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Ali et al.: Sunflower Oil Based Nanoemulsion Loaded Gel

Sunflower oil, a commonly available vegetable oil, is used as a lipid component in nanoemulsion. When 
a nanoemulsion is loaded into an aqueous gel platform for transdermal delivery, skin permeation of a 
drug depends on the release of nanosize droplets from the gel. Semisolid characteristics, such as viscosity, 
spreadability, rheological properties, can greatly affect the drug release and permeation. We have formulated 
a nanoemulsion using sunflower oil as lipid carrier and raloxifene as a model drug by cold emulsification 
method. The most suitable nanoemulsion was composed of lipid:mixture of surfactant-cosurfactant (Tween 
20-Transcutol® P, 3:1 w/w) in a ratio of 12.5:87.5 %. This formulation was loaded into carbopol 940 based 
gel in various ratios. Mechanical evaluation of the most suitable nanoemulgel (nanoemulsion: carbopol, 1:1 
weight ratio) resulted in 94.0±4.62 g of hardness and 4.99±0.057 cm of spreadability. Shear-thinning and 
pseudoplastic behavior were evidenced in rheological evaluation. Ex vivo skin permeation study on rat skin 
showed a significant increase in the cumulative amount of drug permeation and steady-state permeation 
flux compared to the conventional gel. Increasing carbopol concentration showed increased viscosity 
and reduction in ex vivo drug permeation. The permeation enhancing effect of sunflower oil and Tween 
20, nanosize droplets and enhanced retention of the dosage form over skin cumulatively increase the ex 
vivo drug permeation. Alternately, the potential of raloxifene transdermal delivery by sunflower oil-based 
nanoemulsion can be established. 
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One of the significant advantages of the 
transdermal route is the avoidance of first-pass 
metabolism[1]. Drug delivery through the skin has 
gained considerable interest as a reduction in size 
to nanoscale provides deeper skin penetration[2,3]. 
Nanoemulsion has been reported as a useful 
alternative formulation to increase the permeability 
and bioavailability of lipophilic drugs by enhancing 
their absorption through the skin[4]. Nanoemulsions 
have a higher solubilization capacity than simple 
micellar solutions. Their thermodynamic stability 
offers advantages over unstable dispersions, such 
as emulsions and suspensions, because they can 
be manufactured with little energy input (heat 
or mixing) and longer shelf life[5]. However, the 
topical delivery of nanoemulsion in liquid may not 

be so effective due to its low viscosity leading to 
poor skin retention. If the cream is prepared as an 
oil base, it may last longer on the skin, but that 
will eventually cause less user acceptance due to 
greasiness. The oily base cream also retards drug 
release[6]. Therefore, modifying the nanoemulsion 
physical state by incorporating gelling agents 
could be a better alternative to the transdermal 
delivery system. Nanoemulgel formulation is a 
combined preparation in which nanoemulsions are 
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incorporated into a gel matrix for therapeutic and 
application-related improvement. The high surface 
area due to nanosize provides bioadhesivity and 
formation of a film, enhancing drug penetration 
to the blood via transdermal route owing to 
occlusive and hydrating properties[7]. Carbopol 
based aqueous gel system is a common platform 
for applying drugs over the skin for topical or 
systemic purposes. Nanoemulsion loaded into 
carbopol gel, often called as nanoemulgel could be 
a good vehicle for hydrophobic drugs and provides 
better patient compliance than liquid formulation. 
Several researchers have reported improvement of 
bioavailability of different poorly water soluble 
drugs, such as piroxicam[8], glibenclamide[9], 
carvedilol[10], etc. by transdermal delivery of 
nanoemulgel. 

Sunflower oil, rich in linoleic acid (66 %), also 
contains oleic acid (21.3 %), palmitic acid (6.4 
%), arachidonic acid (4 %), stearic acid (1.3 %) 
and behenic acid (0.8 %)[11]. The use of sunflower 
oil in sunscreen lotion[11] and as lipid component 
in nanoemulsions for various food elements have 
been reported earlier[12,13]. However, it has not 
been studied as lipid component for transdermal 
nanoemulsion or nanoemulgel. In their research, 
Babanejad et al.[14] have developed a polyol by 
sunflower oil-propargyl alcohol reaction for oral 
delivery of raloxifene hydrochloride[14]. 

Raloxifene is a second-generation selective 
estrogen receptor modulator used to treat 
osteoporosis and invasive breast cancer in 
postmenopausal women. Current oral therapy’s 
effectiveness with raloxifene is limited because 
of poor bioavailability (only 2 %) due to its low 
solubility and higher first-pass metabolism[15]. 
Raloxifene is generally supplied at a daily dose 
of 60 mg as an oral tablet. Administration of 
such a high dose increases the risk of developing 
a blood clot in the patient’s body. Therefore, the 
transdermal route of drug delivery for raloxifene 
could be a viable option. In our previous research, 
we have observed improved bioavailability of 
raloxifene by transdermal transfersomes[14]. Our 
group has also formulated raloxifene ethosomes 
containing transdermal delivery system for better 
skin permeation[16]. Raloxifene was also formulated 
as self-nano emulsifying oral drug delivery 
system[17], transdermal Nano-Lipid Carrier (NLC)
[18], and nanoparticle with permeation enhancer[19]. 

NLC based raloxifene transdermal system suffers 
from stability issues and complicated fabrication 
techniques. The use of chemical permeation 
enhancer for repeated use could be toxic to the 
skin. Sunflower oil-based nanoemulsion can be 
better for transdermal permeation. Raloxifene 
transdermal gel formulation using sunflower 
oil as lipid carrier has not been reported before. 
In the present research, we have formulated a 
sunflower oil-based nanoemulsion, converted it to 
gel for enhanced skin permeation of the drug. The 
semisolid-state characterization and their effect on 
the drug permeation have been emphasized. 

MATERIALS AND METHODS

Reagents and materials:

The active pharmaceutical ingredient raloxifene 
(Batch No: 3479BX) was purchased from Binzhou 
Neophar Pharmaceutical Co. LTD, China. Sunflower 
oil (Lam Soon Edible Oils Sdn Bhd, Malaysia), 
palm oil (PPB Group Berhad, Malaysia) and olive 
oil (Deoleo SA, Malaysia) were purchased from 
different commercial sources. The surfactants, such 
as sorbitan monolaurate (Span 20), polyoxyethylene 
20 sorbitan monolaurate (Tween 20), and Labrafil® 
M1944 CS were obtained from Merck, Germany. The 
cosurfactant, Transcutol® P, chemically diethylene 
glycol monoethyl ether (Gattefosse, France) was 
a gift from Elite Organic Sdn Bhd, Malaysia. 
Lauroglycol FCC was purchased from Gattefosse, 
France. Gelling agent carbopol 940 was purchased 
from Acros Organics (USA). Acetonitrile, methanol, 
ethanol, dihydrogen phosphate, potassium hydroxide 
and triethanolamine were purchased from Merck, 
Germany.

Comparison between oils:

Raloxifene solubility in different oils (sunflower oil, 
lauroglycol, palm oil, olive oil) was determined by 
adding an excess amount of the drug in 2 ml of oil 
in 5 ml capacity stoppered vials. The samples were 
placed in an incubator shaker (New Brunswick, 
USA)for 24 h at 150 rpm at room temperature to 
reach equilibrium. The samples were then filtered, 
and the aliquot absorbance was measured after 
the required dilution by Ultraviolet (UV)-visible 
spectrophotometer (Shimadzu, Japan) at a wavelength 
of 279 nm. Raloxifene solubility in different oils was 
calculated using the standard curve generated with 
six different standard concentrations of raloxifene 
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(0.5, 1, 2, 5, 10, 15 µg/ml). The blank solution was 
prepared by dissolving 100 µl of the corresponding 
oils in 10 ml methanol.

Selection of surfactant and cosurfactant:

The surfactant was selected based on the emulsification 
ability of the chosen oils in water. Three types of 
surfactants (Tween 20, Span 20 and Labrafil®) were 
screened in this research. Different concentrations of 
each surfactant in water were prepared by continuous 
stirring with a magnetic stirrer. Then, 2.5 ml of the 
surfactant solution was placed into a centrifugal 
tube, and 10 µl of oil was added and mixed using 
a vortex mixer. The gradual addition of 10 µl of oil 
was continued until the sample became turbid. The 
process was repeated three times. 
Ethanol and Transcutol® P were screened for 
suitability as a cosurfactant for this preparation. A 
mixture of surfactant:co-surfactant at a weight ratio 
of 1:1 was prepared (Smix). Then, the Smix was mixed 
with the selected oil in different proportions. Then, 
10 µl of water was added to the oil phase and vortex 

mixed. The gradual addition of water was continued 
until the sample became turbid. The phase separation 
of each sample was continuously observed. The 
study was repeated three times.

Preparation of nanoemulsion:

The oil in water nanoemulsion of raloxifene was 
prepared by a cold emulsification method which 
involves mixing oil and aqueous phase. The oil 
phase was a mixture of raloxifene in oil at a 
concentration of 25 mg/ml. A 15 % v/v surfactant 
solution was prepared by dissolving the required 
amount of surfactant in water. The surfactant-
cosurfactant mixture, termed Smix was prepared 
by adding cosurfactant to the surfactant solution. 
Then, the aqueous phase was gradually mixed with 
the oil phase using a vortex. The mixture was then 
subjected to sonication (Qsonica, USA) for 30 sec 
to prepare the nanoemulsion. Different trial batches 
of nanoemulsion were prepared with varying oil and 
Smix ratios to find the most stable formulation. The 
composition of various batches is presented in Table 
1.

Formulation code Surfactant (tween 20): Co-surfactant 
(Transcutol P®) (Smix, weight ratio) Oil : Smix (weight ratio) Observation for phase 

separation

NE 1 01:01 01:09 Yes

NE 2 01:01 01:08 Yes

NE 3 01:01 01:07 Yes

NE 4 01:01 01:06 Yes

NE 5 01:01 01:03 Yes

NE 6 01:01 01:01 Yes

NE 7 01:01 02:01 Yes

NE 8 01:01 02:08 yes

NE 9 01:01 03:02 Yes

NE 10 01:01 03:01 Yes

NE 11 01:01 05:02 Yes

NE 12 01:01 09:01 Yes

NE 13 02:01 01:07 No

NE 14 02:01 02:07 No

NE 15 03:01 01:07 No

NE 16 03:01 02:07 No

NE 17 03:01 03:07 Yes

TABLE 1: ASSOCIATION OF miR-132 AND SOX4 EXPRESSION WITH CLINICOPATHOLOGICAL 
PARAMETERS IN COLON CANCER TISSUES (NUMBER, POSITIVE RATE %)



March-April 2023Indian Journal of Pharmaceutical Sciences391

www.ijpsonline.com

Characterization of nanoemulsion:

Thermodynamic stability: Nanoemulsion was 
deliberately exposed to different stress conditions 
to examine physical stability. The samples were 
centrifuged (Hettich, Germany) at 3000 rpm for 10 
min followed by visual detection of phase separation, 
if any. Visual observation for phase separation was 
also done after challenging the nanoemulsions to three 
repeated freeze-thaw cycles, and different storage 
temperatures of 45° and about 4° for 3 d. No sign of 
phase separation was considered acceptance criteria 
for the preliminary selection of nanoemulsion. 
Percentage transmittance: Percentage transmittance 
of nanoemulsion formulations was determined by 
UV-visible spectrophotometer (Shimadzu, Japan) 
at 650 nm, following the methods described by Ali 
et al.[20]. The absorbance of nanoemulsion sample, 
after 1:100 times dilution in water, was measured 
using water as blank, and the data were converted to 
transmittance using the following equation. All the 
samples were studied in triplicates (n=3). Percentage 
transmittance determines the clarity of the solution.

Percentage Transmittance=100×10-A

Where -A is the absorbance of the sample.
Refractive Index: A refractometer measured the 
refractive index of nanoemulsion formulation at 
25°. Around 2-3 drops of nanoemulsion sample was 
taken on the prism and subjected for measurement of 
refractive index by an Abbe refractometer (Boreco, 
Germany). Special care was taken to ensure that the 
sample was evenly distributed on the entire surface 
of the prism to avoid any dry spots or bubbles. Each 
sample was studied in triplicates.
Viscosity and pH: Viscosity was measured 
using a Brookfield viscometer (Brookfield 
Engineering Laboratories, USA) by a C41 spindle 
at room temperature. Approximately 1 ml of each 
nanoemulsion was placed inside the plate and neatly 
closed. The measurement started at the speed of 
0.6 rpm of the rotating spindle of the viscometer. 
The speed was increased consistently, and the 
measurement was recorded when the torque reached 
10 %. The speed was progressively increased at a 
steady rate until the torque reached 100 %, with a 
20 s interval between each sequential speed. The 
nanoemulsions pH was measured using a pH meter 
(Mettler-Toledo, China), duly calibrated before each 
measurement. All the samples for viscosity and pH 
were analysed in triplicates (n=3).

Determination of zeta potential: Zeta potential 
of the diluted nanoemulsion formulations (30 µl 
in 2 ml of purified water) was measured using 
a Zetasizer (Malvern, UK). This parameter was 
measured to determine the surface charge of oil 
droplets to determine the stability of the developed 
nanoemulsion formulation.
Droplet size and span (polydispersity index): The 
mean droplet size of the dispersed oil in nanoemulsion 
was examined by the Zetasizer (Malvern, UK) using 
diluted nanoemulsion (30 µl in 2 ml of purified 
water) as a sample. Span or polydispersity index was 
determined to evaluate the size distribution pattern 
of the nanoemulsion droplets. 
Morphology and shape: The morphology 
and structure of the optimized nanoemulsion 
formulation were determined by Transmission 
Electron Microscopy (TEM) (Libra® 120, Carl Zeiss 
Microscopy LLC, Thornwood, NY, German). The 
nanoemulsion was diluted with distilled water (1:10, 
v/v). A drop (50 µl) of the nanoemulsion formulation 
was placed on carbon-coated copper grid (#300 
mesh size and 3.05 mm in diameter). The grid was 
kept at room temperature for 30 min to dry and was 
subjected to TEM at an accelerating voltage of 120 
kV, at 20-80 fold enlargement. The TEM images are 
recorded and analyzed visually.
Preparation of nanoemulgel: From the results 
of evaluation studies, the most suitable raloxifene 
nanoemulsion was selected and converted from 
liquid emulsion to semisolid nanoemulgel. Carbopol 
940 was used as the gelling agent in different 
ratios to prepare different sets of nanoemulgel 
formulations. Two gm of carbopol 940 was added 
in 100 ml of water, stirred and kept for 24 h to 
hydrate and become a highly viscous solution. The 
nanoemulsion was then slowly added to the viscous 
solution of carbopol under magnetic stirring. The 
preparation pH was maintained between 7-8 by using 
triethanolamine to obtain the nanoemulgel. Different 
nanoemulgel formulations were prepared with 
varying nanoemulsion and carbopol ratio, described 
in section 3.4.

Characterization of semisolid gel:

Droplet size, Polydispersity Index (PDI) and 
pH: Droplet size and PDI of the nanoemulgel was 
measured by zeta sizer as per the method described 
in section 2.5.5. pH was also measured by pH meter.
Stability of the nanoemulgel: The physical stability 
of the developed nanoemulgel formulations was 
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determined. The integrity of the nanoemulgel after 
storing in ambient temperature (30 d), inside the 
freezer (30 d), at elevated temperature (35°, 7 d), 
and after challenging to three freeze-thaw cycles 
was evaluated. The formulations were checked 
visually for any change in consistency, color, or 
phase separation after exposure in the conditions 
mentioned above. 
Rheology: Rheology of the developed gel was studied 
by a rheometer (Haake MARS, Thermo, Germany), 
connected with a universal temperature controller 
set to 25±0.5°. A PP35 Ti spindle was used, a set of 
parallel plates with a diameter of 35 mm. All samples 
were analyzed in triplicate. Up and down Controlled 
Rotational rate (CR) ramp was performed to determine 
the thixotropy and to study the flow behavior of 
nanoemulgel formulation. The range of shear rates 
was from 0.01 to 100 s-1 with a frequency of 1 Hz. 
The Linear Viscoelastic Region (LVR) measurement 
was carried out via an oscillation stress sweep test 
with a range of 0.01 to 100 Pa at a frequency of 1 
Hz. The yield stress of nanoemulgel was determined 
through the rotational CR ramp at 0.1 to 100 Pa of 
shear stress with a frequency of 1 Hz. The data was 
collected by Haake RheoWin 3.61.000 software and 
analyzed to determine the difference between the 
rheological behavior of different nanoemulgel.
Spreadability: The spreadability of prepared 
nanoemulgel was determined after 48 h of preparation 
by measuring the spreading diameter of nanoemulgel 
between two glass plates. A weight of 500 mg of 
nanoemulgel was placed within a circle of diameter 
1 cm premarked on a glass plate over which a second 
glass plate was placed. The increase in diameter or 
spreading of gel as a function of weights was noted. 
The following equation calculated the spreadability,
S=(m–l)/t
where S is spreadability, m is weight placed on the 
upper slide, l is the length of the upper slide, and t is 
the time taken.
Gel hardness: The hardness of the nanoemulgel 
was determined using a Texture Analyser (QTS 
Brookfield Texture Analyzer, USA). The cone of the 
spread test fixture was filled with a specific amount 
(approximately 40 ml in standard 80 ml beaker) of 
nanoemulgel. The excess amount of nanoemulgel 
formulations was removed from the cone holder 
to obtain an unruffled and flat surface. The texture 
analyzer was operated at a speed rate of 1 mm/s to a 
distance of 20 mm. The system recorded the hardness 

and cohesiveness values. All measurements were 
done in triplicate at room temperature.
Drug content determination: The amount of 
raloxifene content in the nanoemulgel formulations 
was determined by a prevalidated method using 
High-Performance Liquid Chromatography (HPLC). 
The HPLC system (SHIMADZU, Kyoto, Japan) was 
equipped with a diode array UV/VIS detector (SPD-
M20A Prominence). The chromatographic parameters 
for the quantitative determination of raloxifene were 
as follows; stationary phase: C18 analytical column 
(4.6×250 mm, 5-micron, Zorbax Eclipse Plus) (Part 
No: AG993967-902, Make: Agilent Technologies 
Inc., USA), mobile phase: A mixture of phosphate 
buffer (10 mM, pH 6.1, adjusted with potassium 
hydroxide) and acetonitrile at the ratio of 60:40 v/v, 
flow rate: 1 ml/min, the wavelength of detection: 279 
nm, run time: 8 min, retention of raloxifene: Around 
5.06 min. The method was linear within the range 
of 0.1 to 50 µg/ml concentration of raloxifene. The 
required quantity of nanoemulgel was dissolved in 
methanol and diluted subsequently in the mobile 
phase to prepare a calculated concentration of 100 
µg/ml. The content of raloxifene in the sample was 
determined by the aforementioned HPLC method 
against standard drug concentration. The placebo 
solution prepared in a similar way using excipients 
was injected into HPLC to detect any unintended co-
eluting peak at the retention time of raloxifene.

Ex vivo skin permeation study: 

The ex vivo drug permeation study was carried out 
using Franz diffusion cell (with an effective diffusion 
area of 1.5 cm2 and receptor volume of 11 ml) 
using the excised skin of Wistar albino rats. The rat 
skin was donated by fellow researchers’ group of 
Pharmaceutical Technology department, Kulliyyah 
of Pharmacy, International Islamic University 
Malaysia 25200 after their deliberate sacrifice of 
studied animal (ethics approval by Institutional 
Animal Care and Use Committee (IACUC-IIUM), 
No. 2/2017, 28.11.2017)). The animals' maintenance, 
care, and study were done following the Helsinki 
declaration guidelines. The hairs of the dorsal side 
of the sacrificed rat were removed with a surgical 
blade. After shaving, the skin was separated, fats and 
connective tissues were removed with the help of a 
scalpel. The excised skin was washed with normal 
saline, checked for any rupturation before use. The 
skin was mounted on diffusion cell assembly. The 
stratum corneum side was placed to face the donor 
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compartment, and dermal side faced the receiver 
compartment. The receptor compartment was filled 
with a mixture of phosphate buffer (pH 7.4, adjusted 
with sodium hydroxide): ethanol (60:40 v/v). The 
cells were placed on a magnetic stirrer rotating at 
100 rpm (37° temperature) throughout the study. 
The nanoemulgel formulation, at a dose of 50 mg 
of raloxifene was applied onto the membrane of the 
donor compartment side. At different predetermined 
time intervals (0.5, 1, 2, 4 and 6 h), samples (1.0 ml 
aliquots) were collected and replaced immediately 
with an equal volume of fresh diffusion medium. The 
concentration of permeated raloxifene in the aliquot 
was then quantitatively analyzed by a pre-developed 
and validated HPLC method. A conventional gel of 
raloxifene in carbopol 934 with the same dosing of 
nanoemulgel was used as a control for this test. The 
cumulative drug permeated across the membrane was 
determined and plotted as a function of time. Steady-
state permeability flux (Jss, µg/cm2/h) was calculated 
from the slope of the linear portion of the curve. 
Permeability coefficient was also calculated and 
compared between different formulations concerning 
the control. These ex vivo study result parameters 
are derived following standard and established 
equations[21]. Each sample was studied in triplicate. 
Statistical analysis by one-way Analysis of Variance 
(ANOVA) with F test was done to compare the ex 
vivo study results between test and control samples.

Local toxicity study:

The local toxicity study was done with a slight 
modification of the method described by Pund et 
al.[22]. A local toxicity study was carried out with 
excised abdominal skin of rats donated by fellow 
researchers, as mentioned in section 2.7.7. After 24 h 
of treatment by the nanoemulgel, the rat skins were 
fixed in 10 % formalin, embedded in paraffin wax, 
stained by eosin and hematoxylin stain. Untreated 
and treated skin with 37 % v/v nitric acid for 2 h 
was used as negative control and positive control, 
respectively. The changes in tissue histology and any 
sign of abnormalities on the tissue structure were 
evaluated by an experienced pathologist, blinded to 
the study.

RESULTS AND DISCUSSION
The solubility of raloxifene in different oils is 
described in Table 2. Sunflower oil exhibited 
maximum solubility and hence, was selected to 
develop the formulation. The addition of a high 

concentration of surfactants in topical preparation 
can lead to skin irritation. Non-ionic surfactants 
generally cause lesser skin irritation compared to 
ionic surfactants. They are also less affected by 
the change in pH and ionic strength[23,24]. Therefore 
in this study, we have only screened non-ionic 
surfactants for the selected oil. Tween 20 was found 
the most suitable for sunflower oil. On the other 
hand, Transcutol® P was better as a cosurfactant for 
the nanoemulsion preparation compared to ethanol. 
Transcutol® P and other Short to medium-chain 
alcohols as co-surfactant can reduce the interfacial 
tension and increase the interface fluidity. They have 
also been reported to enhance the hydrocarbon tail’s 
mobility and cause greater permeation of the oil 
droplets into the skin[25]. The necessary Hydrophilic 
Lipophilic Balance (HLB) value for oil preparation 
in water nanoemulsion is greater than 10[26]. The 
addition of Transcutol® P (HLB: 4) with tween 20 
(HLB: 16.7) is theoretically an appropriate blend of 
low and high HLB surfactants to develop a stable 
nanoemulsion. The maximum solubility was observed 
when sunflower oil, tween 20, and Transcutol® P 
were mixed in a ratio of 1:0.25:0.25 w/w. Therefore, 
nanoemulsions were formulated with sunflower oil 
as a lipid component, tween 20 and Transcutol® P as 
surfactant and cosurfactant, respectively.
TABLE 2: THE SOLUBILITY OF RALOXIFENE IN 
DIFFERENT OILS

Oils Solubility (mg/ml), mean±SD (n =3)

Palm 10.14±0.31

Sunflower oil 23.70±0.40

Olive oil 7.070±0.18

Lauroglycol 4.970±0.25

Table 2 describes the nanoemulsion compositions 
with varying oil and Smix system ratios and their 
physical condition after 72 h of preparation. All 
the formulations were kept at room temperature 
and observed for phase separation. After 72 h, it 
was observed that excluding NE13 to NE16 all 
other formulations showed phase separation. The 
presence of an additional amount of tween 20 was 
a reason behind the phase separation. In NE13 to 
NE16 formulations, the quantity of Smix remained 
the same with varying proportions of oil. However, 
the composition of Smix was varied, which came up 
with a higher proportion of tween 20 compared to 
Transcutol® P. Therefore, it can be said that tween 
20 in a ratio of 2:1 or 3:1 to Transcutol® P was able 
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to reduce transient interfacial tension of sunflower 
droplets
In thermodynamic stability studies, phase separation 
was observed in the case of NE13 and NE14, whereas 
NE15 and NE16 were devoid of phase separation, 
indicating better kinetic stability. Thermodynamic 
stability is essential to eliminate the possibility of 
metastable formulations from further processing, 
which are liable to get phase separation during 
storage[22]. However, in our research, we evaluated 
NE13 to NE16 (four nanoemulsions) to find out 
the reason for the difference in phase separation, 
regardless of the unstable nature of NE13 and NE14.

Viscosity is an essential parameter for nanoemulsion. 
It was anticipated earlier that the higher the viscosity, 
the better the stability of nanoemulsion[27]. In our 
research, there was no statistically significant 
difference in viscosity between NE15 and NE16. The 
lowest viscosity was obtained with NE13 (Table 3). 
The viscosity of the nanoemulsion depends on the 
percentage of the aqueous phase and oil content. 
The lower the oil phase, the lesser the viscosity of 
nanoemulsion. Nanoemulsion carrier formulations 
are o/w and so in addition to being less greasy 
than w/o formulations, often have lower apparent 
viscosities[28].

The pH of all formulations was measured in triplicate 
and found to in between 3.8 to 4 (Table 3). Though 
the pH range was low, it was not adjusted, as the 
nanoemulsion was used as an intermediate for the 
preparation of the final nanoemulgel formulation 
to be used topically on the skin. There were no 
significant differences between the pH of the four 
nanoemulsions.
Zeta potential values provide information on the 
repulsive forces between particles in an emulsion 
system. Theoretically, higher zeta-potential values 

result in better emulsion stability due to higher 
repulsive forces than attractive forces between the 
droplets. In practice, it is considered ¬that ±30 mV 
has sufficient repulsive forces to attain physical 
stability[29]. The pH of the formulation also affects 
zeta potential. The zeta potential shows a negative 
charge for higher pH and a positive charge for 
lower pH[30]. All nanoemulsions have positive zeta 
potential concerning the low pH values (less than 
4). The zeta-potential for NE15 was found to be 
highest (33.80¬±1.35 mV) compared to the other 
preparations (Table 3). The zeta potential for NE13, 
NE14, and NE16 were less than 30mV. 

In Table 4, it could be observed that the droplet 
size in all the formulations was in the nano range 
(<208.20±0.98 nm). We have observed an increase 
in droplet size with the rise of sunflower oil 
concentration in the formulation. NE15 has lower 
oil content compared to NE14 and NE16. Previous 
researchers have observed that decreasing oil quantity 
decreases the droplet size of nanoemulsion[31]. 
Comparing NE15 and NE13, both of which have the 
same proportion of oil, NE13 had a lesser surfactant 
ratio in Smix, which was the reason for significantly 
larger droplet size in NE13. The higher presence of 
surfactant causes a reduction in surface tension and 
results in lower droplet size[32]. Smaller droplet size 
has a better possibility of drug penetration through 
the skin. Considering these factors of droplet size 
NE15 was considered the most suitable formulation.

PDI values of all nanoemulsion were below 0.241, 
and there was no significant difference between the 
four formulations. PDI value is indirectly indicative 
of emulsion stability. Higher PDI means a broad 
size distribution of droplet, resulting in emulsion 
instability such as creaming, cracking, or phase 
separation. In our research low, PDI values for all 
formulations were considered satisfactory.

Formulation
Viscosity (Pa s) pH Zeta potential Droplet size 

(nm) PDI Percentage 
transmittance Refractive 

index
(Average±SD) (Average±SD) (Average±SD) (Average±SD) (Average±SD) (Average±SD)

NE13 10.28±0.16 3.93±0.06 24.7±0.30 181.8±1.6 0.241±0.036 98.3±1.4 % 1.39±0.1

NE14 11.92±0.80 3.83±0.06 29.43±1.65 208.20±0.98 0.249±0.004 88±2.3 % 1.39±0.1

NE15 12.80±0.33 3.90±0.10 33.80±1.35 153.10±4.47 0.253±0.038 98.4±2.2 % 1.38±0.1

NE16 13.06±0.32 3.80±0.10 28.67±1.40 188.67 ±0.55 0.217±0.87 92±1.7 % 1.39±0.1

TABLE 3: VISCOSITY, pH, ZETA POTENTIAL, DROPLET SIZE AND PDI VALUES FOR NANO EMULSION
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The refractive index is measured to determine 
the isotropic nature of the formulations[33]. It 
was observed from the results that there was no 
difference in the refractive index between placebo 
and formulations. All the resultant values were below 
1.39. (Table 3). It is concluded that the raloxifene 
nanoemulsions formulated by our research work 
are isotropic. Ideally, nanoemulsions should be 
an isotropic thermodynamically stable system[34]. 
These criteria were conformed by the raloxifene 
nanoemulsions developed in this research. Percentage 
transmittance of light through the sample determines 
its transparency. As per the percentage transmittance 
value shown in Table 3, NE15 and NE13 showed 
the highest transmittance. If the size remains in the 
nanoscale range then it should be transparent as 
indicated by the two formulations. On the contrary, 
NE14 and NE16 resulted in lower light transmittance 
(>88 %) due to higher oil content and larger droplet 
size.

TEM analysis is one of the commonly applied advanced 
microscopic systems to study the morphology and 
shape of nano-sized droplets. Positive TEM images 
are presented in fig. 1. Nanoemulsion droplets area 
appeared as dark black images in almost spherical 
shapes. The droplet size measured by TEM was less 
than 200 nm, which was in close agreement with the 
sizes measured by zetasizer analysis.
We have chosen NE15 as the most suitable 
formulation. The zeta potential for NE15 was highest 
and was thermodynamically stable. The droplet size 
in NE15 nanoemulsion was the lowest compared to 
the other preparations. Based on these observations, 
the nanoemulsion NE15 was selected to develop 
the nanoemulgel. Five different nanoemulgel 
formulations NG1, NG2, NG3, NG4 and NG5, 
were prepared to vary the w/w ratio of raloxifene 
nanoemulsion and carbopol as 1:0.5, 1:0.67, 1:1, 
1:1.5 and 1:2 respectively. 
Droplet size and PDI for the developed gels 

were measured to evaluate whether there was 
any significant change in mean droplet size when 
converted from nanoemulsion to nanoemulgel. The 
droplet size was ranged from 165.8 nm (NG3) to 
175.51 nm (NG1). There was no significant difference 
between 4 nanoemulgels in droplet size. However, 
the droplet size showed a slight increase from 153.10 
nm (NE15) to 165.8 nm (NG3). Such an increase 
was due to the absorption of gelling polymers on the 
surface of the oil droplets[22]. The PDI values in the 
nanoemulgel were ranged from 0.234±0.02 nm to 
0.270±0.031 nm. It was concluded that after loading 
raloxifene nanoemulsion onto the gel, the nano size 
of the droplets was maintained.

Thermodynamic stability study for different 
nanoemulgel formulations had come up with mixed 
results. No sign of phase separation was noted on 
the nanoemulgel formulation storage after 30 d on 
benchtop at ambient temperature and inside the 
freezer. All the formulations were physically stable 
after repeated three freeze-thaw cycles. However, 
phase separation was observed for NG1 and NG2 
after 30 d of storage at 35°. This separation could 
be due to the lower content of the gelling agent 
in the formulations. On the other hand, because 
of the higher percentage of gelling agents, the gel 
consistency after 30 d of storage inside the freezer 
was very high for NG4 and NG5. NG3 was the most 
stable formulation with appropriate consistency for 
the external application compared to the others. 
The viscosity of the different nanoemulgels was 
ranged from 49.14±5.77 to 79.01±10 Pa-s (Table 4). 
It was observed that an increase in gelling polymer 
(carbopol) ratio increases viscosity. The viscosity of 
the formulations can be considered satisfactory for its 
topical use. The pH of the formulations was targeted 
6.0-6.8, and the results were found between 6.34 
(±0.13) and 6.71 (±0.09) (Table 4). The pH was near 
to the neutral, which can be considered compatible 
and nonirritating upon its application on the skin.

Formulation code 
(NE: Carbopol) Viscosity (Pa s) pH Hardness (g) Cohesiveness Spreadability (cm)

NG1 (1:0.5) 49.14±5.77 6.34±0.057 58.7±2.88 -0.22±0.01 5.1±0.126

NG2 (1:0.67) 50.91±10 6.61±0.057 76.0±2.64 -0.23±0.03 5.01±0.072

NG3 (1:1) 60.13±10 6.65±0.057 94.0±4.62 -0.26±0.05 4.99±0.057

NG4 (1:1.5) 70.34±10 6.70±0.057 96.7±0.57 -0.26±0.00 4.2±0.057

NG5 (1:2) 79.01±10 6.71±0.057 105±2.00 -0.36±0.11 4.2±0.057

TABLE 4: PHYSICOCHEMICAL CHARACTERISTIC OF NANOEMULGEL (NG)
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Fig. 1: TEM images of nanoemulsion droplet

Gel hardness is an important parameter to determine 
while evaluating the gel’s feasibility to fill in the tube 
and apply it on the skin. Unacceptable hardness would 
cause a problem during gel filling or application to 
come out of the rube regardless of extremely high or 
low. The gel’s hardness depends on the concentration 
of the gelling polymer, the oil concentration, and the 
temperature of processing. In our research, all gels 
have been tested for hardness and cohesiveness by a 
texture analyzer. The result (Table 4) showed that all 
the gels had hardness below 105±2.00 g. With such 
hardness, the gel extrudability would be good, and 
it would be able to come out of the tube with little 
pressure. A direct relationship between carbopol 
concentration and gel hardness was observed. With 
increasing carbopol ratio concerning nanoemulsion, 
gel hardness also increased. For instance, NG4 
(NE:carbopol, 1:1.5 w/w) and NG5 (NE:carbopol, 
1:2 w/w) resulted in significantly higher gel hardness 
than other nanoemulgel. In another research, Varma 
et al.[35] had observed increasing extrudability 
(decreasing hardness) of calcipotriol emulgel with 
decreasing carbopol concentration. The decrease in 
carbopol concentration in other ways reduced gel 
hardness; for instance, NG1 with lowest carbopol 
content with respect to NE, resulted in the lowest 
hardness (58.7±2.88 g).

Cohesiveness measurement of gel gives an idea of the 
work required to overcome the adhesive and cohesive 
attractive forces between the gel molecule or gel 

and the probe. Higher the cohesiveness, the higher 
the work necessary or the force needed to apply or 
spread the gel. As per the results shown in Table 4, 
the highest degree of cohesiveness was measured for 
NG5, the gel with the highest hardness. Therefore, 
like hardness, cohesiveness also acted as a function 
of carbopol concentration in the formulation. Gel 
hardness/cohesiveness is correlated with rheological 
properties as well as spreadability. In the subsequent 
sections, spreadability and rheological evaluation 
have been discussed.
Spreadability is a composite property that includes 
the effect of gel viscosity, rheological property and 
hardness. As Carbopol concentration affects the 
viscosity and hardness of gel, spreadability can also 
be explained as a factor of carbopol concentration. 
The result showed (Table 4) NG1, NG2, and NG3 
had significantly better spreadability than NG4 
and NG5. Such findings are well correlated with 
increasing carbopol content, increasing gel hardness. 
Low concentration of gelling polymer imparts a fluid 
like nature on the gel resulting in better spreadability. 
It was also in agreement with viscosity where NG4 
and NG5 showed higher viscosity than the other 
three gels. In short, the spreadability of nanoemulgel 
formulations decreased with an increase in viscosity 
and hardness when a higher concentration of the 
gelling agent (Carbopol 940) is added[36]. Another 
important point regarding spreadability is the 
rheological property. 
The flow behavior of nanoemulgel formulations was 
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determined by studying the relationships among 
the shear rate and shear stress (force applied) 
on the prepared samples. The flow behavior (n) 
demonstrates the form of fluid. The fluid shows 
pseudoplastic behavior when n<1, while for n˃1, 
the fluid will be dilatant. When n=1, the fluid is 
Newtonian in behavior[37]. The flow behavior (n) of 
the freshly prepared nanoemulgel formulations (NG 
1- NG 5) for topical application was pseudoplastic 
(non-Newtonian, shear-thinning) with a small yield 
value. The flow index gives a notion about the 
flowability of a nanoemulgel formulation from the 
container. The nanoemulgel acquires a thick base 
when the value of the flow index is low[38]. The 
values of the flow index for all the formulations were 
in the range of ~0.244 and ~0.233. As the n values 
are less than 1, it could be said that our formulations 
displayed shear thinning behavior. Shear-thinning 
behavior is one of the desired properties of topical 
semisolid formulations, which are typically thick, 
but has to be thinned when applied on the skin. It 
could be concluded that the raloxifene nanoemulgel 
showed a non-Newtonian pseudoplastic behavior. 
These systems start to flow in accordance with yield 
value and the viscosity is decreased with increased 
shear rate (fig. 2). Additionally, the developed 
nanoemulgels need some force to flow from the 
container and tube.

Thixotropic property is a time-dependent shear 
thinning property of a material. It expresses the status 
of material, whether fluid or gel (which are viscous or 
thick), after applying a required force to break down 
its structure and its ability to be reconstructed[39]. The 
thixotropic property of nanoemulgel was analyzed by 
up and down the rotational CR ramp. The rheogram of 
all the nanoemulgel formulations showed thixotropic 
properties, identified by the differences between the 
up and down curves (fig. 2). The thixotropic loop area 
is related to the energy required to break down the 
thixotropic structure. Higher thixotropic area means 
higher energy required to break down the materials 
and more time needed to reconstruct it.
The stress sweep curve was used to determine the 
Linearity of the Viscoelastic Region (LVR), and is 
presented in fig. 3 (NG3). The rheological data, G′ 
(elastic or storage modulus), G″ (viscous or loss 
modulus) and tan δ of shear stress of nanoemulgel 
were measured. When G ′ value is more than that of 
G″, the behavior of a material is solid like, but when 
the G″ value is more than that of G′, the material 
behaves like a liquid. From fig. 3, it could be observed 
that the G′ for all the formulations is higher than G″, 
indicating the raloxifene nanoemulgel formulations 
are more towards ‘solid-like’ than ‘liquid-like’ 
materials.

Fig. 2: Flow curve and thixotrophic curve of nanoemulgels (NG1 to NG5)
Note: A: NG1; B:NG2; C:NG3; D:NG4 and E:NG5
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The average content of raloxifene in the nanoemulgel 
formulation was 94.80 % (±1.49), 95.65 % (±2.23), 
99.07 % (±1.25), 91.41 % (±2.06) and 91.00 % 
(±2.24) for NG1, NG2, NG3, NG4 and NG5, 
respectively. The results indicate that raloxifene got 
uniformly distributed throughout the preparation and 
loss of drug was not significant during formulating 
nanoemulgel. Drug loading found to be maximum in 
NG3. The average drug loading in the spiked solution 
was 102.18 % (±1.87) and in HPLC, no peak was 
detected at the retention time of raloxifene, either 
blank or placebo solution.
An ex vivo permeation study compared the drug 
permeation between conventional suspension 
and formulated nanoemulgel. The study results, 
presented in terms of the Cumulative Amount of 
Drug Permeated (CADP) through rat skin, steady-
state permeation flux (Jss), and permeation coefficient 
are described in Table 5. It is observed that each of 
the Raloxifene nanoemulgel formulations (NG1-
NG5) showed a statistically significant (p˂0.05) 
higher maximum cumulative release than the 
control sample (conventional RLX gel). There was 
a minimum of 2-folds increase in CADP value (8.14 
µg/cm2) obtained from nanoemulgel (NG5) from that 
of the control sample (4.15 µg/cm2). A significant 
increase of almost 19 times in CADP and percentage 
cumulative drug permeated was obtained from NG 
3 compared to the control sample. In the case of Jss 
also, there was a significant difference between the 
nanoemulgel and the control sample. Essential factors 
behind higher drug permeation from nanoemulgel 
include nano size of the droplet, hydration of stratum 
corneum, presence of oil and presence of surfactant. 

Nanosize of oil droplet containing the solubilised 
drug has better penetrability through the skin by 
virtue of their smaller size and higher surface area[40]. 
Hydration of the stratum corneum layer can cause 
swelling and opening of the tight junction of the 
skin, thereby promoting drug permeation[41]. The 
presence of an aqueous phase in nanoemulsion may 
help drug permeation in this way. The presence of 
sunflower oil was also an essential factor. When the 
gel is applied topically, it releases the oil droplets 
from the gel network, which permeate inside the 
stratum corneum of the skin and immediately deliver 
the drug[42]. Sunflower oil acts as a permeation 
enhancer due to the presence of a higher proportion 
of natural tocopherols as well as terpenes in it. In 
addition, sunflower oil contains monounsaturated 
and polyunsaturated fatty acid, a mixture of linoleic 
acid (66 %) and oleic acid (23 %). These fatty acids 
(oleic acid) increase the fluidity of the lipid portion 
of the stratum corneum[43,44]. The third factor was 
the presence of Smix, i.e. a mixture of a non-ionic 
surfactant (Tween® 20) and co-solvent (Transcutol® 
P) in the nanoemulgel formulation. As per previous 
theories, non-ionic surfactants like the “Tween” 
family follows two mechanisms. Initially, they 
penetrate the intercellular spaces of stratum corneum 
and enhance the fluidity followed by solubilization 
of the lipid component of the barrier[45]. They can 
also bind with the keratin filament of the intercellular 
spaces causing rupture of corneocyte. The other 
component of Smix, Transcutol® P, also helps in 
drug permeation. The previous study showed that 
Transcutol® P, diethylene glycol monoethyl ether 
acted as a transdermal permeation enhancer for 
clonazepam[46].

Fig. 3: Rheological curve of raloxifene nanoemulgel (NG1-NG5) as a function of oscillation shear stress. Storage modulus (G') (  ), loss modulus 
(G") (  ) and tan d (  ); A: NG1; B: NG2; C:NG3; D:NG4 and E:NG5
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A comparison of ex vivo permeation parameters 
between different nanoemulgel showed that NG3 
performed the best among all formulations. CADP 
and flux values of NG3 were 72.22 µg/cm2 and 11.84 
µg/cm2/h respectively, whereas that of for NG1 were 
41.80 µg/cm2 and 6.50 µg/cm2/h respectively. All 
nanoemulgel showed a lag time of 12-15 min. The 
differences in ex vivo permeation between different 
formulations were attributed to the correlation of 
various factors such as droplet size, viscosity, a 
ratio of nanoemulsion:gel base. NG3 had the lowest 
droplet size (165.8 nm) and viscosity of 60.13±10 
Pa-s. The advantage of the nanosize droplet acted in 
favor of NG1. High viscosity hinders drug release 
from the gel.
The viscosity of NG3 was relatively lower than 
NG5 and NG6, which did not hinder drug release. 
Considering the composition, oil percentage in the 
formulation was decreasing from NG1 to NG6 due to 
increased carbopol gel base concentration. Sunflower 
oil is a permeation enhancer promoted higher drug 
permeation in NG3 than NG4 and NG5 where its’ 
presence was relatively lower in concentration. 
Increasing concentration of oleic acid, one of 
the major ingredients of sunflower oil increased 
transdermal permeation of piroxicam from the gel[8]. 
However, after a certain concentration oil can form 
aggregate, which hinders the drug release and 
permeation through the skin[8]. In this research, 
we assumed that NG1 and NG2 resulted in lower 
permeation parameters than NG3 due to relatively 
higher oil concentration. Based on the ex vivo 
permeation study, NG3 was considered the most 
suitable outcome of the research.

Histopathology of rat skin samples was carried 
out to assess the local toxicity caused by RLX 
nanoemulgel. The presence of surfactants may 
cause skin damage and irritation. Therefore, it was 
important to determine whether the surfactant type 
and concentration, employed in our formulation 

cause local toxicity to the skin or not. Seven sections 
of rat skin were subjected to histopathological 
study, as shown in fig. 4. After 6 h of exposure, the 
sample treated skin showed no toxicity sign and 
was comparable with the untreated skin (negative 
control). No significant change in skin morphology 
was observed in the nanoemulgel treated skin. The 
stratum corneum did not separate and remain intact 
unlike the positive control, where the skin was treated 
with nitric acid. 
Raloxifene nanoemulsion was developed using 
sunflower oil as lipid component. To overcome the 
short retention time of the nanoemulsion on skn, it 
was converted into gel by incorporating carbopol. 
The most suitable nanoemulsion was selected based 
on the lowest droplet size (<208.02 nm) and the 
highest zeta potential with acceptable thermodynamic 
stability. Increasing oil content showed an increase 
in droplet size and a decrease in zeta potential. 
Selected nanomeulsion was loaded onto carbopol 
based gel platform. One drawback of the study is 
the use of Carbopol 940 as gel forming agent, which 
is restricted to use by the pharmaceutical industry 
now-a-days due to high residual benzene content. 
Therefore, replacing carbopol 940 with carbopol 980 
while maintaining the gel viscosity could further the 
study. 
The most suitable nanoemulgel, coded by NG3, was 
obtained in a 1:1 weight ratio of nanoemulsion and 
carbopol gel. The exact composition of NG3 could 
be written as sunflower oil:Smix:carbopol in a ratio 
of 6.25:43.75:50 %. Conversion of nanoemulsion to 
gel enhances retention on the skin due to enhanced 
viscosity. At the resultant viscosity, the hardness and 
spreadability of the gel were acceptable. An increase 
in carbopol concentration increased gel hardness and 
viscosity when reduced drug release. Cumulative 
drug permeation through rat skin showed a complex 
relationship with gel viscosity, droplet size, oil and 
surfactant ratio. Higher gel viscosity hindered drug 
release. Cumulative drug permeation was increased 

Formulation Cumulative amount 
permeated at 6 h (µg/cm2) Flux (µg/cm2//h) Permeation coefficient 

(cm/h)×103 
Percentage Cumulative 

drug permeated

NG1 41.8 6.5 2.2 0.21

NG2 18.66 2.84 0.9 0.0933

NG3 76.72 11.84 3.9 0.3836

NG4 8.14 1.26 0.4 0.04

NG5 10.61 1.6 0.5 0.053

Control 4.15 0.6 0.2 0.02

TABLE 5: EX VIVO PERMEATION PARAMETERS OF NANOEMULGEL (NG) THROUGH RAT SKIN
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up to 19 times from the developed nanoemulgel 
compared to conventional gel. Sunflower oil and 
surfactant ratio can modify the drug permeation flux. 
Local toxicity study did not show any significant 
morphological change on rat skin after one time short-

term exposure (24 h). Although used in minimum 
quanity as neutralizer in gel, triethanolamine may 
incur skin toxicity on repeated and prolonged 
exposure. Hence, a repeated dose toxicity study could 
be done as future development of the formulation. 

Fig. 4: Histopathology of treated animal skin sample
Note: A: Untreated skin; B: Nitric acid treated skin; C: NG1; D: NG2; E: NG3; F: NG4 and G: NG5
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