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INTRODUCTION

Erythrocyte membrane, like all other eukaryotic plasma
membranes, is composed of a bilayer of several different classes
of lipid along with a variety of protein molecules [1]. It contains
52 % proteins, 40 % lipids and 8 % carbohydrates that is bound
to lipids (glycolipids) or proteins (glycoproteins) [2]. The lipids
form a rather continuous bilayer in which the outer layer contains
mainly phosphatidylcholine and sphingomyelin, and the inner
one, phosphatidylethanolamine and phosphatidylserine. Lipids
provide mechanical stability and a strong tendency to form
closed structures [3]. Membrane proteins are classified as peri-
pheral or integral. Peripheral proteins are molecules that are
bound to membrane primarily through interactions with integral
membrane proteins. The integral proteins represent more than
70 % of membrane proteins and are very firmly associated with
the membrane, the two major integral proteins are band and
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glycophorin [4].The outer surface of erythrocyte membrane
is negatively charged, due to presence of salicyclic acid residues
as well as carboxyl and phosphate groups [5]. The presence of
charges on the external surface of biological membranes influ-
ences to a remarkable degree their electrical behaviour and
physico-chemical properties [6].Various materials have been
shown to adsorb or interact with the erythrocyte membrane, such as
adsorption of different amino acids (L-alanine, glycine, L-gluta-
mine and L-leucine) [7], anti A or anti B-antibodies [8] and drugs
[9,10]. The interaction of drugs with erythrocyte membrane may
occurs through the electrostatic attraction with negatively charged
lipids or with negatively charged proteins of membrane skeleton
[1]. These interactions are supposed to be involved in the modu-
lation of membrane fluidity as well as in the regulation of memb-
rane-related processes [11].

Elferink [12] studied the binding of chlorpromazine·HCl
and its quaternary analogue chlorpromazine methoiodide to



open and resealed human erythrocyte ghost membranes. The
results indicated that the quaternary compound is confined to
the outside face of membrane. For both compounds two classes
of binding sites are available. The strongest binding sites are
mainly located on the inner surface of membrane. Numerous
reports have demonstrated the nature of binding between certain
agents and the receptor sites in red blood cell membrane. It has
been suggested that binding of stilbendisulfonic acids to the
protein in band 3 of red blood cell membrane occurs through
the formation of covalent binding (irreversible binding) after
initial rapid non-covalent binding [13]. On the other hand, it was
found that the covalent bond formation between 1-fluoro-2,4-
dinitrobenzene and anion permeability-controlling sites on the
protein in band3 is direct and not preceded by a step that involves
non-covalent binding [14]. It has long been known that certain
drugs (like salicylic acid and its derivatives) interact with the
protein in red cell membrane and act as a reversible and non-
competitive inhibitors of anion permeability. The inhibitory
action of these drugs influence by many factors related to the
structure of drug molecule, such as hydrophobicity of molecule,
electron distribution within the molecule and steric effects [15].

The aim of the present work is to evaluate the interaction
of cephalexin·H2O and diclofenac sodium with erythrocyte
membrane. It is planned to carry out this part of research in vitro
aiming to get some informations regarding the mechanism of
interaction of this type of biological surfaces with the drugs
(cephalexin monohydrate and diclofenac sodium) under study.

EXPERIMENTAL

Subjects: Fourty blood samples have been collected from
healthy Iraqi volunteers (21 males and 19 females), aged 20 to
40 years (mean age 28 ± 6 years).

Preparation of erythrocyte membrane: Erythrocyte mem-
branes were prepared according to Reinila et al. [16]. Fresh
blood samples (10 mL) containing heparin as an anticoagulant
were centrifuged at 3000 rpm. The erythrocytes were resuspended
in ice-cold isotonic saline (NaCl 0.9 %) and washed by three
successive centrifugations (3000 rpm) for 5 min. Packed RBCs
(3 g) were transferred into 30 mL of hypotonic medium (10 mM
tris-HCl, pH 7.4, containing 0.1 mM EGTA). The tubes were
centrifuged at 4 ºC for 20 min at 12000 rpm. After aspiration
of supernatant, the cells were resuspended in hypotonic medium
and treated as above. The final pellet of RBC membranes was
resuspended in tris-EGTA buffer and stored at  20 ºC in deep
frozen until assayed.

Adsorption on erythrocyte membrane: Solutions of each
drug (cephalexin·H2O or diclofenac sodium) of known concen-
trations (0.2-5 mM) in buffer solution (pH 7.4) were added to
flasks containing 0.2 mL (~ 0.2 g) of erythrocyte membrane
suspension. The flasks were shaken in waterbath at 37.5 ºC
for 45 min. After the period of incubation, the suspensions
were centrifuged at 4000 rpm for 20 min. The clear supernatants
were assayed for drug, after appropriate dilution, using UV-
visible spectrophotometer. The amount of drug adsorbed was
calculated from the following equation:
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where Qe is the quantity adsorbed, m is the weight of erythrocyte
membrane (g), Co is the initial concentration of drug (mg/L),
Ce is the equilibriumconcentration of drug (mg/L) and V is
the volume of solution (L).

Protein content estimation: The protein content of eryth-
rocyte membrane was estimated according to Lowery method
[17] using bovine serum albumin as standard.

RESULTS AND DISCUSSION

The binding of cephalexin·H2O and diclofenac sodium to
erythrocyte membranes from healthy individuals at 37.5 ºC
and pH 7.4 was investigated. The results show a consistent and
significant increase (p < 0.01) in the amounts of drug uptake
by erythrocyte membrane with increasing drug concentration.
The binding of drugs to erythrocyte membrane for both sex
was studied. No significant difference (p > 0.05) in amount of
drug uptake by erythrocyte membrane of male or female was
noticed (Table-1).

TABLE-1 
AMOUNT OF DRUGS UPTAKE BY THE SURFACE  

OF ERYTHROCYTE MEMBRANE FOR MALE  
AND FEMALE EXPRESSED (mg/g) 

Cephalexin·H2O Diclofenac sodium 

Male* Female* Male* Female* 
0.76 ± 0.28 0.82 ± 0.19 0.54 ± 0.26 0.52 ± 0.26 
1.66 ± 0.48 1.72 ± 0.30 1.04 ± 0.26 1.16 ± 0.26 
3.85 ± 0.49 3.95 ± 0.26 3.21 ± 0.39 3.12 ± 0.32 
5.30 ± 0.58 5.82 ± 0.98 6.76 ± 0.61 6.84 ± 0.58 
9.78 ± 0.74 10.02 ± 0.77 7.88 ± 0.80 7.63 ± 0.72 

10.83 ± 0.95 11.08 ± 0.96 8.24 ± 1.22 8.67 ± 1.15 
11.77 ± 0.85 11.38 ± 0.98 9.31 ± 0.94 9.32 ± 1.15 

*Data are presented as the mean ± S.D., N = 21 for each drug. 

 
Fig. 1 shows the adsorption isotherms of cephalexin·H2O

and diclofenac sodium. The general shape of adsorption isotherm
of cephalexin·H2O have L4 type isotherm, while the adsorption
isotherm of diclofenac sodium is L2 type feature of Giles classi-
fication [18].

The adsorption isotherm of cephalexin·H2O by erythrocyte
membrane (Fig. 1a) is not continuous, there is a major break
(step) in which the amount of drug adsorbed appears to rise
rapidly at a particular drug concentration. This result agrees
with the report of Bikhazi et al. [19], who reported the adsorption
isotherms of ouabain on hepatocytes from normal and diabetic
rats are not continuous. They assumed the presence of multiple
receptors on the cell surface and only when a specific fraction
of total number of one receptor have effectively reacted will
the other receptors initiate reaction with the ligand. They also
suggested the existence of two receptors in normal and diabetic
hepatocytes, interacting with ouabain and having different
affinities for drug.

The experimental data were explained using the theoretical
Langmuir equation and empirical Freundlich equation (eqns.
2 and 3).
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where Qe (mg/g) is the quantity adsorbed per unit weight, Ce

(mg/L) is the equilibrium concentration, Qm (mg/g) and KL

(L/mg) are Langmuir isotherm constants.

e f e

1
log Q log K log C

n
= + (3)

where Kf and n are Freundlich constants; 1/n is a function of
the strength of adsorption in adsorption process.

The results illustrated the applicability of Langmuir and
Freundlich isotherms for both drugs as shown by the linear
relationships of Ce/Qe versus Ce (Fig. 2) and log Qe versus log
Ce (Fig. 3).

A number of binding sites are involved in the binding of
adsorbate molecules (called ligand) to macromolecules, and
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Fig. 2. Linear form of Langmuir isotherm of cephalexin·H2O and diclofenac
sodium on erythrocyte membrane
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Fig. 3. Freundlich adsorption isotherms of cephalexin·H2O and diclofenac
sodium on erythrocyte membrane

sometimes they behave identically and act quite independently
of each other. This is the simplest situation and such systems
obey an equation of Langmuir form. However, in some important
cases the occupation of one site affects the strength of binding
at other sites; in other words, behaviour is favourable [20].

Most equations that describe the binding of adsorbate
molecules to macromolecules are expressed in terms of dissoci-
ation constant (kd) and the number of moles of adsorbate molecule
bound to one mole of macromolecules (r), therefore the Langmuir
equation can be written in the following form [21]:
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Fig. 1. Adsorption isotherms of (a) cephalexin·H2O, (b) diclofenac sodium,on erythrocyte membrane at 37.5 °C
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where [A] represent the concentration of unbound ligand at
equilibrium. This equation is usually rewritten in one of two
forms that allow the data to be plotted on a straight line. One
form is:

d d

r 1 r

[A] k k
= − (5)

in which a plot of r/[A] versus r gives a straight line having a
slope of -1/ kd. If all binding sites are identical and independent,
the relevant equations analogous to eqn. 5 as:

d d
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where n is the number of binding sites and kd is an average
dissociation constant. With eqn 6 (often called Scatchard equation),
a plot of r/[A] versus r gives a line having a slope of -1/ kd and
an x-intercept of n/kd.

If the binding sites are not both identical and independent,
neither of the plots, 1/r versus 1/[A] nor r/[A] versus r, will give
straight lines. Eqn. 6 can be re-written in the form:
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The adsorption data and eqn. 7 were used to construct a
Scatchard plots for binding of cephalexin·H2O and diclofenac
sodium to erythrocyte membrane, where Qe/Ce is plotted as a
function of amount of drug uptake by membrane (Qe) (Fig.4).

As shown in Fig. 4, the Scatchard plots of adsorption data
of both drugs are different. The Scatchard plot of cephalexin·H2O
revealed the existence of two types of binding sites which are
non-identical and independent. This result is in agreement with
that reported by Ishida et al. [22] and Elferink [14].

Diclofenac sodium to erythrocyte membrane: There is
an increasing evidence that erythrocyte membrane is asymmetric
with regard to proteins as well as to phospholipids. In erythrocyte
membrane the majority of aminophospholipids, phosphati-
dylserine and phosphatidylethanolamine, are located in the

inner leaflet, whereas phosphatidylcholine and sphingomyelin,
are localized predominantly in the outer leaflet of lipid bilayer
[23]. Most proteins of erythrocyte membrane being located in
the inner half of the membrane [24]. Sheetz and Singer [25]
have proposed that two halves of an asymmetric membrane
can respond differently to a perturbation and thus act as bilayer
couples. They attributed the different effects of amphipatic drugs
on erythrocyte morphology to a differential distribution of drugs
in the erythrocyte membrane as a consequence of the presence
of phosphatidylserine in the inner half of membrane.

The nature of interaction of cephalexin·H2O with eryth-
rocyte membrane may be related to the possibility of drug adsor-
ption on both faces of membrane. Elferink [14] showed that
chlorpromazine·HCl was bound to both phases of membrane
and the drug was preferentially bound to the inside face of mem-
brane. He also found that the greater number of binding sites
on the inside face is associated with the presence of phosphati-
dylserine in that side of the membrane and possibly with the
presence of more protein binding sites on the inner half as
compared to the outer half of membrane.

In erythrocytes, the inner layer of membrane is rich in
phosphatidylserine − a lipid bearing net negative charge at
neutral pH. Negatively charged lipids are absent in the outer
layer. On the other hand, cephalexin·H2O at neutral pH may
occurs in protonated form [pka = 2.7 (4-carboxylic acid) and
6.96 (7/α-ammonium chain)]. Hendrich et al. [26] found that
preferential binding of thioridazine (bears positive charge at
neutral pH) with the inner leaflet of membrane was due to the
electrostatic attraction with negatively charge lipids as well as
to its interaction with negatively charged proteins of membrane
skeleton. It was suggested that phosphatidylserine in cytoplasmic
half of the membrane could provide a negative field, attracting
cationic drugs into cytoplasmic half [7]. The presence of charged
groups at membrane surface will influence the distribution of
mobile counter-ions. Surface of erythrocyte membrane normally
carry net negative charge. This surface fixed charge leads to
the formation of a diffuse electrical double layer in which the
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Fig. 4. Scatchard plots for the binding of (a) cephalexin·H2O, (b) diclofenac sodium to erythrocyte membrane
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charge at the surface is balanced by charges of opposite sign
in the medium immediately adjacent to the surface [27]. More-
over, hydrophobic properties of drug molecule may play an
important role in the nature of binding to erythrocyte membrane.
The amount of diclofenac sodium adsorbed was non- signifi-
cantly less (p > 0.05) than the amount of cephalexin·H2O up-
take by erythrocyte membrane. There is no specific factor in
the interpretation of this behaviour, but this may be attributed
to the similarity in molecular weight of both drugs. Multiple
factors can play a role in diclofenac sodium interaction with
the membrane surface such as lipophilicity, stereochemistry
and geometry of drug molecule, the distribution of charge on
molecule and number of active functional groups in molecule
bears. It is more likely the geometrical and electrostatic factors
can affect diclofenac sodium bound to both sides of membrane
surface.

Conclusion

The surface of human erythrocyte membrane consists of
multiple binding sites with different affinities to interact with
the drugs. The adsorption isotherm of cephalexin·H2O by ery-
throcyte membrane is not continuous, there is a major break
(step) in which the amount of drug adsorbed appears to rise rapidly
at a particular drug concentration. There is no sex differences
in the amounts of drugs binding to erythrocyte membrane. The
amount of diclofenac sodium adsorbed was non-significantly
less (p > 0.05) than the amount of cephalexin·H2O uptake by
erythrocyte membrane. It is more likely that geometrical and
electrostatic factors can affect diclofenac sodium to both sides
of membrane.
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