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ABSTRACT

Metronidazole is a synthetic nitroimidazole derived with antimicrobial and anti-inflammatory properties. The aqueous solubility of
this drug is poor which results from low bioavailability. Limited effects on the removal of bacteria are shown in the local administration
of plain metronidazole. The microemulsion system proves the efficacy of solubility and dissolution improvement of poorly water-
soluble drugs such as metronidazole. The objective of this project work is to prepare and evaluate metronidazole containing topical
water-in-oil microemulsion and to compare its effectiveness to other commercially available products. In this formulation, tween 80
is used as a surfactant and PEG 400 is used as a co-surfactant. In the oil phase, isopropyl myristate is used. Distilled water is used as
the hydrophilic phase. The formulation of metronidazole containing microemulsion was evaluated for physicochemical parameters
like pH, viscosity, conductivity, accelerated stability studies. In vitro release study was also performed to evaluate the release kinetics.
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INTRODUCTION

icroemulsions are transparent, isotropic liquid

combinations of water, oil, surfactant/s, and

cosurfactant that are thermodynamically stable.
Cosurfactant is necessary to reduce the interfacial tension
between the water and oil phases “%3. The droplet size of
the dispersed phase in a microemulsion system is
exceedingly small (less than 100nm). The microemulsion is
an effective technique for increasing medication
absorption when applied topically #. The oil phase, which
is made up of unsaturated or saturated fatty acids, acts as
a penetration booster. This is the rationale for improved
medication absorption in topical applications ©78,
Microemulsions are the most accepted delivery systems
due to various advantages such as superior physiochemical
stability, increased drug solubility, and a simple
manufacturing process %°. Hoar and Schulamn (1943)
were the first to report the formation of a single-phase
clear solution by titrating a milky emulsion with hexanol.
Schulman, Prince, and Stoeckenius created the word
"microemulsion" in 1959. In numerous instances, it is also
explained and refined. Danielsson and Lindman defined
microemulsions in 1981. This definition will be used as a
reference in the future 2. The microemulsion is defined
as a low viscosity, thermodynamically stable, optically

isotropic dispersion of oils (hydrocarbon liquids) and
aqueous phases stabilized by interfacial layers of co-
surfactant and surfactant molecules 131415,

Microemulsions are often defined as monodispersed
spherical droplets. Droplet sizes range from 10 nm to 100
nm. The diameter of droplets in a kinetically stable
emulsion is more than 500 nm *®7. Because of their small
droplet size, microemulsions are ideal carriers for weakly
water-soluble medicines 8. Microemulsions can be
created using a variety of water-to-oil ratios and
surfactant/s and co-surfactant concentrations. This is a
homogeneous system containing liquids of low viscosity.
Microemulsions are categorized as water-in-oil and oil-in-
water microemulsions based on their composition,
surfactant/s, and cosurfactant nature. Polar liquids such as
dimethylformamide (DMF), glycerol, glycol, and
formamide are used to replace the water in non-aqueous
microemulsions!2021, Microemulsions are
thermodynamically stable dispersions made up of an
aqueous phase, an oil phase, a surfactant/s, and a co-
surfactant that are all single, optically isotropic solutions 22,
A co-surfactant is required to reduce the interfacial tension
between the aqueous and oily phases to less than ImN/m
(ca. 102-103mN/m), allowing them to form spontaneously
without the need for additional external energy, and the
formed droplets range in size from a few to two hundred
nanometers (200nm) 23242, The structure of a
microemulsion can range from spherical droplets to a
bicontinuous structure, depending on the nature of the
components and the system's composition. They can be of
the water-in-oil or oil-in-water variety, with roughly equal
proportions of the oil phase and aqueous phase forming a
bicontinuous structure 24?7, Microemulsions are appealing
drug delivery devices due to benefits such as increased
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drug solubility, high physicochemical stability, and ease of
production. Many researchers attempting to improve the
solubility of low-soluble pharmaceuticals have
concentrated on the development of lecithin-based
microemulsions, and studies have demonstrated that
microemulsions can be created utilizing lecithin and a co-
surfactant such as short-, medium-, or long-chain alcohols
28,2930 Microemulsions were also employed to stabilize
active ingredients and improve medicine oral availability.
Microemulsions have been demonstrated to be an
effective cutaneous delivery mechanism for a variety of
active substances used in pharmaceutical and cosmetic
applications. Because of the enormous surface area of the
internal phase, topical microemulsions allow active
molecules to penetrate quickly, and their components
lower the barrier property of the stratum corneum 313233,
Microemulsions improve skin absorption as compared to
traditional formulations, making them a viable vehicle for
transdermal medication administration 343536,

MATERIALS AND METHODS
Materials

Drug: Metronidazole

Oil: Isopropyl myristate
Surfactant: Tween 80
Cosurfactant: PEG400
Hydrophilic phase: Distilled water

Metronidazole (drug) is a gifted product. Isopropyl
myristate (oil phase) obtained from LOBA CHEMIE PVT.
LTD. Tween 80 (surfactant) is obtained from HIMEDIA
Laboratories PVT. LTD. The cosurfactant PEG 400 is
obtained from SDFCL.

Drug Profile

Metronidazole is a synthetic nitroimidazole derivative
having antiprotozoal and antibacterial activities.

Mechanism of action: Mechanism of action of the drug
metronidazole is not fully elucidated, unionized
metronidazole is readily taken up by obligated anaerobic
organism and is subsequently reduced by low redox
potential electron transport proteins to an active,
intermediate product. DNA synthesis and bacterial cell
growth have been inhibited by DNA strand break, which is
the reason for reduced metronidazole.

Excipient Profile
Tween 80
Synonyms: Poly-oxyethylene (20) sorbitan monooleate

Tween 80 acts as a non-ionic surfactant and emulsifier. It
is often used in the cosmetics and food industries. In this
formulation, Tween 80 or polysorbate 80 acts as a
surfactant.
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PEG 400

Synonyms: Polyethylene glycol monooleate
Molecular formula: C20H3803

Molecular weight: 326.5 g/mol

Density: 1.13 g/cm?

Isopropyl myristate

Molecular formula: C17H3402

To improve the skin absorption in topical and cosmetic
preparation IPM or iso-propyl myristate is used. It also acts
as a moisturizer that has polar characteristics. IPM is a
well-known skin penetration enhancer. So, in this topical
microemulsion formulation as oil phase, IPM is used.

Molecular weight: 270.5 gm/mol
Density: 850 kg/m?

Boiling point: 167°C
Pre-formulation Studies
Solubility study

By solubility study, using the equilibrium method the
components of microemulsion are selected. A known
quantity of drug (metronidazole) is dissolved in each of oil
(isopropyl myristate), surfactant (Tween 80), co-surfactant
(PEG400) using orbital shaker at 100 rpm for 3 days at
25+1°C. after then these are centrifuged for 15 minutes at
3000 rpm. The supernatant liquid is filtrated through a
0.45um filter membrane. Using a double beam UV
spectrophotometer at Amax 320nm the absorbance of the
sample is measured after appropriate dilution of dissolved
drug.

Preparation of standard calibration curve of

metronidazole in methanol

Accurately weighed 10mg of metronidazole was dissolved
in methanol and volume was made up to 10 ml with
methanol to give the solution 1000 pg/ml. Then 1 ml was
taken from the solution to a 10 ml volumetric flask and
volume was made up to 10 ml with methanol to give the
solution a concentration of 100 pg/ml. This solution was
further diluted and a 10upg/ml concentration of the
solution was prepared. Then the amount of 0.8,1, 1.2, 1.4,
1.6 ml was taken from 10 pg/ml solution to 10 ml
volumetric flasks and volume was made up with methanol
make the concentration of 0.8, 1, 1.2, 1.4, 1.6pug/ml, and
0.2,0.4,0.6,0.8,1 ml was taken from 100 pg/ml solution to
10 ml volumetric flasks and volume was made up with
methanol to make the concentration of 2, 4, 6, 8, 10 ug/ml.
Absorbance was measured at 320 nm against a blank
(methanol).

Scanning of the drug in phosphate buffer ph 5.5

10 mg of drug metronidazole was dissolved in phosphate
buffer pH 5.5 in a 10 ml volumetric flask. Using the same
solvent volume was made up to 10 ml. Taking 1 ml from
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this solution to a 10 ml volumetric flask the volume was
made up with the same buffer to get the solution with the
concentration 100ug/ml. From this concentration,
10ug/ml solution was further prepared with dilution. From
10ug/ml and 100ug/ml solutions concentration of 0.4, 0.6,
0.8, 1, 1.2, 1.4ug/ml solutions were prepared. These
solutions were scanned at a UV spectrophotometer with
Amax 320nm.

Drug excipient compatibility study

Within a range of 400-4000 cm* samples were scanned to
check drug-excipient interactions with Fourier Transform
InfraRed analysis (FTIR). Pure drugs, the mixture of drugs
with oil, surfactant, co-surfactant separately, the mixture
of drug+surfactant+co-surfactant+oil, and the mixture of
excipients are analyzed. Comparing the pure drug FTIR
spectrum with that of those mixtures, drug-excipients
interaction can be noticed.

Formulation of microemulsion

To determine the concentration range of components for
the microemulsion, the pseudo-ternary phase diagram
method was applied at room temperature. The phase
diagram was prepared with a ratio of 1:1to 1:9 and 2:8 IPM
(0il) to surfactant and co-surfactant mixture by weight.
Surfactant (Tween80) and co-surfactant (PEG400) ratios
were varied from 9:1 to 1:9. In order to establish the
microemulsion region border, the mixture of oil, surfactant
and co-surfactant was diluted with water dropwise under
moderate magnetic stirring and then the mixtures were
visually examined for transparency.

The optical changes were observed from turbid to
transparent and inversely. The transparent region
consisting of a single-phase was determined. For further
studies, one microemulsion formulation was selected from
this area. The formation of a selected microemulsion took
10 min. This formulation was also be examined for lack of
birefringence using a polarized light microscope.

A simple mixing procedure was used to prepare the
microemulsion. A drug-loaded microemulsion was
formulated by mixing and stirring appropriate quantities of
the components and drug in a well-sealed flask until a clear
solution was obtained. This process took approximately 45
min and, during this stage, metronidazole was completely
dissolved.

Evaluation of microemulsion system
pH

At 25+1°C the pH of the thermodynamically stable
emulsion was recorded using a pH meter (Mettler Toledo,
pH compact, 220). The measurements were wiped out
triplicate.

Particle size and zeta potential measurement

Using Dynamic Light Scattering via ZETASIZERHAS- 3000,
the zeta potential of microemulsion was determined.
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In vitro release kinetics

The drug permeability was checked to employ a Franz
diffusion cell fitted with a 0.45micron cellulose membrane
pre-hydrated in water at 252C for twenty-four hours. The
receptor compartment was crammed with a 5.5 pH
phosphate buffer and therefore the donor compartment
was charged with 10 mg of pure drug or 5 ml of the
microemulsions. The diffusion medium was continuously
stirred at 100 rpm throughout the experiment employing
a magnetic stirrer (Remi 2MLH). 2ml sample was
withdrawn for five hours from the receptor compartment
and replaced it with the same volume (2ml) of fresh buffer
at the intervals of 15 mints for 1%t hour, 30 mints for 2"
hour, and rest were for 1 hour. These samples were diluted
with diffusion medium and therefore the absorbance was
measured spectrophotometrically at 320 nm. the share
cumulative drug release decided for the pure drug also
because the formulated microemulsions and data were
fitted to Zero order, First order, Higuchi root model, and
Korsmeyer-Peppas model as per equations 1,2,3 and 4
respectively.

Qt represents the cumulative percentage of the drug
released in time t (%), QO the share of the drug in the
formulation at Oth hour, kO represents the zero-order rate
constant, the primary order k1l rate constant (h-1)kH
Higuchi rate constant (%h-1/2), where r is the radius of the
spherical particle in cm, n is Fickian diffusion and 2n is case
Il transport which is release exponents.; a and b and
represent structural and geometric properties of the
microparticles.

Accelerated stability test

According to ICH guidelines accelerated stability study was
performed in stability chamber (Thermo labs) at 25°C +2°C
and 10°C #2°C. In tight screw-capped bottles 5mL of
formulations were stored for at least 2 months. At 1- and
two-month periods samples were withdrawn to check the
drug content, phase separation, and the physical
appearance of the formulation.

Dilution test

To check either microemulsion was a clear, less clear, or
milky appearance by visual assessment, the formulated
microemulsion system was taken for dilution test. The
emulsion should be miscible to the liquid which forms the
continuous phase (here oil phase). This is the fact which is
supported by the dilution test. Dilution with continuous
phase, microemulsion should not show any phase
separation for at least one hour of storage.

Centrifugation

Metronidazole drug-loaded microemulsion was
centrifuged (Research Centrifuge, R-24, Remi Instruments
Limited, Mumbai) to eliminate the metastable system at
4000rpm for 4 hours.
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Visual inspection

After each addition of water to the mixture of oil,
surfactant, and co-surfactant visual inspection was done to
identify the sample as microemulsion, emulsion, or gel
formation.

Centrifugation

At 3500rpm for half an hour the formulations were
centrifuged and it was checked if there was any phase
separation occurred or not. Formulations without any
phase separation were taken for the freeze-thaw cycle.

Freeze-thaw cycle

Between -10°C and 25°C, three freeze-thaw cycles were
done by storing at each temperature for at least 48 hours.

RESULTS AND DISCUSSIONS
Criteria for component selection

Metronidazole microemulsion formulation consists of
surfactant (Tween 80) and co-surfactant (PEG400) and so
the drug metronidazole dissolved in the oil phase. It is an
important criterion to check the solubility of the drug in
each surfactant, co-surfactant, and particularly in oil. The
drug metronidazole is water in the soluble drug so a
sufficient amount of oil was required to solubilize the drug
and the solubilized form should be maintained. Solubility
of metronidazole in tween 80 (surfactant) was 8.45 + 0.89
and in PEG400 (co-surfactant) was 10.88 + 0.69

Figure 1: Photo of the Formulations

Drug excipient compatibility study

Any  possible interaction between the drug
(metronidazole) and other components (surfactant, co-
surfactant, oil) which affects their pharmacological activity
was analyzed in a drug-excipient compatibility study. It was
confirmed by the FTIR spectrum that none of the
components interact with the functional group of the drug.
It can be concluded that no major interaction happened
between drugs and excipients.
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FTIR spectroscopic analysis

Table 1: Position of IR peaks of the drug, its physical blend,
and the formulation

Range (cm™) Functional group

2991 C-H stretching

1600 C=C stretching

1523 C=N stretching

1479 N=0 asymmetric
1466-1452 CH2 bending vibration
1425-1426 C-C stretching

1387 CHs asymmetric stretching

1356 N=0 asymmetric stretching
1275-1096 C-O stretching

1070 C-N stretching

711 =C-H bending

Pseudo ternary phase diagram

Pseudo ternary phase diagram for emulsion cannot be
constructed in low energy emulsification technique which
is known as conventional aqueous titration method,
because they are less viscous, monophasic, free-flowing,
and clear in appearance. To develop a pseudo ternary
phase diagram for the microemulsion system tween 80
and PEG 400 were taken as Smix phase, purified water as
aqueous phase, and IPM as oil phase. The shaded area
represented the transparent microemulsion region and
others are represented the turbid or traditional emulsion
region. The unstable and biphasic emulsion was formed
when surfactant and co-surfactant concentration was low.
Increasing the ratio of Smix, transparent and stable
microemulsion was obtained where no phase separation
was shown. Oil phase concentration was also important
during the formulation period because the concentration
of oil is important to solubilize the drug and they also affect
phase separation. An increase in oil concentration can be
a reason for phase separation. Phase separation can be
controlled by the increase in Smix ratio but it is also the
reason for gastric irritation and highly viscous formulation
and not free-flowing behavior. The optimum ratio of Smix,
oil, and water to prepare a microemulsion system can be
obtained by a pseudo ternary phase diagram. From this
diagram, we can get information on their ratio of preparing
thermodynamically stable microemulsion. To check the
effectiveness of the formulated microemulsion as a drug
delivery system, metronidazole contains microemulsions
were prepared and a similar phase diagram was also
constructed. These monophasic, clear, and
thermodynamically stable microemulsions were further
evaluated and the simplest metronidazole contains water
in oil microemulsion was identified.
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Figure 1: Pseudoternary phase diagrams
Thermodynamic stability study

pH: pH of topical water in oil microemulsion formulation
with the drug metronidazole was recorded 6.82 + 0.08

Particle size measurement and zeta

measurement:

potential

Statistics Graph (1 measurements)

Number [Percent)
=

100 1000 10000
Size (d.nm)

ﬁ Wean with +/-1 Standard Deviation error bar|

Figure 2: Particle size Measurement and Zeta Potential
Measurements

In vitro release kinetics

After thermodynamic stability tests, it was important to
check the release kinetic behavior of the formulation. In
vitro release kinetics was performed to check that
behavior with the help of the Franz diffusion cell.

Table 2: R?values

Model name R? value
First-order 0.9446

Zero order 0.9965

Higuchi 0.9882
Kerseymeres-Peppa’s model 0.997
Hixon Crowell model 0.9758

Accelerated stability study

To check the stability of the topical microemulsion
formulation of metronidazole over an extended period the
formulations are subjected to accelerated stability study at
the end of two months after the physical examinations of
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the formulation. Microemulsion did not show any kind of
cracking and creaming and the formulations remained
clear. This was the indication of honest stability.

Physical inspection

Table 3: Physical inspection

Parameters Condition after 2 months

Clarity No turbidity

Phase separation No phase separation

Drug excipient compatibility testing after 2 months:

7§

Transmittance [%]
60 70 80 90

50

40

340246

3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

DARAJARSHI CHAKRABORTY.1  STABILITY STUDY OF MICROEMULSION(METRONIDAZOLE) 12/04/2021

Figure 3: Accelerated stability study
Centrifugation

After two months of storage centrifugation test was done
at 3500 rpm for an hour. No phase separation was shown
by the formulation.

Freeze-thaw cycle

Between -10°C and 25°C, three freeze-thaw cycles were
done by storing at each temperature for at least 48 hours.
No changes in physical appearance were shown in these
formulations. Phase separations and turbidity were not
observed at the end of the experiment. Show it has been
proved that the microemulsion system is physically stable
in extreme conditions.

Topical water in oil microemulsion formulation of
metronidazole was prepared and evaluated. At the very
first stage, it was important to determine the ratio of oil
and surfactant-cosurfactant to prepare the
microemulsion. From the pseudo ternary phase diagram,
the proper ratio was found and the formulation was
prepared with a specific amount of drug. After formulation
microemulsion  formulation was sent for the
thermodynamic and accelerated stability study. Both
results were appreciable and they proved that the
formulation was stable and better than the conventional
dosage form of the drug.
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CONCLUSION

Topical water in oil microemulsion formulation of the drug
metronidazole was prepared successfully which exhibited
greater thermodynamic stability. The formulation also
shown higher in vitro release and also had better
bioavailability compared to marketed gel formulations.
The superiority of topical metronidazole microemulsion
formulation was suggested by efficacy evaluation. With
the help of the pseudo ternary phase diagram, we get the
microemulsion region for the formulation. A solubility
study was performed to ensure the solubility of the drug in
the surfactant and co-surfactant. From the drug-excipient
compatibility study, we ensure that if there was any drug
excipient interaction were occurred or not. With the help
of a pH meter, the pH of the formulation was determined
and particle size and zeta potential of the formulation were
also measured. Structural changes from water in oil
microemulsion to oil in water microemulsion were
depicted by conductivity study. An accelerated stability
study for the formulation was also performed by storing
them for two months. Freeze-thaw cycles and
centrifugation of the formulation were performed to
ensure the stability of the formulation after two months of
storage. No change in physical appearance and no phase
separation was shown by the formulation after storing
them for an extended period. So, it is also concluded that
the formulation had honest stability.
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