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Glibenclamide is a second generation sulfonyl urea compound used as an oral hypoglycemic or anti 
diabetic agent, a class of drug used to treat type-2 diabetes mellitus. The bilayer lipid membrane 
systems have been employed extensively as an experimental model of bio membranes. It is of major 
importance in medical research, particularly in the study of mechanism of a number of life saving 
therapeutic agents where a lipid bilayer is the primary site of interaction. The objective of this study 
was to investigate the transport of glibenclamide across micro-pore supported model bilayer lipid 
membrane. In this study, lipid bilayer membrane was prepared from L-alpha - phosphotidylcholine. 
Conductometric and potentiometric techniques were used to measure membrane conductance and 
membrane potential respectively as a function of concentration of the glibenclamide solution and 
temperature of the electrochemical cell maintained. The observed data were used to evaluate selectivity 
and activation parameters by making use of mathematical expressions derived on the basis of non-
equilibrium and transition state theories. From membrane potential study, thermodynamically effective 
fixed charge density (ØX) and transport number of anions (t-) obtained were 42.6 meq/lit and 0.76 
respectively and membrane conductance of 0.1 molar glibenclamide drug solution at 37°C showed 
26.11 + 0.01 (µs/cm), at this concentration and temperature values of activation parameters (Ea, ΔG*, Δ 
H*, -ΔS*) obtained were: 2516.47J/mole, 61605.71 J/mole,38.90J/mole and 206.60 J/k mole respectively. 
The observed and evaluated data indicated that selective membrane behavior was more pronounced in 
the dilute range and the drug molecules were diffused across the membrane passively. Hence it might 
be concluded that small amount of drug is more effective in getting the desired effect. 
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INTRODUCTION 
 
Biological membranes are essential elements for all living 
organisms; they play crucial roles in cell life. Their central 

structure, the lipid bilayer, acts as a barrier in order to 
prevent  the  exchange  of  proteins, ions and metabolites  
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between the intracellular and the extra cellular 
environment. Lipid membranes ensure the individuality of 
the cell, but at the same time allow the communication 
and the transport of materials between the intra and extra 
cellular matrix (Rossi, 2007; Benhamou, 2008). Biological 
membranes present as a lipid bilayer composed of two 
adjacent leaflets. These leaflets are formed by 
amphiphile molecules possessing hydrophilic polar heads 
pointing out and hydrophobic fatty acyls chains forming 
the core (Jan and Tsai, 1994). 

As bio membranes generally exist as ‘liquid’ structures 
bonded on either side by an aqueous phase and have 
been shown to function in a vectorial or directional 
manner, a membrane, to be used as a model, should be 
capable of separating dissimilar aqueous phases and be 
simple operationally so that unidirectional, vectorial 
functions, such as transport, redox reaction and energy 
transduction, can be investigated. The membranes 
developed and studied to date, which bear the above 
mentioned fundamental characteristics of a model 
system, on the basis of composition, may be divided into 
three categories, namely, lipid membranes, inorganic 
membranes, and polymeric membranes (Eeman and 
Deleu, 2010). 

Out of the various lipid membranes used as models so 
far supported bilayer lipid membranes (s BLM) could be 
regarded as the most realistic ones in view of the facts 
that lipid bilayer is the key structural element of all bio 
membranes. Since its inception in 1960, BLM has been 
widely used for carrying out investigations into a variety 
of physical, chemical and biological phenomena including 
solar energy transduction (Janshoff and Steinem, 2006; 
Lonsdale, 1989; Tien, 1985). Glibenclamide (5-chloro-N-
(2-(4-(cyclohexylcarbamoylsulfamoyl) phenyl) ethyl)-2-
methoxy-benzamide) is a second generation sulfonyl 
urea compound used as an oral hypoglycemic or anti 
diabetic agent, a class of drug used to treat type-2 
diabetes mellitus (Figure 1) (Bchir et al., 2004).  
Glibenclamide is 200 times more potent than tolbutamide 
in evoking pancreatic secretion of insulin. It differs from 
other oral hypoglycemic drugs in that it is more effective 
during eating than fasting (Rajkumar et al., 2010).  

Experimental work on artificial membrane using a 
variety of methods has demonstrated that the membrane 
properties may be strongly affected by the presence of 
membrane associated molecules. Examples of 
parameters that can be affected by drug-membrane 
interactions include the conformation of acyl groups, the 
membrane surface and thickness, the phase transition 
temperature, the membrane potential and hydration of 
head groups and the membrane fusion proteins 
(Szewczyk et al., 1993, 2006).  

Literatures showed that glibenclamide was widely 
studied on natural cells mainly on rats.  Lamprianou in his 
invitro studies of glibenclamide on non obese diabetic 
mice reported that glibenclamide prevents diabetes 
(Lamprianou et  al.,  2016).  Another  study  also  showed  

 
 
 
 
in vivo assessment of combined effects of glibenclamide 
and losartan in diabetic rats revealed the relevance of 
treatment of hypertensive diabetes with the combination 
of these two drugs (Moureq et al., 2019). Studies on 
formulation development, in vitro and in vivo evaluation of 
membrane controlled transdermal systems of 
glibenclamide revealed that membrane controlled 
transdermal systems exhibited better control of 
hyperglycemia and more effectively reversed the 
diabetes mellitus complications than oral administered 
glibenclamide in mice (Mutaliik and Uduga, 2005). There 
were also other studies on glibenclamide on rat and other 
animals (Wang et al., 2008; Seena et al., 2017; Ling et 
al., 2006; Nagamatsu et al., 2006; Maria and Reyes, 
2008; Maheswari, 2001). Most of the studies conducted 
so far on glibenclamide and other drugs also were on 
animals. The use of animal is tiresome because it takes 
time to grow animals. On the other hand, model systems 
have high throughput screening than natural systems, 
due to this, model systems may be helpful in saving 
animals and could be utilized to indicate the 
concentration at which the drug is most effective and with 
least side effects. However, these model systems were 
not reported yet in investigation of glibenclamide drug. 
The objective of this study was investigation of transport 
of glibenclamide drug across micro-pore supported 
bilayer lipid membrane. 
 
 
MATERIALS AND METHODS 
 

Materials and equipments 
 

Potentiometer (Denver instrument, model 250) and Ag/AgCl 
electrodes were used to measure membrane potential; conductivity 
meter (EUTECH instrument, syberscan CON 41) was used to 
measure membrane conductance. Hanas pH meter was used to 
measure pH of the drug solution and thermostat type GLS400 was 
used to regulate temperature. Electrochemical cells (each with the 
capacity to hold about 30 ml solutions were ordered and purchased 
from Addis Ababa university chemistry department and used to hold 
drug solutions. AXIVA, membrane filters (Nylon)CatNo.170013R, 
Rating: 0.2 µm, media: Nylon, diameter 13 mm, imported and 
processed in India by Delhi(India), used as micro-pore support for 
the formation of sBLM (supported bilayer lipid membrane). 
 

 
Chemicals and reagents 

 
All chemicals used for this experiment were of analytical reagent 
grade and were used without further treatment (L-alpha-
phosphotidylcholine purchased from sigma Aldrich chemie 
Germany).  Chloroform (99.96%, Fischer chemicals, UK) used to 
dissolve phosphotidylcholine.  
Glibenclamide was purchased from local pharmacy. Drug solutions 
and KCl solution used for calibration purpose were prepared by 
using double distilled water. 
 
 
Preparation of solutions 
 
Fresh  stock  solutions  of  0.0005,  0.00075,  0.001,  0.0025, 0.005,  
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Figure 1.  Chemical structure of glibenclamide taken from Gianotto et al (2007).  

 
 
 
0.0075, 0.01, 0.025, 0.05, 0.075 and 0.1 mol/lit of glibenclamide 
were successively prepared using double distilled water. 
 
 
Preparation of supported bilayer lipid membrane 
 
Micro-pore support BLM was prepared as follows: At the beginning 
10 g of L-alpha –phosphotidylcholine was dissolved in 100 ml of 
chloroform to prepare lipid solution, then, the micro filter was first 
immersed in lipid solution then immediately immersed in water (for 
the purpose of proper alignment of bilayer) to get micro filter 
supported bilayer lipid membrane. 

Before the experiment the micro filter was dried in air at room 
temperature to remove the solvent from the surface for about 20 
min. The cell had two compartments. The dried micro pore support 
was attached on one half of the electrochemical cell and then both 
compartments were assembled together (Sheppard and Robinson, 
1997) (Figure 2) with the introduction of burettes and electrodes 
and the membrane was properly adjusted and the solutions of the 
electrolyte poured into the two compartments through the inlets. 
 
 
Measuring membrane potential 
 
Ag/AgCl electrodes connected to potentiometer were placed in 
each compartment of the electrochemical cell, then, glibenclamide 
solutions of tenfold concentration difference were filled in both 
burettes and made to fill both compartment cells slowly at about 
equal flowing rates through the in late till overflow the membrane, 
then, membrane potential was measured as a function of 
concentration of glibenclamide used and temperature of the 
electrochemical cell maintained. Membrane potential was measured 
prior to the formation of BLM for the sake of comparison. 
Potentiometer was calibrated before each experiment and Ag/AgCl 
electrodes were placed in 3M KCl solution throughout the 
experiment and taken out during measurement only. 
 
 
Measuring membrane conductance 
 
The assembly was made by following the same procedure for 
membrane potential measurement. Membrane conductivity was 
measured by setting temp at 10, 15, 23, 30 and 37°C. Conductivity 
of different concentrations of the drug solutions were measured 
prior to contact with the membrane and after contact with the 
membrane at specified concentrations. 
 
 
Measuring pH of the drug solution 
 
pH meter was calibrated by using buffer solutions at pH 4 and 7 
before measuring the pH of drug solutions and the pH of distilled 
water was taken as a standard. 
 
 
Data processing and analysis 
 
Selectivity in  membrane  permeation  is  usually  inferred  from  two 

kinds of measurements, viz., potentiometric and conductometric for 
comparable concentrations of permeate species (Eisenman and 
Horn, 1983). The former involves measurements of difference in 
electric potential between two electrolyte solutions separated by a 
selectively permeable membrane. When the electric potential arises 
on account of difference in concentrations of the same solution, it is 
called membrane potential. Theories proposed and equations 
derived by Aizawa and co-workers (Kotnik et al., 2008) is useful to 
evaluate the transport number of anion and thermodynamic 
effective fixed charge density from the linear plots of (F/RT) Em 
against 1/C1, in accordance with the following equation. 

  
(F/RT) Em = (2t--1) ln γ + 2(γ-1)/γ t-(1- t-) ØX /C1                                            (1) 

 
Where (ØX) is thermodynamically effective fixed charge density; t- 
is transport number of anion; γ is concentration ratio (C2/C1); C2 is 
concentrated solution of the drug and C1 is dilute solution of the 
drug solution; while other terms have their usual thermodynamic 
significance. 

Membrane conductance depends upon the properties of both 
fixed and mobile ionic species and is usually independent of 
membrane thickness or cross-sectional area.  

 
 π = (RT/Nh) exp (-∆H*/RT) exp (∆S*/R)                                        (2) 
 
Where π is membrane conductance; N is Avogadro’s number; h is 
Planck’s constant; R is universal gas constant; T is temperature in 
Kelvin; ΔH* is enthalpy of activation and ΔS* is entropy of 
activation. 

Membrane conductance (π) data was used to evaluate (∆H*) and 
(∆S*), respectively, from the slope and intercept of linear plot of ln 
(πNh/RT) against 1/T in accordance with Equation 2.The evaluated 
activation parameters would be used to evaluate Arrhenius 
activation energy (Ea) and activation free energy (∆G*) in 
accordance with the following relations (Kotwal and Thube, 2007; 
Siddiqi et al., 1988; Saddiqi and Alvi, 1989). 
                                     
Ea = ∆H* + RT                                                                                (3) 
 
∆G* = ∆H* - T∆S*                                                                           (4) 

 
 
RESULTS 
 
Observed values of membrane potential 
 
The potentiometric data obtained by keeping micro-pore 
supported bilayer lipid membrane in between solutions of 
different concentrations of glibenclamide were 
summarized as a function of glibenclamide concentration 
in Table 1 and Figure 3. Each measurement was taken 
as the average of three readings. The data showed a 
decreased trend with increase in concentration. 

The observed value was utilized to evaluate 
thermodynamically  effective fixed charge density ØX and  

http://upload.wikimedia.org/wikipedia/commons/7/76/Glibenclamide.svg
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Table 1. Observed values of membrane potential in (mV) at 23
o
C for micro-pore supported BLM at different 

concentrations of glibenclamide solution. 
 

Glibenclamide concentration (in mole/lit) Membrane potential (in mV) (Mean + SD) 

1 × 10
-1

/1 × 10
--2

 2.14 ± 0.16 

7.5 × 10
-2

/7.5 × 10
-3

 3.12 ± 0.06 

5 × 10
-2

/5 × 10
-3

 4.42 ± 0.06 

2.5 × 10
-2

/2.5 × 10
-3

 7.67 ± 0.01 

1 × 10
-2

/1 × 10
-3

 14.89 ± 0.17 

7.5 × 10
-3

/7.5 × 10
-4

 20.12 ± 0.05 

5 × 10
-3

/5 × 10
-4

 30.14 ± 0.40 

 
 
 

 
 

Figure 2. Photo of electrochemical cell assembly for membrane potential measurement 
captured at Jimma University Inorganic Chemistry Research Laboratory during the study 
period. 

 
 
 
transport number of anions (t-) respectively, from the 
slope and intercept of the linear plots of (F/RT) Em vs 
1/C1, in accordance with Equation (1). 

At fixed ratio, Equation (1) predicts straight line plot of 
(F/RT) Em against 1/C1 and allows evaluations of t- and 
ØX from the intercept and slope. Accordingly, the values 
of ØX and t evaluated from the above linear plot were 
42.6 meq/lit and 0.76 respectively. 

 
 

Observed values of membrane conductance 
 
This study revealed that membrane conductance 
increased with increased concentration of glibenclamide 
solution and temperature (Table 2). Each measurement 
was taken as the average of three readings. 

Figure 4 was used to evaluate thermodynamic 
activation parameters ∆H* and ∆S*. Table 3 indicated 
that the values of thermodynamic activation parameters 
increased with decreased concentration of the drug 
solution.  

DISCUSSION 
 
The values of transport number of anion indicated that 
glibenclamide most likely crossed the membrane in its 
anionic form than in its cationic form. The value of ØX 
indicated the presence of good effective fixed charged 
sites on the membrane. 

Variation of membrane potential data with concentration 
could be explained by taking into consideration the 
structure of phosphotidylcholine (PC) molecule. Since H

+
 

is very small in size it can easily react with the phosphate 
group of PC and neutralize it, so that, the repulsion on 
the anion form of the drug is minimized. In dilute range 
because of less viscosity of the drug solution, the 
positively charged group of the PC were in a better 
position to react with negatively charged part of the drug 
molecule, which being liphophilic, could cross the 
membrane easily and made the potential higher. 

The evaluated values of anion transport number (t-) and 
thermodynamically effective fixed charge density (ØX) 
also   support   this   idea.   Study  conducted  in  Ethiopia  
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Table 2. Observed values of membrane conductance (µs/cm) as a function of temperature maintained.  
 

Glibenclamide Conc. (mol/lit) 10°C 15°C 23°C 30°C 37°C 

7.5  × 10
-3

 0.56 + 0.01 0.82 + 0.03 1.35 + 0.02 2.10 + 0.02 2.6 + 0.01 

1 × 10
-2

 0.83 + 0.02 1.16 + 0.02 2.00 + 0.01 2.34 + 0.01 3.00 + 0.01 

2.5 × 10
-2

 1.48 + 0.01 1.88 + 0.01 3.14 + 0.02 3.98 + 0.03 4.62 + 0.02 

5 × 10
-2

 3.02 + 0.01 5.76 + 0.01 7.14 + 0.01 9.12 + 0.01 11.00 + 0.02 

7.5 × 10
-2

 5.42 + 0.03 6.75 + 0.01 10.96 +0.01 11.16 + 0.01 13.28 + 0.01 

1 × 10
-1

 7.46 + 0.02 9.23 + 0.02 15 + 0.01 19.94 + 0.02 26.11 + 0.01 

 
 
 

Table 3. Values of thermodynamic activation parameters evaluated for ion permeation across micro pore supported bilayer 
lipid membrane in contact with different concentrations of glibenclamide solutions. 
 

Glibenclamide conc.(mol/lit) Ea(J/mole) ΔG*(J/mole) Δ H*(J/mole) -ΔS*(J/k mole) 

1 × 10
-1

 2516.47 61605.71 38.90 206.60 

7.5 × 10
-2

 2516.87 61778.94 39.30 207.18 

5 × 10
-2

 2517.79 62125.54 40.22 208.34 

2.5 × 10
-2

 2517.93 63863.02 40.36 214.17 

1 × 10
-2

 2518.75 64236.34 41.18 215.42 

7.5 × 10
-3

 2518.91 64978.23 41.34 217.91 

 
 
 

 

 

 

 

 

 

 

 
 

Figure 3. Plots of (F/RT) Em Vs 1/C1 for micro-pore supported BLM.            

 
 
 

reported membrane potential increased with decrease in 
concentration (Damena et al., 2013) which was in line 
with the result of this study. There was also other study 
which supports this result (Saddiqi and Alvi, 1989).  

Variation of membrane conductance with increased 
drug concentration and temperature might be explained 
by taking the following points into consideration: The 
number of charged particles available for the transport of 
current; the extent of the sorption of permeants in the 
membrane phase; the variation of viscosity with 
concentration and temperature. As concentration 
increased the number of charged particles crossing the 
membrane increased, as a result, more membrane 
conductance was measured at higher concentration of 
drug solution. 

In addition to that increased temperature increases the 
kinetic energy of the permeants hence, permeants rapidly 
came close to the surface of the membrane resulted in 
increased membrane conductivity, besides; increased 
temperature lowers viscosity of the drug solution. So that, 
ions could easily move across supported BLM, which was 
again the cause for increment of membrane conductance.  

 The other reason might be, when the hydrated ions 
approached to the pores of the membrane before effective 
interaction with phosphotidylcholine of the lipid, certain 
fraction of water molecules from the hydration shell of the 
ion and fixed sides might be removed. The negative 
entropy change of activation (-ΔS*) observed indicated 
that an ordered water molecules become less ordered in 
the most diluted solutions (Saddiqi and Alvi, 1989). Study  
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Figure 4. Plots of ln (πNh/RT) Vs 1/T x 10
3
 for different concentrations of glibenclamide solution. 

 
 
 
conducted in India on ion transport studies through 
polystyrene based model membrane conductance data 
and absolute reaction rate theory reported activation 
energy decrease with increase in concentration and the 
value of change of entropy were negative. It was in line 
with the result of this study (Ansari et al., 2012). 

Increased in Gibbs free energy of activation (ΔG*) 
might be due to strong interaction between fixed site and 
permeants. Since more sites were available in dilute 
range, more energy was released. That was why 
enthalpy of activation (Δ H*) increased with decreased 
concentration of glibenclamide solution. In general drugs 
might change the permeability, fluidity, mechanical 
stability and structure of the membrane.  

This concept was also supported by literature; 
Jacqueline in his review of membrane-drug interactions 
studied using model membrane systems reported the 
effect of Rifabutin and Oritavancin on the structure of 
model membrane (Knobloch et al., 2015).  
 
 
CONCLUSIONS AND RECOMMENDATION 
 
In this study, transport of glibenclamide across a model 
lipid bilayer membrane was determined. First part of the 
study focused on determination of membrane potential as 
a function of concentration. From membrane potential 
data, transport number of anion (t-) and thermodynamic 
effective fixed charge density were calculated. Higher 
potential was observed in dilute range. It might be due  to 

the interaction between the drug molecule and 
phosphotidylcholine as discussed previously. Membrane 
conductance increased as a function of increased 
temperature and concentration of the drug solution. From 
membrane conductance data, thermodynamic activation 
parameters were evaluated and the general trend 
observed were, as concentration decreased the value of 
Ea, ΔH*, ΔG* and negative ΔS* increased. From 
evaluation of the data obtained in both cases, membrane 
was more selective when drug was in very dilute range. 
Glibenclamide follows passive transport mechanism 
[Kamp et al., 2003]. It crosses mitochondrial membrane 
in pancreas and initiates β-cell to secrete insulin. In most 
studies this drug was used at µM scale [Szewczyk et al., 
1993; Zheng and Zhang, 2007; Coppack et al., 1990). 
This study also indicated that membrane was more 
selective when the drug was at very low concentration; 
therefore, it is recommended that if this beginning is 
further enriched by research it can be used as a 
substitute for natural systems.  
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