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ABSTRACT-

Submicron emulsion has recently become
increasingly important as potential vehicles for the
controlled delivery of cosmetics and for the
optimized dispersion of active ingredients in
particular skin layers. Due to their lipophilic
interior, they are more suitable for the transport of
lipophilic compounds than liposomes. Antimicrobial
submicron emulsions are oil-in-water droplets that
range from 200 to 600nm. They are composed of oil
and water and are stabilized by surfactants and
alcohol. The submicron emulsion has a broad-
spectrum activity against bacteria, enveloped
viruses, fungi and spores. The submicron particles
are thermodynamically driven to fuse with lipid-
containing organism.

This study involves the preparation of terbinafine
Hcl loaded submicron emulsion to enhance its oral
bioavailability. Terbinafine Hcl is a crystalline
powder that is solid white to off-white crystalline
powder, and odourless. The melting point of
Terbinafine Hcl was found to be 194.67+0.578°C -
198+1°C. A standard calibration curve was
constructed in the range of 4-36ug/ml. The R? value
of 0.999 and the value of the regression equation
y=0.0226x+0.0107; R* = 0.9998 indicated good
linearity. Terbinafine Hcl showed maximum
solubility in methanol and ethanol, whereas it
showed least solubility in distilled water. Its
partitions  coefficient was observed to Dbe
3.296+0.002. The maximum percentage of drugs
detected in  formulation code A8  was
74.16540.445%.

Key words-- Submicron
Antimicrobial, bioavailability,
Terbinafine drug

emulsion
Sunflower oil,

I. Introduction
The term bioavailability is defined as the
rate and extent to which an active drug moiety
enters systemic circulation by crossing the intestinal
barrier, thereby accessing the site of action. It
depends largely on the properties of a dosage form,

physicochemical properties of the drug, restriction
produced by intestinal barriers, several enzymes,
metabolites and glycoproteins. The presence of
intestinal barriers produces a major challenge for
drug delivery. Various physiological factors that
reduce the oral bioavailability of drugs include
disease states, gastric emptying rates, circadian
differences, interactions with food, intestinal
motility, and the presence of intestinal microflora.

(1,2)

There are several barriers affecting oral absorption
of drugs across intestinal routes into systemic
circulation. Poor penetration and low oral
bioavailability of drugs mainly depend on the
obstruction created by major physiological barriers
and several pharmaceutical barriers that restrict the
brisk entry of drugs.[3]

Physiological Barriers

It comprises a physical barrier and a biochemical
barrier. Intestinal paracellular tight junction acts as a
physical barrier, while transporters and enzymes act
as biochemical barriers.

The paracellular route is defined as the aqueous
pathway along the intercellular space between
adjacent epithelial cells, which is restricted by a
tight junction. (4-5)

Pharmaceutical Barriers

Poor solubility causes improper absorption of drugs.
Solubility is an intrinsic property of the material that
can be influenced by chemical modification such as
salt formation, complexation to form prodrugs, by
physical modification using solid dispersion with a
suitable polymeric carrier. Solubility of a drug is
related to dissolution tendency, which is a
characteristic measure of oral bioavailability.
Solubility depends on several factors like
composition of aqueous media, pH, temperature,
crystal nature, ionic strength, presence of counter
ions and polymorphism. [5,6]

1.1.3 Classification of submicron emulsions
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The submicron emulsions are classified into the
following

Three types:

e Oil in water submicron emulsion

e Water in oil submicron emulsion

e Bi-continuous submicron emulsion[7]

Excipients for Submicron Emulsion

Triglycerides

Triglycerides are wused for oral lipid-based
submicron emulsion. These have advantages that
they are commonly ingested in food, fully digested
and absorbed and therefore do not present any safety
issue. Naturally occurring oils and fats are
comprised of mixtures of triglycerides which
contain fatty acids of varying chain lengths and
degree of saturation.(8-14])

Mixed Triglycerides

Partial hydrolysis of triglycerides is used to produce
a wide range of mixed glyceride excipients in which
different proportions of monoglyceride, diglyceride
and triglyceride are present. Mixed long chain
glycerides are better solvent for lipophilic drugs
than triglycerides. They are useful for preparation of
SEDDS (self-emulsifying drug delivery system)
with and without water- insoluble components.

Water-insoluble Surfactants

For preparation of oral lipid-based formulations
excipients with HLB value 8 to 12 are used, which
adsorb strongly at oil-water interfaces, as water-
insoluble surfactants.

Water-soluble Surfactants

These are the most commonly used surfactants for
the formation of SEDDS or SMEDDS.

Cosolvents

Several marketed lipid-based products contain
water-soluble cosolvents. The most popular
cosolvents have been PEG-400, propylene glycol,
ethanol and glycerol. The use of co-solvent is to aid
the dispersion system which contain high proportion
of water soluble surfactants.

Techniques of Submicron Emulsion Preparation
There are two methods of submicron emulsion
preparation-

(a) High-energy Emulsification Methods

(b) Low-energy Emulsification Methods

High Energy Emulsification Methods

These methods include the use of devices that use
very high mechanical energy to create nanoemulsion
with high kinetic energy.

Methods are-

e High pressure homogenization
e Ultrasonic emulsification

e Microfluidization

Application of submicron emulsion
Cosmetics

Antimicrobial

Mucosal vaccines

Non-toxic disinfectant cleaner
Cell culture technology

Cancer therapy

VVVVYVY

Most antifungal medications work through the
inhibition of fungal membrane production and
ergosterol synthesis. Terbinafine is an allylamine
that works early in the pathway as a non-
competitive inhibitor of the enzyme squalene
epoxidase and subsequent conversion of squalene-
to-squalene  epoxide. Although not directly
fungicidal, the intracellular accumulation of
squalene results in fungal cell death.

Hepatotoxicity may be asymptomatic and only
detectable by lab evaluation and evidence of
transaminitis. Liver enzymes over two times the
normal value requires immediate discontinuation.
Supportive care, including liver transplantation (in
severe cases), may be necessary. (15)

Sunflower oil is the non-volatile oil pressed from
the seeds of the sunflower (Helianthus annuus).
Sunflower oil is commonly used in food as a frying
oil, and in cosmetic formulations as an emollient.
Sunflower oil is primarily composed of linoleic
acid, a polyunsaturated fat, and oleic acid, a
monounsaturated fat. Through selective breeding
and manufacturing processes, oils of differing
proportions of the fatty acids are produced.

Lecithin is a generic term to designate any group of
yellow-brownish fatty substances occurring in
animal and plant tissues which are amphiphilic —
they attract both water and fatty substances (and so
are both hydrophilic and lipophilic), and are used for
smoothing food textures, emulsifying,
homogenizing liquid mixtures, and repelling
sticking materials.

II. Material and method
2.1. materials
Excipents Ethanol was obtained from Changshu
YangquanChemical, China, Span 40 from
LobaCheim Pvt. Ltd., Mumbai, Soyabean oil and
Mustard oil from Avarice laboratories Pvt. Ltd, G.B
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Nagar, India. Potassium dihydrogen phosphate and
Coconut Oil from Molychem, Mumbai and Tween
80, Methanol, Sodium chloride, Disodium hydrogen
phosphate, from Finar Pvt. Ltd. Ahemadabad.

III.  Experimental work
3.1. Preformulation studies
3.1.1. Organoleptic properties
Visual observations were used to conduct
organoleptic investigations on things like general
look, nature, colour, and odour.
3.1.2. Melting point
To wunderstand drug purity, understanding the
melting point is crucial. To establish the melting
range, the sample was first dried.
3.1.3. Solubility
Terbinafine Hel's solubility in a variety of solvents,
including, 0.1NHcl, Buffer 6.8 pH, Methanol, and
distilled water, was assessed. Studies on drug
solubility are conducted in triplicate at 25°C by
agitating extra drug in a stoppered volumetric flask
containing 2ml of solvent.
3.1.4. Drug- Excipients compatibility study
The behavior of the Terbinafine Hcl in the
optimized formulation was ascertained using FTIR
spectroscopy of the pure medicine and the optimized
formulation. For the proposed investigation, samples
were suitably diluted with dried KBR, and
Shimadzu 8400S FT-IR was used to obtain IR
spectra with a resolution of 4 cm™! in the 400-4000
cm! range (16).

3.1.5. Partition coefficient studies

Prior to conducting the experiments, the two
solvents were mutually saturated at a 1:1 ratio.
Unknown drug concentration saturated solutions

were made in aqueous solutions.
_ concentrationofdruginnonaqueousphase

Logp
3.1.6.

concentrationofdruginaqueousphase
Preparation of standard plot of
Terbinafine Hcl in methanol

10mg precisely weighed the drug was dissolved in
100 ml of methanol solution to produce a 0.1mg/ml
solution. Aliquots 0.4ml to 3.6ml of the reference
solution were pipette-out into  10-milliliter
volumetric flasks for dilution. Methanol solution
was added to the volume as needed to create a
concentration range of 4-36pg/ml. With a UV
spectrophotometer, Every absorbance test was done
in triplicate (n = 3) (16).

3.2. Preparation of Submicron emulsion

Hot homogenization and ultrasonification were used
to create a Terbinafine Hcl-loaded submicron
emulsion. To obtain a transparent solution, the oil
phase, which contains oil-soluble components (lipid,
oil, and drug), and the aqueous phase, which
contains water-soluble components (tween 80), were
each heated to a temperature of 70°C. The oily
phase was then mixed with the aqueous phase for 5
minutes to create a coarse emulsion. To obtain
submicrone lipid emulation, the coarse emulsion
was further sonicated using a probe at 50%
amplitude for around 20 minutes. (17).

Table 1: Composition of different Terbinafine Hcl loaded submicron lipid emulsion

S.No. | Formulation | Terbinafine | Lipid MCT Coconut | Mustard | Soybean | Tween | Total
code Hcl (mg) (Soya Oil Oil (Yow/w) | oil 80 volume of

lecithin) | (Y%ow/w) | (%w/w) (Yow/w) | (%w/w) | formulation
(Yow/w)

1 Al 2500 2 10 - - - 1 10

2 A2 2500 2 - 10 - - 1 10

3 A3 2500 2 - - 10 - 1 10

4 A4 2500 2 - - - 10 1 10

5 A5 2500 1 - - - 10 1 10

6 A6 2500 3 - - - 10 1 10

7 A7 2500 3 - - - 5 1 10

8 A8 2500 3 - - - 15 1 10

3.3. Evaluation of Terbinafine Hcl loaded drug precipitation after 24 hours, was assessed

Submicron lipid emulsion
3.3.1.  Visual Appearance
The physical stability of the generated drug-loaded
submicron emulsion, such as phase separation and

visually (18).
3.3.2. PH
The formulation pH was measured using pH meter.
The ph electrode was dipped into the formulation
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and allowed for additional time to stabilize the ph.
The activity was performed in triplicate manner.
3.3.3. Percentage drug content

By evaluating the concentration of free drug
(unentrapped) in aqueous medium, the percentage
drug content of produced formulations was
ascertained. A donor chamber was used, and 2ml of
the formulation was accurately measured and
centrifuged at 10,000 rpm for 15 min. The following
equation was used to determine the percentage of
drug encapsulation:

Entrapment ef ficiency (%) = (th;tcf) x100

Where Ct is the concentration of total Terbinafine
Hcl, and Cf is the concentration of free Terbinafine
Hcl (19,20).

3.3.4. Measurement of Globule size and Zeta
Potential
Using a Zetasizer Nanoseries device from Malvern
Instruments, the average hydrodynamic diameter of
submicron emulsion was calculated using DLS, and
the surface charge of the submicrone emulsion was
evaluated using zeta potential measurements. the
zeta potential measurements were carried out. Every
study was completed in triplicate (23,24).
Esposito E, Dzyhovskyi V, Santamaria F, Marvelli
L, Boldrini P, Mariani P, Pepe A, Ortore MG,
3.3.5. Invitro drug release study
The in vitro release of terbinafine Hcl from
submicron emulsion was determined by dialysis
method. Briefly, 1 mL of formulation and a
terbinafine Hcl suspension in 1ml of water (v/v)
was added into the dialysis bag. The dialysis bag
was then placed into 900 mL of receiving phase
constituted of 0.1Nhcl for 2hr and phosphate buffer
ph 6.8 for upto 24hr. maintained under constant
magnetic stirring at 37 £ 1 °C. At predetermined
time intervals, 5 mL of the receiving phase was then
sampled and subjected to UV analysis to determine
the amount of active ingredient released over time.
Each sample was replaced with an equal volume of
receiving phase. Terbinafine Hcl released amounts

at each predetermined time were determined three
times in independent experiments, calculating the
mean values £ s.d (26,27).

IV.  Result and Discussion
4.1. Preformulation studies
4.1.1. Organoleptic properties (API)
Terbinafine Hcl is a crystalline powder that is solid
white to off-white crystalline powder, and odorless.
4.1.2. Melting point
The melting point of Terbinafine Hel was found to
be 194.67+0.578°C -198+1°C, which is within the
suggested range of 194°C to 198°C in the literature.
4.1.3. Standard linearity calibration curve of

Terbinafine Hel in Methanol

By developing a graph between the absorbance and
concentration, a standard calibration curve was
constructed in the range of 4-36pug/ml. Absorbance
of Terbinafine Hcl solutions at various
concentrations, as indicated in table 2. The R? value
of 0.999 and the value of the regression equation
y=0.0226x+0.0107; R* = 0.9998 indicated good
linearity.

Table 2: Calibration curve of Terbinafine Hcl in

methanol
S.No. | Conc. (ug/ml) | Absorbance
1 4 0.096+0.004
2 8 0.193+0.005
3 12 0.284+0.005
4 16 0.378+0.004
5 20 0.462+0.003
6 24 0.551+0.002
7 28 0.642+0.006
8 32 0.734+0.004
9 36 0.824+0.004
4.1.4. Solubility studies of drug: The solubility

of drug was determined in different
solvents.

Table 3: Solubility (mg/ml) of Terbinafine Hcl in different solvents.

S.No. Solvent Solubility (mg/ml)
1 Water 0.072+0.003
2 Ethanol 6.059+0.031
3 Methanol 7.776+0.040
4 Buffer pH 6.8 0.475+0.003
5 0.1 N HCI 0.377+0.004
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Terbinafine Hcl showed maximum solubility in
methanol and ethanol, whereas it showed least
solubility in distilled water.

4.1.5. Partition coefficient of drug

Table 4 displays the partition coefficient of
Terbinafine Hcl in the n-octanol:water mixture.
Drugs having partition coefficients less than one are
indicative of hydrophilic drugs, while those with log
P greater than one are lipophilic in nature.

Table 4: Partition coefficient of Terbinafine Hcl

S. No. | Drug Reference partition | Observed Partition | Nature of the drug
coefficient coefficient (Log P)
l. Terbinafine | 3.30 (89) 3.296+0.002 Lipophilic
Hcl
4.1.6. Identification of pure drug (FT-IR spectra):
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Figure 1: Graph of FTIR spectrum of terbinafine Hcl

IR spectra of terbinafine HCI showed characteristic
peaks at 1254 cm-1 (Ring C-N strech), 3037 cm-1
(Aromatic C-H strech), 1546 cm-1 (ring C=C
stretch), 778 cm-1(benzene ring out of plane), 2224
cml (ring C=C stretch). The fir spectrum of the
optimized formulation Terbinafine Hecl loaded
submicron emulsion demonstrated the characteristic
peak of the Terbinafine Hel with very less intensity
indicating the encapsulation of the drug into the
emulsion globules.

4.2. Preparation of Terbinafine Hcl loaded
Submicron emulsion

The development of submicron-sized lipid
emulsions involved the use of a high-speed mixer
and an ultrasonication procedure. Initially, a
different oil was used to prepare a Terbinafine Hcl-
loaded submicron size emulsion. We evaluated the
appearance, phase separation, drug entrapment, pH,
and globule size of each produced formulation.

4.3. Evaluation of Terbinafine Hcl loaded Submicron emulsion

4.3.1. Visual Appearance

Table 5: Visual appearance

Sr.no. Formulation code | Appearance

1 Al Uniform, Homogenous, and no phase separation and non-precipitation
of drug

2 A2 Uniform, Homogenous, and no phase separation and non-precipitation
of drug

3 A3 Uniform, Homogenous, and no phase separation and non-precipitation
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of drug

4 A4 Uniform, Homogenous, and no phase separation and non-precipitation
of drug

5 A5 Uniform, Homogenous, and no phase separation and non-precipitation
of drug

6 A6 Uniform, Homogenous, and no phase separation and non-precipitation
of drug

7 A7 Uniform, Homogenous, and no phase separation and non-precipitation
of drug

8 A8 Uniform, Homogenous, and no phase separation and non-precipitation
of drug

Table 5 showed that all submicron emulsion were consistent, homogenous, and free from phase separation and
drug precipitation.

4.3.2. pH of prepared formulation
Table 6: pH of all prepared formulations

Sr.no Formulation code pH

1 Al 5.940+0.025
2 A2 5.990+0.015
3 A3 6.080+0.030
4 A4 6.120+0.020
5 A5 6.050+0.055
6 A6 6.010+0.038
7 A7 6.050+0.040
8 A8 6.040+0.031

Table 6 showed that the pH of all formulations ranged from 5.940+0.025 to 6.120+0.020.
4.3.3. Percentage drug content

Table 7: Percentage drug content of all prepared formulations

Sr.no. Formulation code Percentage drug content
1 Al 21.540+0.708
2 A2 12.749+0.670
3 A3 16.171£0.798
4 A4 46.791+£0.622
5 A5 30.566+0.985
6 A6 56.584+0.468
7 A7 35.581+0.715
8 A8 74.165+0.445

Terbinafine Hcl was more soluble in soybean oil when the oil concentration was increased from 5% weight per
weight to 15% weight per weight. The maximum percentage of drugs detected in formulation code A8 was
74.165+0.445%.

A8 formulation was chosen for further evaluation based on the aforementioned evaluation criteria.
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4.3.4. Particle size and Zeta Potential

Table 8: Average Globule size, PDI and Zeta Potential of A8 formulation

S.No. Formulation code

Globule size (nm)

PDI Zeta Potential (mv)

1 A8 139.2

0.105 -35.8

Globule size and PDI value were found to be 139.2nm and 0.105 respectively with, a negative zeta potential of -

35.8 mV was detected.

4.3.5. Percentage drug release study of Submicron emulsion formulations
Table 9: Percentage drug study of submicron emulsion formulations A8 and pure drug

Time(hr.) Percentage Drug release of | Percentage Drug release of
formulation A8 Pure drug

0 0.000=0.00 0.000+0.00

0.5 9.339+0.028 2.227+0.034

1 14.113+0.040 7.699+0.045

2 23.411+0.786 14.094+0.011

4 45.499+0.401 14.703+0.220

6 57.765+0.184 28.481+0.113

8 70.720+0.718 37.083+0.338

10 84.313+0.159 46.083+0.225

12 97.853+0.421 49.747+0.250

24 99.287+0.160 50.862+0.451

120
o 100 =0
(%]
g
< 80
Rt
Eo 60 =¢—Percentage Drug release of
a =1 | formulation A8
o
20 40 == Percentage Drug release of
= Pure drug
g 20
St
3
~ 0
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-20
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Figure 2: Comparison Graph of In-vitro drug release of pure drug and A8 formulations

At 24 hours, it was discovered that both submicron
emulsion  had larger  drug  percentages
99.287+0.160% than the pure drug 50.862+0.451%.

V.  Conclusion
The current study involves the preparation
of terbinafine Hcl loaded submicron emulsion to
enhance its oral bioavailibity. Terbinafine Hcl is a

crystalline powder that is solid white to off-white
crystalline powder, and odourless. The melting point
of Terbinafine Hcl was found to be 194.67+0.578°C
-198+1°C. A standard calibration curve was
constructed in the range of 4-36pg/ml. The R? value
of 0.999 and the value of the regression equation
y=0.0226x+0.0107; R* = 0.9998 indicated good
linearity. Terbinafine Hcl showed maximum
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solubility in methanol and ethanol, whereas it
showed least solubility in distilled water. Its
partitions  coefficient was observed to be
3.296+0.002. The Terbinafine Hcl loaded submicron
emulsion was prepared using the various oil, amount
of lecithin and amount of oil. Total 8 formulation
was prepared. All submicron emulsion were
consistent, homogenous, and free from phase
separation and drug precipitation. pH of all
formulations ranged from 5.940+0.025 to
6.120+0.020. Terbinafine Hcl was more soluble in
soybean oil when the oil concentration was
increased from 5% weight per weight to 15% weight
per weight. The maximum percentage of drugs
detected in  formulation code A8  was
74.165+£0.445%. A8 formulation was chosen for
further evaluation based on the aforementioned
evaluation criteria. The particles size, PDI and zeta
potential of A8 formulation was observed to be
139.2nm, 0.105and -35.8mv. At 24 hours, it
was discovered that both submicron emulsion had
larger drug percentages 99.287+0.160% than the
pure drug 50.862+0.451%. The estimated regression
coefficients for the Zero Higuchi, and first order
models. Because the Higuchi model has a greater
regression coefficient (0.93) than other models of
drug release, drug release from submicron emulsion
follows it.
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