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ABSTRACT

Objective: Celastrol, which is classified as BCS 4, needs to be developed into a nanoemulsion formula for a stable and good formulation. The aim of
the study was to determine the in vitro penetration ability and adsorption efficiency (EE) between two different base oils, namely Isopropyl
myristate (IPM) and virgin coconut. oil (VCO).

Methods: Two celastrol nanoemulsion formulas were prepared by high energy method using High share homogenizer (HSH) at 15,000 rpm for 15
min, using different oil-based components, F1 IPM and F2 VCO. Particle size, polydispersity index (PDI), D90, zeta potential, and morphology of
nanoemulsions was evaluated. In vitro studies by Franz diffusion cell test method determined the difference.

Results: The results showed that celastrol can be formulated well with a ternary ratio of 5:45:50 for IPM and 20:30:50 for VCO. The absorption
efficiency test for celestrol levels was 96.49%+2.72 for IPM and 76.53%1.19 for VCO. The mean particle size, PDI, and zeta potential were
70.81+0.20 nm, 0.1+0.03, and 50.2+0.60 mV, for VCO and 186.23+3, respectively. 12 nm, 0.2+0.07, and 45.5+1.10 mV for HDI. Spherical
morphology<200 nm. Franz diffusion in vitro at 20 and 24 h, celastrol is well penetrated at levels of 2.4 g/ml gram and 2.5 g/ml for HDI and at 2.0

g/ml gram and 2.4 g/ml, respectively. ml/gram for VCO.

Conclusion: Celastrol was successfully developed into nanoemulsions using IPM or VCO, particle size<200 nm, and stable spherical shape.
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INTRODUCTION

Celastrol  (2R4aS,6aS$,12bR,14aS,14bR)-10-Hydroxy-2,4a,6a,9,12b,14a-
hexamethyl-11-ox0-1,2,3,4,4a,5,6,6a,11,12b,13,14,14a,14b-tetradeca-
hydropicene-2-carboxylic acid), is a nutritious compound derived from
Tripterygium wilfordii Hook F isolates [1]. Celastrol can be used to treat
several immune system disorders and is neuroprotective. The
compound can be used as an anti-inflammatory for various causes of
inflammation, especially autoimmune disorders. Celastrol has a Log P
value of 5.63 and is a Biopharmaceutical Classification System (BCS) IV
(low solubility, low permeability) compound [2].

To overcome this problem, celastrol can be developed by using a
nanotechnology approach, which aims to increase this biological
compound’s solubility and permeability, One type of nanotechnology
is a nanoemulsion preparation. Nanoemulsions have particle sizes
between 100 and 500 nm [3, 4].

Previous research using a nanoemulsion preparation of celastrol
isopropyl myristate (IPM) to form the oil phase showed that it was
stable for the 3-month test period. In our current research, we have
used virgin coconut oil (VCO) to form the oil phase. VCO is a natural
oil originating from Indonesia [5, 6].

There are currently three methods of making nanoemulsion
formulations, titration, low energy, and high energy. Nanoemulsions
tend to be opaque (cloudy), whereas microemulsions tend to be
transparent. These types of preparations and their various formulations
can be distinguished by their particle size, structural shape, and degree
of stability [7]. This study aimed to compare celastrol nanoemulsions
prepared from two different oils: IPM and VCO.

MATERIALS AND METHODS
Materials

Standard celastrol was ordered from Sigma Aldrich. Celastrol
samples were also obtained from Xi'an Fengzu Biological

Technology Co., Ltd. (China). Isoprophyl myristate (IPM) was
purchased from Merck, and virgin coconut oil (VCO) purchased from
CV. Vicoma (Samani Island Cilacap-Central Java. Polysorbate 80
(Tween 80), propyleneglycol (PG), methylparaben, prophyl
paraben, ethanol 70%, triethanolamine, Sepigel® 305 from PT.
Brataco, Tbk. and aqua pro injections, were purchased from
Acetonitrile pro analysis, concentrated formic acid, and methanol
pro analysis were purchased from Merck.

Equipment

Glass beakers, measuring cups (Pyrex®), high-shear homogenizer
(HSH) (Ultra Turrax 1000 x T25 Digital disperser; IKA Works Inc.,
Wilmington, NC, USA), thermometer, sonicators, high-performance
liquid chromatograph (HPLC) (Shimadzu, Japan), digital scales,
Viscometers (Brookfield and Cole Parmer), pH meter, particle size
analyzer (Malvern®), and electric oven.

Method

The nanoemulsion bases prepared by using an Ultra Turrax
disperser HSH device at a speed of 25,000 rpm for 20 min followed
by sonication. Starting with the preformulation, we measured the
nanoemulsion areas and developed a ternary diagram by using the
Chemix 7.00 series program [8].

Chromatography conditions and instruments

Preliminary testing involved identifying the purity of the celastrol
standard and celastrol samples. By performing HPLC on a
Shimadzu® LC 20 AT HPLC instrument using a Sunfire™ C18 column
(5 um, 4. 6 x 250 mm), and a ultraviolet absorbance detector. at a
wavelength of 230 nm.

The HPLC mobile phase was HPLC-grade acetonitrile: 0.1% formic
acid in water at 85:15, injection volume of 20 pl, and flow rate of 1
ml/minute. The celastrol concentrations for the calibration curve
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ranged from 0.031 ppm (lowest concentration of the dose to be
developed into a nanoemulsion to 2.5 ppm.

Construction of a pseudo-ternary phase diagram

The nanoemulsion base was made by compiling the ratios of the VCO
and Smix oil phases. The Smix was a combination of surfactants and
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cosurfactants (Tween 80 and PG) from the smallest to the largest
proportions (1: 9 to 9:1), whereas the water phase was slowly
titrated while stirring using the HSH tool at high speed. (30,000 rpm
for 20 min). The results of the nanoemulsion preparations that were
made were observed and arranged into a ternary phase diagram by
using the Chemix 7.00 series program [9, 10].

Table 1: Oil phase ratio and smix

Ratio smix Smix 0il phase Water phase
1:9 45 5 X
2:8 40 10 X
3:7 35 15 X
4:6 30 20 X
5:5 25 25 X
6: 4 20 30 X
7:3 15 35 X
8:2 10 40 X
9:1 5 45 X
"X: Amount of water sought

Selection of the nanoemulsion base formulation Cycling test

After all of the basic formulas were made, particle size analysis was
performed on a Malvern® particle size analyzer. The particle size
results for all nanoemulsion base preparations were compared and
arranged into the Chemix 7.00 series program to determine which
formulas met the criteria for nanoemulsion preparations. The
nanoemulsion areas were plotted on the ternary diagram.

Preparation of nanoemulsions with celastrol

After determining the nanoemulsion base formulation that met the
criteria of a particle size<200 nm at D90, we added the active
pharmaceutical ingredient to the selected nanoemulsion base
formulation.

A 10.0 mg amount of celastrol was accurately weighed and placed in
a 10.0-ml Erlenmeyer flask, and then methanol was added to the
volume. A 500-pl aliquot was then pipetted into a glass beaker that
contained all of the formulation ingredients. In the selected
proportions. The formulation was homogeneated by using an Ultra
Turrax disperser at 15,000 rpm for 15 min.

Evaluation and characterization of base preparations
Organoleptic examination, pH

The preparations were then subjected to physical and visual
examinations to evaluate their form, color, odor, and pH.

Viscosity of preparations

The thickness of the nanoemulsion preparation was measured by
using a viscometer (Cole Parmer).

Entrapment efficiency (EE)

To test the recovery of celastrol from each of the nanoemulsions
formed, namely VCO and IPM, then in each tested formulation, we
accurately weighed 1 gram of the prepared nanoemulsion into a
centrifuge tube and then added 5 ml of methanol. The mixture was
filtered through a syringe filter and then analyzed by HPLC at a
wavelength of 230 nanometers (nm), a flow rate of 1 ml, and an
injection volume of 20 I, with a mixture of acetonitrile mobile phase
and 0.1% formic acid solution at a ratio of 85:15 on a Zorbax column.
C18 XDB The celastrol content of the two preparations was
calculated using the formula in the fig. 2.

AA concentration measured

Entrapment Efficiency (%) = 44 concentration in teoritical x 100

Nanoemulsion base formula morphology

In the morphological test stage, transmission electron microscopy
(TEM) was performed by dropping 0.2 pl of the nanoemulsion
sample onto a grid plate and adding 2% uranyl acetate dye, then
observing it under the TEM microscope.

The resistance cycle of the preparation over a time period and
temperature range that varied from 4 °C, 28 °C, and 40 °C for
approximately 12 consecutive days. At each organoleptic
examination, the pH and concentrations of the celastrol active
substances were measured. The base formula was selected
according to the nanoemulsion criteria.

From this screening stage, we selected the nanoemulsion preparation
that contained the highest standard celastrol concentration.

In vitro franz diffusion cells

The penetration ability of celastrol into the skin membrane above
the stomachs of Sprague-Dawley white rats weighing 200 to 250 g
was measured. The Franz diffusion cell test method was used on a
membrane area of 1.76 cm2. First, the mouse’s hair was cut with an
electric shaver, then the selected part of the skin over the stomach
was removed and stored in a freezer at 21 °C for 24 h for next-day
use. The next day, a penetration test was performed by placing the
skin on the Franz diffusion cell test kit in which the upper part of the
donor is the stratum corneum and the lower part is the acceptor of
the cell recipient. Inside the device was a liquid phosphate buffer
solution at a pH of 7.4. The solution was stirred at 100 rpm at 37
°C+0.5 °C. A 1-gram amount of celastrol nanoemulsion was weighed
and inserted into each donor compartment successively at time
intervals of 0, 2, 4, 6, 8, 10, 12, 20, and 24 h.

The sink condition must be considered in every step-by-step test
sampling. Approximately 1 ml of each sample was taken for HPLC
analysis at a wavelength of 230 nm. All in vitro procedures received
ethical approval to obtain male Sprague Dawley (SD) rat skin obtained
from Bogor Agricultural University (IPB), with ethical approval from the
Faculty of Medicine, the University of Indonesia (No.: KET-1067 /UN2.
F1/ETIK)./PPM.00.02/2019), at following the research guidelines
including all rats undergoing a standard acclimatization process for 2 w
before being given treatment including adequate feeding and drinking.

RESULTS AND DISCUSSION
Basis for selecting nanoemulsion constituent materials

The materials in the nanoemulsion preparation were selected to have
lipophilicities similar to those of the active celastrol. An example is the
selection of Tween 80 as the surfactant because of its medium-chain
triglyceride (MCT) group and its fairly stable characteristics, making it a
good component in the base for the colloid preparations. Similarly,
propyleneglycol was chosen as a co-surfactant to help accelerate the
formation of spherical nanoemulsion droplets [11].

Chromatography conditions and instruments

Celastrol was detected at a wavelength of 230 nm at 3.4 min in the
HPLC purity analysis of the celastrol standard and samples can be
seen in fig. 1 and 2. The analysis used a mobile phase mixture of
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The analysis was performed at six celastrol concentrations to

acetonitrile and 0.1% formic acid solution at a ratio of 85:15 and a
determine the linearity of the calibration curve.

C18 column, the flow rate of 1.0 ml, and an injection volume of 20 pl.

Curve Calibration of Celastrol
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Fig. 1: Celastrol peak in the HPLC calibration curve
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Fig. 3: Pre formulation of the base nanoemulsion after high-shear homogenization
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Nanoemulsion base preparation and characterization

The nanoemulsion base preformulation can be seen in fig. 3. process
was carried out without adding celastrol, with the aim of evaluating
the extent to which the nanoemulsion base formed with properties
close to the target nanoemulsion properties, which were an average
particle size<200 nanometers (nm), polydispersity index (PDI) from
0.1to 0.3, and a zeta potential range from -30 to+30 mV [12, 13].

Before obtaining the ideal nanoemulsion base, several steps were
carried out during the preformulation to determine which formulation
was best for delivering celastrol A series of numbers were compiled
from the components of the nanoemulsion base into a comparison
table to obtain an arrangement based on 1 to 9 parts and 9 to 1 parts
of each constituent component, including IPM or VCO as the oil phase
in this case, with the Tween 80 surfactant and propylene glycol and
distilled water as the water phase. These comparison values were
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placed into the ternary system in the form of an isosceles triangle
diagram so that the characteristics of each nanoemulsion base
preformulation could be more easily evaluated [14, 15].

The developed pseudo-ternary system shows the particle sizes of
the preformulations in relation to the nanoemulsion preparation
particle size requirements, ranging from 100 an 500 nm) [16].
Twelve nanoemulsion base preformulas, six each for IPM and VCO,
were evaluated. The 12 pre formulations were evaluated by
measuring the particle sizes on the Malvern particle size analyzer
After the measurements were performed, the next step was to
compile all of the preformulations into a pseudo-ternary diagram to
determine which formulas could form a nanoemulsion area based on
the particle size obtained (fig. 5) The mean particle size D90 of the
nanoemulsion base preformulation was 343 nm for IPM and 380 nm,
for VCO, which met the basic requirements of the desired
nanoemulsion base [17].

A Nanoemulsion Base In Isoprophyl Miristat

Smix

Water

> 100% Smix Phase

B Nanoemulsion Celastrol Ternary Area

Smix

> 100% Surfactant Phase (smix)

Fig. 4: Pseudo-ternary diagram of the nanoemulsion based preformulations using A. IPM and B. VCO oil phases

The pseudo-ternary diagram of the two oil phases shows the
different nanoemulsion areas formed in the preformulation base can
be seen fig. 4. For IPM, it can be seen that the areas that form a
nanoemulsion are in the oil ratio range of 5:45:50, whereas for VCO,
the areas that form a nanoemulsion are in the oil ratio range of
20:30:50. This data shows the differences and similarities of the
properties of the two oil phases of the nanoemulsion preparation
but that both form a stable, ideal nanoemulsion base. This could also

be because the IPM and VCO are from different sources [18]. IPM has
a synthetic MCT oil group, which tends to be more often used in
cosmetics. VCO is sourced from vegetable oil and is prone to
oxidation and reduction reactions which can affect the shelf life of
pharmaceutical preparations with VCO, so it is still necessary to
modify the formulation to produce a nanoemulsion base that is
resistant to environmental changes that might affect the stability
[19].

Table 2: Particle size results for the selected preformulations

No Surfactant with Co- 0il (VCO) 0il (IPM) 20 (VCO) SD (¥) 5 (IPM) SD (¥)
surfactant —Smix ratio 30 45
1 Z-Average (nm) 1 1 134.3 45,12 155.8 21,34
PDI 0.3 0,14 0.72 0,06
D90 (nm) 9 9 380 1040,20 276.4 40,10
Zeta (mV) -4.16 5,53 -41.3 0,24
2 Z-Average (nm) 2 2 113.3 12,91 151 16,77
PDI 0.4 0,07 0.23 0,06
D90 (nm) 8 8 335 633,10 208.4 15,57
Zeta (mV) -4.6 2,15 -34.6 2,29
3 Z-Average (nm) 3 3 70.81 0,20 186.23 3,12
PDI 0.1 0,03 0.2 0,07
D90 (nm) 7 7 120 3,46 117 1,00
Zeta (mV) -50.2 0,60 -45.5 1,10
4 Z-Average (nm) 4 4 115.3 47,94 230.1 15,36
PDI 0.3 0,26 0.39 0,06
D90 (nm) 6 6 354 2459,03 465.3 57,55
Zeta (mV) -4.33 6,08 -37.1 2,29
5 Z-Average (nm) 5 5 106.2 2,62 182.2 76,56
PDI 0.3 0,21 0.27 0,15
D90 (nm) 5 5 323 1591,74 200.2 68,82
Zeta (mV) -6.55 2,89 -28.3 66,33
6 Z-Average (nm) 6 6 138.7 179,23 169.7 73,84
PDI 0.2 0,06 0.25 0,17
D90 (nm) 4 4 336 585,61 216.8 432,81
Zeta (mV) -4.2 8,14 -25.4 4,03

Repetition three times analysis data, value is mean+SD (n = 3)
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After the celastrol nanoemulsion formulation was selected on the
basis of the preformulation, the characteristics of the celastrol
nanoemulsion preparations with each of the two oils were analyzed.
The results of these tests are presented in table 2 and fig. 5. It can be
seen that for the celastrol nanoemulsion with the VCO oil phase, the
average particle size is 70.81+0,20 nm, D90 of 120+3,46 nm, with a
PDI of 0.1+0,03 and a zeta potential of -50.2+0,60 mV. For the
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celastrol nanoemulsion using IPM as the oil phase, the average
particle size was 186.23+3, 12 nm, with a D90 of 117+1,0, PDI of
0.2+0,07, and a zeta potential of -45.541,10 mV. The other
formulations showed varying particle sizes with some prerequisite
characteristics for nanoemulsion preparations that did not meet the
appropriate criteria, so those formulations were not selected [20,
21].

Mame: 3 mg/ml 2 Name: NE 545502
Filename: nand elmulsi celastrol dits Filename: Nano Emulsi Basis IPM.dts
Operator: FPC Operator: PC
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Z-Avg (nm): T0.81 Size (d.nm): Z-Avg (nm): 185.7 Size (d.nm):
Pd Index: 0.100 Peak1: 7952 Pd Index: 0.263 Peak1: 2225
Pd (nm): 22.4 Peak 2: 0.000 Pd (nm): 95.3 Peak 2: 5088
%Pd: 31.7 Poak 1: 0.000 %Pd: 51.3 Poak 3: 0.000
Derived keps: 45007 3 Derived keps: 73253
Size Distribubon by Intensity Size Distribution by Intensity
BT """ e rmrm s rm s 15--------.-------........:
P P 7} GRIRLEE Y
212 'a E“12.-.--.-..:.. .
8 : ; B ol i
w 107 4 5 10T :
& L ;
= B ] z 81 ’ :
] L. Py AP
g ° g [
g = E
2+ { _. 2 : '!, JI
i} + - - - 0 i e
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Size (d.nm) Size (d.nm)
[ Record 104: 5 mg/mi 2| Record 11: Basis 5:45:50 2
Results Results
Mean (mv} Area (%) 5t Dev (mV) Mean (mV) Area (%) 5t Dev (mV)
Zeta Potential (mV): 502 Peak 1: 502 100.0 10.1 Zeta Potential (mV): 455 Peak 1: 455 1000 555
Zeta Deviation (mV): 10.1 Peak 2 000 00 0.00 Zeta Deviation (mV): 555 Peak 2: 0.00 0.0 0.00
Conductivity (mSemp:  0.0204 Poak 3. 0.00 0.0 0.00 Conductivity (mS/lcm): 0.0147 Peak 3: 000 oo 0.00
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Zea Potential Distribubion Zeta Polenial Destribution
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Fig. 5: Particle sizes and zeta potentials of the formulations with IPM and VCO as the oil phases

Organoleptic examination, pH

For the examination of nanoemulsion preparations from the two oil
phases, the physical appearance of the two preparations did not
show a striking difference in the white and slightly yellow color due
to the celastrol compound as the active pharmaceutical ingredient.

The odor did not show a rancid odor for 12 experimental cycles, and
the preparation was not sticky to the touch. However, the first pH
measurements were 7.6 for the nanoemulsions using IPM and 6.8
using VCO. Furthermore, the pH values of the two preparations were
different, and both tended to decrease in the pH range of 4.5 6.0 over
the 12-day daily testing can be seen fig. 6.
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Fig. 6: Variations in pH over 12 d, Repetition three times analysis data, value is mean+SD 1,40 (n = 3)

This pH behavior reportedly occurs because the components of the
two preparations were presented in a fresh state even though pure
celastrol had its own significant acidity, but when mixed with other
ingredients, there was an increase in the pH value closer to neutral.
However, the pH values of the two preparations tended to decrease
has become commonplace due to variations in temperature Mook et
al. found that when the oil phase in a colloid dosage form was mixed
with the water phase, CO2 gas would eventually form after storage at
high temperatures [22].

Viscosity of preparations

The viscosity of a pharmaceutical preparation is an indicator of the
product’s long-term (years) stability under storage conditions.
Therefore, the viscosity of colloid-based preparations must be
determined to see if preparations remain stable in their physical
form when in production or change from semi-solid to less viscous

or even to a liquid during storage different temperature conditions
[23].

From the measurement results, the viscosity value for the
nanoemulsion preparations with IPM was 20 cP and with VCO was
27.9 cP using spindles 4 and 5, which showed thixotropic plastic
flow for IPM and anti-thixotropic plastic for VCO. Fig. 7 shows that
the two preparations similar at the beginning of the measurement
due to the shear rate of the measuring device not starting from the
zero point where the shear stress works by cutting the Y-axis. The
IPM preparation showed anti-thixotropic plasticity because the
instantaneous energy when the preparation is shaken increases the
viscosity, which soon returns to its original form. Furthermore, for
VCO, it can be seen in the graph that the shape of the flow is
thixotropic plastic; when the nanoemulsion preparation is shaken it
will change to a dilute form, but only for a moment—when it is left
idle, the preparation will return to its original state [24].

The viscosity value of NE Celastrol is 5 pg/ gram with IPM
0,2500
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The viscosity value of NE Celastrol is 3 pg / gram with VCO
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10,0000 100,0000200,0000300,0000400,0000500,0000600,0000700,0000800,0000

Fig. 7: Graph of viscosity IPM and VCO in nanoemulsion

Based on the results obtained from the two oil phases, the IPM,
which is sourced from synthetic oil, shows relatively longer stability
than the stability of the nanoemulsion preparations containing VCO.
At a temperature of 40 ° C at week 7, a liquid was found in the
preparation, which indicated that celastrol NEG from VCO
experienced syneresis. This is supported by the zeta potential of
-10.1 mV for VCO and -22.5 mV for IPM, which are intended as
parameters indicative of the long-term stability during storage at
various temperatures and in different environments. This finding
indicates that every positive-or negative-charge shift in the globule
system of the colloid particle component shows rapid aggregation. If
the zeta potential test results of a nanoemulsion are close to zero
(0), the stability of the particles tends to be short for storage and
transportation of>3 mo for pharmaceutical preparations [25].

The IPM structure in fig. 8, does not contain medium and long
chains, whereas VCO tends to have medium chains up to C12, which
are physically and chemically disturbed by oxidation reactions due
to the influence of temperature and heat during the storage process.
Hydrolysis will accelerate the rancidity of VCO oil [26].

wppiimey O )C\H3 < i o
T T

CHy(CHo)11CH” 0" 'CH,

Fig. 8: Structures of IPM and VCO

‘Coconut Oil
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Entrapment efficiency (EE)

The absorption efficiency of celastrol in the nanoemulsion
preparations was tested by the direct method. The recovery test for
the celastrol compound from the two nanoemulsion dosage forms
gave IPM levels of 96.49% for IPM and 76.53% for VCO (fig. 9) [27].

Average percen (%) of Celastrol in
Nanoemulsion

“Fl1= 5pug/ml IPM = F2= Spg/ml VCO = =

%45 IM

Fig. 9: Entrapment efficiency of celastrol in nanoemulsions with
IPM and VCO, repetition three times analysis data, means (SD)
F1%2,72 (IPM), F2+1,19 (VCO)

Nanoemulsion base formula morphology

In every development of colloid-based dosage formulations,
especially nanoemulsions, morphological characterization of the
droplets, including particle size, must be performed. High
magnification is needed so that the particles can be seen clearly to
determine if they are in accordance with the research objectives and
match the results of previous particle size examinations.

The nanoemulsion preparation being developed is required to have
the ideal morphological structure, including an intact or spherical
shape of the nanodroplet. This is intended to support and ensure
that the nanoemulsion preparation developed meets the size
requirements in the range of 10-500 nm and match the existing
particle size results. Producing a good morphological nanoemulsion
form is very helpful. The preparation must be properly absorbed or
penetrated into the body depending on the route the preparation is
intended for. Therefore, characterization of nanoemulsion
preparation formulations helps in selecting and sorting the
constituent components of the nanoemulsion formulations
Morphology can greatly affect the stability and continuity, and the
shape of the particles in preparation is closely related to particle size
and other parameters [28].

In this study, we found that the shape of the morphological of the two
IPM and VCO nanoemulsion preparations were quite different visually,
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as shown in fig. 10. For the IPM, preparation, the nanodroplets
depicted are slightly spherical and not uniform in overall particle size.
This finding is thought to be due to a change in the physical structure
of the components of the IPM and VCO nanoemulsion preparations, for
which the oils have different sources in addition to their chemical
properties, which can be influenced by pressure and temperature
changes during nanoemulsion manufacturing [29, 30].

The shape of the IPM nanoemulsion droplets does not appear to be
completely uniform in particle size, but it is sufficient to see the
nanodroplet shape, which is close to spherical. This non-uniformity
can be caused by the energy imparted during the manufacturing
process. In this case, we suspected that the manufacturing had not
followed the process rules, specifically, the first 5 min of
homogenizing the mixture, the second 5 min in which large globules
are reduced to small droplet globules, and the last 5 min in which
the particle size of the previous droplets is reduced [31]. This
method is considered to be very effective and efficient in obtaining
nanoemulsion nanodroplets of the desired size. However, the
droplet morphology of the nanoemulsion with VCO appeared to be
good enough to form spherical droplet sizes. This finding proves that
the method for making formulations has appropriate procedures
and is capable of producing sizes and shapes that meet the
requirements of the preparation [32, 33].

Fig. 10: TEM images showing the morphologies of the two
celastrol nanoemulsions (A) IPM and (B) VCO

In vitro release study

The in vitro profiles of Franz diffusion cells showed moderately good
penetration rates for the IPM and VCO nanoemulsions. The results of the
analysis show that the IPM nanoemulsion was slightly superior to the
VCO nanoemulsion (fig. 11). At 20 and 24 h, the penetrated celastrol
levels were 2.4 pg/ml/gram and 2.5 pg/ml/gram, respectively, for IPM
and 2.0 pg/ml/gram and 2.4 pg/ml/gram, respectively, for VCO. Both
nanoemulsions show fairly good ability to penetrate is zero order, so it is
hoped that the levels of the active pharmaceutical ingredients will also
be higher and maintained according to the desired therapeutic level.
Thus, the nanoemulsion formulation for the delivery of celastrol is
recommended for further research.

Amount of drug penetrated (ug/cm2)

Chart franz difussion cellsnanoemulgel celastrol (ug/em2)
IPM and VCO

Time (h)

—o—F1IPM
F2VCO

Fig. 11: In vitro profiles of Franz diffusion cells for the IPM and VCO nanoemulsions with celastrol, values are mean+SD, n=3, P
0,0064<0.05

273



N. A. Abdullah et al.

CONCLUSION

This study shows that celastrol can be developed into colloidal
preparations in nanoemulsions made from two oils: IPM and VCO,
with an average droplet size 0f<200 nm by using Ultra Turrax HSH
high energy homogenization without having to use a homogenizer
High pressure (HPH).
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