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ABSTRACT

The objective of our investigation was to design a thermodynamically stable and dilutable nanoemulsion
formulation of Ibuprofen, with minimum surfactant concentration that could improve its solubility, formulation
were taken from thermodynamic stability and dispersibility test. The oil, surfactant, co-surfactant and aqueous
phase, respectively, containing 100mg of ibuprofen showed a significant improvement in drug release. In vitro
drug release of the nanoemulsion formulation was highly significant as compared to marketed tablet
formulation. The present study revealed that tinidazole nanoemulsion could be used as a liquid formulation for
increase bioavailability. The formulated system can also be treated as self nano emulsifying drug delivery
system.
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INTRODUCTION .

The term  “Nanoemulsion” refers to a
thermodynamically stable isotropic clear dispersion
of two immiscible liquid such as oil and water,

Bi-continuous nanoemulsion where in micro
domains of oil and water are interdispersed
with in the system.™??

stabilized by an interfacial film of surfactant
molecules. A nanoemulsion is considered to be a
thermodynamically or kinetically stable liquid
dispersion of an oil phase and a water phase in
combination with a surfactant. The dispersion phase
typically comprises small particles or droplets, with a
size range of 5nm-200nm, and has very low oil/water
interfacial tension. Because the droplet size is less
than 25% of the wavelength is formed readily and
sometime spontaneously generally without high
energy input. In many cases a co-surfactant or co-
solvent is used in addition to the surfactant, the oil
phase and the water phase.

Three types of nanoemulsion are most likely to be
formed depending on the composition.

e Qil in water nanoemulsion where in oil
droplets are dispersed in the continuous oil
phase.

e Water in oil nanoemulsion where in water
droplets are dispersed in the continuous oil
phase.

Advantages of nanoemulsion over other dosage
forms*

- Increase the rate of absorption.

- Various routes like topical oral and intravenous can
be used to deliver the product.

- Increase bioavailability.

- Help in taste masking.

- Rapid and efficient penetration of the drug moiety
Components of nanoemulsions !

Main three components of nanoemulsion are as
follows:

- Oil

- Surfactant/ co-Surfactant

- Aqueous phase

Application of nanoemulsion

- Parenteral delivery

- Oral drug delivery

- Topical drug delivery

- Ocular and pulmonary delivery
- Nanoemulsion in Biotechnology
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MATERIALS

Ibuprofen was received as a gift sample from
Aglowmed drugs Pvt Ltd; isopropyl myristate, tween
80, span80 was procured from central drug house;
and ethanol was obtained from chaugshu yangyuan
chemical (china).

METHODS

Preparation of standard curve

The absorption maxima of drug were determine by
UV-Spectrophotometer and was used for
preparation of standard curve in pH 7.2 phosphate
buffer solution. Various concentrations of 2,4,6,8, &
10 microgram per milliliter sample were prepared
and analyzed for absorbance. The data was then
treated statistically to obtain the value of Y= MX+C.

Selection of Phases

The entire water insoluble drug was tasted for
solubility in isopropyl myristate in presence of
surfactant co- surfactant mixture. The drug with best
solubility profile in oily phase was investigated.

Preparation of semi-permeable membrane

0.1 N Hcl was prepared by dissolving 43.47 ml Hcl
and made up the volume up to 500 ml by distilled
water. After that the egg was dipped in the solution
carefully, until the outer membrane of the egg was
removed. After complete removal the prepared semi
permeable membrane than it was washed with
distilled water to remove the acid solution
completely.

Preparation of nanoemulsion

The homogeneous organic solution (S1) was
composed of oil (400mg isopropyl myristate) and a
lipophilic surfactant (86 mg of span 80) in water
miscible solvent (40ml). The homogeneous aqueous
phase (S2) was formed by water (80ml), and
hydrophilic surfactant (136mg Tween 80).

The organic phase was injected in the aqueous phase
under magnetic stirring. The o/w emulsion was
formed instantaneously by diffusion of the organic
solvent in the external agueous phase leading to the
formation of nano droplets. The magnetic stirring
was maintained during 30 min to let the system
reach equilibrium.

The totality of the water miscible solvent was
removed by evaporation during 45 min under
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reduces pressure. Nano droplets of oil were
dispersed in aqueous solution of water and
hydrophilic surfactant. &7/%91011

Pseudo-ternary phase diagram study

On the basis of the solubility studies of drug
isopropyl myristate was selected as the oil phase.
Tween 20 and ethanol were used as surfactants and
co- surfactant respectively. Water was used as an
aqueous phase for the construction of phase
diagram. QOil surfactants and co-surfactant (S,.,) were
grouped together for phase study. Surfactant and co-
surfactant in group was mixed in weight ratio (1:1).
For phase diagram oil and specific ratio was mixed
thoroughly in different weight ratios from 1:9 to 9:1
in different glass vials. Sixteen different
combinations of oil and S, 1:9, 1:8 1:7, 1:6, 1:5, 2:8
(1:4), 1:3.5, 1:3, 3:7(1:2.3), 1:2, 4:6(1:1.5), 5:5(1:1),
6:4(1:0.7), 7:3(1:0.43), 8:2(1:0.25), 9:1(1:0.1) were
made so that maximum ratio were covered for the
study to delineate the boundaries of phases precisely
formed in the phase diagrams. Pseudo-ternary phase
diagram were develop using aqueous titration
method. Slow titration with aqueous phase was done
to each weight ratio of oil and S, and visual
observation was carried out for transparent and
easily flow able oil in water nano emulsion. The
physical state of nano emulsion was marked on a
pseudo three component phase diagram with one
axis representing aqueous phase. The other
representing oil and the third representing a mixture
of surfactants and co-surfactants at fixed weight.

Dispersibility Test

The efficiency of self emulsification of oral
nanoemulsion was assessed using a standard USP
XXIl dissolution apparatus 2. 1 ml of each
formulation was added to 500ml of water at 37°C. A
standard stainless steel dissolution paddle rotating at
50rpm provided gentle agitation. The in vitro
performance of the formulation was visually
assessed using the following grading system.

Grade A: rapidly forming (with in 1 min)
nanoemulsion having a clear or bluish appearance.

Grade B: rapidly forming, slightly less clear emulsion
having a bluish white appearance.
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Grade C: fine milky emulsion that formed with in 2
min.

Grade D: dull greyish white emulsion having slightly
oily appearance that is slow to emulsify (longer than
2min)

Grade E: formulation exhibiting either poor or
minimal emulsification with large oil globules
present on the surface.

Thermodynamic stability study

Heating cooling cycle: six cycle between refrigerator
temperature 40 C and 45°C with storage at each
temperature of not less than 48 hrs was studied.
Those formulations which were stable at this
temperature were subjected to centrifugation test.
Centrifugation: passed formulation were centrifuged
at 3500rpm for 30 min. those formulations that
didn’t show any phase separation were taken for the
freeze thaw stress test.

Freeze thaw cycle: three freeze thaw cycles between
21°C and 25°C with storage at each temperature for
not less than 48hrs was done for the formulation.
Those formulation which passed these
thermodynamic stress test, were further taken for
the dispersibility test for assessing the efficiency of
self emulsification.

In-Vitro drug delivery

In-vitro release test was performed in 500ml of
distilled water which was based on USP XXIV method
(dissolution apparatus #2, at 50rpm and 37°C). 5.2 ml
of Nano emulsion formulation (single dose
containing 100mg of ibuprofen) was placed in
dialysis bag. Samples 1ml were withdrawn at regular
time intervals (0, 10, 20, 30, 40, 50, 60 minutes) and
desire amount of dissolution media was replaced.
The release of drug from nanoemulsion formulation
was compared with the conventional tablet
formulation. The samples were analyzed for the drug
content using UV method at 221 nm. In-vitro drug
release data were analyzed by one way analysis of
variance.”

RESULT AND DISCUSSION

The absorption maxima of drug as determined by
UV- Spectrophotometer was found to be 221nm for
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Ibuprofen in 7.2 pH phosphate buffer solution, when
scanned between the range 200-400 nm. The
method of analysis using UV Spectrophotometer of
at 221 nm respectively was found to be reproducible.
Standard calibration curve of Ibuprofen was
prepared in 7.2 pH buffer at the wavelength 221nm
respectively using UV-Spectrophotometer. The
absorption data of lbuprofen presented in table
were found to obey Beer’s law within the specified
range as indicated by statistical analysis under taken.

S. Concentration(mcg/ml) | Absorbance
No. (nm)

0

0.0464

0.1682

0.2102

|~ NO

0.3042

NP IWIN|ER

10 0.4451

Table 1: calibration curve data for Ibuprofen in 7.2
pH Phosphate buffer at 221 nm

Fig. 1: calibration curve of Ibuprofen in 7.2 pH
Phosphate buffer at 221 nm

Selection of phases

Ibuprofen was a poorly water soluble drug. So that
oil (isopropyl myristate) was preferred for better
solubility of Ibuprofen.

Preparation of Nanoemulsion

It was prepared by mixing with the isopropyl
myristate to form oily phase, it was enriched by the
addition of surfactant and co-surfactant mixture,
finally nanoemulsion was formed.

Pseudo- ternary phase diagram study

Tween 80 and ethanol were used as surfactant and
co- surfactant respectively. Water was used as an
aqueous phase for the construction of phase
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diagram. Constructing phase diagram is time
consuming particularly when the aim is to accurately
delineate a phase boundary. When lbuprofen was
used alone without co-surfactant, very low amount
of oil (1Iml) could be solubilized at a high
concentration of surfactant.

As the construction of surfactant was increased
solubilization of oil decreased when co-surfactants
was added with surfactant in equal amount (Smix
ratiol:1). It was seen that nanoemulsion area
decreased as compared to 1:1 ratio and here also
only up to 1ml oil could be solubilized with
surfactant concentration 1 part of co-surfactants the
nanoemulsion area decreased further and maximum
amount of oil that could be solubilized was 15% w/w
and that too at higher concentration of S;,. It can be
observed that the formulation prepared from phase
diagram in which the nanoemulsion area was
extended towards aqueous rich apex could be
diluted to a larger extent. As co-surfactant
concentration was increased from 1:1 to 1:3 to the
nanoemulsion region reduced.

Fig 2: Pseudo- ternary phase diagram

Dispersibility test

When infinite dilution is done to nanoemulsion
formulation there is every possibility of it to phase
separate, leading to precipitation of poorly soluble
drug as nanoemulsion are formed at a particular
concentration of oil, surfactant co-surfactant and
water. For oral nanoemulsion the process of dilution
by the Gl fluids will result in the gradual desorption
of surfactant located at the globule interface. The
process is thermodynamically driven by the
requirement of the surfactant to maintain an
aqueous phase concentration. We used distilled
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water as a dispersion medium because it was well
reported that there is o significant difference in the
nanoemulsion prepared using surfactant, dispersed
in either water or simulated gastric or intestinal fluid.

Thermodynamic stability studies

Nanoemulsion is thermodynamically stable system
and is formed at a particular concentration of oil,
surfactant, co-surfactant and water with no phase
separation. It is the thermodynamically are
nanoemulsion that gave kinetic stability and will
eventually  phase  separate. The  selected
formulations were  subjected to different
thermodynamic stability by using heating cooling
cycle, centrifugation and freeze that cycle stress
tests. Those formulations, which  survived
thermodynamic stability tests, were taken for
dispersibility test. It was observed that formulation
prepared from Isopropyl myristate did not pass the
thermodynamic  stability tests that passed
dispersibility test in Grade A.

In vitro dissolution study

Dissolution studies were performed to compare the
release of drug from lbuprofen nanoemulsion
formulation and conventional tablet formulation,
having the same quantity (100 mg) of lbuprofen. The
release of drug from nanoemulsion formulations was
highly significant. When compared to marketed
tablet, higher release was obtained in case of
nanoemulsion. As compared to tablet formulation
which showed slower release in one hour
nanoemulsion showed a significantly higher release.
This is because of small globule size, and eventually
higher surface are in case of nanoemulsion, which
permit faster rate of drug release.

Fig. 3: Release profile of nanoemulsion formulation
and tablet at 7.2 pH phosphate buffer solution
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CONCLUSION

In this study, we got success in the development and
evaluation of nanoemulsion. Based on higher drug
release and lower surfactants concentration, higher
solubility as well as higher bioavailability without
variable absorption has been optimized as
nanoemulsion formulation of ibuprofen as oil,
surfactants and co-surfactants. Dissolution study was
performed to compare the release of drug from
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tablet formulation which showed slower release in
one hour and nanoemulsion showed a significantly
higher release. This is because of small globule size
and eventually higher surface area in case of
nanoemulsion, which permit faster rate of drug
release and increase the bioavailability.

The above study leaves a future scope for refining
technology which can further be wused for
preparation of various other nano systems in

ibuprofen nanoemulsion formulation and
conventional tablet formulation. As compare to
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