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ABSTRACT

Tamoenju (Hibiscus surattensis L.) is a natural ingredient with antioxidant activity and potential
applications in complementary therapy for diabetes mellitus and associated complications.
Herbonanoceutical preparations in the form of self-nano-emulsifying drug delivery system
(SNEDDS) are well-known for increasing solubility and optimizing pharmacological activity.
Therefore, this study is aimed at evaluating the herbonanoceutical formulations of tamoenju leaf
extract for its physicochemical characteristics, and stability. Tamoenju leaves were extracted by
maceration in 96% ethanol. The extract was subjected to solubility test in oil, surfactant, and
cosurfactant. Herbonanoceutical formulations of tamoenju leaf extract (SNASET) were prepared
using eight different formulae (F1 — F8) containing different concentrations of oils, surfactants,
and cosurfactants. Oil:surfactant+cosurfactant ratio 1:9 was used in all the formulae. The
formulations were analysed for their physicochemical characteristics and stability. The parameters
Copyright: © 2025 Susanto et al. This is an open-  evaluated include; transmittance, dispersibility, particle size, zeta potential, polydispersity index,
access article distriouted under the terms of the PH, viscosity, robustness, and thermodynamic stability. The results showed that three of the
Creative Commons Attribution License, which  formulae; F1 (tween 80:propylene glycol, 2:1), F2 (tween 80:propylene glycol, 3:1), and F7
permits unrestricted use, distribution, and reproduction ~ (Cremophor RH:PEG 400, 1:1) produced the most optimal formulations based on the
in any medium, provided the original author and  physicochemical characteristics and stability. F1, F2, and F7 had the following values for particle
source are credited. size (32.22 nm, 8.49 nm, 19.33 nm), transmittance (99.95-99.98%), polydispersibility index
(0.1550, 0.1051, 0.1630), pH (5.11, 7.97, 5.46), viscosity (372 cP, 440 cP, 1116 cP), respectively.
The three formulations met grade A criteria for dispersibility, and were thermodynamically stable.
The study has successfully formulated tamoenju leaves extract into herbonanoceutical
formulations that may find potential application as natural health products.
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In this context, the system has the ability to enhance patient compliance
during drug administration and mask the unpleasant taste associated
with the use of lipid carrier formulae.®° According to previous studies,

Introduction

Tamoenju (Hibiscus surattensis L.) leaves extract is a local

wisdom in Central Sulawesi with significant antidiabetic potential.2
Several studies have shown that the plant contains alkaloids, flavonoids,
tannins, quinones, and triterpenoids, which are responsible for the
bioactivities of the plant. Compounds identified in tamoenju include 6-
hydroxy kaempferol-3-O-glucoside, buddlenoid A, kaempferol, morin,
and trifolin.® Each of these compounds has been found to possess
antioxidant and antidiabetic effects.*® Despite its therapeutic potentials,
direct oral administration of tamoenju leaf extract is not considered
acceptable by the local community due to its discomforting effect on
the gastrointestinal tract, which suggest the need for a more acceptable
method of administration. Tamoenju leaf extract has low solubility and
poor bioavailability due to the aglycone component of its flavonoid
compounds. To address these challenges, several studies have
recommended the use of drug delivery systems, such as self-
nanoemulsifying drug delivery system (SNEDDS).
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SNEDDS is composed of an isotropic mixture of oil, surfactant,
cosurfactant, and drug, which spontaneously forms nanoemulsions
shortly after mixing with water. The advantage of this preparation
include the ability to form nanoemulsions spontaneously in the
gastrointestinal tract, with the size of the droplets produced being in the
nanometer range.'®!! SNEDDS represents a modern dosage form that
can increase the solubility and bioavailability of drugs. The system is
expected to provide the same pharmacological effect as non-SNEDDS
preparations, even at lower doses. The main components of SNEDDS
include; 1) oil as a drug carrier, 2) surfactant responsible for
emulsifying the oil into water and maintaining interfacial stability, and
3) cosurfactant for improving drug incorporation or facilitating
nanoemulsification.’? The oil component aids in dissolving water-
insoluble drugs, enhances dissolution in the intestine, and promotes
entry into the lymphatic system. Drug transport through this system
bypasses first-pass metabolism, thereby increasing bioavailability.
SNEDDS can also improve the physical and chemical stability of
preparations on long-term storage.'* The characteristics of the final
products obtained are affected by various factors, including oil-
surfactant ratio, polarity, emulsion droplet charge, oil phase type and
concentration, cosurfactant, pH, emulsification temperature, and
physicochemical properties.*

Arising from previous research findings, tamoenju leaves have various
medicinal properties that hold promise for its development into useful
health products. Despite its potentials, there is limited information on
the application of tamoenju leaves in herbonanoceutical formulations.
Therefore, this study aim to evaluate herbonanoceutical preparations of
tamoenju leaves extract in the form of SNEDDS by assessing its
physicochemical characteristics, and stability. The primary objective is
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to obtain optimal formulae with the best ratio of oil, surfactant, and
cosurfactant, for self-nanoemulsifying formulation with good
physicochemical characteristics and stability. The findings from the
study are expected to serve as a foundation for the development of
tamoenju leaves into a more effective and safer herbonanoceutical
formulation, and this will make a significant contribution to the field of
herbal medicine through the use of nanotechnology.

Materials and Methods

Chemicals and equipment

The chemicals used include olive oil, virgin coconut oil (VCO),
propylene glycol, Tween 20, Tween 80, and polyethylene glycol (PEG)
400 (Brataco, Indonesia). Others included Cremophor RH 40 (BASF,
Indonesia), ethanol 96% pa (Merck), distilled water (Waterone), HCI,
and phosphate buffer pH 8 (Sigma Aldrich). The following instruments
were used; electronic balance (OHAUS Analytical Balance EX423G),
pH meter (Horiba LAQUA PH1100-S), Brookfield Ametek viscometer,
PSA (particle size analyzer) (Horiba Scientific, nanoparticle analyzer
SZ-100), magnetic stirrer, UV-Vis spectrophotometer (Cecil CE7410),
rotary evaporator (Buchi R-300), waterbath (Memmert WNB 14),
sonicator (Qsonica), blender (Miyako), oven (Memmert Oven), and
zeta sizer (Horiba Scientific SZ-100).

Plant collection and identification

Tamoenju leaves were collected from Alindau village, Sindue Tobata
District, Donggala Regency, Central Sulawesi Province (GPS
coordinates: -0.33586, 119.77302) in January 2023. The plant material
was identified by a taxonomist (Mr. Moh. Igbal) at the Plant
Biosystematics Laboratory, Department of Biology, Faculty of
Mathematics and Natural Sciences, Tadulako University, Central
Sulawesi, Indonesia. Herbarium specimen with voucher number
031/UN28.1.28/B10/2023 was deposited.

Plant extraction

A total of 1750 g of dried tamoenju leaf powder was macerated in 96%
ethanol at a 1.5 ratio of plant material:solvent for five days, with daily
stirring for about 15 min. The resulting extract was concentrated using
a rotary evaporator, followed by drying on a water bath at 50°C.

Solubility test of tamoenju leaf extract

Tamoenju leaf ethanol extract (100 mg) was dissolved separately in 10
mL each of olive oil, VCO, tween 80, tween 20, Cremophor RH, PEG
400, and propylene glycol. The mixture was heated on a water bath at
40°C for 10 min. To facilitate the dissolution process, the mixture was
sonicated for 15 min.*® The resulting formulation of tamoenju leaf
extract was regarded as SNASET.

Optimization of tamoenju leaf extract herbonanoceutical formulae
(SNASET)

Mixtures of the oil, surfactant, and cosurfactant at different ratios were
made up to a final volume of 5 mL in a vial. Each of the mixtures was
homogenized using a magnetic stirrer for 30 min, then sonicated for 16
min, followed by heating on a water bath at 45°C for 10 min. The
mixture was allowed to settle for 24 h at room temperature to examine
its homogeneity.'® The most optimal formulae (clear and homogeneous)
were selected to be reformulated with 100 mg tamoenju leaf extract.

Preparation of SNASET herbonanoceutical

Approximately 100 mg tamoenju leaf extract was added to 100 mL oil,
surfactant, and cosurfactant mixture, homogenized with a magnetic
stirrer for 30 min, and then ultrasonicated at 40% amplitude for 20 min.

Physicochemical analysis of SNASET herbonanoceutical preparation
Determination of transmittance

A total of 100 pL herbonanoceutical formula was diluted to 100 mL
using distilled water. The percentage transmittance was measured at a
wavelength of 650 nm using a UV-Vis spectrophotometer. Distilled
water was used as blank.!
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Determination of particle size, polydispersity index, and zeta potential
The particle size, polydispersity index, and zeta potential were
determined using a Particle Size Analyzer (PSA) (Beckman Coulter LS
13 320). A total of 100 pL SNASET formula was dissolved in 100 mL
distilled water and subsequently analyzed with a PSA device.®

pH test
The pH of the preparation was determined using a pH meter, which was
initially calibrated with standard buffer solutions of pH 4 and 7.°

Viscosity test

Viscosity measurements were done using a Brookfield viscometer. A
total of 14 mL test sample preparation was poured into the cup and
placed on the solvent trap, while the viscometer was set at 100 rpm.?°

Dispersibility test

The dispersibility test was conducted using a type Il dissolution test Kit.
The formula (1 mL) was added into 500 mL distilled water in a
dissolution flask and stirred at 50 rpm at a temperature of 37 + 0.5°C.
Visual observations were performed according to the degree of
emulsification. The level of dispersibility was determined according to
the guidelines presented in Table 1. For acceptability, the preparation
must meet the criteria for grade A or B.%

Table 1: Dispersibility test grade

Grade Description

A The system formed nanoemulsion quickly (<1 min) with a
clear appearance

B The system formed nanoemulsion rapidly (<1 min) with a
dull appearance

C Milky white emulsion formed in < 2 minutes

D Non-clear grayish-white emulsion with a slightly oily
appearance and slow-to-form nanoemulsion (> 2 min)

E Slightly emulsified and visible large oil globules on the

surface

Test for robustness

Approximately 1 mL of each SNASET formula was mixed with 100
mL distilled water, 0.1 N HCI, and phosphate buffer pH 6.8. The
mixture was stirred with a magnetic stirrer at 100 rpm at 37°C. The
solution was stored at room temperature for 24 h and visually observed
for any signs of phase separation.?

Thermodynamic stability test

The thermodynamic stability test was conducted in three stages,
namely; centrifugation, heating-cooling, and freeze-thaw cycle. The
centrifugation test was carried out at 4000 rpm for 30 min. All the
formulae were visually observed for the presence or absence of phase
separation and precipitation. Subsequently, qualified SNASET
preparations were subjected to heating-cooling and freeze-thaw cycle
tests. The heating-cooling test was performed for 3 cycles between
refrigerator temperatures of 4°C and 45°C with not less than 48 h at each
storage temperature. The selected formulae were observed for the
presence or absence of cracking, creaming, phase separation,
coalescence, or phase inversion. The freeze-thaw cycle test was
performed by storing the preparation at -21°C and 25°C with not less
than 48 h storage at each temperature for 3 cycles. The preparation was
observed for the presence or absence of phase separation or
precipitation.?

Statistical analysis

All experiments were done in triplicates, and data were presented as
mean + standard deviation (SD).
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Results and Discussion

Extract yield

The extraction of tamoenju leaves by maceration in ethanol at room
temperature yielded 382.94 g of dry ethanol extract, corresponding to a
percentage yield of 21.88%.

Optimization outcome of tamoenju leaf extract herbonanoceutical
formulae (SNASET)

Solubility test was conducted to determine the proportion of oil,
surfactant, and cosurfactant that can optimally dissolve tamoenju leaf
extract. The selection of a suitable carrier in the formulae was important
to prevent drug precipitation in the intestinal lumen.?*?® Surfactant and
cosurfactant in nanoemulsion systems work in synergy to form a good
and flexible interfacial system, which reduces the surface tension to
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near zero, thereby supporting the formation of stable nano-sized
globules.?s According to the optimization results as presented in Table
2, the composition of surfactant:cosurfactant; Tween 80:propylene
glycol, and tween 20:propylene glycol at ratios 1:1, 2:1, and 3:1, and
surfactant:cosurfactant; Cremophor RH:PEG 400 at ratios 1:1 and 3:1,
exhibited good mixing with VCO compared to olive oil. A more
balanced surfactant-cosurfactant composition ratio of 1:1 and 2:1,
tended to produce a more homogeneous mixture compared to an
unbalanced ratio of 3:1, 2:3, and 1:2. This indicated the importance of
maintaining a balance between surfactants and cosurfactants to achieve
good emulsion stability. The effective combination of surfactants and
cosurfactants could vary depending on the type of oil used.?”2

Table 2: Virgin coconut oil (VCO) oil and olive oil with surfactant and cosurfactant formulae

Surfactant: VCO

Olive oil

cosurfactant

composition ratio

Results of oil: surfactant- cosurfactant composition ratio (1:9)

T80:PG T20:PG Cremophor T80:PG T20:PG Cremophor
RH: PEG 400 RH: PEG 400
11 v v X X X
2:1 v X X X
31 v v X X X
3:2 X X X X X X
2:3 X X X X X X
1:3 X X X X X X
1:2 X X X X X X

v" =homogeneous
X = separation (within 24 hours)

VCO = Virgin coconut oil, T80 = Tween 80, T20 = Tween 20, PG = Propylene glycol, PEG = Polyethylene glycol.

Physicochemical characteristics of SNASET herbonanoceutical
preparation

The study optimized eight herbonanoceutical formulae (Table 3), which
were tested for their physicochemical characteristics and stability.

Surfactants were used to reduce the surface tension between two

immiscible phases such as oil and water, helping in the formation of
emulsions, while, cosurfactants were used to increase the stability of the
resulting emulsion by complementing the effect of surfactants in
reducing surface tension.

Table 3: Herbonanoceutical formulae of tamoenju leaf extract (SNASET)

Formula  Extract VCO: Surfactant  Surfactant Surfactant Cosurfactant Cosurfactant
Surfactant+ (Tween (Tween (Cremophor (Propyleneglycol) (PEG 400)
cosurfactant 80) 20) RH)

F1 100 mg 1:9 2 - - 1 -
F2 100 mg 1:9 3 - - 1 -
F3 100 mg 1:9 3 - - 2 -
F4 100 mg 1:9 - 2 - 1 -
F5 100 mg 1:9 - 3 - 1 -
F6 100 mg 1:9 - 3 - 2 -
F7 100 mg 1:9 - - 1 - 1
F8 100 mg 1:9 - - 3 - 1
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Figure 1: Particle size distribution of herbonanoceutical formulation of tamoenju leaf extract (SNASET) (A) Formula F1; (B) Formula
F2; (C) Formula F3; (D) Formula F4; (E) Formula F5; (F) Formula F6; (G) Formula F7 (H) Formula F8

The percentage transmittance, particle size, polydispersibility index,
zeta potential, pH, and viscosity of the preparation are presented in
Table 4. All the formulae had a transmittance value of more than 95%.
This showed that the formulae could produce a perfectly dispersed
emulsion with particle size in the nanometer range (<100 nm), with a
transparent and clear appearance. Consequently, it can be inferred that
the emulsion droplets formed exhibited the potential to form a
nanoemulsion. High-quality nanoemulsion formulae should have a
clear appearance with a transmittance range of 90 to 100%.%%% In this
study, the particle size of the nanoemulsion formed ranged from 4.49 to
32.22 nm. The particle size distribution of the herbonanoceutical
formulation of tamoenju leaf extract can be seen in Figure 1. An

emulsion system with a droplet size ranging between 20 - 500 nm
belong to the nanoemulsion category.3* A small globule size could
increase the surface area, leading to faster absorption, and increased
bioavailability.%

The polydispersity index of a nanoemulsion system describes the
homogeneity and size distribution of the globules.®® The polydispersity
index of SNASET obtained was less than 0.5 on the average, which
indicated a homogeneous size distribution. Zeta potential served as an
indicator of herbonanoceutical stability because differences in the
charge between particles affect the repulsive force. A preparation is
considered stable when the zeta potential exceeds £25 mV.
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Table 4: Physicochemical characteristics of herbonanoceutical formulations of tamoenju leaf extract (SNASET)

Formula Transmittance Particle Size Polydispersity Average pH £ Average Zeta potential
(%) (nm) Index SD viscosity
(cP)+SD
F1 99.95 32.22 0.1550 5.11£0.01 3712+1 -30.15+0.35
F2 99.98 8.49 0.1051 7.97 £0.01 440+ 3 -27.25+0.35
F3 99.93 9.38 0.1689 8.01£0.12 306+6 -32.20 £ 0.28
F4 99.98 8.73 0.1561 6.76 £ 0.01 190+9 -28.50 +0.42
F5 99.31 4.49 0.2792 6.24 £0.01 235+2 -23.95 +0.64
F6 99.20 9.60 0.1611 6.17 £ 0.05 208+ 3 -25.60 +0.42
F7 99.98 19.33 0.1630 5.46 £ 0.01 1116+ 6 -24.05 +0.64
F8 99.93 9.68 0.1156 7.06 £ 0.02 1758+ 6 -29.2+£0.57

High zeta potential of more than 25 mV or less than -25 mV indicate a
stable preparation that could resist the agglomeration of particles caused
by repulsive forces.®* The zeta potential test results showed that
formulae F1, F2, F3, F4, F6, and F8 met the requirements, while F5 and
F7 did not.

Based on the test results presented in Table 4, all SNASET
herbonanoceutical formulae had normal pH levels for oral use.®® The
pH measurement was aimed at determining whether the pH of the
system is within the acceptable range for oral administration. In this
study, the viscosity of the SNASET preparations was in the range of
190-1758 cP, although, nanoemulsion preparations should not be
viscous. High viscosity could inhibit drug release from the preparation.
Highly viscous preparation results in the entrapment of active substance

in the carrier, inhibiting it release, and ultimately decreasing the desired
therapeutic effect.

The dispersibility test was conducted to determine the process and time
required for nanoemulsion formation in-vitro by visually observing
some set criteria in a grading system (Table 1).%6 All formulae met the
grade A criteria for the dispersibility test, indicating that SNASET
preparation formed a clear, transparent nanoemulsion system, without
phase separation. This implies that the SNEDDS is suitable for oral
administration. While in the GIT, the nanoemulsion system presents as
an emulsified globules without any phase separation. The absence of
phase separation or turbidity is a positive indicator, suggesting that the
nanoemulsion is stable, and the oil droplets are effectively covered by
surfactant and cosurfactant. Based on the emulsification time, visual
appearance, and transmittance of the nanoemulsion, formulae F1, F2,
F7, and F8 were categorized as grade A (Table 5).

Table 5: Dispersibility, robustness, and thermodynamic stability of SNASET

Evaluation
Dispersibility Robustness Thermodynamics
Formula Emulsification Phosphate Heating Freeze-
time Appearance Grade  Agquadest HCIO0.1N Bufgeg pH Centrifugation cooling thaw
F1 5997 Clear A Clear, Clear, Clear, stable Stable Stable Stable
stable stable
2 30917 Clear A Clear, Clear, Clear, stable Stable Stable Stable
stable stable
Milky Milky . .
F3 1© 4% Milky white c white, white, M”sl,(t);g\llglte‘ Stable Stable Stable
stable stable
F4 1’ 6” Grayish white C Separation  Separation Separation Separation Separation Separation
F5 1’377 Grayish white C Separation  Separation Separation Separation Separation Separation
F6 1’17 Milky white C Separation  Separation Separation Separation Separation Separation
F7 28.45” Clear A Clear, Clear, Clear, stable Stable Stable Stable
stable stable
» Clear, Clear,
F8 37 Clear A stable stable Clear, stable Stable Stable Stable

The emulsification time was measured to estimate the efficiency of
spontaneous emulsification. SNEDDS must be completely dispersed
rapidly when mixed in aqueous media with minimal stirring.

The robustness test was conducted to determine the ability of SNASET
to form a stable system at the different pH values within the
gastrointestinal tract. Formulae F1, F2, F7, and F8 were effectively
dispersed in distilled water, 0.1 N HCI (gastric condition), and
phosphate-buffered saline pH 6.8 (small intestinal condition). The
indicate that formulae F1, F2, F7, and F8 would be stable in acidic and
alkaline pH as well as in the presence of electrolytes in the
gastrointestinal tract. This stability may be attributed to the surfactant
and cosurfactant used. "%

Thermodynamic stability of SNASET herbonanoceutical preparation

The thermodynamic test was primarily aimed at determining the
stability of SNASET preparations. The results indicated that F1, F2, F3,
F7, and F8 had good thermodynamic stability. A centrifugation test was
conducted to determine the resistance of the preparations to gravity. The
small globule size of the preparations minimized the impact of
gravitational force and Brownian motion on the particles, preventing
creaming and sedimentation.®® This test was also conducted to
determine the effect of shock on the physical appearance during product
transportation. Other tests, such as the heating, cooling and freeze-thaw
tests, were carried out to assess the resistance of SNASET to separation
and precipitation due to temperature changes.*’ The results showed no
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phase separation under extreme storage conditions for F1, F2, F3, F7,
and F8. Formulae F1, F2, and F8 showed a clear appearance and
varying, but satisfactory emulsification time. Based on the
thermodynamic tests (centrifugation, heating/cooling, and freeze/thaw)
F1, F2, and F8 maintained good stability, whereas, on the basis of the
physicochemical characteristics and stability evaluation, three
SNASET formulae (F1, F2, and F7) displayed good physicochemical
characteristics and physical stability.

Conclusion

The findings from the study showed that VCO oil carrier, tween 20,
tween 80, Cremophor RH, propylene glycol, and PEG 400 affected the
physicochemical features and stability of SNASET herbonanoceutical
preparations. Tamoenju leaves extract was made into SNASET
herbonanoceutical preparations using eight different formulae. Three
(3) of the formulae (F1, F2, and F7 met the requirements for the various
physicochemical characteristics including percentage transmittance,
particle size, polydispersity index, zeta potential, pH, viscosity,
dispersibility, and robustness. In addition, homogeneous and stable
SNASET formulations were produced, characterized by the absence of
phase separation and precipitation. This study could significantly
contribute to the advancement of herbonanoceutical science and its
practical applications. These formulations could be commercialized,
providing a new class of natural health products that combined the
benefits of traditional herbal medicine with modern nanotechnology.
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