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ABSTRACT
Objective: This study aimed to design a formula using Design-Expert software to obtain optimal Self-Nanoemulsifying Drug Delivery System
(SNEDDS) formulas and to analyze nanospray characteristics of optimal SNEDDS.

Methods: The study began with preparing ethanol extract from Melastoma malabathricum. The extract was then fractionated using ethyl acetate.
The formulation design stage began with a solubility test of Melastoma malabathricum fraction and gentamicin (MFG) in various surfactants, cosurfactants and oils. Furthermore, the 14 formula of SNEDDS with various compositions of the selected surfactants, co-surfactants and oils were
formulated and evaluated with pH response and emulsification time. Analysis was carried out using Design-Expert software with the simplex lattice
design method in order to obtain the optimal formula profile. The pH, emulsification time, particle size, and zeta potential of the nanospray from
SNEDDS optimal formulas were physically characterized. Stability of SNEDDS and the nanospray was then tested with freeze-thaw cycling and in
vitro diffusion studies with Franz diffusion.

Results: Based on the study, the ratios of optimal formula SNEDDS composition of Tween 80, propylene glycol, and soybean oil were 2.69: 2.64:
1.67 parts. Nanospray with SNEDDS technology had characteristics of pH 5.61±0.16, emulsification time 7.68±0.18, particle size 270.7 nm, and zeta
potential-37.20 mV, and it was stable.

Conclusion: Nanospray can be formulated from optimal SNEDDS using Design-Expert software. Nanospray with SNEDDS technology has physical
characteristics and is stable. In vitro diffusion studies revealed that the release of Melastoma malabathricum from nanospray was faster than that
without preparation.
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INTRODUCTION
Testing the effectiveness of antibiotic therapy given orally or
topically to diabetes mellitus (DM) patients with complications of
diabetic foot ulcers (DFU) was carried out on 24 patients with
Wagner grade III and IV DFU. Four types of pathogenic bacteria were
found to be resistant to the antibiotic gentamicin used topically or
orally. One of the efforts to prevent and control the resistance was
through the use of a combination of natural compounds that are
potential to be antibacterial and antibiotics in a dosage form which
is applicative and have been proven effective in DFU with bacterial
infection. Medicinal preparations in the form of nanospray from SelfNanoemulsifying Drug Delivery System (SNEDDS), an optimum
combination of Melastoma malabathricum fraction and gentamicin
antibiotics (MFG), aimed to reduce the severity of further infections
from DFU, and this could be an effective formula for controlling
bacteria resistant to antibiotics. Melastoma malabathricum L. has
significant activity as an antibacterial agent against Stapylococcus
aureus and Escherichia coli bacteria. Sarbadhikary (2015) showed
that the ethanol extract from this plant's leaf at a concentration of 50
mg/ml produces the largest inhibition zone compared to other
plants, namely 20 mm against Eschericia coli with moderate
inhibitory response strength and 18 mm against Staphylococcus
aureus bacteria with moderate inhibitory response strength [1]. This
was due to the large content of phenol and flavonoid compounds
which are the main components as antimicrobial agents [2]. Other
chemical compounds that act as antibacterials in the ethanol extract
from Melastoma malabathricum L leaves included triterpenoids
(asiatic acid, ursolic acid), quercetin, kaempferol, ellagic acid,
tocopherols [3], glycosides, saponins, tannins, and alkaloids [4].
Other studies showed that the plant leaf extract of Melastoma
malabathricum L. also has antibacterial activity against multidrug-

resistant (MDR) Eschericia coli
Staphylococcus aureus (MRSA) [5].

and

methicillin-resistant

The development of preparations with nanotechnology systems was
for active substances with problems in solubility, lipophilicity,
permeability, and the effects of degradation [6]. SNEDDS is an
isotropic mixture of oil, surfactants and co-surfactants that will
spontaneously form nanoemulsions when mixed with water through
light agitation in the digestive tract. The nanoemulsion formed had a
globule size [7, 8]. In this study, spray bottle was used to generate a
nanospray preparation from the nanoemulsion. SNEDDS solved the
problem of BCS class II drugs with an emphasis on increasing
solubility and bioavailability, enhancing pharmacodynamic potency,
increasing drug release rate and drug dissolution, thus increasing
therapeutic effectiveness [9, 10].

The purposes of this study were to design a formula using DesignExpert software to obtain optimal Self-Nanoemulsifying Drug
Delivery System (SNEDDS) formulas, to analyze nanospray
characteristics of optimal SNEDDS, and to analyze optimal SNEDDS
and nanospray stability with freeze-thaw cycling method. The
nanospray preparation referred to in this study was an applicative
nanoemulsion preparation in spray form. The nanoemulsion was
designed using SNEDDS. The optimal SNEDDS employed a
combination of surfactant, co-surfactant, and oil designed using
Design-Expert software with simplex lattice design method. SNEDDS
could protect active compounds in Melastoma malabathricum leaf
fraction and antibiotics so that the stability of the compounds was
maintained. The pH, emulsification time, particle size, and zeta
potential of the nanospray from SNEDDS optimal formulas were
physically characterized, and its stability was tested using freezethaw cycling and in vitro diffusion studies with Franz diffusion.
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MATERIALS AND METHODS
Materials and excipients
The equipment used in this study was analytical balance (Ohaus
PA214, USA), glassware (pyrex), stopwatch, vortex mixer
(Thermolyne), ultrasonicator (J. P. Selecta), UV-Vis spectrophotometer (Shimadzu tipe 2450), 1 cm-sized quartz cuvette, a
magnetic stirrer (Stuart CB162), pH meter (HANNA), filter paper,
particle-size analyzer (Beckman coulter), micro pipette Socorex®
(0.5–10; 5–50; 50-200, 200–1000 µl), Eppendorf tube, rotary
evaporator (Heldolph tipe Hei-VAP), oven (Memmert), water bath
(Memmert tipe WNB14), 120 mesh-sized sieve, aluminium foil, and
thermometer. Melastoma malabathricum selected for the study were
freshly from Sekajang village, Sanggau district, West Kalimantan,
Indonesia. The excipients included ethanol 70% (Dwicentra), nhexane (Merck), ethyl acetate (Merck), α-mangostin (Sigma-Aldrich
98%), methanol (Merck), virgin coconut oil (VCO) (Bagoes), Tween
80 (Bratachem), aquadest (Dwicentra), olive oil (bratachem), sun
flower oil (Mazola), soybean oil, PEG 400 (Bratachem), propylene
glycol (Bratachem), Tween 20 (Bratachem), Cremophor EL (SigmaAldrich), phosphate buffer (Bratachem), and Phyton molurus skin.
The data analysis used IBM SPSS statistics program with one sample
t-test.
Preparation of Melastoma malabathricum leaf extract

Melastoma malabathricum leaves were extracted by maceration
using 96% ethanol. Simplicia of the leaves that have been sieved
with no. 40 mesh was put into a glass vessel, then poured and
soaked with 96% ethanol until it was completely submerged. It was
covered and left to stand for 24 h while being repeatedly shaken and
macerated. Furthermore, the extracts of maceration mixed with the
solvent were evaporated with a rotary evaporator to obtain a thick
extract. The filtrates were then evaporated further on the hot plate.
The remaining solvent was removed by placing the remaining
residue in the desiccator containing silica or dryer for 24 h.
Melastoma malabathricum fractions and gentamicin (MFG)
solubility measurements in surfactants, Co-surfactants, and oils

A total of 10 mg ethyl acetate fraction (EAF) of Melastoma
malabathricum and 10 mg gentamicin was added to 10 ml soybean
oil, VCO, olive oil, sunflower oil, Tween 20, Cremophor EL, Tween 80,
PEG 400, and propylene glycol. This mixture was conditioned in a
water bath at 40 °C for 10 min. The process of dissolving the fraction
in a carrier was maximized by a sonicator for 15 min and left for two
days at room temperature. After two days, insoluble part was
separated by centrifugation at 3000 rpm for 20 min. The MFG
samples that were more dissolvable were selected and used for
subsequent optimization phase.

Orientation of surfactant, co-surfactant and oil composition
formulations with simplex lattice design

Surfactants, co-surfactants and oils selected in previous study
subsequently obtained 14 runs from Design Expert Software in
various mixture compositions for the three components to be
optimized, namely Tween 80, propylene glycol, and soybean oil with
a ratio of 3: 3: 1; 1.67: 1.67: 3.67; 1: 5: 1; 1: 3: 3; 5: 1: 1; 3: 1: 3; 3: 3:
1; 3.67: 1.67: 1.67; 1.67: 3.67: 1.67; 1: 1: 5; 5: 1: 1; 1: 5: 1; 1: 1: 5; and
2.33: 2.33: 2.33.
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rpm vortex for 15 min. Physical data from 14 SNEDDS runs could be
used to determine the optimal formula. Determination of the optimal
formula was done by simplex lattice design method using DesignExpert ® version 7.0.0 software. Characteristics of the physical
properties used in determining the optimal formula were
emulsification time and pH [15].
Measurement of pH

Emulsion pH measurement was done by dipping the electrode of the
pH meter into the emulsion. SNEDDS (100 µl) were added with
distilled water up to 5 ml. The mixture was homogenized by flipping
for 1 min. The reading on the pH meter was done after 5 min to
make sure the number is stable and does not move anymore [15].
Measurement of emulsification time

Distilled water (500 ml) was conditioned on a magnetic stirer with a
speed of 120 rpm. A total of 1 ml SNEDDS of the EAF of Melastoma
malabathricum was quickly dripped into the media [14].
Preparation of optimum formulation of MFG loaded S-SNEDDS

Optimal SNEDDS was obtained through assigning values and weights to
responses, namely pH and emulsification time to obtain optimal
desirability and contour plot formula values. Furthermore, the
verification between the optimal SNEDDS prediction software and the
optimal SNEDDS was carried out. The optimum SNEDDS was made with
a combination of surfactants, co-surfactants and selected oils with
comparisons according to the software analysis. Furthermore, ethyl
acetate and gentamicin fractions were added. The mixture was
conditioned in a water bath at 40 °C for 10 min. The process of dissolving
the fraction in the carrier was maximized using a sonicator for 15 min.
Nanospray preparation

Total of 1 ml SNEDDS was mixed with distilled water up to 5 ml and
was homogenized by flipping for 1 min. This formed a nanoemulsion
which was then put into a spray container.
Characterization of MFG loaded nanospray

pH measurement of nanospray
Emulsion pH measurement was done by dipping the electrode of the
pH meter into the emulsion. SNEDDS (100 µl) were added with
distilled water up to 5 ml. The mixture was homogenized by flipping
for 1 min. The reading on the pH meter was done after 5 min to
make sure the fig. is stable and does not move anymore.
Emulsification time measurement of nanospray

Distilled water (500 ml) was conditioned on a magnetic stirer with a
speed of 120 rpm. A total of 1 ml SNEDDS of the EAF of Melastoma
malabathricum was quickly dripped into the media [14].
Particle size and zeta potential observation of nanospray

Total of 1 ml SNEDDS was mixed with distilled water up to 5 ml and
was homogenized by flipping for 1 min. After that, 3 ml of it was
taken and put into a cuvette for analysis. Particle size data obtained
as an output on a computer were the average particle size, particle
size distribution, and the deviation from the mean.
Physical stability evaluation

Drug loading measurement

Centrifugation evaluation

Samples selected from Melastoma malabathricum (5 mg, 10 mg, 15
mg, 20 mg, 25 mg, 30 mg, 50 mg, 75 mg, 100 mg, 125 mg, and 150
mg) were added to 5 ml SNEDDS formulation. This referred to
making a solid dispersion technique [14]. SNEDDS was then
homogenized with a vortex for 5 min, with a sonicator for 5 min, and
in a water bath at 45 °C for 5 min.

The test used centrifugation at 5000 rpm for 30 min. Then,
observations were made on the preparation of instability
parameters such as separation, deposition, creaming, and cracking.
Stable preparations were subjected to further testing, namely the
heating and cooling test [16].

Preparation of SNEDDS

SNEDDS was made with a combination of Tween 80, propylene
glycol and soybean oil. Then EAF was added. The mixture was
conditioned in a water bath at 40 °C for 10 min. The process of
homogenizing the fraction in a carrier was maximized with a 1000

Heating and cooling

In this test, six cycles were carried out using a temperature of 4 °C
and 40 °C with a storage time of 48 h. Formulations that did not
experience instability parameters such as separation, deposition,
creaming or cracking were subjected to further testing, namely the
freeze thaw test [16].
255
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Freeze thawing
Six cycles of freezing and thawing were administered at
temperatures between-21 °C and 25 °C with a storage time of 48 h.
After centrifugation at a speed of 5000 rpm for 5 min, observations
of instability parameters such as separation, deposition, creaming,
and cracking were carried out [16].
In vitro penetration study

The diffusion test was carried out in vitro using Franz diffusion cells
and phosphate buffer pH 7.4 as receptor compartments.
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and replaced with the same volume of 5 ml phosphate buffer.
Samples were measured for their absorption at the maximum
wavelength with a UV-Vis spectrophotometer.
Data analysis

The analysis results included test results of pH and emulsification
time SNEDDS of MFG. The results of the pH and emulsification time
of the optimum SNEDDS formula were obtained and analyzed with
the prediction of the optimum formula test results using simplex
lattice design method. Data were analyzed using IMB SPSS Statistics
program with a one sample t-test.

Quercetin standard curve

RESULTS AND DISCUSSION

The standard concentration of Melastoma malabathricum was 14
µg/ml to 49 µg/ml. This solution was used to determine the
maximum wavelength of Melastoma malabathricum leaves in the
400-450 nm wavelength range. The standard standard curve of
quercetin was obtained as a result of linear regression of
concentration versus absorbance.

Solubility test results of mfg in oils, surfactants, co-surfactants

Analysis of the amount of quercetin transported by franz
diffusion

The membrane used was a shed snake skin from Phyton molurus.
The receptor compartment was filled with 20 ml phosphate buffer
pH 7.4, and it was kept at 37 °C. The shed snake skin membrane was
placed between the donor compartment and the receptor
compartment with the stratum corneum facing up. The 200 mg
preparations was placed on the membrane of the shed snake skin.
Samples were taken at 0, 5, 1, 2, 3, 4, 5, 6, 7, 8 h. Those were taken as
much as 5 ml from the receptor compartment using a micropipette

The combination of MFG was dissolved in various surfactants
(Tween 80, Tween 20, Cremophor EL), co-surfactants (propylene
glycol, PEG 400), and oils (soybean oil, VCO, olive oil, sunflower oil).
This mixture was then left for two days at room temperature. After
two days, the insoluble portions were separated by centrifugation at
3000 rpm for 20 min. Tween 80 was chosen because it is a non-toxic
surfactant widely used in food and pharmaceuticals. Tween 80
caused spontaneous emulsification and forms a gel in the oil-water
interface layer. The stabilization mechanism was by reducing the
interface stress in a relatively short time. Tween 80 was an
amphiphilic molecule when added to the oil/water mixture; the
hydrophilic head accommodated into the water phase and the
hydrophobic tail was to the oil phase. Subsequently, there was a
reduction in interfacial tension, and the possibility of splitting in the
oil/water phase was small.

Fig. 1: Result of the solubility test of mfg in oils, surfactants, and co-surfactants (n=3, mean±SD)

Determination of MFG content on SNEDDS

Construction of ternary phase diagram

Based on the results of MFG, a concentration of 50 mg/5 ml SNEDDS
was used because the concentration of 75 mg/5 ml on SNEDDS
showed that the system was unable to dissolve the fraction. This was
indicated by the presence of sediment on three days of observation.

pH response

Orientation SNEDDS formula of MFG

The orientation of the SNEDDS formula was carried out to find out
the comparison of SNEDDS and carriers that can produce SNEDDS
with Tween 80, propylene glycol, and soybean oil. The responses of
pH test responses and emulsification tests obtained are presented in
fig. 2 and 3.

The ability of surfactants to dissolve compounds was affected by
interface stress. Surfactants worked by reducing the interface
tension between the oil phase and the water phase after the SNEDDS
preconcentrate was dispersed in the dispersing medium, thus
forming a nanoemulsion. The type and amount of surfactants would
affect the size of the oil droplets in the water phase [6].

Based on the test results, all the runs had a pH range permitted for use
on the skin. The test aimed to determine the safety of the preparation,
especially when used on the skin. A too low pH causes irritation, while a
too high pH results in scaly skin. The pH range of topical preparations
was 4.5-6.5 [17]. Based on the normal curve of the plot of residuals, the
data spreaded around the diagonal line and followed the direction of the
diagonal line. This shows that the linear model is sufficiently good to
explain the effect of material interactions on pH (table 1).
Table 1: ANOVA test on pH Response (Design expert® Ver.
7.0.0.)
Source
Model-linear
Lack of fit

P-value Prob>F
0.00
0.57

Result
Significant
Not Significant
256
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The analysis results of the lack of fit indicated that the p-value
was>0.05 at the 95% significance level. This shows that there is no
significant difference between the experimental data and the
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predicted data from the proposed model. The linear model had a pvalue<0.05 which indicates a significant difference in pH from the
use of different oil, surfactant, and co-surfactant phases.

Fig. 2: Contour Plot of pH response: X1 = A: Tween 80, X2 = B: propylene glycol, X3 = C: Soybean Oil (Design expert® Ver. 7.0.0.)

Fig. 2 shows the pH response contour plot. Based on the data from
pH response and reflectance contour plot, the equation of simplex
lattice design is:
Y = 0.85 (A)+0.83 (B)+0.66 (C)

Y = pH, A: Tween 80, B: Propylene glycol, C: Soybean Oil.

The blue contour plot shows the smallest pH value followed by
green which indicates the greatest pH. The green area is influenced
by the increase in Tween 80. This shows that Tween 80 had a role in
increasing the pH value in SNEDDS preparations. The coefficient
values of Tween 80, propylene glycol and soybean oil are positive,
meaning that each component making up SNEDDS was able to
increase the pH response. Based on the coefficient values, Tween 80
has the highest pH value.
Emulsification time test

The special cubic model had a p-value<0.05 which indicates a
significant difference in emulsification time from the use of different

compositions of the oil, surfactant, and co-surfactant phases. This
result is reinforced by the lack of fit value>0.05 which indicates that
there is no significant difference between the observation results
and the predicted data from the model made (table 2).
Table 2: ANOVA test on emulsification time response (Design
Expert® Ver. 7.0.0.)

Source
Model-special cubic
Lack of fit

P-value prob>F
0.00
0.08

Result
Significant
Not significant

Fig. 3 shows the results of the emulsification time test. Measurement
of emulsification time on 14 SNEDDS runs was able to form
nanoemulsions in aquadest media at various times. This result is
reinforced by the lack of fit value>0.05 which indicates that there is
no significant difference between the observation results and the
predicted data from the model made.

Fig. 3: Contour plot of emulsification time response (Design Expert® Ver. 7.0.0.)

Fig. 3 shows a normal curve for the plot of residuals emulsification
time. Based on the data of pH response and reflectance contour plot,
the equation of simplex lattice design is:
Y = 0.47 (A)+0.31 (B)+7.74 (C)+0.98 (A)(B)+0.48 (A)(C)+0.79
(B)(C)-1.71 (A)(B)(C).
Y = emulsification time, A: Tween 80, B: Propylene glycol, C: Soybean Oil.

Propylene glycol as cosurfactant had a major influence on
emulsification time. Mustika et al. (2019) showed that the dispersion
ability of propylene glycol±15 s was included in category A [18],
capable to produce a nanoemulsion quickly in about 1 min [19] with
a clear nanoemulsion display. This is in accordance with the results
obtained in this study. The spontaneous formation of nanoemulsions
is one of the important parameters in the SNEDDS formulation.
Nanoemulsion is expected to form quickly when in water. The

determination of the emulsification time was carried out to obtain
an overview of the ease with which SNEDDS can form emulsions. Fig.
4 shows the contour plot of the emulsification time response. The
coefficient values of Tween 80-propylene glycol, Tween 80propylene glycol, as well as propylene glycol with soybean oil were
positive, meaning that the combination of components could
increase the emulsification time response. The coefficient value of
Tween 80, propylene glycol, and soybean oil had a positive value,
meaning that the combination of these three mixtures could increase
the emulsification time value. The value of soybean oil coefficient
was greater than that of Tween 80, and the coefficient of Tween 80 is
greater than the coefficient of propylene glycol. Based on the
coefficient value, the interaction between Tween 80 and propylene
glycol increased the emulsification time value greater because the
coefficient was higher than that of propylene glycol and soybean oil
and than the interaction between propylene glycol and soybean oil.
257
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The interaction of the three components in SNEDDS, namely Tween
80, propylene glycol and soybean oil decreased the emulsification
time value. This made the emulsification time on the composition of
the three components in SNEDDS accelerate the emulsification time.
The more Soybean Oil was used, the longer the emulsification time
was. The short emulsification time was mediated by the action of
surfactants and cosurfactants which were able to immediately form
the oil interface layer. Cosurfactants played more important role in
emulsification time and non-droplet size reduction. They slipped
and formed an empty space between the surfactant and increase the
fluidity, so that they could form nanoemulsion faster. This shows
that propylene glycol as cosurfactant had a role in accelerating the
emulsification time. The emulsification enhancement ability of the
cosurfactant was determined by the length of the hydrophobic alkyl
chain. The longer the chain was, the better the emulsification ability
would be obtained [20].

The oil component could increase the emulsification time of
nanoemulsion. Zhao et al. (2010) stated that the addition of ethyl oleate
to SNEDDS could increase the emulsification time even though the
particle size became smaller with increasing surfactant concentration
[9]. Increasing the concentration of oil could slow down the
emulsification time because of smaller concentrations of surfactants and
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cosurfactants, so they could not form emulsions in a short time [21, 22].
Short emulsification time was influenced by small oil concentrations and
high cosurfactant concentrations, so that the viscosity was smaller [23].
Based on fig. 4 on the contour plot, the blue color shows the smallest
emulsification time value followed by green, yellow, and red. The red
color shows the greatest emulsification time. This red area is affected by
an increase in soybean oil. The blue areas are affected by Tween 80 and
Propylene glycol. The lower the emulsification time was, the better and
faster nanoemulsions in distilled water media were formed.
Optimization of MFG loaded S-SNEDDS

The pH was in the range 4.5-6.5 [17]. The minimum emulsification
time was 2-20 seconds because the emulsification time was less than
60 seconds fulfilling the grade a requirements [24]. The optimal
formula result obtained from the simplex lattice design was a
formula with a ratio of Tween 80: propylene glycol: soybean oil
(4.98: 1.02: 1) with a desirability value of 0.80. The desirability value
indicated that the response variable chosen for formula optimization
could reach the optimal point according to the desired target. Fig. 4
shows the relationship between the components (Tween 80,
propylene glycol, and soybean oil) and the active substances of the
MFG on the desirability value.

Fig. 4: Desirability SNEDDS MFG (Design expert® Ver. 7.0.0.)
Optimal formulation of SNEDDS
The optimal formula composition based on the analysis resulted in a
comparison of Tween 80: propylene glycol: soybean oil with a

composition of 2.69: 2.64: 1.67 parts. Based on the optimal formula
produced by the simplex lattice design in the Design-Expert
software, it was predicted that the formula could produce pH 5.59
and an emulsification time of 7.34 seconds.

Fig. 5: Superimposed optimal SNEDDS formula combination Melastoma malabathricum fraction and gentamicin (Design expert® Ver.
7.0.0.)
Based on fig. 5, superimposed contour plot of pH response and
emulsification time is generated. The resulting superimposed
resulted in a yellow area giving optimal response. This area provides
a prediction of the optimal formula with a desirability of 0.802. The
optimal formula composition based on the analysis obtained, a
comparison of Tween 80: propylene glycol: soybean oil was with a
composition of 2.69: 2.64: 1.67 parts.

According to Shafiq-un-Nabi et al. (2007), the solubility of drugs in
oil in nanoemulsions was the most important component because it

was related to the ability of nanoemulsions to keep drugs in a
dissolved form which is strongly influenced by the solubility of drugs
in the oil phase. The amount of oil used in this optimization was one
part of the total surfactant-co-surfactant-oil composition. If the oil
composition was increased, the interaction balance was not
achieved, resulting in an inhomogeneous phase (separation) [25].
The bond between VCO and Tween 80 occurred because of the oleic
acid contained in Tween 80. Oleic acid has an XlogP of 6.5 so that it
easily binds with other compounds that are lipophilic. Compounds
258
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with log P>4 were included into highly lipophilic compound
category [26].

The optimal SNEDDS formula composition of Tween 80, propylene
glycol, and soybean oil shows that the composition of Tween 80 as
a surfactant is only able to form a homogeneous mixture if the
composition ratio is greater than that of propylene glycol as a cosurfactant. The surfactant-cosurfactant interactions occurred due
to the presence of a hydrophilic part (hydroxy group) in the
compound. The higher the amount of surfactant in the ratio was,
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the better the interaction balance was achieved. Conversely, if the
amount of cosurfactant increased, the interaction balance was not
achieved, so that an inhomogeneous phase was formed
(separating).
Verification of optimal SNEDDS formula combination of MFG

The verification was done by making optimal SNEDDS of
experimental results that were compared with predictive software.
Table 3 shows the results of verification of the optimal formula.

Table 3: Verification of optimal SNEDDS formula combination of the Melastoma malabathricum fraction and gentamicin (Design expert®
Ver. 7.0.0.)

No
1
2

Sample
Optimal SNEDDS prediction
Optimal SNEDDS optimal experimental results

Values are expressed as mean±SD, n=3 (number 2)

*

Based on the probability value of each response, showing that the
obtained p-value is greater than 0.05, there is no significant
difference between the predicted results of the simplex lattice
design on the Design-Expert software and the results of
experimental observations. The SNEDDS observation results were
compared with the results of the predictive response produced by
the optimal formula in the simplex lattice design. Verification was
then carried out using one sample t-test in Open Stat software. The
SPSS data analysis applied one sample t-test. The pH test parameter
generated p-value 0.85>0.05 so that there is no difference between
the predictions from the Design-Expert software with the simplex
lattice design method and the experimental results on the optimal
SNEDDS formula. In the emulsification time test, p-value was
0.080>0.05 means that there is no significant difference between the
predictions of the software and the experimental results. SNEDDS
could increase the spread, stability, and bioavailability of plant
extracts.

SNEDDS formulation was prepared using Tween-80 as a surfactant.
The optimized design showed results that met the requirements of
the SNEDDS test, and the in vitro antioxidant and antidiabetic
activity of the SNEDDS was observed to be comparable to that of
ascorbic acid and acarbose [27]. Another research showed that
SNEDDS formulation was optimized with a simplex lattice design.
The solubility study showed the highest solubility. A pseudo ternary
phase diagram was created to identify efficient self-emulsification
regions. In vitro diffusion studies revealed that the release of calcium
rosuvastatin from SNEDDS was faster [28].

pH
5.59
5.61±0.16

Emulsification time (s)
7.34
7.68±0.18

MFG nanospray
Nanospray was formulated by adding the optimal SNEDDS formula
to water and then was packed in a spray container. Fig. 7 shows the
nanospray from optimal formula SNEDDS. In this study, a
nanoemulsion designed with the self-nanoemulsifiying drug delivery
system (SNEDDS) was used for the nanospray. SNEDDS was allowed
for large-scale manufacturing as it could be done easily and the
manufacturing process was economical, so that it became attractive
in industry, and it was thermodynamically stable, making it easier
for storage [29]. In another study, SNEDDS was able to overcome the
problem of irritation and olmesartan which had poor solubility
which would affect the bioavailability of the drug [30].
In the development of nanospray formulations, surfactants that
were highly localized to the emulsion droplet surface reduced
interfacial free energy and provided a mechanical barrier to
coalescence resulting in thermo mechanical spontaneous dispersion
[31]. Furthermore, co-surfactants increased the interface fluidity by
penetrating into the surfactant film which created a vacuum
between the surfactant molecules [32]. After being added with
water, the formed nanoemulsion was not cloudy and had a yellowish
color which indicates spontaneous nanoemulsion formation [33].

Observation of the size and size distribution of nanospray
droplets combined with MFG
The nanospray droplet size observations were carried out to
ascertain the nm size of the nanospray droplets. Fig. 6 shows the
particle size distribution.

Fig. 6: Observation of the size and size distribution of nanospray droplets combined with Melastoma malabathricum fraction and
gentamicin

Based on the test results, the average size of the nanospray was 270
nm, less than 300 nm. This proves that the SNEDDS preparations
made are capable to preparation nanospray, which is in the

nanometer range [34]. The droplet size decreased due to the
increase in surfactant concentration [35]. The higher the surfactant
ratio compared to the cosurfactant was, the smaller the
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nanoemulsion size was obtained [36]. Surfactants could cause a
decrease in the interface film and stabilized it, resulting in a small
droplet diameter, while the addition of co-surfactants could cause a
wider interface film [37, 38]. The relative proportions of surfactants
and cosurfactants caused variation in droplet size [39].

The particle size of the nanospray was also influenced by the
composition of the oil [40]. Oil was able to increase the ability of
SNEDDS to carry drugs, but it maked the size of the nanospray
larger, so that the ratio of the oil ratio used was always smaller than
that of surfactants [41]. Nanoemulsion droplet size could regulate
effective drug release [20, 39, 42]. In another study, an average
droplet size of 227.5±0.42 nm was obtained [43], self-emulsifying
drug delivery systems yielded nanoemulsion with a globule size
range of 504.4 nm [34]. This is related to the relative increase in the
proportion of surfactants in oil droplet stabilization as a result of
localization of surfactant molecules at the oil-water interface [20,
44]. The small droplet size of the SNEDDS formula was due to the
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reduction in surface tension led by the presence of surfactants and
cosurfactants [45]. The SNEDDS droplet size also increased due to
the content of the active substance. In the SNEDDS ceftriaxone study,
the particle size increased with the increasing concentration of
ceftriaxone sodium [46]. In this study, two active compounds, MFG
were used. The PI (polydispersity index) value states the
homogeneity of the nanospray particles. The PI value obtained from
testing with aquadest media was 0.685. The PI value varied from 0.0
to 1.0, and the closer to 0 was, the more homogeneous the particles
were [47]. A polydispersity index (PDI) of less than 0.5 indicated a
uniform globule size distribution [48, 49], so that the nanoemulsion
particle size distribution was uniform, and the method of making
nanoemulsions had good reliability.
Observation of zeta potential of nanospray droplets in
combination with MFG
Fig. 7 shows the results of zeta potential determination.

Fig. 7: Observation of zeta potential of nanospray droplets in combination with Melastoma malabathricum and gentamicin

Based on the research, the zeta potential value was-37.20 mV. The
nanospray droplets produced from this study had zeta potential
according to the requirements. The zeta potential value in the±30
mV range was a value limit that is able to maintain emulsion stability
because a value that was close to neutral reduced the possibility of
particles to form aggregates [50]. As a rule of thumb, a zeta potential
value of±30 mV would provide good stability and±60 mV had very
good stability [51]. In the SNEDDS study, the obtained zeta potential
value was from −28.8 to −45.9 mV [48], as well as the SNEDDS study
for Pandanus conoideus Lamk in which the value was-54.6±0.17.
The referring to zeta potential, the surface charge of the droplets
would have an effect on the stability of the SNEDDS formulation
because the electrostatic repulsion between the droplets prevented
the incorporation of the nanoemulsion.

The negative value obtained in the study was due to the presence of
surfactants and co-surfactants in the emulsion [45]. Kaseem et al.
(2016) showed that the optimized formulations were negatively
charged, with values ranging from-15.3 to-23.9 mV, which indicated
a stable system and that the emulsion bubbles were well separated
[35, 52]. The presence of electrostatic repulsion between negatively
charged droplets prevented the formation of coalescence in
nanoemulsions [42]. Non-ionic surfactants produced negatively
charged interfaces at neutral pH due to the differential adsorption of
hydroxyl ions (OH ~) and hydrated oxonium ions (H3O+) [53].

Observation of physical stability

Physical stability was observed visually. Based on the results of the
physical stability test, all test samples in the study, namely the
nanospray of Melastoma malabathricum and gentamicin fractions
and SNEDDS for Melastoma malabathricum and gentamicin
fractions, did not experience separation, cracking, or creaming.

Emulsion stability was achieved when surfactant molecules covered
the entire oil/water interface, increasing the rheology of the
interface, thereby preventing the droplets from joining and causing
aggregation with a steric hindrance effect. It is important to
determine the minimum amount of surfactant needed to achieve
maximum emulsion stability. In other studies, Tween 80 in
microemulsion formulations could be used to control oil and
deactivate bacteria [54]. The hydrophilicity mechanism of
surfactants caused rapid dispersion in the water phase [55].

SNEDDS was able to form nanometer sized and stable emulsions. The
separation of the emulsion phase was due to the contact between the
droplets caused by Brownian motion and gravity. The rate at which
nanospray instability occurred was influenced by the nanospray
composition and environmental influences such as oil type, surfactant
type, pH, and temperature. The stability of the nanospray could be
increased by reducing the size, controlling the droplet size distribution
of the dispersion phase, increasing the viscosity of the nanospray, and
using additives that act as stabilizers. Physical stability is an important
parameter showing that the optimal SNEDDS formula must meet
because it describes the durability of a product according to certain
limits during storage and use. The optimal formulation that did not
show any signs of instability indicates system stability. The SNEDDS
system must carry out spontaneous emulsification to form
nanoemulsions. The SNEDDS system must be of sufficient quality to
withstand the stability to resist creaming, cracking or sedimentation.
The selected formulations were subjected to heating-cooling cycles,
centrifugation, and exposure to freeze thaw cycles [56].

The stability test used in this study was freeze thaw cycling testing
which used high and low storage conditions to increase the speed of
drug processing. The commonly used extreme conditions were
temperature. High temperatures would accelerate the breakdown of
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active substances [57]. In other studies, all formulations had good
stability, that is, no sign of phase separation, turbidity or
precipitation in the drug was observed [34]. In another formulation,
the ternary phase of the system consisting of Tween 60, Capmul
MCM C8 and PEG 400 formed fine nanoemulsion SNEDDS with
gentle agitation [42].

The occurrence of clots or deposits marked the breakdown of the
nanoemulsion so that the oil was no longer coated with surfactants
and co-surfactants. Tween 80 as a non-ionic surfactant was not easily
affected by acid and electrolyte conditions, so it remained active as a
surface layer between oil and water. A nanoemulsion system was
stabilized by ionic surfactants; the surface charge came from the ions
that were present in the hydrophilic groups of the surfactants. Ions
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adsorbed on the droplet surface formed an electric double layer,
resulting in a repulsive force between particles that hindered
aggregation. In the o/w nanoemulsion system containing nonionic
surfactants, the surfactants would form a film layer on the droplet
surface. The film layer would prevent the droplets from combining in
the dispersing medium. The phenomenon of preventing aggregation
due to this film was known as steric hindrance [58].
Analysis of transported quercetin on nanospray Melastoma
malabathricum Fraction

The amount of quercetin in nanospray preparations transported
through the stratum corneum during a certain time interval can be
determined by diffusion tests. Fig. 8 shows the test results.

Fig. 8: Amount of quercetin transported on nanospray preparations and Melastoma malabathricum fraction

Based on fig. 8, the amount of quercetin transported on the nanospray
of the ethyl acetate fraction for 8 h was greater than that of ethyl
acetate fraction. The EAF without preparation had the smallest
amount. This suggests that EAF of Melastoma malabathricum
formulated with nanospray could increase the penetration of
quercetin through the stratum corneum. The use of skin as an
alternative route for drug transport had several advantages over other
routes, but administration of drugs by this route was hampered by the
low permeability of the outermost layer of the skin, the stratum
corneum. Development of several techniques both chemical and
physical was to overcome the barrier properties of the stratum
corneum. The use of a penetration enhancer that reduces the
resistance of the stratum corneum was an effective method [59].
Nanospray formulas could increase absorption and bioavailability
because nanoemulsion sized droplets could increase the release of
insoluble drugs [60]. Topical absorption routed in carrying drugs
and active ingredients into the inner skin layer, in the dermis layer
in particular [61]. Formulations using polymers could increase the
transport of hydrophobic compounds through the stratum corneum
to the deeper layers of the skin, and it increased skin availability
[62]. Nanospray ethyl acetate fraction had a greater amount of
transported quercetin than Melastoma fraction because it had
greater lipid solubility than fraction. The drug had to have
sufficiently high lipid solubility to increase drug partition on the
lipid membrane [63]. The main challenge in formulation was barrier
transport through the skin [64]. Dermatological preparations
required a high increase in the effectiveness of drugs on the skin
penetrating into the receptor compartment compared to
conventional preparations [65]. These preparations increased the
penetration of the drug into the skin, and because of their lipid
properties, the drug penetrated into the skin layers and kept it for a
long time, allowing the drug to be targeted on the skin. Another
study of the SNEDDS, using the active compound etravirine (BCS
class IV) using labrasol oil: transcutol HP, 6: 1 with a ratio of 2:8,
showed the test results meeting the requirements, and in vitro
studies illustrated an increase in the dissolution rate [66].

CONCLUSION

Nanospray can be formulated from optimal SNEDDS using DesignExpert software with a synergistic combination of melastoma and

gentamicin. The simplex lattice design method can predict the
optimal SNEDDS formula. Nanospray with SNEDDS technology has
physical characteristics that meet the requirements and is stable by
freeze-thaw cycling testing. In vitro diffusion studies revealed that
the release of Melastoma malabathricum from nanospray was faster
than without preparation. This research can be developed further
regarding the irritation and effectiveness of EAF nanospray to treat
antibiotic-resistant diabetic ulcers in animal tests and clinical trials
in humans.
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