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EREFACE

Liquid membrane hypothesis for the action of
surface active biologicel agents has been proposed
recently (Adv, Colloid Interfece Sele, 20, (1984)
1351-161)s The central concept in the hypothesls is
that surface active biological agents may generate a
liquid membrane at the site of action, which actcas a
barrier modifying transport of relevant molecules to
these sites - this of course is in addition to the
concepts like structural complimentarity of the
antagonists enabling them %o interact with the s-me
receptor sites with wmch tha agonist molecules interact.
The licuid membrone amerated by the blologleal agent/
drug itself comrimmg to its biological notion is a
new facet of the medlanim of biological actions which
had m-mm gone umatleed; The 1liquid nenbrane
hypothesis for M@logi.cal atx‘hion, vhen viewed in the
1ight of exloting thwr!-an, J-eaﬂsw a more vatlonal
bilophysical m&maﬁm of such agents which nct by
modifying the Waabinty of cell membranes Although
several studies substaintijating the liquid membrane
hypothesis have been conducted in Hast fev years, there
is a need to investigate many more biological agents for
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the role of liquid membrane phenomenon in their action,
This need is quite pressing beceuse the liquid membrane
hypothesis of biological actions is of very recent

origin,

in the present thesis, therefore,studies on
the following categories of b&blogiaal egents are
reported: (1) gonadal steroid harmones, (ii) prostaglendins,
(111) pnticancer drugs (S-fluorouracil and its derivatives
and (iv) vitamineE { o -tocopherol). The thesis is
divided into seven Chapterss Chapter I is concerned
' with liquid membrane hypothesis of biological action
and its implications, Chapler II gives a generalised
version of the experiments carried out, ChoplersIII
to VI give an secount of authors own contritutions,
experimental investigations carried out by the author
on the four categories of biological egents llsted above,
Chapter VII is the summary of the contents of the thesis,

ANANTHA HATK NAGAPPA



THE LICUID MEMBRANE HYPOTHESIS = BIOLOGICAL
IMPLICATIONS |



CHAPTER 1

THE LIOGUID MEMBRANE HYPOTHESIS = BIOLOGICAL
IMPLICATIONS

Surface active molecules vhen added to agueous
phase in contact with hydrophobic phase « say air =
are known to accumulate at the air/water interface
in such an orientation that the hydrophobic tails
of surfactant molecules are preferentially directed
towards air = the hydrophobic phase end the hydrophf 1ie
moities are in the agqueous phase. when concentration
of the surfactant exceeds its critical micelle concentra-
tion (CMC) the surfactant molecules form aggregates
which are known as micelles and stay in the bulk of
the solution. It has also been known' that addition
of soluble surfactants modifies material transvort
across interface  between phases,

Martints ds.sawaryz that the addition of a
small amounts = of the order of a few ppm 2f surfactants
like polyvinyl methyl ether (PVM) to salime feed in
reverse osnosis dramatically enhances the sglt retenw
tion copacliiy of cellulose acetate membranes with hut
a small decrease in the flux of product water, was
explained by Knatin83 vh5 on the basis of a liguid
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membrane hypothesis. Jjiccoading to this hynothesis,

the surfactant layer which forms spontaneocusly at

the cellulose acetate membrane/ seline solution inter-
face acts as a liquid membrane in series with the
supporting membrane and is responsible for the ene
hanced salt rejection, It was shown that as concentra=-
tion of the surfactant is increased the interface
becomes progressively covered by the surfactant layer
liquid membrane and at the CHMC it is completely covered.
Srivastava and associate  using osmosis and clectro=-

osmosis as probes heve further substantioted the liguid

menmbrane hypothesi 3.6'8

Since molecules of surface active nature are
crucial to living matter and its organisatioug, the
hypotbeslaz"s that the surfactant layer generated at
the interface acts as a liquid membrane can have signie

ficant biclogical implications.

BIOLOGICAL IMPLICATIONS

Bvery organism unicellular or multicellular
conmunicates with its enviromment. The instruments of
conmunication aré embedded in the membranecs enveloping

the material contenis of the cells. This is why biologieal
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nembranes have come under intense investigntions in recent
years. lHowever, owing to the complexity of the bio=-
logicsal membranes, it has long been fashionable %o
experiment with artifiecially constituted mombrane systems.
This is done in the hope, 'and rightly so, that investigae
tion on these much simpler model systems will provide
insights for understanding similar and compurable pheno=
mena in biological membranes. Blologleal mesbranes are
visualised'® as a matrix of 11pid bilayers in a flutd,
1iquid crystalline state, with proteins incorporated

in it. Since lipid bilayer is the badkbone or the core

of biological membranes,several attempts have been

directed te construct model systems for this core, the
bilayer lipid membrane oF the black lipiéd senbrane (BLM)
as it is slso sometimes called, developed by Mueller,
Rudin, Tien and vescott?1"1® 1g the model systenm which

has been most widely experimented with, Tion's excellent
m;agmgsh16 containg a comprehensive sceount of theovetieal
and praectical aspects of ZLM, It bas been successfilly
demonstroted 2?1 thot blologleaily relevent transsort
procesges can be mimicked on EiMs after incorvorating
relevant protiens or other molecules in them. Alfhough
BiM, todate, continues to be one of the sost widely
investigated model systen, ceriain facts adovt ¥
deserve n mention. The values of electrical resistance
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for ELM in general, are very high'h17-19 _ o higher

than those reported for biomemhransa?CL Also the rate

of passive lonic diffusion through FLMs is much slower2ls22
than through biomembranes.?> 2%, Thig has been aseribead
to a tight molecular arrangement of lipid molecules in

the ELMs white in biomembranes the lipid bilayer is

in a fluid state'®, In addition HMs are frogile struce
tures and hence difficult to work with. Realising
this,Tien and associates have recently devalnpe626'27

an alternative method using a microporous supvorting
membrane which fmproves the stability and surfece area

of the Cliise The new method as claimed by the mﬂmmzstz'?
yvields in Sity formation of a large number of micro

ELMs in the pores of the supporting membrane which have

a much longer life and better manipulability. Although
Tien end associates®®s?7 nave succeded in mimicking

a few biologically relewint processes on the new model
system,its complete characterization as has been done

in the case of traditional SLMs 1s stlll awaited.

The constituent 1lipids of biomembrancs are
surface active in nature and hence capalle of generating
liquid membranes at the interface according to the
1iquid membrane bhypothesis® 2, It should be possible,
therefore, Ly sultable experimental nenipulations, to
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for BLM in general, are very high'h17-19 _ o higher

than those reported for biomembraneszo. Also the rate

of passive lonic diffusion through FLMs is much slower2!s22
than through bd.onembrmes.”"z". This has been aseribed>?
to a tight molecular arrangement of lipid molecules in

the ELMs white in biomembranes the lipid bilayer is

in a fluid state'*, In addition ELMs are fragile struce
tures and hence difficult to work with. Realising

this, Tien and associates have recently &evalopad26'27

an alternative method using a microporous supvorting
membrane which fmproves the stability and surface areca

of the [L¥Mse. The new method as claimed by the authora20s27
vields in Situ formation of a large number of micro

ELMs in the pores of the supporting membrane vwhich have

a mzch longer life and better manipulability. Although
Tien and aaaaciat9325#27 have succeded in mimicking

a few biologically relewunt processes on the new model
system,its complete characterization as has been done

in the case of traditicnal DLMs is still awaited.

The constituent 1ipids of biomembranes are
surface active in nature and hence capalie of generating
liquid membreanes atl the interface according to the
1iquid membrene hypothesis®™, T4 should be rossible,
therefore, by sultable experimental nenipulations, to



generate from aqueous solutions of lipids, one liquid
membrane on either side of a hydrophobic supporting
membrane. Can the liquid membrane bilayers thus generated
work as model systems for biomembranes ? Srivastava

and collengues have explored this possibility in a
number of investigations2C oC, In these studies bilayers
of liquid membrane have been generasted from constituents
of biomembranes on a hydrophobic supporting membrane

and transport accross them have been studied. Not

only have the passive transport data on the liquid
membrane bilayers thus generated been shown closer to

the corresponding data on biomembranesz? some of the
biologically relevant transport processes have also been
mimicked on the liquid membrane bilayers,the notable
membrane mimetic experiments are on the light induced
trangport processes e.g. photoosmosis and photoelectric
effect531~32'3&”36 and the transport characteristics, of
the liguid membrane bilayers in the presence of polyene
antibiotics -, The trends in the data obtained from the
experiments on the liquid membrane bilayers were shown
to be consistent with the trends reported on fllis. Thig
consistency established the credentialS of the liquid
membrane bilayers.as model system for biomenmbranes
Nevertheless there is a need to mimic many more blologi~
cally relevant transport processes e.g. anti—ger{antibedy

reactions, active transport processes ete to, further
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establish the workability of the liquid membrane
bilayers as model systems for bilomembranes.

The other important biological implication that
has been investigated by Srivastava and his group ia
the role of the phenomenon of liquid nembrane formation
in the mechanism of action of drugs which act by
altering the permeability of cell membranes. It is
discussed in the next section,

Drug Action

Formation of ¢ell membrane and location of
receptor proteins in the 1ipid bilayer part 0: the blomembrane
is a consequence of surface activity, It is, therefore,logical
to expect that the drugs acting by modifying the permeability
of cell membreanes after interacting with them are also
gurface active in nature. A wide variety of drugs are
in fact surface active in aa&m”‘“’ in nony cases
excellent correlations between surface activity and
biological effects have been ammmm. While
investigating the actions of drugs like reserpine,
prenylemine, chiorpromezines proprenolol, etes; it has
been concluded®' that irrespective of chemical structure,
the surface activity of psychotropie drugs moinly deter-
mines thelr potency to affect all kinds of mambranes,



especlially that of catecholamine s#oring particles*.
Since structural requirements for surface activity are

often similar to those for interaction of drugs with
52

receptor sites’y” the correlations between surface
activity and biclogical effects appear to indicate the
possibility of a common mode of action for surface

active drugs. In view of the liquid membrane hypothesis
it is loglical to suspect that the liquid membranes
generzated by the surface active drugs at the site of

théir action, acting as a barrier to the itransport of
relevant permeants might be ¢n important step common

4o the mechanism of??izugurface active drugs. Investiga=
tions carried out by Srivastava and assoclates, on a

wide variety of drugs have substantiated this surm@se§5'56
These investigations have lead to what can be called

as a "liquid membrane hypothesis of drug action®,

A consolidated account of thls hypothesis and its
discussion in the light of existing theories of drug
actions particularly occupancy theory 6?’68'and the

rate theorvo?* O is contéined in the article by Srivastava,
Bhise and Mathur-71 Before we present a sumnmarized sccount
of the "Ligquid Membrane Hypothesis of Drug letion" a
sunmarized sccount of the "Occupancy theoryiand the

'‘Rate theory" is in order.



Qccupangy Theory ¢

Biologic responses to drugs avre, as a mle;
graded; they can be measured on a continuous scale.
There is a systematic relationship between the dose
of a drug and magnitude of the response, Application
of law of mass action to the dose response relationship
was largely by CIarkm'n. An observed biologlcal effect
was assumed t0 be a reflection of the combination of
drug moleculcs with receptors: The magnitude of a
response was postulated to be directly proporticnal to
the occupancy of receptors by drug moleculess The
maximal response is assumed to be obtained when all

the receptor ere occuplied,

Simple mass law principles enable to express
quantitatively the dependance of blological effect upon
dosej '
if [X] represents concentration of the drug at the site,
[R] represents concentration of receptors, not
ocoupied by the drug,
[rx] represents concentration of druge-receptor
conplex, and

A pepresents magnitude of blologlcal response,
then for the equillibrium,

Kq
R+ X w?;\" RX
L L
One can write evww— o = sxes (1)

[Rx] Ky



rurther, since biological response is
assumed to be proportional to the concentration of

occupked receptors, we can write,
AﬂKs [RX_] 000(2)

In equations (1) and (2) K., Ky, Ky are corres=
ponding rate constants and KX is the dissociation constant

of drug receptor complex.

The total receptol concentration RT is given

by Equatione

R = (R] + RX] sene K3

substituting the value of [R] from equation (3) equation

(1) becomes

{ERT—K = [Rﬂ{ B a

LI (Ll')
[RX | i
which after rearrangement can be written as
X1 X\
g sus $5)

(R T] E,+ x1

In view of the fact that maximum biological response,
which the system d8.capable of, is obtained only when

all the receptors are occupied i.e. Amax = K:,) Repls
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the equation (5) can be rewritten as

LSRR - s (8)
Pvax | FT K+ X1

It has been pointed out’~ that the equation (6) has
in it the following implicit assumptions.

(1) An all-or-none stimulus is elicited by the combination

of each receptor site with an agonist molecule,

(2) There is summation of these individual stimuli;

(3) The effect is linearly proportional to the jumber
of stimuli,

(4) The maximal stimulus occurs when every receptor site

is ocecupied by an agonist molecule.

(5) The drug receptor complex is formed by readily and
repidly reversible chemical bonds.

(6) The occupation of one receptor does not affect the

tendency of other receptors to be occupied.

! T
Although explamation(} observstions relsted to
the response caused by most agonist molecules can be
provided on the basis of ocecupancy theory, the observa=

tlons related to responses caused by a variety of
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other agonist molecules need postulation of a few

additional concepts which are summarised below.

Affinity: -

If a set of LDR (Log dose response) curves for
a series of congeneric drugs of varying potencies
interacting with the same receptor are examined, it
is observed that these curves donot overlapl These
LDR curves indicate that for a particular biological
response to be elicited, the most potent agonist drug
requires the least concentration. This is expressed
by saying that the most potent drug has highest affinity
for the receptors while the congeners have lesser

affinity. From equation (5) which can be rearranged

to read,
[RX] '
w0 7= )
e i

it follows that!* the ratiot[%ﬁ- increases with concen-
tration of the drug [X] and decreases with dissociation
constant Kx of the drug-receptor complex{R¥. Thus
naffinity" of the drugs to the receptors is proportional
to the reciprocal of Kxe«



Thus more is the potency of an agonist, higher
will be its affinity for the receptor and hence lower
will be the doSe required to elicit a particular
quantum of hiologlcal response.

If LDR (Log Dose Response) curves for an agonist
alone and for a mixture of agonist and competitive
antagonist are compared, it can be infer ed that LDR
for the mixture shows a behaviour similar to that of
the agonist but with lesser affinity for the receptor,
This indicates that presence of a competitive antagonist
alters the effective affinity of the agonist for the

receptor,

Efficacy (Intrinsic Activity)s

According to the occupancy assumption the

magnitude of a response is determined by the number

of receptors occupied. Agonist drugs are supposed to
differ in their affinity for the receptors and there=
fore different doses are required to achiieve the same
degree of receptor occupancy and hence the same response.
A molecule of any agonist occupylng a given receptor
gite is assumed to make the same quantal contribution

to the over all response as a molecule of any other

agonist. It may, however,occur at a higher concentration
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of the other agonist if its affinity is low,

Ingtances are knowm in which various agonists
that apparently act on the same receptor site produce
maximal responses of different magnitudes, an observation
not accounted for by the theory. Hence the theory has
been modified by introducing the concept of intrinsic
activity'® or efficacy'C. It is defined as capacity of
a drug to initiate a response once it occuples the rece~
ptor sites,

Thus, affinity describes tendency of the drug
to form a stable complex with receptor and efficacy
describes the biologic effectiveness of the drug-receptor
complex. The two properties are considered to be unrelated,
Since biological effect would be determined both by the
extent of receptor occupancy i.es affianity and also by
efficagy, it follows that equal blological roesponses
need not imply equal degree of receptor occupancy snd
maximal responses may Vary from drug to drug,

Recording to ﬁﬂ-—@ﬂ?sx equation (6) should be

reuritten as

- Ca T
e %%-' R




=1L

where « is termed as intrinsic activity75 factor. In
Stephenson's alternative frame'workys. efficacy (&)
denotes capaclty of a drug to initiate a resoonse once
it occuples receptor sites. The value of parameter "e"

can range from zero to a large positive number.

In the sequence of events represented by the

equation
K4 ks
X+ R —=— RX = Response
X i
the rate constant k3 1s related to efficacy. It is viewed

as a measure of the probablility that an agonist occupying
a receptor will induce a shift to the configuration that

provides the stimulus,

Stimulus *s' and efficacy 'e' can be related

by following equation

SHE%“% “on (9)

Thus as far as receptor occupation is concerned, stephenson's
efficacy (e) and Arien's insgtrinsic activity factor (o )
are the same., However the factors differ vhe: the relatione

ship between receptol’ occupancy and response is considered.
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in Stephenson's fremework biologicel response
is a function of the stimulusg

1;‘.;. fTaz e fag) = ¢ ( sﬁ]—) se (10)

The relationship between response and stimulus is
arbitrarily defined such that S = {1 wvhen response is
half the maximal response produced by a highly active
agonist. Equation (9) can be rearranged to read

8 = T—"'—m ses  (31)

From equation (11) it follows that, for a highly active
agonist, where 'e' has a high value,

idcgording o the assumptions made in occupeney
theory, maximal response 1s attainable only when gll the
receptors are occuped by the agonist drugs Az a corcllary;
therefore, when an entazomist is added to the system,
at no stage maximal response should be atdainable. However,
in case of competitive antagoniasm, this prediction is not
observed to be true, l.e. even in the presence of a compe-
titive antagonist the same maximal response is attainable,



which is obtained in the absence of an antagonist, but

at a higher concentration of the agonists This discrepancy
has been resolved by propesing spare receptors®. It is
hypothesized that there are some additional receptors
which become avallable to the agonist in prescnce of an
antagonist. It is also atated that in obtaining maximal
response due to agonist alone, there is no conbdnation
between agonist and the so called "sgpare receptors®,

In short, for a highly active agonist with a
high effica'cy the maximal response will be produced by
a concentration that does not occupy all the receptors,
These receptors which remain uncccupled are tormed "apave
receptors”.

It is also been suggested’ 2 that it is better
to hypothesize 'spare cells® rother than "spare weceptorst,
An antagonist bYeing applied for a short time. would Mook
only the superficial cells and not déep ones. Dxerimental
evidence 0, in cuse of o wadrenergic receplors of rat
Vas}.!eterens does not provide svidence for spare roceptors.
pam_ﬁ-%’?e has commented that for occupaney theory,
existence of spare receptors merely seems to ba?'puzzli -
extravagance, The "spoare receptorst, thus continves 4o
be a hypothetical sssumption.



Rate Theorys %9 70»81

The central idea in this theory is different
from that in the occupancy theory. Instead of attributing
excitation to the occupation of receptors by drug mole-
cules, it is attributed to the process of cccupation each
association between a drug molecule and & receptor provide
ing one quantum of excitation. The magnitude of biolo=
gical response is proportional to the rate at which drug
molecules associate with receptor sites. This rate depends
on the concentration of free drug, the concentration of
free receptor sites and K,y the rate constant for associa-
tion of drug molecules with receptors.

This theory abandons the occupancy assumption
and adopts the principle of intrinsic activity. Efficacy,
in this theory, i1s no longer an adhoc constant hut defined
by the rate constent, K, which may differ from drug to
drug, The distinction betueen an agonist and an anta-
gonist is based on the value of K,, the dlssociation
rate constant for drug receptor complex. Drugs with
higher values of K, are agonists because if K, is large,
the rate of diasociation of drugereceptor complox will be
high making free receptor sites avallable at high rate
for new effective collisions with drug molecules, In
contrast, if xzis. small, druge-receptor complex will be
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more stable, the rate of dissociation will be low making
the availability of free receptors to the drug molecules
for new assocliation events infrequent. This will conse-
quently lead to little or no excitation. Thus, the drugs
with low K, will act as weak agonists or as antagonists,
Antugonism, therefore, implies persistent occupancy of
the receptor by the drug-antagonist. Both for agonists
and antagonists potency is determined by the equilibrium
dissociation constant K,/K, which describes affinity of
the drug for receptors

The theory explains why antagonists tend 4o be
bulkier than agonists since 1t is indicated that as compared
to small molecules, bulky molecules may have more none
specific binding and hence a lower dissociation constant,

It is also claimed that the theory explains why potent
antagonists have a slow onset of action since more potent
they are, lower 1s the dose at which they must be used

and consequently slower will they equilibrate. Both these
arguments apply with equal force to the mass law theory
based on the cccupancy assumption,
£ to preatct alopes
of LDR curves which are found to depend on association
and dissociation rate constants.

Rate theory has been us
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S8ince agonists have high dissociation rates
than antagonists, postulating a large shift an antagonist
occupancy during exposure to agonist for a short time
appears unreasonable, Yet it is on such a postulate that
a quantitative account of competitive antagonism rests,
and it is generally accepted that the theory describes
experimental results with considerable aecuraesrm._. If it
is accepted that agonists and antagoniasts combine with
receptors in a mutually exclussive way, then it is
expected that the extent of dissociation of the antagonist
from the receptor taking place during the brief testing
period with doses of agonist must be very smell. Since
a large responge may be produced with in a feow seconds
of adding a dose of agonist, even while almost all the
receptors are still occupied by antagonist indicates
that agonist occupancy responsible for higher rossonse
can only be very limited. This argument directly leads
to the spare receptor hypothesis, the only variation dn
arguments of rate theory ig that the notion of spare
receptors is replaced by that of spare capacity for move

rapid association.

id Membrane Hypothesis for Drug Action
The two theories summarized above, though aifgfer
in arguments, have & comuon preaise that the sbserved

blological effects are a consequence of intersction of
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drugs with mambrane components. The antagonistic drugs,
in general,are stated to interact with the membrane
components and occupy the sites with which the agonist
drugs would have interacted to give the desired biological
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 mambrane hypothesis for drug
action ; which has been substantiated through investiga=-
tions on a variety of drugs belonging to different
pharmacological categor1e553'66.

The membranes represent an interface. As a
corollary any drug which acts by modifying the permeability
of cell membranes after interacting with them, of necessity,
has to be surface active in nature, Since surface active
substances are capable of forming liquid membranes which
can influence mass transfer across the interface (Kesting's
Hypothesis)the formation of liquid 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 membrane hypothesis for drug action
ig that surface actlve drugs may generate a liquid membrane
at the site of action which act as a barrier modifying
the transport of relevent molecules to these sites, This
is in addition to the concepts like structural complimenta-
rity of the antagonist drugs enabling them to interact
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with the same receptor sites with which the sgonist mole-
cules interact. The liquid menbrane generated by the

drug itself, acting aS barrier modifying access of relevant
molecules to the site of action is a new facet of drug
action. If this concept is viewed in the light of the
8sccupency theory® and the "rate theory", a more raticnal
piophysical explaination for the action of surface active
druzs acting by modifying the permeability of cell

membranes. , GRAETHEeS,

It may, however, be clarified that the liquid
membrane hypothesis in no way disputes the specific/
active interaction between the agonist druge end thelir
receptors. The liguid membrane formation is an event
which precedes the active interaction. The new point
of the hypothesis lies in the assertion that the passive

)/%fbo\ transport which has traditionally been considered unw
' inportant for blologicel action slso makes sigidficant
contriutions-transport through the liquid mesbranes are
indeed passive in nature.

The 1iquid membrane hyvothesis can provide a
clue to thelr quantitative action. This is Decause CNC
of the drug indicates the concentration at vhich the



interface will be completely covered by the dmg liquid
membrane, At this concentration (C), therefore, modie
fication in the pemmeability of biological membrane would
be maximum, This implies that at the CMC, magnitude of
biological effect would alse be maximum. Hence lower the
cMC of a drug, lower is the concentration required to
alter the membrane transport and as a consequence, more
potent would be the drugs Thus CMCs of a serles of drugs
with the same pharmacological action can be a good indicator
of their potency. The investigations of haloperidolsj and
chlorpromezine®! justify this conjecture. CMC forhaloe
periodol 18 1 x 10701 while that of chlorpromazine is

5.5 x 1021, Haloperidol is known to be more potent

then chlorpromazine on milligrem basis,®? Ancther exsmple
substentiating this result is that of local mnaesthetic
drugs: the lower the CHMC the more potent the drugs. In

a series of local enaestaetics, it vas fond™ that Cuce
and minimum blocking concentrations (MEC) for nerves are
identical. This indicates that formation of liquid
membrane between cations like sodium, potassium end the
nerve membrane appesrs to be an important step in the
meghanisn of action of locel anaestheticss It is proposed
that interection of locel ansesthetics with the lipid
microeenviranment of the sodium channel results in its
fluidisation ceusing blockade of sodium tronsport,>>

Thus a physical mechanism con provide satisfoctory explenae
tion for locel anaeathesin. Formation of liquid menbrenes
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by these drugs within sodium channels and polar head
interaction of the drugs with the liquid microenvironment
of the channels can, therefore, explain why nerve block-

ing concentrations and CMCs are identical,

The liguid membranes h.- generated by surface
active drugs are expected to have twc types of orientations
with respect to the approaching permeants. The drug liquid
membrene can present either hydrophilic or hydrophobic
ends to the permeants. It is observed that a change in
orientation of the drugs can alter transport of permeants.,
Whichever orientation shows alter "ations in permeability,
similar to those observed in biological cells.,is of
predictive value, In the majority of drug 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 hydrephilic ends of the
drugs get attached. Therefore the hydrephobic ends of
the drugs project outwards to face the permeants. Such
an orientztion can be rationalised if one examine the
nature of receptors, in general, in relation to the

1lipid bilayers part of the biomembranes.
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The receptors, in general, are menbrane proteins
and hence should be surface active in nature. lience
they should have hydrophilic and hydrophobic moieties in
their structures. 5Since the exterior environment of
bilological cells is agqueous 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 face the exterior.
Prediction sbout similayr orientation of receptor proteins
and 2lzo the menbrane proteins, in general, has been made
in literature®’, Thus the studies on liquid menbrane
genersted Ly drugs are capable of indicating the possible
orientation of recepiors, responsibie for intersction

with the 4drugee

Since the biological nmemdrane is comurised of
different types of [ " lipids and proteins,a drug can
alter transport across the membrane by one of the followe

ing mechanlsemsd

(1) the drug itself may form a liquid membrs
esn reasonably explain alters tion of transpors

aeross the membranes

£1i) the dwug 1ipid interaction may be responsible for
the oheerved biologicnl elfect; or
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(111) the drup proteln intersction may be the cansative

action.

In the case where first rossibility is riled
out, because an eifect similar to that on biological
tissues is not mimicked by the drug liguid mombrone
alone, interection with the liquid membrane formed by
the lipids needs to be studied. In case of diazms,s
it was found that the biological actions of the drug i.e.
facilitating actions of GABA could not be mimicked in efther
orientations of the drug, btut interaction with lecithin
liquid merbrone showed increase in permeability towards

CABAS

The miltiplicity of blological actions exerted
by surface ~ active drugs can be well explained on the
basis of liguid menbrane hypothesis e.g. antihistanines
are also mown®? to have anticholinergic and locel
anaesthetic actions Chlorpromazine and few otheor lowe
potency phencthiazines have mild mtihi‘ntmina% and
aﬁﬁnsmmtnnma& activity. 3Such actions can be exvlained
as a vesuit of slverd tion of transport of relev-nt
permeants becguse of the liquld membrone intorposed
between ithe parmeant and the bicmembrane,



The Liquid Membrane Hypothesis Vis-a=Vis Existing

Theories of Drug Action 3

The liquid membrane hypothesls for drug-action
proposes that in a series of structurally related dérugs
which are congeners of a common chemical molety énd
which act by reducing permeablility of hydrophilic subsge
tances, any structural variation which increases hydroe-
phobicity of the compound will increase resistance towards
transport of the hydrophilic permeant. In other words,
any devliation in structure leading to increasze in hydroe-
phobicity will reduce CMC of the drug, meke it more
potent and increase resistance towards a hydrophilic
permeant. However, this sequence of events will continue
so long as the hydrophilic groups of the drug responsible
for interaction with the biomembrane is unaltered. Any
alteration of the hydrophilic moieties of the drug may
alter specificity towards the membrane and therefore may
alter the nature of response towards the permeants e.g.
after alteration of the hydrophilic structure, the drug
may 1ﬁ:pihit transport of another permeent more specifi-
cally than the earller permeant. This offeres a clue
towards the structure-activity relationship. An increase
in hydrophobicity will alter the drug-action quantitatively
1.8+ it will increase the potency while change in hydro-
philicity may alter the nature of action qualltatively
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i.e, the specificity of the resistance towards different
permeants may change. Similar comments have been made by
Burge 87, in comnection with structure-activity relationship,

According to rate ﬂleorysg"m'm the dissocia=
tion 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 (Ka,) : as compared to
the agonist. Consequently, in a series of antagonists,
as the dissociation constant gocs on decreasing the
poteney of the compound as an antagonist increascs. In
a series of monoguatermnary salts, it is indicoted that
Ky = 0.0038 2,652, uhere n = number of carbon atoms
i/ alkyl chain’Cs In other words, K, falls by o constant
factor of 2,65 for each methylene group added. In case
of monoquaternary salts, pafmﬁg has commenteds "The
assoclation of these monoguaternaries is dictated by long
range ionic forces, l.es, by the cationie hesd, It onee,
the m},ema.a:;;mmd, its dissociation is more op leas
hampered by Van der Waals binding of the molecule %o the
receptor surfaces The assoelation rate would then be
sinilar for all the compounds, tut the dissociztion
constant would be sensitive %o length of the allyl chain
to a degree comparable with the monner in which gurface
tension of alkyl cerboxylic acids varies with alkyl




28~

chain length", These comments can also be understood
inftema 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 reducing

the CHMC, an increase in the methylene groups will
strengthen the hydrophoble core of the drug liguid
membrane and may offer more resistance to the transgort
of hydrophilic permeants. The CVC of gémg. therefore,
appears to provide the sameé information which dissocistion
constant provides in case of rate thwss.~

If dose= responge curve of an agonist is
compared with dose~response curve of a mixture of en
agonist and antagonist, it is observed that thore is
flattening of dose-response curve in the laber caseO!=70s72,
Tais leads %o & parallel right shift in case of competitive
antagonist-the proposition that agonist replaces antae
gonist is rul_ed mt;sg. This is further substantiated
by low dissociation constants in case of ant%aniakﬁg;
The observations, related to dose~response curve can
also be explained oo the basis of ihe liquid membrane
nypothesis. A liquid membrane generated by a surfacew
active 'antagonist' drug is interposed betwsen rcCeptoy
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in the biomembrane and the sgonist. As a consequence,
transport of agonist is likely to be reduced resulting
in lesser amount of agonist reaching the receptor., Hence
to achieve the same quantum of response, higher amownt
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 deternmine the
nature and extent of shift in the dose - response curve.

One experimental obgervation in relation to
dose=-response curve of agonist « antagoniat mixture has
necessitated the hypothesis of "spareereceptors®, It is
observed © thet a mixture of an sgonist and en antagonist
elicits the same maximum response as in the casac}ggmist
alone, tut at a comparatively higher concentrotion. The
dilemma is: 1f the recepiors are occluded by the
antagonist, how 1s 1% possible to obtaln parsilel dose-
response curve with and without antagonist<? or, inspite
of a sizable section of - receptors being occupied by
an antagonist, hovw can a maximal response be cbtained ?
The dilemma has been resclved by proposing 76 oxistance
of "spare-receptors®; L.e.,those receptors without
combining with which the cgonist slone was capeble of
eliciting moximum Presponse, However, there ia a criticiam



about this hypothesis, A direct experimentazl demonstra=-
tion of spare-recentor is still awaited79. Efforts have
also been made to demonstratn§3 experimentally that
there are no spare-receptors. Paton has commented7o

that for occupancy theory existance of spare receptors
mercly seems a puzZ_ling extravagance". In the liquid
membrane hypothesis for drué?y%gglexistance of spare
receptors is 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 concentration of
the agonist i% will elicit the same guantum of response
as in the absence of the antagonist. Thus, rather then
existance of "hypothetical additional receptors', the
resistance offered by the liquid membrane generated by
the antagonist to the flow of agonist is likely to decide
the strength of the blological response. An indication
of this propesition is available in literature. According
to the potentialg-'SVergiftung ﬁheﬂ?fsgi\ the ‘action of
the agonist was related to 1ts flux across the cell
membrane, which inturn was related to the driving forge®,

The driving force 1s the concentration gradient .
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While (:wmmmu.n.:z'hing'?9 on the rate theory it is
mentioned that, in general, for the rate of cotion of
the drug any one of the following four steps may be
the rate determining step:

(a) access to the receptor;

(b) conversion of the drug from an inactive to
active form;

(¢) rate of combination with the receptor; or

(4) rate of production of the reaponse:

amongst these steps, access to the receptor
seems to be the most common rate~limiting step’ s Hence
any event which is likely to reduce access of the agonist
to the receptor should have profowmd influence on nature
and sequence of agonist~receptor interaction and hence
the consequent biological response. Generation of a
1icuid membrone heving abllity to reduce access of the
agonist to the recentor 1s one such step. As a result,
it is likely to affect the agonistereceptor interaction

in a notable manneTs



To explain kinetics of reversible antagonism
in sortic strips, a blophase model was pmponadgo’g' .
According to this hypothesis, it was suggested that
receptors are situated in a biophase separated from the
extracellular space by an interfacial barricr through
which agonists (tut not antagnnists), penetrate quicklys
penetration of this barrier is considered as the rate-
1imitin: step dictating the kinetics of antagonism,
However the existance of such a barrier in the case of
antagoniast has been ruled-out mrmmtally*m Another
prediction of the biophase hypothesis, il.e.; tho dose=
ratio (the ratio by which the agonist dose must be
inereased in order to restore a sgtandard response in
the presence of antagoniat) should rise/fall exponentially
when antagonist is added /removed, is also not true.’ ”
It is ococupancy end not the doseeratio that is obaerved to
chenge exponentially, The liquid membrane hypothesis
resolves this problems Though there is no barvier for
the entagonist %o reach the yeceptor, s Mauid monbrane
generated by an antagonist cen act as e barrier to the
flow of the agonist,

A general comment regerding the validity of liquid
membrane hypothesis for drug action needs special mention.
It is known that majority of transport processes in
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biological system (especially those of neurctronsmitters)
are Yactive' in nature. Hence only after showing that
the active 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 tyransport, rate of access of
the permeant to the active site is an fmportant factor,
If this itself ig impeded, because of resistonce to its
transport, even the active transport will be reduced.
This reduction cen result in antsgonism, 'rz::.é /seapeeiauy
true in the case of drugereceptor interaction becsuse
access to the receptor has been eana;l.darad?g to be a
rate~limlc_ing process in the whole sequence of drug

action.

Thus, the liquid membrane hypothesis for drug
sction points out towards s new iagejggi‘ drug action, This
aspect of drug sction has hitherto gone umnoiiced, The
hypothesis provides a physical basis for the action of
these drugs which act by modifying the permeavility of
cell membranes and are surface active in neture,

s b ! % G
3ince the llguid membrene hypothesis for dm 8
action is a recently postulated one, there is & ned to
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carry out investigations on more categories of drugs/
biolégical agents, for exploring the role of liguid
membrane phenomenon in the mechenism of their biological
action with a view to further substantiating the hypothesis.
In the present thesis therefore,on account of ihe studies
on 1« gonadel steriod harmones ;

2, vitamin = B { ¢ =tocopherol);

3s prostaglandins ;

4, snticancer drugs ( S-fluprouracilmd its

derivatives)

is presented.

Refore an account of these studies is laken up
in ChepterITTteVi the experimental wmethoeds used in these
studles sre dercpibedin o general memner in ihe next
Chaptor {Chapter B Je
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SHAPIER II

EXPERTMENTAL =« A GENERALISED VERSION



CHAPTER- IX
EXPE ITAL —A G ISED VERS

In the present investigations three main experie
ments have been performed. These are ,

1« Determination of critical micelle concentrations
(cHC) of the biokogicel agents/drugs under study.

2, Determimtion of the liquid membrane formation
in series viﬂ’hzl;iﬁpporﬂns membrane, by the
biological agents/drugs and the incorporation
of these blological agents/drugs in the bio-
membrane phospholipid cholesterdlliquid membrane
generated in series with the supporting membrane,

3+ Measurements of solute permeabilities of relevant
perneants through the liquid membranes genevated
by the drugs themselves or in associstion with
the phospholipid and cholesterol,

solutions of the drugs vwas determined from the variation
of surface tenslon Wwith concentration. The surface tensions
were messured using a Fisher Tensiomat Model 21, The
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values of the CMCs thus determined are retorded in the

relevant chapters.

Determination of Liquid Membrane Formation:

For demonstration of the formation of liquilid mem-
branes by the various drugs/biological agents, in “ :
series with the supporting membrane, the data on hydremlic
permeability in the presence of the various concentration
of drugs/biological agents were exploited. For obtaining
the hydraulic permeability data the all glass cell dia-
grammed in Fig. 1 was utilised. The diagram of the
transport cell (Fig.1) has been well “labelled to make it
self explanatory. It essentially consists of two compart-
ments C and D separated by a cellulosic (cellulose accetété/
cellulose nitrate) microfiltration membrane (Sari lorious
cat. no. 11107 or 11307 pore size 0,2 um) of thickness
1 x 10‘“m and area 2755 x 10™2n? which, infact , acts as
a supporting membrane for the liquid membranes .the -stop
(ock attached to compartment D could be used to adjust

the liquid miniscus in the cepillary L,L,.

To obtain the hydraulic permeability data at various
concentrations of the drugs, aqueous solutions of the
drugs of varying concentrations were filled in the compart-

ment C of the transport cell and compartment D was filled



—
—
I ™)

B2y
MERCURY
Bo4

B14 D
MERCUR'

JPPORTING — .

-MBRANE ' [ 7 i

2 C
PLATINUME B14
ELECTRODES
g MAGNETIC NEEDLE

MAGNETIC
STIRRER

The all glass transport cell

Figet 3
Eq4Ey electrodes terminals, I‘i"'a capillary,



-9

with distilled water known pressures were applied on
comparizent C by adjusting the pressure head and the
resulting volume flux was measured by noting the rate

of advancement of the liquid minisces in capillary L,L,
using a cathetometer reading upto 0,001 cm and a shop
watch reading upto 0,1 second. The magnitude of the
applied pressure difference was alse measured by noting
the postion of pressure head using a cathetometer reading
0,001 cm. An importent precaution in the measurenent of
volune fiux was o allow sufficlent time after the
application of pressure on compartment C before ihe measure-
ment of ligquid mbniscus in the capillery L4L, were

Tin was done to ensure that the flow in the

recorded.
In fact, the distance moved

capilary w?aa steady flove.
guid miniscus was rloted against tinesa If such

sound to be straight lines passing through the
flow was taken %o be steady flow. During

by the 1i
plots were
01'5-8111, the

ements, solution in compartuent C was

volume flow measul
well stirped and the electrodes By ond Ep {riz.1) were

short eircuited 30 that the slectro-osnatic back flow
that conlg develop Gue€ to streaming potential 4id not

become a gapios disturbing factors The volume flux J,,
at various values the applied pressure difference,

were caleculated usin

g the relation/where r end © are radii
3"’% o ddh, es(1)



w50=

of the capillary L,L, and the Membrane, M (Fig, 1) respec=
tively and L is the distance travelled by the liguid
miniscus in the ecapillary LgL, in time t. The concentration
ranges selected were such that hydraulic permeability

data were obtalned both below and above the (MMC of the
drugse

To obtain information on the formation of liquid
membrane the date on hydraviic permeablility was analysed
in the following manner. Volume flux J, was plotted. against
applied pressure difference AP, In all the cases the
data were found 10 be represented by the proporiional
relationship

Jv = LPAP -tug(a)

where Ly, is the hydraulic conductivity coeffecient. The
values of L, at verious concentrations of the dmgs/
biological agents under study vere estimated fyom the
slopes of the J, versus AP plots. The value of Ly

in all cases showed & decrcasing trend with the increase
in the concentration of ithe drugs/biologleal agents.

The decremsing trend continued upto the CIC of the drups/
plological agents beyond which the values of Lp becane
more or less constante This trend was taken o be



Liquid membrane
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Fige2 ¢ The schematic representation of mosalc membrane
gormed when the concentration of the surfactant
is lower than its ONC, J3, J3s A% and A®  have
the same meaning as in equation 3
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of the linear relationship between J, and AP, the equation
(3) con be transformed into

Jv"[lg (?%)*L;(Aafi“ “)JA? «ell)
Functionaly Lj end L represent tne value of L, at '0°
and CMC respectively.The concept of progresive coverage
in the liquid membrane hypothesis implies that ot half
of the CMC the fraction of the total area of the support=
ing menbrane covered with the liquid membrane wilk be
half and hence, the slope of J, versusAo¥ plots in view
of eguation {4) m&beoqualto(l_.gét.; 2.
Similarly when concentration of the surface active agent
is one forth its CMC, the value of the slope should be
equal to (5/4 Ly + 1/6 L3) and so on. Thus in general
teras if the concentration of the surfactant is n times
its CHC, riibem& less ’ﬁp}m or equal to 1, the value of
the slope/d, Yersus A P[should be equal %o

[(1n) 15 + 1 L5 |+ velues of L, thus computed, at
verious concentyration of the drugs/blologicel agents
should be in good agresment with the experimentally deterw
. mined vslues.This agreement should constitute additional
evidence in favour of liquid membrane formation.



For measurement of solute permeability v, the
transport cell (Fig.1) was useds The compartment C of
the transport cell was filled with the solution of
desired composition of the liquid membrane generating
solution (drug or drug 1ipid mixture) along with the solution of
permeant of known concentration, The compartment D
was f£illed either with distilled water or the liquid
membrene generating solution of the same composition as
was filled in the compartment ¢, In the control experi=
mental no drug or blologleal agent under study was used.

The velues of solute permeability ( w) in
presence of the liquid membranes generated by the
various drugs were measured using the d.xmtion7*a M

J _
('3'#. )"V s« * w +2a(5)

where J,, and J, are the volume flux and solute flux per
unit area of the membrane respectively and A7 is the
osmotic pressure difference, The conditlon of no net
volume flux (J, = 0) during the solute permeability (< )
measurements wes attained by adjusting the pressure head
attached to the compartment ¢ of the transport cell se
that 1iquid minisous in the cepillary Lyl resains
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stationary. After a known period of time, which ws 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
compartment D divided by the time and the area of the
membrene, gave the value of the solute flusx J, for use

in the calculation of W using equations ,the value of 4n
used in the calculation of W was the averapge of thc'
velues of amat beginning (t=0) and at the end of the
expcﬂmmt‘

For the solute permeability measurements the
composition of the liquid membrane generating solution
was alma above the CMC, These compositions Were )
derived from the hydraulic permesbility datas

What has been given above is the gensral
desoription of the experimental proceduress The
details will be recorded in the Chapters dealing
with the respective studies,
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CHAPTER 11X

LIQUID MEMBRANE PHENOMENA IN GONADAL
STEROID HORMONES




CHAPTER~ II

LICUID MEMBRANE FPHENOMENO! IN GONADAL
STEROTD HORMONES ™

Sterdid hormones responsible for a variety of
physiological functions are reported to be surface active
in nature’™% and hence should be cepable of interacting
with the lipid bilayer of biomembranes and modifying
permeability of biomembranes o relevant permeants. It
is quite logical to expect that this modification in the
permeabilities of relevant permeants may play role in the
phyaiologiesl functions of the steroid hormoncs. The
model studies reported in ithis chapter have been conducted
with this object in view. Incidentally suggestions %o
the effect that modifications in the permeability of
cell membranes brought about by ster oid hormones may
play significant roles in their physiological actions,
have already been made in U terature®?s )

-

bt R s

1ieation in the Indian Joumal of Biochemistry and
Blophysicss
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In the present study data on hydraulic permeability
have been obtained to demonstrate, using Kesting's
hypothasiss, formation of liquid membrane by sphingomyelin
in series with a supporting membrane and incorporation
of steroid hormones in them, Since entire hypothalamus
is under the influence of neurotransmitters in the release
of hypophysial normones’ —2 including gonadal steroid
normones responsible for a variety of physiclogical
functions, transport of neurotransmitters viz, adrenaline,
noradrenaline, dopamine snd serotonin through the liquid
membranes generated by the steroid hormones in association
with sphingomyelin has been studied. The data obtained
on the modification in the permeabilities of neurotrang-
mitters in the presence of the liquid membranes have been
discussed in the light of the various physiologicel actions
of the stercid hormones.

The present studies were conducted on ethinyles-
tradiol, progestercne end testosterone propionate.

Materials snd HMethods
Haterials

sphingonyelin end progesterone (Patel Chest Instie
tute, CSIR Centre for Rlochemicals, Delil), ethinylestra-
diol and testosterone propionate (Roussel Pharmaceuticals
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(India) Bombay), Leadrenaline hydrogen tartarate end
dopemine chlorhydrate (both from Loba Chemie}, L=-nora=
apenaline (Fluka=AG), S-hydroxy tryptamine creatinine
sulphate (Serotonin) (Koch-Light Latoratories) and tripk
distilled water distilled in all pyrex glass still were
used in the present experiments.

Aqueous solutions of dealired concentration of
sphingomyelin and of mixtures of sphingomyelin and
steroid hormones of desired composition were prepared by
adding necessary volune of ethanolic stock solutions of
known concentrations to agueous phase with gonstent
stirring. In the agueous solutions thus prepared the
2inal concentration of ethancl was never allowed to
exceed O,1% by volume because it was experimentally
shown that the surface tengion of a 0.1% agueous ethanol
was more or less equal to that of water. The aqueocus
solutions of adrenaline, noredrenaline, dopemine and
serotonin (SHT) Were prepared the usual vays

e criticel micelle concentretions (CiCe) of
squecus solutions of Sphingomyelin, ethinylestradiol,
mgutﬁﬂﬁt and testosterone proplonate as deteber
mined from the voriation of thelr surface tensions with
concentrations were found to be 16 pom, 2,70 x 1077,
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9.0 = 19"5?! and 3,87 x 10"6H respectively. Surface
tenstions were measured using a Fisher tenasionat model 21.

The all glass cell described earlier (Chapter II)
was used for transport studies. A Sartoriwus cellulose
acetate microfiltration membrane (Cat. no. 11107, pore
size 0.2 pam) of area 2,55 x 107°n° and thiclness 1 x 1078,
wvhich acted as supporting nembrane for the liquld membranes
separvated the trensport cell ianto two compartnents C
and D (Figel Chepter II).

To obtain the hydranlic permeability data,solu=
tions of varying composition of sphingomyelin - steroid
hormone mixture were filled in compartment C of the
sransport cell (Fige 1 Chapler II) and compariment D
was £11led with water. The method used for the hydranlie
permeability peasurenents wvas the same as described

in Chapter Tl

por solute permeability ( O ) measurenents for
various perneants nemely, adrenabine, noradrencline,
dopamine and serotonin solutions of nown concentrations
of the permeant prepared in the aqueous solutions of the
nistures of sphingomyelin and one of the steroid hormones
were £illed in compartment C of the trensport cell and
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conpartnent D was filled with distilled water. The
compogition nf the agueous solutions of the sphingomyeline
steroid horsone mixtures used in the solute permeability

{ @ ) experiments were those at which the liquid membrane
generazted by svhingomvelin completely covers the supporte-
ing membrane and is saturated wit the steroid hormone.

In fact these compositions were derived from the hydraulie
permeability data. The methods used for solute per-
meability measurements have already been described in
Chapter I1.

All measurements vere made at constant temperature
using a themostat set at 37 g 0,1°C,

Estinations:

The amounts of the various permeants viz,adrenaline,
noradrenaline, dopamine and serotonin, transported to
compartment D were estimsted spectrophotometrically by
measuring absorbance at 282.4 mnw. A varian Cary 17-D
spectrophotometer was used for absorbance measurenents.

concentrations of sphingouyelin were fowmnd to be obeyed
by the proportional relationship
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Jva]'..pAP se.{(2)

where J, is the volume flux per unit area of the uembrane,
AP is the applied pressure difference and Lp ig the
hydraulic conductivity coefficient, The values of Lp at
various concentrations of gphingomyelin, eatimated from
the J, versus AP plots shoved e decreasing trond with

the increase in concentrations of sphingomyelin upto

CHC beyond which they became more or less conatant

(Teble 4). This trend is in keeping with the Kosting's
liquid membrane hypaﬁzeaias according to which as mentioned
in Chapter II when a surfactunt is added to aouocus

vhase, the surfactant layer which forms spontancously ag
the Interface acts as a liquid membrane and modifies

mass transfer across the interface., As concentration

of the suriactant is increased the interface gets pro=-
gressively covered with the surfactant layer liouid

menbrane and at the UiC it is completely covervd. inalysis

of the trensport data in light of mosaic modey) 113

further gubstantiates the formation of the iicdd nembraone

in series with the supporting meubrenc. As shown in

Chapter iT when eoncentration of the surfactant is =n

times its C¥Cy n =1y the value of Ly should be

| 8 ¢
[{s«uﬂ-? + 0 Lp] where the superseripts g snd o
respectively represent the values of Ly, for ¢ and the cHe
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of the surfactant, The values of Lp thus caloulatedcompone

favourably with the experimentally determined values
(Table 1)

The hydraulic permeabllity data at vawwing
concentrations of steroid hormones in the sphingomyelin
steroid mixtures in which the concentration of sphingoe
myelin was kept constant at 16 ppm (OMC), were utilised
to gather information about the incorporation of the
steroid hormones in the liquid membrane genorated by
sphingomyelin in series with the supporting membrenes.
These data were 2180 found to be represented by the
proportional relationahip (2)., The concentration 16 ppm
of sphingomyelin used in these experiments is the concentyra~
tion at which the llquid membrane generated by sphingoe
myelin completely covers the supporting membrane (Tedble 1),
The values of Lp, at various concentrations of steriod
hormones, in the sphingomyelinesteroid mixturcs, estimated
from the J,, versus AP plots ghowed a decreasing trend
with the incresse in concentration of the staroid
hormones upto a certein concentration beyond which they
became more or less constent (Table 2)s The decreasing
trend in the values of Lp 1s due to incorporation of
steroid hormones in the sphingomyelin liquid membrane.
These concentrations bveyond which the values of l.p
become more or less gonstant are the concentrations at
whigh the sphingomyelin liquid membranes present at the



TABLE - %

Values of Lg at Various Concentration of Sphingonyelin

Concentration (ppm) 0,00 4L ppm 8 ppm 12 ppm 16 ppm 32 ppm

1P 5 1P~ ™) 2,756 2.817 2,016 1.616 1.247  1.239
g £0,06% £0,052 £0,030 £0,020 £0,010 $0,019

18 x 1Bwos™ ™Y - 2,377 2,000 1.6377

@ e values are reported as arithmetic meen of 10 repeats s S.D.
b Experimentel Values
€ computed values using mosale modsl,
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interface are compleiely saturated with the steroid

hormones.

The compositions of the sphingomyelin-stercid
hormone mixtures used in the sslute permeadility (w)
experinents were derived from thie study {Table 2). It
is logical to expect that hydrophodic ends of the molew
cules in the liquid membrenes would be preferentially
oriented towerds the hydrophoble suwpporting menbrane and
the hydrophilic ends would be drawn outwards oway from it,

varicus blogeaic smines in the presence of liquid meanbranes
generated by sphingomyelin-sterold hormone mixtures are
recorded in Table 3+ The trends in the modification

in the veliues of solute permeatdlity { W ) sheorved in

the present model studies can Le seen to be in agreement
with those regorted on bitlogiesl cells/tissues {Table &),
The modifications in the values of solube permoabilities
(w ) of the various neurctransaitiers (Talle 3) appear
relevent to verious physiclogicsl Dumnctions of the

sterpid horaonesd,

It is well mown that in response 4o o aypophysio=
tropin, adenohypuphveial hormones end the gonadotropins
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TABLE 2
Values of L: at Various Concentrations of Gonadal
sterdids in Sphingomyelin Gonadal Steroiad mxtumb

Concentration x 105H 0,00 1.00 1.50 2+00 300

& (™) 1287 08311 0.6012 0.5975 0,5938
Lp x 107 (n7s £0,010 £0,036 40,022 0,018 0,010

Frogesterone
Concentration x 10 0,00 0,20 0,30 040 0,50

Pla’s ™) 1247 09680 0,839 07000 0,6
el $0.010 30,010 $0,0026 3040 $0.001

Testostercne Proplonate

Concentration % 1P 0,00 . As00 1,50 2,00

1, 3aeh™1)  1.207 Q.73h 04877 0,4533
.px‘lﬂa (m2e ™) 40507 405005 05061 40N0AD

8 mma values are reporbed as srithm tic mean of

10 Pﬁp&ﬁtﬂ & S-B-_-

b ooncentration of sphingomyelin kept constent at 16 ppm
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TABLE =3

Solute Permeability ( w0 )® of Various Permeants in
Presence of Sphingomyelin Gonadal Stewcid Mixtures

wo x 16% hﬁ - 16“ wa * 10‘6 | u)} x 10‘6
(mo1 s~ ")  (mol s~%™Y) (mo1 &%) (mo1 s~W~¥)

Adrenaline”  2,05030,043 0,855:0.053 1.15150,022 1.481$0,01
Horadrenaline®s, 46750,192 2,77550.062 4.27550,096." 3,160+0,087
Dopamine®  3.26640,097 2.82530,01% 4.39420,069 2,89240,088
serotonin®  3.189:0,089 2,579%:0,181 3.771:0.128 3.61240,159

8 yalues of w are reported as arithmetic meon of 10 repeats ¢ S.D,

b Initial concentrations: adrensline = 3,000 x 40~ mol/1it.
noradrenaline = 5,899 % 1072 mol/lit, dopendne = 5,273 x 1070
mol/11t, Serotonin = 2,466 x 107 mol/lit,

We control value when sphingomyelin alone was used (spingomyelin
concentration = 18 ppm)s

“1 Values in the Presence of spingomyelin-Ethinyl estradiol mixture
of composition 18 ppm with respect to spingomyelin and 2,0x10™%
with respect to ethinyl estradiol.

(€))]
2 values in the presence of sphingomyelin~progesterone mixtures

of composition 18 ppm with respect o spingonyelin and
2,0 % 1076 with respect to Bideshterons, .

3 Values in the presence of sphingomyelin=testosterone propionate
mixtures of composition 18 ppm with respect %o sphingomyelin &
2,0 x 107% with respect to Testosterone Propicnate,
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TADLE « &
Comparison of the Treads in Values of Solute Pemeablility (w )
£ Neurotransnitters in the Freammce of SphingonyelineSteroid
Liquid Membranes with those Reported on Biologlcal Cells/Tissues

Permeablillity of noredrencline
is impeded in Dresence of
both estrogen and progesterone.

1. Application of estradiol and
progesterone to hypothalmie
plices inhibits uptake of
noradrenaline®’

Perneability of noradrenaline
is impeded in the presence of
toatoaterong.

2. Gonadal secretions decrease
cerebral noredrenaline Wrmne
over which is incveased
following nastraﬁoﬂM

P Ak ey YOAR AW A W W W o VR @ W S S W e A W . e W R v AR

3, Progesterone treatment increde Permeabllity of dopanine
ses turnover in basal fore= = increases in the presence
brain mmldm of progestercna,

Permeability of sevotonin de-
oreages in the oresence of
estrogen,

L, Re uptake of serotonin in
midbrain end pons/medulla
followng estrogen treats
nent™*>

o Sy ok b W R MUK MR W e M S SR HE WB W e e N



5. Estrogen anplied to hypo=

Te

thalmic slices inhibits
the uptake of serotoni:xs?

- e - - .. -

Progesterone treatment |
increases serotonin levels '
in mid brain and hind brainl,'a:
Progesterone treatment increa=
ses serotonin tummover in ;
septum, raphae. and hypotha= '

lmuslﬁ ! ;

Longer treatment with estro-
gen depressed the adrenaline
content in rat uterine ;

exbracta%qv 7

Estrogen treatment caused
depletion of noradrenaline '
concentration in uterine
periarterial nerves and in '

{7
uterine extracts o

-l - e -

“Bg-
Permeability of serotonin
decreased in the presence of

estrogen,

Permeability of serotonin
is enhanced in the presence

of progesterone.

Permeability of o . _ 7"
adrenaline decreases in

the presence of estrogen,

Permeability of noradrenaline
is lowered in the Presence

of estrogen.



Oe Estrocgm concentrations

at mijromolar range block
catecholanine uptake in

isolated rat heart'S,

10,Estrogen application to
prolactin secreting pitule
tary cells in culture dlocks

dopamine action s

- M W W

@ o B W W M W R e W W W W e
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Permeability of catecholemine
is reduced in the presence of
estrogen,

Permeability of dopemine is
of estrogen,
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are released which stimulate thelr target tissues. Target
tissue stimulation results in increased secretion of
target tissue hormones such as thyroid hormones, adrenal
glucocorticolds and gonadel steroid hormones. These
hormones then in addition to acting on their respective
target tissues to mediate their « =~  actions also act
on higher brain centres, hypothalmu. and pituitary and
ex ercise a negative feed back control.

Recently blogenic amines particularly dopamine,
noradrensline and serotonin have been implicated in
the feed back mechania!n?’m"’s. For example @opamine
has been shown t0 cause the release of LH/FJI-RH and P-RIH,
The release of Li/FSH-HH produced by intravenirieularly
injected dopamine is blocked by the previous intraven-
trieular injection of estrediol’. The tmpedinent in the
transport of dopamine in the presence of the liquiqd
membranes generated by the sphingomyelin-eithinyl estradiol
mixture as observed in the present studgy (Telle 3)

appears to be & contributing factor to the negative feed

Li/Psi-R1 - Loteinizing hormone/Follicle stimulating
hormone~releasing hormone

P-RIH = Prolactin - release inhibiting hormone,
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back mechanism. It is slso decumented’ that patients
trested with drugs like reserpine and childrpromazine
which have been shown 0 impede the transport of bio-
genic amines including dnpamlnew'w display evidence
of altered pituitary functions, e.g., fallure % ovulate.
since there is evidence of ®pamine being directly released
into portel vessels end acting on piw,taryfz’ ,

this observation on the altered pituitary functions in
the patients treated with the drugs like reserpine and
chlorpromazine is consistent with the conclusion that
reduction in the permeability of dopamine due %o the
ethinyl estradiol liquid membrane formed in assoclation
with sphingomyelin is a contributing factor in the
negative feed back mechanism, It is also documented
that implantation of testosterone in the median eminence
of pats inhibits pitultary gonadotropin secretion™

by decreasing the level of gonadotropinereleasing
hormones® « The reduced permeability of biogenic amines
1ike dopamine in the presence of sphingomyelin - testo-
sterone mizture (Table 3) could be a pleausible explana=
tion for this observations

At hypothalmic level, the secretion of prolactin
in mammals 18 controlled by the inhibitory hormone P-RIH
end possibly by a prolactin releasing hormone, P-Ri,
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the role if any of P-Ri is only of secondary importance’
The release of P-RIH from neurcendocrine transducer

cells in the median eminence is controlled by hype=
thalamic dopamine and it has been shown that drugas

like reserpine, chlorprom®zine and haloperidol which
reduce the permeability of dopamine‘a'wﬂg and there-

by lower its concentration in hypothalamic region
decrease the release of P-RIN and thereby promote
prolactin release?’, Since ethinyl estradicl was fownd
to reduce the permeability of dopemine (Talle 3) it
should have effects similar to that of reserpine,
chlorpromazine and haloperidol which indeed is the case®C,
It is reported that disorders like galactorrhoea or
gynaecomastia may alsc arise from estrogen secreting
tumors snd mlso as e side effect of oral cmtranagﬁvqg7,

Hﬂia secretion by the para intermedia of the
pituitory glend are reported to be under the control
of eatechdlamines viz adrenaline, noradreneline and
dopamine®?, Drugs such as, reserpine, haloperidol and

P~RH = Prolactin releasing homone
MSH - Melanocyte = stimilating hormones
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chlorpromazine which block the actions of catechol
emines' ™17 ¥ 19 46 reported to stimulate N secretion,2?
Karkun and Sen (1965)°° regorted increased pituitary
levels of ¥MsH in ovariectomized rats after estrugen
treatment for thirty days. These observaticns are
consistent with the reduced permeability sf cotechol-
amines in the presence of ethinyl estradicl as observed

in the present study (Table 3).

Dopanmine, noradrenaline and serstonin have been
reported to Increase growth hormone release in animals
and man"". Dopaminergic drugs increased growth hormone
releage whereas inhibitors of dopamine activity such as
naloperidol, reserpine ete,caused reduction in the release
of growth hormones. Noradrenaline and its agonists are
also reported to promote growth hormone release’”. The
role of serotonin on the release of growth hormone is
nowever controversial. It is documented that estrogens
have been used to 1imit stature in girls with excessive
predicted height and to decrease growth activity in
aemmesaliasﬁ « It has alsc been documented that excess
endrogen secretion early in adolescent develorment gan lead
to shortened stam%* Reduction in the gmmmw
of blogenic amines partlcularly dopamine and novedrena=
line in the presence of liquid membrenes generated by
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both, ethinyl estradiol and testostercne in aassociation
with sphingcmyelin (Tabtle 3) leading to reduced secre=
tion of growth hormones could also be a plauslible
explanation for these observations,

Neurchypophysial secretions containing ADH,
oxytocin and neurophysins are evoked by different
gtimuli. The nerve cell bodies of the paraventricular
and supraoptic nuclei have both cholinergic and
noradrengrgic nerve endings impringing on them. Thus
the activity in the nsurosecretory cells is perhaps
controlled by esetylcholine and noradrenaline. Acetyle
choline and nicotine injected into carotid ciroulation
cauge he release of ADH, oxytocin and neurophysine while
noradrenaline inhiblts thelr rslease7'25. Ovardsn
hormones are reported to facilitate the release of
neupohypophiysial hormones during appropriate physioloe
gleal gtimili segs mating. The present date on the
reduced permeability of noradrenaline in the presence of
the miztures of the gonadal sterold hormones and
smmﬂm (Table 3) sppear to indicate that access
of noradrenaline to the past smeptic receptor wmay be

APH - Antidiuretic hormone,
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reduced due to the resistance offered by the liquid
membranes of these steroids in association with
membrane phosphalipidse. This reduction in the access
of noradrenaline is likely 0 reduce its inhibitory
effect and thereby facilitate the release of the

neurochypophysial hormones.

Estrogens are reported to have strong antidopa=-
minergic acttun’. For exmuple estrogen possesses
neurolestic like guality and potentiates neurcleptic
induced parkinsmisn®2%, Since reduced concentration
of dopamine and serotonin in brain have been linked with
neuroleptic actions and extrapyremidel sympiom like parkie
ngonism aprising from it 13927 & B 4% appears that
impediment in the transport of both dopamine mnd seroe
tonin in the presence of estrogenéphingomyelin liquid
membrane as observed in the present study {Zatle 3)
may be one of the contributing factors to these effects.

antidepressant drugs like imipramine sre known
to act by reducing e uptake of blogsnic m%‘?’g
particularly moradrenaline and serotonin®®, ne reported
antidepressant effects of -asmsmﬁ’w may also be
assigned to the reduced permeabllity of bicgenic amines
particularly noradrincline and serctonin (Table 3)
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in the presence of sphingomyelin ~ estrogen licuid
membraness Progesterone on the contrary is reported !
to have a depressant effect and also an anaesthetic
effect. In fact the smaesthetic effect of progesterone
has been interpreted as an exaggerated expression of
its depressant effectm. The depressant action of
progestercne could also be assigned to enhanced
permeability of serotonin in the premce(;j;pmgb -

myelin-progesterone liquid membrane (Table 3).

Reduction in concentretion of serotonin at the
postsynaptic receptor resulting in defective neurotrene-
mimsion has been implicated in migrain®>. Premenstrual
migraindus headache is reporied to be aggravaeted by oral
contraceptives and initiateéd” by switching to a proges-
togenbnly prepa!‘amf::?:”* The rationale for these
observations mey alsosreduction and enhancement respece
tively in the permeability of Emotonin in the presence
of 1iquid membranes generated [8strogen and progesterone

in association with sphingomyelin (Table 3).

Noradrenaline end serotonin are reported to have
profound effect on body temperature and evoke thermo-
regulatory responses when they are injected into the
anterior hypothalamuis or the cerebr:l . ventricles of
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experimental animals, It has been shown that the
intracerebroventricular injection of serotonin in cat,
dog and monkey produces rise in body temperature whereas
noradrenaline produces a fall in body temperature. A
convenient index of ovulatidn is the change in body
temperature which occurs after ovulation and which is

due to increased rrogesterone levels in the blcad-”"slﬁb’&%_
mnhancement in the permeability of serotonin and reduction
in the permeability of noradrenaline im the presence of
sphingomyelin-progesterone liguid membranes as observed
in the present study (Table 3) could also be a contribute
ing factor to the thermogenic effects of progesterone.

Thus it appears that modification in the

permeability of neurotransnitter molecules in the presence

of gonadal steroid hormones~brain phospholipid licuid
membranes may play a significent role in the physiological
functions of the steroid hormoness
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LIQUID MEMBRANE FPHENOMENA IN PROSTAGLANDINS w
STUDIES ON PROSTAGLANDIN E, AND PROSTAGLANDIN F,



CHAPTER = IV

LIGUID MEMBRANE PHENOMENA IN PROSTAGLANDINS -
STUDIES ON PROSTAGLANDIN E4 AND PROSTAGL Al

DIN Fp ¥

The prostaglendins are among the most prevalent
autocoids and have been detected in almost every tlssue
and body fluid; they produce in minute amounts, a
remarkably broad spectrum of effects that embrace
practically every biologieal function. Mo other outo
colds show more num_erous and diverse effects than do

pmstaalmﬁina.

Just by looking at the structures of prostaglanding
their surface = active nature becomes apparent prima facle,
One can, thereforepuspect that prostaglandins, when added
to an aqueous phase, according to Kesting's liquid
membrane hypﬁﬂwﬂ#‘ would generate surfactant layer
1iquid membranes at the interface.

In the present studies the data on hydraulic
permeability in the presence of various concentrations
of the prostaglendine have been obtained to demonstrate

“# A peper based on this study has been published in the
dmrvnnt of OCollold and Tnterfoce Srisnca. 117, TTSLZR=l 107
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the formation of the surfactant layer liquid membrane )
they generate in series with a supporting membrane. The
data on the hydraulic permeability in the presence of
varying concentrations of the prostaglandins in a mixture
of lecithin and cholesterol of fixed composition have
been utilized to demonstrate incorporation of the
prostaglandins into the liquid membrane generated by

the lecithin = cholesterol mixture. Transport of several
relevant permeants through the liquid membranes, generated
the lecithin = cholesterocl - prostaglandin mixtures

by
in series with a supporting membrane has been studied
and the data obtained have been discussed in light of

the reported biological effects of the prostaglandins,

Tn these model studies a sertorius cellulose nitrate

microfiltration membrané was deliberately Chosen as

supporting membrane to highlight the role of passive

transport through the 1liquid membrane in the pharmacological

actions of prostaglandms.

Materials and Methods:

Materials:

Lecithin (Phosphatidyleholine from egg yoRk)} and
progesterone (Patel Chest Institute, CSIR Centre for
Biochemicals, Delhi), Cholesterol (Centron Research
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were in amtl'iiﬂl the values determined oarliecpot’
The surface tensions vere measured wsing a Figher

Tensiomat "odel 21.

Mgﬁodj 3
The all glass cell described in Chapter IT was

used for the transport studies, It essentially consisted
of two compartments C and D seporated by a sartorius
cellulose nitrate microfiltration membrane {catalog Yo,
19307) 1 x 100 tatck and 2,55 % 10~> 22 in area which
acted as supporting membrane for the ligquid membrones,

To obtain the nydraulic permeability deta which

were utilized to demonstrate the formation of liguid
membranes by pmstaglanﬁins. gompartnent C of the
transport cell) Figs 1 of Chapter IIywas filled with
agueous solutions of varying concentrations of prostage

r PGPy, &nd compartmnent D was £11led with
distilled water, known pressures were applied %o compart=
ment ¢ end the gonsequent movement of the liguid

miniscus in the cepiilary LyLy of known disneter|Fig.s
of Chapter II) was meagured using a cathetometer reading
upts 0,001 ca and 8 stop-wateh reading upio O.1s.,
During the pydraulic permeability measurments the electrow
des &, and Ep(Fi8e 4 of Chapter ITjwere short cirenited

landins, PGEq ©
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s0 that the electroosmotic backflow due to the stresme
ing potential developed acrosza the aenbrane 4id not
interfere) with hydreulic permeablility measurnents,

Similarly, o obtain the hydraulic permeability
data which wore utilized to demonstrate the Incorpora=
tizn of srostaglandins into the liquid meair:nes generated
by 3 st thinechclestorol sminlures, cwportemy O of the
spensport ceil wes fillcd With solutions of varying '
concentrations of prostaglanding prepared in the
aqueous solutions of the mixture of leeithin and cholesterol
of fixed composition (15.542 pim with Yespect %@ lecithin
and 1,175 x 10°0 with respect to cholesterl) and
compartment B (Fig. 1 of Chapter II) was £illed with
aigtilied water. This particular componition L.oe
95,542 pom with vespect to lecithin and 1.175 x 505
with respect % cholesterol, of the lecithin-cholesters}
aizture wes chosen for preparing the sclutlons of varying
soncentyrations of prostagisnding becsuse 1€ hisn been
shown in esriier studles 274 that at this coostition
the liouid menbron® genercted by lecithin completely
covers the intarface and is fully saturated with

cholesterolis
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For solute permeability ( ©) measurement for relevant
permeents the method out-iined earlier (in chapter IT )
was used.Compartment C of the trensport cell (Fig.1 of
Chapter I1I) was filled with the solution of lmown concene
tration of the permeants prepared in the agqueous solution
of lecithin, cholesterol and one of the prostaglandins
(PGE4 and PGFy ) under study and compartment D was
£11led with distilled water. The composition of the
aquepus golution of the lecitlinecholesterol-prostaglandin
mixture used in the solute permeability experiments was
such that the liquid mepbrane genevated by lecithin
in series with the gupporting membrane, was completely
saturated with hot cholesterol and the prostaglandin
This composition was derived from one of

and froa present data on hydraidic

our esriier sﬁuﬁ:fg
parmesbility in she presence uf varying concentrations

4ins in the lecithin = cholectercl mixture

of prostaglan
gince leeithin, cholesterol, and

of fized compositions
prosbaglanding are ail surface active in naturn, i.e.,
they have bokh hydrophilic sad hydrophobie parts in

whely stymeture, it is otwious that in the liquid
menhranas _ganemm in the solute permeability experiments,
the hydrophobic tatl of these molecules will De orlented
lally toward the nydrophobie guppurting nembrane

preferes
and the hydrophilic moioties will be drawn away from it,
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A1l measurements were made at constant temperature

using a thermostat set at 37 + 0.1°C.

The amounts of the various permeants £ransported to

compartment D were estimated as follows:

e amount of glucose Was estimated

(1) glucose- Th

using dini.trosalieylic acid . The reaction 1s

gollowed DY measuring the extinction at 540 .

£ histamine was estimated

(1i) Histamine. The smount O
by @ method involving condensation of histamine

with o-pnmaldeny’;de to yield a highly fluorescent

P roduct6 °

(iii)Adrengine. The amount of adrenakine \hydrogen

rhe amount of ethinyl estradiol

(1) W-
py & chemical nethod® uming quinol =

B
was estinated
ring reagent and the color developed

A as 2 colo
ﬁ nm using a spectmphotometer.

neasured at 5

T™he gmount of progesterone was

(v) W .' |
o Cary 17-D spectrophotometer
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at 242 nm, the absorption maxima for 'glmgaaﬁmtg'

(vi)  Amino seids. The amounts of glycine and v =
aming_butyric acid (GABA) were estimated from
the amount of thelr reaction products with
ninhydrin measured at 570 nntC

o

(vii) CGCationg. The smounts of sodium and potassiunm
ijons were determined using a flamephotometer
(Model CL-224 Elico)s

LTS8 AND DISCUS
The hydraulic permeability data at vorlous
concentrations of prostaglendins~ both PGE, and FPOFy
in all the cases presently studied were found to be
represented by the proportional relationship,

JV’LDA? ®

where Jy pepresents the volume flux per unit area of
the membrane, AF 18 the applied pressure difference,
and L, gtands for the hydraulic econductivity co-efficient,

the vaiues of Ly at various concentrations of
the two .?mstaglandins estimated from the slopes of the

1. versus OF plots are recorded in tablesI and IX,
Iy



TABLE I
Values of Lp at Various Concentrations of Prostaglandin E4 and Prostaglandin Fo

Concentration (x 10° M)

0. 2 0.. t‘- 0“ 6 0.8 *i. 0
0,0 (0.2 cric) (0.4 cve)(0,6cMe) (0 8eMC){1CHC) 146 240

Prostaglandin E,

18 x 10%m s~ W™Y)  5.971 5.616 5,082 4,746 4,355 3.851  3.79% 3971
p* ( £0,085 20,065 0,122 30:05& $0.050 0,049 30:023 £0,095

b 3"" -1 v _"“ o !}‘ ir D - - e =
» 1P (e gg:g% 1;%.‘0‘% z&% ...0,%%%

2‘& li.65 6.--
Oe 25CH s SCMC I Gy 75

Progtaglandin Fz«.
13 x 130%™ ™Y 5.971 4,9% 6,016 3,067 1,997 1.930 1,907
:0;m5 1001'“ too 125 20. 086 =0Q137 20‘ 051 20*105

b 8¢ 3 =1 =1 :
L 10 N - 4,977 3,984 3,013 - - -
p * 107" 500131 $0.134 40,115

® Experimental values.

b Calculated values using mosaic model



TABLE II
Values of Lpat Various Concentrations of Prostaglendin E, and Prosteglandin T, *«m Lecithin-
tholesterol Mixtures®

Concentration {x wa!ﬂ} .. 7 |
0.0 0.2 Ouli 0.6 F 0.8 140

Prostaglandin 1!:1
Ly % 10%a%5 M"Y 5.55050,136  5.158:0,169  4.82030,116 £.5290,106 4.64050,092 4,60030,055

0.0 2432 4,65 e 8#97 e Gs 30 ‘3;6@

Prostaglandin Fa

Lp x 1 08 ( !RBB‘,N*‘ ) 5.55020,136  4,99530,028 4. 55520,085 &, 087+£0,025 4,05520.025 £.05540,058

=S

81ecithin and cholesterol concentrations kept constant at 15.542 ppm end 1,175 = 10", respectively,
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The values of Ly, progressively decrease with the increase

in the concentration of the prostaglandin upto thely

(MCs, bayond which they becomg more or less constant.

This treand in *he
Festing's liquid membrane hypethesis and is indicative

of the formatisn of 1iquié membrenes Ly the rrost
with the supporting membrancs The

values of LS, is in sccordance with

ndins in serics

yvalues of Lp were further amalysed in the Jght of

«he mosate modal?1"1? 1o obtnin aditional evideas

injfavour of the formation of iiquid menbrana inaseries
g membranes It has been showm ia

with the gugportin
Chapter II gut AL the soncenivation of the awre
factant is 0 times its CMCy N £ 45 the velue of x,p

shmxldbeequnlw

[(1=n) 13 ¢ P L:;] .

end c represent the values
baye supporting membrene and the supporiing
membrane complately covered with the surfactont layer
1iquid membrané. pespectively » Functionally L‘g and L-g
represent the values vhen the surfactant concentration

0 end CHC paspectivelys The values of I, thus

equals/O
computed at gev Aral -mncentr%ﬁ%m of two prostage

1andins below thel¥ cves mateh /the corresponding

experimental values (Table I) Lending further evidence,

where the sup&rscrip'iss &

doyr the
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The values of Lp progressively decrease with the increase
in the concentration of the prostaglandin upto their
A which they becomg more or leas constant.
in the values of !.p is in asscordence with

CMCs, beyon

This trend
Festing's liquid membrané hypcthesis and is indicative

of the formaitlon of liquld membrenss Ly the rrostagio=

ndins in serd
values of Lp were further anatysed in the Jight of

the mosalc mdul""s o obtpin additicnal evidence
snieavour of he foymation of 1iquid mesbrana Insories
with the supporting pembranes It has been showm ia
4t 1f tne conseniwation of the wire
n €1y the value of Lp

ag with the eipporting menbrancs The

Chapter II T
factant is 0 times its CMCy

5hould‘baequal‘b0

[(1=n) 15 ¢ P L;] *

and c represent the values
membrene and the suvpporilng
wvith the surfactont® layer

where the superscripie s
the bare aupporting
nembrane complately covered
1iquid menbrané: pespectively « Functionally 1.;‘ and Lg
sent the values waen the surfoctant concentration
to evic respectivelyes The velues of L, thus
apal oommtrﬁﬁok?u of two prostage
mateh /the corresponding

dor

computed at sev
lendins belov thel? cHes

mental values (fable I) lending further evidence,

experi
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avour of the formation of 1liquid membrane by the
e supporting membrane.

inf
prostaglandin in series with th

1nformation on ithe i corroration of prostag-

1landins into e 1iquid membrene generated by the
lecith.‘.n—mole-teml mixture can be obtained from the
hydraulic permeability data (Table II) at varying

concentrations of the prostaslandins in the lecithin

cholesterol mixture of fixed compesition = 1 54542 ppm
with respect o Lecithin and 1,175 x 10‘61«1 with respect

4o cholesterole The data (Table II) reveal hat &s
the concenmtion of the prostaglandin is inoreased,

holding the concentration .¢ lecithin and cholesterol
constent, e value of Lge

cal of the resigtance to volume
decreasing grend in the values of Ly continues upto

rotion equal 0 0s6 X w“em and a POF,_

o 6497 = w’"’ﬂ, and thereafter
r less constants. This

which measures the recipro-
flow decreases. The

bewﬂe more ©
of Ly (Tatle II) is indicative

4 the hydmphnbic core of the
hine-cholesterol

1andings 1t is elso apparent from

pmﬂ‘ﬂae
(Tabl'e 11) that at & ooncenmﬁm equal to
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0.6 % 10"8 M the lecithin - cholesterol liquid membe
rane is saturated with PGE; and at concentration
equal to 6,97 x 10" the lecithin -gholesterol
liquid membrane is saturated with PGF, . Inorder to
ascertain whether the added prosiaglandin reaches
straight to the interface or not, surface tensions
of solutions of various concentrations of the prosta-
glandins = both PGE, and PCF, . = prepered in the
aqueous solutions of lecithin - cholestercl nixtures
of composition 15.542 ppm with respect to lecithin
and 1175 x 10™% with respect to cholestercl were
measured., The surfece tension of the aquecus solution
of the lecithin = cholesterol mixture showed a
further decrease upon addition of the prastaglandins,
The decreasging trend in the values of the surface tension
continue to a 06 = 10'% concentration in the case
of PGE, and to a 6.97 x 10"°1 concentration in the

case of PGlgg This trend indicates that the added

the interface of the 1iquid membranes generated by
the lmwm@oleaﬁem‘l mixture in series with the

supporting membranes



Solute P ability Da
The data, recorded in Table III on the sclute

ty (O £ various

permeability (O ) o permeants in the presence
of the 1iquid membrane generated by PGF, .cjm associa=
tion with the lecithin - cholestercl mixture, appear
relevent to the warious reported pharmacologicel

actions of the prostaglandins. The values in Teble III

are expressed as arithmatic mean g standard devlation

pased on 15 repeats for each value of W o The present
date (Table 71T) show that the solute dermesbility (w)

for glucose 18 increased in the presence of Loth PGE,

the increase in the presence of PGB‘

and POFp . »
being much larger shan the increase In the presence

of PGFy , » ™is observation on the increase in
pameabiuty of glucose is conaistant with the

14 terature renoriss perticularly in the case of

PGEq « 1T is Wmm.ﬁ that in isplated adipose

tissues PGEy stimnlates glucose untake.

cardiac output is gener=1ly inereased by the
prostaglanding of E and F series 15.}, It is alao
ynown7 that edrensline is a poverful cardice stimi-
1ant and enhences cardiac output by acting on B,
e data obtained in the present study

receptors. T
aicate that transport of adrenaline . :

(Table TII) in
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TABLE III

e
Solute Permeability ( W)@ of Various Pernmghts in Presence of Liguid Membranes GCenerated by Prostaglen-

din E, (0)1) and Prostaglandin fy (033) in Lecithin-Cholestersl Mixtures® along with the Control
Values ( eg) When no Prostaglandin was Used,

Permeants Intial W, x 10° wf x 10° w,? x 10°

Coneentration ol . -t ] , -]

(mg 1iter™ (mole s~ W1 (mole &™'N"") (mole s~W™")
Glucosge 10 028840, 030 Oe 541240, 070 0436040, 011
Histamine 10 0, 39240, 019 04 24430, 007 0,229+ 0, 004
Adrenaline 100 159220,038 169720, 026 242160, 009
Ethinyl estradiol %0 2,28040,046 3 13540,035 3o 42440,068
Progesterone 100 0419840,032 0s69740, 093 027940, 006
Glyeine 100 1251720, 081 2.28420,059 1427940, 034
7V ~Amino Wutyric acld 200 0e91640, 012 1e170£0, 024 1415340, 039
Sodium chloride 54302 0s 13330, 008 04 19640,012 ' De 19720, 002
Potassium chdoride 10,430 0s12240,008 Ue 05540, 004 0410120, 003
8 Values of @ are reported as

arithmetic means of 15 repeats & 8D,

Lecithin concentration 134542 ppm; cholesterol concentration, 1,175 x 10"6 Ma
Prostaglandin Bq concentration, 0,65 x 10~8 Me

Prostaglandin Faoc concentration, 8.5 x 4072 M,



e

is increased in the presence of the liquid membr
anes

generated by the prostaglandins, This observati
on
suggested that increased permeability of adren
naline

due to the prostaglandins present in the membrones
of myocardial ceils facilitating interaction With

|€1 receptor may &also be a contributing factor to the
reported increase in cardiac output by the prostaglandins,

prostaglandins of E series are known fo inhibit
the gastric acids gecretion stimulated by feeding

1 stamine’®=1%, and this hes reised the possitility
therapeutic utility of certain methylated analogs

of the
andins for peptic ulcerszo. The gastric

of prostagl
nisgtenine is exerted through H,

acid secretion by
cked by H2 receptor antagonj_sts21.

receptors and is blo
recently 2> that an impediment

it has been indicated
£ of histamine due to the liquid

be generated by the
cimetidine and

in the transpoy
ane which are 1ikely to
ptor antagonist, Arugs like
e at the site of action may also contribute

. antagonistic action, The present data on

membr
Hz rece
ranitidin
to thelr Hz

the transport of nistamine in the presence of PGE,

1iquid membrane (Table III) appesr rolevent to the
18419 jnnibition of gastric acid secretion by

reported
that the reslistance offered by

the POEgs It appears
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the PGE, to the transport of histamine, impeding its
acces to the Hy receptors, may also be a cause of the
inhibition of histamine = induced gastric acid secre~
tion from the pardetal cells. Although histemine trange

port is also impeded in the presence of POFy o {Talble
I11), the relevance of this observation in the context

of gastric acid secretion is not clearx .

vable III reveals that in the case of PGE4

the transport of both glycine end GABA is enhanced
where as in the case of PGF, the trassport of GABA
is enhenced and that of glycine is impeded. The
enhancement in the trensport of glycine and for
GABA leading %o their increased concentration in the
brain could also be the reason for reported 23«25
effects such as sedotion, stupor, catatonia, elce,
induced by the administration of prostaglending,

mrtimlarly PGEgs in animals.

r¢ is reported 23 ipat in the intact contral
nervousg system of a chloralese~ sneasthetized chick,
5 a&ﬂmsmﬁm of PG?g e Wmﬁamg the

in the tmnsport of glysine

 nich mmm;#ﬁ s be utilized by the
z of the spinsl cord, may be

inhibitory mﬁem”fm
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pelevant to the reported potentiation and inhibition
of the crossed extensor reflex in chiclks.

Prostapglending hove been used as ahortive
agents7, Te present data on the permeebility of
estrogen and progesterone (Table ITI) appear re=
1evant Go thelir abortive actions, Not only high
concentrations of estrogen and progestercne ut slso
a proper ratic of their concentrotions are essentlal
for the maintenance of pmmm:osm » As the vresent
aata indicate the presence of high congentration of
pembrenes of the uterus would
estrogen and progesterane @
would not only decrease

prostaglandMs in the

enhance the outflow of
um euak

an extent. This putflow
the concentrotions of estrogen snd progesterone but
also disterbd the estrogen=progesterone ratio resulting

in the fallure of pregnencys

¢ deta on the permeability of

estrogen end progesterone slso appeer relevant %0
the causation of primary dysnenorrhea. There is
substential gvidence o indicate that prostaglendin
is a major causal gactor in primary dysmmm@a‘ﬂ*
prugs having pwﬂtaslﬂﬁdm synthetase inhibitory
activity have been yeported to be effective in the

The presen
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treatment of dysmenorrhea. The effectiveness of oral
econtraceptives in the treatment of dysmenorrhea is
also well estabnshedzg + These observations appear

to indicate that the enhanced permeability (outfliow)

of estrogen and progesterone in the presence of the
increased concentration of prostaglending, perticularly

PGFg.e iR the endometrium may also be a facior respo-

neible for dysmmonhoa.

progtaglanding of E and F series are present
the renal medullae nengl prostaglandins have been
{cated in antihypertensive actim’o. It is
sugrested tnat pmgtag‘landma may exert an antihy-
sive action acting gither as peripheral vascdilaw
or by promo¥ing diuresis with sodium 1os3, 1.0

natrxnresﬂsm. fhe enhsnced permeability o sodium

g in the preosence of pro

in
impl

staglandins as ohoerved

ion
ar oonsistent with the

orogent experinent appe
latter mechon afe Sedium reebsorption in proximal
tutule is nctive in pature end 18 medieted by carbonic
optydrane?Ts To SEAEREE W ZOTRER soving enion
water out of the proximal tiule there is a
pack across the tubuler epithe=

» proxinal naphmm‘ e

in the



=104

back leak is passive in nature and its amount is
influenced by peritubular osmetic pressure 2, The
increased passive transport of sodium fons in the
presence of prostaglandins (Table III) may thus offer
an expla nation for the diuretie and natriurctic
effects of the prostaglandins due to the bachkeleak
mechanism leading to their antihypertensive action,

The toxin vibrideholerse affects electrulyte
nendling by the epithelial cella of the intesiingl
mucosa in such a way that there is hyper secretion
into the gut resulting in the profuse watery atools

shat characterise. Cholerts It has been sugpested >
ehat the toxin acts by stimilating prostaglandin
enhenced permeability of sodium lons

pregsent
mechanigs similar to the one proposed in the case of

the natyiuretic and diuretic effects of the prostage
Lendins’? ney 6180 explain the hyper secretian into
the lumen of e intestines due o the inerosasd

of the prostaglandin in the epithelial

congentration
cells of the :mtmﬂnul MOS0
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PGF,  does not affect the transport of
potassiun ions significantly (Table III). In the
presence of PGE,, however, a decrease in the transport
of potassium ions is observed (Table III)s The

observation on the decreased permeadility of potassium

jons may be relevant to the causation of Bartter's

partter's syndrome, an unusual and complex
disorder which is characterized by among other symptoms,
nypokelenias L«€es excesaive loss of potassiun hag

been assoclated with escessive production of rensl

prostaglma.t,%, This 18 oivious from the fact that

naptterts syndrome nas been successfully troated with
arugs 1ike indomethacin snd aspirin 22~2° yhich have
gynthetase jnhibitory activity. Although

prostaalandm
peabgorption in proximal tubules is active

e present data suggest that impediments

syndrones

potassium

in naturés
in the sroasport of potussiug
ebnoentration pi the prostogiendin ia the tubular cells
contriute 0 the urinary potassiun wasting

e present study thus indicates thot the

on of 1iquid B .
biologieal action L the

phenones
¢ role jn the

significas
pro staglundinss
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MEMBRANE PHENOMENA IN ANTICANCER
DIES ON SeFLUOROURACIL AND ITS

DERIVATIVES

LIOUID
pRUGS STU
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CHAPTER V

LIGUID MEMBRANE PHENOMENA IN ANTICANCER DRUGS -
STUDIES O SeFLUOROURACIL AND ITS DERIVATIVES®

one of the important implications of e liquid
ypothesis of drug action! {Chapter I) is
that in 2 series of structurally related drugs which
are congeners of a common chemical moiety and which

aect by altering the permeabilivy of cell menbranes,
spiation which increases the hydroe

membrane b

any structursl ¥
£ the compound will incrensc the potaney

phﬁbiﬂiw o=
of the drug while any alteration of the hydrophilic

moietiea of the Adrug may chengeé ¢he noture of its
action quaum:waiy‘.

14 has been shown by T30 etosl? that the newly
synthesized” 1~nm1carmy1~5~m-mrw1 (iers)
18 nore active sgoinst various gumours in mice and less
in the 1nternational

#Baged on the paper putitdshed |
vins, 38, 299-245 (1987)e

Joumal of phermaced
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toxic to host animals than its parent drug Se-fluorouracil
(5FU)s I1go et al® have tested the activities of these
drugs on Lewls lung carcinoma and B16 melanoma. It is
evident from the structure of two drugs (Fipg.1) that
HCFU will be moTe hydrophoble and more surface active
than its parent compdund S5FU prompted by this clue,

SFU and two of its derivatives, HCFU and 1~(2=tetrahy=-
drofuryl) S5~fluorouracil (FT), have been investigated
for the coniritution of liquid membrane phenomena o
shelyr acltion, the results are reported in this - -

C.hq_p‘t—t&- :

All the J drags, S5FUs HCOFU and PT, have been
ghown t0 geservate Biquid membranes in series wit: a
supporting  membrenes Transport of relevant permeants
thpough the liguid mesbranes gencrated by these drugs
in gerles with e supporting membrane has been studied,
The data oblalned from those model exveriments indicate
thot the modlification in the tranasport of rolevant
permeants due o the drug llquid mealrmnes likely to
be generatad at the sltes of sction may also neke a
simificant contribution to the blological asctiong of
these drugs. In these studies a none-specific none
1iving nembrane has bee chosen deliveratoly sy the
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ﬁj 1Y

c NHCH CHp CHp CHp CHy CH.
0

(a) (b)

Pige 43 Chemical structures of (a) SeFluorouracil and
(b) t-hexyloarbamoyl <5 Fluorouracil,
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supporting membrene for the liquid membranes. Thusg

the possibility of active and specific interaction

of these drugs with the constituents of blonenbranes
as 7cauaa for modification in the transport of rclevant
permeants is totally ruled out. The role of passive
transport through the liquid membranes in the action
of these drugs is highlighted.

Haterials and Metnods

Haterd
HCFU, 5FU and FT, {all from Mitsui phormaceuticals

Inc.s TOXYD, Japan): aspartic acid, folie acld,
glutaming and glycine (all from Lobachenie) and
cyanocabalamine (Sigma V/=2876) were used in the
present experiments. All other chendcals vere
enalyticel grade reagents. Distilled water, distilleq
swico in an all-pyrex glass still, was used for preparing
the solutionse Aqueous solutions of HCU and ¥y which
are not so easily soluble in water, were prepared by
edding to the agueous phases with vigorous stiyring,
she necessary volume of ethanolic stock solution of
known concentretion of those substances. In the
aqueous solutions of HCRU and FT thus prepared the
final concentration of ethancl was never allowved 4o
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exceed 0,1% (v/v)e It was experimentally found that
0,1% solution of ethanol in water did not lover the
surface tension of water to any measurable extent,.

Hethods @
The critical micelle concentrations (CICs) of

5FU, HCFU end FT were estimated from the variation of
surface tension with concentration and are recorded

in Table 1. The surface tenslons vere measured using

a Fisher tensiomat = model 21.

The all glass cell described in Cheapter IT was
used for the transport studies. A sartorius ' cellulose
acetate membrane (Cats noe 11107 , pore size 0,2 um)
of thickness 1 X iO"'"M and area 255 x 102 22 wnich
acted as supporting membrene for the Iiquid nenbrane
separated the transport cell into two compartuents
c ana D (Fige 1 0% Chapter 1I). To obtain the
nydraulic permeadillity data which were utilised to
demonstrate the formation of liquid membrane in series
yith the supporting membrang, aqueous solutions af
varying concentrations of the drugs were filled in

compartaent C of e transport cell (Fige1 of Chepter II)

and compartment D wes filled vith distilled water,
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TABLE » %

Criticsl Micelle Concentrations (CMC) of Antiemmcer Drugs

S

"

Drugs cne()
5 FU 8.0 : 10“0
P 745 2 10~}
HETY 6e1 = 9011
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The concentrations of the drugs chosen were sich that
the hydraulic permealbility data were obtained both
below and above the CMCs of the drugs. The details
of the method used for the hydraulic permeability
measurements have been described in Chapter II.

The solute permeability (w) of the relevant
permeants in the presence of the liquid membranes
generated by the drugs was ) estimated using the method
described in Chapter II. For solute permeability
measurenents, two sets of experiments were performed.

In the first set of experiments an aqueous golution

of the drug was filled in compartment C along with

the permeant and compartment D was filled with distilled
water (Fig.1 Chapter II). In the second set of
experiments the agqueous solution of the drug wos il
in compartment D of the transport cell and compartment
¢ was £illed with the aqeucus solution of the permeant
The goncentrations of the drugs used in the w measure=
ments were always higher than their CMCs.

411 measurvements were nade at constant tempers.
ture using a thermostat set at 37 & 0,1°C,
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The amounts of various permeants transported
to compartment D were estimated as follows:

Folic Acid: The amount of folic acid was estimated
the

using a Cary 17-D spectrophotometer by /measurenent of
ultraviolet absorption at 283 nm - the absorption

maximum of folic acid in 0,1 M sodium hydroxide

solution. 4

Cyanocobalamin: The amount of cyomocobalamin was

estimated spectrophotom etrically in an agueocus solu-

tion by measurenent of absorbdence at 361 m"’.

Amino Acidst The amounts af glycine, glutamine and
aspartic acid were estimated from the amount of their
reaction products with ninhydrin measured at 570 m:s.,

g and Digeugaions

The hydraulic permeability data at varlous drug
concentrations in the case of all three drugs, were
found to be in accordance with the proportional pelae

Iy = by AP {1}
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wvhere J,, represents the volume flux per unit area of
the menbrane, L, the hydraulic conductivity coefficfent
and AP the applied pressure difference across the
membrane. The values of Ly estimated from the slopes

of Jy, versus Ap plots, in the cose of all 3 drugs,

show a progressive decrease with increase in the
concentrations of the drugs (Tablel.) upto the @MCs

of the drugs beyond which they become more or less
constant. This trend . . in the values of Ly, 1o conslgw
tent with the Kesting's hypothesiss and as discugsed

in Chapter II indicative of formation of a liguig
membrane in series with the supporting membrane,
Analysis of the value of Lp in the light of the mosaie
nodel’?*? fumishes additional evidence in Lavour of
the formation of liguid membranes by the drugs in
series with the supporting membrane. Following the
arguments of progressive covernges, as shown in Chapter IT.
the velues of Ly at concentrotion equal to or less

than the OMC of the surface-active drug should be equal
to (ten)L] + m Ly wheren =1 and the suporseripts

< and c represent the values of Lp at 0 and ¢ of the
surfactont reapectivelys The values of Lp thus computed
aversl concentrations of the drugs below theiyr CHCs
compare favourably with corresponding experimental
values in the case of gll the 3 fluorouracile {Tablell ),

at s
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TABLE II
Values of Lp at verious Concentrations of 5FU; F'T and HCFU

Cone, L, % 1P I, % 108
(x 10" ) @3N Ne (s~ N)ee
SFU 0,000 - 2416220,064
20, 00(0,25CHC) 1,93020,058  1.954440,056
£0400(0,5CC) 1,72080,054  1.726£0,059
60, 00{0, 75C1C ) 157320.,076  1.50840, 041
80, 00(CrC) 1429040, 034 o
160, 00 1426040, 061 ™
240,00 1426640, 064 T
P 0,000 2,162:0,064 =
1.87540,250HC) 1.77830,086  1.80540,081
o 750( 0. XXMC ) 1 .&18;0. 049 1 1%0,, 115
5:625( 0e 75CMC ) Te 095300 059 1 10630. 039
7.500{CMC) 0,75580.,017 =
15,00 0.751£0, 025 -
22,500 %ﬁ’ﬁ@a 0% -
1.525( 0,25CHC) 1.79520.081 177080, 049
3;050('9*559‘”) 1+ 5422£0.,030 1+37740,036
h .575{ 0.75@13) Os %GQG‘S U,-%szg‘ 023
6. 100(CHC) 0,59240,010 =
12+ 200 G.ﬁgﬁtﬂ. 006 i
L 53 -300 3.38330 « 018 -
—'ﬁxe values reported for Lp are arithnetic mean of 10 repeats
- SeDe
ikl VElUSSs
* E::pgfiﬂww es using mosaic model



lute Permeability D

Since all 3 drugs, being surface active in
nature, have both hydrophilic and hydrophobic parts in
their structure, it is expected that the hydrophobie
ends of the drugs molecules in the liquid nembrane would
be preferentially oriented towards the hydrophobie
supporting membrane and the hydrophilic moleties would
be drawn outwards away from it, Thus in the first set
of solute permeability experiments the permesnts would
face the hydrophiliec surface of the dwug - licuid
membrane generated in series with the supporting
menmbrane vhile in the second set of experiments they
would face the hydrophobic surface. The data on the
solute permeability of relevant permsants in the two
orientations ofthe drug molecules in the liguid menme
branes are recorded in Table [l along with the corresponde
ing values from control experinents where no drug was

useds

ring the gynthesis of purine and pyrinidine bases
by interfering with folic aeid metabolism or prevens
the ingorporation of the bases into nucleie o ﬁdaﬁq,
The steps tnvolved are Enown to be enzyme-catalysed,
1e § FU 18 ultimately converted enmynatioally

impal

For examp



TABLE IIX
Sclute permeability ( 0 ) of Varicus Permeants in the Presence of 5FU, FT and MCFU

Permeant Initial Control zﬂug_ﬁl ﬂ“m I : i . ﬂ'm '
C e nasion 1% 107  wx10” wx 10° wx 10”7 wx 10° wx 10° oz 10
c D c | | D c 4

Aspartic aclid 150 0,856 0,628 0,688 0,475 0.7% 0.398 0,568
50,011 30,00k 40,008 30,00  +0.083 05008 +0,062

Cyanocobalamin 30 0,488 0,281 0,365 0.316 00,379 0,282 0, 347
to «018 30 HOZ&‘ 30‘; 021 30401 5 301 018 zop 026 t{)& 037

Folic acid 0.05 84715 €.013 7«54 5.631 T«590 4, 406 S5eTh

. £0.266 30557 30,316 30,49 40,010 303220 40,30

Glutamine 500 0. 474 0,759 0,69 04160 0817 0,399
30: 031 gﬂ:& +0,052 0,011 ;u.mz aﬁtﬂﬁ +0,008
Glycine 100 04265 0,812 0,644 e 15% O.382 0.184 ﬁaa

30. 010 A 0.055% zoa. 168 30._ 002 2;0t Q03 ;01»001 "!.O ®

.

Values of w0 are repordd as aritimetic msan ¢f 10 repeats & S.Dey in mol, sa"" 'ﬁ"""i, Cy drug in

Coppartment C; D, drug in compartment D.



«12%=

into Sefluorodeoxyuridine-5=phosphate which inhibits
the thymidylete synthetese enzyme system resulting in
the hlockade of I synthesis ''e The present data
(Table ), however, indicate that the passive transport
through the liquid membrenes likely to be genorated

by the fiuorcuracils (5-iU, HCFU and FT) at the respece
tive sites of action may also contritute to their

actione

vitamin Byo and folic acid, which are dietary
lg for man, are required for the synitiesis of

eﬂ‘;enti
pyrimidine bages and their incorporation

purine sad

into DA
sis of DA in any cell that attempts chromogomal

12, The present data indicate

Thely deficiency pay result in defective

synthe
cation and division
the ypansport of both, vitamin 312 and folie

ape impeded by e 1iquid membranes generated
3 drugs presently studied (Table (). This
1mpedinent 18 she trensport may contridute to the

aeficiency oF gitanin Byp and follc acid inside the
in the defective symthesis of Diip,

anpears ghat the phenomena of liquid nembrane
poy @189 contribute to the enticancer sctiw

558 3{1& its d
sner reveals

repll
that

formation
erivativess A peruasl of

vities of
¢het inhibition in the transporg of

Table D fu
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N gl 2 \

N
(P)- RIBOSE / T T Folate

Glutamine Glutamine

g from which the atoms of the purineg ¥d
the biosyntnetio patlveye The Dresks
arate the groups af atons devdived

Fige2 ¢ Compound
are derived in
in the nonds 8€P

‘ yoe
| erom oaoh JOUrcSs
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vitamin B,, and folic acid. is more vhen the permeants
face the hydrophilic surface of the liquid membranes
than when they face the hydrophobic surfaces. This
observation indicates that the specific orientation
of the drug molecules in the liquid membranes with
their hydrophilic ends facing the permeants may be
necessary on cancerous cells while the drug molecules
in the liquid membranes on the normal cells may have
the other orientation = hydrophoblie ends focing the
permeent:e This {nference in turn implies ﬂjat R
of the membranes of the eancerous cells should be leas
nydrophilic than those of the normal cells, Though
there are some indications in uterameu"ﬁ that
the neoplastic state may also arise through an alteration
1 the susfuge pripersien 55 She osliag & i
ve in terms of nydrophilicity of the cell surface

pro
ed for to substantiate this conjectures

is call

acid ave also requireds in addition to folic ncid,
‘ purine Fing eynthests'® V7, Compownds from
which the atoms of the ggﬁﬁa ring are derived in the
niosynthetic pathvay a_;c_éaglated inFige2s  The present

e that except in the case of

data (Table 3) sndicate T |

550 4 the granaport of
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acid is also impeded in addition to folic acid

and vitamin 812 by the liquid membranes generated by

both FT and HCFU. In the case of 5FU the transvort

of glycine and glutamine was enhanced. The impediment
in the transport of the anino acids also in the case
of HCFU and FT was more in the specific orientation of
the drug molecules in the 1iquid membrane with thelir
nydrophilic ends facing the permeants. This lmpediemnt
tpansport observed in the cese of FT and HCFU
be a factor responsible for ihe impairment
eais of purine bases contrituting +o the

in the
may also

of the synth
anticoncer activity of these drugse

been shown by Iige et.al.2 thot of the
3 drugsy HoFU, FT and SFU, HCFU 1s seut ot This
finding is wost consistent with the liquid membrene
nypothesis for drag actionﬁq The CNC of HOFU is the
1owest (Table 7). As CHC is the concentration at which
a complete 1iquid membrane is generated at the intere

faces 1% W,ﬂ,ﬁ appear that of the three drugs, HCRU
) pe the jouest concentration for e devew

would requi

1opment of & complete 1iguid membrane at the site of

act:-&an., gince modi £oation in' the trensport of the
which affects the blologicel effect

relevent persesatse T
18 maxioum when @ complete liquid membrane is generated,

It has



the concentration of HCFU required 0 produce the
n biological effect would be the lowest amongst

meking HCFU the most potent drug.

maxinu
the 3 drugs,

some of the adverse side effects of criotoxic

arugs include meanlobiastic mauiaw. neurcloglical

disorders relating to spinal column and cerebral cortex-O
y 2

ineffective haenatopoiesis and pancytopenia®'s These

symptoms are also the symploms of deficiencies of
vitamin Byp OF folic acid or both 2225, me inned

in the transport of Byp and folic scid in the specific
orientation of the drug polecules in the liquid membrane
with thelr nydrophobic ends facing the perneants, which
pientation on the normal eells, could also

may be the ©
pe a plausible explanation foT the reported alde=

ef factse
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LIGUTD MEMBRANE PHENOMENON IN VITAMIN E
GTUDIES ON OL~TOCOPHEROL
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CHAPTER !

[TQUID MEMERANE PHENOMENON IN VITAMIN Es
STUDIES ON oc ~IOCOPHEROL®

o(.-'roaopharol {s the most important tocopherol
pecause 1% comprises about 905 of the tocopherols in
animel . tigmes and ezhibits maximem biclogical activity

1¢ is distributed roughout the tlssues of aninals
and men end jts deficleney causes a variety of syndm
nmalargmim.m#bymrm at the structure

in the a
of A wtocopherol one guspects it to be surfoce -active
1

ature. Since according to Hesting's hypothesis',
when added to 2cqueous phase,

generate & surfectant layer 1iquid mambrane at the
interfacey 1t is 1ikely that the phenomenon of liquid

— sormation may pley @ role in the scticns of

oCutocopherols

in n
surface active agentsy

apmEETis

on this study has been published in the

* A paper pased
Fournal of Pharmaceuticsy 32, 39-45 (1986)

Intamaﬂmal



n the present study investigations wer
e

carried out to explore the role of liquid menb
enbrane

phenomenon in the actlons
¥ of < =toco
pherol, Criti
. cal

micelle concentration of K =tocopherol in wat
ater has

been determined. The data on hydraulic permeabil
ability

have been obtained o demonstrate: (1) the formati
ation

of a 1liquid membrane by < =tocopherol in serics wi
with

the supporting membranes and (i1) the incorporation of
« -tocopherol in the lecithinecholesterol liquid mem=-
brane existing in series with the supporting membrane
relevant permeants in the presence of th;
generated bY the lecithinecholesterol=-
gture has been studied end the data

scussed in the light of the various

Transport of
1iquid membrene
¢ =tocopherol mi
obtained heve been di

dromes caused DY vitemin E deficiency.

syn

d Methods:

Materials SAL.—===
MATERIALSS
1ecithin (eeé phosphatidyl choline ) and
patel chest Institute, CSIR Centre for

pmges‘l‘eroﬂe (
enolesterol (Centron Research

pelhi)s

Laboratories - pombay)e DL
ﬁl'myloastradicl Cmasl ‘Srcmemihond
S

aethionine end creatinine (all
potassiun and calcium

Bioch emicels
- X=tocopherol acetate



chlorides (all Analar grade) and distilled water distilled
twice in an allepyrex glass still were used in the present

experiments.

METHODS
Aguecus solutions of desired concentration of

A _wtocophercl, lecithinecholesterol «<~tocophercl
mixture ethinyl oestradiol and progesterone whieh ere
not so essily soluble in water vere prepared by adding
necensary volune of ethenolic stock seolution of knowm
concentration %o aguedus phose widh congtant gtirring,
In the amecuz sclutions thua preparad the {incl concentrae
tion of ethancl was never alloved %0 axceed 0,1% by
volume because 1T was experimentally chown that a 0,
suintion of gthenol in weter 3id not lower the surfoce
tension of water to any measurable extent. The agueous
golutions of cystine, methionine, creatinine and
chlorides of sodium,potassium and caleium were prepaved

in the ugﬂﬁl el

e criticad micelle concentyation (ONC) of
— . mphmli aqueous lecithin and acueous
&ohsﬂmﬁ. wore determined from the variation of thelr

surface tensio? with concentration end were found to ke
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5.0 x 10751, 1,599 x 107 and 30,08 x 10°%, rospectively,
Surface tenslons were measured uging a Fisher tensiomat
model 21. The all glass cell described in Chapter II
were used for the trangport studies « A Sartorius _
cellulose acetate microfiltration membrane (Cat. no.
11107, pore size 0.2 um) of thickness 1 x 10" and

area 2.55 x 10"%n? which infact acted as a supporting
membrane for the liquid nembrenes, devided the transe
port cell into two compsriments C and D. (Fige Chepter IT)
Te obtain the hydraulic permeability data, the golutiong
of varying concentrations of < ~tocopherol in water

or in the agueous solution of the lesithin =cholesterol
pixture of fiwed compusition were filied in compariment

¢ of the trensport cell and the compartment D was filled
with water, {Fig. 1 of Chapter II)s The details of

the methods used for the hydraulic permeability mensure
ments have been described garlier in Chepter Il

For solute permeability { (V) measwrement -
various permeants nanely estroges, progesterone, cystine,
methionine, creatinine, end goddum, potassium and
celcium ions, the procedure described earlier .us
in Chapter II was followed Compartment C of the

transport cell was £411ed with the solution of known

congenty-tion of the pernesnt prepared in the aqueous



gsolution of lecithin, cholesterol and oC =tocopherol
mixture of composition 1919 x 107 ¥ with respect to
lecithin, 1.175 = 10"6 M with respect to cholesterol
and 3.75 % 10704 with respect to ~C=tocopherol and
compartment D was filled with distilled water. 1In
control emperiments, however, no o<=tocopherol was

useds

this particular composition of the aqueous
solution of lecithin = cholesterol = o(~tocopherol
mixture, used in the expeiriments for solute permeadbility
measurement Which was derived from our earlier study?e 3
and the present data on hydraulic permeabllity. is the
composition at which the lecithin liquid menbrane come
pletely covers the supporting membrane and iz saturated
with both cholesterol and o=tocopherol. Since
lecithin, cholesterol and o/wtocopherel are all
surface active in nature and have both hydrophobic
and nydrophilic parts in thelr structure, it is obvious
that in the liquid menbrene  generated in these
experiments the hydrophoblc tails of these molecules

rentially oriented fowards ®he hydrophobie

will be prefe
gupporting membrané and the hydrophilic moieties would

be Arawn cutwards away from 1ty
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The value of the solute permeabllity ( W)
were estimated using pethod described in Chapter IX,.

All the measurements were carried out at con-

stant temperature using @ thermostat set at 37 & 0,4°C

Estinations
The
aprtnent D vere estimated as follows:

amounts of various permeants tramsported

to comp

,mw! in literature
 penct with alkaline ptmm to form

e ﬂ)lﬂﬂ& Jaffe mpiﬂ‘,- the intensity of

an orant
yhich was maawrad gpmmphbm‘hﬁmny at 520 nm,
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(3) Qestrogen ¢
The amount of ethinyl quu was estinated

6
by a chemical method. using quinol = H,50, as a colore

ing reagent and the color developed was measured at
538 nm using a apectrophotometer.

(4) _Brogesterone: .
is estimated

The amount of progesterone/using a Cary 17-D

spectrophotoneter at 242 nm the absorption maximium or

progastermG?-

(5) Cgtions ¥
The amount of godiun, potassium, and calcium

jons were determined using a flame photometer C model

(2)

J'!F = LP 5 A0 .
nere J yepresen’ts she volume flux p r unit >
where : :
mem:mﬁe, A P applied press.ure difference and l-p
the ! ' c onductivity coefficient, The

» the Wmun

gtands £0F
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values of L, at various concentrations of < ~tocopherol,
estimated from the slopes of the J, versus A P plots
show 2 decreasing trend with the increase in concentra-
tion of < =tocopherol upto its CHC beyond which they
become more or less constants. (Table I)e This trend
indicates progressive coverage of the supporting membe
rane with the 1iquid menbrane generated by «<~tocopherol
in accordance with the Kesting's hypothesis', it the
eme the < ~tocopherol 1iquid membrane completely covers
the supporting membrane. Analysis of the transport
data (Table I) in 1ight of mosalc membrane model

mmiahesa"m further support infavour of the formatie
of . 1iquid membrane in series with the supporting

menbranes
ymation about the incorporation ofol=
tocopherol in the 1iquid membrane generated ot the intere
face DY leciﬁnn'@oleﬂﬁml mixture can be gathered
fponm the nydraulic ppnmnty data for sojutions

of o =tocopherol prepared

nixtuves of fized compositiony Lses, 14919 x 10~
and 14475 % 10708 with respect

respect W 1ecithin | 7
_ yhich infect 45 the composition at



TABLE = %

Values of Lp at Various Concentrations of o ~Tocopherol
Concentration 0. 00 .25 2.50 375 5400 10,00 15.00
x 10° n (G.25cmc)  (0,501)  (o,750Mc) (1 )
Lg x 108
CE o ) 4eBT120,137  boAT350,989 4,07850,121 3,669:0,113 3417020,077 &t-mzn.mim
Lg x 103 '
(!u’ﬂt’ﬂ‘:‘) -

hali6150,122  4,03150,107 %,60040, 002

e 2 °

2 rxperimental valves

® Celculated values uaing mosalc model
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which the liquid membrene generated by lecithin completely
covers interface and is saturated with cholesterels, %
The values of l.p at various concentration of ocCwtogo=
pherol estimated, from the J, versus AP plots, which

in this case also were found %o be in accordance

with equation (1) avre regorded in Tadle IT, The decreasing

trend in the velues of L, which continues upto the
« = tocopherol concentration equal %o 3.73 x 10"
(Table 11) indicates that more and more of O[< «tocopherol
48 incoyporated in the 1eci thinecholestercl liquid
membrane generated at the interfoce and at concentration
equal to 575 X 4081 the lecithin cholesterol liquid

g saturated with < wtocophercls Ta ovder %o
~tocopherol reoaches atraight

up to the interface OF noty
golutions of verious concentrations of o~togopherol

prepared in the aqueous solution of the lecithine
cholesterol mixnture of composition 1,919 = 16‘5#! with
175 x 10"81 with vempeet to

pespect 0O 1ecithin and Te

cholentercls were mengureds The
aqueous golution of the lecithinecholestercl mixture

popse on addition of Xwtogopherol
5.70 = ‘ﬂ‘&u This trend

the
showed & purther dec
gnd the decreasing tren

concentration equal 0
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TADLE = '3 4
Values of ].p at Various Concentyations of «~Tocopherol in LecithineCholostersle =Tocopherol Mixtures®
Concentration x 1P & 0,00 4225 2450 3475 5400 10,00
L, x 1P

15T50000h  1.40200,045 1.29630,012 1A7330,01 1.18530,03  1.16h40,033

& Lecithin end cholesterol concentrations kept constomt at
1.919 = 10'514 and 1175 x 10‘5;1, respectively,
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indicates that the added ~<~tocopherol reached deep up

to the interface in the liquid membrane generated by
the lecithinecholesterol mixture in series with the

supporting membrenee

lu : 11
Data on the solute permeability (@ ) of

several permeants, nomely oestrogen, progesterone,
cystine, methionine, creatinine and cations (na®, x*
and Ca®* ions), in the presence of liquid membrane
generated bY the mixture of lecithin, cholesterol and
o¢=tocopherol in series with the supporting membrane
are recorded in pableille The daota appear o be relevant
to cousation 0of verious syndromes in animal organisns
due to deficiency of vitamin E 1.0, cCetocophercls

gxcent for the work cited by Yagner and
Falkem“ there 18 enough evidence $o indicate that
vitemin E 13 psgential faé normal reproduction in several
o mmszﬂf gpectes snd its deficlency ie mown to
couse habituel abortions, The fundamentel mechoniem
by which witanin E deficiency interforas with reproduc,
present dota (Tablefli) on the

tion is obswﬁﬁ «Ihe
impediments®. in ‘the transport of oestrogen and proges g
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TABLE = III
Solute Permeability ( w ) of Various Permeants in Presence

of Leoithin-c'nolesterol - (C =Tocopherol Mixture®

R o’ W % 9 o2
(moles™ ™Y (molys™hi™T)
Methionin ot 8479+0.27 6+2540,24
cystine® 246220409 £45520,56
creatinine” 042720403 042940, 02
Ethinyl oestradiol® 545040440 by 145020
Progeateronoh 449040438 4,1130.20
godium( chlorlde) 0, 120,01 0, 1240, 01
Potaasmm(chlorida)’ 0, 13804 01 0,140, 01
caleium( chlori de) 04 16400 03 0418504 04
5 n s cholesterol

tdony 14919 ¥ 10~
§ o< ~togopherol concentyra=

8 1,ecithin concentra
concmtraﬁ.on, 175 % 10
tiong B, 70 X 10

b gontrol velue when RO oc «HEOCOP

" Lecithm-awlesteml- oc~tooophera
¢ together with the pe

4 rpitial cancenmﬁon

nerol was useds
1 mixture in compartment

100 mg/L

€ ynitial concaitraﬁ n 100 mg/L

£ ypitial conaentx'aﬁon 18/L
8 Tnitial concen tration 50 mg/L
h rnitial aonammt:lon 100 ng/L

i qnitiel concentyra ation 5,302 g/t
tion 10.‘&30 .fL

J tnitial aonaanm
ation 0222 g/b
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o(.-booopheml may offer an explana=-

in the presence of
£ habitual shortlons cansed hy

+ion for nceurence ©

vitamin E deficiencye

14 is not only the high concentration of
mt also a proper ratio of

and progesterone
s esgential for the nainte~

oestrogen
their concentraticn which 1
14 pg the present dats indicate

gnancy *
vitenin g in the membranes 0f the uterus
gen and prg?estemng

e outflov of eestro
This outflow would disturb the

to an pnequal extente
n ratio resulting 12 the failure

oestrogen <

nance of pre
deficiency of

of pregnancye
of vitamin E leads

cular dyst:r'ophy.
clude increased
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no of =tocopherol was uged, The data on hydraulic

permeability (Table 2), however, appear relevant to

causation of increased water econtent of the tissues

and creatinurefe The data in rable 2 imply that the
vitamin E are 1likely to be

branadaﬂdmt in
ch may be one of the factors

more peérmeable o water vhi
aged water content of the

sible for the incre
15516 4nat oreatinurea in

nal musculsr dystrophy might be due to hydra=
ereatine due to i creased water

rmed inslde the

creatine petabolisne The gl toration
ce of tissucs is a consistent

ter balan
chemical and nistological exanination
vitanin E gepletion'’s w4 sousky '’

luandecrmmtht

cell mem

cells
in the normal v&
ng in the bio

findi
sected by
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were equally effective in prevention of dystrophye
However, Scott and Calverﬁzo nave reported that cystine
18 more effective than methioninee The present data
(Table 3) shov that the permeability of cystine is
enhanced end the gmount 0% methionine was reduced in
the presence of o( ~tocopherol.This observation 1s
consistent with the inference drawn by Scott md

20 ghat cystine jig more effective than methionine

Calvert
in prevention of aystrophye

these abgorvations
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prevention of various syndromes due to vitamin E
deficiency « It may be emphasized that since the

supporting membrane chosen in ¢this study was a non=

specific, non=1iving menbrones the present study
highlights the role of passive transport in the

biological actione
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GHAPTER VIT
SUURY

The Chapterwise summary of the worlt recorded

in this thesis 18 given below:

Chapter 2
Chapter 1 givanahﬂefagwutof the Hesting's

1iquid membrane nypothesis and 1ts piologicel implica=
A discussion of the liguid membrane hypothesis
action vig=a=vis existing theories of drug

gented « Bt the end of the chapter,

to be achieved in the thesis have

tionse

of drug
tion has been pre

the tasks intended
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formation of liquid membranes by the gonadal steroid
hormones in association with sphingomyelin at the
supporting membrane/aqueous phase interface. Data on
the transport of several relevant neurotransnitters
viz adrenaline, noradrenaling, dopamine and serotonin
ence of the 1iquid membranes generated by
W.gonadal gteroid hormones mixture
have been obtained and discussed in the light of

the various phya.lﬂoglcal sunctions of the gonadal
steroid hormonese The data indicate that modification
in the permeability of the relevent neurotransnitiers
1iquid membranes is likely to
physlol.ogleal actions

the sphin

in the presence 0% the

play a gignificant role in the

of the gonadal steroid hormoness

Chap? .
pembrane phenomenon in proataglandins

Hydraulle permeability data have

srate the existence of the liquid

supporting membrene generased

algo by the lecithinwcholeaterol

gransport of the

has bheen gtudieds
been obtained ¢o denons
membrane in geries with &
by the prostaglending and

prostaglendin mixturess pata on the
relevant permeants 10 the presence of We 1iquid
by the 1&&&1;:-@@&331:@1“
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prostaglandin mixtures have been obtained and discussed

in the light of the varfous biological actions of the

prostaglandins. Studies heve been conducted on pros-

taglandin E1 and prostaglandin onc s

Chapter .y
Liquid membrane phenocmena in Sefluorouracil

and its two derivatives: 1={ 2=tetrahydrofuryl)~Se=
fluorouracil and 1-hw1carMoy1-ﬁ-ﬂnomm hove

been studied. modification in the transport of folic
acid, vitamin B4p and a few relevent amino acids
ce of the liquid membrane generated by

in the presen
these drugs in geries with a supporting menbrone has
been studiede that modification
in the transport of th
the 1iquid membranes 11k

drucs at thelir respectiv
contritute to thelr enticoncer activitye

The data indicate
e relevant permeants due %o
ely to be generated by these

e sites of action may also

Chepter IF

the 1iquid membrane phenomenon in vitmin B

Hydraulie permesbility date heve been
ng senbrane generated

obtained to demdn
membranes in series with @ supportl
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by o =tocopherol end also by the lecithine- cholesterol

- o =tocopherol mixtures. Data on the trensport of

oestrogen, progesterone, eystine, methionine, creati-
nine and sodium, potassium and calcium ions in the
presence of the 1iquid menmbrane generated by the

1 ecithin=-cholesterol- o¢ wtocopherol mixture have been

obtained and aiscussed in the light of the varfous

syndromes caused bY vitanin B deficiency. The data
indicate that modification in the permeability of the

various relevan® permeants in the presence of liguid
s likely %o play a significant role in

membranes 1
s syndrones due

causing and

prevention of the variou
to the deficlency of vitamin Ee
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Summary

The hguid membrane phenomenon 1n vitamin E
'll'mt>l]~lr.
lecithip, cholesterol a-tocopherol mixtures.
;]']’I*il(‘:lf:l.. potassium and calciu

¢ have been obt
tha modificaton in the perme

MENfe: . 4
“ant role m causing and prevention of the various svadromes due to the deficiency of vit

has been studied. Hydrauhe permeabihty data have beer

v obtained to

tte the existence of the hquid membranes in series with a supporting membrane senerated by a-tocopherol and also by the
Data on the transport of “"-““'“l.‘_lm- pruuc.\h.:rmw. cvstine. methionine, creatinine and
m 1ons in the presence of the liquid membrane ﬂt‘ncr;:cd by the lecithin-cholesterol-a-tocopherol
ained and discussed in the light of the various sy ndromes cansed by vitamin E deficiency. The data indicate
ability of the various relevant permeants in the presence of hquid membranes is likely 10 play 2

amin E.

]"“‘f)ductiun

lg;i;t?m studies (ths_c et al., 1982, 198351 and b,
Vartet "'“d h._l‘)SS: :Sn\'astavu et &l].: 1984) on a
. ¥ of surface-active drugs belonging to differ-
S chemical and pharmacological categories. have
:'?;,L:”Cd that modificzniqn i‘n the transport .nf rele-
Permeants by the liquid membranes likely to
¢ 8enerated by them at the respective sites of
'::1(}:“ may bf: an important step common to the
anism of action of all surface-active drugs.
hc::_.r‘.(:c.uphcml ‘is the most ir:pnrlunt tocopherol
» .1(nl.l.\L 1 t..‘OH‘lPI'ISCS ahm.n.Q() 0 of.thc mu.wphe!'ols
CUAimal tissues and exhibits maximum biological
,‘w[.“'i[."- [t s distributed throughout the ussues of
Mmals and man and its deficiency causes a variety
ZIZZ’I‘,;‘f’""”‘-'"'Hc" R,(: Srivastava, Birla lu,\t.nlulc of Technology
Sctence, Pilam-333031, Rajasthan, India.

0374 ry :
VALTR ORGSO S}

of syndromes in the animal organism. Just by
looking at the structure of a-tocopherol one sus-
pects it to be surface-active in nature. Since
according to Kesting's lwpohncsis (Kesting et al.,
1968) surface-active agents, when added to aque-
ous phase, generate a surfactant layer liquid mem-
brane at the interface, it is likely that the phenom-
enon of liquid membrane formation may play a
role in the actions of a-tocopherol.

In the present study investigations were carried
out to explore the role of liquid membrane phe-
nomenon in the actions of a-tocopherol. Critical
micelle concentration of a-tocopherol in water has
been determined. The data on hydraulic permea-
bility have been obtained to demonstrate: (1) the
formation of a liquid membrane by a-tocopherol
in series with the supporting membrane: and (i)
the incorporation of a-tocopherol in the lecithin
cholesterol liguid membrane existing in series with
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the supporting membrane. Transport of relevant
I?L'”nu;ml\ in the presence of the hquid membrane
generated by the lecithin -cholesterol a-tocopherol
;m“llrc has been studied and the data obtained
lave heen discussed in the light of the various

SY vl e ] e
ndromes caused by vitamin E deficiency.

Materials and Methods
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sons were measured using @ Fisher tensiomatl
maodel 21,

[he all-glass cell described
and Jakhar, 1981: Bhise et al, 1982) was used for
A Sartorius cellulose

carlier (Srivastava

the transport studies (Fig. 1)
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aeetate microfiltration membrane (Cat No. 11107
pore size 0.2 pm) of thickness 110 m and
755 % 10 ° m~ which in fact acted as a

area
membrane for the hquid membranes

supporting
divided the transport cell into two compartments
C and D (Fig. 1).

To obtain the hvdraulic permeability data, sol-
ations of varying concentrations of a-tocopherol
in water or in the aqueous solution of the
lecithin - cholsterol mixtures of fixed composition
were filled in compartment C of the transport cell
(Fig. 1) and the compartment D was filled with
water. The details of the method used for the
hydraulic permeability measurements have been
described earlier (Srivastava and Jakhar, 1981
1982: Bhise et al.. 1982, 1983b). '

For solute permeability (@) measurements for
various permeants. namely oestrogen, progester-
one. cystine, methionine. creatinine and sodium.

pn[;lssium and calcium ions, the procedure

described earlier (Bhise et al.. 1982, 19834 and b.
1984a and b, 1985: Srivastava and Jakhar, 1982)
wis followed. €
cell (Fig. 1) was filled with the solution of known

ompartment C of the trunsport
3



concentration of the permeant  prepared m the

dqueous solution of lecithin, cholesterol and  a-

tocopherol muxture of composition 1.919 > 10
M with respect to lecithin, 1175 % 10 M with

respect to cholesterol and 3.75 = 10 ° M with
respect to a-tocopherol and compartment D was
filled with distilled water. In control experiments,

however, no a-tocopherol was used.

Fhis particular composition. of the aqueous
solution of lecithin- cholesterol a-tocopherol mix-
ture. used in the experiments for solute permeabil-
Iy measurements, which was derived from our
carlier study (Srivastava and Jakhar, 1982) and the
prcacm.d;tla on hydraulic permeability. is the
composition at which the lecithin liquid mem-
branc compeletely covers the supporting mem-
brane and is saturated with both cholesterol and
a-tocopherol,

Since lecithin, cholesterol and a-tocopherol are
all surface-active in nature and have both hydro-
phobic and hydrophilic parts in their structure, it
1S Obvious that in the liquid membranes generated
in these experiments the hydrophobic [aili of these
molecules will be preferentially oriented towards
the hydrophobic supporting membrane and 111;3
hydrophilic moieties would be drawn outwards
away from it.

:ic values of the solute permeability (w) were
estimated using the equation (Katcl{ulsky and
Kedem, 1962: Katchalsky and Curran, 1967-):

(jﬁlﬁuzw (1)

where I is the solute flux, J; is the volume flux
per unit area of the membrane and Az is the
osmotic pressure difference. The value of Aw used
in the calculation of w from Eqn. 1 was the
average of its value at the beginning of the experi-
ment (t = 0) and at the end of the experiment.
All measurements were carried out at constant
temperature using a thermostat set at 37 + 0.1°C.

Estimations
! The amounts of the various permeants trans-

ported to compartment D were estimated as fol-

lows: )
(1) Amino acids. The amounts of cystine and

methionme were estimated from the amount of
their reacuon pruduch with n||]|].\-(|['jn measured
al 370 nm (Moore and Stein, 1954) using a Bausch
& Lomb Spectronie-20 spectrophotometer.

(2) Creatinine. The amount of creatinine was
estimated using the method described in literature
(Oser. 1965) in which creatinine was subjected to
react with alkaline picrate to form an orange-col-
oured ‘Jaffe complex’. the intensity of which was
measured spectrophotometrically at 520 nm.

(3) Oestrogen. The amount of ethinyl oestradiol
was estimated by a chemical method (Brown, 1955)
using quinol-H,SO, as a colouring reagent and
the colour developed was measured at 538 nm
using a spectrophotometer.

(4) Progesterone. The amount of progesterone
was estimated using a Cary 17-D Spectrophotome-
ter at 242 nm the absorption maxima for pro-
gesterone (Heller. 1980). )

(5) Cations. The amounts of sodium, potassium

and calcium ions were determined using a flame-

photometer (Model CL-22. Elico. India).

Results and Discussion

The hydraulic permeability data at vanous eon-
centrations of a-tocopherol were. !n all cases.
found to be represented by the equation

-
J,=L,-AP &)

where J, represents the volume flux per unit area
of the membrane, AP the applied pressure d’lr-
ference and L, stands for the hydraulic eonBuEIY:
ity coefficient. The values of Lp at various con-
centrations of a-tocopherol, estimated from the
slopes of the J, versus AP plots show a decreasing
trend with the increase in concentration of a-
tocopherol up to its CMC beyond which they
becomfa more or less constant (Table 1). This
trenq indicates progressive coverage of the sup-
porting membrane with the liquid membrane gen-
erale_d by a-tocopherol in accordance with the
Kesting’s hypothesis (1968). At the CMC the a-
tocopherol liquid membrane completely covers the
supporting membrane. Analysis of the transport

" data’(Table 1) in light of mosaic membrane model



TABLE |

VALUES OF 1, AT VARIOUS CONCENTRATIONS OF 0-TOCOPHERO]
Ty I 125 su 375 s 1000 1500
il (025 CMC) (0.5 CMC) (075 CMC) (1 CMO)
Lo 0 — S —
(m' -y N ! 4891 4+ 0,137 4473 + 0189 4078 + 0121  3.669 +0.113 3.170 £ 0.077 3.112+0.141 3098 + 0.042
Lo "
o™ on B 4461 + 0122 4031 + 0107 3600 £ 0.092 = fun

Experimental values
Calculated values using mosaie model

(Spiegler and Kedem. 1966: Sherwood et al.. 1967;
Harris et al.. 1976) furnishes further support in
favour of the formation of the liquid membrane in
series with the supporting membrane. Following
the argument given in earlier publications
(Srivastava and Jakhar, 1981, 1982: Bhise et al.,
1982, 19834 and b. 1984a and b, 1985) it follows
that if concentration of the surfactant is n times
its CMC. n < 1. the value of L, should be equal 1o
[l = n)LS + n L] where the superscripts ¢ and s,
respectively, represent the bare supporting mem-
brane and the supporting membrane completely
covered with the surfactant layer liquid mem-
brane. Functionally, in the present casc. the values
of LY and L} would respectively represent the
values of L, for O and the CMC of a-tocopherol.
The values of L, thus computed at various con-
centrations of a-tocopherol below its CMC match
with the experimentally determined values (Table
1).

Information about the incorporation of a-
tocopherol in the liquid membranes gcperatcd at
the interface by lecithin—cholesterol mixture can
be gathered from the hydraulic permeability data

for solutions of various concentrations of a-
aqueous solutions of

tocopherol prepared in the -
of fixed composi-

lecithin—cholesterol mixtures

TABLE 2
VALUES OF L, AT VARIOUS CONCENTRATIO

tion, i.e. 1.919 X 107° M with respect to lecithin
and 1.175 X 10® M with respect 0 cholesterol.
which in fact is the composition at which the
liquid membrane generated by lecithin completely
covers the interface and is saturated with cho-
lesterol (Srivastava and Jakhar, 1982). The values
of L, at various concentrations of a-l.ﬂL‘O'Pth‘_’?
estimated, from the J, vs AP plots. which in ll.u.\
case also were found to be In accordance \\'_Hh
Eqn. 2 are recorded in Table 2. The decreasing
trend in the values of L, which continues up_ to
the a-tocopherol concentration equal to 3.75 x.
10 "M (Table 2) indicates that more and more of
a-tocopherol is incorporated in the lecithin-cho-
lesterol liquid membrane generated at the inllcr-
face and at concentration equal to 3.75 X 10" M
the lecithin-cholesterol  liquid membrane 18
saturated with a-tocopherol. In order to ascertain
whether the added a-tocopherol reaches straight
up to the interface or not, surface tensions of
solutions of various concentrations of a-tocopherol
prepared in the aqueous solution of the leci-
thin—cholesterol mixture of composition 1.919 X
10 ° M with respect to lecithin and 1.175 x 10~°
M with respect to cholesterol, were measured. The
surface tension of the aqueous solution of the
lecithin—cholesterol mixture showed a further de-

NS OF «TOCOPHEROL IN LECITHIN-CHOLESTEROL-a-TO-

COPHEROL MIXTURES *

3.75 5.00 10.00

0.00 125

Concentration x10% M

1.296 + 0.012

1178 0011 1.185+0.031  1.164 + 0.033

Lox108(m®-s~'-N"T) 157540084 1.402 + 0.045

# Lecithin and cholestero

1 concentrations kept constant at 1.919 X 1

0-5 M and 1.175 X T0™" M. respectively.~



crease on additon of a-tocopherol and the de-
creasing trend continued up to the a-tocopherol
concentration equal to 3. © M. This trend
indicates that the added a-tocopherol reaches deep
up to the interface in the liquid membrane gener-
ated by the lecithin cholesterol mixture in series

73X 10

with the supporting membrane.

Solute permeability data

Data on the solute permeability (o) of several
permeants, namely oestrogen, progesterone, Cys-
tine, methionine, creatinine and cations (Na ™, K~
and Ca** jons). in the presence of the liquid
membranes generated by the mixture of lecithin,
cholesterol and a-tocopherol in series with the
supporting membrane are recorded n Tu‘hlc 3.
The data appear to be relevant to causation of
various syndromes in animal organisms due to
deficiency of vitamin E, i.e. a-tocopherol.

TABLE 3

SOLUTE PERMEABILITY (o) OF VARIOUS PER-
MEANTS IN PRESENCE OF LECITHIN-CHO-
LESTEROL- a-TOCOPHEROL MIXTURE *

o Px10° Otxmq

(mol-s~"-N~") (mol-s™""N7")
Methionine 9 8.79+0.27 6.25+0.24
Cystine © 2.62+0.09 4.66 +0.56
Creatinine ! 0.27 +0.03 0.2940.02
Ethinyl oestradiol & 5.50+0.40 4144024
Progesterone " 4.90+0.38 4111020
Sodium (chloride) ' 0.12+0.01 0.1210.01
Potassium (chloride) /  0.13+0.01 0.14+0.01
Calcium (chloride) *  0.1640.03 0.18£0.01

4 . cholesterol con-

Lecithin concentration, 1.919x107° M .
centration, 1.175x10°° M: a-tocopherol concentration,

375x10° 8 M.
® Control value when no a-tocopherol was uS?d-
¢ Lecithin-cholesterol - a-tocopherol mixture 1n com
C together with the permeant.
¢ Initial concentration 100 mg/l.
¢ Initial concentration 100 mg/1.
Initial concentration 1 g/1.
Initial concentration 50 mg/1.
Initial concentration 100 mg /1.
' Initial concentration 5.382 g/1. .
Initial concentration 10.430 g/1. N
Initial concentration 0.222 g/1.

parlment

-

- ™

i o
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Except for the work cited by Wagner and
Folkers (1963) there is enough evidence to indi-
cate that vitamin E is essential for normal repro-
duction in several mammalian species (Marks.
1962: Mandel and Cohn, 1980) and its deficiency
is known to cause habitual abortions. The funda-
mental mechanism by which vitamin E deficiency
mterferes with reproduction is obscure (Mandel
and Cohn., 1980). The present data (Table 3) on
the impedimenting in the transport of oestrogen
and progesterone in the presence or a-tocopherol
may offer an explanation for occurrence of habit-
ual abortions caused by vitamin E deficiency.

It is not only the high concentrations of
oestrogen and progesterone but also a proper ratio
of their concentrations which 1s essential for the
maintenance of pregnancy (Kincl, 1971). As the
present data indicate, the deficiency of vitamin E
in the membranes of the uterus would enhance the
outflow of oestrogen and progesterone to an un-
equal extent. This outflow would disturb the
oestrogen—progesterone  ratio resulting in  the
failure of pregnancy.

In many species, deficiency of vitamin E leads
to the development of muscular dystrophy.
Metabolic disturbances during muscular dys-
trophy include increased water content of the tis-
sues, changes in electrolyte pattern and increased
excretion of creatine in urine-creatinurea (Mason,
1944). The values of solute permeability, o, for the
cations and also for creatinine in the presence of
a-tocopherol do not show any significant dif-
ference in comparison to the values obtained from
the control experiment where no a-tocopherol was
used. The data on hydraulic permeability (Table
2), however, appear relevant to causation of in-
creased water content of the tissues and creatin-
urea. The data in Table 2 imply that the cell
membranes deficient in vitamin E are likely to be
more permeable to water which may be one of the
factors responsible for the increased water content
of the tissue. It has been suggested (Beard, 1941;
Mason, 1944) that creatinurea in nutritional musc-
ular dystrophy might be due to hydration of
creatinine to creatine due to increased water con-
tent of the tissues—creatinine is formed inside the
cells as a result of creatine metabolism. The alter-
ation in the normal water balance of tissues is a



i the biochenmical and histo
t exanunations of tssues affected by vitamin
E depletion ( Mason. 1944). Nitowsky et al. (1962)
have shown that tocopherol can decrease the
elevated creatine excretions of children with cvstc
HI"I:I\T\ ‘

Dam and assoctates (1952) have shown that

muscular dvstrophy i chicks could be prc\‘cnlud
by supplementing the diet with either vitamin E or
cvstine. Later Machlin and Shalkop (1956) showed
that cvstine and methionine were equally effective
In prevention of dystropy. However. Scott (1962)
and Scott and Calvert (1962) have reported that
cvstine is more effective than methionine. The
present data (Table 3) show that the permeability
and that the amount of

of cvstine 1s enhanced
of a-

methionine was reduced in the presence

tacopherol. This observation 1s consistent with the
062) and Scott and

inference drawn by Scott (1
than

Calvert (1962) that cvstine 1s more effective
methionine in prevention of dystrophy. .

Certain diets low in protein and especially m
the sulfur-containing  amino acids. particularly
cvstine, have been found (Harper. 1975) to pro-
duce an acute massive hepatic necrosis in experi-
mental animals. A vitamin E deficiency is re-
ported 1o enhance the effects of such diets. whereas
added vitamin E exerts a preventive action upon
the necrosis (Harper, 1975). The enhanced per-
meability of cystine in the presence of a-tocopherol
(Table 3) could be a plausible explanation for
these observations on the causation and preven-

tion of hepatic necrosis.

. Thus the model studies reporlcd
Indicate that the phenomenon of liqui _
formation may also play @ notable role In the
Causation and prevention of various syndromes

due to vitamin E deficiency. It may be emphlasme.d
embrane chosen 1n this

that since the supporting m
Study was a non-specific, non-living membrane,
the present study highlights the role of passive
transport in biological action.

in this paper
d membrane
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Liquid Membrane Phenomena in Prostaglandins: Studies on Prostaglandin
1 and Prostaglandin F,,
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Fhe iquid membrane phenomenon in prostaglandins has been studied. Hydraulic permeability data
live been obtained 1o demonstrate the existence of the liquid membrane in series with 4 supporting

membrane generated by the prostaglandins and

Data on the transport of the relevant permeants in the presence of the liquid membranes gene

the lecithin-cholesterol-prostaglandin mixtures have been obtained
vanous biological actions of the prostaglandins. Studies have been conducte
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INTRODUCTION

Recent studies (1-13) on a wide variety of

structurally dissimilar surface-active drugs be-
longing to different pharmacological categories
have revealed that modification in the trans-
port of relevant permeants by the liquid mem-
branes they generate at the respective action
sites may be an important step common to
the mechanism of action of all surface-active
drugs. Transport of relevant permeants
through the liquid membranes generated by
the drugs, though passive in nature, has been
shown to contribute significantly to their ac-
tiori. A detailed discussion of this point of view
has been presented in a recent review (14). In
the present communication investigations ex-
ploring the role of the phenomenon of liquid
membrane formation in the actions of pros-
taglandins are reported. The investigations
have been conducted on prostaglandin E,
(PGE,) and prostaglandin F,, (PGF3,).

" “The prostaglandins are among the mqst
prevalent autacoids and have beefl detected in
almost every tissue and body fluid; they pro-
duce, in minute amounts, a remarkably broad
spectrum of effects that embrace practically
every biological function. No other autacoids
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also by the lecithin-cholesterol prosiaglandin mixtures,

rated by
and discussed in the light of the
d on prostaglandin E, and

show more numerous and diverse effects than
do prostaglandins.

Just by looking at the structures of prosta-
glandins their surface-active nature becomes
apparent prima facie. One can therefore sus-
pect that prostaglandins, when added to an
aqueous phase, according to Kesting’s liquid
membrane hypothesis (15), would generate
surfactant layer liquid membranes at the n-
terface.

In the present studies the data on hydraulic
permeability in the presencg of various con-
centrations of the prostaglandins have been
obtained to demonstrate the formation of the
surfactant layer liquid membrane they gen-
erate in series with a supporting membrane.
The data on the hydraulic permeability in the
presence of varying concentrations of the
prostaglandins in a mixture of lecithin and
cholesterol of fixed composition have been
utilized to demonstrate incorporation of the
prostaglandins into the liquid membrane gen-
erated by the lecithin-cholesterol mixture.
Transport of several relevant permeants
through the liquid membranes, generated by
the lecithin—cholesterol-prostaglandin  mix-
tures, in series with a supporting membrane
has been studied and the data obtained have
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been discussed in light of the reported biolog-
ical effects of the prostaglandins. In these
model studies a Sartorius cellulose nitrate mi-
crofiltration membrane was deliberately cho-
sen as supporting membrane to highlight the
role of passive transport through the liquid
membrane in the pharmacological actions of
prostaglandins.

ENXPERIMENTAL
Materials

Lecithin  (phosphatidylcholine  from  egg
volk) and progesterone (Patel Chest Institute,
CSIR Centre for Biochemicals, Delhi), cho-
lesterol  (Centron  Research  Laboratories,
Bombay). prostaglandin E, (Sigma p-5515)
and histamine (Sigma H-7250), prostaglandin
I, (33735. Serva. Germany), ethinyl estradiol
(Roussel Pharmaceuticals (India) Ltd., Bom-
bay), glucose and y-aminobutyric acid (BDH,
England), glycine and adrenaline hydrogen
tartarate (Loba Chemie), sodium and potas-
sium chlorides (BDH AR Grade), and water
twice distilled in an all-Pyrex glass still were
used in the present experiments.

The aqueous solutions of lecithin-choles-
terol mixtures of the desired composition were
prepared by adding the necessary volume of
ethanolic stock solution of known concentra-
tion of the respective components to the
aqueous phase with constant stirring. The
aqueous solutions with the desired concentra-
tions of ethinyl estradiol and progesterone,
which are not easily soluble in water, were also
prepared by adding the necessary volume of
cthanolic stock solution of known concentra-
tion to the aqueous phase. In all aqueous so-
lutions thus prepared the final concentration
of ethanol was never allowed to exceed 0.1%
by volume. The values of critical micelle con-
centrations (CMCs) of PGE,, PGFaq, lecithin,
and cholesterol as determined from the vari-
ation of surface tensions with concentrations
were found to be | X 1078 M, 9.3 X 1078 M,
12.952 ppm, and 30.08 X 107 M, respectively.
The CMC values of lecithin and cholesterol
were in agreement with the values determined
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ecarlier (16, 17). The surface tensions were
measured using a Fisher Tensiomat Model 21.

Methods

The all-glass cell described carlier (16, 18)
was used for the transport studies. It essentially
consisted of two compartments C and D sep-
arated by a Sartorius cellulose nitrate micro-
filtration membrane (Catalog No. 11307) |
% 107* m thick and 2.55 X 107° m? in area
which acted as a supporting membrane for the
liquid membranes.

To obtain the hydraulic permeability data
which were utilized to demonstrate the for-
mation of liquid membranes by prostaglan-
dins, compartment C of the transport cell (Fig.
1. Ref, (16) or (18)) was filled with aqueous
solutions of varying concentrations of pros-
taglandins, PGE, or PGF,,, and compartment
D was filled with distilled water. Known pres-
sures were applied to compartment C and the
consequent movement of the liquid meniscus
in the capillary L,L, of known diameter (Fig.
I, Ref. (16) or (18)) was measured using a
cathetometer reading up to 0.001 ¢cm and a
stopwatch reading up to 0.1 s. During the hy-
draulic permeability measurements the elec-
trodes E, and E; (Fig. 1, Ref. (16), (18)) were
short-circuited so that the electroosmotic
backflow due to the streaming potentials de-
veloped across the membrane did not interfere
with the hydraulic permeability measure-
ments. The details of the procedure are de-
sceribed in earlier publications (16-18).

Similarly, to obtain the hydraulic perme-
ability data which were utilized to demonstrate
the incorporation of prostaglandins into the
liquid membranes generated by lecithin—cho-
lesterol mixtures, compartment C of the
transport cell was filled with solutions of vary-
ing concentrations of prostaglandins prepared
in the aqueous solutions of the mixture of lec-
ithin and cholesterol of fixed composition
(15.542 ppm with respect to lecithin and 1.175
% 10~% M with respect to cholesterol) and
compartment D (Fig. | of Ref. (16) or (18))
was filled with distilled water. This particular
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composition, i.¢.. 15.542 ppm with respect to
lecithin and 1.175 = 10 " A with respect o
cholesterol, of the lecithin—cholesterol mixture
was chosen for preparing the solutions of
varving concentrations of prostaglandins be-
cause 1t has been shown in earlier studies (17)
that at this composition the liquid membrane
generated by lecithin completely covers the
interface and is fully saturated with cholesterol.

For solute permeability (w) measurements
for the relevant permeants the method out-
lined in carlier publications (1-13, 17, 18) was
used. Compartment C of the transporl cell
(Fig. | of Refs. (16, 18)) was filled with the
solution of known concentration of the per-
meant prepared in the aqueous solution of
lecithin. cholesterol. and one of the prosta-
glandins (PGE, and PGF,,) under study and
compartment D was filled with distilled water.
The composition of the aqueous solution of
the lecithin-cholesterol-prostaglandin mix-
ture used in the solute permeability experi-

ments was such that the liquid membrane

generated by lecithin, in series with the sup-
porting membrane, was completely saturated
with both cholesterol and the prostaglandin
under study. This composition was derived
from our earlier study (17) and from present
data on hydraulic permeability in the presence
of varying concentrations of prostaglandins in
the lecithin-cholesterol mixture of fixed com-
position. Since lecithin, cholesterol, and pros-
taglandins are all surface active in nature, i.e.,
they have both hydrophilic and hydrophobic
parts in their structure, it is obvious that in
the liguid membranes generated in the solute
permeability experiments, the hydrophobic
tail of these molecules will be oriented pref-
ward the hydrophobic supporting

erentially to 1 1PF :
hilic moieties will

membrane and the hydrop
be drawn away from it.
The condition of no net vol
was imposed on the system by
pressure head attached to compa .
the transport cell (Fig. 1, Ref. (16, 18)) m'such
a way that the liquid meniscus in the capillary
L,L, remained stationary. After a known pe-
riod of time which was of the order of several

ume flux (/. = 0)
adjusting the
rtment C of
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hours, the amount of permeant transported to
compartment D was estimated. The values of
solute permeability « were estimated using the

=

where J. 1s the solute flux, the solute trans-
ported per unit time per unit area of the mem-
brane. and Ax is the osmotic pressure differ-
ence. The value of Ax in the calculation of w
using Eq. [1] was the average of its values at
the beginning of the experiment (1 = 0) and
at the end of the experiment.

All measurements were made at constant
temperature using a thermostat set at 37
#+ Q.19

The amounts of the various permeants
transported to compartment D were estimated

equation (19)
Js
A

(1]

w,

'l

as follows:

(i) Glucose. The amount of glucose was es-
timated using dinitrosalicylic acid. The reac-
tion is followed by measuring the extinction
at 540 nm (20).

(ii) Histamine. The amount of histamine
was estimated by a method involving conden-
sation of histamine with o-phthaldehyde to
vield a highly fluorescent product (21).

(iii) Adrenaline. The amount of adrenaline
(hydrogen tartrate) was estimated by UV ab-
sorption at 281 nm in 0.1 N hydrochloric
acid (22).

(iv) Ethinyl estradiol. The amount of eth-
inyl estradiol was estimated by a chemical
method (23) using quinol-H-50, as a coloring
reagent and the color developed was measured
at 538 nm using a spectrophotometer.

(v) Progesterone. The amount of proges-
terone was estimated using a Cary 17-D spec-
trophotometer at 242 nm, the absorption
maxima for progesterone (24).

(vi) Amino acids. The amounts of glycine
and y-amino butyric acid (GABA) were esti-
mated from the amount of their reaction
products with ninhydrin measured at 570

nm (25).
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(vii) Cuations. The amounts of sodium and
potassium ions were determined using a flame
photometer (Model CL-22. Elico).

RESULTS AND DISCUSSION

I'he hydraulic permeability data at various
concentrations of prostaglandins—both PGE,
and PGF,,—in all the cases presently studied
were found to be represented by the propor-
tonal relationship

Jo=L.AP, [2]

where J, represents the volume flux per unit
arca of the membrane, AP is the applied pres-
sure difference, and L, stands for the hydraulic
conductivity cocthicient. The values of L, at
various concentrations of the two prostaglan-
dins estimated from the slopes of the J, versus
AP plots are recorded in Tables [ and I1. The
values of L, progressively decrease with an in-
crease in the concentrations of the prostaglan-
dins up to their CMCs, beyond which they
become more or less constant. This trend in
the values of L, is in accordance with Kesting’s
liquid membrane hypothesis and is indicative
of the formation of liquid membranes by the
prostaglandins in series with the supporting
membrane. According to Kesting’s hypothesis
(15). which was originally propounded to ac-
count for enhanced salt rejection in reverse
osmosis due to the addition of surfactant ad-
ditives to saline feed, when a surfactant is
added to an aqueous phase the surfactant layer
which forms spontaneously at the interface
acts as a liquid membrane and modifies mass
transfer across the interface. As concentration
of the surfactant is increased the interface be-
comes progressively covered with the surfac-
tant layer liquid membrane and at the CMC
itis completely covered. The values of L, were
further analyzed in the light of the mosaic
model (26-28) to obtain additional evidence
in favor of the formation of liquid membranes
i1 series with the supporting membrane. It has
been shown in earlier publications (e.g., (16,
1 7)) that if the concentration of the surfactant

is n times its CMC, n < 1, the value of Ly
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Values of L, at Vano ( o 0 Pro 4 d !]ll‘u 4 1
P anous <
oncentrations Of Sldkjdnd'lll [.| ar b, 1&11.]&[“11" I

TABLE

a

AL,

Concentration (> 10" Af)

10
(1 CMC)

08
(08 CMC)

0.6
(0.6 CMO)

04
(0.4 CMQ)

20

1.6

(0.2 CMC)

00

1

Prostaglandin

+ (0.095

3771

28

+0.0

3.794

3851 +0.049

5 = 0.050
S+ 0,056

Wy
-,

4.746 + 0.054

22

+0.1

5.123+0.070

5.082

616 +0.065

5

5971 £0.085

LAx108(m¥s' N°Y

~1

4.

4.699 = 0.063

5.547 +0.078

L2108 (m? st N7Y)

ERi]
(1 CMC)

6.97

0,75 CMC)

4.65
(0.5 CMC)

2790

18.60

(0.25 CMC)

0.0

Prostaglandin F,,

5

1.907 £ 0.10

1

3

3.067 £0.086 1.997 £ 0.137 1.930 = 0.0

3.013+£0.115

4016 +0.125
3984 +0.134

4.958 = 0.141

5.971 £0.085

Lex 108 (m3s! N7Y)

4.977 £0.131

Lpb b4 108 (mS 5‘1 A;-I)

% Experimental values.

b :
" Calculated values using mosaic model



TABLE 11

1 and Prostaglandin F,, in Lecithin-Cholesterol Mivtures®

Values of L at Various Concentrations of Prostaglandin

Concentration (x 10" A)

06

0.4

0.0

Prostaglandin E,

4.529 + 0,106 4.640 + 0.092 4.600 + 0.055

4824 +0.116

5.158 £0.169

LyX 108 (m?s™' N°Y)

I8 &)

930

4.65

0.0
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=
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e
4
5
2
w)
=

vy 1=
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= =

= B

+l !

wl| S
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w .

- W

Prostaglandin F,,

4.995+0.028

Ly X108 (m? s N7

# Lecithin and cholesterol concentrations kept constant at 15.542 ppm and 1.17
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should be equal to [(1 — n)Ly + nl;], where
the superscripts ¢ and s represent the values
for the bare supporting membrane and the
supporting membrane completely covered
with the surfactant layer liquid membrane, re-
spectively. Functionally, L and L} represent
the values when the surfactant concentration
equals 0 and CMC, respectively. The values
of L, thus computed at several concentrations
of the two prostaglandins below their CMCs
match the corresponding experimental values
(Table I) lending further evidence in favor of
the formation of liquid membranes by the
prostaglandins in series with the supporting
membrane.

Information on the incorporation of pros-
taglandins into the liquid membrane generated
by the lecithin-cholesterol mixture can be ob-
tained from the hydraulic permeability data
(Table 1) at varying concentrations of the
prostaglandins in the lecithin—cholesterol
mixture of fixed composition—15.542 ppm
with respect to lecithin and 1.175 X 107 M
with respect to cholesterol. The data (Table II)
reveal that as the concentration of the pros-
taglandins is increased, holding the concen-
tration of lecithin and cholesterol constant, the
value of L, which measures the reciprocal of
the resistance to volume flow, decreases. The
decreasing trend in the values of L continues
up to a PGE, concentration equal to 0.6
% 108 M and a PGF,, concentration equal
t0 6.97 X 1078 M, and thereafter the values of
L, become more or less constant. This trend
in the values of L, (Table II) is indicative of
the strengthening of the hydrophobic core of
the liquid membrane generated by the leci-
thin—cholesterol mixture at the interface due
to its incorporation of the prostaglandins. It
is also apparent from the data (Table II) that
at a concentration equal to 0.6 X 1078 M the
lecithin—cholesterol liquid membrane is sat-
urated with PGE, and at concentration equal
t0 6.97 X 107% A/ the lecithin—cholesterol lig-
uid membrane is saturated with PGF,,. In or-
der to ascertain whether the added prostaglan-
din reaches straight to the interface or not,
surface tensions of solutions of various con-

Journal of Colloid and Interface Science, Yol. 117, No. 2, June 1987
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centrations of the prostaglandins—both PGE,
and PGF,,—prepared in the aqueous solu-
tions of lecithin-cholesterol mixtures of com-
position 15.542 ppm with respect 10 lecithin
and 1.175 % 10°¢ M with respect to cholesterol
were measured. The surface tension of the
aqueous solution of the lecithin cholesterol
mixture showed a further decrease upon ad-
dition of the prostaglandins. The decreasing
trend in the values of the surface tensions con-
tinued 1o a 0.6 X 10°* M concentration in the
case of PGE, and toa 6.97 X 10~% M concen-
tration in the case of PGF,,. This trend 1n-
dicates that the added prostaglandins, both
PGE, and PGFa,. reach decp into the interface
of the liquid membranes gencrated by the lec-
ithin-cholesterol mixtures in series with the

supporting membrane.

Solute Permeability Data

The data. recorded in Table 11T on the solute
(w) of various permeants in the

permeability
generated

presence of the liquid membranes
by PGE, and PGF», in association with the
lecithin cholesterol mixtures, appear relevant
to the various reported pharmacological ac-

tions of the prostaglandins. The valucs in 7a-
ble 111 are expressed as arithmetic mean
+ standard deviation—based on the 15 repeats
for each value of w.

The present data (Table I1I) show that the
solute permeability (w) for glucose is increased
in the presence of both PGE, and PGF»,, the
increase in the presence of PGE, being much
larger than the increase in the presence of
PGF,,. This observation on the increase in
permeability of glucose is consistent with the
literature reports, particularly in the case of
PGE,. It is documented (29, 30) that in iso-
lated adipose tissues PGE, stimulates glucose
uptake.

Cardiac output is generally increased by the
prostaglandins of E and F series (31). It is also
known (32) that adrenaline is a powerful car-
diac stimulant and enhances cardiac output
by acting on (3, receptors. The data obtained
in the present study (Table [11) indicate that
transport of adrenaline is increased in the
presence of the liquid membranes generated
by the prostaglandins. This observation sug-
gests that increased permeability of adrenaline
due to the prostaglandins present in the mem-
branes of myocardial cells facilitating inter-

TABLE Il \

Solute Permeability (w)® of Various Permeants in Pres
(w,) in Lecithin-Cholesterol Mixtures® along with t

(w,) and Prostaglandin F»,
taglandin Was Used

ence of Liquid Membranes Ge

»nerated by Prostaglandin E,

he Control Values (wo) When no Pros-

Initaal 4y 10"
Concentration wo X 10° w, % 10° wy! X% 10 _
Permeants (mg liter™") (mole s~ N=") (mole s~ N7 (mole s™' N ")

ﬁ";ﬁﬁm 10 0.288 +0.030 0.412 +0.070 0.360 £ 0.011
: 10 0.392 +0.019 0.244 + 0.007 0.229 =0.001
Adrenaline 100 1.592 + 0.038 1.697 + 0.026 2.216 +0.009
Ethinyl estradiol 50 2.280 + 0.046 3,135 +0.035 3.424 + 0.068
Progesterone 100 0.198 +0.032 0.697 +0.093 0.279 +0.006
Glycine 100 1.517 +0.061 2.284 +0.059 1.279 +0.034
y-Amino butyric acid 200 0.916 +0.012 1.170 +0.024 1.153 +£0.039
Sodium chloride 5.382 0.133 +0.008 0.196 +0.012 0.197 +0.002
Potassium chloride 10.430 0.122 + 0.008 0.055 +0.001 0.101 +0.003

4 Yalues of w are reported as
b Lecithin concentration 15.542 ppm; chole
< prostaglandin E, concentration, 0.65 X
4 prostaglandin Fz, concentration, 8.5 X
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MEMBRANI

ROGen with 3, receptors may also be a con-
[r.'h““'“&' factor to the reported increase in car-
diac output by the prostaglandins.

i I_’f“‘-f-’u:f.’lndr'ns of E series are known 1o in-
’_"h” the gastric acid secretion stimulated by
feeding histamine (33, 34) and this has raised
the possibility of the therapeutic utility of cer-
tain methylated analogs of prostaglandins for
peptic ulcers (35). The gastric acid secretion
by histamine is exerted through Hy receplors
and i1s blocked by H» receptor antagonists (36).
It has been indicated recently (9) that an im-
pediment in the transport of histamine due to
the liquid membranes which are likely to be
generated by the H; receptor antagonists. drugs
like cimetidine and ranitidine, at the site of
action may also contribute to their H--antag-
onistic action. The present data on the trans-
port of histamine in the presence of the PGE,
[11) appear relevant
inhibition of gastric
. It appears that the
e transport

liquid membrane (Table
to the reported (33, 34)
acid secretion by the PGE,
resistance offered by the PGE, to th
of histamine, impeding its access to the H,

receptors, may also be a cause of the inhibition
of histamine-induced gastric acid secretion

from the parietal cells. Although histamine
so impeded in the presence of

transport is al
levance of this obser-

PGF,, (Table I1I), the re
vation in the context of gastric acid secretion

is not clear.
Table III reveals that in the case of PGE,

the transport of both glycine and GABA isen-
hanced whereas in the case of PGF,, the

transport of GABA is enhanced and that of
glycine is impeded. The enhancement in the
transport of glycine and/or GABA leading to
their increased concentration in the brain
could also be the reason for reported (37-39)
effects such as sedation, stupor, catatonia, ctc.,
induced by the administration of prostaglan-
dins, particularly PGE,, in animals.

It is reported (37) that in the intact central
nervous system of a chloralose-anesthetized
chick, intravenous administration of PGFi.
potentiates the crossed extensor reflex while
PGE, inhibits it. The opposing trends observed
in the transport of glycine (Table 111), which
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is known (40) to be utilized by the inhibitory
interneurons of the spinal cord, may be rele-
vant to the reported potentiation and inhibi-
tion of the crossed extensor reflex in chicks.

Prostaglandins have been used as abortive
agents (41). The present data on the perme-
ability of estrogen and progesterone (Table I11)
appear relevant to their abortive actions. Not
only high concentrations of estrogen and pro-
gesterone but also a proper ratio of their con-
centrations are essential for the maintenance
of pregnancy (42). As the present data indicate,
the presence of high concentrations of pros-
taglandins in the membranes of the uterus
would enhance the outflow of estrogen and
progesterone to an unequal extent. This out-
flow would not only decrease the concentra-
tions of estrogen and progesterone but also
disturb the estrogen-progesterone ratio re-
sulting in the failure of pregnancy.

The present data on the permeability of es-
trogen and progesterone also appear relevant
to the causation of primary dysmenorrhea.
There is substantial evidence to indicate that
prostaglandin 1s a major causal factor in pri-
mary dysmenorrhea (43). Drugs having pros-
taglandin synthetase inhibitory activity have
been reported to be effective in the treatment
of dysmenorrhea. The effectiveness of oral
contraceptives in the treatment of dysmen-
orrhea is also well established (43). These ob-
servations appear to indicate that the enhanced
permeability (outflow) of estrogen and pro-
gesterone in the presence of the increased con-
centration of prostaglandins, particularly
PGF,,, in the endometrium may also be a
factor responsible for dysmenorrhea.

Prostaglandins of E and F series are present
in the renal medulla. Renal prostaglandins
have been implicated in antihypertensive ac-
tion (44). It is suggested that prostaglandins
may exert an antihypertensive action, acting
either as peripheral vasodilators or by pro-
moting diuresis with sodium loss, i.e., natri-

44). The enhanced permeability to so-

uresis (
f prostaglandins

dium ions in the presence O
as observed in the present experiment appears
consistent with the latter mechanism. Sodium

Journal of Colloid and Interface Svience. Yol 1 17. No. 2, June 1987
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reabsorption in proximal tubule is active 1n
nature and is mediated by carbonic anhydrase
(45). In addition to forces moving sodium ion
and water out of the proximal tubule there is
a component of leakage back across the tu-
bular epithelium into the lumen of the prox-
imal nephron (46). The back leak is passive
in nature and its amount is influenced by peri-
tubular osmotic pressure (46). The increased
passive transport of sodium ions in the pres-
ence of prostaglandins (Table [11) may thus
offer an explanation for the diuretic and na-
triurctic effects of the prostaglandins due to
the back-leak mechanism leading to their an-
tihypertensive action.
I'he toxin Vibrio cholerae affects electrolyte
handling by the epithelial cells of the intestinal
mucosa in such a way that there is hyperse-
cretion into the gut resulting in the profuse
watery stooks 1hat characterize cholera. It has
been ;uggcszed (47) that the lox'inracls by
stimulating pmstaglundin synthesis. r!u: en-
hanced permeability of sodium tons 1n lf-]c
presence of the prostuglundins. as observed 1n
the present study (Table 111), suggests that a
back-leak mechanism similar 10 the one pro-
posed in the casc of the natriuretic and diuretic
effects of the prosluglandins (46) may also ¢x-
plain the hypersecretion into the lumen 0f‘}hc
intestines due to the increased concentration
of the proslag]undin in the epithelial cells of
the intestinal mucosa.
PGF,, does not affect the transport of po-
tassium ions significantly (Table D). In the
presence of PGE,, however, a decrease in the
transport of potassium ions is observed (Table
11). The observation on the decreased per-
meability of potassium ions may be relevant
to the causation of Bartter’s syndrome. Bart-
ter’s syndrome, an unusual and complex dis-
order which 1s characterized by, among other
symptoms, hypokalcmia, i_.c., excs-:ssive loss: of
potassium, has been associated \ynh excessive
production of renal prostaglandms (48?. This
is obvious from the fact that Bartter's syn-
drome has been successfully treated with drggs
like indomethacin and aspirin (fl9j5.2) which
have prostaglandin synthetase inhibitory ac-

h y 1987
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tivity. Although potassium reabsorption in
proximal tubules is active in nature, the pres-
ent data suggest that impediments in the
transport of potassium ion due to the increased
concentration of the prostaglandins in the tu-
bular cells may also contribute to the urinary
potassium wasting leading to hypokalemia. -

The present study thus indicates that the
phenomenon of liquid membrane formation
may play a significant role in the biological
action of the prostaglandins.
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and its implications has been presented by
Srivastava, et al. (1984). One of the important

implications is that in a series of structurally re-
Jated drugs which are congeners of a cun{mon
chemical moiety and which act by altering the
pcr;nc_abilily of cell membranes, any structural
variation which increases the hydrophobicity ;f
the compound will increase the potency of the
d.rug while any alteration of the hydrophilic moie
ties of the drug may change the nature of itj
action qualitatively (Srivastava et al., 1984). i

It has been shown by ligo et al. (1978) that the
newly synthesized (Ozaki et al. 1977) 1-'hexyIcar-
bamoyl-S-fluorourucil (HCFU) is more active
against various tumors in mice and less toxic to
host animals than its parent drug 5-fluorouracil
(5FU). ligo et al. (1978) have tested the activities

of these drugs on Lewis lung carcinoma and BI16
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Fig. 1 Chemical structures of (a) 5.fluorouracil and (b) I-

hexylearbamoyl-S-Mluorouracil.

It 1s evident from the structure of two

1) that HCFU will be more hydro-
active than its parent
d 5FU. Prompted by this clue, SFU and
atives, HCFU and 1-(2-tetrahydro-
FT), have been investigated
f liquid membrane phenom-
are reported in this

melanoma.
drugs (Fig.
phobic and more surface
compoun
two of its derv
furyl) 5_fluorouracil (
for the contribution 0
ena to their action, the results

communication.

All the 3 drugs, sFU, HCFU and FT, have

been shown to generate liquid membranes in series
with a supporting membrane. Transport of rele-
vant permeants through the liquid membranes
generated by these drugs in series with the sup-
porting membrane has been studied. The data
obtained from these model experiments indicate
that the modification in the transport of relevant
to the drug liquid membranes likely
d at the sites of action may also
ibution to the biological
In these studies a non-

specific non-living membrane has been chosen
deliberately as the supporting membrane for the
liquid membranes. Thus the possibility of active
and specific interactions of these drugs with the
constituents of biomembranes as cause for modifi-
transport of relevant permeants is
The role of passive transport
nbranes in the action of

permeants due
to be generate
make a significant contr
actions of these drugs.

cation in the
totally ruled out.
through the liquid mer
these drugs is highlighted.

Materials and Methods

Materials ‘
1 Phar-

HCFU, SFU and FT, (all from Mitsu

m;l.cculic;lls. Inc., Tokyo. Japan). aspartic acid
l"m‘\lnc ;‘wid. glutamine and glycine (all from Loba:
C hcm‘tc) and cyanocobalamin (Sigma V-2876) were
y.scd in the present experiments. All other chem-
icals were analytical grade reagents. Distilled
water. distilled twice in an all-pyrex glass still, was
used for preparing the solutions. Aqueous solu-
tions of HCFU and FT, which are not so easily
soluble in water, were prepared by adding to the
aqueous phase, with vigorous stirring, the neces-
sary volume of ethanolic stock solution of known
concentration of these substances. In the aqueous
solutions of HCFU and FT thus prepared the
final concentration of ethanol was never allowed
to exceed 0.1% (v/v). It was experimentally found
that 0.1% solution of ethanol in water did not

lower the surface tension of water 10 any measura-

ble extent.

Methods
The critical micelle concentrations (CMCs) of

5FU, HCFU and FT were estimated from the
variation of surface tension with concentration
and are recorded in Table 1. The surface tensions
were measured using a Fisher tensiomat model 21.

The all glass cell described earlier (Tandon et
4l.. 1986) was used for the transport studies. It is
rcpl‘odUL‘dd in Fig. 2 for ready reference. [t essen-
tially consisted of two compartments C and D
separated by a Sartorius cellulose acetate micro-
filtration membrane (Cat no. 11107, pore size 0.2
pm) of thickness 1% 107* m and area 2.55 X 10~°
m? which acted as a supporting membrane for the
liquid membranes.aTo obtain the hydraulic per-
meability data which were utilised to demonstrate
the formation of liquid membrane in series with
the supporting membrane, aqueous solutions of
varying concentrations of the drugs were filled in

TABLE 1
Critical micelle concentrations (CMC) of anticancer drugs

Drugs CMC (M)
S5FU §0x10-1°
FT 7.5x10~ !
HCFU 6.1x10™1
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tions of HCFU and FT, which are not so easily
soluble in water, were prepared by adding to the
aqueous phase, with vigorous stirring, the neces-
sary volume of ethanolic stock solution of known
concentration of these substances. In the aqueous
solutions of HCFU and FT thus prepared the
final concentration of ethanol was never allowed
to exceed 0.1% (v/v). It was experimentally found
that 0.1% solution of ethanol in water did not
lower the surface tension of water to any measura-
ble extent.

Merthods

The critical micell
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e transport cell (Fig. 2) and

compartment C of th
D was filled with distilled water.

compartment
drugs chosen were such

The concentrations of the
that the hydraulic permeability data were 0b-

tained both below and above the CMCs of the
drugs. The details of the method used for the
hydraulic permeability measurements have been
described earlier (Bhise et al., 1984a and b, 1985a
and b; Srivastava et al. 1984, 1985, 1986; Tandon

et al. 1986).

The solute permed
ynts in the presen
ited by the
Katchalsky

bility (w) of the relevant
ce of the liquid mem-
drugs were estimated

perme:
and Curran, 1967)

branes gener
using the equation (

L)
(2],

J, stands for
wne, Am

(1)

the solute flux per unit area of

is the osmotic pressureé dif-
brane and J, is the volume
{ was the same as

where
the membré
ference across the mem
flux. The method of measuremen
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described in the publications cited above. For
snlgtc permeability measurements two sets of ex-
periments were performed. In the first set of ex-
}*J'u:nnn-.'nls an aqueous solution of the drug was
filled in compartment C along with the permeant
;1:}1 compartment D was filled with distilled water
(Fig. 2). In the second set of experiments the
aqueous solution of the drug was filled in com-
partment D of the transport cell and compartment
C was filled with the aqueous solution of the
permeant. The concentrations of the drugs used in
the « measurements were always higher than their
CMCs.

All measurements were made at constant tem-

perature using a thermostat set at 37 L0196

Estimations
The amounts of the various permeants trans-

ported to compartment D were estimated as fol-

lows:
Folic Acid. The amount of folic acid was estimated

using a Cary 17-D spectrophotometer by mea-
surement of ultraviolet absorption at 283 nm
_the absorption maximum of folic acid in 0.1
M sodium hydroxide solution (Hashmi, 1973a).
Cyanocobalamin. The amount of cyanocobalamin
was estimated spectrophotometrically in an
aqueous solution by measurement of ab-
sorbance at 361 nm (Hashmi, 1973b; Heller
1980). )
Amino acids. The amounts of glycine, glutamine
and aspartic acid were estimated from the
amount of their reaction products with
ninhydrin measured at 570 nm (Moore and

Stien, 1954).

Results and Discussion

' The hydraulic permeability data at various drug
concentrations in the case of all three drugs, were
found to be in accordance with the proportional

relationship

J\. = Lp Ap (2)

where J, represents the volume flux per unit area
of the membrane, L, the hydraulic conductivity



TABLE 2
of SFU, FT and HCFL

) p Wl rarious concentrations
Cong B e R e
k] Lpx 10 L. x 10*
. it W m's !N ") ° (H‘I,' Iag !
. == = 5 . ol
(.00 ) : :
s PR 2,162 + ¢
: ‘:”IU 25 CMCQ) 1.930 + 0.058 1 9,;4 :- 3'324(
J0 00 (05 C ) . -
. ( ';_( MO) 1.720 + 0.054 1.726 " [).0;36
W 5 o
6000 (0.75 CMCO) 1.573 + 0.074 1%:?1 -
2000 (CMO) 1.290 + 0.034 BpEE
1(;!!1!! 1.260 + 0.061 _
240.00 1.266 + 0.064 -

2.162 + 0.064

Fl 0.000
R75 25:C ' 778 ,
1 «_‘:\ (0 .:5 .(._\I‘L ) 1.778 + 0.086 1.805 + 0.081
240 5 CMC) 1.418 + 0.049 1.406 + U.lklﬁ
1.106 + 0.039

625 (0.75 CMC) L5 o YISO
PAON(C "\r(i 0.755 + 0.017
1§ 000 0.751 + 0.023 )
22 500 0.761 £ 0.031
HICHL 0.000 2.162 £ 0.064 E
1,525 (0.25 CMO) 1.795 ; l.),()-ll 1_?70 +0.049
: MC 1.422 0.030 1.377 + 0.036
3.050 “":F '\.1( : 0.999 + 0.018 0.985 + 0.023
Lsts - i 0.592 + 0.010 =
g 1“”“ i 0.594 + 0.006 -
—~ :i}:),:: 0.582 + 0.018 .
— 18300 :
Eh;';::iuc., reported for l[ are arithmetic mean of 10 repeats +S.D.
ke mi_':l']‘.‘-'nlu] values.
ated values using Mosae model.
“Ocllicieny and Ap the applicd pressure difference nishes ad'ditional evlbd*':ncc. 1; fzulfou(r:I of the forma-
4Cross the : n.L p .LTI » values © L estimated tion of liquid mem f‘me:' by the Fruﬁ,s in series
from (he vlmhmbr‘-“k' ; . LA .p]ots.pin the case with the supporting thm rane. OhOng the
f’f all 3 gr()p‘-:s f;t J\. \ eriisgrciavc decreas¢ with afgumﬁm& bﬂse_d'on_{: :a:l?gceitbﬁiattignsrfg;?s-
Nerease in L:%’ f‘m?\» {Ir-'[l)lions of the drugs (Table sive covcra{g‘?’v 3“";"1;8521 o 1133 e ?e
%) upto up()f{am-mfli O es beyond which () et al- 198 andon et al 1986), it can b aie
€Come N ool b e t. This trend in the 1985, 1986; Tandon et al. i , it can be shown
Vuiu-.L more or less copbldﬂ ” Kesting'S liquid that at concentrations less than the CMCs of the
lTlcmL; of L, is in kcj‘cplng with L 1968) urfactants (he value of L, should be equal to
ey dr.emc hypothesis (Kcsu?‘g 1::11 s a‘ddcd - (1 a)Let ,,L;,] where n<1 and the super-
o ar ing to which, when a suf ac which forms ceripts ¢ and § represent the values gf L,at0 and
: il e surfactant ) liquid the cMC of the surfactant, respectively. The val-
:I::I :Lﬂr'mc)usly at th‘e. imerfaceqsz;c:iaszfe? acqross ues of Lp lh‘us CO“:‘P';H?d é;;t(sz\feral concentrations
the 1 rane and modifies the 11'1‘, of the surfac- of the drugs below their Cs compare favoura-
nterface. As the concentratio® opres- ply with corresponding experimental values in the
lé.lm is increased the interface ecomes prl.g o case of all the 3 fluorouracils (Table 2).
sively covered with the surfaclzlﬂl' ayer llgtely i
membrane and at the MC it 15 l;g light Solute permeabi!;’ry data
covered. Analysis of the values of Ly mem 1966; - Since all 3 drugs, peing surface-active ‘1 nature,
' have both hydrophilic and hydrophobic parts in

o p ﬂd €
Spwglef d ) 1976) fur-

of the mosaic model (
arris ©

Sherwood et al., 1967; H



their structure, it is expected that the hydrophobic
ends of the drugs molecules in the liquid mem-
brane would be preferentially oriented towards the
hyvdrophobic supporting membrane and the hy-
drophilic moieties would be drawn outwards away
from it. Thus in the first set of solute permeability
experiments the permeants would face the hydro-
philic surface of the drug liquid membrane gener-
1ted in series with the supporting membrane while
of experiments they would face
a on the solute
two

in the second set
the hydrophobic surface. The dat
of relevant permeants in the
es in the liquid
along with the

permeability
orientations of the drug molecul
membranes are recorded in Table 3
corresponding  values from control experiments
where no drug was used.

Antimetabolites in general are known (0 act by
nthesis of purine and pyrimidine
bases by interfering with folic acid metabolism or
prevent the incorporation of the bases into nucleic
acids (Bowman and Rand, 1980a). The steps in-
volved are known 1O be cnzymc-caualyscd. For
example SFU s ultimately converted enzymati-
cally into 5-1']uurodcoxyuridine—S-phosphatc which
inhibits the thymidylate synthetase enzyme system
resulting in the blockade of DNA synthesis
(Calabresi and Parks, 1980a). The present data
(Table 3), however, indicate that the passive trans-
port through the liquid membranes likely to be

impairing the sy

TABLE 3

Solute perm

cability (w) of various permeants in the

SFU (1 %1077 M)
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gg.-ncrulcd by the fluorouracils (SFU, HCFU and
FT) at the respective sites of action may also
contribute to their action. g
Vilz'imin B,, and folic acid, which are dietary
essentials for man, are required for the synthcsi‘s
of purinc and pyrimidine bases and their incorpo-
ration into DNA. Their deficiency may result in
defective synthesis of DNA in any cell that at-
tempts chromosomal replication and division (Hil-
man, 1980). The present data indicate that the
transport of both, vitamin By, and folic acid, are
impeded by the liquid membranes generated by all
3 drugs presently studied (Table 3). This impedim-
ent in the transport may contribute to the de-
ficiency of vitamin By, and folic acid inside the
cells resulting in the defective synthesis of DNA.
Thus it appears that the phenomenon of liquid
membrane formation may also contribute to the
anticancer activities of SFU and its derivatives. A
perusal of Table 3 further reveals that inhibition
in the transport vitamin B,, and folic acid, is more
when the permeants face the hydrophilic surface
of the liquid membranes than when they face the
hydrophobic surface. This observation indicates
that the specific orientation of the drug molecules
in the liquid membranes with their hydrophilic
ends facing the permeants may be necessary on
cancerous cells while the drug molecules in the
liquid membranes on the normal cells may have

presence of SFU, FT and HCFU

FT(1x107'° M) HCFU (1 x 1071 M)

Permeant Initial Con!ro‘g

concentration wx 10 wx10° wx 10° wx10° o x10° x10° :

lite w X 10

(mg/liter) C D C D c -

Aspartic acid 150 0.856 0.628 0.688 0.475 0.715 0.398 0.568

+0.011 +0.004 +0.006 +0.020 +0.062 +0.008 £0.042

Cyanocobalamin 30 0.488 0.281 0.365 0.316 0.379 0.282 0.347

£0018 0024 0021 0015 0018 +£0.026 0037

Folic acid 0.05 8.715 6.013 7.541 6.631 7.590 4.406 5.743

+0.266 +0.557 +0.316 +0.496 +0.010 +0.220 +0.334

Glutamine 500 0.474 0.759 0.694 0.160 0.363 0.417 0.399

¢ +0.031 +0.065 +0.052 +0.011 +0.014 +0.013 +0.008

. 100 0.265 0.412 0.644 0.151 0.182 0.181 0.195

il L0010  x00SS 0168 £0002 0003 +0001  +0.004
;’—Iﬂ-—jff_:u are repored as arithmetic mean of 10 repeals * S.D., in mol-s~' N” I (. drug in compartment C; D, drug in

Jalues ¢ ¢ L
ment D.
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the other orientation - hydrophobic ends facing
the permeants. This inference in turn implies that
surface of the membranes of the cancerous cells
should be less hydrophilic than those of the nor-
mal cells. Though there are some indications in
literature (Bowman and Rand, 1980b; Burger
1971: Emmelot, 1964a) that the neoplastic state
mayv also arise through an alteration in the surface
properties of the cells, a thorough probe in terms
of hydrophilicity of the cell surface is called for to
substanuate this conjecture.

Amino acids like glycine, glutamine and aspartic
acid are also required, in addition to folic acid, for
the purine ring synthesis (Bowman and Rand,
1980¢: Emmelot. 1964b). Compounds from which
the atoms of the purine ring are derived in the
biosynthetic pathway are depicted in Fig. 3 The
present data (Table 3) indicate that except In _[]1::
case of SFU, the transport of glycine, glutamine
and aspartic acid is also impeded in addition to
folic acid and vitamin By, by the liquid mem-
branes generated by both FT and HCFU. In the
case of SFU the transport of glycine and gluta-
mine was enhanced. The impediment in the trans-
port of the amino acids also in the case of HCFU
and FT, was more in the specific orientation of
the drug molecules in the liquid membrane with
their hydrophilic ends facing the permeants. This
impediment in the transport observed in the case
of FT and HCFU may also be a factor responsi.b]e
for the impairment of the synthesis of purine
bases contributing to the anticancer activity of
these drugs.

It has been reported by ligo et al. (1978) that of
the 3 drugs, HCFU, FT and 5FU, HCFU is most

(o{el]
Glycine 1
N’/\" PN
- -
Folate 4 %C/ \T‘“Asparlote
N Y,
Tetrahydrotolate =C |
h ' J,Cf'Telfahydroiolale
N et Iy
N ~vZ Folate
Y
(B>~ RIBOSE 4
Glutamine Glutamine

he atoms of the purine ring
athway. The breaks in the
s derived from each source

Fig. 3. Compounds from whic_h l
are derived in the biosynthetic p
bonds separate the groups of atom
(Bowman and Rand, 1980c¢).

potent. This finding is consistent with the liquid
membrane hypothesis for drug action (Srivastava
et al., 1984). The CMC of HCFU is the lowest
(Table 1). As CMC is the concentration at which a
complete liquid membrane is generated at the
interface, it would appear that of the three drugs,
HCFU would require the lowest concentration for
the development of a complete liquid membrane
at the site of action. Since modification of the
transport of the relevant permeants, which affects
the biological effect, is maximum when a complete
liquid membrane is generated, the concentration
of HCFU required to produce the maximum bio-
logical effect would be the lowest amongst the 3
drugs, making HCFU the most potent drug.

Some of the adverse side effects of cytotoxic
drugs include megaloblastic anaemia (Horler,
1981), neurological disorders relating to spinal
column and cerebral cortex (Calabresi and Parks,
1980b), ineffective haematopoiesis and pancyto-
penia (Bowman and Rand, 1980d). These symp-
toms are also the symptoms of deficiencies of
vitamin B, or folic acid or both (Hilman, 1980;
Finch et al. 1956; Stebbins et al. 1973; Stebbins
and Bertino, 1976). The impediment in the trans-
port of vitamin B,, and folic acid in the specific
orientation of the drug molecules in the liquid
membrane with their hydrophobic ends facing the
permeants, which may be the orientation on the
normal cells, could also be a plausible explanation
for the reported side-effects.
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