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ABSTRACT: Nanoemulsions are the novel drug delivery system which
allows sustained or controlled release of drug, biological active
ingredient and genetic material. Nanoemulsion is a system consisting of
oil, surfactant and an aqueous phase, which is an isotropically clear and
thermo-dynamically or kinetically stable liquid solution, usually with
droplet diameter within the range of 10 - 500 nm. Nanoemulsion is one of
the supreme and valuable dosage forms with the appliance of nanotechnology in pharmaceutical formulations. Very small size droplets of
the nanoemulsion support better drug absorption and targeting. It not
only improves the conventional emulsion systems but also opens new
opportunities for other drugs to be designed more precisely with better
bioavailability and accurate dosing leading to minimum side effects. The
purpose of this research was to develop nanoemulsion of itraconazole
that leads to higher dissolution rate and improved bioavailability.
Itraconazole nanoemulsion was prepared by solvent displacement method
and characterized by particle size determination, polydispersity index,
drug content, entrapment efficiency and % cumulative release. The
results obtained reveals that itraconazole nanoemulsion can be formulated
with capryol 90 for better bioavailability of this hydrophobic drug.

INTRODUCTION: Itraconazole is the triazole
antifungal agent used for cure of local and systemic
fungal infection. Itraconazole is an extremely
selective inhibitor of fungal cytochrome P-450
sterol C-14-α demethylation. The consequent loss
of normal sterols correlates with the accretion of
14- α -methyl sterols in fungi and may be liable for
the fungistatic activity of Itraconazole 1 - 2.
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Compared with other conventional antifungal
agents, Itraconazole has a reduced amount of
nephrotoxicity than Amphotericin B and has wider
spectrum of activity and well tolerated than other
triazoles like ﬂuconazole, ravuconazole, and
posaconazole 3 - 4.
Itraconazole is indicated for the treatment of fungal
infections like blastomycosis, histoplasmosis,
including chronic cavitary pulmonary disease and
disseminated
non-meningeal
histoplasmosis,
aspergillosis. However, the limited aqueous
solubility of less than 1 μg/ml of Itraconazole and
signiﬁcant hepatic ﬁrst pass metabolism restricts its
bioavailability 5 - 7. Recent researches in
pharmaceutical technology have focused on the
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design and development of novel drug delivery
system (NDDS) that increase the efficiency of
potential drugs 8. In this perspective, nanoemulsions have aroused a great interest as novel
dosage forms, due to their extensive solubilising
capability for both oil and water soluble
compounds 9 - 10.
The invention of valuable formulations for drugs
has been a main challenge, as drug effectiveness
can be strictly restricted by instability or reduced
solubility in the vehicle. One of the most capable
technologies is the nanoemulsion drug delivery
system, which can be applied to improve the
solubility and bioavailability of lipophilic drugs 11 14
. Nanoemulsions are nano sized emulsions that
are used as drug carriers for attainment better
delivery of therapeutic agents. This extremely
developed technology is used for the systemic
release of biologically active agents for controlled
delivery and targeting 11, 15 - 17. These are the novel
drug delivery system contains an emulsified oil and
water system which ranges from 20 - 1000 nm 18.
These emulsions are easily produced in large
quantities by mixing a water immiscible oil phase
into an aqueous phase with high stress. These are
prepared from lipid, surfactants, co-surfactants or
co-solvents 19 - 20. They are thermodynamically and
kinetically stable; non-irritant can be administered
by various routes. They can be used as
antimicrobial, used in mucosal vaccines, used as
disinfectant, used in cancer therapy etc. 21.
Formulation and development of poorly water
soluble drug products keep on a challenge to
formulation scientists mainly because of the rising
new drug discovery programs 22. Proficiency of
production and scale-up, state of being stable and
improved
bioavailability
are
fundamental
properties of these formulations which have
engrossed the attention of researchers 23.
MATERIALS AND METHOD:
Materials: Itraconazole was obtained as a gift
sample from Glenmark Pharmaceuticals Ltd., New
Delhi, Poloxamer 188 was obtained from BASF
Germany, Tween 80 from RFCL ltd New Delhi,
Capryol 90 was purchased from Shaila Enterprises
Dehradun and Methanol was procured from
Uttaranchal University Dehradun. Double distilled
water was used for all experiment. All other
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chemicals used in the study were of analytical
grade
Method: Itraconazole was taken as a model drug.
The Itraconazole nanoemulsion formulations were
prepared by solvent displacement method using
Capryol 90 as lipid phase was dissolved in water
miscible organic solvent (methanol). The organic
phase (oil and Itraconazole drug) was mixed into an
aqueous phase containing (poloxamer 188, tween
80 and distilled water) to produce nanoemulsion by
quick dispersion of organic solvent. Organic
solvent was separated from nanoemulsion by
vacuum evaporation. Formulations were prepared
and evaluated for particle size, polydispersity
index, drug content, entrapment efficiency and %
cumulative release.
Pseudo - Ternary Phase Diagram: On the basis
of the solubility studies, Capryol 90 was selected as
the oil phase. Poloxamer 188 and Tween 80 were
selected as surfactant and co-surfactant,
respectively. Distilled water was used as an
aqueous phase. Surfactant and cosurfactant (Smix)
were mixed at different mass ratios (3:1, 4:1, and
5:1). These ratios were chosen in increasing
concentration of surfactant with respect to
cosurfactant for a detailed study of the phase
diagrams. For each phase diagram, oil and Smix at a
specific ratio was mixed thoroughly at different
mass ratios in different glass vials.
Different combinations of oil and Smix were made
so that maximum ratios were covered for the study
to delineate the boundaries of phases precisely
formed in the phase diagrams. Pseudo ternary
phase diagrams of oil, Smix and aqueous phase were
developed using the aqueous titration method. Slow
titration with aqueous phase was performed for
each mass ratio of oil and Smix and visual
observations were made for transparent and easily
flow able o/w nanoemulsions. The physical state of
the nanoemulsion was marked on a pseudo-threecomponent phase diagram with one axis
representing the aqueous phase, the second one
representing oil and the third representing a
mixture of surfactant and cosurfactant at a fixed
mass ratio.
Preparation of Nanoemulsion: The formulations
were prepared by mixing appropriate amount of
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surfactant and cosurfactant and then oil part added,
mix the formulation until completely dispersion
occurs at room temperature. Then appropriate
amount of drug was added and the final mixture
was mixed by vortexing until a transparent solution
was obtained. Formulations were prepared and
characterised.

Characterization of Nanoemulsion:
Measurement of Droplet Size and Polydispersity
Index: The particle size and polydispersity index
of nanoemulsion was measured by photon
correlation spectroscopy using a Malvern Zetasizer.
Samples were diluted appropriately with the
aqueous phase of the formulation to get optimum
kilo counts per second (Kcps) of 50 - 202.8 for
measurements, and the pH of diluted samples
ranged from 6.9 to 7.2. The measurements were
carried out at 25 ºC in 75% - 100% intensity. The
samples were analyzed.
Determination of Entrapment Efficiency:
Entrapment efficiency (EE %) was determined by
measuring the concentration of free drug (unentrapped) in aqueous medium. This is the prime
importance, as it influences the release
characteristics of drug molecule. The amount of
drug encapsulated per unit weight of nanoparticles
is determined after separation of the entrapped drug
from the nanoemulsion formulation:
EE = Weight of total drug in formulation – Weight
of drug in aqueous phase × 100 / Weight of total
drug in formulation
Drug Content: Accurately weighed quantities of
nanoemulsion were mixed with 100 ml of 0.1M
HCl. The filtrate was analysed spectrophotometrically at 262 nm for drug content against 0.1 M
HCl. Corresponding drug concentrations in the
samples were calculated from the calibration plot
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generated by regression of the data. Drug content
was calculated as detected amount of itraconazole
with respect to theoretical amount of drug used for
the
preparation
of
nanoemulsion.
Each
determination was carried out in triplicate.
In-vitro Drug Release: In vitro percent drug release
studies were carried out by using franz diffusion
cell. Cellophane membrane was used as filtration
purpose. Membrane was soaked in phosphate
buffer for 12 hours before mounting it on cell.
Itraconazole formulation was placed in the donor
compartment and recipient compartment was filled
with diffusion medium phosphate buffer pH 7.4.
The content of the cell was stirred with the help of
magnetic stirrer at 37ºC. Serial sampling were
performed after 0.5, 1, 2, 3, 4, 5, 6 h. Fresh
phosphate buffer was placed at receptor
compartment to maintain constant volume. Samples
were analyzed by spectrophotometrically at 262
nm.

RESULTS AND DISCUSSION:
Droplet Size Measurements: The mean droplet
size and polydispersity index were calculated from
intensity, volume and bimodal distribution
assuming spherical particles. Nanoemulsion had
various average droplet diameters between 50 to
1000 nm. A small droplet sizes are very much
required for drug delivery. Polydispersity index
(PI) is a measure of particle homogeneity and it
varies from 0.0 to 1.0. The closer to zero the
polydispersity value the more homogenous are the
particles. Formulations showed their PI in between
0.436 to 0.653 that indicates acceptable
homogeneity.
Particle Size and Polydispersity Index of
Prepared Formulations:
TABLE 1: PARTICLE SIZE AND POLYDISPERSITY
INDEX OF PREPARED FORMULATIONS
Formulation code
F1
F2
F3
F4
F5
F6
F7
F8

Particle Size
162.64
531.91
318.43
709.85
511.31
819.24
481.25
841.57

Polydispersity index
0.653
0.520
0.436
0.621
0.604
0.624
0.541
0.589

Drug Content and Entrapment Efficiency (%):
The drug content and entrapment efficiency of
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different formulation was determined by using
double beam spectrophotometer (Shimadzu 1800)
of different formulations and was found to be:
TABLE 2: DRUG CONTENT AND ENTRAPMENT
EFFICIENCY (%)
Formulation
code
F1
F2
F3
F4
F5
F6
F7
F8

Drug
content
49.40
52.34
55.46
61.53
63.49
58.35
64.14
66.02

Entrapment
efficiency
28.23
38.54
32.55
39.06
43.44
42.81
40.14
40.83
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In-vitro Drug Release: In vitro percent drug
release studies were carried out. In- vitro percent
drug release studies were performed for different
formulations, which shows the controlled release of
formulation F1, F2, F3, F4, F5, F6, F7 and F8 as
85.71%, 88.52%, 95.92%, 73.43%, 82.34%,
69.28%, 78.21% and 84.15% respectively after 6
hr. The F3 shows higher rate of cumulative percent
drug release 95.92%. The in-vitro release profile of
Itraconazole nanoemulsion was represented in the
table. It was noticed that the most effected factor in
the drug release is concentration of polymer and
lipid.

Graph of Drug Content and Entrapment Efficiency:

GRAPH 1: DRUG CONTENT AND ENTRAPMENT EFFICIENCY

Graph of Percent Cumulative Release:

GRAPH 2: PERCENT CUMULATIVE RELEASE

CONCLUSION: An attempt was made to shorten
the problems allied with poor bioavailability of
Itraconazole by preparing stable nanoemulsion. At
present available marketed formulations include
solution and capsules and having bioavailability
around 30 to 55% only. Therefore lipid-based
nanoemulsion was thus formulated to enhance the
oral bioavailability by enhancing drug solubility.
The current study showed that Itrconazole
nanoemulsion formulation can be manufactured by
capryol 90. From the above obtained results and it

was concluded that formulations prepared by the
lipid were in nano range and can be formulated.
The tests carried out reveals that the mean droplet
size was in the nanometre range, with good
uniformity of diameter. The best formulation
among all was found to be F3 on the basis of
particle size (318.43 nm), polydispersibility index
(0.436) and percent cumulative release (95.92%)
having r2 value 0.986, therefore itraconazole
nanoemulsion using capryol 90 as a lipid can be
formulated.

International Journal of Pharmaceutical Sciences and Research

2930

Suyal et al., IJPSR, 2018; Vol. 9(7): 2927-2931.

ACKNOWLEDGEMENT: The authors wish to
acknowledge the Uttaranchal University for
providing the necessary facilities for preparation of
this manuscript.
CONFLICT OF INTEREST: The authors hereby
want to declare that there is no conflict of interest
whatsoever in this publication.
REFERENCES:
1.

Andes D and MD: Pharmacokinetics and pharmacodynamics of antifungal. Elsevier Saunders 2006; 20: 679697.
2. Maali A and Mosavian MTH: Preparation and application
of nanoemulsions in the last decade. Journal of Dispersion
Science and Technology 2012; 34(1): 92-105.
3. Kumar S: Role of nanoemulsion in pharmaceutical
sciences- A Review. Asian Journal of Research in Pharmaceutical Sciences and Biotechnology 2014; 2(1): 1-15.
4. Lawrence MJ and Rees GD: Adv. Drug Delivery. Rev.
2010; 45: 89-121.
5. Sharma N, Mishra S, Sharma S, Deshpande RD and
Sharma RK: Preparation and optimization of
nanoemulsion for targeting drug delivery. International
Journal of Drug Development and Research 2013; 5(4):
37-48.
6. Bhatt P and Madhav S: A detailed review on
nanoemulsion drug delivery system. International Journal
of Pharmaceutical Science and Research 2011; 2(10):
2482-2489.
7. Bouchemal K, Briancon S, Perrier E and Fessi H:
Nanoemulsion
formulation
using
spontaneous
emulsification: solvent, oil and surfactant optimization.
International Jou of Pharmaceutics 2004; 280: 241-251.
8. Haritha, Basha SP, Rao KP and Chakravarthi V: A brief
introduction to methods of preparation, applications and
characterisation of nanoemulsion drug delivery system.
Indian Journal of Research in Pharmacy and
Biotechnology 2013; 1(1): 25-28.
9. Gupta PK, Pandit JK, Kumar A, Swaroop P and Gupta S:
Pharmaceutical nanotechnology novel nanoemulsion high
energy emulsification preparation, evaluation and
application. The Pharma Research 2010; 3: 117-138.
10. Jaiswal M, Dudhe R and Sharma PK: Nanoemulsion an
advanced mode of drug delivery system. Biotech 2015; 5:
123-127.

E-ISSN: 0975-8232; P-ISSN: 2320-5148
11. Debnath S, Narayan S and Kumar GV: Nanoemulsion a
method to improve the solubility of lipophilic drugs. An
International Journal of Advances in Pharmaceutical
Sciences 2011; 2: 72-83.
12. Kumar S: Role of nanoemulsion in pharmaceutical
sciences- A Review. Asian Journal of Research in
Pharmaceutical Sciences and Biotechnology 2014; 2(1): 115.
13. Revankar S, Kirkpatrick W, McAtee R, Dib O, Fothergill
A, Redding S, Rinaldi M and Patterson T: J. Infect. Dis
1996; 174: 821-827.
14. Solans C, Esquena J, Forgiarini AM, Usón N, Morales D,
Izquierdo P, Azemar N and Garcia-Celma MJ:
Nanoemulsions: formation, properties and applications.
Surfactant Science Series 2003; 109: 525-554.
15. Hashem FM, Shaker DS, Ghorab MK, Nasr M and Ismail
A: Formulation, characterization, and clinical evaluation of
microemulsion containing clotrimazole for topical
delivery. AAPS Pharmaceutical Science and Technology
2011; 12(3): 879-886.
16. Suyal J: Nanoemulsion: A novel approach in various
pharmaceutical applications. Journal of Pharmaceutical
Science and Bioscientific Research 2017; 7(1): 153-157.
17. Chouksey RK, Pandey HK, Maithil A and Jain AK:
Nanoemulsion- A Review. Inventi Rapid: Pharm Tech
2011; 2(1): 231.
18. Devarajan V and Ravichandran V: Nanoemulsion as
modified drug delivery tool. International Journal of
Comprehensive Pharmacy 2011; 4(1): 1-6.
19. Sampathi S, Mankala S. K, Wankar J and Dodoala S:
Nanoemulsion based hydrogels of itraconazole for
transdermal drug delivery. Journal of Scientific and
Industrial Research 2015; 74: 88-92.
20. Borges VRA, Simon A, Sena ARC, Cabral LM and Sousa
VP: Nanoemulsion containing dapsone for topical
administration: A study of in-vitro release and epidermal
permeation. International Journal of Nanomedicine 2013;
8: 535-544.
21. Chime SA, Kenechukwu FC and Attama AA:
Nanoemulsions- Advances in formulation, characterization
and applications in drug delivery 2014; 77-111.
22. Dwivedi P, Khatik R and Chaturvedi P: Arteether
nanoemulsion for enhanced efficacy against Plasmodium
yoelii, Nigeriensis malaria: An approach by enhanced
bioavailability. Colloids and Surfaces B: Biointerfaces
2015; 126: 467-475.
23. Suyal J and Bhatt G: An introductory review article on
nanoemulsion. International Journal of Research in
Pharmacy and Pharmaceutical Sciences 2017; 2(4): 35-40.

How to cite this article:
Suyal J, Bhatt G and Singh N: Formulation and evaluation of nanoemulsion for enhanced bioavailability of Itraconazole. Int J Pharm Sci &
Res 2018; 9(7): 2927-31. doi: 10.13040/IJPSR.0975-8232.9(7).2927-31.
All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google
Playstore)

International Journal of Pharmaceutical Sciences and Research

2931

