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Abstract

Skin aging is a multifactorial process in�uenced by intrinsic and extrinsic factors, particularly UV-B radiation. Natural ingredients 

such as Curcuma longa and Glycyrrhiza glabra show potential anti-aging e�ects. Transfersomes and nanostructured lipid carriers 

(NLCs) are delivery systems that have the potential to be developed for anti-aging applications. �is study aimed to formulate 

transfersome and NLC systems loaded with turmeric and licorice extracts (TFS-CGE and NLC-CGE), evaluate their anti-aging 

e�ects through in vitro studies, and assess anti-photoaging e�ects in gel dosage form through an in vivo study. TFS-CGE and NLC-

CGE formulations were developed using thin-layer hydration and hot homogenization methods, respectively, with optimization of 

lipid–surfactant and solid–liquid lipid ratios. �e resulting nanoparticles were characterized for particle size, polydispersity index, 

zeta potential, morphology, entrapment e�ciency, drug loading, and deformability. In vitro assays con�rmed that both formulations 

exhibited antioxidant and anti-collagenase activities. Gel formulations of the optimized TFS-CGE and NLC-CGE were prepared 

for in vivo application. A UV-B-induced photoaging model in Wistar rats was used to evaluate anti-aging e�cacy. A�er 3 weeks of 

topical treatment, TFS-CGE and NLC-CGE gels signi�cantly improved skin elasticity, reduced epidermal thickness, and enhanced 

collagen density. Immunohistochemical analysis showed increased expression of elastin, TGF-β, and collagen types I, II, and III, 

along with reduced MMP-1 expression, indicating protective e�ects against UV-B-induced skin aging. �ese �ndings demonstrate 

that TFS-CGE and NLC-CGE gels are e�ective anti-aging formulations and help enhance skin delivery and bioactivity through a 

nanotechnology-based approach.
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Introduction

Skin aging is a complex process involving intrinsic and ex-
trinsic factors. Intrinsic factors include genetic, hormonal, 
and biochemical processes that cause irreversible degen-
eration of skin tissue, such as decreased dermis �broblasts 
and skin tissue elasticity. �e main extrinsic factor is ex-
posure to UV radiation, which produces �ne lines and hy-
perpigmentation on the skin. Skin that experiences photo-
aging demonstrates a signi�cant decrease in the amount of 
collagen (Altay Benetti et al. 2023). Currently, many con-
sumers tend to use cosmetic products made from natural 
ingredients. Natural compounds derived from plants are 
becoming popular because they are safer and act through 
di�erent mechanisms of action on several signaling path-
ways for skin aging (Costa et al. 2022). Turmeric (Curcu-
ma longa) and licorice root (Glycyrrhiza glabra) are two 
plants with anti-aging activity that have both been wide-
ly studied. Turmeric has strong antioxidant and anti-in-
�ammatory activity (Benameur et al. 2021; Waghule et al. 
2020). It can improve skin damage conditions due to UV 
radiation, such as erythema and skin wrinkles, and reduce 
epidermal thickening in mice irradiated with UV-B for 8 
weeks (Zheng et al. 2020). Moreover, treatment with Cur-
cuma longa extract signi�cantly reduces tumor necrosis 
factor-α (TNF-α) and increases type-1 collagen expression 
in UV-B-irradiated mice skin, which demonstrates the 
anti-aging properties of turmeric (�reskeia et al. 2023). 
Previous research on the anti-aging activity of licorice has 
identi�ed mechanisms such as inhibiting pigmentation 
(anti-tyrosinase), inhibiting oxidative stress (antioxidant), 
inhibiting aging due to UV radiation (anti-photoaging), 
and preventing degradation of collagen and the extra-
cellular matrix of the dermis (anti-wrinkle) (Cerulli et 
al. 2022). Based on our previous network pharmacology 
study, a combination of both plants shows potential in tar-
geting multiple pathways related to skin photoaging, with 
key bioactives such as curcumin, isoliquiritigenin, and de-
methoxycurcumin, warranting further experimental vali-
dation (Adianingsih et al. 2024).

However, the extract will not be e�ective if it is unable 
to penetrate the viable epidermis or deeper into the der-
mis. �is can be overcome with a nanotechnology-based 
delivery system for active skin care ingredients. �ere 
are several types of nanodelivery systems, such as lipo-
somes, transfersomes, niosomes, nanospheres, polymeric 
nanoparticles, nanostructured lipid carriers (NLCs), and 
solid lipid nanoparticles (SLNs), which are popularly used 
for cosmetic preparations (Kaul et al. 2018; Matei et al. 
2021). Transfersomes are a modi�cation of liposomes with 
high deformability, elasticity, and ultra-�exibility due to 
the addition of single-chain surfactant as an edge activator, 
thus reducing surface tension, which causes a decrease in 
the rigidity of the lipid bilayer membrane. Transfersomes 
are superior to liposomes because of their elastic proper-
ties; therefore, they are able to penetrate the dermis layer 
(Sguizzato et al. 2021). Several studies indicate that trans-
fersomes are able to increase the penetration and delivery 
of anti-aging cosmeceutical active ingredients, including 

epigallocatechin gallate (Avadhani et al. 2017), n-acetyl-
cysteine (Harmita et al. 2020), amniotic mesenchymal 
stem cell metabolite products (Ayunin et al. 2022), and 
tempranillo grape extract (Asensio-Regalado et al. 2022).

Nanostructured lipid carrier (NLC) is the second gen-
eration of lipid nanoparticles. It was developed to over-
come the shortcomings of SLN, since it has a high drug 
loading capacity due to the presence of liquid lipids, there-
by improving stability. NLC is prepared by mixing liquid 
and solid lipids with a recommended ratio of 70:30 to 
99.9:0.1. An example of a product on the market that uses 
the NLC system is Cutanova-Cream Nanorepair Q10, 
which contains the active ingredient Q10 as an anti-ag-
ing agent (Kaul et al. 2018). �e usage of NLC Q10 cream 
for 28 days showed a signi�cant increase in skin hydra-
tion when compared with oil-in-water (O/W) type cream 
without NLC (only Q10) (Pardeike et al. 2010). NLC has 
been applied to develop cosmetic products with several 
anti-aging active ingredients, including coenzyme Q10, 
resveratrol, curcumin, and ellagic acid (Assali and Zaid 
2022); basil (Ocimum sanctum) extract (Chaiyana et al. 
2021); and rice bran extract (Manosroi et al. 2012).

�is research aims to formulate gels containing Curcu-
ma longa and Glycyrrhiza glabra extracts loaded into two 
types of nano-sized lipid-based delivery systems, trans-
fersome (TFS-CGE) and NLC (NLC-CGE). �e resulting 
formulas were evaluated based on their physical proper-
ties. In vitro tests were performed to assess antioxidant 
and anticollagenase activities, while in vivo experiments 
using UV-B-induced aging in rats were conducted to ex-
amine the e�ects of TFS-CGE and NLC-CGE gels on var-
ious skin aging parameters. �is study may support the 
potential use of turmeric and licorice extract combination 
as more e�ective natural anti-aging agents through the use 
of nano-delivery systems.

Materials and methods

Plant extraction

�e turmeric (Curcuma longa) and licorice (Glycyrrhiza gla-
bra) powder and taxonomical identity were obtained from 
UPT Herbal Laboratory Balai Materia Medica, Batu, East 
Java, Indonesia (voucher no: 000.9.3/1832/102.20/2024 
for turmeric and no: 000.9.3/1833/102.20/2024 for lico-
rice). �e extracts of turmeric and licorice were prepared 
by maceration using 96% ethanol, with a simplicial and 
solvent ratio of 1:10 for turmeric and 1:5 for licorice. �e 
maceration was carried out for 24 hours with stirring for 
30 minutes at 300 rpm using an overhead stirrer (RW 20 
digital, IKA, Germany). It was followed by two remacer-
ations, each with the same duration. All the �ltrate was 
combined and then �ltered through �ne �lter paper using 
a vacuum pump (Model DOA-P504-BN, GAST, USA) and 
was concentrated using a rotary evaporator (RV 10 basic, 
IKA, Germany) with a chiller (MC 350, Lauda, Germany) 
at 40 °C with a speed of 70 rpm under vacuum conditions 
(MZ 2C NT, Vacuumbrand, Germany). �e ethanolic ex-
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tract was dried using an oven (ED 53, Binder, Germany) 
at 40 °C for three days and then stored in a refrigerator at 
4 °C (Vardhini et al. 2023).

Preparation of transfersome

Transfersome of Curcuma longa and Glycyrrhiza glabra 
(TFS-GCE) was prepared using thin-layer hydration, 
with modi�cations from previous research (Khatoon et 
al. 2019; Dudhipala et al. 2020). TFS was prepared us-
ing the formula shown in Table 1. Turmeric extract was 
dissolved in methanol and sonicated for 5 minutes using 
an ultrasonic device (M2800, Branson Ultrasonic, Emer-
son, Japan). Soy lecithin was dissolved in 10 mL of chlo-
roform, and Tween 80 was dissolved in methanol. Phos-
pholipid, surfactant, and turmeric extract were mixed and 
stirred until homogeneous (organic phase). �e mixture 
was evaporated for 20 minutes at 60 °C with a speed of 
25 rpm, gradually increasing 25 rpm every 2 minutes 
up to 250 rpm using a rotary evaporator under vacuum 
conditions. �e thin layer was le� for 2 hours while ro-
tating at room temperature at 250 rpm for 120 minutes 
under vacuum conditions. �erea�er, the thin layer was 
hydrated with licorice extract solution in 50 mL PBS pH 
7.4. �e hydration process was performed at 100 rpm for 
60 minutes at room temperature, followed by a 5-minute 
shaking period. TFS was le� at room temperature for 2 
hours, then sonicated for 60 minutes, and extruded using 
a 450 nm �lter membrane for �ve cycles to reduce particle 
size. All TFS-CGE was stored in a refrigerator at 4 °C until 
further analysis. A blank transfersome formulation (base) 
was prepared following the same procedure, excluding the 
incorporation of licorice and turmeric extracts.

Preparation of NLC

NLC of Curcuma longa and Glycyrrhiza glabra (NLC-
CGE) was prepared using hot emulsi�cation and ultra-
sonication, with modi�cations from previous research 
(Ahalwat and Bhatt 2022). NLC was formulated according 
to the composition presented in Table 2. In brief, solid and 
liquid lipids were heated at 80 °C. Separately, the aqueous 
phase was heated at the same temperature. A�er dissolv-
ing, Curcuma longa extract was added to the lipid phase 
with stirring at 500 rpm using a magnetic stirrer for 15 
minutes at 80 °C. �en, 1 mL of the water phase was taken 
to dissolve the Glycyrrhiza glabra extract. To make a wa-
ter-in-oil emulsion (primary emulsion), the water phase 
that had been added with Glycyrrhiza glabra extract was 
then added to the lipid phase by stirring at 1500 rpm using 

a magnetic stirrer for 15 minutes at 80 °C. �e remaining 
surfactant was added and stirred at 2000 rpm for 2 hours 
using an overhead stirrer to make a secondary emulsion. 
�e NLC formed was sonicated for 15 minutes at 60 °C 
using an ultrasonic device and cooled in an ice bath for 
15 minutes at 2–4 °C. �e NLC formed was then stored in 
a refrigerator at 2–4 °C. �e NLC blank formulation was 
prepared using the same method as the active formulation 
but without the incorporation of extracts.

HPLC method validation for curcumin 
and glycyrrhizin determination

Chromatographic separation was performed using 
high-performance liquid chromatography (HPLC) (LC-
2030C 3D Plus, Shimadzu, Japan) on a C18 column 
(4.6 mm × 150 mm, 5 μm). �e mobile phase consisted of 
acetonitrile (Fisher Scienti�c, Fair Lawn, NJ, USA) and wa-
ter (Ikapharmindo Putramas, Jakarta, Indonesia) that had 
been mixed with 3.3% glacial acetic acid (45:55) for cur-
cumin determination and methanol: 0.4% phosphoric acid 
(68:32) for glycyrrhizin determination, both with isocratic 
elution at a �ow rate of 1.0 mL/min. For curcumin analysis, 
the injection volume was 20 µL, with a column tempera-
ture of 30 °C and detection at a wavelength of 426 nm us-
ing a PDA detector. For glycyrrhizin analysis, the injection 
volume was 10 µL, with a column temperature of 35 °C and 
detection at a wavelength of 254 nm using a PDA detector.

A standard solution of 1000 ppm curcumin and gly-
cyrrhizin (Tokyo Chemical Industry, Tokyo, Japan) was 
prepared by weighing 10 mg of the standard using an ana-
lytical balance, dissolving it in 10 mL of solvent, and soni-
cating for 5 minutes. �e 1000 ppm solution was pipetted 
5 mL and later diluted into a 50 mL volumetric �ask to ob-
tain a solution with a concentration of 100 ppm. For cur-
cumin, a 100 ppm solution was further diluted into 1, 2, 3, 
4, and 5 mL portions, each dissolved in 10 mL of solvent to 
obtain solutions with concentrations of 10, 20, 30, 40, and 
50 ppm, respectively. For glycyrrhizin, a 100 ppm solution 
was further pipetted into 3, 4, 5, 6, and 7 mL portions, each 
dissolved in 10 mL of solvent to obtain solutions with con-
centrations of 30, 40, 50, 60, and 70 ppm, respectively.

�e extract sample solution for method validation was 
prepared by weighing 50 mg of turmeric extract (for cur-
cumin) or 105 mg of licorice extract (for glycyrrhizin) us-
ing an analytical balance and dissolving it in a 25 mL volu-
metric �ask. �e sample was sonicated for 10–15 minutes 
until homogeneous. Meanwhile, the sample solution for 
concentration determination was prepared by weighing 

Table 2. Formulation of NLC-CGE.

Composition FN1 FN2 FN3

Curcuma longa extract 0.25 g 0.25 g 0.25 g

Glycyrrhiza glabra extract 0.25 g 0.25 g 0.25 g

Stearic acid 3.15 g 2.8 g 2.45 g

Caprylic/capric triglyceride 0.35 g 0.7 g 1.05 g

Cremophor RH 40 1.5 g 1.5 g 1.5 g

Aquadest 50 ml 50 ml 50 ml

Table 1. Formulation of TFS-GCE.

Composition FT1 FT2 FT3

Curcuma longa extract 0.25 g 0.25 g 0.25 g

Glycyrrhiza glabra extract 0.25 g 0.25 g 0.25 g

Soy lecithin 0.6375 g 0.6 g 0.5625 g

Tween 80 0.1125 g 0.15 g 0.1875 g

PBS pH 7.4 50 ml 50 ml 50 ml



Adianingsih OR et al.: Anti-aging effect of Curcuma and Glycyrrhiza gels in UVB-irradiated rats4

25 mg of turmeric extract (for curcumin) or 62.5 mg of 
licorice extract (for glycyrrhizin), dissolving it in a 10 mL 
volumetric �ask, and sonicating for 10–15 minutes until 
homogeneous. �e sonicated solution was then pipetted 
in 3 mL with a volumetric pipette and placed in a 10 mL 
volumetric �ask.

Parameters used in validating analytical methods in-
clude selectivity, linearity, limit of detection (LOD), limit 
of quanti�cation (LOQ), accuracy, and precision (United 
States Pharmacopoeia 36, 2017). �e selectivity test was 
conducted by injecting a standard solution of 30 ppm cur-
cumin or 50 ppm glycyrrhizin and 20 µL of the extract 
sample solution into the HPLC system. Selectivity was 
determined by evaluating the interference of other com-
pounds in the turmeric or licorice extract and the mobile 
phase components. �e linearity test was carried out by 
injecting standard solutions of curcumin at concentra-
tions of 10, 20, 30, 40, and 50 ppm (for curcumin) or 30, 
40, 50, 60, and 70 ppm (for glycyrrhizin) as much as 20 µL 
(for curcumin) or 10 µL (for glycyrrhizin) into the HPLC 
system. �e area was observed, and the linear regression 
line equation was obtained from the data. LOD and LOQ 
values were determined by injecting standard solutions of 
curcumin or glycyrrhizin at the same concentration as the 
linearity. �e peak was observed, and LOD and LOQ cal-
culations were carried out according to the formula.

�e accuracy and precision test for the addition method 
was carried out by preparing a curcumin standard solution 
or a glycyrrhizin standard solution of 1000 ppm. �e tur-
meric or licorice extract sample solution was pipetted into 
three di�erent 10 mL volumetric �asks (1 mL each) and 
then added to the standard solution at concentrations of 
80, 100, and 120 µL (for curcumin) or 240, 300, and 360 µL 
(for glycyrrhizin). �e solvent was added to the limit mark, 
obtaining three di�erent concentration levels: 18, 20, and 
22 ppm (for curcumin) or 54, 60, and 66 ppm (for glycyr-
rhizin). �e volumetric �asks were replicated three times, 
resulting in a total of nine samples. Each sample was inject-
ed with volumes ranging from 20 µL (for curcumin) to 10 
µL (for glycyrrhizin) into the HPLC system. �e peak area 
was observed, and the resulting area data were entered into 
the linear regression line equation to calculate %recovery 
and %relative standard deviation (%RSD).

�e curcumin content in turmeric extract samples and 
glycyrrhizin content in licorice extract samples were de-
termined by injecting 20 µL (for curcumin) or 10 µL (for 
glycyrrhizin) of the prepared extract sample solution into 
the HPLC system. �e peak area was observed, and the 
area data were entered into the linear regression line equa-
tion to quantify the levels of curcumin or glycyrrhizin in 
the extract samples.

Characterization of Transfersome and 
NLC

Physical characterization

Transfersomes and NLC were characterized for particle 
size, polydispersity index (PDI), and zeta potential using 
a Particle Size Analyzer (PSA) Microtrac® at the Faculty of 
Mathematics and Natural Science Laboratory, Yogyakarta 
State University. All the tests were performed in triplicate. 
�e morphology of TFS and NLC was observed using 
Field-Emission Scanning Electron Microscopy (FESEM) 
FEI Quanta FEG 650 (US). Both samples were dried at 
room temperature and coated with platinum. Analysis 
was carried out at a magni�cation of 3000× to 5000×.

Drug entrapment efficiency and drug 
loading

Entrapment e�ciency was prepared using the indirect 
method (Zhu et al. 2022). Two mL of transfersome was 
placed in a microtube and centrifuged at a speed of 14,500 
rpm for 45 minutes at room temperature, while 1 mL of 
NLC was dissolved in 1 mL of methanol and centrifuged 
at a speed of 20,000 rpm for 45 minutes. �e supernatant 
was taken, and the active substances (curcumin and gly-
cyrrhizin) were measured using HPLC. Entrapment ef-
�ciency was calculated by Equation 1. �e drug loading 
value in transfersome was calculated using Equation 2. 
Meanwhile, the drug loading value in NLC was calculated 
using Equation 3.

 (1)

 (2)

 (3)

Deformability test

Deformability tests were performed for transfersomes 
to measure their deformability and elasticity properties. 
�e deformability test was carried out by passing 5 mL 
of transfersome through a 100 nm �lter membrane for 
15 minutes at a certain pressure. �en, the size of the 
transfersome vesicles a�er extrusion was measured. �e 
deformability index is determined by Equation 4 (Surini 
et al. 2018). Transfersome deformability can also be deter-
mined through percent deformability by comparing the 
vesicle sizes before and a�er extrusion (Dudhipala et al. 
2020). Percent deformability is determined by Equation 5.

 (4)

 (5)
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In vitro anti-aging activity of transfer-
some and NLC through antioxidant and 
anti-collagenase tests

�e antioxidant test was performed using the 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) method. Sample preparation 
for the formulation and extracts was performed at various 
concentrations, involving the dissolution of the sample in 
methanol (Merck & Co., Darmstadt, Germany) and soni-
cating for 5 to 10 minutes. DPPH was prepared at a concen-
tration of 30 ppm using the DPPH reagent (U6GJC-WA, 
TCI Chemical, Japan). �en, 1 mL of the sample was mixed 
with 3 mL of DPPH and incubated for 30 minutes. A�er 
incubation, measurements were taken using a UV–Vis 
spectrophotometer (UV-1800 240 V, Shimadzu, Japan) at a 
wavelength of 517 nm. �e inhibition percentage was calcu-
lated by measuring the reduction in DPPH absorbance rel-
ative to the control (Adianingsih et al. 2024). �e anti-col-
lagenase test was performed according to the kit procedure 
using the Collagenase Activity Colorimetric Assay Kit (Sig-
ma-Aldrich, MAK293, MO, USA). �e sample preparation 
for the formulation was performed at an extract concen-
tration of 80 ppm, based on the optimization results of the 
DPPH test, and added to the well at 10 μL. �e sample was 
then mixed with the reagent according to the kit procedure 
and measured using a spectrophotometric multi-well plate 
reader at a wavelength of 345 nm for 14 minutes at 37 °C.

Preparation of transfersome and NLC-
based gel for in vivo study

Five di�erent gel formulations were prepared for the in vivo 
study. �ese included (1) a transfersome gel containing Cur-
cuma longa and Glycyrrhiza glabra extracts (TFS-CGE gel), 
(2) an NLC gel containing the same extracts (NLC-CGE 
gel), (3) a blank transfersome gel without extracts (TFS base 

gel), (4) a blank NLC gel without extracts (NLC base), and 
(5) a gel containing the extracts without any nanocarriers 
(CGE gel). All gels were prepared by dispersing Carbopol 
940 (3% w/v) into the respective formulation under contin-
uous stirring at room temperature, followed by a 24-hour 
swelling period and neutralization with triethanolamine 
(TEA) to achieve the desired gel consistency.

Stability test of gels

�e physical stability of the gels was evaluated over a 30-
day storage period at 4 °C (Lin et al. 2024). �e parameters 
assessed included pH, viscosity, and visual appearance. 
pH values were measured using a calibrated digital pH 
meter, while viscosity was determined using a viscome-
ter (measured in cP). �e visual appearance was evaluat-
ed macroscopically and rated on a three-point scale: +++ 
(good), ++ (average), and + (poor). Measurements were 
taken on day 0 and day 30.

Study design for an in vivo anti-aging 
study

�irty-�ve male Wistar rats weighing 150–200 g were 
used in this study. All animal experimental procedures 
and protocols were approved by the Ethics Committee, 
Faculty of Medicine, Universitas Brawijaya, Indonesia 
(Number 155/EC/KEPK/06/2024). Rats were maintained 
under a standard environmental laboratory at 23 ± 2 °C, 
a humidity of 50 ± 10%, and a 12-hour light/dark cycle 
and were given free access to a standard diet and water ad 
libitum. A�er a week of acclimation, rats were randomly 
allocated to seven groups of �ve rats each (Table 3). Before 
treatment, the dorsal skin of rats (3×3 cm2) was shaved to 
remove any hair with a mechanical shaver. Prior to epila-
tion, the rats were anesthetized using 0.1% ketamine.

Table 3. Animal groups.

Group Experimental procedure

Control Normal and non-UVB irradiated group 

UV-B UV-B irradiated and non-treated group

UV-B + TFS-CGE gel UV-B irradiated and treated with gel containing TFS Curcuma longa dan Glycyrrhiza glabra extract

UV-B + NLC-CGE gel UV-B irradiated and treated with gel containing NLC Curcuma longa dan Glycyrrhiza glabra extract

UV-B + TFS base gel UV-B irradiated and treated with gel containing TFS-base (without extracts)

UV-B + NLC base gel UV-B irradiated and treated with gel containing NLC-base (without extracts)

UV-B + GCE gel UV-B irradiated and treated with gel containing Curcuma longa dan Glycyrrhiza glabra extracts

Skin aging induction and treatment

A single UV-B lamp provided the UV-B light source 
(25 W; Exo Terra Reptile UVB200, Rolf C. Hagen Inc., 
CA, USA) with a wavelength of 290–320 nm and radia-
tion intensity at a 10 cm distance of 0.225 mW/cm2. �e 
rats were exposed to UV-B three times weekly on alter-
nate days at a distance of 10 cm from the light, and topical 
treatment was applied to the dorsal skin 5 minutes a�er 

exposure to UV-B. �e UV-B dose increased weekly in 
one minimal erythema dose (MED; one MED is 135 mJ/
cm2) up to three MED, corresponding to exposure dura-
tions of 10 to 30 minutes. �e MED value was determined 
by irradiating the rats with UV-B at various durations (5, 
10, 15, 20, 30, and 60 minutes). �e results found that irra-
diation with a duration of 10 minutes produced minimal 
erythema a�er 48 hours of exposure and calculated the 
MED (Chawla et al. 2021).
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A pinch test was conducted to investigate the dorsal 
skin elasticity of the mice based on the method described 
by Tsukahara et al. (2005). �e test was performed every 
last day of each week, �ve minutes a�er UV-B exposure. 
In detail, the midline of the dorsal skin of the mouse was 
li�ed until its feet lightly touched the table, then the pinch 
was released while measuring the recovery time of the skin 
to its original state. A�er carbon dioxide (CO

2
) euthana-

sia, dorsal rat skin samples (3 × 3 cm) were collected, �xed 
in 10% neutral bu�er formalin (NBF) for 24–48 hours, 
and subsequently embedded in para�n. �e samples were 
then sectioned at a thickness of 5 μm and stained with he-
matoxylin and eosin (H&E), Masson’s trichrome, and spe-
ci�c antibodies for immunohistochemical analysis.

Histopathological analysis

Hematoxylin–eosin (H&E) staining was performed at the 
Laboratory of Anatomy, while Masson’s trichrome stain-
ing was conducted at the Laboratory of Pathological Anat-
omy, Faculty of Medicine, Universitas Brawijaya. In brief, 
the skin was �xed in 10% NBF, para�n-embedded, tissue 
sectioned at 5 μm, depara�nized, rehydrated, and stained 
with H&E or Masson’s trichrome. H&E staining was used 
for histological observations of skin structure and epider-
mal thickness, whereas Masson’s trichrome stain was used 
for the density of collagen �bers in the dermis (Zhu et al. 
2022). Variables were analyzed at �ve random locations 
per slide using an Optilab microscope biology trinocu-
lar (Miconos, Yogyakarta, Indonesia) using 400× mag-
ni�cation. Each specimen was photographed under the 
Optilab Advance+ digital camera microscope (Miconos, 
Yogyakarta, Indonesia) with Optilab Viewer so�ware. 
Epidermal thickness was measured using Optilab Viewer 
so�ware, which had already been calibrated. Collagen �-
ber density was evaluated using the ImageJ 1.53e so�ware 
(National Institutes of Health, Maryland, USA).

Immunohistochemistry

Immunohistochemical staining was performed following 
the protocol from the Diagnostic BioSystems PolyVue™ 
Plus Kit (PVP250D, Diagnostic BioSystems, Pleasanton, 
CA, USA). Skin tissue slides were dehydrated through a 
graded ethanol series, and antigen retrieval was performed 
using citrate bu�er for 3 minutes. Citrate bu�er was used to 
enhance antigen activity. �en, endogenous peroxidases in 
the tissue were inactivated with hydrogen peroxide in PBS 
for 5 minutes. In the next step, the slides were incubated 
with primary antibodies, including anti-MMP1, anti-elas-
tin, anti-collagen type 1, anti-collagen type 2, anti-collagen 
type 3, and anti-TGF-β1 (1:100, Santa Cruz, USA), in a wet 
box at room temperature for 60 minutes. �en, the slides 
were incubated with biotinylated secondary antibodies 
and followed by Horseradish Peroxidase (HRP) for 10 
minutes each at room temperature. Subsequently, the sec-
tions were dehydrated, mounted, and examined at 400× 
magni�cation under an optical microscope (Optilab Iris-4 
Microscope Biology Trinocular, Miconos, Yogyakarta, In-

donesia) with Optilab Viewer so�ware. �e expression of 
proteins was quanti�ed using ImageJ 1.53e so�ware (Na-
tional Institutes of Health, Maryland, USA).

Statistical analysis

Data are presented as mean ± standard deviation (SD). 
Statistical analysis was performed using one-way analysis 
of variance (ANOVA), followed by Tukey’s HSD test for 
post hoc multiple mean comparisons. A p-value of less 
than 0.05 or 0.01 was considered statistically signi�cant. 
Analyses were performed using SPSS so�ware (version 
25.0, SPSS Inc., Chicago, IL, USA).

Results

HPLC method validation

Selectivity testing is conducted to ensure that the instrument 
used is capable of separating the target compound from im-
purities or other interfering substances while also ensuring 
that the target compound can be accurately analyzed and 
measured. �e results of the curcumin and glycyrrhizin 
selectivity test are presented in Table 4. �e chromatogram 
does not show any interference from other compound peaks 
on the curcumin peak (Fig. 1A, B) and exhibits the same 
spectral shape between the turmeric sample solution and 
the curcumin standard solution (Fig. 1C). �e chromato-
grams of the glycyrrhizin standard and licorice extract show 
that the method used is selective (Fig. 2A, B) and exhibit the 
same spectral shape between the turmeric sample solution 
and the curcumin standard solution (Fig. 2C).

A linearity test is conducted to ensure that the analytical 
method yields test results that are directly proportional to 
the sample concentration within a speci�ed range. �e cal-
ibration curves of curcumin and glycyrrhizin are shown in 
Fig. 3. �e requirement for the correlation coe�cient (r) in 
AOAC is 0.99 (AOAC 2023). �us, it can be concluded that 
the linearity test on curcumin and glycyrrhizin meets this 
requirement. �e results showed a satisfactory correlation 
between peak area response and concentration.

LOD is carried out to determine the lowest detectable 
limit of the analyte in the sample, but it cannot be mea-
sured as a de�nite, quanti�able value. LOQ is carried out 
to determine the detection limit of the amount of analyte 
from a sample whose value can be determined quantita-
tively based on a validated method (Indian Pharmacopoe-
ia Commission 2021). LOD and LOQ data are obtained by 

Table 4. Curcumin and glycyrrhizin selectivity test results.

Vial λ (nm) Rt Rs Tf

Standard curcumin 30 ppm 426 12.218 19.597 1.068

Turmeric extract 12.205 1.902 1.070

Standard glycyrrhizin 50 ppm 254 7.720 2.956 1.319

Licorice extract 7.742 2.099 1.341

Rt: retention time; Rs: resolution; Tf: Tailing factor.
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Figure 1. Chromatogram and UV spectrum comparison of curcumin in standard and turmeric extract. A. Chromatogram of the 

curcumin standard; B. Chromatogram of curcumin in the turmeric extract sample; C. Overlay of UV spectra comparing the cur-

cumin standard and curcumin in the turmeric extract.

Figure 2. Chromatogram and UV spectrum comparison of glycyrrhizin in standard and licorice extract. A. Chromatogram of the 

glycyrrhizin standard; B. Chromatogram of glycyrrhizin in the licorice extract sample; C. Overlay of UV spectra comparing the 

glycyrrhizin standard and glycyrrhizin in the licorice extract.
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Figure 3. Calibration curve. A. Curcumin; B. Glycyrrhizin.

calculating the regression equation using the standard de-
viation results from the regression formula that has been 
carried out. �e LOD and LOQ values for curcumin are 
0.862 ppm and 2.874 ppm, respectively. Meanwhile, the 
LOD and LOQ values for glycyrrhizin are 0.125 ppm and 
0.418 ppm. Low LOD and LOQ values indicate adequate 
method sensitivity (Reddy et al. 2016). An accuracy preci-
sion test is conducted to determine the closeness between 
the values obtained from the test results and the reference 
values when the reference to determine the accuracy of the 
results is carried out repeatedly with the selected method 
from homogeneous samples. Accuracy is expressed as 
percent recovery, and precision is expressed in %RSD. �e 
results of the accuracy and precision tests for curcumin 
and glycyrrhizin met the AOAC requirements. �e AOAC 
requirements for 1% analyte are a %recovery in the range 
of 92–105% and a % RSD <2% (AOAC 2023). �e results 
of the accuracy and precision of curcumin and glycyrrhiz-

in using the addition method are shown in Table 5, con-
�rming the previous results.

Determination of curcumin and glycyrrhizin contents 
was carried out on turmeric and licorice extracts used as the 
main components in the NLC and transfersome formulation. 
�e results of the determination of curcumin and glycyrrhiz-
in content in turmeric extract are shown in Table 6. �e ex-
traction yield of curcumin was 4.724%. �ese results indicate 
that the percentage of yield meets the requirements for the 
extraction yield of Curcuma longa rhizome simplicia listed 
in the Indonesian Herbal Pharmacopoeia (IHP) II, with a 
yield value of not less than 3.82%. Meanwhile, the extraction 
yield of glycyrrhizin was 7.096% (Minister of Health of the 
Republic of Indonesia 2017). �ese results indicate that the 
percentage of yield meets the requirements for the extraction 
yield of Glycyrrhiza glabra listed in WHO monographs, with 
a yield value of not less than 4% (World Health Organization 
2002). �us, this study ful�lls this requirement.

Table 5. Accuracy and precision test results of curcumin and glycyrrhizin.

Concentration in 

Sample (mg)

Standard addition (mg) �eoretical concentration 

(ppm)

Measurable concentration 

(ppm)

% Recovery total % RSD

Curcumin

0.1 0.08 18 17.66 98.09 1.43

0.1 0.08 18 17.93 99.64

0.1 0.08 18 18.17 100.96

0.1 0.1 20 20.71 103.57 2.11

0.1 0.1 20 20.26 101.29

0.1 0.1 20 19.86 99.29

0.1 0.12 22 21.69 98.60 1.78

0.1 0.12 22 22.40 101.81

0.1 0.12 22 21.75 98.87

Glycyrrhizin

0.3 0.24 54 52.96 98.07 1.48

0.3 0.24 54 52.58 97.37

0.3 0.24 54 51.47 95.31

0.3 0.3 60 58.26 97.11 1.88

0.3 0.3 60 59.38 98.96

0.3 0.3 60 57.18 95.30

0.3 0.36 66 63.88 96.78 0.56

0.3 0.36 66 63.25 95.83

0.3 0.36 66 63.85 96.75
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Characterization of the Transfersome 
and NLC

�e characterization of transfersome (TFS) and nano-
structured lipid carrier (NLC) formulations revealed key 
parameters in�uencing their potential as e�ective trans-
dermal delivery systems. As shown in Table 7, FT2 exhib-
ited optimal particle size, PDI, and zeta potential among 
the TFS formulations. Smaller and more uniform particles 
are essential for enhanced skin penetration and reduced 
aggregation during storage. �e negative zeta potential in 
FT2 also suggests improved colloidal stability, likely due 
to the presence of non-ionic surfactants such as Tween 80, 
which confer steric and electrostatic stabilization. Among 
NLC formulations, FN3 showed the most favorable physi-
cochemical pro�le, with reduced particle size and accept-

able PDI compared with FN1 and FN2. �e improved 
performance of FN3 may be attributed to its higher pro-
portion of liquid lipid, which enhances matrix imperfec-
tions and promotes better incorporation and dispersion of 
active compounds.

Deformability is a critical parameter for vesicular car-
riers intended for dermal application, as it facilitates pas-
sage through the stratum corneum and ensures deeper 
skin penetration without compromising vesicle integrity. 
�e deformability test (Table 8) con�rmed the high �ex-
ibility of FT2 vesicles, as re�ected in their deformability 
percent and index.

Encapsulation data in Table 9 showed that both TFS 
and NLC systems achieved substantial entrapment of cur-
cumin and glycyrrhizin, with FT2 and FN3 consistently 
demonstrating the highest entrapment e�ciency and 

Table 6. Results of determination of curcumin and glycyrrhizin contents.

Replication Amount of sample taken (mg) Concentrations in 25 mL (ppm) Content in 25 mL (mg) % w/w % RSD

Curcumin

1 25 116.794 1.168 4.672 1.04

2 25 119.745 1.197 4.790

3 25 117.739 1.177 4.710

Average 118.093 1.181 4.724

Glycyrrhizin

1 62.5 440.376 4.404 7.046 1.42

2 62.5 452.276 4.523 7.236

3 62.5 427.831 4.378 7.005

Average 443.494 4.435 7.096

Table 7. Physical characterization of TFS and NLC.

Formula Particle size (nm) Polydispersity index Zeta potential (mV)

TFS FT1 197.48 ± 11.41 0.45 ± 0.08 2.22 ± 4.93

FT2 172.61 ± 37.71 0.45 ± 0.01 -1.09 ± 6.90

FT3 194.71 ± 18.58 0.47 ± 0.10 -1.73 ± 3.35

NLC FN1 737.22 ± 147.18 0.45 ± 0.27 -2.35 ± 0.57

FN2 312.22 ± 77.31 0.57 ± 0.24 -2.02 ± 1.9

FN3 196.22 ± 130.47 0.44 ± 0.27 -3.75 ± 1.95

Table 8. Deformability test results of TFS.

Formula Particle size before 

extrusion (nm)

Particle size a�er extrusion 

(nm)

Deformability percent (%) Deformability index

TFS FT1 197.48 ± 11.41 147.75 ± 11.21 74,75 ± 1.95 10.70 ± 1.67

FT2 172.61 ± 37.71 128.83 ± 36.67 73.69 ± 5.20 8.71 ± 4.78

FT3 194.71 ± 18.58 152.02 ± 14.94 78.05 ± 0.24 11.48 ± 2.03

Table 9. Entrapment e�ciency and drug loading for TFS and NLC.

Formula Entrapment e�ciency Drug loading

Curcumin (%) Glycyrrhizin (%) Curcumin (%) Glycyrrhizin (%)

TFS FT1 75.82 ± 7.42 24.56 ± 1.37 0.72 ± 0.07 0.35± 0.02

FT2 57.83 ± 2.98 26.32 ± 1.32 0.55 ± 0.03 0.37 ± 0.02

FT3 56.77 ± 2.20 27.32 ± 1.29 0.54 ± 0.02 0.39 ± 0.02

NLC FN1 71.27 ± 7.46 71.32 ± 2.58 0.32 ± 0.03 0.49 ± 0.02

FN2 75.43 ± 3.97 67.41 ± 3.49 0.34 ± 0.02 0.46 ± 0.02

FN3 80.53 ± 4.93 66.19 ± 2.59 0.36 ± 0.02 0.45 ± 0.02
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drug loading. �ese �ndings reinforce their suitability for 
delivering hydrophobic and amphiphilic bioactives in an-
ti-aging formulations.

Based on the overall results, FT2 and FN3 were selected 
as the optimal formulations for further investigation. As 
shown in Fig. 4, both FT2 and FN3 exhibited spherical 
morphology, which further supports their suitability as 
nanocarrier systems for topical application.

in vitro anti-aging activity

�e in vitro anti-aging activity was evaluated using anti-
oxidant and collagenase inhibition assays. �e antioxidant 
activity was determined using the DPPH radical scav-
enging assay, with each test conducted in triplicate. �e 
results in Table 10 are presented as half-maximal inhibi-
tory concentration (IC50) values, where a lower IC50 value 
indicates stronger antioxidant activity. �e antioxidant 
activity is also expressed as an inhibition percentage at 
an 80 ppm concentration (Fig. 5A), where a higher inhi-
bition percentage indicates a greater antioxidant capacity. 
Based on the results, the antioxidant activity ranking from 
highest to lowest is as follows: turmeric extract, NLC, a 
combination of turmeric and licorice extracts, licorice 
extract, and transfersome. Collagenase inhibition activi-
ty was measured based on the percentage of inhibition at 
80 ppm. As shown in Fig. 5B, the highest collagenase inhi-
bition activity was observed in the following order: NLC > 
licorice extract > turmeric and licorice extracts combina-
tion > transfersome > turmeric extract.

Gel physical stability study

�e transfersome and NLC gel preparations were also 
evaluated for physical stability over 30 days of storage. �e 

pH, viscosity, and appearance of the TFS and NLC gels 
were evaluated, and the data are presented in Table 11. 
During storage of the TFS and NLC gels, all evaluations 
revealed no signi�cant changes a�er 30 days of storage.

MED determination

�e minimal erythema dose (MED) was determined by ex-
posing rat dorsal skin to UV-B radiation at varying dura-
tions (5, 10, 15, 20, 30, and 60 minutes), as shown in Fig. 6. 
Erythema was observed 48 hours post-irradiation, and the 
area exposed for 10 minutes demonstrated the �rst visible 
signs of minimal redness, which was designated as 1 MED 
(135 mJ/cm2) for subsequent UV-B exposure protocols.

Effect of TFS and NLC gels on rat skin 
appearance

Fig. 7 presents the macroscopic appearance of rat dorsal 
skin following UV-B exposure and treatment. �e control 
group exhibited smooth, healthy skin, while the UV-B 
group showed visible erythema, indicating the signs of 
photoaging. Treatment with TFS-CGE and NLC-CGE 
gels improved skin appearance, resulting in reduced red-
ness and a smoother texture compared with the UV-B 
group. In contrast, the TFS base and NLC base gel groups 
showed no visible improvement, with persistent erythema 
and roughness similar to the UV-B group. �e CGE gel 
also failed to restore skin appearance, with visible wrin-
kling and uneven texture observed.

Effect of TFS and NLC on skin elasticity

Skin elasticity was evaluated weekly using the pinch test, 
which measured the time required for the stretched skin 
to return to its original position. As shown in Fig. 8, 
UV-B irradiation progressively impaired skin elasticity, 
with signi�cantly longer recovery times observed in the 
UV-B group compared with the control group across all 
weeks. In contrast, the TFS-CGE gel, NLC-CGE gel, and 
base gel groups had signi�cant di�erences compared with 
the UV-B group at weeks one and three, whereas the sec-
ond week showed no signi�cant di�erence. In addition, 
the TFS-CGE gel group showed signi�cant di�erences 

Figure 4. Surface morphology using an SEM. A. TFS-CGE, magni�cation: 5000×; B. NLC-CGE, magni�cation: 3000×.

Table 10. Antioxidant activity of extracts, transfersomes, and NLC.

Sample IC
50

 for DPPH (ppm)

Transfersome (TFS-CGE) 128.242

NLC (NLC-CGE) 51.519

Turmeric extract (C extract) 44.370

Licorice extract (G extract) 100.179

Turmeric and licorice extract (CGE) 52.444
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Figure 5. In vitro antioxidant and anticollagenase activity. A. Antioxidant; B. Collagenase. �e concentration of the sample used was 

80 ppm. �e di�erence in letters shows that the result was signi�cantly di�erent with p < 0.05.

Table 11. Assessment of the physical stability of gels in 30 days.

Sample pH Viscosity (cP) Appearance

Day 0 Day 30 Day 0 Day 30 Day 0 Day 30

TFS-CGE gel 5.256 ± 0.03 5.260 ± 0.04 31666 ± 3214 30666 ± 2516 +++ +++

NLC-CGE gel 5.500 ± 0.07 5.476 ± 0.09 34333 ± 1527 29666 ± 3055 +++ +++

TFS base gel 5.570 ± 0.03 5.640 ± 0.08 30333 ± 2516 32000 ± 1000 +++ +++

NLC base gel 6.383 ± 0.04 6.263 ± 0.20 31666 ± 3214 31000 ± 2645 +++ +++

CGE gel 5.963 ± 0.08 5.950 ± 0.10 38333 ± 1527 39000 ± 3000 +++ +++

+++ good, ++ average, + poor; data are represented as mean ± SD (n = 3).

compared with the base gel group in the second and third 
weeks. �e NLC-CGE gel group showed no signi�cant 
di�erence compared with the NLC base gel group at week 
two but exhibited a di�erence at week three. Starting from 
the second week, the GCE gel group showed a signi�cant 
di�erence compared with the TFS-CGE gel and NLC-
CGE gel groups. However, the NLC-CGE gel group had a 
lower recovery time in the third week.

Effect of TFS and NLC gels on epider-
mal thickness and collagen density

Histological analysis with H&E staining (Fig. 9A) revealed 
that UV-B exposure resulted in a signi�cant increase in 
epidermal thickness compared with the control group 
(Fig. 9B). �e use of TFS-CGE and NLC-CGE gels sig-
ni�cantly decreased epidermal thickening, with both for-
mulations showing prominent results. In contrast, the TFS 
and NLC base gels, as well as the CGE gel, resulted in only 
slight improvements. Masson’s trichrome staining (Fig. 
9C) demonstrated a reduction in collagen density within 
the UV-B exposure group. However, treatment with TFS-
CGE and NLC-CGE gels resulted in a signi�cant enhance-
ment of collagen levels in the dermis (Fig. 9D), with NLC-
CGE exhibiting the most signi�cant increase. In contrast, 
the collagen restoration observed in the CGE and base gel 
groups was inferior compared with that of the nanocarri-
er-based formulations.Figure 6. MED determination.
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Figure 7. Photographs of the dorsal skin of rats. A. Normal skin; B. Skin a�er induction of UV-B; C. Skin a�er induction of UV-B 

and treatment with TFS-CGE gel; D. Skin a�er induction of UV-B and treatment with NLC-CGE gel; E. Skin a�er induction of 

UV-B and treatment with TFS gel base (without extracts); F. Skin a�er induction of UV-B and treatment with NLC gel base (without 

extracts); G. Skin a�er induction of UV-B and treatment with gel extract.

Figure 8. E�ect of transfersome and NLC gels on skin elasticity. Data represented as mean ± SD. Statistical analysis was performed 

using one-way ANOVA and the post-hoc Tukey-HSD test. * statistically signi�cant from the control group p < 0.05; ** statistically 

signi�cant from the control group p < 0.001; # statistically signi�cant from the UV-B group p < 0.05; ## statistically signi�cant from 

the UV-B group p < 0.05; + statistically signi�cant from the TFS-CGE gel group p < 0.05; ++ statistically signi�cant from the TFS-

CGE gel group p < 0.001; $ statistically signi�cant from the NLC-CGE gel group p < 0.05; $$ statistically signi�cant from the NLC-

CGE gel group p < 0.001.
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Effect of TFS and NLC gels on expres-
sion of TGF-β1, MMP-1, and elastin

Exposure to UV-B resulted in a signi�cant decrease in the 
expression of TGF-β1 and elastin, along with a marked in-
crease in MMP-1 expression, indicating skin damage and 
matrix degradation. As shown in Fig. 10, treatment with 
TFS-CGE and NLC-CGE gels signi�cantly reversed these 
e�ects, with higher expressions of TGF-β1 and elastin and 
lower expression of MMP-1 compared with the UV-B 
group. �e CGE gel group showed a moderate improve-
ment, whereas the base gel groups, which did not contain 
active extracts, exhibited minimal changes and showed 
expressions that were not signi�cantly di�erent from the 
UV-B group.

Effect of TFS and NLC gels on expres-
sion of collagen types I, II, and III

UV radiation caused a signi�cant reduction in the ex-
pression of collagen types I, II, and III compared with 
the normal control group. �e TFS-CGE and NLC-CGE 

gels signi�cantly restored the expression of all three colla-
gen types relative to the UV-B group. Furthermore, both 
nanocarrier-based formulations demonstrated superior 
e�cacy in enhancing collagen I, II, and III expression 
compared with the CGE gel, as well as the TFS and NLC 
base gels, as shown in Fig. 11.

Discussion

Transfersome and NLC turmeric and licorice extracts 
were prepared using three formulas based on di�erences 
in critical parameters of each preparation. In this study, 
the TFS formula optimized the concentration of phos-
pholipids and surfactant with ratios of 85:15, 80:20, and 
75:25, while the NLC formula optimized the concentra-
tion of liquid lipids and solid lipids with ratios of 90:10, 
80:20, and 70:30. TFS was prepared using the thin-layer 
hydration method with additional modi�cations to the 
sonication and extrusion steps. �e thin-layer hydration 
method was chosen because it is easy to handle and pro-
vides a high level of active substance encapsulation. �e 

Figure 9. E�ect of transfersome and NLC gels on the epidermal thickness and collagen density. A. Representative H&E staining of 

skin tissue; B. Quantitative analysis of epidermal thickness; C. Representative Masson’s trichrome staining of skin tissue; D. Quanti-

tative analysis of collagen density. Data represented as mean ± SD. Statistical analysis was carried out by one-way ANOVA and post-

hoc Turkey-HSD. * statistically signi�cant from the control group p < 0.05; ** statistically signi�cant from the control group at p < 

0.001; # statistically signi�cant from the UV-B group p < 0.05; ## statistically signi�cant from the UV-B group p < 0.05; + statistically 

signi�cant from the TFS-CGE gel group p < 0.05; ++ statistically signi�cant from the TFS-CGE gel group p < 0.001; $ statistically 

signi�cant from the NLC-CGE gel group p < 0.05; $$ statistically signi�cant from the NLC-CGE gel group p < 0.001.
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Figure 10. E�ect of transfersome and NLC gels on the expression of TGF-β1, MMP-1, and elastin. A. Representative immunohisto-

chemistry staining of TGF-β1, MMP-1, and elastin; B. Quantitative analysis of TGF-β1 expression; C. Quantitative analysis of MMP-1 

expression; D. Quantitative analysis of elastin expression. Data represented as mean ± SD. Statistical analysis was carried out by one-

way ANOVA and post-hoc Turkey-HSD. * statistically signi�cant from the control group p < 0.05; ** statistically signi�cant from the 

control group at p < 0.001; # statistically signi�cant from the UV-B group p < 0.05; ## statistically signi�cant from the UV-B group p < 

0.05; + statistically signi�cant from the TFS-CGE gel group p < 0.05; ++ statistically signi�cant from the TFS-CGE gel group p < 0.001; 

$ statistically signi�cant from the NLC-CGE gel group p < 0.05; $$ statistically signi�cant from the NLC-CGE gel group p < 0.001.

sonication stage was selected because of its high e�ciency 
in reducing particle size. In preparing TFS, sonication du-
ration is one of the critical parameters (Fernández-García 
et al. 2020). �e extrusion stage is carried out to reduce 
particle size and the TFS polydispersity index (Khan et al. 
2021), thereby homogenizing the particle size. �e advan-
tage of the extrusion method is its ease of scale-up (appli-

cable on an industrial scale) and its reproducible particle 
size reduction. In the extrusion stage, the hydration prod-
ucts are passed through pores under constant pressure 
to break multilamellar vesicles into unilamellar vesicles 
(Fernández-García et al. 2020). In the process of making 
TFS using the thin-layer hydration method, there are crit-
ical parameters at each stage. �e critical parameters at 
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Figure 11. E�ect of transfersome and NLC gels on the expression of collagen types I, II, and III. A. Representative immunohis-

tochemistry staining of collagen types I, II, and III; B. Quantitative analysis of type I collagen expression; C. Quantitative analysis 

of type II collagen expression; D. Quantitative analysis of type III collagen expression. Data represented as mean ± SD. Statistical 

analysis was carried out by one-way ANOVA and post-hoc Turkey-HSD. * statistically signi�cant from the control group p < 0.05; 

** statistically signi�cant from the control group at p < 0.001; # statistically signi�cant from the UV-B group p < 0.05; ## statistically 

signi�cant from the UV-B group p < 0.05; + statistically signi�cant from the TFS-CGE gel group p < 0.05; ++ statistically signi�cant 

from the TFS-CGE gel group p < 0.001; $ statistically signi�cant from the NLC-CGE gel group p < 0.05; $$ statistically signi�cant 

from the NLC-CGE gel group p < 0.001.

the lipid phase dissolution stage include lipid solubility, 
solvent amount, dissolution temperature, and the addition 
of lipophilic active substances (such as turmeric extract). 
Critical parameters in the evaporation stage include tem-
perature, pressure, rotation speed, and duration. �e crit-
ical parameters at the hydration stage are the amount of 
hydration medium and the addition of hydrophilic active 

substances (licorice extract). �e critical parameters at the 
sonication stage are frequency, temperature, and dura-
tion. �e critical parameters at the extrusion stage are the 
number of �ltration cycles and the pore size of the �lter 
membrane. Among these parameters, temperature, son-
ication duration, and �ltration amount have the greatest 
in�uence on the �nal product (Németh et al. 2021).
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NLC was produced using hot emulsi�cation and ultra-
sonication. �is procedure has the advantage of being rel-
atively simple and does not require organic solvents (Sub-
ramaniam et al. 2020). �e critical parameters in making 
NLC are heating, stirring, and crystallization. Heating 
must be controlled to maintain drug stability against ox-
idation (Weiss et al. 2008). Stirring plays a crucial role in 
achieving homogeneous dispersion and uniform particle 
distribution, signi�cantly a�ecting NLC quality (Shimo-
jo et al. 2019). �e degree of crystallization during NLC 
formation also in�uences encapsulation e�ciency (Chau-
han et al. 2020). Based on the evaluation results, FT2 was 
the optimal TFS formula. �is is because the phospholip-
id-to-surfactant ratio produced vesicles capable of e�ec-
tively absorbing active substances. FN3 was the optimal 
NLC preparation in this study because the higher propor-
tion of liquid lipids facilitated better absorption of the ac-
tive substances. Based on the TFS particle measurement 
results, the three formulas did not di�er signi�cantly. All 
had particle sizes below 200 nm. A previous study on tur-
meric extract TFS cream reported that TFS with particle 
sizes ranging from 100 to 400 nm could penetrate the skin 
and accumulate in the dermis layer (Saraf et al. 2011). �e 
three TFS formulas in this study fell within this particle 
size range, meeting the requirements for dermal delivery 
of active substances. Among them, TFS with an 80:20 
ratio had the smallest particle size. In TFS with ratios of 
85:15 and 80:20, higher surfactant levels led to smaller 
particle sizes. However, exceeding the surfactant limit, 
as in the 75:25 ratio, caused an increase in particle size. 
When compared with the 85:15 ratio, the 80:20 ratio had 
less phospholipid and more Tween 80 surfactant.

�e amount of surfactant can a�ect TFS particle size. 
Tween 80 contains an ethylene oxide side chain, which 
inhibits vesicle aggregation by providing steric repulsion 
in the aqueous phase. �e shorter lipophilic segment of 
Tween 80 causes shallow insertion into the bilayer, in-
creasing vesicle curvature as the hydrophilic head expands 
outward. �is reduces the hydrophobic portion of the TFS 
bilayer and results in smaller particle sizes (Taymouri et al. 
2021). Reducing phospholipid content decreases vesicle 
constituents, and high surfactant concentrations further 
reduce particle size (Khan et al. 2015).

In this study, TFS with a ratio of 75:25 had a larger par-
ticle size than TFS with a ratio of 80:20. �e increase in 
vesicle size occurs because the use of surfactant exceeds 
the optimum limit of surfactant concentration in TFS, 
namely 20%. �e use of surfactant at concentrations above 
20% results in the formation of micelles in the double 
layer, which leads to the formation of pores in the vesicle 
membrane (Gupta et al. 2012). Other research also shows 
a similar trend. �ere was an increase in particle size in the 
TFS formulation with phospholipid-to-surfactant ratios of 
75:25 and 55:45 compared with 95:5. �is increase in size 
occurs due to the large amount of surfactant used, which 
may cause molecular repulsion between the surfactant and 
phospholipid molecules in the TFS bilayer (Bnyan et al. 
2019). Particle size and polydispersity index can a�ect the 

stability of TFS and NLC. A smaller particle size exhib-
its less aggregation over time. Particle size also in�uences 
solubility, biocompatibility, and drug release rate (Haider 
et al. 2020). �e polydispersity index is a parameter used 
to measure the uniformity of particle size distribution. 
PDI values range from 0.0 to 1.0. A value of 0.0 indicates 
that the sample has perfectly homogeneous particle sizes, 
whereas a value of 1.0 indicates that the sample has very 
heterogeneous particle sizes with several particle size pop-
ulations (Khan et al. 2022). In this study, the TFS PDI value 
increased with the increasing amount of surfactant, from 
ratios of 85:15, 80:20, and 75:25, respectively. �ere were 
no signi�cant di�erences (p > 0.05) between the three TFS 
formulations. �e polydispersity index of the three for-
mulas meets the speci�cation, namely less than 0.5, which 
represents a relatively uniform particle size distribution 
(El-Gizawy et al. 2020; Chabru et al. 2024).

Zeta potential measurements were performed to deter-
mine the potential di�erence in a particle, which a�ects 
the aggregation process and physical stability. Prepara-
tions that have a positive or negative charge will exhibit 
electrostatic repulsion between particles in close proxim-
ity. A good zeta potential is higher than +30 mV or lower 
than −30 mV (Gomaa et al. 2022). In this study, the three 
TFS formulations exhibited a zeta potential close to 0, and 
the zeta potential value of TFS decreased to become more 
negative as the surfactant was added. However, there was 
no signi�cant di�erence (p > 0.05) between the three for-
mulas. �e zeta potentials of the three formulas fall within 
the range of +10 mV to −10 mV, so they can be considered 
neutrally charged (Khan et al. 2021). �e zeta potential val-
ue mainly depends on the charge of the lipids and surfac-
tants that make up the TFS (Al Shuwaili et al. 2016). �is 
research uses the nonionic surfactant Tween 80. Tween 
80 can give a negative charge on the surface due to partial 
hydrolysis of the polyethylene oxide head group ((CH2-
CH2-O)n) (Ahad et al. 2018). �erefore, the zeta potential 
charge decreases as the amount of Tween 80 increases. �e 
use of soy lecithin, which contains phosphatidylcholine, 
can also a�ect the zeta potential value. Phosphatidylcho-
line has an isoelectric point between 6 and 7, resulting in 
a slightly negative charge in PBS medium at pH 7.4, which 
is above its isoelectric point (Dhavale et al. 2021). �e fact 
that none of the three formulas has a completely neutral 
zeta potential charge may be caused by small amounts of 
impurities, such as phospholipid impurities from impure 
soy lecithin or active ingredients from the extract. Mor-
phological analysis of TFS and NLC was carried out using 
FESEM with samples in the form of liquid dried at room 
temperature. Morphological analysis was performed on 
the optimal formulation for each preparation. �e results 
of the SEM analysis indicate that the TFS vesicles and NLC 
nanoparticles are spherical in shape, which can enhance 
the penetration of active substances through the stratum 
corneum (Ghasemiyeh and Mohammadi-Samani 2018).

�e deformability characteristics of TFS were presented 
by the deformability index and percent deformability. �e 
deformability index shows the TFS ability to pass through 
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a pore of smaller size (Garg et al. 2017). �is shows that 
TFS with a ratio of 85:15 can pass through pores 10.70 
times smaller than its size. TFS with a ratio of 80:20 can 
pass through pores 8.71 times smaller than its size. TFS 
with a ratio of 75:25 can pass through pores 11.48 times 
smaller than its size. When compared with the size of the 
vesicle a�er extrusion, the smaller the vesicle size, the 
smaller the vesicle deformability index value. �e percent 
deformability value shows the �exibility of the TFS to re-
turn to its original size (Goindi et al. 2013). �e closer it is 
to 100%, the better the TFS ability to return to its original 
size before extrusion (Garg et al. 2017; Das et al. 2023). 
TFS with a ratio of 85:15 can return to the original TFS 
size of 74.75 ± 1.95%. In other words, the TFS decreased 
in size by 25.25 ± 1.95% a�er the extrusion process. Mean-
while, TFS with ratios of 80:20 and 75:25 experienced de-
creases in size of 26.31 ± 5.20% and 21.95 ± 0.24%, respec-
tively. Based on this value, TFS with a ratio of 75:25 is the 
most �exible formula because it has the least reduction in 
particle size compared with the other formulas.

Two active compounds are used in this research, lico-
rice extract and turmeric extract. Curcumin entrapment 
e�ciency and drug loading were determined using an in-
direct method. From the results obtained, the entrapment 
e�ciency and drug loading values decreased as the TFS 
phospholipid-to-surfactant ratio decreased (85:15, 80:20, 
and 75:25). TFS with a ratio of 85:15 had signi�cant di�er-
ences in EE and DL values (p < 0.05) compared with TFS 
with ratios of 80:20 and 75:25. �e greater the amount of 
phospholipids and the smaller the amount of surfactant, 
the higher the EE and DL values. �e greater the amount 
of phospholipids, the greater the active substance that can 
enter the vesicles. Phospholipids are an important compo-
nent of vesicles. More phospholipids might facilitate the 
entry of active substances into the lipid bilayer (Khatoon 
et al. 2019). On the other hand, the addition of surfactant 
causes the formation of pores in the bilayer. �e addition 
of surfactant at concentrations greater than 15% causes the 
formation of small and sti� micelles, thereby reducing the 
adsorption of active substances (El Zaafarany et al. 2010).

Fig. 12 illustrates the proposed molecular mechanism 
by which TFS-CGE and NLC-CGE gels exert protective 
e�ects against UV-B-induced photoaging. UV-B radiation 
absorbed by epidermal cells induces the formation of re-
active oxygen species (ROS), which trigger oxidative stress 
and activate the MAPK signaling pathway. �is activation 
subsequently induces AP-1, a transcription factor that in-
creases the expression of MMP-1, MMP-3, and MMP-9, 
key enzymes responsible for the degradation of collagen 
types I, II, and III (Wei et al. 2024). Additionally, AP-1 acti-
vation enhances SMAD7 expression, which interferes with 
the TGF-β signaling pathway by binding to TβRI and pre-
venting the formation of the TGF-β-TβRI-TβRII complex 
(Quan et al. 2005). Under normal physiological conditions, 
ROS can activate TGF-β, which binds to TβRII and activates 
TβRI through phosphorylation. �is leads to the formation 
of the TGF-β-TβR1-TβRII complex, allowing SMAD2/3 to 
be recruited via the SMAD anchor for receptor activation 

(SARA). �e R-SMADs then oligomerize with SMAD4 and 
translocate into the nucleus to promote the transcription of 
collagen types I, II, and III, as well as elastin and TGF-β 
(Deng et al. 2024). However, increased SMAD7 activity 
competitively inhibits SMAD2/3 from binding to SMAD4 
and also directly interferes with TβRI binding. �is disrup-
tion suppresses collagen gene transcription, leading to a 
reduction in extracellular matrix (ECM) production (Mi-
yazawa and Miyazono 2017). Furthermore, UV-B exposure 
downregulates TBRII expression, further impairing the 
TGF-β signaling pathway (Quan et al. 2001).

Treatment with transfersome and nanostructured lip-
id carrier gels loaded with Curcuma longa and Glycyr-
rhiza glabra (TFS-CGE and NLC-CGE gels) resulted in 
signi�cant improvements in multiple skin aging param-
eters. Histological and immunohistochemical analyses 
revealed reduced epidermal thickness, increased dermal 
collagen density, and upregulated expression of collagen 
types I, II, and III, TGF-β, and elastin. Furthermore, skin 
elasticity was notably enhanced in treated groups. �ese 
therapeutic e�ects are likely mediated through the sup-
pression of UV-B-induced oxidative stress. �e bioactive 
compounds in the formulations are known antioxidants, 
which reduce ROS levels, thereby inhibiting the MAPK/
AP-1 signaling pathway. As a result, MMP-1 expression is 
downregulated, preventing collagen degradation. At the 
same time, restoration of the TGF-β–SMAD signaling 
pathway supports the transcription of ECM components. 
�is integrated molecular modulation underlies the ob-
served structural recovery and functional improvements 
in skin integrity, supporting the anti-photoaging e�cacy 
of both nanocarrier systems.

In the present study, UV-B radiation triggered various 
macroscopic changes, such as erythema and wrinkle for-
mation, as a manifestation of photoaging. �ese pheno-
typic alterations are largely attributed to the degradation 
of collagen, a major structural component of the ECM, 
which plays a key role in maintaining skin strength and in-
tegrity. �ese �ndings were further supported by histolog-
ical observations using immunohistochemical staining, 
which showed a reduction in the expression of collagen 
types I, II, and III in the dermis following UV-B exposure. 
However, topical application of Curcuma longa and Gly-
cyrrhiza glabra extracts formulated in transfersome (TFS-
CGE) and nanostructured lipid carrier (NLC-CGE) gels 
ameliorated UV-B-induced damage, as indicated by in-
creased collagen expression and improved dermal struc-
ture. �is suggests that the bioactive compounds within 
CGE exhibit protective e�ects against ECM degradation 
and collagen loss.

�e ECM is a complex network of proteins and polysac-
charides that provides structural and biochemical support 
to surrounding cells. Collagen and elastin �bers are among 
its key constituents, and their degradation is a hallmark of 
photoaging. Excessive UV-B exposure elevates intracellu-
lar ROS, which not only induce direct oxidative damage 
but also activate signaling cascades that exacerbate ECM 
breakdown. ROS accumulation stimulates the mitogen-ac-
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Figure 12. Proposed molecular mechanism of transfersome and NLC containing Curcuma longa and Glycyrrhiza glabra extract 

against UV-B-induced skin photoaging. �e image was created by BioRender.

tivated protein kinase (MAPK) pathway, ultimately leading 
to the activation of transcription factors such as AP-1. AP-
1, in turn, upregulates matrix metalloproteinases (MMPs), 
particularly MMP-1 and MMP-3, which are responsible for 
collagen degradation (Lee et al. 2021). �is molecular cas-
cade is strongly implicated in the formation of wrinkles and 
other features of photoaged skin.

Skin elasticity is highly dependent on the structural in-
tegrity and abundance of extracellular matrix components, 
particularly collagen and elastin. In this study, UV-B expo-
sure signi�cantly impaired skin elasticity, as demonstrat-
ed by the prolonged recovery time in the UV-B-irradiated 
group. �is impairment was associated with downregula-
tion of TGF-β, a key cytokine involved in the biosynthesis 
of collagen and elastin. Concurrently, UV-B irradiation 
induced overexpression of MMPs, especially MMP-1 and 
MMP-9, which degrade collagen types I, II, and III and 
elastin, thereby accelerating extracellular matrix degrada-

tion (Jabłońska-Trypuć et al. 2016). In contrast, treatment 
with TFS-CGE and NLC-CGE gels signi�cantly shortened 
recovery time, indicating enhanced skin elasticity. �is 
improvement is likely attributed to bioactive compounds 
in the formulations that upregulated TGF-β expression 
and suppressed MMP activity, promoting collagen and 
elastin synthesis and preservation. Comparatively, TFS- 
and NLC-based gels without extract exhibited longer re-
covery times, underscoring the therapeutic potential of 
TFS-CGE and NLC-CGE gels in mitigating photoaging 
and preserving skin biomechanical properties following 
UV-induced oxidative stress.

Curcumin, the principal polyphenolic compound 
in turmeric extract, is a potent antioxidant that exerts 
its protective e�ects through multiple mechanisms. It 
activates the Keap1–NRF2–EpRE signaling pathway, 
promoting the expression of endogenous antioxidant 
enzymes such as superoxide dismutase (SOD), heme ox-
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ygenase-1 (HO-1), and catalase (CAT), thereby reducing 
oxidative stress within the skin (Deng et al. 2021). More-
over, curcumin has been shown to inhibit UV-B-induced 
activation of the p38 MAPK pathway, suppressing the 
AP-1 transcription factor and thereby downregulating 
MMP gene expression (Shamsnia et al. 2023). Consistent 
with these mechanisms, another study demonstrated 
that curcumin isolated from turmeric extract signi�cant-
ly enhanced type I collagen expression in UV-damaged 
dermal tissue (�reskeia et al. 2023). In addition, cur-
cumin has also been proven to inhibit the formation of 
ROS and nuclear factor-κB (NF-κB), thereby reducing 
the expression of MMP-1, MMP-3, and Smad7 in human 
dermal �broblasts (HDFs) (Liu et al. 2018).

Similarly, alkaloid and �avonoid compounds present in 
licorice (Glycyrrhiza glabra) extract have been shown to 
inhibit MAPK signaling pathways, speci�cally through the 
suppression of UV-induced p38 and JNK activation, there-
by reducing the expression of MMP-1 and MMP-3 and 
contributing to the restoration of collagen �ber architec-
ture in dermal tissue exposed to UV-B radiation (Afnan et 
al. 2016; Farrukh et al. 2015; Li et al. 2021). In addition, gly-
cyrrhizin, the main secondary metabolite, can form a sta-
ble complex with MAPK3 through ionic interactions and 
hydrogen bonding, resulting in inhibition of the MAPK/
STAT3/AKT signaling pathway (Zhang et al. 2024). Gly-
cyrrhizic acid in licorice root can also inhibit pro-in-
�ammatory cytokines by suppressing NF-κB through the 
MAPKs and PI3K/Akt signaling pathways (Liu et al. 2018). 
�e antioxidant properties of licorice alkaloids have been 
associated with upregulation of NRF2 expression, further 
enhancing the production of endogenous antioxidants and 
supporting ECM preservation (Mou et al. 2019).

Both nanocarrier systems—transfersomes and NLC—
play essential roles in enhancing dermal delivery, stabil-
ity, and bioavailability of the bioactive compounds from 
Curcuma longa and Glycyrrhiza glabra extracts. Transfer-
somes, consisting of ultra-deformable phospholipid ves-
icles, improve transdermal penetration by enabling the 
vesicles to traverse the narrow intercellular gaps of the 
stratum corneum while maintaining structural integrity. 
�is mechanism allows e�ective delivery of actives into 
deeper skin layers. In other research, transfersome gel was 
shown to signi�cantly restore collagen structure, reduce 
MMP-1 expression, and upregulate TGF-β in UVB-ex-
posed skin treated with transfersome gels of Musa bal-
bisiana peel (Mayangsari et al. 2024). Meanwhile, NLCs, 
comprising a mixture of solid and liquid lipids, enhance 
drug loading e�ciency and stability while allowing sus-
tained release of active compounds. �e use of NLC load-
ed with Oroxylin A demonstrated improved skin perme-
ability and superior antioxidant e�ects in UVB-damaged 
skin, e�ectively lowering ROS levels, apoptosis rates, and 
lipid peroxidation compared with the non-encapsulated 
form (Zhu et al. 2022). Together, these delivery strategies 
support the anti-photoaging potential of TFS-CGE and 
NLC-CGE gels, highlighting the importance of nanocar-
rier systems in optimizing anti-aging delivery.

Conclusion

Transfersome and NLC systems loaded with Curcuma 
longa and Glycyrrhiza glabra extracts were successfully 
formulated and characterized, demonstrating favorable 
nanoscale properties. Both formulations showed strong 
antioxidant and anti-collagenase activity in vitro. When 
applied as gels in vivo, they improved skin elasticity, re-
duced epidermal thickness, and modulated key aging 
biomarkers. �ese �ndings highlight their potential as 
e�ective natural anti-aging agents in nanocarrier-based 
cosmetic applications.
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