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The aim of the present study was to characterize and evaluate nanoemulgel of snakehead fish powder 
(SFP) for the poorly water-soluble drug. SFP was formulated into nanoemulsion utilizing the best 
comparison of surfactant, co-surfactant, and oil. Diverse nanoemulsion components (oil, surfactant, and 
co-surfactant) were chosen based on solvency and emulsification capacity. SFP 0.1% loaded nanoemulsion 
which tested by stress-stability testing which carried out for all formulations and those that passed these 
tests were characterized for droplet size, polydispersity index (PDI), zeta potential, pH, viscosity, and 
transmittance. After that, nanoemulsion was added with 1.5%, 2.0%, and 2.5% of HPMC in different 
concentrations and mixed until nanoemulgel form and evaluated for pH, viscosity, spreadability, and 
extrudability measurement. The results of this research showed that SF nanoemulsion produced clear, 
stable, and transparent formula having the transmittance value 99.87%. Mean droplet size and zeta 
potential of the optimized nanoemulsion (NE4) were found to be 98.6±0.93 nm (PDI 0.1±0.20) and 
-57.5±0.3 MV respectively. Meanwhile, the evaluation results of nanoemulgel (NEG) showed NEG1.5 
gave pH 6.0, viscosity 210 cP, spreadability 5.8 g cm/s and extrudability 1.4 g/cm2. Otherwise, NEG2.0 
and NEG2.5 had high viscosity and pH generating low spreading on the skin i.e. 3.9 g cm/s and 2.8 g cm/s 
respectively. The results of the evaluation and preparation stability test showed a good level of stability 
of NEG1.5 with the viscosity and pH by one way ANOVA which did not change significantly. 
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INTRODUCTION 

In Indonesia, one of the freshwater fish species 
having the main function of human health is snakehead 
fish (Ophiocephalus striatus). It contains albumin, amino 
acids and unsaturated fatty acids which are often used by 
people to accelerate wound healing with the formation 
of new tissues (Mustard, 2013). Besides that, albumin 
in snakehead fish was utilized to accelerate burn wound 
healing, increase the amount of blood protein, improve 
fracture and prevent lung infection (Lawang, 2013).

According to Tungadi (2011), snakehead fish 
powder had been formulated into macroemulsion 
cream for accelerating wound healing of post-operation 
in vitro (Tungadi, 2011). In general, this cream was 
thermodynamically unstable which causes the formation 
of high surface free energy. This can be reduced by adding 

surfactant and co-surfactant while the whole system 
generally tend to return to its most stable position, that 
is when the free energy is the lowest. Therefore, The 
reduction of particle size or droplet oil-water can be 
done by making nanoemulsion with the comparison of 
surfactant, co-surfactant, and oil appropriately (Devarajan, 
Ravichandran, 2011). 

The snakehead fish powder can be formulated into 
emulgel dosage form because the contents of the fish 
consist of polar (water soluble protein) and nonpolar 
(fatty acid soluble oil) parts. Nanoemulgel can be used 
as transdermal drug delivery system which has to pay 
attention to penetration of drug active compounds because 
it has to be able to pass through the skin barrier i.e. stratum 
corneum. 

Meanwhile, Tungadi and Hasan (2016) stated that 
snakehead fish cream (negative control) was difficult to 
penetrate stratum corneum using rabbits in vivo which 
could be seen open wound longer recovery than using 
penetrant enhancer such as propylene glycol (treatment 
group). This means that propylene glycol can accelerate 
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the diffusion rate of albumin into stratum corneum which 
the amount of albumin around 50% compared to without 
penetrant enhancer about 5-7%. Therefore, SFP was 
formulated into nanoemulgel using the best comparison 
of surfactant (tween 80), co-surfactant (PEG 400) and 
oil (olive oil) appropriately. The characterization of 
snakehead fish powder nanoemulsion has important roles 
in showing stability measurements such as particle size, 
zeta potential, and poly-dispersion index by particle size 
analyzer (Tungadi, 2016).

Nanoemulgel consists of nanoemulsion and gel which 
can increase the diffusion rate of active compounds because 
it reduces the particle size or droplets from oil and water 
phase in the emulsion system. Smaller particle size can 
enhance extensive contact with the membrane cell particles 
and facilitate carrier particles for penetration into membrane 
cells. So, the amounts of drug active compounds were easy 
to penetrate systemic circulation which will increase the 
bioavailability of active compounds. This means that it does 
not need a penetrant enhancer to accelerate the diffusion rate 
of active compounds into membrane cells (Tungadi et al., 
2018). 

The formulation of snakehead fish powder used a 
low pressure homogenization method with comparison 
of surfactant, co-surfactant, and oil appropriately such 
as tween 80, PEG 400 and olive oil. The characterization 
of snakehead fish powder nanoemulsion had important 
roles in showing stability measurements such as particle 
size, zeta potential, and polydispersity index by particle 
size analyzer. This can prove that snakehead fish powder, 
formulated into nanoemulsion utilizing low pressure 
homogenization method, can reduce the particle size of 
snakehead fish powder (Tungadi et al., 2019). 

MATERIAL AND METHODS 

Material 

Snakehead fish powder of pharmaceutical grade 
was gained by Royal Medical Pharmaceutical, Indonesia, 
and was certified containing protein 85.6%, albumin 
30.2%, omega-3 2.03%, omega-6 2.11% and omega-9 
0.92% and polyunsaturated total 5.1% respectively. 
The gelling agent, HPMC 22.000, was purchased from 
Brataco Chemical. Basis of Nano-emulsion consisted 
of Tween 80 (surfactant), PEG 400 (Co-surfactant), and 
Olive oil (oil). All of them were bought from Intraco 
Chemical. DMDM Hydantoin and BHT were purchased 
from Sentana Chemical. The UV-Vis Spectrophotometry 
was from Perkin Elmer (USA). The DelsaTM Nano having 
particle size of 1 nm – 700 nm (UK). In addition, a 

pH meter (Systronics model EQMK), a sonicator (Specta 
Lab, model UC 40) and a hot air oven (Memmert) were 
utilized in this study. 

Formulation development of nanoemulsion 

Optimization of gel basis 
HPMC so lu t ions  were  made  in  d i ff e ren t 

concentrations i.e.1.5%, 2.0% and 2.5% w/v respectively. 
Each concentration of HPMC was weighed according to 
concentrations of each formula. After that, HPMC was 
dispersed into warm water (70 oC) and allowed to stand 
for 15 minutes then stirred 500 rpm for 3 minutes to form 
a clear gel with appropriate viscosity. 

Optimization of nanoemulsion basis

The optimization of nanoemulsion basis was made in 
different comparisons of surfactant, co-surfactant and oil. 
There were 6 formulas with the different concentrations 
between surfactant (Tween 80), co-surfactant (PEG 400) 
and oil (olive oil) such as F1 (4:2:1), F2 (4:3:1), F3 (5:3:1), 
F4 (6:3:1), F5 (7:3:1), and F6 (7:4:1). Tween 80 and PEG 
400 were mixed together utilizing magnetic stirrer for 30 
minutes 250 rpm (the first mixture). After that, olive oil 
was added to the first mixture while stirring and adding 
water drop by drop containing snakehead fish powder 
0.1% w/v then done sonication for 10 minutes. The same 
procedure was made for all formulas with the different 
concentrations of tween 80, PEG 400, and olive oil. 

pH, Viscosity and Transmittance
The pH values for nanoemulsions were determined 

at 25 oC by a calibrated pH meter (Systronics model 
EQMK, India). The viscosity of nanoemulsions was 
measured using viscometer Brookfield (DV-E Model, 
USA), equipped with a cone-plate type measuring system. 
The rheological studies were carried out at variable shear 
rates ranging from 1 to 100 s-1. The transmittance was 
observed by using Spectrophotometry UV-Vis (Perkin 
Elmer, USA) at 630 nm. One milliliter of nanoemulsion 
formulation was taken in a test tube and water dilution was 
analysed at 630 nm in triplicate (Jain et al., 2013).

Stability studies of nanoemulsion

Nanoemulsions were assessed at accelerated 
conditions of storage with varying temperature and 
humidity, as per ICH guidelines (Guideline IHT, 2003). 
Nanoemulsions were placed in 5 mL glass vial, sealed 
and stored upright. Physical and chemical stabilities 
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of nanoemulsions were evaluated for 3 months by 
storing them at three different temperature and humidity 
conditions (25 ± 2oC/60 ± 5% relative humidity (RH), 
40 ± 2oC/65 ± 5% RH and 60 ± 2oC/75 ± 5% RH) and 
then characterized at specific time intervals for various 
parameters (Shinde, 2013). The nanoemulsions were 
also visually observed for any signs of turbidity, phase 
separation, coalescence, and so on. 

CHARACTERIZATION AND EVALUATION 

Preparation of nanoemulgel

HPMC solution was made in different concentrations 
i.e.1.5 %, 2.0% and 2.5% w/v respectively. Each 
concentration of HPMC was weighed according to 
concentrations of each formula. After that, HPMC was 
dispersed into water and allowed to stand for overnight 
then stirred 500 RPM for 3 minutes to form a clear 
gel with appropriate viscosity and then the optimized 
nanoemulsion was incorporated into the gel base. The 
prepared nanoemulgel formulations were inspected 
visually for their color, appearance and consistency (Avadi 
et al., 2009).

The particle size measurement of snakehead fish 
powder nanoemulgel 

Particle size, potential zeta, and polydispersity index 
by Dynamic Light Scattering (DLS) were measured from 
snakehead fish powder by putting nanoemulgel in the 
cuvette of DLS. Then this was measured by zeta sizer 
which is shown in graph (Avadi et al., 2009).

Evaluation of nanoemulgel 

Spreadability study 
Spreadability was determined by utilizing an 

apparatus suggested by Mutimer et al. There was a 
wooden block and a pulley attached to it at one end. On the 
basis of ‘slip’ and ‘drag’ characteristics of nanoemulgel, 
spreadability measurement was done. An excess of 
nanoemulgel (≈2 g) was placed between two uniform 
slides placed on the block, where one glass slide was 
fixed and another was attached to a pulley. On the top 
of the two slides, a 1 kg weight was placed for 5 min to 
provide a uniform film of the nanoemulgel between the 
slides. The time taken by the upper slide to move on the 
application of weight to it through the pulley was noted, 
and spreadability was calculated by using the following 
formula, in triplicate:

S = M x L/T

S: Spreadability, M: Weight applied to upper slide, L: 
Length of the glass slide, T: Time taken to separate the 
slides completely from each other

Extrudability study
It is a test to measure the force required to extrude 

the gel from the tube. On the application of weight, the 
amount of gel extruded from the aluminium tube was 
determined. The nanoemulgel extruded should be at least 
0.5 cm ribbon in 10 s (Nair et al., 2009). The higher the 
quantity of gel extruded, the better is the extrudability. 
The extrudability of each formulation was measured, in 
triplicate, and calculated by using the formula:

E = M/A

E: Extrudability, M: Applied weight to extrude gel from 
tube, A: Area

Stability studies of nanoemulgel
Prepared nanoemulgels (≈5 g) were packed in 

aluminium collapsible tubes and kept for stability studies 
at 25 ± 2 °C/60 ± 5% RH, 40 ± 2 °C/65 ± 5% RH and 
60 ± 2 °C/75 ± 5% RH for a period of 3 months, as per ICH 
guidelines (Khullar et al., 2012). At an interval of 15 days, 
samples were withdrawn and evaluated for physical 
appearance, pH, viscosity, spreadability, and extrudability.

RESULTS AND DISCUSSION

Optimization of gel basis

The results of gel basis optimization in different 
concentrations i.e. HPMC 1.5%, 2%, and 2.5% w/v 
respectively showed that HPMC 1.5% w/v gave the best 
result with clear physical appearance and appropriate 
viscosity (Table I). 

HPMC 1.5% w/v as the gelling agent had low 
viscosity; so, that it was easy for snakehead fish powder 
to penetrate into skin cell membrane. Otherwise, the other 
concentrations had a high viscosity, which can affect 
snakehead fish powder penetration into skin cell membrane. 
This is in line with Leite-Silva et al. (2012) stated that the 
viscosity of a formulation can affect the permeation of 
active compounds into the skin which is directly related to 
the concentration of the a material’s viscosity. 

Meanwhile, Gallagher et al. (2003) studied the 
release of ketoprofen from a series of simple gels of 
increasing thickener content relative to solvent and its 
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penetration into and through pig skin. While ketoprofen 
permeation and skin distribution was reduced as the 
viscosity of the gels increased, as expected, the authors 
showed that this could be attributed to increasing binding 
of the drug to the thickener, rather than to changes in 
viscosity (Leite-Silva et al., 2012). 

In addition, Hidayah stated that HPMC had the 
ability to spread better than carbopol, methylcellulose, 
and sodium alginate which was also easy to apply to 
skin (Madan, Singh, 2010; Hidayah, 2013). Besides that, 
the advantages of HPMC were neutral, stable viscosity, 
resistant to microbial growth, clear gel and strong film on 
the dry skin (Angela, 2012).

Optimization of nanoemulsion basis

The optimization of nanoemulsion basis indicated 
formula 6 with the comparison of olive oil, Tween 80 and 
PEG 400 (1:7:4). This had the best performance including 
viscosity, clarity, and stability (Table II). 

Formula 6 was physical ly stable ut i l izing 
centrifugation method (3800 rpm; 5 hours). The formula 
did not segregate and clear solution (Figure 1). Otherwise, 
formulas 1 to 5 gave the cloudy appearance showing 
segregation after centrifugation. Tween 80 as nonionic 
surfactant has high hydrophilic and lipophilic balance (15) 
so that it can be stable in an emulsion system with oil in water 

(Brandelero et al., 2010). This surfactant has pivotal roles 
in nanoemulsion basis because the surfactants can reduce 
interfacial surface tension causing the surfactant is absorbed 
on interface phase. Regarding this, it can decrease the surface 
free energy by ruining globule and resulting small globule 
(Natalia, 2012; Tungadi, 2018). The most surfactants are 
not able to reduce interfacial tension in emulsion so 
that it needs to add co-surfactant (PEG 400) which can 
increase the solubility of nonpolar groups (Swarbrick, 
2007). Besides that, it can intensify flexibility of surfactant 
film and fluidity of emulsion phase (Arifianti, 2012).

We selected one nanoemulsion (F3-F6) which was 
the best ratio of the solubility of snakehead fish powder 
among surfactant, co-surfactant, and oil. The mean 
droplet sizes for the formulations NE1, NE2, NE3 and 
NE4 were found to be 654.6±2.8, 240.8±2.5, 368.3±1.8 
and 227.1±1.8 nm respectively (Table III). After running 
3 cycles of low pressure homogenization at 500 rpm, 
mean droplet size was effectively reduced to 364.3±2.0, 
145.2±1.7, 147.6±1.7 and 98.6±0.86 nm for NE1, NE2, 
NE3 and NE4, respectively, having a polydispersity index 
(PDI) values of 0.22±0.08, 0.20±0.01, 0.20±0.20 and 
0.10±0.20, respectively. 

Nanoemulsions are kinetically stable systems and 
are formed by using a particular concentration of various 
components, with no sign of phase separation, creaming 
or cracking under various stress conditions. The most 
important feature of nanoemulsions is the mean droplet 
size, which must be in the nanometric range (Mahtab et al., 
2016). The low pressure influence of magnetic stirrer can 
reduce droplet size of nanoemulsion to achieve the mean 
droplet size of less than 200 nm, was studied. 

Characterization of nanoemulsion

Based on the best  resul t  of  nanoemulsion 
optimization, the smallest size and PDI, was NE4 is 

TABLE I - The optimization result of gel basis 

Materials F1 (%) F2 (%) F3 (%)
HPMC 1.5 2 2.5
Distilled Water 100 100 100
Observation Clear Clear Clear
pH 5.0 5.0 5.0
Viscosity 280.4 cP 458.5 cP 585.6 cP

TABLE II - The optimization result of nanoemulsion basis 

Materials
Formula % w/v

F1 F2 F3 F4 F5 F6
(1:2:4) (1:3:4) (1:3:5) (1:3:6) (1:3:7) (1:4:7)

Olive oil 5 5 5 5 5 5
Tween 80 17 19.5 22 24.5 27.5 30
PEG 400 13 15.5 18 20.5 22.5 25
Distilled water 100 100 100 100 100 100
Observation cloudy cloudy cloudy cloudy cloudy clear
pH 7.0 7.0 7.0 7.0 7.0 7.0
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having the average of zeta potential value after stability 
study around -60.7±0.5 MV. Meanwhile, the pH values of 
nanoemulsion formulation before the stability test were 
found to be in the range of 5.0±0.48 to 6.0±1.24 (Table IV) 
The viscosities of nanoemulsion formulation, measured 
at a shear rate 100s-1, were found the range between 
140.7±0.33 and 254.3±0.45 cP.

Stability studies of nanoemulsion

The stability studies showed that during the storage 
period of 3 months at 25±2 oC/60±5% RH, 40±2 oC/65±5% 
RH and 60±2 oC/75±5% RH, optimized nanoemulsion 
(NE4) described very negligible changes in mean droplet 
size, zeta potential, PDI, pH, viscosity, and transmittance 

FIGURE 1 - The optimization result of nanoemulsion basis based on the solubility of snakehead fish powder among surfactant, 
co-surfactant, and oil.

TABLE III - Effect of low-pressure homogenization process variables on mean Droplet Size (DS) and Polydispersity Index (PDI) 
of various nanoemulsion formulations

No. of cycles

Formulations
NE1 NE2 NE3 NE4

DS±SD PDI±SD DS±SD PDI±SD DS±SD PDI±SD DS±SD PDI±SD
nm nm nm nm

C0 (crude) 654.6±2.8 0.38±0.02 240.8±2.5 0.1±0.01 368.3±1.8 0.2±0.09 227.1±1.8 0.2±0.17
C1 564.8±2.4 0.49±0.04 206.4±1.4 0.3±0.02 256.5±3.5 0.1±0.12 105.5±0.4 0.2±0.23
C2 487.2±3.0 0.50±0.15 186.9±2.3 0.5±0.02 187.2±1.0 0.1±0.21 99.3±0.27 0.2±0.12
C3 364.3±2.0 0.22±0.08 145.2±1.7 0.2±0.01 147.6±1.7 0.2±0.20 98.6±0.86 0.1±0.20
All values are reported as mean ± SD (n=3). C0: pre-homogenized nanoemulsion (crude nanoemulsion), PDI: polydispersity index, 
SD: Standard deviation.

TABLE IV - Determination of pH, viscosity and transmittance of various nanoemulsion formulations

Formulation Code Smix ratio pH V(cP) t (%)
NE1 1:3:5 5.5±0.43 254.3±0.45 98.76 ± 0.02
NE2 1:3:6 5.0±0.48 208.2±0.76 97.78 ± 0.19
NE3 1:3:7 6.0±0.19 155.8±0.38 98.46 ± 0.15
NE4 1:4:7 6.0±1.24 140.7±0.33 99.87 ± 0.05
All values are reported as mean ± SD (n=3). V: viscosity, cP: centipoise, t: transmittance.
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(Table V). The results gave no phase separation and 
flocculation, proving its stable nature. At the end of three 
months, the drug content was assayed and was found to 
be >90% of the initial drug added, showing the chemical 
stability of the system during the storage period. 

Furthermore, the origin of the negative zeta potential 
of nominations might be due to preferential adsorption or 
desorption of electrolyte ions on the surface (Leser et al., 
2006). With increasing the concentration of tween 80, an 
increase in the negative value of zeta potential might be 
associated with the presence of impurities, i.e. peroxides, 
free fatty acids and so on (Delgado, 2001).

Besides that, small particle size formulation yet 
concerned when delivering drugs through the skin, the 
rheology properties of nanoemulsion is imperative. The 
nanoemulsion formulation, it may be not advantageous to 
make utilized because of low viscosity and spreadability. 
Therefore, the approach of incorporation of nanoemulsion 
with gelling system can help in overcoming this problem. 

Evaluation of nanoemulgel 

The pH values for NEG1.5, NEG2.0 and NEG2.5 were 
found to be in the range of 6.2±0.45 to 6.5±0.55 (Table VI). 
Viscosities for NEG1.5, NEG2.0 and NEG2.5 were found to 
be 258±3.76, 558±5.20 and 865±3.53 cP, respectively. 
Furthermore, spreadability values for NEG1.5, NEG2.0 and 
NEG2.5 were found to be about 6.8±0.23, 4.9±0.25 and 
2.8±0.56 cm, respectively (Table VI). Extrudabilities of 
NEG1.5, NEG2.0 and NEG2.5 were found to be 2.4±0.56, 
3.6±0.65 and 5.0±0.78 cm, respectively, in 10s on applying 
a weight of 400 g (Table VI). In assessing spreadability 
and extrudability values of nanoemulgel formulation, 
NEG1.5 was found to be 0.76±0.05% (w/w). NEG1.5 was 

found to be stable during three months storage period at 
different conditions of temperature and humidity. There 
was no change in physical appearance, pH and viscosity 
(data not shown). 

Meanwhile, the statistical analysis of freeze-thaw 
method particularly pH and viscosity (Table VI) data 
showed that P value is greater than 0.05 which mean 
there is no real difference between pH and viscosity of 
the stability test. It means that there were no significant 
changes by one-way ANOVA test. 

The particle size of snakehead fish powder, 
containing albumin, protein, and amino acids, was used 
in the formulation, was 30 μm. It means that the particle 
size of powder has important roles in accelerating drug 
diffusion to penetrate into membrane cell. Therefore, the 
snakehead fish powder was formulated into nanoemulgel 
to reduce the particle size of powder using a low energy 
homogenization method. Due to the small particle size 
from the emulsion, the powder can accelerate active 
compounds such as albumin, protein, and amino acids 
to penetrate membrane cells. It causes the increase of 
the contact area between the carrier particles and the 
membrane cell (Ariviani, 2015). Regarding this, the 
carrier particles are easy to release active compounds 
into systemic circulation system causing the increase of 
bioavailability of snakehead fish nanoemulgel and the 
acceleration of wound healing processes.

Among different nanoemulgels, NEG1.5 was found 
to be a creamy and viscous preparation having a smooth 
homogenous texture, glossy appearance and no sign 
of phase separation. Whereas NEG2.0 and NEG2.5 was 
too viscous and turbid in appearance based on visual 
appearance and viscosity. 

TABLE V - Stability study of Optimized Nanoemulsion (NE4)

T(oC)/RH (%)  Time (days) Mean (nm) 
droplet size

Zeta (mV) 
potential PDI pH V(cP) t (%)

25±2/60±5
30 120.3±2.2 -38.3±0.8 0.34±0.03 6.8±0.22 150.7±1.25 99.28±0.18
60 135.8±3.1 -55.9±0.6 0.55±0.05 6.0±0.32 178.5±1.85 96.35±0.19
90 100.5±2.0 -38.3±0.4 0.28±0.02 6.2±0.18 180.2±1.23 97.24±0.45

40±2/65±5
30 140.7±3.0 -20.5±0.2 0.33±0.08 5.7±0.24 188.5±2.37 98.20±0.65
60 98.32±5.1 -45.6±0.1 0.57±0.05 5.6±0.18 140.5±1.89 95.58±0.49
90 85.48±3.6 -60.4±0.8 0.28±0.09 5.2±0.27 150.8±1.20 97.24±0.38

60±2/75±5
30 78.44±5.2 -47.5±0.8 0.37±0.02 5.4±0.26 137.6±1.98 99.25±0.29
60 79.57±3.7 -53.3±0.4 0.32±0.01 5.6±0.20 178.2±2.54 98.65±0.36
90 99.90±2.7 -60.7±0.5 0.28±0.09 5.5±0.45 157.8±2.16 97.34±0.76

All values are reported as mean ± SD (n=3). T:temperature, PDI: poly-dispersity index, V: viscosity, cP: centripoise, t: transmittance.
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CONCLUSION

It can be concluded that all of the evaluation results 
and stability tests showed snakehead fish nanoemulgel 
(NEG1.5) has good stability including the characterization 
of snakehead fish nanoemulgel. 
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