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formulation development targeting anti-aging purposes. However, due to its hydrophilicity,
it faced the main hurdle, namely the permeation of the potential antioxidant compounds.
Nanoemulsion formulation offers the permeation improvement of water-soluble compounds
Therefore, this work purposed to formulate and develop the nanoemulsion formulation

Keywords: containing tea leaf extract incorporated into a peel-off mask formulation and an ex-vivo

-Antioxidant transport study.

-Ex-vivo transport Methods: The nanoemulsion formulation was developed according to self-nano emulsification.

-Nanoemulsion The optimization process was performed using a design of experiment to define optimized for-

-Tea leaves extracts mulation based on quality target product profiles. Dried green tea leaf extract (DGTE) was ob-
tained by lyophilizing the boiled water-based extract. Antioxidant and phenolic content assays
were also evaluated. The optimized formulation was incorporated into a hydrogel-based peel-off
mask formulation. Permeated polyphenol through a rat skin membrane was carried out along
with deposited polyphenols in the skin membrane.

Results: The results indicated that DGTE had powerful antioxidants with IC, less than 15 mg/
mL. The optimized nanoemulsion comprised 21.62% virgin coconut oil, 48.38% Tween 80,
and 30% PEG 400, producing a droplet size of less than 50 nm. The peel-off formulation was
successfully formulated along with PVA 10-11% and HPMC 0.25-1% with a drying time of around
30 min. The nanoemulgel peel-oft mask formulation played significant roles in enhancing the
permeation and deposition in the percutaneous transport using rat skin membrane for roughly
200% and 50%, respectively.

Conclusion: The nanoemulsion incorporated into a hydrogel-based peel-off mask enhanced the
permeation of DGTE polyphenol compounds.

Introduction

Skin aging is one of the most problematic issues that
requires particular consideration.! Several factors have been
identified, for example, ultraviolet (UV) from sunlight,
high temperature, lifestyle, pollution, and genetics, which
induce skin aging.* Particularly in tropical urban cities,
high intensity of sunlight will exacerbate this issue.’*
Furthermore, the UV generates free radicals and promotes
reactive oxygen species (ROS) production. Our body can
neutralize ROS through endogen antioxidants. However,
an excessive amount of ROS increases the oxidative
stress level; hence, it degrades collagen and reduces its

production. This phenomenon is the leading cause of skin
aging.'? Therefore, the skin requires potent antioxidant
compounds that could break up that phenomenon.
Antioxidant compounds, for instance, polyphenol
bioactive compounds in tea leaves, have potent activity
for radical scavenging.>® They can inhibit ROS formation
and maintain collagen and its production. Not only
polyphenols but also flavonoids are considered to have the
powerful capability for avoiding the formation of ROS.” Tea
leaves contain polyphenols and catechin derivates, namely
catechin, epigallocatechin gallate, gallocatechin, and
epicatechin, which play a fundamental role in antioxidant
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properties. In addition, they also contain flavonoid
compounds such as quercetin glycoside and flavanols
derivates.® The remarkable antioxidant is proven in-vitro,
but it generally lacks activity when applied percutaneously.®
Due to their size and hydrophilicity, they have challenges
permeating the skin and reaching the collagen tissue. A
sizeable molecular size is not easy to transport; meanwhile,
the abundance of hydroxyl groups promotes a hurdle,
i.e, pass through the skin membrane, particularly the
stratum corneum, the hydrophobic first barrier in
percutaneous transport.>!® As a result, the remarkable
antioxidant compounds probably lack their potent activity
in the targeted site. Hence, the appropriate formulation is
required to enhance the permeation properties.!

Lipid-based formulation (LBF) was preferable for
enhancing permeation, particularly percutaneous delivery.
It helps the hydrophilic moieties to pass through the
biological membrane and hinders the main obstacles in
the transport system.'>"> Among LBFs, nanoemulsion has
feasibility and reliability for enhancing the permeation
properties due to scale-up ability and manufacturability.
Self and spontaneous emulsification processes are the
advantages feature of nanoemulsion formulation.'*" It can
produce nanodroplets by a self-emulsification mechanism;
thus, it requires low energy to obtain nano-sized oily
droplets.'® The polyphenol compounds can be incorporated
into the oily droplet. It provides better protection against
environmental or oxidative agents."'® Self-nanoemulsion
comprises oil, surfactant, and co-surfactant in an isotropic
form that can produce nanodroplets spontaneously
during dilution with a medium. Each component has
responsibilities to achieve an optimized formulation.
Oil is a droplet core; the antioxidant compounds will be
entrapped in the core. Surfactant governs the droplet size;
co-surfactant helps the surfactant to stabilize the droplet
and enhance the solubility in the oil phase.'”" Several
research reported that nanoemulsion could increase
antioxidant activity due to increasing the antioxidant
compound in the target site.

An excellent delivery system is meaningless without
a suitable device. Therefore, the potent antioxidant
compounds incorporated into a nanoemulsion system
should be in the appropriate formulation. In addition, the
transport mechanism, particularly percutaneous, requires
more contact time.”” Moreover, the face is the weakest
part of our body and has a high prevalence of skin aging
due to less protection.” Peel-off mask formulation was
selected in this study as a device model for delivering the
antioxidant compounds in tea leaves extract. It is also
beneficial due to prolonged use, and the formulation can
increase skin moisture.” However, the polymer system
affects the formulation performance. Polyvinyl alcohol
(PVA) plays a fundamental role in drying properties;
however, a plasticizer or elastic polymer should be added
to enhance the formulation’ elasticity.® This formulation’s
main quality target product profiles are the peel feature
and the transport of antioxidant compounds. To the best

of our knowledge study, there was no report regarding the
formulation of nanoemulsion containing tea leave extract
incorporated into a peel-off mask formulation. Hence,
this work was purposed to formulate and develop the
nanoemulsion formulation of tea leaf extract incorporated
into peel-off mask formulation and ex-vivo transport study.

Methods

Material

Green tea (Camellia sinensis L.) leaf was obtained from
Kemuning (Karanganyar, Indonesia) and identified in
the Department of Biology, Universitas Sebelas Maret.
Tween 80 and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were
obtained from Sigma Aldrich (St. Louis, MO). Polyvinyl
alcohol (PVA) and polyethylene glycol 400 were purchased
from Merck (Darmstadt, Germany). Propylene glycol
(Dow Chemical Pacific, Singapore) and phenoxy ethanol
(Galaxy Surfactant, India) were purchased from a local
supplier. HPMC (4000 cps; 1% w/v) was obtained from
Colorcon (West Point, PA). All other reagents were in
analytical grade.

Dried leaves green tea extract preparation

The green tea leaves were dried in an oven at 60 °C until a
predetermined loss on the drying level was achieved. The
dried green tea was passed through a 60-mesh sieve. The
extraction was carried out by brewing with boiled water.
A 100 g of dried green tea was added to 1000 mL boiled
water (95 °C) for 10 min. After that, it was filtered to
separate the extract. Furthermore, it was lyophilized at -60
°C for two days until the dried green tea extract (DGTE)
was obtained. The extract was stored in a desiccator until
turther evaluation.

Antioxidant assay of DGTE

In-vitro antioxidant activity was carried out to evaluate the
antioxidant properties of DGTE using a DPPH assay. A part
of 0.4 mM DPPH was added to a part of the sample solution
and three parts of methanol. The mixture was incubated
for 30 min, followed by scanning at 517 nm. The control
solution was performed without containing a sample/
standard concentration. Trolox was applied as the standard
for antioxidant evaluation. The percentage between the gap
of control and sample response and control response was
calculated as an inhibition. The antioxidant activity was
interpreted as the Trolox equivalent. The modeling-based
approach using non-linear regression analysis was applied
to estimate the concentration along with 50% inhibition
(IC,,) using GraphPad Prism 8.0 software (San Diego, CA).

Total flavonoid content assay of DGTE

The total flavonoid content of DGTE was also evaluated
according to Patle et al** with modification.A 2.0 mL
sample was mixed with 0.1 mL AICI, and 0.1 mL sodium
acetate 1 M, followed by dilution with 2.8 mL of water. The
mixture was incubated in the ambient condition (25+1 °C;
RH 50+5%) for 30 min. The absorbance of the sample was
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recorded at 439 nm using a Genesys-10 spectrophotometer.
Quercetin was applied to quantify the total flavonoid
content in the DGTE as a standard.

Preparation of nanoemulsion

Self-assembly nanoemulsion was applied in this work
and formed by spontaneous formation during dilution.
Nanoemulsion preparation consisted of two steps:
screening of selected components and formulation
development. The screening process was based on the
DTGE solubility, while the formulation development was
carried out based on the design of experiment model."**

Self-nanoemulsion’s component screening

The screening process was performed by solubility study of
DGTE in each component. Oleic acid and virgin coconut
oil were selected as the oil phase in the nanoemulsion
screening. Meanwhile, Transcutol CG, Propylene glycol,
and PEG 400 were selected as co-surfactants. Tween
80 was used as a surfactant due to miscibility among all
components. An excess amount of DTGE (200 mg) was
added into two mL of each component until undissolved
extract was observed, followed by stirring for two days.
Thereafter, a total phenolic content was applied to quantify
the DGTE solubility on each component using a Folin-
Chiocalteu colorimetric assay. This method is based on the
previously reported study with minor modifications.?* Each
component, along with saturated DGTE, was withdrawn
accurately and dissolved in ethanol. A 300 uL sample and
1.5 mL 10% Folin reagent were mixed homogeneously
for 5 min. A 1.2 mL of 7.5% sodium carbonate was added
and incubated for 30 min. The sample was scanned using
a Thermo Genesis S10 spectrophotometer at 730 nm. The
gallic acid (10-150 pg/mL) was utilized as a standard for
calculating the solubility of DGTE based on the gallic
acid equivalent. Furthermore, the selected components
also evaluated the miscibility among them using a matrix
system to obtain miscible components.*®

Self-nanoemulsion formulation development

The highest solubility and miscible components were
further developed using simplex lattice design utilizing
State Ease 360 software (StatEase; Minneapolis, MN) to
determine the optimized formulation. Oil, surfactant,
and co-surfactant were 30-60, 30-60, and 10-40%,
respectively, and were used to design and build according
to the minimum design point based on simplex lattice
design. The optimized formulation was determined by
statistical evaluation depending on transmittance value
and emulsification time. DGTE loading was also evaluated
as the response. An overlay plot between those responses
determined the optimized formulation.*

Preparation and characterization of DGTE nanoemulsion
An excess amount of DGTE (100 mg/mL) was
incorporated into the mixture of selected oil, surfactant,
and co-surfactant at a predetermined ratio according to

the simplex lattice design. Unloaded DGTE was eliminated
by centrifugation, and the supernatant was used as a
preconcentrated formulation.

Nanoemulsion characterization was carried out by
transmittance and emulsification time for formulation
development. The nanoemulsion was formed when 1
mL of preconcentrate nanoemulsion was diluted in 100
mL water at 100 rpm. The time required for complete
dispersing was noted as emulsification time. Furthermore,
the nanoemulsion transmittance at 650 nm was also
characterized. They were applied to depict the spontaneous
emulsification and nanodroplet formation behaviors,
respectively.

Determination and characterization of the optimized
formulation

Multiple linear regression analysis was applied to assess
nanoemulsion components’ effect on the quality critical
attributes. The model was analyzed using an analysis of
variance along with a 95% confidence level. The coefficient
determination (R?), adjusted R? and predicted R* were
applied for model fitting parameters and validation.” The
optimized formulation was determined by overlaying two
response contour plots according to the quality target
product profiles: emulsification time and transmittance of
< 30sand >80%, respectively.

The optimized formulation was evaluated according to the
optimization parameters (transmittance and emulsification
time) for model verification. In addition, particle size,
distribution, and zeta potential were characterized using
a Nano Zeta Sizer SZ100 (Malvern, UK). The sample was
placed into a glass cuvette and scanned at 633 nm along
with scattering angle, gate time, and temperature of 173°,
2.56-10.28 ms, and 25 °C, respectively. The zeta potential
was also assessed using a similar instrument but utilized a
carbon cuvette with an electrophoretic mobility principle.”

Peel-off mask formulation

Optimized formulation containing DGTE was incorporated
into the hydrogel system. The amount of loaded DGTE
was based on the 100 x IC, of DGTE. Therefore, the
requirement for the preconcentrated formulation was
adjusted to the DGTE in the hydrogel system. The
nanoemulsion was obtained when preconcentrated was
introduced to the medium.

On the other side, the peel-off mask base was formulated
according to the different combinations of polymers,
namely PVA (A)-HPMC (B), for instance, 10.5%A-0.5%B,
10.25%A-0.75%B, and 10%A-1%B for F1, F2, and F3,
respectively. In addition, several excipients were also
added to obtain better physical characteristics of the peel-
off mask, for example, propylene glycol 5% as a humectant,
phenoxyethanol 1% as a preservative, and water 100%.
Furthermore, the peel-off bases were obtained by hydrating
polymers in water at 80 °C using an IKA T25 ultraturax
homogenizer (Staufen, Germany) and adding the
preservative and humectant. Each formulation contained
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DGTE preconcentrated nanoemulsion equivalent to
100 x IC,; hence, the amount of water was divided
for nanoemulsion and peel-off base preparations. The
preparation of nanoemulsion was carried out according to
the aforementioned methods. Nanoemulsion formulation
was added into a peel-off mask hydrogel-based, then mixed
homogeneously (nanoemulgel).

Peel-off mask characterization
Several characterizations of the peel-off mask were
evaluated by pH, viscosity, spreadability, and drying time.

PpH assay

pH was evaluated using a benchtop Hanna HI5222
pH meter (Smithfield, RI) equipped with a semisolid
probe electrode. Calibration was conducted before the
measurement process at pH 4.01 and 7.00, respectively.
The calibration was completed when the slope and offset
were 100+5% and +30 ~ 30, respectively. This evaluation
was in triplicates, and the measurement was carried out
without any dilution.*

Viscosity evaluation

The viscosity was evaluated using a DVNext Rheometer
(AMETEK Brookfield; Middleborough, MA) along with
25 rpm (temperature of 25 °C). The sample was placed
into a sample holder, and the selected rotor was fitted to
the chamber. Formulation viscosity was recorded for 1 min
measurement. This evaluation was in triplicates.?

Spreadability

Spreadability was measured using modified tools according
to the previous method with minor modifications.”” A 0.5
g formulation was placed on the desk glass and covered
by another glass, and a 100 g weight was put on the desk
glass for a minute, and the increase of length and width was
measured using a calibrated caliper (accuracy 0.1 mm).
The area was calculated according to the diameters and
noted as spreadability.

Drying time

Drying time was also evaluated according to the alteration
of weight loss during drying. A 0.5 g sample was spread in
1 cm? on the glass and incubated in an oven at 32°C. The
weight was measured every 5 min until the constant weight
was achieved. The percentage of weight loss was plotted
with time. The intersection of two lines between dramatic
loss and steady weight was noted as drying time. In
addition, the amount of water retained in the formulation
was also carried out.?

Ex-vivo dermatokinetics study

Ex-vivo transport study used a Franz diffusion cell and
an abdominal rat skin as a membrane. This method was
reviewed and approved by the Research Ethics Committee,
Faculty of Medicine, Universitas Sebelas Maret, along
with an ethical clearance No. 111/UN.27.06.11/KEP/
EC/2022. This cell comprises two compartments separated

by a nearly 750 um thickness membrane along with 2.14
cm?® of the contact area. The donor compartment was
the nanoemulsion-based and hydrogel-based peel-oft
mask formulations, respectively. Meanwhile, the acceptor
compartment was phosphate buffer saline pH 7.4 (25 mL),
and the temperature was kept constant at 37+ 1 °C under a
stirring rate of 600 rpm. A 1.0 mL sample was withdrawn at
0,0.25,0.5,0.75, 1, 2, 3,4, 6, 8, 12, 18, and 24 and replaced
by the same volume and temperature. The permeated
antioxidant compound was calculated using a Folin-
Ciocalteau assay. A 300 pL of the sample was added in 1.5
mL 25% Folin-Ciocalteau reagent. After reacting for 5 min,
1.2 mL of 5% sodium bicarbonate was added and vortexed
homogeneously, then incubated for 20 min. A blue-
colored sample was scanned at 769 nm.* Gallic acid was
used as a standard and applied for constructing a validated
calibration curve in the range of 5 - 60 ng/ml gallic acid
equivalent (GAE); absorbance = 0.0132 x concentration
GAE (pg/ml) + 0.0513 (R* 0.995; and adjusted R* 0.994).
The amount of retained antioxidant compounds in
the membrane was also calculated. The extraction was
performed using methanol assisted by ultrasonication
followed by an appropriate dilution. The assay was also
conducted using a Folin-Ciocalteau assay.

Results and Discussion

Green tea leaf extract

The extraction process was carried out to obtain phenolic
compounds as powerful antioxidants in tea leaves, followed
by lyophilization. The yield was 12.28% (w/w) from dried
tea leaves. In addition, the extract contained 0.59% (w/w)
quercetin equivalent. In order to evaluate the dried extract,
the in-vitro antioxidant profiles were evaluated. It is
presented in Figure 1. Quercetin and DGTE had a similar
pattern, a sigmoidal shape. The IC,  of quercetin and DGTE
was 2.78 and 6.58 pg/mL, respectively. Although the DGTE
contained less flavonoid than the previously reported
study,” the antioxidant capacity was two times higher than
that of it.*” The DGTE had powerful antioxidant capacity
because it contained phenolic and flavonoid compounds
responsible for scavenging free radicals.” Although the
flavonoid content was relatively low, it proved that the
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Figure 1. In-vitro antioxidant assay of dried tea leaf extract (DGTE)
and quercetin using DPPH assay.
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polyphenolic compounds contained in the DGTE had a
more dominant contribution to the antioxidant activity.
Epigallocatechin gallate has been proven to be a powerful
antioxidant compound in tea leaves. Therefore, for further
evaluation, a polyphenolic assay was applied.
Furthermore, the DGTE loading could be determined by
100 x IC_; of the DGTE to obtain an adequate antioxidant
level in the peel-off mask formulation; thus, the DGTE
loading in the peel-off mask formulation was 0.658%
(w/v). However, in this study, nanoformulation was applied
to improve the permeation of antioxidant compounds.
Hence, the loading should be a particular consideration.

Formulation and Optimisation of Nanoemulsion of
DGTE

The selection of nanoemulsion components faces a
significant challenge in determining this formulations
performance.” Therefore, this study applied a selection
of oil, surfactant, and co-surfactant based on the critical
requirements of nanoemulsion formulation, namely
miscibility and DGTE solubility. The solubility of DGTE
in each component was the main feature of obtaining
the optimized formulation and a high drug loading.?
Conversely, the miscibility was evaluated from the
formation of the isotropic mixture. This critical parameter
contributes to the formation of the self and spontaneous
emulsification process during dilution.’® Tween 80 (HLB
15.4) was only selected as a surfactant due to immiscibility
with other surfactants, for instance, Kolliphor EL (HLB
12-14), Cremophor RH40 (HLB 14-16), Labrafil M1944CS
(HLB 9), and Labrasol (HLB 12). Due to its miscibility,
virgin coconut oil and oleic acid were used as the oil phase
component, while Transcutol CG, propylene glycol, and
PEG 400 were also selected as co-surfactants. The solubility
of DGTE in VCO (29.22 mg/g) was more excellent than
that of oleic acid (20.87 mg/g), and thus, VCO (HLB
8) was selected as the oil phase in this formulation. In
addition, the solubility of DGTE in PEG 400 (93.14 mg/g)
was higher than that of Transcutol CG and propylene
glycol (91.22 and 74.96 mg/g, respectively). Moreover, the
solubility and miscibility between components were also
studied. As a result, VCO, Tween 80, and PEG 400 were
chosen as components in the nanoemulsion formulation.
A similar result with different drug models was reported
that those materials provided nanodroplet size and good
physical stabilization.***!

When introduced to the medium, spontaneous and self-
nanoemulsion required an isotropic mixture that produces
nano-sized droplets.”? Hence, formulation optimization
was performed by simultaneous assessment using a
statistical approach, a mixture design model for this study
to provide optimized formulation based on the integrated
evaluation.” The formulation development was determined
on the critical quality attributes, for instance, spontaneous
formation, nanodroplet formation, and extract loading.
Spontaneous emulsification was the primary performance
of self-nanoemulsion formulation, and it can be assessed

by the time required to emulsify completely and
emulsification time (ET)." The ET of all formulations
ranged from 8.9 - 14.3 s. It proved that the emulsion
process happened suddenly and spontaneously in less than
30 seconds. In order to assess the effect of each component,
for example, VCO (A), Tween 80 (B), and PEG 400 (C)
in the emulsification behavior, a multiple linear regression
was applied. The statistical analysis showed that the model
was built in a special cubic model. However, the model was
insignificant (p>0.05; 0.1417), and thus, the model could
not be utilized to assess each component’s effect on the
emulsification time. Conversely, all components had an
insignificant effect on the emulsification time (p>0.05).
The data showed a narrow gap between the lowest and
the highest data, while the component changes were more
than 20%. Therefore, the model could not be used for
predicting the optimized formulation because alteration of
the components was meaningless on emulsification time
properties.”

The clarity of the nanoemulsion indirectly reflected
the nanodroplet formation after dilution.”” Therefore, the
transmittance (%T) was applied to assess the nanodroplet
formation. The higher the transmittance, the smaller the
oil droplet size was.'>** The transmittance value was in the
range of 7.11 to 95.32%. The multiple linear regression
and quadratic models were applied (Eq. 1). The model was
significant (p<0.05); thus, the factors affected the %T value.
The R* and predicted R* were 0.985 and 0.927, respectively.
The statistical parameters indicated the validation of the
model; the data depicted the low tendency of misguiding
for predicting the response.”

%T = 6.72xA + 31.21xB +25.56xC +33.76xAxB -
39.39xAxC - 6.27xBxC Eq. (1)

According to the model’s coeflicient regression, the oil
phase was the most outstanding contribution, affecting
the reduction of %T (4.7%), followed by Transcutol
CG (17.9%) and Tween 80 (21.8%). The effect of oil
phase composition changes was 4-5 times greater than
co-surfactant and surfactant in reducing the %T. The
interaction between oil and surfactant increased the %T
significantly (p<0.05); meanwhile, the interaction between
oil and co-surfactant reduced the %T (p<0.05). In addition,
there was no significant interaction between surfactant
and co-surfactant. It proved that the surfactant played a
fundamental role in reducing the size of the nanodroplet.
However, the oil increased the droplet size by reducing the
%T value.” The contour plot of %T (Figure 2a) showed that
the Tween 80% at the highest proportion was responsible
for increasing the %T value, and the lowest %T value was
observed at around the high proportion of the oil phase.
The change was observed linearly around the low to the mid
proportion of co-surfactant. Previous work reported that
the modulation of nanodroplet formation quantitatively
was affected by the contribution of surfactant co-stabilized
by co-surfactant. However, both components should be in
a miscible and isotropic mixture.'
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Figure 2. Contour plot of transmittance (a) and extract loading (b) of dried tea leaf extract nanoemulsion and superimposed contour plot

for determination of optimized formulation (c).

The extract loading was the main feature of the
preconcentrated nanoemulsion system.* The higher the
drug loading, the better system was due to a low surfactant
content. However, the use of surfactant is less toxic due
to topical use. In addition, the surfactant promotes the
permeation of active compounds due to disturbing the
stratum corneum layer.”> The DGTE loading was 22.94
- 82.82 mg/g. In order to assess the effect of the factors
on the DGTE loading, a multiple linear regression model
was constructed (Eq. 3). The model was significant
(p<0.05); therefore, the factors influenced the DGTE
loading. Statistical parameters were applied for model
validation. The R? adjusted R? and predicted R* were
0.975, 0.928, and 0.872, respectively. The predicted R* was
generated by the cross-validation technique. Therefore,
the gap between adjusted R* and predicted R? below 0.2
was recommended for the model validation.”” Oil was the
dominant factor affecting the increase of DGTE loading
compared to the surfactant and co-surfactant (around
3-4 times). The interaction between oil and surfactant
had no significant effect on the DGTE loading and the
interaction between oil and co-surfactant (p>0.05). On
the other hand, the interaction between surfactant and
co-surfactant significantly increased the DGTE loading
(p<0.05). The co-surfactant and surfactant synergistically

affected the rise of DGTE loading. The co-surfactant helps
the lipophilic drug dissolve in the oil.'® The previous report
showed that the co-surfactant fundamentally enhanced the
drug loading to the isotropic mixture. The concentration of
co-surfactant raised the pitavastatin loading dramatically
in a nanoemulsion system."

DGTE loading = 82.84xA + 30.97xB +22.96xC -8.71xAxB
+0.66x AxC + 54.84xBxC Eq. (2)

The contour plot of the DGTE loading (Figure 2b) showed
the effect of alteration of DGTE value. The highest DGTE
loading was observed on the high proportion of VCO;
meanwhile, the surfactant and co-surfactant at the highest
proportion had the lowest DGTE loading. The change
in DGTE value was affected by reducing the oil phase
proportion; meanwhile, the interaction was observed in
the middle proportion of surfactant and co-surfactant.
The optimized formulation was determined by
overlaying the contour plots of %T and the DGTE. It is
presented in Figure 2c. The optimized formulation was
controlled by quality target product profiles, namely the
%T value, and DGTE loading was not more or less than
80% and 40 mg/g, respectively. The optimized formulation
consisted of 21.62% VCO, 48.38% Tween 80, and 30% PEG
400, which had a desirability value of 40%. It was predicted
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Figure 3. In-vitro DPPH antioxidant profiles (a), droplet size distribution (b), and zeta potential distribution (c) of dried tea leaf extract

nanoemulsion.

to have the %T value and the DGTE loading of 92.57% and
48.99 mg/g. In order to verify the model, a statistical test
was applied and showed no significant differences (p>0.05)
between predicted and observed (T% 93.61+3.01%, p =
0.225 and DGTE loading of 55.07+4.84 mg/g, p = 0.077).
The optimized formulation was also characterized by
antioxidant activity, droplet size, and zeta potential. The
antioxidant profile of nanoemulsion is presented in Figure
3a. A distinctive pattern was observed compared to the
DGTE. The sigmoidal pattern disappeared, and the linear
correlation was observed around 30% to 80% inhibition.
The IC,, was 11.43 ug/mlL; it showed a reduction in
the antioxidant activity due to incorporation into oily
droplets. The droplet size of the optimized formulation
was 19.38% 0.19 nm along with a polydispersity index
(PDI) of 0.190+ 0.004 (Figure 3b). It indicated that the
droplet size was below 100 nm and probably had better
permeation properties due to the tiny droplet. The droplet
size distribution was narrow due to a PDI of less than
one, and a monodisperse system was achieved. The zeta
potential of the nanoemulsion droplet (Figure 3c) was
-15.69% 0.62 mV), indicating a tendency of high attraction
force compared to the repulsion force.”> However, based
on the hydrogel formulation, this formulation was
incorporated into the peel-oft mask. Therefore, the nearly
neutral zeta potential value had a negligible effect on the
thermodynamic and kinetics droplet stabilization due to
being entrapped into the three-dimensional network of the
hydrogel system ***7

Formulation of DGTE nanoemulsion-based peel-off mask
The main focus of this peel-oft mask formulation was the

effect of polymers on their physical characteristics. In this
study, physical stability was observed during storage for
28 days (Figure 4). The pH value of this formulation is
presented in Figure 4a. A pH was the key feature of the
percutaneous formulation. A fair and stable pH value is a
benefit due to improving patient adherence. In addition,
pH promotes different ionic or anionic forms of active
compounds. Hence, it affects the permeation properties of
active moiety.”® The pH value between all formulations was
insignificant (p>0.05), and all pH values were 5.5 to 7. It
was the range of safe and comfortable pH values for the
skin. However, the pH was increased during the stability
test, and all formulations had a similar pattern.

The viscosity of all formulations was 600 to 1200 dPas,
and it affected the physical stability of the peel-off mask
formulation. The F1 was the lowest viscosity, while the
F2 was the highest. The interaction between polymers
influenced this effect. A slight rise was observed in all
formulations during the storage, but those were insignificant
differences (p>0.05). The spread-ability pattern was
proportionally inverse to the viscosity model. The higher
the viscosity, the lower the spread area was. However, all
formulations indicated no significant difference between
formulation and during storage (p>0.05). Drying time is
the main feature of the peel-off mask formulation. PVA
addition was intended to reduce the drying time, while
HPMC played as an elasticity characteristic. The results
revealed that the FI, the highest PVA proportion, had
the shortest drying time. Conversely, the highest HPMC
value (F3) was the longest drying time. It was observed
that the drying time was affected by the contribution of the
polymers and their interaction. During the drying process,
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Figure 5. Ex-vivo transport study of dried tea leaf extract in the nanoemulgel-based and hydrogel-based formulation in permeated phe-
nolic profiles (a) and retained phenolic in the skin membrane (b).
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when the formulation was applied to the skin, the drying
phenomenon involved the time and the water loss system.
It has a direct correlation to the drying time. The longer the
drying time, the lower the weight loss.® The data (Figure
4e) proved that both F1 and F2 have no significant weight
loss difference; however, it was significant, particularly in
the initial formulation of F3. The storage contributed to
the stabilization of polymers’ 3D network and involved
their interaction; therefore, it was considered to play
a fundamental role in similar characteristics of drying
kinetics properties. However, F1 was the most acceptable
formulation due to its high spreadability, lowest drying
time, and adequate physical stability. Furthermore, it was
used for ex-vivo evaluation.

Ex-vivo transport study

In order to evaluate the effect of nanoemulgel-based
formulation on the permeation properties of DGTE, an
ex-vivo transport study using rat skin was carried out.
The permeation profile is presented in Figure 5a. The
data proved that the nanoemulgel formulation was more
remarkable in amount and flux than the hydrogel-based
formulation. The hydrogel-based permeation profile only
had a two-phase transition during permeation profiles,
indicating that there were before and after membrane
saturation. However, there were more than two phases
observed in the nanoemulgel-based formulation.
According to the total amount of permeated, the
nanoemulgel formulation improved by 2.5 times higher
than the conventional formulation, hydrogel. According
to the calculated data, the area under the curve, the
nanoemulgel-based, rose the permeation ability by 201%.
In addition, the fluxes in the steady state of nanoemulgel-
based and hydrogel-based were 8.31 and 3.35 pg/cm*h,
respectively; hence, it confirmed that the nanoemulsion
blatantly enhanced the permeation properties. Moreover,
the saturated membrane was achieved at 0.98 and 1.11 h
for nanoemulgel and hydrogel, respectively. Therefore,
the nanoemulsion formulation influenced the permeation
through its transport mechanism and size.*® In addition,
a surfactant-like system enhances permeation.” Previous
work also proved that the permeation of active compounds
was increased by nanoemulsion formulation incorporated
into a gel formulation by nearly 250% in terms of cumulative
permeated drug and retention.*

The amount of permeated phenolic compounds and
retained DGTE in the membrane also proved that the
nanoemulsion had better retention in the skin membrane
due to skin disposition and distribution (Figure 5b).
The amount of retained phenolic compounds in the
nanoemulsion-based formulation was nearly 50% greater
than that of the hydrogel-based formulation. The droplet
size and lipophilic characteristics gained particular
consideration in the permeation phenomenon through
intracellular transport. The nanoemulsion of polyphenol
compounds proved that it broke the limitation of the
transport mechanism due to its hydrophilicity.*®

Conclusion

The phyto-nanoemulsion containing DGTE incorporated
into the peel-off mask formulation was successfully
developed. DGTE has potent antioxidants, and it is
maintained in the preconcentrated formulation. The
optimized phyto-nanoemulsion comprised 21.62% virgin
coconut oil, 48.38% Tween 80, and 30% PEG 400, producing
less than 50 nm droplet sizes. The peel-off formulation was
successfully formulated, and PVA was determined on the
drying kinetics and peel-off features. The nanoemulgel
formulation increased the permeation parameters, namely
the amount of permeated phyto-antioxidant compounds
and flux, by roughly 200%. Moreover, this formulation
also increased the deposited antioxidant compounds in the
skin and reduced the saturated membrane time.

Ethical Issues

This method was reviewed and approved by the Research
Ethics Committee, Faculty of Medicine, Universitas
Sebelas Maret, along with an ethical clearance No. 111/
UN.27.06.11/KEP/EC/2022.

Acknowledgments

This research was funded by the “Penelitian Unggulan
Terapan” Universitas Sebelas Maret along with contract
No. 254/UN27.22/PT.01.03/2022. The authors would like
to thank the Universitas Sebelas Maret for supporting this
research.

Author Contributions

Dinar S.C. Wahyuni: Validation, Funding Acquisition,
Project Administration, Writing - Original Draft.
Ratih  P.  Febrinasari: = Methodology, Validation.
Sakinah: Investigation, Validation, Data Curation. Ana
Mardiyah: Data Curation, Validation. Syaiful Choiri:
Conceptualization, Software, Validation, Formal analysis,
resources, Visualization, Supervision, Writing - Review &
Editing.

Conflict of Interest
The authors report no conflicts of interest.

References

1. Ho CY, Dreesen O. Faces of cellular senescence in
skin aging. Mech Ageing Dev. 2021;198:111525.
doi:10.1016/j.mad.2021.111525

2. Sharma A, Kuhad A, Bhandari R. Novel
nanotechnological approaches for treatment of
skin-aging. ] Tissue Viability. 2022;31(3):374-86.
doi:10.1016/j.jtv.2022.04.010

3. Rittié L, Fisher GJ. UV-light-induced signal cascades
and skin aging. Ageing Res Rev. 2002;1(4):705-20.
doi:10.1016/S1568-1637(02)00024-7

4. WaiK-M, Yu PKN, Chan P-M. Urban UV environment
in a sub-tropical megacity - A measurement and
modelling study. Results Phys. 2017;7:2705-10.
doi:10.1016/.rinp.2017.07.055

Pharmaceutical Sciences, 2024, 30(1), 98-108 | 106



Wahyuni, et al.

5.

10.

11.

12.

13.

14.

15.

16.

Atoui AK, Mansouri A, Boskou G, Kefalas P. Tea
and herbal infusions: Their antioxidant activity and
phenolic profile. Food Chem. 2005;89(1):27-36.
d0i:10.1016/j.foodchem.2004.01.075

Jeszka-Skowron M, Krawczyk M, Zgota-Grzeskowiak
A. Determination of antioxidant activity, rutin,
quercetin, phenolic acids and trace elements in tea
infusions: Influence of citric acid addition on extraction
of metals. ] Food Compos Anal. 2015;40:70-7.
do0i:10.1016/j.jfca.2014.12.015

Llczbinski P, Bukowska B. Tea and coffee polyphenols
and their biological properties based on the latest in
vitro investigations. Ind Crops Prod. 2022;175:114265.
doi:10.1016/j.indcrop.2021.114265

Rashidinejad A, Boostani S, Babazadeh A, Rehman A,
Rezaei A, Akbari-Alavijeh S, et al. Opportunities and
challenges for the nanodelivery of green tea catechins
in functional foods. Food Res Int. 2021;142:110186.
d0i:10.1016/j.foodres.2021.110186

Elmowafy M. Skin penetration/permeation success
determinants of nanocarriers: Pursuit of a perfect
formulation. Colloids Surf B. 2021;203:111748.
d0i:10.1016/j.colsurtb.2021.111748

Van Tran V, Loi Nguyen T, Moon J-Y, Lee Y-C. Core-
shell materials, lipid particles and nanoemulsions, for
delivery of active antioxidants in cosmetics applications:
challenges and development strategies. ] Chem Eng.
2019;368:88-114. doi:10.1016/j.cej.2019.02.168

Rathod S, Arya S, Kanike S, Shah SA, Bahadur P,
Tiwari S. Advances on nanoformulation approaches
for delivering plant-derived antioxidants: A case of
quercetin. Int ] Pharm. 2022;625:122093. d0i:10.1016/j.
ijpharm.2022.122093

Kalvodova A, Zbytovska J]. Lipid nanocapsules
enhance the transdermal delivery of drugs regardless
of their physico-chemical properties. Int J Pharm.
2022;628:122264. doi:10.1016/j.ijpharm.2022.122264
Roberts MS, Cheruvu HS, Mangion SE, Alinaghi
A, Benson HAE, Mohammed Y, et al. Topical drug
delivery: History, percutaneous absorption, and product
development. Adv Drug Deliv Rev. 2021;177:113929.
doi:10.1016/j.addr.2021.113929

Kuncahyo I, Choiri S, Fudholi A, Martien R, Rohman
A. Development of pitavastatin-loaded super-saturable
self-nano emulsion: a continues screening and
optimization approach using statistical technique. J
Dispers Sci Technol. 2023;44(4):608-17 doi:10.1080/01
932691.2021.1957922

Kuncahyo I, Choiri S, Fudholi A, Martien R, Rohman
A. Assessment of fractional factorial design for the
selection and screening of appropriate components
of a self-nanoemulsifying drug delivery system
formulation. Adv Pharm Bull. 2019;9(4):609-18.
doi:10.15171/apb.2019.070

Khatri P, Shao J. Mechanism and structural factors of
lipid and surfactant in the formation of self-emulsified
nanoemulsion. ] Pharm Sci. 2018;107(8):2198-207.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

doi:10.1016/j.xphs.2018.03.024

Ruengdech A, Siripatrawan U. Improving encapsulating
efficiency, stability, and antioxidant activity of catechin
nanoemulsion using foam mat freeze-drying: The
effect of wall material types and concentrations. LW'T.
2022;162:113478. doi:10.1016/j.1wt.2022.113478
Zhang M, Fan L, Liu Y, Li J. Effects of interface
generation, droplet size and antioxidant partitioning
on the oxidation rate and oxidative stability of water—
in-oil emulsions: A comparison of coarse emulsions
and nanoemulsions. Food Hydrocoll. 2023;136:108227.
doi:10.1016/j.foodhyd.2022.108227

Jaisamut P, Wanna S, Limsuwan S, Chusri S,
Wiwattanawongsa K, Wiwattanapatapee R. Enhanced
oral bioavailability and improved biological activities of
a quercetin/resveratrol combination using a liquid self-
microemulsifying drug delivery system. Planta Med.
2021;87(4):336-46. doi:10.1055/a-1270-7606

Asthana N, Pal K, Aljabali AAA, Tambuwala MM,
de Souza FG, Pandey K. Polyvinyl alcohol (PVA) mixed
green—clay and aloe vera based polymeric membrane
optimization: Peel-off mask formulation for skin care
cosmeceuticals in green nanotechnology. ] Mol Struct.
2021;1229:129592. d0i:10.1016/j.molstruc.2020.129592
Nilforoushzadeh MA, Amirkhani MA, Zarrintaj P,
Salehi Moghaddam A, Mehrabi T, Alavi S, et al. Skin
care and rejuvenation by cosmeceutical facial mask. J
Cosmet Dermatol. 2018;17(5):693-702. doi:10.1111/
jocd.12730

Patle TK, Shrivas K, Kurrey R, Upadhyay S, Jangde
R, Chauhan R. Phytochemical screening and
determination of phenolics and flavonoids in Dillenia
pentagyna using UV-vis and FTIR spectroscopy.
Spectrochim  Acta A Mol Biomol Spectrosc.
2020;242:118717. d0i:10.1016/j.s2a.2020.118717
Karimzadeh Z, Jouyban A, Rahimpour E. Development
of a nanocluster-based platform for determination of
sofosbuvir. Pharm Sci. 2022;28(3):444-8. doi: 10.34172/
PS.2021.57

Ainurofiq A, Wiyono N, Warni R, Choiri S. Assessment
of the synergistic effect of a poly-herbals combination
on the antioxidant activity through a statistical
approach. F1000Research. 2023;11. doi:10.12688/
£1000research.126579.2

Choiri S, Sulaiman TNS, Rohman A. Assessment

of the effect of polymers combination and
effervescent component on the drug release
of swellable gastro-floating tablet formulation

through compartmental modeling-based approach.
Drug Dev Ind Pharm. 2020;46(1):146-58. doi:
10.1080/03639045.2019.1711387

Badruddoza AZM, Yeoh T, Shah JC. API-polymer
interactions in Sepineo P600 based topical gel
formulation- impact on rheology. Int ] Pharm.
2022;621:121824. do0i:10.1016/j.ijpharm.2022.121824
Astuti KW, Wijayanti NPAD, Yustiantara PS, Laksana
KP, Putra PSA. Anti-inflammatory activity of

107 | Pharmaceutical Sciences, 2024, 30(1), 98-108



Peel-off Formulation of Phyto-nanoemulsion Tea Leaves Extract

28.

29.

30.

31.

32.

33.

34.

mangosteen (Garcinia mangostana Linn.) rind extract
nanoemulgel and gel dosage forms. Biomed Pharmacol
J. 2019;12(4):1767-74. doi:10.13005/bpj/1807

Morakul B, Wongrakpanich A, Teeranachaidekul V,
Washiradathsathien K, Gamolvate A. Clindamycin
peel-off mask film, an effective formulation for c.
acnes treatment: characterization and microbiological
activity. Indonesian ] Pharm. 2023;34(1):128-39.
doi:10.22146/ijp.5167

Yousetbeyk FE, Ebrahimi-Najafabadi H, Dabirian
S, Salimi S, Baniardalani F, Moghadam FA, et al
Phytochemical analysis and antioxidant activity of
eight cultivars of tea (Camellia sinensis) and rapid
discrimination with FTIR spectroscopy and pattern
recognition techniques. Pharm Sci. 2023;29(1):100-10.
DOI: 10.34172/PS.2022.27

Miksusanti, Apriani EF, Bihurinin AHB. Optimization
of Tween 80 and PEG-400 concentration in indonesian
virgin coconut oil nanoemulsion as antibacterial
against  Staphylococcus  aureus.  Sains  Malays.
2023;52(4):1259-72. doi:10.17576/J]SM-2023-5204-17
Fitria A, Hanifah S, Chabib L, Uno AM, Munawwarah
H, Atsil N, et al. Design and characterization of
propolis extract loaded self-nano emulsifying drug
delivery system as immunostimulant. Saudi Pharm J.
2021;29(6):625-34. doi:10.1016/j.jsps.2021.04.024
Kotta S, Mubarak Aldawsari H, Badr-Eldin SM,
Alhakamy NA, Md S. Coconut oil-based resveratrol
nanoemulsion: Optimization using response surface
methodology, stability assessment and pharmacokinetic
evaluation. Food Chem. 2021;357:129721.
d0i:10.1016/j.foodchem.2021.129721

Jain S, Kumar N, Sharma R, Ghadi R, Date T, Bhargavi
N, et al. Self-nanoemulsifying formulation for oral
delivery of sildenafil: effect on physicochemical
attributes and in vivo pharmacokinetics. Drug Deliv

Transl.  2023;13:839-51.  doi:10.1007/s13346-022-
01247-x
Khursheed R, Singh SK, Kumar B, Wadhwa S, Gulati

35.

36.

37.

38.

39.

40.

M, A A, et al. Self-nanoemulsifying composition
containing curcumin, quercetin, Ganoderma lucidum
extract powder and probiotics for effective treatment
of type 2 diabetes mellitus in streptozotocin induced
rats. Int J Pharm. 2022;612:121306. doi:10.1016/].
ijpharm.2021.121306

Ge S, Lin Y, LuH, Li Q, He ], Chen B, et al. Percutaneous
delivery of econazole using microemulsion as vehicle:
Formulation, evaluation and vesicle-skin interaction.
Int ] Pharm. 2014;465(1):120-31. doi:10.1016/].
ijpharm.2014.02.012

Pires PC, Peixoto D, Teixeira I, Rodrigues M, Alves
G, Santos AO. Nanoemulsions and thermosensitive
nanoemulgels of phenytoin and fosphenytoin for
intranasal administration: Formulation development
and in vitro characterization. Eur ] Pharm Sci.
2020;141:105099. doi:10.1016/j.€jps.2019.105099

Yeo E, Yew Chieng CJ], Choudhury H, Pandey M,
Gorain B. Tocotrienols-rich naringenin nanoemulgel
for the management of diabetic wound: Fabrication,
characterization and comparative in vitro evaluations.
Curr Res Pharmacol. 2021;2:100019. doi:10.1016/].
crphar.2021.100019

Abd E, Namjoshi S, Mohammed YH, Roberts MS,
Grice JE. Synergistic Skin Penetration Enhancer and
Nanoemulsion Formulations Promote the Human
Epidermal Permeation of Caffeine and Naproxen. ]
Pharm Sci. 2016;105(1):212-20. doi: 10.1002/jps.24699
Sung M, Shin DH, Lee HJ, Jang KH, Shin K, Kim JW.
Enhancing skin permeation of nanoemulsions through
associative polymeric micelles-mediated drop-to-skin
dipolar interactions. ] Mol Liq. 2021;344:117741. doi:
10.1016/j.molliq.2021.117741

Uchiyama H, Hanamoto Y, Hatanaka Y, Kadota
K, Tozuka Y. The enhanced skin permeation of
flavonoids via the application of a coamorphous in
a microemulsion formulation. J Pharm Sci. 2023;
do0i:10.1016/j.xphs.2023.06.011

Pharmaceutical Sciences, 2024, 30(1), 98-108 | 108



