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A B S T R A C T

Background: Ginsenoside, as an active ingredient in traditional Chinese medicine, has been widely used for skin
whitening for several years. Recent research has found that Panax notoginseng has a higher content of ginse-
nosides compared with the Panax ginseng. Those ginsenosides have promising potential to be developed as skin
whitening agents.
Methods:We selected five dammarane ginsenosides isolated from P. notoginseng and their mixtures to investigate
the skin lightning activity. Zebrafish embryo model was used for initial screening of the whitening activity.
Subsequently, the whitening effect of components was examined and compared via testing the inhibition of
melanin and activity of tyrosinase in B16 cells treated with these components. Molecular docking was also
applied to investigate the interactions between ginsenosides and tyrosinase. Finally, the most effective saponins
were selected for dosage form optimization and the whitening effect of saponin-loaded ethosomes was further
demonstrated on the C57BL/6 mouse model.
Results: Experimental results showed that the protopanaxtriol saponins (PTS) were the most potent saponins with
a decent safety profile, and the molecule docking results demonstrated that PTS had strong inhibitory ability to
tyrosinase. PTS was successfully encapsulated into ethosomes with an encapsulation efficiency of 93%. The PTS
ethosome gel could effectively inhibit the melanin production caused by UVB tanning on the back skin of mice.
Conclusion: The PTS ethosome gel provides an effective and safe formulation of PTS to whiten the UVB-tanned
skin in vivo and could be used as a potential skin whitening agent in the future.

1. Introduction

Ginsenosides, as a natural component with high safety, has been well
known for its skin whitening effects for hundreds of years, and has been
frequently used in cosmetic products for skin-whitening [1]. However,
the high cost of ginseng itself, the low ginsenoside content in ginseng
and the difficulty of synthesizing ginsenosides are still the main reasons
that prevent the industrialization of whitening products containing
ginsenosides [2–4]. Meanwhile, with a lower cost due to mass produc-
tion, P. notoginseng also contains a variety of dammarane-type

ginsenosides, mainly PTS and protopanaxdiol saponins (PDS) [5,6]. In
our previous work, we found that three PTS (ginsenosides Rg1 and Re,
and notoginsenside R1) and two PDS (ginsenosides Rb1 and Rd) were
the major ginsenosides in P. notoginseng [7–10]. Herein, we employed
the five major ginsenosides and their mixtures (PTSs and PDSs) from P.
notoginseng to further evaluate their whitening effects.
However, due to the high hydrophilicity of ginsenosides, they barely

cross the skin barrier, which limits their skin-whitening effects [9]. The
melanin production can be restricted in several steps, including by in-
hibition of gene expression related to tyrosinase and direct activity
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inhibition of the related enzyme during the synthesis of melanin [11].
The production of melanin takes place in melanocytes which are special
cells located at the bottom of the skin epidermis [12]. Thus, the ginse-
nosides absorption efficiency into skin needs to be improved for
achieving better whitening effects in the skin in vivo.
As a new transdermal drug delivery carrier, ethosome, which is

optimized from traditional liposomes, a new type of liposome with high
deformability, and encapsulation rate, can efficiently penetrate through
the skin [13,14]. It has the properties of ordinary liposomes that are
mainly composed of amphiphilic molecules, leading to facile
self-assembly into bilayer vesicular structures. The higher ethanol con-
tent in the ethosome disrupts the orderly distribution of the phospho-
lipid bilayer and increases its lipid mobility, while the increased
flexibility of the entire ethosome system due to the presence of ethanol
allows the vesicles to pass through the stratum corneum bilayer and
ultimately achieve deeper drug delivery [15]. Herein, we selected five
main saponins and their separation mixtures in the P. notoginseng for
whitening effective assessments on both zebrafish embryo and B16
mouse melanoma cells [16–20]. Subsequently, the most effective com-
ponents of ginsenosides from P. notoginseng were selected for optimized
formulation into ethosome dosage form. Moreover, the whitening effect
of the ethosome formulation was verified in the UVB tanning C57BL/6
mouse model, and the results showed that the ethosome formula suc-
cessfully improved the skin absorption of PTS ginsenoside, which
significantly improved the whitening effect on C57BL/6 mouse when
compared with the free ginsenoside [21,22]. The results of molecular
docking simulation further suggested that the effect of PTS was via the
tyrosinase inhibitory pathway.

2. Materials and methods

2.1. Materials

Ginsenosides Rg1, Re, Rb1 and Rd, notoginsenoside R1, PTS and PDS
were separated in our laboratory by the previously reported methods [9,
23]. Alpha-Melanocyte-stimulating hormone (α-MSH) was purchased
from Sigma-Aldrich (Hong Kong). Dulbecco’s Modified Eagle Medium
(DMEM) and fetal bovine serum (FBS) were obtained from Gibco (USA).
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide
(MTT) was supplied by Amresco. RIPA Lysis Buffer was purchased from
Beyotime Biotechnology (Shanghai). All other chemical reagents were
purchased from Aladdin (China). A Milli-Q Integral system (manufac-
tured by Merck) was used to supply Milli-Q water for our studies. All
reagents and solvents were used as supplied without further
purification.

2.2. In vitro toxicity

293T and B16 cell lines were purchased from ATCC (USA), where
they were authenticated by cell vitality test, isozyme detection, DNA
fingerprinting, and mycoplasma detection. The cytotoxicity of ginse-
nosides against B16 and 293T cells was examined via MTT assays. In
brief, B16 cells were seeded in 96-well plates with 8 × 103 cells/well
density in 100 μL of fresh culture medium for 24 h. The cells were
subsequently incubated with a fresh medium (100 μL) containing
various concentrations of different ginsenosides at indicated concen-
trations for additional 48 h. The cellular viability was analyzed via MTT
assays with the assistance of a multi-mode microplate reader (Flex-
Station 3, USA). The same experiment was performed with 293T cells.

2.3. In vitro whitening evaluation

The determination of melanin followed previous method [24]. B16
cells were seeded in 24-well plates at a density of 2 × 105 cells/mL and
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) containing
10% (v/v) fetal bovine serum at 37 ◦C in an atmosphere of 5% (v/v) CO2

in air for 24 h. After 24 h, different ginsenosides at indicated concen-
trations were applied firstly for 1 h and then they were exposed to
α-MSH (20 nM). After culturing for 48 h, all the cells were harvested and
0.5 mL 1 N NaOH solution was used for cell suspension, maintaining at
in the water of 80 ◦C for 50 min. After that the whole solution was then
sonicated for 60 min and the melanin content was determined with
absorbance at 405 nm. The protein content of the cell lysates was used
for data normalization. We used a BCA protein assay kit (Thermo sci-
entific Inc., USA) for the determination of the protein concentration of
cell lysates. The result was expressed as a percentage of the activity of
the control group cells in the presence of α-MSH. 1-phenyl 2-thiourea
(PTU) (0.15 μM) was used as the control. The tyrosinase activity was
determined according to the previously reported method [25]. After 48h
exposure to different ginsenosides in the absence or presence of 20 nM
α-MSH, B16 cell were washed in PBS for three times and then lysed in
cold lysis buffer, accompanied with sustained sonication on ice. Then
the entire samples were centrifuged at 13,000 rpm for 30 min at 4 ◦C
(Eppendorf, 5315 D, Hamburg, Germany), and the upper layer was used
for determination of protein content by using BCA protein assay kit as
the standard. The remaining upper layer was used for the activity test of
tyrosinase. By using 1 mL of reaction mixture containing 400 μg of the
supernatant protein, 2.5 mM L-DOPA and 50 mM phosphate buffer (pH
6.8). We finally determined the absorbance at 475 nm and the mixture
was kept at 37 ◦C prior to testing. The final activity was expressed as a
percentage of the activity of the control group cells in the presence of
α-MSH. 1-phenyl 2-thiourea (PTU) (0.15 μM) was used as the positive
control.

2.4. Decoloring effect screening and toxicity evaluation using zebrafish
embryos

The animal experiment was approved by the Animal Ethics Com-
mittee, University of Macau. Wild-type zebrafish were maintained as
described in the Zebrafish Handbook. Adult zebrafish were kept in a
controlled environment at 28.5 ◦C, under a 14 h light/10 h dark cycle.
They were fed general tropical fish food once daily and live brine shrimp
twice daily. The generation of zebrafish embryo were applied by natural
pairwise mating. And the collection was finished in screen mesh, and
then the fish were raised in the cultivated media in dish, with a stable
temperature of 28.5 ◦C in an incubator. Then live embryos were sepa-
rated into different groups (8–12 in each group) for hatching. To screen
decoloring agents, 10 hpf (hour post fertilization) embryos were incu-
bated in a 24-well plate, with 10 embryos per well, containing 1 mL of
embryo medium. All the ginsenosides were dissolved in embryo me-
dium, applied to each well, and decoloring evaluations were performed
at 48 hpf. 1-phenyl 2-thiourea (PTU) (0.15 mM) was used as the positive
control. The toxicity of different ginsenosides towards zebrafish em-
bryos was also assessed. To acquire images, embryos were anesthetized
in tricaine, and mounted in 3% methylcellulose. Images were acquired
using an Olympus Spinning Disk Confocal Microscope System (IX81
Motorized Inverted Microscope [w/ZDC], IX2 universal control box, X-
cite series 120, DP71 CCD Camera; Olympus, Tokyo, Japan).

2.5. Measurement of the melanin content and activity of tyrosinase in
zebrafish embryos

Measurements of the melanin contents and tyrosinase activity were
determined according to previously reported methods [26]. After
treatment with different ginsenosides for 72 h, 50 zebrafish embryos of
10 hpf in each group were collected and then lysed in RIPA Lysis Buffer
solution. The lysate was then applied with centrifugation at 12,000 rpm
for 5 min. After centrifugation, the upper phase was collected for
tyrosinase activity test. By using a 96-well plate, the same amount of
both the upper layer and 1 mM L-3,4-dihydroxyphenylalanine (L-DOPA)
were added together for incubation at 37 ◦C for 1 h. Finally, the results
were shown as the absorbance at 475 nm. The pellet was also collected

Z. Wang et al. Journal of Ginseng Research 48 (2024) 543–551 

544 



for the determination of the melanin content. We dissolved different
groups of the pellets in 1 mL of 1 N NaOH and kept the mixture in 100 ◦C
water bath for 50 min. After all the pellets were dissolved, we trans-
ferred the mixture into a 96-well plate and measured solution absor-
bance at 405 nm. 1-Phenyl 2-thiourea (PTU) was used as the positive
control. The final result was expressed as a percentage of the result to the
control group. All experiments were performed for three times.

2.6. Molecular docking study

The homology modeling is usually performed to study substrate’s
interactions with tyrosinase [27–29]. The PPO3 protein (PDB ID:2Y9X,
Resolution: 2.78 Å), a tyrosinase from Agaricus bisporus was chosen as
the docking target. The crystal structure of target was downloaded from
the RCSB PDB and only X-RAY structures having a resolution less than 3
Å were selected and saved as pdb format. The ligand and receptor were
split by discovery studio 4.5 [30]. Autodock Tools was used to prepare
the pdbqt format files. The gird boxes were adjusted to cover the entire
pocket. After getting the related files of protein, we searched compounds
information from Pubchem database, which were saved as sdf format
and transformed into pdbqt format by Openbabel to dock in the next
step. Autodock Vina1.1.2 was used to simulate the potential interactions
among the selected compounds and the targets [31,32].

2.7. Preparation and characterization of PTS ethosome

The ethosome formulation was composed of 9% soybean lecithin, 4%
cholesterol, 20% ethanol, PTS as described and water to 100% w/w
[33]. Briefly, soybean lecithin and cholesterol were dissolved in ethanol.
PTS dissolved in Milli-Q water was added slowly drop by drop under
sonication. For prevention of the evaporation of ethanol, the entire re-
action system maintained airtight. After slowly mixing the two different
phages for 10 min, the system was kept in a stable state in sonication
bath at 40 ◦C. Finally, the suspension was finely homogenized. A
colloidal solution was obtained through a 0.22 μm disposable filter
(Model lf1, Avestin, Canada) to form uniform sized PTS ethosomes.

2.8. Characterization of PTS ethosome

Ethosome vesicles were visualized using a transmission electron
microscopy (TEM, JEOL 2100F, Japan) at the operation voltage of 200
kV. Ethosomal solution (10 μL) was dried on a microscopic carbon-
coated grid for staining. The excess solution was removed by blotting.
Samples were negatively stained with a 1% aqueous solution of PTA
before observation. The size distribution and zeta potential of colloidal
ethosome were determined via dynamic light scattering (DLS) using a
computerized inspection system (Malvern Zetamaster ZEM 5002, Mal-
vern, UK). For size measurements, ethosome suspension was mixed with

Fig. 1. Relationship and whitening effects of saponions. (A) Relationship between different saponins and the mixtures and (B) Inhibition effects of different gin-
senosides at the same concentration of 0.1 mg/mL on B16 cell and (C) The Melanin content of B16 cell after treated with different saponin at the same concentration
of 0.1 mg/mL. All the groups were treated with 20 nM α-MSH except the blank group. The data are expressed as a mean value ± SD of three independent exper-
iments. Data analyses were all one-way t-tests for comparisons with the CONTROL group, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001.
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water. Each measurement was conducted in triplicate. The electric po-
tential of ethosomes was also determined as described, by injecting the
diluted system into a zeta potential measurement cell.

2.9. Entrapment efficiency measurements

The entrapment efficiency of PTS in ethosome was determined after
ultracentrifugation [34]. Ethosomal preparations that were kept over-
night at 4 ◦C were spun in a TL-100 ultracentrifuge (Beckman, USA) in
an ultrafiltration tube (MILIPORE) at 4 ◦C and 40,000 rpm for 3 h. The
liquid was removed from the outer filter tube and drug quantity was
determined in both the inner and outer filter tube. The entrapment ef-
ficiency was calculated as follows: [(T− C)/T] × 100%, where T is the
total amount of drug, and C is the amount of drug detected only in the
outer filter tube.

2.10. Determination of PTS by HPLC

PTS was analyzed by HPLC at 40 ◦C at the detective wavelength of
203 nm, Agilent 1100 series analytical HPLC apparatus (Palo Alto, CA,
USA) was used [1]. A Zorbax ODS C18 column (250 mm × 4.6 mm i.d.,
5 μm) was used at 40 ◦C. A binary gradient elution system consisted of
water (A) and acetonitrile (B), and separation was achieved using the
following gradient program: 0–30 min, 18–19% B; 30–40 min, 19–31%
B; 40–60 min, 31–56% B. The flow-rate was at 1.5 mL/min and the
sample injection volume was 10 μL. PTS concentration was determined
from a standard curve.

2.11. UVB-induced hyperpigmentation in C57BL/6 mice

All the experimental procedures were approved by the Animal Ethics
Committee, University of Macau for the welfare of experimental animals
under the Animal Ethics No. UMARE-08-2020. C57BL/6 mice were
purchased from the animal facility at Faculty of Health Sciences, Uni-
versity of Macau. All animals were maintained under constant condi-
tions (temperature 25 ± 1 ◦C) and had free access to a standard diet and
drinking water. UVB-induced skin hyperpigmentation was induced on

the back skin of the C57BL/6 mice. The back of mice was depilated in
advance and then separate areas (3 cm × 3 cm) of the back of each
animal was exposed to UVB radiation (SIGMA SH-1B, Philips PLS9-01
lamp emitting 280–305 nm). The mice were randomly separated into
5 groups (n = 5 in each group). The selected skin areas were irradiated
by UVB for 60 s once every two days, and the tanning was applied for
two weeks. The total UVB dose was 720 mJ/cm2 per exposure. The test
compounds with different concentrations were separately mixed with
carbomer gel and were given topically to the darkening back skin areas
of each mouse, which was applied for two consecutive weeks every day
from the next day of the last UVB irradiation. After 4 weeks, all the
animals were sacrificed, and the back skin of each animal was harvested.
The skin sections were then made for biopsies and histological analysis.

2.12. Hematoxylin and eosin (HE) and Fontana-Masson staining analysis

Skin biopsy specimens were fixed in 4% paraformaldehyde solution
at 4 ◦C for 24 h. The tissue was then dehydrated and embedded in
paraffin according to the standard procedures. Serial sections of 3 μm
thickness were obtained. The skin histology was analyzed with HE
staining [35]. We also used the Fontana-Masson that is especially for
melanin stain to evaluate the melanin contents in the skin. Melanocytes
and melanin were visualized using Fontana-Masson staining [36].

2.13. Determination of the melanin contents in the skin homogenate

The melanin contents in the skin homogenate were determined with
a modified literature method [37]. All the skin samples were weighed
and homogenized in the lysis buffer (1 N NaOH) then kept in the water
bath with 80 ◦C for 1 h, the absorbance of extracted melanin in the skin
homogenate was read at 405 nm using a multi-mode microplate reader.
The final result was expressed as a percentage of the result of the control
group. All the experiments were repeated for three times.

Fig. 2. Viability of 293T and B16 cells treated with different saponins, respectively, for 48 h at different concentrations. Cytotoxicity of (A) PNS; (B) PTS; (C) PDS;
(D) ginsenoside Rg1; (E) ginsenoside Re; (F) ginsenoside Rb1; (G) ginsenoside Rd; (H) notoginsenoside R1. The data are expressed as a mean value ± SD of three
independent experiments. Data analyses were all one-way t-tests for comparisons with the CONTROL group, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001.
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3. Results and discussion

3.1. Verification of the whitening effect of ginsenoside on B16 cells

3.1.1. Tyrosinase inhibitory activity in B16 melanoma cells
In this work, we selected five different ginsenosides and their mix-

tures for assessment of their whitening effects. The relationship of these
five ginsenosides and mixtures is shown in Fig. 1A. The tyrosinase ac-
tivity in the presence of different ginsenosides at the same concentration
of 0.1mg/mL was determined and compared (Fig. 1B). PNS, PTS, PDS,
ginsenoside Rg1 and ginsenoside Re showed significant tyrosinase
inhibitory activity (43.7–57.2%) at 0.1 mg/mL. Meanwhile the ginse-
noside Rb1, ginsenoside Rd and notoginsenoside R1 showed weak in-
hibition of tyrosinase activity when compared with the other groups.

3.1.2. Inhibitory effects on melanin content in B16 cells
Most of the saponins exhibited significant inhibitory effects on

melanin synthesis, as shown in Fig. 1C. Particularly, the ginsenoside Rg1
and ginsenoside Re exhibited much better inhibition rates of
52.7–59.1% and 54.6–60.0%, respectively, in comparison with other
saponins, which is nearly reaching the inhibition rate of PTU as the
positive control.

3.2. Cytotoxicity to B16 melanoma cells and 293T cells

We examined the cytotoxicity of the five ginsenosides and their
mixtures against two cell lines. The cultured cells were treated with five
different concentrations of test materials for 48h, and the cell viability
was assessed using MTT assays. In order to evaluate the potential
cytotoxicity of saponins on normal cells, we employed 293T cell line
(human renal epithelial cell line). Fig. 2 shows the effects of all the

Fig. 3. Evaluation of safety and whitening activity on zebrafish embryo. (A) Effects of different saponins on zebrafish embryo tyrosinase activity. and (B) Zebrafish
embryos survival results after treated with different saponins for 48h. No.8 PNS, No.9 PTS, No.10 PDS, No.11 ginsenoside Rg1, No.12 ginsenoside Re, No.13 gin-
senoside Rb1, No.14 ginsenoside Rd, No.15 notoginsenoside R1. (C) Effects of different saponins on melanin synthesis of zebrafish embryo. (D) Effects of PTS on the
intensity of melanin pigment were compared between the head, eye, and yolk in 72 hpf zebrafish embryos exposed to various concentrations of saponin No. 9.
a.0.1mg/mL b.0.075 mg/mL c.0.050 mg/mL d.0.025 mg/mL e. control group f. PTU. Scale bar, 0.5 mm. The data are expressed as a mean value ± SD of three
independent experiments. Data analyses were all one-way t-tests for comparisons with the CONTROL group, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001.
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saponins on cell viability of 293T and B16 cells. No significant cyto-
toxicity was observed for PTS, ginsenoside Rg1, ginsenoside Re and
notoginsenoside R1. The other saponins showed some level of toxicity to
B16 cells. In particular, PNS, PDS and ginsenoside Rd showed inhibition
of cellular viability on both B16 cells and 293T cells.

3.3. Anti-melanogenic effects and toxicity of ginsenosides in zebrafish
embryos

To further address the potential of different saponins as decolorizing
agents in vivo, we explored their anti-melanin production using a
zebrafish embryo model and compared their decolorizing efficacy and
inhibition ability of tyrosinase with PTU (the positive control agent). At
the same time, the adverse effects of the tested saponins on the devel-
opment of visceral organs were examined. The developmental toxicity of
PTU was also examined and quantified.
After 48 h treatment, as shown in Fig. 3, at 1mg/mL, PTS signifi-

cantly reduced pigmentation of zebrafish embryos in vivo without
affecting the embryo development, and the treated embryos showed a
high survival rate. And the saponin ginsenoside Rg1, ginsenoside Re and

notoginsenoside R1 showed weak inhibition on melanin synthesis, when
compared with PTS. Meanwhile, high toxicity of saponin ginsenoside
Rb1 and ginsenoside Rd was observed (Fig. 3(C)), as most of the
zebrafish embryos in these groups died during the treatment. The photo
of different concentration PTS applied on zebrafish embryo was shown
in Fig. 3(D), with no signs of cardiotoxicity observed in these zebrafish
embryos, suggesting a decent safety profile of the potential decolorizing
agent.

3.4. Molecular docking

According to the cell and zebrafish embryo results, notoginsenoside
R1, ginsenoside Re and ginsenoside Rg1 and PTU were docked with
2Y9X for comparison. Among them, ginsenoside Rg1 (− 6.7 kcal/mol)
showed better binding affinity than PTU (− 5.4 kcal/mol), but noto-
ginsenoside R1 (− 5.1 kcal/mol), ginsenoside Re (− 4.9 kcal/mol), gin-
senoside Rd (− 5.2 kcal/mol) and ginsenoside Rb1 (− 4.3 kcal/mol) were
not. Binding patterns of four pairs were shown in Fig. 4(A). Binding
details of 2Y9X to notoginsenoside Rg1 are shown in three-dimensional
(3D) form in Fig. 4(B), which clearly indicated the spatial location of the

Fig. 4. Molecule docking result between tyrosinase and different saponins. (A). Binding sites and binding patterns between protein 2Y9X crystal structure of PPO3
with 3 candidate compounds and PTU. (B). 3D details of binding mode between 2Y9X and Rg1, green number showed the length of conventional hydrogen bond. (C).
plat form of (B).

Fig. 5. Morphology and properties of PTS ethosome. (A). PTS liposome was negatively stained by phosphotungstic acid and characterized by TEM; (B). The size of
PTS liposome determined by dynamic light scattering.
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notoginsenoside R1 and the different types of bonds, as well as the
lengths of the two conventional hydrogen bonds. The intermolecular
hydrogen bond labelled 2.75 made the main contribution [38,39]. De-
tails were listed in Supplement Table 1 in SI.
Considering the results of preliminary screening of different ginse-

nosides in the previous experiment, we found that saponin PTS, ginse-
noside Rg1, ginsenoside Re and ginsenoside R1 had good whitening
effects and high safety for cells and zebrafish embryos. However, gin-
senoside Rb1, ginsenoside Rd and PDS were out of our consideration
because of their high toxicity. Meanwhile, since the saponin ginsenoside
Rg1, ginsenoside Re and ginsenoside R1 were separated from saponin
PTS, we finally selected PTS as our core whitening component, which
was evaluated further for dose form optimization for the whitening ef-
fects evaluation in mice.

3.5. Identification and characterization of ethosome vesicles

3.5.1. Visualization of vesicles by transmission electron microscopy
Ethosome vesicles were visualized using a transmission electron

microscopy (TEM, JEOL 2100F, Japan) at the operation voltage of 200
kV. The TEM image of PTS ethosome is shown in Fig. 5(A).

3.5.2. Ethosome size and zeta potential
For the PTS ethosome prepared with 20% ethanol, the dynamic light

scattering data showed a narrow particle size distribution, with an
average particle size of 131 ± 45 nm (Fig. 5(B)). The zeta potential was
also determined as − 22.3 ± 7.08 mV. The stability of size and zeta
potential were also determined after storage for three months. As shown
in Table 1 and Fig. S1, we successful attained a PTS ethosome with an
entrapment efficiency of as high as 93% and the size and zeta potential
could be maintained stable for three months.

3.6. Whitening effects on UVB tanning C57BL/6 mouse model

3.6.1. UVB induced pigmentation on C57BL/6 mouse model
The UVB induced pigmentation in mice was established as shown in

Fig. 6(A). When compared with the normal control group, the back of
mice irradiated with UVB turned to much darker without obvious
swollen or inflammatory signs. All the mice were in good condition until
the experiment finished.

3.6.2. PTS ethosomes reduced the melanin content in the back skin of UVB
tanning C57BL/6 mice
Microscopic and histopathological analysis of back skin of mice

showed no significant burns or injuries in any areas of the dorsal skin of
mice (Fig. 6). We further determined the melanin contents of the back
skin homogenate of each group. As shown in Fig. 6(B). When compared

Table 1
The particle size, size distribution and zeta potential of PTS ethosomes stored for
up to 3 months, measured via dynamic light scattering (DLS).

Time (day) Diameter (nm) PDI Zeta potential (mV)

1 131.9 ± 45.6 0.198 − 22.3 ± 7.08
15 137.8 ± 44.7 0.177 − 23.5 ± 7.5
60 140.2 ± 35.2 0.210 − 22.4 ± 7.21
90 163.3 ± 40.78 0.199 − 25.2 ± 7.03

Fig. 6. Figure of UVB induced tanning model and treatment result. (A). Photo of rat back of different group after experiment; (B). Relative melanin inhibition rate of
in the homogenates of pigmented skins. The results were shown by the difference between the melanin content of different groups and the UVB only group. The data
are expressed as a mean value + SD of five independent experiments; (C) Fontana-mason (first line) and Hematoxylin and eosin (HE) staining (second line) results of
effects of the different group (two weeks of treatment) on UVB tanning in C57BL/6 mouse skins. (a) Control group without UVB irradiation. (b) UVB irradiation only
(c) UVB irradiation and applied with empty gel. (d) UVB irradiation and applied with 10mg/mL free PTS. (e) UVB irradiation and applied with 5 mg/mL PTS
ethosome. (f) UVB irradiation and applied with 5 mg/mL PTS ethosome. The data are expressed as a mean value ± SD of three independent experiments. Data
analyses were all one-way t-tests for comparisons with the CONTROL group, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001.
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with the control group, both free PTS and PTS ethosome group reduced
the content of melanin in the back skin of mice, and the ethosome group
showed the much lower concentration of melanin (5 mg/mL) than that
(10 mg/mL) of free PTS treated group. The results fully validated the
improvement of skin delivery efficiency of ethosome dosage forms.
Meanwhile the results of hematoxylin and eosin (HE) staining and
Fontana-Masson (Fig. 6(C)) showed us more visually that melanin in the
dorsal skin of mice increased after UVB radiation, but decreased
significantly after treatment with free PTS and ethosome containing
different PTS levels, indicating the excellent skin whitening effect of
PTS.

4. Conclusion

A safety skin lightning agent has been strived for many researchers.
To inhibit the synthesis of melanin, the key point is to inhibit the activity
of tyrosinase which is a copper-containing enzyme that plays a crucial
role in the production of melanin [40]. In this work, we first screened for
safe and efficient depigmentation agents from different ginsenosides
isolated from Panax ginseng using B16 melanoma cells and zebrafish
embryo models [41–44]. Further molecular docking work also verified
the binding affinity of the saponins in PTS with tyrosinase. Compared to
tyrosinase with a fixed crystal structure in molecular docking, proteins
in solution may have various conformations and produce different
binding affinity with small molecules, which results in poorer Rg1 ac-
tivity in experiments compared to PTU, but exhibits a better affinity in
molecular docking.
As a result, we finally found that ginsenoside PTS, showed potential

skin whitening ability and no significant side effects on cells and
zebrafish embryos. Regarding the effect of cytotoxicity on tyrosinase
activity, according to the literature, cell viability does affect tyrosinase
activity, which in turn reduces the amount of melanin in the cells [45].
This could also reveal that PNS, while possessing a higher toxicity, also
has a better melanin inhibiting ability and was therefore excluded from
our selection. Therefore, we chose saponins with good safety and
whitening effect, which have been excluded from interfering with
tyrosinase activity by cellular viability.
Then in order to increase the skin penetration of the drug and to

increase the transdermal absorption of the whitening product, we
developed the ethosome system for the skin delivery of PTS [46,47].
After several experiments, we obtained a relatively stable and optimized
formulation: soy lecithin 9%, cholesterol 4%, ethanol 20%, PTS as
described, water 100% w/w, size 131 ± 4 nm, zeta potential − 22.3 mV,
and can be stored stably at − 4 ◦C for 3 months. We tested the whitening
effect of PTS ethosome using a UVB tanning C57BL/6 mouse model in
order to better illustrate the effective delivery of PTS ethosome. Addi-
tionally, the PTS ethosome group showed melanin inhibition after 4
weeks of therapy. Additionally, even at lesser concentrations, the PTS
ethosome group’s whitening impact outperformed the free PTS group’s.
This research fully supports the great improvement in skin delivery
effectiveness of the ethosome dosage form and also provides fresh in-
sights into the transdermal distribution of water-soluble natural prod-
ucts. Previously, many works mainly applied ginsenoside monomer or
monomer derivatives as the main whitening ingredients for develop-
ment, and for the first time, we used PTS, a mixture of saponins isolated
from P. notoginseng, to maximize the therapeutic effect as well as the
great improvement of safety [48,49]. Considering that the content of
saponins in P. notoginseng is high and the cost of P. notoginseng is lower
compared with that of P. ginseng, the cost can be better controlled when
it is developed into a whitening product. This work provides more ref-
erences for the development of ginsenosides as a bleaching agent for
cosmetic bleaching agents.
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