reaction producet with ninhvdrin
measured spectrophotometrically ar §7() L k-
ing a Varian Cary 17-D spectrophotometer,

-
al o

Results and Discussion
The hydraulic permeability data in al] ¢
found to be in accordance with the equation

ases we

g =LA

where J, is the volume flow per unit arca of the
membrane, AP is the applied pressure difference
and L, 1s the hydraulic conductivity coefficient. The
values of L. as estimated from the J versus AP
plots, in the case of both drugs {Table 1) show trends
which are indicative of the formation of the drug |-
quid membrane in scries with the supporting mem-
brane. According to Kesting’s hypothesis™ whep 4
surfactant is added to an aqueous phase the surfacy-
ant layer which forms spontancously at the interface
acts as a liquid membrane and modifies transpory
across the interface. As the concentration of the sur-
factant is increascd, the interface gets progressively
covered with the surfactant layer liquid membrane
and at the CMC it is completely covered. The valuyeg
of L, decrease progressively with the ipcrcase in the
concentrations of the drugs up to their CMCs, be-
yond which they become more or less constant
(Table 1). Analysis of the data on L, values in the
light of mosaic model'*~ " further confirms the for-
mation of the drug liquid membrane in series with

the supporting membrane. Utihzing the concept of
ive coverage of the supporting membrane

ropress .
prog it was shown carlier® that

by the liquid membrane, il
w)}gcn the concentration of the surfactant is n times

i f {., can be computed us-
its CMC, n <1, the values of 7., ed
ing the expression {(1—n)L5+n L,] where L and
L arc the values of L, when the concentration of
thre surfactant is equal to zero and the CMC respect-
ively The values of L, thus computed at different
V low the CMC of the drug compare

concentrations be
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Chiordiazeposide
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Lhe vatues are reported as arithmetic mean of 10 repeats £S.D. ‘
antat 15.542 ppmand L1735 X 10 ® Mrespectively.

Vecithin and cholesterol concentrations kept const

lravourab[y with the corresponding experimentally
determined values (Table 1).

The hydraulic permeability data at varying con-
CCntrations of the benzodiazepines in aqueous solu-
ons of the lecithin-cholesterol mixture of the fixed
“Omposition also obeyed Eq. 2. The values of L,
lable 2) decrease with the increase in concentra-
0n of the drug up to a particular conccntragzn
“hercafter they become more or less constant, ¢
l"3'3"f2('i.~;1'r1g trend in the values of L, inc!lcates the in-
“boration of the benzodiazepines in the f.l(]l'lld
me'“brane gencrated at the interface by. the lecithin-
}’Olesterol mixture and the concentration whereaf-
fer y,,. values of £, become constant are the_cop-
centrations at which the lecithin-choleslterol liquid
o~ Mbrane at the interfacc is saturated with the hcn;
")diazepine_ It is these particular compositions o
'thtl Temrhin-cholcs!cml—bcnzocliazeplnc mlxmre?

"' Werc used in the experiments for solute perm

t

Cabi; S e
t,]."' Y {w) determinations.

. S ONsS—
So1 C'4e permeability data and biological act o1 e
Olite Permeabiliry data for the various permednt

g

rccorded in Table 3 appear relevant to the reported
biological actions of the benzodiazepines,
Biochemical and ncurophysiological evidences
recorded in literature’®~?* have suggested that anti-
anxiety action of benzodiazepines may be exertfzd
by facilitating synaptic action of GABA in the brain.
Enhanced permeability of GA_BA through the le-
cithin-cholesterol-benzodiazepines composite li-
quid membrane, as observed in the present _Stl:ldy
(Table 3), could also facilira_tc GABA potentiation
leading to the antianxicty action of banOdIaZCPme.s,
Glycine present in relatively hlg}:l concentration in
the grey matter of the spinal Ford is knowr_l to cause
muscle relaxation by depressing the excessive mo}or
activity>>*®, The enhanced permeability 01"' glycine
h the Iecithin-choIcsterol~hcnzodl<lz_cP|ne
— ite liqui ane (Table 3) may facilitate
composite liquid memhrclne( i i e,
its access to the glycmc'rcc;:ptor[  seeenil pew
tem and thus may also con _ ;
e : action of benzodiazepines.
ported muscle relaxant ¢
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lah) Serlute permeatiig O VUHOUS permieinis i pres
Bermeant Ininal concen ] 10 )
frassn M N mol ~ N males N
imale it
Cilv cine | 333 VSR | 11
PeAMINODRIN T Qe | 1) 0874 s RN A IT I” =0gx>
{GABA,
Nortadren:ling 11159 D3ISL 0039 0y on” 0310 S0y
PDopamine 0.0527 047320062 03424100039 0078 0051
Scratonn 00247 1763 20016 T HIVED02T 183740107

“Values ot @ are reported as arithmettc mean of |§ repeats 5 0

"Lecithin concentration (15,542 ppm)and cholesterni concentration (1,175 . 10 © v

Control values when no drug was used.,
 —Nitrazepam concentration (7.5 x H)-" Af ).
. ~Chlordiazepoxide concentration | 1.668 x {¢ © \/

biochemical evidences have linked the actions of
benzodiazepines to their ability to potentiate the of-
fects of exogencous GABA or 10 enhance GABA-
mediated presynaptic and post-synaptic inhibitory
pathways?”*%, The enhunced permeability of GA-
BA, as observed in the present study (Table 3), may
contribute to the reported anti-epileptic effects of
begcdieepom s

The benzodiazepines are belicved to suppress the
ability of the limbic system 1o activate the reticular
formation and thus induce sleep in cases of insom-
N due to anxicty™. This effect appears to be due 10
v GABA potentfation to which the enhanced
Permeability of GABA (Table 3) may be a contri-

Uling factor.

Nilracham, like barbiturates. is known to disturb
the balance of the phases of sleep”. T'he initial effect
'S that of reducing the proportion of REM (rapid
¥eball movement) sleep in comparison to NREM
"on rapig eyeball movement) sleep?”. Raphe nuc_lcl
Yhich are rich in scrotonin arc responsible both for
- REM sleep and for the transition to and onset of
g sleep™. When the locus caerulcus which is
"ch jp noradrenaline is destroyed, anima;s prcvli
g} i REM sleep fail to take the usua
’eboisgiizgfs ?)ff REM sIecI;J when undisturh_cd-f'ﬁ
T present c}ala (Table 3) indicate that the {1qu1d
membrane may be formed by the nit_racham in as-
SOciation with the membrane lipids in the synaplic
“eft ang may enhance the access of serotonin 1o Its

¢ of action in the raphe nuclei and reduce the ac-
oss of noradrenaline ta its site of action it the locus
“eryleyg causing disbalance in the phases ot sleep.

'tis documented that patients treated with benzo-
""%2epines also show failure to ovulate™ like those
C2ed wth drugs like reserpine and chlorproma-
e which impede the transport of dopamin¢ .

© present data indicate that impediment in the

transport of dopamine (Table 3}, due 10 the liquid
membranes of the benzadiazepines in association
“1th membrane lipids, which acts at the level of me-
dian <nunence® (o stimulate 1, relcase of LH/
F'SH RH* could also be a factor responsible for this
side effect of the benzodiazepines.

Onc side effect of benzodiazepines is reported 1o
e weight gain duc to renewed appetite® -3 Al
though the pharmacology of cating behaviour is
complex and s governed by several factors®
broadly speaking GABA and noradrenaline acting
at the level of hypothalamus are known 10 act as
teeding cnhancers and feeding inhibitors respect-
ively™. The data recorded in Table 3 on the en-
hanced permeability of GABA and the reduced
permeability of noradrenaline appear consistent
with these observations particularly in the case of ni-
trazepam. The observation that permeability of nor-
adrenaline is enhanced in the case of chloridazepox-
ide (Table 3) appears consistant with the report that
itis less toxic than nitrazepam?**.

According to the liquid membrane hypothesis of
drug action® the CMC of the drug is a good indica-
tor of 1ts potency—lower the CMC more potent is
the drug. Since the CMC value of nitrazepam is low-
er than that of chlordiazepoxide it should be more
potent than chlordiazepoxide which indeed is the
case?®.

Thus it appears that the phenomenon of liquid
membrane formation may also contribute to the bi-

ological actions of benzodiazepines.
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