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INTRODUCTION

Nanoemulsions are isotropic, thermodynamically stable
transparent (or translucent) systems of oil, water, and
surfactants with a droplet size usually in the range of 10–
100 nm (1,2). Their long-term stability, ease of preparation
(spontaneous emulsification), and high solubilization of drug
molecules make them promising as a drug delivery tool.
They have found wide applications in oral drug delivery to
enhance the solubility and bioavailability of the lipophilic
drugs (3–5). Recently, there has been a surge in the explora-
tion of nanoemulsions for transdermal delivery (6–8). They
are also being investigated ardently for potential applica-
tions in ocular (9,10), pulmonary (11), nasal (12,13), vaginal
(14,15), and parenteral drug delivery (16–18).

The use of nanoemulsions in drug delivery has been
reviewed, and it was noted that most studies have not been
very systematic with regard to selection of surfactants and
cosurfactants. The main objective of this study was to provide
an efficient screening approach for the proper selection of
oils, surfactants, and cosurfactants for the nanoemulsion
formulation development. Ropinirole was selected as a model
lipophilic drug for this purpose (Log P=3.32). These systems
often require high surfactant concentration, and this may lead
to toxicity and irritancy problems. Therefore, judicious
selection of surfactants along with their optimum concentra-
tion is required, which has been discussed in this report.
Determination of the influence of the surfactant-to-cosurfac-
tant mass ratio (Smix) on the nanoemulsion formation region
also formed an important aspect of the study. Optimum
selection would aid in better formulation with desirable
attributes.

MATERIALS AND METHODS

Components

Ropinirole was a gift sample from USV (Bombay, India).
Propylene glycol monocaprylate (Capryol 90) and caprylo-
caproyl macrogol-8-glyceride (Labrasol) (Gattefosse, Genne-
villiers, France) were gift samples from Colorcon Asia
(Mumbai, India), while propylene glycol monocaprylic ester
(Sefsol 218) was a courtesy from Nikko Chemicals (Tokyo,
Japan). Diethylene monoglycol ether (Carbitol) and polyoxy-
35-castor oil (Cremophor EL) were purchased from Merck
Schuchardt (Hohenbrunn, Germany) and Sigma Aldrich (St.
Louis, MO), respectively. Isopropyl myristate, glycerol triac-
etate (Triacetin), castor oil, high-performance liquid chroma-
tography (HPLC)-grade methanol, and ammonium acetate
were purchased from E-Merck (Mumbai, India). Polyoxy-
ethylene sorbitan monolaurate (Tween 20), polyoxyethylene
sorbitan monostearate (Tween 60), polyoxyethylene sorbitan
monooleate (Tween 80), ethanol, isopropyl alcohol, n-buta-
nol, PEG 400, and propylene glycol were procured from S.D
Fine Chemicals (Mumbai, India). Water was obtained from
Milli Q water purification system (Millipore, MA). All other
chemicals and solvents were of analytical grade.

Screening of Oil

The solubility of ropinirole in various oils was deter-
mined by adding an excess amount of drug in 2 mL of the oils
(Capryol 90, Sefsol-218, triacetin, isopropyl myristate, castor
oil, olive oil) separately in 5-mL-capacity stopper vials, and
mixed using a vortex mixer. The mixture vials were then kept
at 25±1.0°C in an isothermal shaker (Nirmal International,
Delhi, India) for 72 h to reach equilibrium. The equilibrated
samples were removed from the shaker and centrifuged at
3,000 rpm for 15 min. The supernatant was taken and filtered
through a 0.22-μm membrane filter. The concentration of
ropinirole was determined in oils using a HPLC method (see
below).
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Screening of Surfactants

Five types of surfactants were screened for nanoemulsion
formulation, which included Labrasol, Cremophor EL, Tween
20, Tween 60, and Tween 80. In water, 2.5 mL of 15 wt.%
surfactant solution was prepared, and 4 μL of oil was added
with vigorous vortexing. If a one-phase clear solution was
obtained, the addition of the oil was repeated until the
solution became cloudy.

Screening of Cosurfactants

Tween 20 was combined with six types of solubilizers as
cosurfactants, namely, ethanol, isopropyl alcohol, n-butanol,
PEG 400, Carbitol, and propylene glycol. At a fixed Smix ratio
of 1:1, the pseudoternary phase diagrams were constructed.
Twelve different combinations in different weight ratios of oil
and Smix, 1:9, 1:8, 1:7, 1:6, 1:5, 1:4, 1:3, 1:2, 1:1, 6:4 (1:0.7), 7:3
(1:0.43), and 9:1, were taken so that maximum ratios were
covered to delineate the boundaries of phases precisely
formed in the phase diagrams.

Effect of Surfactant and Cosurfactant Mass Ratio
on Nanoemulsion Formation

Surfactant was blended with cosurfactant in the weight
ratios of 3:1, 2:1, 1:1, 1:0, 1:2, and 1:3. These Smix ratios were
chosen in decreasing concentration of surfactant with
respect to cosurfactant and increasing concentration of
cosurfactant with respect to surfactant for detailed study of
the phase diagrams. Aqueous titration method was used for
the construction of the pseudoternary phase diagrams,
which involves stepwise addition of water to each weight
ratio of oil and surfactants, and then mixing the components
with the help of vortex mixer at 25°C (19). The nano-
emulsion phase was identified as the region in the phase
diagram where clear, easily flowable, and transparent
formulations were obtained based on the visual observation.
Twelve different combinations in different weight ratios of
oil and Smix, 1:9, 1:8, 1:7, 1:6, 1:5, 1:4, 1:3, 1:2, 1:1, 6:4 (1:0.7),
7:3 (1:0.43), and 9:1, were taken. One axis of the pseudo-
three-component phase diagram represented the aqueous
phase, the other represented the oil phase, and the third
represented a mixture of surfactant and cosurfactant at a
fixed weight ratio (Smix).

Thermodynamic Stability Studies

Selected formulations were subjected to different thermo-
dynamic stability tests to assess their physical stability.

1. Heating–cooling cycle: Six cycles between refrigerator
temperature (4°C) and 45°C with storage at each
temperature of not less than 48 h were conducted, and
the formulations were examined for stability at these
temperatures.

2. Centrifugation test: Formulations were centrifuged at
3,500 rpm for 30 min, and we looked for phase
separation.

3. Freeze–thaw cycle: Three freeze–thaw cycles between
−21°C and +25°C, with formulation storage at each
temperature for not less than 48 h, were performed.

Globule Size Analysis

The droplet size of the nanoemulsions was determined
by photon correlation spectroscopy, which analyses the
fluctuations in light scattering due to Brownian motion of
the particles (20) using a Zetasizer 1000 HS (Malvern
Instruments, Worcestershire, UK). Light scattering was
monitored at 25°C at a 90° angle.

Viscosity

The viscosity of the nanoemulsions was determined by
using Brookfield R/S plus rheometer (Brookfield Engineer-
ing, Middleboro, MA) using a C50-1 spindle in triplicate at
25°C.

Refractive Index

The refractive index of the system was measured by an
Abbe refractometer (Bausch and Lomb Optical Company,
Rochester, NY) by placing one drop of the formulation on the
slide in triplicate at 25°C.

pH Measurements

The apparent pH of the formulations was measured by a
pH meter (Mettler Toledo MP 220, Greifensee, Switzerland)
in triplicate at 25°C.

Transmission Electron Microscopy (TEM)

Morphology and structure of the nanoemulsion were
studied using Morgagni 268D electron microscope (Fei
Company, Netherlands) operating at 70 kV capable of
point-to-point resolution. Combination of bright field imaging
at increasing magnification and of diffraction modes was used
to reveal the form and size of the nanoemulsion. In order to
perform transmission electron microscopy (TEM) observa-
tions, a drop of the nanoemulsion was suitably diluted with
water and applied on a carbon-coated grid, then treated with
a drop of 2% phosphotungstic acid and left for 30 s. The
coated grid was dried and then taken on a slide and covered
with a cover slip and observed under the microscope.

HPLC Analysis

Quantitative determination of ropinirole was performed
by a validated HPLC method developed in our laboratory
(21). A Shimadzu-model HPLC equipped with quaternary
LC-10A VP pump, variable wavelength programmable UV/
VIS detector, SPD-10AVP column oven (Shimadzu), SCL
10AVP system controller (Shimadzu), Rheodyne injector
fitted with a 20-μl loop was used and the data were recorded
and evaluated using Class-VP 5.032 software. Chromato-
graphic separation was achieved on a reversed-phase C-18
column, LiChrospher®100 (5 μm, 250×4.6 mm inner diame-
ter) using a mobile phase consisting of methanol and 0.05 M
ammonium acetate buffer pH 7 (80:20 v/v) at a flow rate of
1 ml/min with UV detection at 250 nm. The mobile phase was
filtered through 0.22-μm nylon filter prior to use.
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Statistical Analysis

The differences in the results of size and viscosity of
nanoemulsion formulations were evaluated using one-way
analysis of variance, followed by Tukey’s multiple compar-
ison post test. The data were considered to be significant at
p<0.05.

RESULTS AND DISCUSSION

The most important criteria for selection of all the
nanoemulsion components is that all the excipients should
be pharmaceutically acceptable for oral administration or
topical application, etc., depending upon the requirement and
falling under the generally-regarded-as-safe category.

Screening Criteria for Oil Selection

Lipophilic drugs are preferably solubilized in o/w nano-
emulsions, whereas w/o systems seem to be a better choice for
hydrophilic drugs. Drug loading per formulation is a very
critical design factor in the development of nanoemulsion
systems for poorly soluble drugs, which is dependent on the
drug solubility in various formulation components. The
volume of the formulation should be minimized as much as
possible to deliver the therapeutic dose of the drug in an
encapsulated form. Solubility of the drug in the oil phase is an
important criterion for the selection of oils. This is particu-
larly important in the case of oral formulation development,
as the ability of nanoemulsion to maintain the drug in
solubilized form is greatly influenced by the solubility of the
drug in the oil phase. If the surfactant or cosurfactant is
contributing to drug solubilization, there could be a risk of
precipitation, as dilution of nanoemulsion in the gastrointes-
tinal tract will lead to lowering of the solvent capacity of the
surfactant or cosurfactant (22,23). Thus, an understanding of
factors influencing drug loading capacity while maintaining
the capability of the system to undergo monophasic dilution
with water and minimizing the tendency for drug precipita-
tion or crystallization in diluted systems is essential to the
design of stable and appropriately low-volume nanoemulsion
systems for drug delivery applications. As of late, novel
semisynthetic medium chain derivatives, which can be defined
as amphiphilic compounds with surfactant properties, are
being preferred.

The solubility of ropinirole in different oils was deter-
mined (Table I). The solubility of ropinirole was found to be

highest in Capryol 90 (183.12±3.74 mg/ml) as compared to
other oils. This may be attributed to the polarity of the poorly
soluble drugs that favor their solubilization in small/medium
molar volume oils, such as medium-chain triglycerides or
mono- or diglycerides (22). Edible oils are not frequently
useful due to their poor ability to dissolve large amounts of
lipophilic drugs. Moreover, formulation of nanoemulsion with
oil of low drug solubility would require incorporation of more
oil to incorporate the target drug dose, which in turn would
require higher surfactant concentration to achieve oil solubi-
lization, which might increase the toxicity of the system.
Novel semisynthetic medium chain derivatives having surfac-
tant properties are progressively and effectively replacing the
regular medium chain triglyceride oils (24,25). Thus, Capryol
90 was selected as the oil phase for the development of
nanoemulsion formulation.

Screening Criteria for Surfactants

The most critical problem related to the nanoemulsion-
based systems is the toxicity of the components. Large
amounts of surfactants may cause gastrointestinal and skin
irritation when administered orally and topically, respectively.
Therefore, the proper selection of surfactants becomes
necessary. It is, therefore, important to determine the
surfactant concentration properly and use the minimum
concentration in the formulation. Nonionic surfactants are
relatively less toxic than their ionic counterparts and typically
have lower CMCs. Also, o/w nanoemulsion dosage forms for
oral or parenteral use based on nonionic surfactants are likely
to offer in vivo stability (26). Therefore, proper selection of
surfactants becomes a crucial factor. Another important
criterion is the selection of surfactant with proper HLB value.
Hydrophilic surfactant and cosurfactant are considered to
prefer the interface and to lower the necessary energy to form
the nanoemulsions, consequently improving the stability. For
example, the required HLB value to form o/w nanoemulsion
is greater than 10 (27). The right blend of low and high HLB
surfactants leads to the formation of a stable nanoemulsion
upon dilution with water.

After selection of capryol 90 as the oil phase, the goal
was to identify the surfactant that has the highest solubiliza-

Table I. Solubility of Ropinirole in Different Oils at 25°C (mean ±
SD, n=3)

S.No Oil Solubility (mg/ml)

1 Capryol 90 183.12±3.74
2 Sefsol-218 174.73±1.98
3 Isopropyl myristate 135.28±2.53
4 Triacetin 147.36±2.06
5 Castor oil 43.27±0.78
6 Olive oil 31.62±0.66

Fig. 1. Oil solubilized (wt.%) by different surfactants
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tion capacity for the oil. In the present study, five nonionic
surfactants, namely, Labrasol, Cremophor EL, Tween 20,
Tween 60, and Tween 80, were chosen for screening.
Nonionic surfactants were selected since they are known to
be less affected by pH and changes in ionic strength, are
generally regarded as safe, and are biocompatible. Ionic
surfactants were excluded from the study due to toxicological
concerns. Although some authors had selected surfactants on
the basis of drug solubility, we suggest that solubilization of
oil with the surfactant is also an important factor. It is not
necessary that the same surfactant that has good solubilizing
power for drugs would have equally good affinity for the oil
phase. Here, we have selected the surfactant giving the
maximum nanoemulsion area alone, i.e., without the addition

of the cosurfactant. The greater the nanoemulsion area is, the
greater the nanoemulsification capacity of the surfactant is.
As Tween 20 solubilized the maximum amount of Capryol 90,
i.e., 1.84 wt.%, it was chosen as the surfactant for the
nanoemulsion development. Surfactant–oil miscibility can
thus give an initial indication on the possibility of nano-
emulsion formation with this system. Figure 1 shows the
solubilization behavior of the employed oil into five types of
surfactant solutions.

Screening of Cosurfactants

Cosurfactants are added to obtain nanoemulsion systems at
low surfactant concentration (28). Short- to medium-chain-length

Fig. 2. Pseudoternary phase diagrams of nanoemulsion composed of Capryol 90, Tween 20, water and different cosurfactants a ethanol; b
isopropyl alcohol; c butanol; d propylene glycol; e PEG 400; f carbitol at Smix 1:1
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alcohols (C3–C8) are commonly added as cosurfactants, which
further reduce the interfacial tension and increase the fluidity of
the interface (20,29). They also increase the mobility of the
hydrocarbon tail and allow greater penetration of the oil into this
region. Alcohols may also increase the miscibility of the aqueous
and oily phases due to its partitioning between these phases.
Therefore, ethanol, isopropyl alcohol, 1-butanol, and propylene
glycol were selected as cosurfactants. PEG 400 and Carbitol were
also selected, as they also show increased permeation when
incorporated into formulations and are relatively tolerable. All
the cosurfactants studied are the pharmaceutically acceptable
ingredients.

Nanoemulsion area was used as the assessment criteria
for the evaluation of cosurfactants. The size of the nano-
emulsion region in the phase diagrams were compared at a
fixed Smix (1:1), keeping the surfactant the same but replacing
the cosurfactant (Fig. 2). The larger the size of the nano-
emulsion field is, the greater the nanoemulsification efficiency
of the system is. It was found that, when the chain length
was increased from ethanol (Fig. 2a) to isopropyl alcohol
(Fig. 2b), it increased the area of the existence of the
nanoemulsion. However, with n-butanol (Fig. 2c), a con-
siderable decrease in the area was observed. Also, increas-
ing the number of hydroxyl groups as we move from

Fig. 3. Pseudoternary phase diagrams indicating o/w nanoemulsion region of Capryol 90 (oil), water, Tween 20 (surfactant), and Carbitol
(cosurfactant) at different Smix ratios indicated in a (Smix 1:0), b (Smix 1:1), c (Smix 2:1), d (Smix 3:1), e (Smix 1:2), and f (Smix 1:3)
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isopropyl alcohol to propylene glycol (Fig. 2d) reduced the
nanoemulsion area. A limited nanoemulsion formation
zone was obtained with PEG 400 (Fig. 2e). Carbitol gave
the maximum nanoemulsion region as compared with the
other tested cosurfactants (Fig. 2f). The presence of the
cosurfactant/secondary surfactant and its type can thus
affect the phase behavior of the nanoemulsion. Based on
the results, Carbitol was found to be an efficient cosurfac-
tant for its maximum nanoemulsion area, and hence, it was
selected as the cosurfactant for the nanoemulsion formulation
development.

Effect of Surfactant and Cosurfactant Mass Ratio
on Nanoemulsion Formation

Nanoemulsion formation is a function of composition of
the system. The existence of nanoemulsion formation zone
can be illustrated with the help of the pseudoternary phase
diagram. The order of mixing of various components is not
expected to influence the formation of nanoemulsion if the
system is indeed thermodynamically stable (path-indepen-
dent). Phase diagrams were constructed using Capryol 90 as
the oil phase and Tween 20 and Carbitol as the surfactant and
cosurfactant, respectively. No distinct conversion from w/o to
o/w nanoemulsions was observed. The rest of the region
on the phase diagram represents the turbid and conven-
tional emulsions. Formulations were carefully observed so
that the metastable systems were not selected, although
the free energy required to form a nanoemulsion is very
low and the formation is thermodynamically spontaneous
(30).

Effect of surfactant and cosurfactant mass ratio on
nanoemulsion formation was evaluated for the further
optimization of the system. In Fig. 3, a low-nanoemulsion
area was observed when Tween 20 was used alone without
cosurfactant, i.e., at the Smix ratio 1:0 (Fig. 3a). Probably,
when the cosurfactant is absent or present at lower concen-
trations, the surfactant is not able to sufficiently reduce the o/
w interfacial tension. An o/w nanoemulsion region was found
towards the water-rich apex of the phase diagram. The
maximum concentration of oil that could be solubilized, as
can be seen in the phase diagram, was only 24% weight/
weight (wt/wt) at 66% wt/wt of Smix. When cosurfactant was
added with surfactant in equal amounts, a higher nano-
emulsion region was observed, perhaps because of the further
reduction of the interfacial tension and increased fluidity of
the interface at Smix 1:1 (Fig. 3b). The maximum concentra-
tion of oil that could be solubilized was 31% wt/wt at 60% wt/
wt of Smix. On further increasing the surfactant concentration,
i.e., at Smix 2:1 (Fig. 3c), the nanoemulsion region increased in
size as compared to the region in Smix 1:0 and Smix 1:1. When
the surfactant concentration is further increased in the Smix

ratio of 3:1 (Fig. 3d), a decrease in the nanoemulsion region
was observed when compared with Smix 2:1, although the
maximum amount of oil that could be solubilized by this ratio
of Smix was 31% wt/wt with 60% wt/wt of Smix. It can be said
that, when surfactant concentration was increased in compar-
ison to cosurfactant, the nanoemulsion region increased up to
the 2:1 Smix ratio, but in the 3:1 ratio, it was decreased,
indicating that the optimum emulsification has been achieved.
Therefore, there was no need to attempt an Smix ratio of 4:1.

Thus, the areas of one phase nanoemulsion zones are
dependent on surfactant composition (31). When the cosur-
factant concentration with respect to surfactant was increased
to the Smix 1:2, it was observed that the nanoemulsion area
decreased as compared to Smix 1:1. When cosurfactant
concentration was further increased to make Smix 1:3, a
further decrease in the area was obtained. In case of Smix 1:2,
for 5%wt/wt oil solubilization, the amount of Smix required
was 32%wt/wt, while it was 35%wt/wt with the Smix 1:3. In
contrast, only 20%wt/wt Smix was required in the case of the
Smix 2:1 ratio. However, at higher Smix concentrations (60%
wt/wt), the difference was less pronounced. A narrower
nanoemulsion field at Smix 1:2 and Smix 1:3 was most likely
due to a decrease in surfactant concentration by the increased
presence of carbitol. It could be observed that the formula-
tions prepared from phase diagrams in which the nano-
emulsion area was extended towards an aqueous-rich apex
could be diluted to a larger extent.

The surfactant and cosurfactant mass ratio had been
found to be a key factor influencing the phase properties, i.e.,
size and position of nanoemulsion region (32,33). The kind
and concentration of oil employed also plays a role (34,35).
Smix 2:1 showed the maximum area as compared to the other
ratios. Such an effect was attributed to differences in the
packing of surfactant and cosurfactant at the o/w interface.
Attwood et al (36) also showed how size and location of
nanoemulsion was changed on changing the mass ratio of
polysorbate 40/sorbitol from 1:1 to 1:3.5 (36). Similar studies
using polysorbate 80 (37) and polysorbate 60 (38) had shown
a change in the optimum polysorbate/sorbitol mass ratio (i.e.,
that producing the largest nanoemulsion region) from 1:2.5
for polysorbate 80 to 1:2 for polysorbate 60 to 1:1.5 for
polysorbate 40. It was also observed that decreasing the oil
level led to an increase in the area of nanoemulsion
formation. This fact suggested that the oil constitutes the
inner phase of the nanoemulsion droplets, which is consistent
with a direct o/w-type structure (39).

The usual preference is to select formulations with the
lowest surfactant concentration for oral administration.
However, for transdermal delivery, where enhanced skin
permeation is the aim, it is not purposeful to select the lowest
surfactant concentration. The surfactant concentration should
be chosen so that it gives the maximum flux, which is an
important criterion. This is usually not obtained with for-
mulations that contain the highest amount of surfactant since
high surfactant concentration decreases the thermodynamic
activity of the drug in the vehicle, and the affinity of the
drug to the vehicle becomes greater (40). Therefore,
formulations should be optimized judiciously. As it could

Table II. Composition of Selected Nanoemulsion Formulations

Formulation Code Oil (wt.%) Smix (wt.%) Water (wt.%)

NE T1 5 40 55
NE T2 10 40 50
NE T3 15 40 45
NE T4 20 40 40
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be seen from the phase diagrams, the surfactant or Smix that
is able to increase the dispersion entropy, reduce the
interfacial tension and increase the interfacial area, and
thus, lower the free energy of the nanoemulsion system to a
very low value with the minimum concentration, and that is
thermodynamically stable, is a prospective candidate for
efficient drug delivery.

Thermodynamic Stability Tests

In order to exclude the possibility of metastable for-
mulations, stress testing is required. Some representative
formulations were taken from the o/w nanoemulsion region
of the phase diagram constructed at Smix 2:1, as it showed the
maximum nanoemulsion area, and were subjected to the
thermodynamic stability tests such as heating–cooling cycle,
freeze–thaw cycle, and centrifugation. No phase separation,
turbidity, creaming, or cracking was observed. All of them
were found to be stable (data not shown). Thermodynamic
stability confers long shelf life to the nanoemulsion as
compared to ordinary emulsions. It differentiates them from
emulsions that have kinetic stability and will eventually
phase-separate (23,40). Table II shows the composition of
these formulations.

Characterization of the Selected Nanoemulsions

The nanoemulsions were selected so that all the for-
mulations contain increasing concentrations of oil at a fixed
Smix (40 wt.%) (Table II). Table III depicts the characteristics
of these formulations.

The droplet size increased with increase in the concen-
tration of the oil in the formulations (Table III). However,
the droplet size of all the formulations was in the nano
range. The low polydispersibility values observed for all the
formulations indicated uniformity of droplet size within
each formulation.

The droplets in the nanoemulsion appear dark, and the
surroundings are bright; a “positive” image was seen using
TEM (Fig. 4). Some droplet sizes were measured using TEM,
as it is capable of point-to-point resolution.

Viscosity tends to increase with the oil content. As the oil
content was increased from 5%wt/wt to 20%wt/wt, an
increase in the viscosity of the formulations was observed
(Table III). The viscosity of formulation NET1 was signifi-
cantly lower than that of the other formulations (p<0.05),
which might be due to its lower oil content. Overall, very low
viscosity of the formulations was observed, which is expected
for nanoemulsions.

Refractive index is the net value of the components of
nanoemulsion and indicates the isotropic nature of the
formulation. The mean value of the refractive index for all
the formulations was relatively similar. However, a slight
increase in the refractive index was seen from formulations
NT1 to NT4 (Table III). This might be attributed to a
decrease in the water content, as water has a comparatively
lower refractive index (the refractive index of water is
1.334).

Summary and Conclusion

Proper selection of components is critical to an efficient
nanoemulsion formulation. Low-molar-volume oils are pref-
erable instead of high-molar-volume oils, as they usually show
better solubilization of the drug. As of late, novel semisyn-
thetic medium chain derivatives, which can be defined as
amphiphilic compounds with surfactant properties, are being
preferred. Attention should be paid with regard to the
tolerability of the constituting excipients. Recent efforts have,
therefore, been focused on how to decrease or eliminate the
toxicity or irritation of the nanoemulsion formulations. The
study clearly illustrated the impact of the surfactant/cosurfac-
tant weight ratio in the formulation of nanoemulsion
systems. It is possible to achieve desirable properties by
appropriately varying the level of oil, surfactants, and
secondary surfactants.

Fig. 4. Transmission electron micrograph of nanoemulsion NET1
showing the size of some oil droplets

Table III. The Characteristics/Evaluation of the Nanoemulsion Formulations

Formulation Code Mean Globule Size (nm) Polydispersity Viscosity (mPas) pH Refractive Index

NET1 29.66 0.187 38.85±1.69 5.48±0.03 1.461±0.018
NET2 39.99 0.194 42.53±1.38 5.54±0.05 1.463±0.015
NET3 53.25 0.201 46.39±1.55 5.57±0.04 1.465±0.023
NET4 76.74 0.216 50.85±1.46 5.62±0.05 1.468±0.025

Value represents as mean ± SD (n=3)
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