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Abstract
Mountain-grown ginseng has free radical scavenging activity and suppresses inflammation. We evaluated the anti-skin-
aging effects of tissue-cultured mountain-grown ginseng (TG) and its major ginsenosides. The effect of three extracts of TG 
and ginsenosides Rg1 (1), Rf (2), Rb1 (3), Re (4), and Rd (5) on the secretion of matrix metalloproteinase-1 (MMP-1) and 
collagen type I alpha 1 (COLIA1) was compared with that of tumor necrosis factor-alpha (TNF-α) stimulation of human 
dermal fibroblasts (HDFs), as determined via enzyme-linked immunosorbent assay. An analytical high-performance liquid 
chromatographic method with evaporative light-scattering detection (HPLC/ELSD) was developed for the simultaneous 
determination of the major ginsenosides in TG obtained via supercritical fluid CO2 or ethanol extraction. TG residues 
obtained via supercritical fluid CO2 extraction (TG1) and TG not subject to extraction (TG3) suppressed MMP-1 secre-
tion in TNF-α-stimulated HDFs. Major ginsenoside content was higher in the TG1 than in residues extracted with ethanol 
(TG2) and TG3; ginsenoside Rg1 (1) content was the highest among all TG residues. Among them, ginsenosides Rg1 (1) 
and Re (4) suppressed MMP-1 in TNF-α-stimulated HDFs, whereas ginsenosides Rb1 (3) and Rd (5) increased COLIA1. 
In conclusion, TG and its active ginsenosides may have anti-skin-aging effects. Ginsenoside Rg1 (1) may also be beneficial 
in ameliorating skin damage. HPLC/ELSD can identify major ginsenosides and supercritical fluid CO2 extraction can be 
applied during health supplement or drug development.

Juree Kim and Hung Manh Phung are contributed equally to this 
work.

 *	 Sanghyun Lee 
	 slee@cau.ac.kr

1	 Department of Plant Science and Technology, Chung-Ang 
University, Anseong 17546, Korea

2	 Department of Preventive Medicine, Gachon University, 
Seongnam 13120, Korea

3	 Department of Life Science, Gachon University, 
Seongnam 13120, Korea

4	 Ximin Co. Ltd, Daegu 42809, Korea
5	 Department of Farm Management, Kyungpook National 

University, Daegu 41566, Korea
6	 Apple Bio Co. Ltd, Daegu 41566, Korea
7	 BET Research Institute, Chung-Ang University, 

Anseong 17546, Korea
8	 Natural Product Institute of Science and Technology, 

Anseong 17546, Korea

http://orcid.org/0000-0002-3133-6573
http://orcid.org/0000-0002-0395-207X
http://crossmark.crossref.org/dialog/?doi=10.1007/s11418-022-01633-2&domain=pdf


812	 Journal of Natural Medicines (2022) 76:811–820

1 3

Graphical abstract

Keywords  Anti-skin-aging · HPLC/ELSD · Supercritical fluid CO2 extraction · Tissue-cultured mountain-grown ginseng

Introduction

Skin is subject to natural aging the same as other organs 
of the human body. However, while the aging of inner 
organs cannot be observed by the naked eye, skin clearly 
shows multiple aging effects, including a rough-textured 
appearance, wrinkling, laxity, and poor elasticity. These 
effects are the result of the degradation of extracellular 
matrix components including elastin and collagen. In old 
skin, collagen appears disorganized and irregular, and the 
loss of collagen I results in an increase in the ratio of 
collagen III to collagen I [1, 2]. Reactive oxygen species 
(ROS) are generated from both the metabolism of cutane-
ous cells (intrinsic aging), as well as exogenous sources, 
including ultraviolet (UV) irradiation, chemicals, toxins, 
and pollutants (extrinsic aging). These exogenous factors 
are considered to be the primary factors promoting extra-
cellular matrix depletion. ROS activate mitogen-activated 

protein kinase transduction pathways leading to transcrip-
tion and translation of matrix metalloproteinases (MMPs) 
that are involved in collagen breakdown [3, 4]. In addition 
to ROS, pro-inflammatory cytokines, including interleukin 
(IL)-1β, IL-6, and IL-8 and tumor necrosis factor-alpha 
(TNF-α), arise in skin exposed to UV radiation and trig-
ger inflammation-induced extracellular matrix degradation 
[5]. TNF-α secreted from keratinocytes and fibroblasts 
exposed to UV light is considered an important inflam-
mation and oxidative stress regulator that promotes skin 
damage. Previous studies have demonstrated that TNF-
α induces human dermal fibroblast damage through an 
increase in ROS production, and regulation of activator 
protein-1 and nuclear factor-κB signaling pathways [5–7]. 
Oxidative stress and inflammation play key roles in skin 
aging. The reversal of these factors is one of the strate-
gies for the delay or recovery of aged skin. Natural prod-
ucts are well-known as abundant and available antioxi-
dant and anti-inflammatory sources. Furthermore, natural 
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compounds are safe and cause little irritation to the skin. 
Ancient populations used plants and herbs to ameliorate 
the effects of skin aging. For example, ancient Egyptians 
applied a mixture of olive oil, wax, incense cake, cypress, 
and fresh milk to soften and remove wrinkles [8].

Ginseng (Panax ginseng C. A. Meyer) is the root of a plant 
from the genus Panax. There are many types of ginseng, includ-
ing mountain-grown ginseng and commercially processed gin-
seng, including red or white ginseng. Mountain-grown ginseng 
grows naturally in mountainous regions without human cul-
tivation, grows slowly, and can take years to reach maturity. 
Because of the various bioactivities of mountain-grown gin-
seng, demand for ginseng health supplements has increased in 
recent years and, consequently, ginseng cultivation is increas-
ing to meet market demands. Tissue-cultured mountain-grown 
ginseng (TG) has a better antioxidant effect than cultivated 
ginseng [9]. While TG has anti-obesity effects, mountain-
grown ginseng herbal acupuncture has shown anti-cancer and 
anti-wrinkle effects [10–12] and TG is effective in preventing 
osteoporosis [13].

Ginsenosides are a class of steroid glycosides and triterpene 
saponins found almost exclusively in the genus Panax. Ginse-
nosides are divided into two groups: the dammarane family, 
which contains the most known ginsenosides, and the oleanane 
family. Dammaranes are further divided into protopanaxadiols 
and protopanaxatriols [14]. Protopanaxadiols include ginse-
nosides Rb1, Rb2, Rc, Rd, Rg3, and Rh2. Protopanaxatriols 
include ginsenosides Rg1, Rf, Re, and Rh1 [15]. Ginsenosides 
are denoted as Rx, where “R” stands for root and “x” stands for 
chromatographic polarity. Ginsenosides derived from ginseng 
possess multiple biological activities [16], including anti-can-
cer, cancer prevention, memory enhancement, immunomodu-
latory, and anti-platelet aggregation effects [17–20]. Ginseng 
contains a variety of active ingredients, including ginsenosides, 
polysaccharides, flavonoids, volatile oils, amino acids, and vita-
mins [21, 22]. Ginseng residues are also used as fertilizers in 
agriculture [23].

In this study, we evaluated the effect of TG and its major gin-
senosides Rg1 (1), Rf (2), Rb1 (3), Re (4), and Rd (5) on TNF-
α-induced human dermal fibroblasts (HDFs) damage. Further-
more, we quantified major ginsenosides in different extractions 
of TG and validated analytical methods using high-performance 
liquid chromatography with evaporative light-scattering detec-
tion (HPLC/ELSD).

Materials and methods

Plant materials and cultivation of mountain‑grown 
ginseng

TG were provided by Department of Farm Management, 
College of Agriculture and Life Sciences, Kyungpook 
National University, Daegu 41,566, Korea. Voucher 

specimens were deposited at the herbarium of Department 
of Plant Science and Technology herbarium (Chung-Ang 
University, Anseong, Korea). Using the modified wood 
plant medium method, we added sugar (30 g/L) and indole 
butyric acid (pH 5.7) to the basic medium for mountain-
grown ginseng cultivation [24, 25]. The medium was pre-
pared in an 18 L bioreactor, sterilized at high temperature 
(125 °C) and high-pressure (0.15 MPa) for 45 min, and 
subsequently frozen. Cultivation was conducted at approx-
imately 23 °C in a dark room for 6–7 weeks. Harvested 
ginseng was dried in hot air (45 °C) for 48 h and used as 
the TG for analysis.

Instruments and reagents

Chromatographic analysis was performed using an HPLC 
(Gilson 72 rue Gambetta—BP 45, 95,400, Villiers-le-Bel, 
France) equipped with a pump and ELSD. HPLC-grade 
water and acetonitrile were purchased from J. T. Baker 
(Avantor, Radnor, PA, USA). Other reagents including etha-
nol (EtOH) were analytical grade and purchased from Sam-
chun Pure Chemicals (Pyeongtaek, Korea). Ginsenosides 
Rg1 (1), Rf (2), Rb1 (3), Re (4), and Rd (5) were obtained 
from Natural Product Institute of Science and Technology 
(www.​nist.​re.​kr), Anseong, Korea (Fig. 1).

Residues derived from different extraction methods 
and sample preparation

Crushed TG was extracted using supercritical fluid CO2 
extraction with a 1 L extraction tube at the R&D center, 
Phycoil Biotech Korea, Inc. A single batch of 300 g of each 
sample was extracted at 50 °C and 30 MPa for 8 h. An input 
of 162 g and recovery residue (154.3 g) was termed TG1. 
Crushed TG was also extracted with 95% EtOH for 5 h to 
obtain an extract (2.42 g); the residue after extraction was 
termed TG2 and the extraction yield was 1.49%. Untreated 
TG comprised TG3 (Fig. 2). For quantitative analysis of 
major ginsenosides, TG1-3 was extracted once more using 
the same method. TG1, TG2, and TG3 (7 g each) were 
extracted five times in EtOH (140 mL each) under reflux for 
3 h. After extraction, samples were filtered and evaporated 
using a rotary evaporator at 50 °C to obtain the final extract. 
The extraction yields of TG1, TG2, and TG3 were 21.43%, 
27.14%, and 27.14%, respectively.

Cell culture and treatment

HDFs were supplied by PromoCell GmbH (Sickingenstrasse, 
Heidelberg, Germany). The cells were maintained in Dul-
becco’s modified Eagle’s medium (DMEM; R&D systems, 

http://www.nist.re.kr
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Minneapolis, USA) supplemented with a 1% mixture of 
penicillin and streptomycin (Lonza, Basel, Switzerland) and 
10% fetal bovine serum (FBS; R&D systems, Minneapo-
lis, USA). HDFs were incubated at 37 °C, with 95% rela-
tive humidity, and 5% CO2. Stock solutions of 100 mg/mL 
extracts (TG1, TG2, and TG3); 100 mM ginsenoside Rg1 
(1), Rf (2), Rb1 (3), Re (4), and Rd (5); and 100 mM querce-
tin (Que) were prepared in dimethyl sulfoxide (DMSO; 

Sigma-Aldrich, St. Louis, MO, USA). A 20 µg/mL stock of 
TNF-α (R&D Systems, Minneapolis, USA) was prepared 
in a 1% bovine serum albumin solution (BSA; Affymetrix, 
Cleveland, Ohio, USA). The final percentage of DMSO was 
controlled to less than 0.1%, so that the viability of HDFs 
compared to with non-treated cells, was not affected. For 
the experiments, HDFs were first pipetted into multi-well 
plates (3 × 104 cells/cm2) and allowed to adhere for 24 h. 
The cells were starved in serum-free DMEM for 24 h and 
then exposed to specific doses of samples for 1 h and subse-
quently to 20 ng/mL TNF-α.

Determination of cell viability

The HDFs were exposed to specific doses of the samples for 
24 h in 96-well plates. EZ-Cytox solution (10 µL) (Dogen, 
Seoul, Korea) was then pipetted into each well and incubated 
for 30 min. The OD450 of the plates was assessed using a 
microplate reader (SPARK 10 M; Tecan, Männedorf, Swit-
zerland). Cell viability was determined as a proportion of 
the viability of untreated cells.

Enzyme‑linked immunosorbent assay (ELISA)

The cells were treated with known concentrations of the 
samples in the presence or absence of TNF-α in 48-well 
plates. After 24 h, HDFs were exposed to the indicated con-
centrations of samples for 1 h and subsequently to 20 ng/
mL TNF-α for 24 h. Supernatants were then harvested and 
the concentrations of matrix metalloproteinase-1 (MMP-1) 
and collagen type I alpha 1 (COLIA1) were measured using 
a sandwich ELISA kit (R&D Systems, Minneapolis, USA).

Preparation of stock solutions for HPLC analysis

Experimental stock solutions were prepared by dissolving 
25 mg of each extract in methanol (MeOH), sonicated for 
20 min, and filtered using a 0.45-μm PVDF membrane filter. 
For the standard stock solutions, 1 mg of each standard was 

Protopanaxatriol types 

Compound R1 R2

1 

2 

4

Glc

Glc2-Glc

Glc2-Rham

Glc

H 

Glc

Protopanaxadiol types 

Compound R1 R2

3 

5

Glc2-Glc

Glc2-Glc

Glc6-Glc

Glc

Fig. 1   Chemical structures of ginsenosides Rg1 (1), Rf (2), Rb1 (3), 
Re (4), and Rd (5)

Fig. 2   TG1 (A), TG2 (B), and 
TG3 (C)
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dissolved in MeOH, sonicated for 20 min, and filtered using 
a 0.45 μm PVDF membrane filter.

HPLC conditions

Quantitative analyses of ginsenosides Rg1 (1), Rf (2), Rb1 
(3), Re (4), and Rd (5) were performed with a gradient elu-
tion HPLC system using a reverse-phase YMC pack Pro 
C18 column (4.6 × 250 mm, 5 μm). The injection volume 
was 20 μL, the temperature of the column was 35 °C, and 
the flow rate was 1 mL/min. The probe temperature of the 
ELSD was 75 °C and the nebulizer nitrogen gas flow was 
adjusted to 1.9 mL/min. The mobile phase consisted of water 
(A) and acetonitrile (B) and elution proceeded as follows: 
83% A at 0 min, 65% A at 25 min, 55% A at 30 min, 55% A 
at 40 min, 100% B at 45 min, 100% B at 50 min, 83% A at 
51 min, and 83% A at 60 min.

Method validation

The HPLC/ELSD method used to quantify major ginseno-
sides in TG was validated for precision, limit of detection 
(LOD), and limit of quantification (LOQ). We analyzed 
ginsenosides Rg1 (1) and Rb1 (3) as marker compounds 
in TG1. Triplicate calibration curves were plotted using 
chromatogram peak areas against the five concentrations 
of the standard solutions (7.8125–500 μg/mL) and the cor-
relation coefficients were calculated by double logarithmic 
transformation of peak areas (Y) of the prepared concentra-
tions (X). LOD and LOQ values were determined from the 
standard deviation (SD) of the calibration curve intercept 
(σ) and slope (S), with the following formulas: LOD = 3.3 
(σ/S) and LOQ = 10 (σ/S). To assess precision, samples of 
three different concentrations (5, 7.5, and 12.5 mg/mL) were 
used for intra-day comparison, and a single concentration 
(7.5 mg/mL) for inter-day comparison. Determinations were 
repeated five times, and precision was expressed as the per-
centage relative standard deviation (% RSD) of the standard 
on three separate days and the same day.

Calibration curves

Standard stock solutions of ginsenosides Rg1 (1), Rf (2), 
Rb1 (3), Re (4), and Rd (5) were prepared by dissolving in 
MeOH to yield a final concentration of 1 mg/mL. Working 
solutions used to construct the calibration curve were pre-
pared by serially diluting the stock solutions. The calibration 
functions of ginsenosides Rg1 (1), Rf (2), Rb1 (3), Re (4), 
and Rd (5) were calculated by the logarithmic transforma-
tion of the peak areas (Y) of the prepared concentrations (X, 
μg/mL), and the mean ± SD.

Statistical methods

Data are presented as means ± SD. Statistical differences 
were analyzed using one-way analysis of variance (ANOVA) 
with Tukey’s honest significance test; p-values less than 
0.05, 0.01 and 0.001 were considered statistically significant.

Results and discussion

We evaluated the anti-skin-aging effects of TG and its major 
ginsenosides in TNF-α-stimulated HDFs by attenuating 
MMP-1 secretion and increasing COLIA1 secretion. TG1 
and TG3 suppressed MMP-1 secretion in TNF-α-stimulated 
HDFs. Quantitative analyses of major ginsenosides in TG1, 
TG2, and TG3 were performed using HPLC/ELSD. The 
content of each ginsenoside was higher in TG1 than in TG2 
and TG3, with that of ginsenoside Rg1 (1) being signifi-
cantly higher.

Ginseng and mountain-grown ginseng have been used 
most as medicinal crops to produce traditional Chinese or 
Asian medicines. Ginseng prevents or treats cancer, diabe-
tes, osteoporosis, and oxidation [26–29]. Ginsenosides exert 
antioxidant, anti-cancer, and immunostimulatory pharma-
cological effects and can serve as potent anti-inflammatory 
agents for the prevention and treatment of various inflam-
matory diseases [30]. Ginseng and its constituents exert 
anti-skin-aging effects by suppressing enzymes, including 
MMPs, related to extracellular matrix degradation, pre-
vention of skin inflammation, and stimulation of collagen 
biosynthesis [31, 32]. For example, sun ginseng is effective 
in promoting procollagen type I C-peptide generation by 
inhibiting MMP-1 and enhancing the expression of a tissue 
inhibitor of MMP-1 in normal HDFs [33]. Thus, TG and its 
components may have the potential to prevent skin aging. 
In this study, we demonstrated the effects of TG1, TG2, and 
TG3 on TNF-α-induced normal HDFs damage. Que was 
used as the positive control [34].

To determine the appropriate dose range for experiments, 
the effect of the test samples on the viability of HDFs was 
assessed. TG1, TG2, TG3, and Que were not cytotoxic to 
HDFs within the concentration range applied (Fig. 3A). 
Thus, we used 50 and 100 μg/mL TG1, TG2, and TG3 for 
subsequent assays. We evaluated the effects of TG1, TG2, 
and TG3 samples on TNF-α-stimulated HDFs using two 
markers: MMP-1 and COLIA1. Following treatment with 
20  ng/mL TNF-α, MMP-1 secretion was significantly 
increased in the absence of TG1, TG2, and TG3, and Que, 
but decreased in groups exposed to TG1 and TG3 (Fig. 3B). 
TG2 did not show an inhibitory effect on TNF-α-stimulated 
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MMP-1 secretion in HDFs. In addition, treatment with 
20 ng/mL TNF-α considerably reduced COLIA1 secretion 
compared with the control group (Fig. 3C). TG2 increased 
the secretion of COLIA1 but the difference was not signifi-
cant. TG1 and TG3 did not reverse the reduction in COLIA1 
secretion induced by TNF-α in HDFs. Que as a positive con-
trol significantly recovered COLIA1 secretion at 12.5 μM 
(Fig. 3C). These data suggest that TG1, TG2, and TG3 may 
prevent skin aging induced by TNF-α in HDFs via the inhi-
bition of MMP-1 secretion.

Quantitative analysis of major ginsenosides Rg1 (1), Rf 
(2), Rb1 (3), Re (4), and Rd (5) in TG1, TG2, and TG3 
was performed using HPLC/ELSD with a reverse-phase 
column and a gradient elution with water and acetonitrile 
in the mobile phase. The linear correlation coefficients (r2) 
for the standards ranged from 0.9990 to 0.9996. The chro-
matographic peaks of ginsenosides Rg1 (1), Rf (2), Rb1 (3), 
Re (4), and Rd (5) exhibited good separation with retention 
times of 19.2, 29.4, 30.5, 31.3, and 33.7 min, respectively 
(Fig. 4). HPLC chromatograms of ginsenosides Rg1 (1), Rf 
(2), Rb1 (3), Re (4), and Rd (5), and the TG extracts are 
shown in Fig. 4. Table 1 shows the contents of the five gin-
senosides in TG1, TG2, and TG3; the content of each gin-
senoside was higher in TG1 than in TG2 and TG3, with that 

of ginsenoside Rg1 (1) being significantly higher. The total 
ginsenoside content was highest in TG1, followed by TG2 
and TG3. These results show the efficiency of supercritical 
fluid CO2 extraction for yielding ginsenosides. Supercritical 
fluid CO2 extraction is usually limited to the extraction of 
relatively non-polar compounds [35]. In our experiment, we 
analyzed the residues after extraction with supercritical fluid 
CO2. Ginsenosides are generally polar and their high content 
in TG1 could be because of their retention in the residue, as 
most of the non-polar compounds were already excluded by 
supercritical fluid CO2 extraction. 

In method validation as marker compounds [36], we con-
structed calibration curves of ginsenosides Rg1 (1) and Rb1 
(3) using five different concentrations. A linear regression 
equation and the correlation coefficient (r2 = 0.9991 and 
0.9994) were calculated by double logarithmic transforma-
tion of the peak areas (Y) of the prepared concentrations 
(X, µg/mL). The LOQ values of ginsenosides Rg1 (1) and 
Rb1 (3) were 0.002 and 0.265 μg/g, respectively. (Table 2). 
We evaluated analytical precision by performing intra- and 
inter-day measurements of samples. The RSD values for the 
intra- and inter-day precision values for ginsenoside Rg1 
(1) ranged from 0.95% to 1.39% and from 0.49% to 0.87%, 
respectively, while corresponding values for ginsenoside 

Fig. 3   Effect of TG1, TG2, and TG3 extracts and Que on cell via-
bility cell viability (A), MMP-1 (B) and COLIA1 secretion (C) of 
HDFs. The viability of cells was assessed using EZ-Cytox kit. The 

content of MMP-1 and COLIA1 in the supernatant was determined 
using an ELISA kit. Data are presented as the mean ± SD (n = 3). 
#p < 0.05 vs. non-treated cells, *p < 0.05 vs. TNF-α-treated cells
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Rb1 (3) ranged from 1.13% to 1.55% and from 0.71% to 
1.22%, respectively (Table 3). The fact that these RSD val-
ues were lower than 2% indicates the reliability of the ana-
lytical method for quantifying major ginsenosides. 

There are several studies on the separation of major gin-
senosides using reversed-phase HPLC [37, 38] and we were 
also able to successfully analyze five major ginsenosides 
using this technique. Lee et al. [39] quantified the major 
ginsenosides in ginseng roots of different ages, from differ-
ent regions and countries, grown using different cultivation 

practices. They demonstrated that the content of the major 
ginsenosides was high (0.931 mg/g) in ginseng cultivated 
in Jinan and the highest (1.785 mg/g) in 4 year-old red gin-
seng. Ok et al. [40] quantified six major ginsenosides in 
TG and demonstrated that the contents of ginsenosides Rg1 
(1) and Rb1 (3) in their extracts were 12.80 and 5.48 mg/g, 
respectively. The contents of ginsenosides Rg1 (1) and Rb1 
(3) in TG1 reported in the current study, were higher than 
that in the previous study, whereas the contents of ginseno-
sides Rf (2) and Re (4) reported in this study were lower. 

Fig. 4   HPLC/ELSD chromatograms of ginsenosides Rg1 (1), Rf (2), Rb1 (3), Re (4), and Rd (5) (A), TG1 (B), TG2 (C), and TG3 (D)

Table 1   The content of ginsenosides Rg1 (1), Rf (2), Rb1 (3), Re (4), and Rd (5) in TG1, TG2, and TG3

Data are presented as mean ± SD (n = 3) in mg/g. **p < 0.01 and ***p < 0.001 compared with TG1

Compound TG1 TG2 TG3

(mg/g extract) (mg/g DW) (mg/g extract) (mg/g DW) (mg/g extract) (mg/g DW)

1 16.485 ± 1.624 3.533 ± 0.348 4.804 ± 0.231* 1.304 ± 0.063* 5.037 ± 0.333* 1.367 ± 0.090**

2 0.479 ± 0.015 0.103 ± 0.003 *trace*** *trace*** *trace*** trace***

3 6.127 ± 0.665 1.313 ± 0.143 1.291 ± 0.097* 0.350 ± 0.026* 1.241 ± 0.040* 0.037 ± 0.011**

4 1.829 ± 0.121 0.392 ± 0.026 *0.858 ± 0.007* *0.233 ± 0.002* *0.875 ± 0.024* 0.237 ± 0.006**

5 2.919 ± 0.264 0.625 ± 0.056 *1.297 ± 0.444** *0.352 ± 0.012** *1.347 ± 0.031** 0.366 ± 0.009**

Table 2   Linearity, LOD, and 
LOQ values obtained for 
ginsenosides Rg1 (1) and Rb1 
(3)

a Y = log-transformed value of peak area, X = log-transformed value of concentration of the standard (μg/
mL)
b r2 = correlation coefficient for five data points in the calibration curve
tR = retention time

Compound tR (min) Range (μg/mL) Calibration equation a r2 b LOD (μg/mL) LOQ (μg/mL)

1 19.2 31.25–500 Y = 2.1469X–3.6116 0.9991 0.001 0.002
3 30.5 7.8125–500 Y = 1.5729X + 0.059 0.9994 0.088 0.265
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Furthermore, in this study, the ginsenoside content in TG2 
and TG3 was generally lower than that reported in a previ-
ous study.

Ginsenosides have been reported to be the most important 
biological component of ginseng. Ginsenoside Rf (2) has 
anti-nociceptive and anti-inflammatory properties, while 
ginsenoside Re (4) and ginsenoside Rd (5) exhibit anti-dia-
betic and neuroprotective properties, respectively [41–43]. 
Ginsenosides Rg1 (1) and Rb1 (3), considered to be the two 
primary ginsenosides [44], have some opposing pharmaco-
logical properties. Ginsenoside Rg1 (1) stimulates the cen-
tral nervous system, inhibits lipid peroxidation, and produces 
hepatoprotection and neuroprotective effects [45–47], while 

ginsenoside Rb1 (3) suppresses the central nervous system 
and inhibits lipid peroxidation [45].

We investigated the anti-skin-aging properties of ginse-
nosides Rg1 (1), Rf (2), Rb1 (3), Re (4), and Rd (5) of TG. 
First, the impact of these samples on the viability of HDFs 
was assessed. Ginsenosides Rg1 (1), Rf (2), Rb1 (3), Re (4), 
Rd (5), and Que were not cytotoxic to HDFs in the applied 
concentration range (Fig. 5A). Thus, we used concentrations 
of 50 and 100 μM when testing the compounds in subse-
quent assays.

We evaluated the anti-skin-aging properties of these sam-
ples on TNF-α-stimulated HDFs using two markers: MMP-1 
and COLIA1. The TNF-α-induced increase in MMP-1 

Table 3   Intra- and inter-day 
precision for determining 
ginsenosides Rg1 (1) and Rb1 
(3) in TG1

RSD relative standard deviation

Compound Intra-day (n = 5) Inter-day (n = 5)

Concentration 
(mg/mL)

Measured con-
tent (mg/g)

RSD (%) Concentration 
(mg/mL)

Measured con-
tent (mg/g)

RSD (%)

1 5 16.715 1.12 7.5 16.792 0.77
7.5 16.786 0.95 16.814 0.87
12.5 15.996 1.39 16.765 0.49

3 5 6.395 1.13 7.5 6.905 0.89
7.5 6.890 1.25 6.904 1.22
12.5 6.382 1.55 6.888 0.71

Fig. 5   Effect of ginsenosides Rg1 (1), Rf (2), Rb1 (3), Re (4), and Rd 
(5) of TG and Que on cell viability (A), MMP-1 (B) and COLIA1 
secretion (C) of HDFs. The viability of cells was assessed using 
EZ-Cytox kit. The content of MMP-1 and COLIA1 in the superna-

tant was determined using an ELISA kit. Data are presented as the 
mean ± SD (n = 3). #p < 0.05 vs. non-treated cells, *p < 0.05 vs. TNF-
α-treated cells
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secretion was decreased in groups exposed to ginsenoside 
Rg1 (1), ginsenoside Re (4), and Que in a dose-dependent 
manner (Fig. 5B). Ginsenosides Rf (2), Rb1 (3), and Rd 
(5) did not attenuate MMP-1 secretion. Furthermore, treat-
ment with 20 ng/mL TNF-α significantly reduced COLIA1 
secretion but this was restored, in a dose-dependent man-
ner, by ginsenoside Rb1 (3). At a concentration of 50 μM, 
ginsenoside Rd (5) also significantly enhanced COLIA1 
secretion, while ginsenosides Rg1 (1), Rf (2), and Re (4) did 
not reverse the reduction in COLIA1 secretion induced by 
TNF-α in HDFs. 12.5 µM Que (positive control) resulted in 
a significant recovery of COLIA1 secretion (Fig. 5C). Based 
on these data, ginsenosides Rg1 (1), Rb1 (3), Re (4), and Rd 
(5) exhibited the potential to prevent skin-aging induced by 
TNF-α in HDFs via the inhibition of MMP-1 secretion and 
increase in COLIA1 secretion.

Conclusion

Our results have demonstrated the anti-skin-aging effects of 
TG and its major ginsenosides in TNF-α-stimulated HDFs 
by attenuating MMP-1 secretion and increasing COLIA1 
secretion. Thus, TG and its major ginsenosides are potential 
agents for preventing skin aging. Because of its effective-
ness in determining and quantifying ginsenosides Rg1 (1), 
Rf (2), Rb1 (3), Re (4), and Rd (5) in TG, we conclude that 
HPLC/ELSD is a useful tool and that supercritical fluid CO2 
extraction is optimal for yielding ginsenosides and develop-
ing health supplements or drugs.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11418-​022-​01633-2.
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