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Purpose. The purpose of present study is to formulate microemulsion composed of oleic acid, phosphate

buffer, Tween 80, ethanol and to investigate its potential as drug delivery system for an antitubercular

drug isoniazid.

Materials and Methods. The pseudo-ternary phase diagram (Gibbs Triangle) was delineated at constant

surfactant/co-surfactant ratio (Km 0.55). Changes in the microstructure were established using

conductivity (s), viscosity (h), surface tension (g) and density measurements. Dissolution studies and

particle size analysis were carried out to understand the release of isoniazid from the microemulsion

formulation. Further, partitioning studies and spectroscopic analysis (FT-IR and 1H NMR) was

performed to evaluate the location of drug in the colloidal formulation.

Results. Physico-chemical analysis of microemulsion system showed the occurrence of structural changes

from water-in-oil to oil-in-water microemulsion. It has been observed that the microemulsion remained

stable after the incorporation of isoniazid (in terms of optical texture, pH and phase separation). The

changes in the microstructure of the microemulsion after incorporation of drug was analyzed on the

basis of partition studies of isoniazid in microemulsion components and various parameters viz pH, s,
h,g. In addition, the particle size analysis indicates that the microemulsion changes into o/w emulsion at

infinite dilution. The spectroscopic studies revealed that most of the drug molecules are present in the

continuum region of an o/w microemulsion. Dissolution studies infer that a controlled release of drug is

expected from o/w emulsion droplet. In the present system the release of isoniazid from microemulsion

was found to be non-Fickian.

Conclusion. The present Tween based microemulsion appears beneficial for the delivery of the isoniazid

in terms of easy preparation, stability, low cost, sustained and controlled release of a highly water soluble

drug.

KEY WORDS: controlled release; drug delivery potential; isoniazid; microemulsion; solubility; stability;
structural changes.

INTRODUCTION

In order to enhance the efficacy of new and existing drugs,
the design and development of new drug delivery systems is an
ongoing process. Recently a great deal of focus has been laid on
microemulsions (1,2) and self-microemulsifying drug delivery
systems (SMEDDS) (3–6) for this purpose. SMEDDS is a
preconcentrate of microemulsion containing drug, oil, and
surfactant (and/or cosurfactant). It helps in enhancing solubil-
ity, dissolution rate and improves bioavailability of a drug (7).

Microemulsions are thermodynamically stable, isotropic
clear dispersions of oil, water and surfactant (and/or co-

surfactant) mixtures, which have high stability, low viscosity
and transparency. Microemulsions are known for more than
a half-century but it_s only in the past decade that its ability
as a drug delivery vehicle is being explored. Besides easy
administration of microemulsion (when used as oral drug
delivery systems), they help in increased absorption, im-
proved clinical potency and decreased toxicity (8).

Some of the advantages associated with microemulsions
as drug delivery systems are improvement of drug solubili-
zation, protection against enzymatic hydrolysis, enhanced
absorption due to surfactant induced permeability, increased
penetration of hydrophilic, hydrophobic, amphiphilic sub-
stances (9–13), increase mobility (14,15) and favorable
modification of therapeutic activity of drugs (16,17).

Microemulsion comprises different structures (water in
oil (w/o), oil in water (o/w) and bicontinuous) and these
structural changes help in preferential releasing of the drug
(18). Because of presence of hydrophobic and hydrophilic
component as part of structure, these systems may serve as
vehicles for drugs of different solublities. To investigate the
drug delivery potential of microemulsion vehicles, it is
necessary to characterize the microstructure of pure and
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drug loaded microemulsion. The changes in the internal
structure of a microemulsion can be monitored by analyzing
conductivity, viscosity, density, surface tension and differen-
tial scanning calorimetry, etc (19). The incorporated drug
may or may not influence the microstructure. O/w and w/o
microemulsions may show different behavior for the release
of both hydrophilic and lipophilic drugs. Release will be fast
for a hydrophilic drug in case of an o/w microemulsion since
it is in the continuum region. The diffusion is difficult when
incorporated in w/o, since it gets trapped in water droplets.
Reverse is true for hydrophobic drugs.

To construct a pharmaceutically accepted microemul-
sion it is important to know its physicochemical properties.
For the selection of components of a biocompatible micro-
emulsion system, the use of non-ionic surfactants has been
widely accepted, since along with being compatible they
retain its utility over a broad range of pH values and may
affect the skin barrier function (18,20–23).

It is believed that the particle size of a drug is
particularly important if the drug has low solubility. More-
over, the size of encapsulated particle is needed to be
controlled to avoid blockage in the capillaries (24). Sub-
stances in the molecularly dispersed form are more efficiently
absorbed into systemic circulation, since small particles (in
the nanometer range) have high absorptive area, therefore
they penetrate the cell membrane more efficiently (25).
Since, microemulsion is projected to infinite dilution by body
fluids (in vivo conditions), it becomes increasingly important
to know the particle size (of pure and drug loaded micro-
emulsion) and drug release at infinite dilution. It is found
from the literature, the release of drugs in micelle and
microemulsion system is diffusion-controlled release (26).

A number of novel implant-, microparticulate-, and
various other carriers based drug delivery systems incorpo-
rating the principal antitubercular agents have been fabricat-
ed (27). In this study, an attempt has been made to construct
a microemulsion system, for an antitubercular drug isoniazid
(Fig. 1). A microemulsion system comprising oleic acid as an
oil, a non ionic surfactant Tween 80, a short chain alkanol co-
surfactant (ethanol) and phosphate buffer (PB) pH 7.4 was
selected. The pseudo-ternary phase diagram has been delin-
eated for the chosen system at a constant surfactant:
cosurfactant mass ratio (Km 0.55). The gradual changes in
the microstructure of microemulsion have been investigated
by conductivity, viscosity, surface tension and density mea-
surements. The influence of isoniazid on stability, optical
texture and on microstructure for the formulation has also
been analyzed. Selected drug loaded microemulsions have
been characterized for particle size and dissolution studies at
infinite dilution. FT-IR and 1H NMR spectroscopy has also
been used locate the possible site of drug in the
microemulsion system.

MATERIALS AND METHODS

Materials

Tween 80 (polyoxyethylene sorbitan monooleate) and
Isoniazid were purchased from Sigma. Absolute ethanol and
Oleic acid were obtained from Merck and CDH respectively.
Phosphate buffer (0.01M, pH 7.4) was used as the hydrophilic
phase.

Methods

Microemulsion Preparation and Gibbs Triangle

The Gibbs triangle (pseudo-ternary phase diagram) was
mapped (as shown in Fig. 2) using oil (oleic acid), surfactant
(Tween 80, HLB=15), co-surfactant (ethanol) and aqueous
phase PB (pH 7.4) at 30-C T 0.01-C with constant surfactant:
co-surfactant mass ratio (Km 0.55). The temperature wasFig. 1. Structure of Tween 80 and isoniazid.
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Fig. 2. Gibbs triangle (Pseudo-ternary phase diagram) showing

microemulsion region of Tween 80/ethanol/oleic acid/PB pH (7.4)

with Km 0.55 at 30-C. GH represents the dilution line and

compositions A–E were selected for further investigations.
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kept at 30 T 0.01-C and was maintained by a RE320 Ecoline
thermostat. Oleic acid and PB were first mixed with Tween
80, ethanol was then added to obtain the desired micro-
emulsion compositions. The samples were prepared in a
screw cap glass vials. The changes in the samples were
observed visually everyday for a month. Transparent, single
phase mixtures were designated as microemulsions. All the
samples were stable for over 6 months, remaining clear and
transparent.

Drug Incorporation in Microemulsion

Five microemulsions (ME–A to E) were selected from
the single phase region of Gibbs triangle (Fig. 2) with
composition as mentioned in Table I, to study their potential
as drug delivery system. Isoniazid was dissolved into the pre-
weight hydrophilic component of the system at a concentra-
tion of 0.5 and 1% (w/w) under stirring followed by addition
of remaining components.

Microemulsion Characterization

Optical Transparency. The homogeneity and optical
isotropy of pure and drug loaded microemulsion was examined
by a cross polarizer and visual examination at room temperature.
Samples were analyzed for any precipitation or phase separation
in presence of drug.

Centrifugation. Stability of pure and drug loaded micro-
emulsions were tested by carrying out centrifugation (Tarson)
at 2,000 rpm for 30 min.

pH. pH of all the five selected microemulsions and the
drug loaded microemulsion was determined at room temper-
ature by Cyberscan 510 pH meter.

Oil/Buffer Partition Coefficient. Oil/buffer partition co-
efficient was calculated using the following equation

Log P ¼ Coil

�
Cbuffer ð1Þ

where Coil and Cbuffer are the concentrations of drug in oil
and drug in buffer, respectively. It was determined by
dissolving 2 mg of isoniazid in 1 ml buffer. Oil was added in

1:1 ratio (v/v). The mixture was shaken for 5 min and
centrifuged for 1 h. The two layers were separated and the
content of isoniazid in aqueous layer (PB) was assayed by
UV-visible spectrophotometer at 262 nm. The final content
of drug in the lipophilic phase was calculated by subtracting
the content of isoniazid in aqueous phase from initial loaded
content of drug.

Conductivity Measurements

The electric conductivity (s) was measured by means of
a PICO digital conductivity meter (Labindia Instruments)

Table I. Selected Microemulsion Formulations (% (w/w))

A B C D E

Buffer 5 9 13 17 20

Oleic acid 7 13 19 25 30

Tween 80 31 28 24 21 18

Ethanol 57 50 44 37 32

Table II. Different SelectedMicroemulsions and Their Characteristic

Values

System w s (mS/cm) pH 7c �¸Go
cl KJmol�1
� �

ME-A 0.21 53.3 6.07 34.18 1.34

ME-B 0.45 77.6 5.56 29.31 1.69

ME-C 0.74 101.7 5.48 27.10 4.35

ME-D 1.14 142.2 5.27 26.80 6.61

ME-E 1.58 158.7 5.02
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operating at 50 Hz. The error limit of conductance measure-
ments was T3%. The temperature was kept at 30 T 0.01-C and
was maintained by a RE320 Ecoline thermostat. Conductiv-
ity measurements were carried out by titration of oil and
surfactant/cosurfactant mixture with buffer (along the dilu-
tion line GH in Fig. 2). The data was expressed in terms of wt
fraction � (% wt) of aqueous component which is defined as

� %wtð Þ ¼ wt : of buffer= total wt : of microemulsionð Þ � 100

Further the conductivity of selected and drug loaded
microemulsions were also measured as a function of w
(=[Buffer]/[surfactant+cosurfactant]).

Viscosity Measurements

Viscosities were measured with calibrated Ubbelhode
viscometer at 30 T 0.01-C, with the experimental error of
0.5%. For each measurement, the viscometer was washed,
rinsed and vacuum dried. To follow the viscous behavior of
the microemulsions, flow time was measured for all the
selected pure and drug loaded microemulsions (1%wt drug).

Surface Tension

Surface Tension measurements were made at 30 T 0.01-C
under atmospheric pressure by drop volume method (28).
The experimental error was about T0.05 mNmj1.

Density

Densities were measured by making use of an Austrian
precisian densimeter Anton Paar (Model DMA 60) at
30 T 0.01-C. The densimeter was calibrated before and after
each set of density measurement using the density of air and
pure water. Precision in the density has been estimated to be
2� 10j5glj1.

Position Elucidation

FT-IR Analysis. FT-IR spectra of all the five selected
microemulsions and of drug loaded microemulsion (0.5% and
1%wt drug) were recorded on Perkin-Elmer (RX1) FTIR
spectrometer using AgCl plates, in the frequency range
4,000–350 cmj1 with 100 number scans and 4 cmj1 spectral
resolution.

1H NMR. 1H NMR measurements were performed at
25-C on a Bruker 400 system. Chemical shifts of surfactant in
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presence of drug (0.5 and 1 wt %) were determined using
D2O as internal locking agent.

Dilutability and Particle Size Measurements. The dilut-
ability of the microemulsions was assessed to know whether
these systems would be diluted with the aqueous phase of
the system without separation or not. For this purpose,
selected and drug loaded microemulsions were diluted with
buffer and their transparency was assessed visually. The
particle size measurements (at infinite dilution) were made
using laser diffraction analyzer (CILAS 1180 Liquid range
(0.04–2,500 mm)).

Dissolution Studies. To perform dissolution studies, 0.55 g
microemulsion containing 1% (wt) isoniazid was filled in
hard gelatin capsules and introduced in 50 ml of PB (pH 7.4)
maintained at 37-C T 0.1-C. The system was stirred at constant
speed at 250 rpm. The aliquot of 2 ml was withdrawn at 0, 2,
4, 8, 10, 15, 20, 30, 40, 60, 80, 100, 130 and 230 min. Each
time the same amount of fresh PB (kept at the same
temperature) was added to maintain the dissolution volume.
The aliquots were filtered through 0.22 mm membrane filters.
The drug concentrations were determined spectrophotomet-
rically at 262 nm.

RESULTS AND DISCUSSION

In the present system, microemulsion was prepared
using oleic acid (fatty acid), which induces highly permeable
pathways in the stratum corneum (29,30). Tween 80 is a
widely accepted nonionic surfactant, used in many pharma-
ceutical formulations (31–33). The co-surfactant (ethanol) is
used to bring the one phase microemulsion region into
experimental window of composition and temperature. The
effect of alcohols on the phase behavior of nonionic micro-
emulsion depends on the number of carbons of alcohol (n< 3
water soluble). The presence of alcohol overcomes the need
for any additional input of energy. These properties make the
components useful as vehicles for drug delivery. Alcohols can
influence the formation of microemulsion by both interfacial
and bulk effects (34,35).

Phase Studies

Figure 2 shows Gibbs triangle and area of existence of
microemulsion for Tween 80/ethanol/oleic acid/PB. Micro-
emulsion in the present study formed spontaneously at

ambient temperature when their components were brought
in contact. The phase behavior exhibits a two phase region
and a large single phase region which gradually and con-
tinuously transformed from buffer rich side of binary solution
(buffer/surfactant micellar phase) of Gibbs triangle towards
the oil rich region. This laid an emphasis on a continuous
transition from water rich compositions to oil swollen
micelles. Five microemulsions (A–E) (Table I) were selected
from the single-phase isotropic region and were further
analyzed by conductivity, viscosity and pH. The values of
measured parameters have been presented in Table II.

Conductivity Measurements

Electric conductivity was measured as a function of
weight fraction of aqueous component 7 (% wt) for the oil,
surfactant/co-surfactant mixture along the dilution line GH
(shown in Fig. 2). The results of variation of s vs 7 (% wt)
are shown in Fig. 3a. The behavior exhibits profile charac-
teristic of percolative conductivity (36,37). The conductivity
is initially low in an oil-surfactant mixture but increases with
increase in aqueous phase. The low conductivity below 7c

suggests that the reverse droplets are discrete (isolated
droplets in a non conducting oleic medium, forming w/o
microemulsion) and have little interaction. When the water
content is raised above 7c the value of s increases linearly
and steeply up to Kb. The interaction between the aqueous
domains becomes increasingly important and forms a net-
work of conductive channel (bicontinuous microemulsion).
With further increase in water content above 7d, the s shows
a sharp decrease. The system becomes turbid, that contrib-
utes to the dilution of o/w microemulsion where added buffer
decrease the concentration of discrete oil droplets (19).
Figure 3b depicts the variation of log s vs weight fraction of
water. The change in the slope of log s (Fig. 3b) can be
interpreted, as a structural transition to bicontinuous from
w/o (33), nearly at 7= 27%. The transition takes place once
the aqueous phase becomes continuous phase i.e. at 7d. This
is in line with the observation made in phase study. Thus, the
s vs 7 plot illustrates occurrence of three different structures
(namely w/o, bicontinuous, o/w).

From the theoretical point of view two approaches i.e.
static and dynamic have been proposed for the mechanism
leading to percolation (38). The first approach attributes this
transition to the emergence of a bicontinuous structure i.e. an
open water channel. An alternative dynamic percolation
model suggests that attractive interdroplet interactions are
responsible for percolative clusters and conductivity is mainly

Table III. Infrared Frequencies of Different Functional Groups

Present in the Components of Microemulsion

Frequency (cmj1) Functional moeity

3,000–3,800 OH stretching

2,800–3,000 CH stretching

1,700 CO stretching

1,650 OH stretching

1,460 CH stretching

1,200–1,250 Ester linkages

Table IV. Different Microemulsions and Their Requencies of OH

Band

ME system OH u (cmj1) w Surfactant (wt%)

A 3,368.7 0.21 88

B 3,380.0 0.45 78

C 3,397.9 0.74 68

D 3,406.0 1.14 58

E 3,432.0 1.58 50
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due to the efficient transfer of charge between spherical
droplets (39). The concept of percolation is governed by
scaling laws as given in Eqs. 2 and 3.

� ¼ A �c � �ð Þ�s pre� percolation ð2Þ

� ¼ B �� �cð Þt post� percolation ð3Þ

where A and B are free parameters and s and t are critical
components. The values of critical parameters in region
above and below the threshold should be t= 1.9 and s= 0.6
according to static theory. However, due to dynamic nature
of the microemulsion, it has been theoretically and experi-
mentally shown that both exponents are higher than those
predicted for static case. Most of the s values reported lies in
the range 0.7–1.6 whereas the value of t is more scattered
(39). In the present studied system, the post percolation stage
shows a good agreement between the experimental and
theoretical values of log s vs 7 for water induced percolation
as shown in Fig. 3b. For ME-C (along dilution line GH) value
of s and t were found to be 1.26 and 0.67 predicting that
phenomena taking place is Fstatic_ in nature. This attributes
to the formation of continuous oil and water structures
showing the presence of bicontinuous microemulsions.

Among the selected microemulsion (A–E), ME-A and
ME-E were found to be unfavorable because of high
surfactant content and non-dilutability respectively whereas
ME-B, C, D exhibited electroconductive behavior in spite
of the nonionic nature of its amphiphile (not shown here).
This shows that as w is increasing from ME-A to D, 7c

(percolating weight fraction) decreases (as shown in
Table II), w defines the radius of droplet. It is found that
as the size of droplet is increasing the early formation of
bicontinuous structure is taking place by attaining early
percolating threshold. Taking into the account of energetic

of clustering of droplets, in different microemulsions, $Go
cl

(standard free energy of clustering) is obtained from the
relation $Go

cl ¼ RT lnXd . Xd is mole fraction of droplets at
percolation threshold and is defined as Xd ¼ nd=nd þ noil ,
where nd and noil are the number of moles of droplet and oil.
The values $Go

cl (as shown in Table II) also confirmed that
as w is increasing the spontaneity or feasibility of clustering is
being enhanced.

The variation of electric conductivity of pure (ME-C)
and drug loaded microemulsion (1.0%) as a function of w is
depicted in Fig. 4. A comparison of two systems shows that
drug incorporation does not affect the microstructure of the
microemulsion, it only delays the gel formation and 7c.

Viscosity Measurements

The dependence of dynamic viscosity, for the oil,
surfactant/co-surfactant mixture along the dilution line GH
(shown in Fig. 2), on the weight fraction of aqueous phase is
shown in Fig. 5. The rapid change in the viscosity is probably
due to the change in the microstructure of the micro-
emulsion. The change in the internal structure could be due
to either the change in the shape of droplets or may be due to
the transition from w/o to bicontinuous microemulsion. It is
well known that increase of volume fraction of dispersed
phase in microemulsion increases viscosity of the system (40).
For the system studied viscosity increases with increase in 7
(wt% of aqueous phase). The microemulsion system thus,
shows a structural change from oil continuous system to
water continuous, which has higher viscosities than the
former (41). The plots of h (dynamic viscosity) and d2�

�
d2�

reflect that the transition occurs at õ25% weight fraction of
aqueous phase (Fig. 5). The transition point of conductivity
and viscosity plots coincides well at õ25% weight fraction of
aqueous phase and confirms the presence of percolative

Table V. Shows Changes in the Physical Parameters of Microemulsion After Incorporation of Drug

ME System OH u (cmj1) s(mS/cm) r(gLj1) h(cP) g(mNmj1) pH

ME C 3,397.9 101.7 0.899845 8.769 28.39 5.48

Drug(0.5%) 3,395.2 102.4 0.900323 8.987 28.44 5.23

Drug(1.0%) 3,394.4 103.6 0.901878 9.535 28.49 5.33

Table VI. 1HNMR Chemical Shifts of Tween 80 (Pure and with Different Concentrations of Drugs)

Functional Group (Fig. 1)
d (ppm) Dd (ppm)

d0 d0.5 d1.0 d0–0.5 d0–1.0

C = C, 1CH 5.2420 5.2430 5.2382 j0.0010 0.0030

a-CH2
4CH 4.1287 4.1219 4.1253 0.0068 0.0034

(CH2CH2O)n 3.6457 3.6162 3.6444 0.0029 0.0122

a1-CH2 2.2378 2.2403 2.2358 0.0025 0.0003

a2-CH 1.9401 1.9411 1.9364 0.0004 0.0004
5CH 1.9321 1.9330 1.9234 0.0009 0.0004

b1-CH2 1.5109 1.5071 1.5020 0.0038 0.0081

(CH2)n 1.2307 1.2294 1.2254 0.0013 0.0053

CH3 0.7904 0.7897 0.7992 0.0004 0.0078
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behavior. All the selected microemulsions showed similar
trends of viscosity measurements with w (not shown here).

In addition, the drug incorporation in ME-C made the
system more viscous than the pure microemulsion as shown
in Fig. 6. Difference in the viscosities is more profound for
higher w values in comparison to the dilute range. The
microemulsion system is turning to be more viscous with
addition of water and thus may help in the slow diffusing of
drug at infinite dilution.

Surface Tension and Density

The surface tension measurements (Fig. 7) showed
increment, when measured as a function of weight fraction
of aqueous component, expect for the 22% weight fraction
where the value suddenly decreased and thereafter a regular
increase was observed. This low surface tension value showed
the presence of bicontinuous microemulsion between oil and
water rich system, which is because of presence of self-
assembled organize microstructure in it (42). However, the
density values showed a polynomial (order 2) increase with
the weight fraction of aqueous component with a break at the
same point owing to the structure changes in the micro-
emulsion system (Fig. 7). Incorporation of drug showed a

negligible change in the surface tension measurements,
therefore ruling out the possibility of isoniazid molecules at
the interface.

Oil/Buffer Partition Coefficient

Using Eq. 1, the partition coefficient (Log P) of isoniazid
in oil/buffer comes to j1.12 T 0.15 (i.e. P = 0.061) that
indicates a negligible fraction of the drug is soluble in the oil.

FT-IR Spectra

FT-IR spectra of selected microemulsions (ME-A to E)
show bands of different functional groups, listed in Table III.

The first water molecules are mainly located as
Binterstitial^ water bounded to the surfactant polar head
group (43,44) and position of OH band reveals the inter-
actions. The OH band of ME-A, B, C absorbs at lower
frequency (than pure water, 3,400 cmj1) and that of ME-D,
E at higher frequency (Table IV). The water molecules
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interact strongly with surfactant molecules in A, B and C
formulations, since they possess higher % (wt) of surfactant,
whereas weak interactions exit in D and E formulations.

Incorporation of drug (0.5 and 1.0%) shows a negligible
shift in the frequency of OH band (Table V). Even the
decrease in the intensity of OH band was not substantial.
This means that presence of drug is not influencing the water
and surfactant head group interaction to a larger extend. This
may be due to lesser availability of drug molecules near the
interface and is largely present in the continuum region (due
to its high solubility in aqueous media).

1H NMR

In order to locate the specific site of isoniazid molecule
in the microemulsion, the 1H NMR spectra were recorded
(33). Since the microemulsion system contains the
components with long hydrocarbon and oxyethylene groups,
1H NMR spectra is expected to be complex. In order to avoid
the complexity, the experiments were performed with
surfactant in D2O having different amount of drugs. The
main results are summarized in Table VI. Careful study of
spectra of pure surfactant and in the presence of drug helps
in understanding the presence of isoniazid molecules in
proximity of surfactant. Since, the changes in the chemical
shifts of different functional groups (Fig. 1) are very small,
this limits the possibility of presence of drug near surfactant
molecules, even in microemulsion system. Although at higher
concentration of drug some shifts in d value of oxyethylene
groups is seen. Therefore, it may be concluded that the most
of the drug is present in the dispersion medium with fairly
very small amount near interface.

Dilutability and Particle Size Analysis

Both the pure (ME-C) and drug loaded microemulsions
(0.5 and 1%) were tested for dilution effect. The formula-
tions were found to remain stable on dilution up to 50%
weight fraction of water and also turned turbid at infinite
dilution. This indicates that there is formation of heteroge-
neous coarse dispersion i.e. formation of o/w emulsion from

gradual transition of water in oil microemulsion (45). The
particle size analysis of systems shows that the addition of
0.5% isoniazid does not have any significant influence on the
size, however, 1.0% drug decreases the size to 0.21 mm
(mean) from that of 0.26 mm (mean) of pure ME-C (Fig. 8).
Although decrease in the particle size with addition of drug is
not very significant however it is probably due to the
deposition of some drug molecules at interface affecting the
mobility of surfactant and thus reducing the size.

Dissolution Studies

Release Studies

Figure 9 depicts the release profile of isoniazid with
time. The release increases with time up to 50 min and then
becomes consistent. The Mmax (maximum wt.% of drug) in
2 h was found to be 40%, which means the sustaining release
ability of highly water soluble drug isoniazid is lowered by
the microemulsion vehicle. Therefore, this microemulsion
formulation helps in increases the dosage time. Although
most of the drug is present in the continuum aqueous region
but its the gelling (resulting higher viscosity) of micro-
emulsion system which is guarding the diffusion of drug.

The dissolution studies of isoniazid loaded microemul-
sion in a hard gelatin capsules shows a typical profile of first
order exponential curve (46) for logarithm of concentration
vs. square root time (Fig. 10) and depicts the controlled
release of drug (47,48).

The Kinetics of Release

The mechanism of the release of drug was analyzed by
using the relationship proposed by Sinclair and Peppas as
well as Ritger and Peppas (49),

Mt

M
¼ k:tn ð4Þ

where Mt and M are the conc. of drug at time (t) and initial
conc. of drug, respectively. The ratio Mt/M is the fraction of
drug that has been released at time t. The parameter k is a
kinetic constant and n is the exponent related to the release
mechanism termed as the diffusional exponent. The value of
n should be equal to 0.5 for diffusional (Fickian) release, 1
for zero-order kinetics and 0.5 < n< 1 for anomalous (non-
Fickian) release. In the present system, k and n have been
calculated from the intercept and slope of the straight line in
Fig. 11 The estimated value of n = 0.5875, indicates the
release of isoniazid from microemulsion is non-Fickian (26).
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Conclusion

The pseudo-ternary phase diagram and the area of
existence of microemulsion for Tween 80/ethanol/oleic acid/
Phosphate buffer was delineated. The conductivity, viscosity,
surface tension and density studies along the dilution line (in
phase diagram) depict the structural transition from w/o to
o/w via bicontinuous phase at õ25–27% 7 (% weight fraction
of aqueous phase) as shown in Fig. 12. Among the five
selected microemulsions, ME-C was found to be optimum for
the incorporation of isoniazid. After the incorporation of the
drug, microemulsion remained stable and optically clear with
no phase separation. The presence of drug in the micro-
emulsion formulation is not influencing the measured phys-
ical parameters to a larger extent and therefore is not
affecting the microstructure of the drug delivery vehicle.
The partitioning behavior, surface tension, FT-IR, 1H NMR
and particle size analysis indicated that most of the drug is
residing in the aqueous dispersion phase (Fig. 13). At infinite
dilution the w/o microemulsion droplet changes into o/w
emulsion type and there was a sustained release of isoniazid
from this microemulsion drug delivery vehicle.
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19. F. Podlogar, M. Gašperlin, M. Tomšič, A. Jamnik, and M.
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