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Fermentation of Panax notoginseng root
extract polysaccharides attenuates
oxidative stress and promotes type I
procollagen synthesis in human dermal
fibroblast cells
Shiquan You1,2,3†, Xiuqin Shi1,2,3†, Dan Yu1,2,3, Dan Zhao1,2,3, Quan An4, Dongdong Wang1,2,3, Jiachan Zhang1,2,3,
Meng Li1,2,3* and Changtao Wang1,2,3*

Abstract

Background: Panax notoginseng is one of the most valuable traditional Chinese medicines. Polysaccharides in P.
notoginseng has been shown to significantly reduce the incidence of human diseases. However the application of
fermentation technology in Panax notoginseng is not common, and the mechanism of action of P. notoginseng
polysaccharides produced by fermentation is still unclear. The specific biological mechanisms of fermented P.
notoginseng polysaccharides (FPNP) suppresses H2O2-induced apoptosis in human dermal fibroblast (HDF) and the
underlying mechanism are not well understood.

Methods: In this study, the effects of water extracted and fermentation on concentration of polysaccharides in P.
notoginseng extracts were analyzed. After the H2O2-induced HDF model of oxidative damage was established, and
then discussed by the expression of cell markers, including ROS, MDA, SOD, CAT, GSH-Px and MMP-1, COL-I, ELN,
which were detected by related ELISA kits. The expression of TGF-β/Smad pathway markers were tested by qRT-
PCR to determine whether FPNP exerted antioxidant activity through TGF-β signaling in HDF cells.

Results: The polysaccharide content of Panax notoginseng increased after Saccharomyces cerevisiae CGMCC 17452
fermentation. In the FPNP treatment group, ROS and MDA contents were decreased, reversed the down-regulation
of the antioxidant activity and expression of antioxidant enzyme (CAT, GSH-Px and SOD) induced by H2O2.
Furthermore, the up-regulation in expression of TGF-β, Smad2/3 and the down-regulation in the expression of
Smad7 in FPNP treated groups revealed that FPNP can inhibit H2O2-induced collagen and elastin injury by
activating TGF-β/Smad signaling pathway.

(Continued on next page)

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: limeng@btbu.edu.cn; wangct@th.btbu.edu.cn
†Shiquan You and Xiuqin Shi contributed equally to this work.
1Beijing Advanced Innovation Center for Food Nutrition and Human Health,
Beijing Technology and Business University, Fucheng Road, Beijing 100048,
China
Full list of author information is available at the end of the article

BMC Complementary
Medicine and Therapies

You et al. BMC Complementary Medicine and Therapies           (2021) 21:34 
https://doi.org/10.1186/s12906-020-03197-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s12906-020-03197-8&domain=pdf
http://orcid.org/0000-0002-7354-6480
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:limeng@btbu.edu.cn
mailto:wangct@th.btbu.edu.cn
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Conclusion: It was shown that FPNP could inhibit the damage of collagen and elastin induced by H2O2 by
activating the TGF-β/Smad signaling pathway, thereby protecting against the oxidative damage induced by
hydrogen peroxide. FPNP may be an effective attenuating healing agent that protects the skin from oxidative stress
and wrinkles.
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Background
Panax notoginseng (Burk) F.H. Chen is a kind of Chinese
herb with high medicinal value. The root of Panax notogin-
seng contains many chemical components such as saponins,
flavonoids, volatile oils, amino acids, polysaccharides, vari-
ous trace elements, etc. [1–3]. Relevant studies have shown
that P. notoginseng has many pharmacological effects, and it
has been used in a large proportion of clinical treatment of
cardiovascular diseases [4], cerebrovascular [5], blood, ner-
vous and immune systems [6], as well as wound healing
[7–10]. It is also added as the main ingredient in topical
Chinese patent medicines, such as Yunnan Baiyao and
Pianzaihuang, for hemostasis, antiulcer and protection
against premature aging. In these prescriptions, P. notogin-
seng was not added directly but hydrolyzed or fermented by
microorganisms [11]. By adding concentrated P. notogin-
seng fermented extracts, these prescriptions can promote
the synthesis of collagen to reduce fine lines and wrinkles
and effectively repair damage caused by sunlight or the ex-
ternal environment [12].
The aqueous extracts of P. notoginseng are rich in

polysaccharides [13, 14]. P. notoginseng polysaccharide
(PNP) is a kind of heteroglycan which has been shown
to have immunological [15], anticancer [16, 17], anti-
hyperglycemic and anti-coagulation activity [18]. The
PNP of high molecular weight is not conducive to ab-
sorption through the stratum corneum. To make PNP
more efficient in protecting against the premature aging
of the skin, low molecular weight PNP needs to be pre-
pared. It has been reported that the conversion of
macromolecular compounds into smaller forms using
various microorganisms can improve their bioactivity
[19, 20]. Fermentation is the process of using microbial
enzymes or microorganisms to convert raw materials
into desired products [11, 20, 21]. In our previous study,
P. notoginseng strains fermented by various microorgan-
isms were selected. P. notoginseng polysaccharides fer-
mented by Saccharomyces cerevisiae CMCC17452 which
isolated in yellow rice wine wheat starter showed the
highest antioxidant activity [22]. The fermentation and
extraction conditions of FPNP were isolated and
optimization. This FPNP showed the activity of anti-
inflammatory effects in the immortalized epidermal cell
line HaCaT and anti-aging effects in HDF cells [23].
However, the relevance of these findings has yet to be

fully documented, and the protective effect of FPNP on
H2O2-induced oxidative stress and reduction of cellular
collagen synthesis has not been studied.
Oxidative stress is a negative effect caused by the im-

balance of oxidation and anti-oxidation in human body.
Oxidative stress not only leads to increased protease se-
cretion and production of a large number of oxidative
intermediates, but also leads to increased collagen and
elastin content in the dermis, further aging the skin [24].
However, antioxidant activity can be attributed to a
variety of reactions and mechanisms, such as radical
scavenging, reducing power, preventing chain initiation,
etc. [25, 26]. Antioxidant effects should not only have
the ability to clear reactive oxygen species (ROS) but
also have the role of up-regulated related antioxidant en-
zymes, regulating redox cell signals and gene expression
[27]. H2O2 is a kind of ROS produced in healthy cells
during cellular respiration and metabolism. High con-
centrations of H2O2 may induce various human degen-
erative diseases and aging [28]. The cell viability and
concentration of several markers of oxidative damage,
including the generation of ROS and malondialdehyde
(MDA), glutathione peroxidase (GSH-Px) the enzyme
activity of catalase (CAT) and superoxide dismutase
(SOD), are all affected by H2O2. Damage by H2O2 has
been shown to affect the degradation of collagen and
procollagen synthesis [29]. Therefore, in this study, HDF
cells treated with hydrogen peroxide (H2O2) were used
as a model to evaluate their antioxidant capacity. Trans-
forming growth factor-β (TGF-β) is a pluripotent cyto-
kine that that is reported to be involved in procollagen
synthesis and has an irreplaceable role. H2O2 destroys
the TGF-β/Smad pathway, further leading to reduction
of type I procollagen [30] .
This study focused on detect the expression of oxida-

tive damage markers and TGF-β/Smad gene in HDF
cells, to determine whether FPNP regulates antioxidant
enzymes through TGF-β signaling pathway, and then to
study the mechanism of FPNP in HDF cells in antioxi-
dant stress.

Methods
Reagents and instruments
Reagents and instruments were showed as following, in-
cluding Saccharomyces cerevisiae CMCC17452, (isolated
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from yellow rice wine wheat in our laboratory); The
P.notoginseng root (Wenshan in Yunnan Province, China);
2,2-diphenyl-1-picrylhydrazyl (DPPH) and ascorbic acid
(Sigma-Aldrich,St. Louis, MO, USA); Fibroblast Medium
(FM) (ScienCell, San Diego, CA, USA); Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) and Fetal bovine serum
(FBS), trypsin-EDTA and penicillin-streptomycin (Gibco
Carlsbad, CA, USA); Cell lysis buffer for BCA Protein
Assay Kit, Catalase (CAT), superoxide dismutase (SOD),
Malondialdehyde (MDA) and ROS kits (Shanghai Beyo-
time Biotechnology Shanghai, China). Huma COL-1 (Col-
lagen 1) ELISA Kit, Human Matrix metalloproteinase-1
(MMP-1) ELISA Kit and Huma Elastin (ELN) ELISA Kit
(CUSABIO,Wuhan, China); EasyScript® One-Step gDNA
Removal and cDNA Synthesis SuperMix and TransStart®
Top Green qPCR SuperMix (TransGen Biotech Beijing,
China). All other chemicals used were of high purity bio-
chemistry grade. Olympus Inverted fluorescent micro-
scope (Shanghai Tulsen Vision Technology Co., LTD,
Shanghai, China); Infinite M200 PRO fluorescence marker
(Deken Trading Co., LTD).

Fermentation of RGE
S. cerevisiae CMCC17452 was cultivated with YPD broth
(Becton, Dickinson and Company, Sparks, MD, USA) at
28 °C for 48 h. P. notoginseng root (PNR) and pure water
were were mixed to a ratio of 1 to 10 before sterilization
for 15 min at 121 °C. S. cerevisiae CMCC17452 was inoc-
ulated into PNR solution at a concentration of 5% (V/V)
and fermented at 28 °C for 24 h. The PNR solution with-
out S. cerevisiae CMCC17452 was used as a blank con-
trol. Samples were centrifuged and the supernatant
collected for analysis and named fermented P. notogin-
seng root liquid (FPNR) and water-extracted P. notogin-
seng root liquid (WPNR).

Measurement of polysaccharide, ginsenoside and
flavonoid content
Polysaccharide content was measured using the sulfuric
acid method [31]. The entire saponin content was deter-
mined using the modified vanillin-acetic acid assay with
a standard curve of ginsenoside [32]. The entire flavon-
oid content was measured using a colorimetric assay
with rutin as the standard sample.

Measurement of antioxidant activity in vitro
DPPH, hydroxy free and superoxide anion free radical
scavenging activity were performed following the pub-
lished methods [10, 33].

Cell culture and MTT assay
Human dermal fibroblast cells (HDF, from Shanghai In-
stitutes for Biological Sciences) were grown in FM
medium containing 2% FBS, 1% fibroblast growth

additive and 1% penicillin/streptomycin at 37 °C in 5%
CO2 atmosphere. We change culture medium every two
days and split using 0.25% trypsin and 0.02% EDTA so-
lution at 80 to 90% confluency.
Cells were seeded at 1× 105 cells/mL in a 96-well plate

for 12 h and incubated with various concentration of
FPNP (0.25–2.5 mg·mL− 1) for 12 h. Next, the cells were
incubated with a 10 μL MTT solution (100 mmol·L− 1)
for 4 h. Subsequently, 100 μL of dimethyl sulfoxide
(DMSO, Sigma) was added to dissolve the purple forma-
zan crystals. The optical densities of the solutions were
quantified at a wavelength of 595 nm using a infinite
M200 PRO fluorescence marker.
Cell survival is the percentage of viable cells compared

to the control sample in the presence of the extract.
Both untreated cells and DMEM cells of the same vol-
ume were used as controls, and each sample passed
three independent analytical tests [34].

Establishment of oxidative stress model
The cells were inoculated on a 96-well plates at a con-
centration of 8× 104 for oxidative stress analysis. When
establishing the oxidative damage model of HDF caused
by H2O2, according to cell viability, the IC50 concentra-
tion and time of the cells treated by H2O2 were deter-
mined using SPSS software. The concentrations of H2O2

were set at 1, 10, 25, 50, 100, 250, 500 and
1000 μmol·L− 1.

Determination of intracellular ROS, MDA, SOD, CAT and
GSH-Px
Superoxide dismutase (SOD) was assayed by the method
as references [35]. The assay is based on total Superoxide
Dismutase Assay Kit with WST-8 in line, relies on WST-8
[2-(2-methoxy-4-nitrophenyl)-3-(4-nitro- phenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium], which produces a highly
water-soluble formazan dye, the reaction inhibited by
SOD. Reactive Oxygen Species (ROS) level was detected
by the method as references [35]. The assay is based on
2′,7′ -dichlorofluorescin-diacetate (DCFH-DA), which
can be oxidized into fluorescent DCF; The activity of cata-
lase (CAT) was determined by the method as references
[36], the catalase Assay Kit (Beyotime China) based on the
protocols provided by the manufacturer. Glutathione per-
oxidase (GSH-Px) was estimated by the method as refer-
ence [37]. This is commercially available kit(Beyotime,
China) according to the manufacturer’s instructions.Ma-
londialdehyde(MDA ) was estimated by the method as ref-
erence [38], this is lipid peroxidation MDA assay kit
(Beyotime, China) based on the thiobarbituric acid.

Measurement of MMP-1, COL-I and ELN production
Cells were seeded at 1× 107 (cells/well) in a 6 well plate
for 8–12 h, then incubate with or without FPNP for 24
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h, furthermore treated with H2O2 to oxidative stress,
HDF cells in 6-well plates were cultured again with FM
from ScienCell (San Diego, CA, USA). After 24 h, the
supernatant was collected and the COL-I, MMP-1 and
ELN content were measured using a corresponding assay
ELISA kit purchased from Cusabio (Wuhan, China) (in
strict accordance with the kit manufacturer’s protocols)
for anti-aging analysis.

Quantitative reverse transcriptional PCR
Cells were seeded at 1× 107 (cells/well) in a 6 well plate
for 8–12 h, then incubate with or without FPNPt for 24
h, furthermore treated with H2O2 to oxidative stress.
Trizol was used to extract the total RNA from the cells
according to the instructions, then the EasyScript® One-
Step gDNA Removal and cDNA Synthesis SuperMix was
used for cDNA synthesized according to the manufac-
turer’s instructions. qPCRs were performed with Trans-
Start® Top Green qPCR SuperMix. Each reaction was
performed in three replicate samples. The internal con-
trol gene is the GADPH gene. The relative expression
levels were calculated using 2 -ΔΔCt. The primer se-
quence list is based on the study of Jihong Wu et al [39].

Statistical analysis
Three separate experiments were conducted for all the
experiments, each sample underwent three technical re-
peats and analyses. The mean standard deviation is go-
ing to be the results. One factor Analysis of Variance
(ANOVA) and Dunnett test were used to analyze the
data to determine which pairs were significantly differ-
ent. Statistical analyses were conducted using GraphPad
Prism7 (GraphPad Software, Inc., La Jolla, CA, USA). p<
0.05 was considered significant.

Results
Fermentation of PNR by Saccharomyces cerevisiae CGMCC
17452
The concentrations of polysaccharides, ginsenosides and
flavonoids were measured in water-extracted PNR
(WPNR) and fermented PNR (FPNR) by S. cerevisiae
CGMCC 17452. As can be seen from Table 1, there are
significant differences between WPNR and FPNR in
polysaccharides and ginsenosides, and during fermenta-
tion, the content of both is increased. The content of
water-soluble flavonoids did not rise in FPNR. Com-
pared to WPNR, FPNR had higher levels of polysacchar-
ide, which may be because S. cerevisiae CGMCC 17452
strains plays an important role in the extraction of PNR.

Extraction of WPNP and FPNP, and measurement of
antioxidant activity
The polysaccharides of WPNR and FPNR were extracted
from the hot water extraction solution and fermentation

respectively by alcohol precipitation, then DEAE-
Sepharose Fast Flow anion exchange chromatography
was used to purify and named “WPNP” and “FPNP”.
Three components of the polysaccharides were isolated
and purified. The structure and compositions of purified
polysaccharide were analyzed by infrared spectral and
gel permeation chromatography respectively in our pre-
vious study [23].
DPPH radical scavenging activity, superoxide anion

radical scavenging activity and hydroxyl radical scaven-
ging activity were used to determine antioxidant activity.
According to the three used assays, FPNP exhibited sta-
tistically significant higher antioxidant activity in com-
parison to WPNP (Table 2).

Effects of FPNP on H2O2 treated in HDF cells
The cytotoxic character of FPNP and H2O2-induced tox-
icity was examined by MTT assay. When the concentra-
tion of FPNP reached 1.0 mg·mL− 1, cell proliferation
activity still exceeded 100%, indicating that FPNP has no
toxicity to cells. When the FPNP concentration was 0.5
mg·mL− 1, the cell survival rate was 112.8%, seeing Fig. 1a.
The results show that the low concentration of FPNP so-
lution had a proliferation effect and an effect on pro-
mote the proliferation of HDF cells.
For further confirmation, we also tested the effect of

FPNP on H2O2-induced cytotoxicity. Figure 1b shows
the cell survival rate when different concentrations of
H2O2 were used to stimulate HDF for 2 h. With the in-
crease in H2O2 concentration, the HDF survival rate
gradually decreases. Finally, the oxidative damage model
of HDF was established by treating HDF with
75 μmol·L− 1 H2O2 as the optimum dose of this study.
As shown in Fig. 1c, H2O2-treated HDF cells showed a

decreased survival rate, while treatment by FPNP cells
showed a dose-dependent recovery of reduced cell activ-
ity. 0.25 mg·mL− 1 of FPNP recovered viability by 38.96%
compared with H2O2-damaged cells. The viabilities of
cells treated with H2O2 and FPNP (0.25, 0.5 and 1.0
mg·L− 1) showed statistical difference (p< 0.01), and the
three levels of 0.25, 0.5 and 1.0 mg·mL− 1 of treatment

Table 1 Concentration of polysaccharides, ginsenosides and
flavonoids in WPNR

Concentration
(μg/ml)

WPNR FPNR

Polysaccharides 39.8±2.02a 41.28±0.32b

Ginsenosides 0.44±0.06c 0.84±0.05d

Flavonoids 6.14±1.44e 5.98±0.79e

Values are presented as mean standard deviation a-e Means in the same
column followed by different letters represent significant differences by
concentration (p < 0.05)
WPNR: water-extracted P. notoginseng root
FPNR: P. notoginseng root fermented with Saccharomyces cerevisiae
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concentration were selected for further study. These re-
sults suggest that FPNP can protect HDF cells from
H2O2-induced cell viability reduction.

Effects of FPNP on H2O2-induced ROS generation, MDA
production and ABTS scavenging activities in HDF cells
The statistics of the experimental data are shown in
Fig. 2a, with the stimulation of H2O2, ROS levels were
significantly augmented. The positive control was ascor-
bic acid when evaluating the antioxidant effect of FPNP.
After treatment with 0.1 mg·mL− 1 of ascorbic acid, the
ROS level significantly decreased than H2O2-treated
group (p< 0.01). FPNP also markedly reduced the levels
of intracellular ROS (p< 0.01), compared with the H2O2-
treated model group. When H2O2-induced cells were
treated with 0.5 mg·mL− 1 of FPNP, the ROS level was
reduced by 57.29%. These results show that FPNP can
protect cells from H2O2 oxidative damage by reducing
the ROS level.
With the stimulation of H2O2, the effects of FPNP on

MDA in cells are shown in Fig. 2b and total antioxidant
capacity is shown in Fig. 2c. The positive control was as-
corbic acid and was statistically analyzed (p< 0.01). In

H2O2-induced HDF cells, 0.25, 0.5 and 1.0 mg·mL− 1

FPNP decreased the MDA content (p< 0.01) and in-
creased the total antioxidant capacity of the cells (p<
0.05). These results show that FPNP can protect cells
from H2O2-induced damage by reducing their MDA
content and increasing their total antioxidant capacity.

Effects of FPNP on CAT, GSH-Px and SOD activity in
H2O2-induced HDF cells
The activity of antioxidant enzymes in cells were mea-
sured, including CAT, GSH-Px and SOD. See Figs. 3,
0.25, 0.50, and 1.00 mg·mL− 1 FPNP increased CAT,
GSH-Px and SOD activity compared with the H2O2-
treated model group. As can be seen from Fig. 3a, CAT
activity was significantly increased in FPNP group, com-
pared with model group (p< 0.01), with a significant dif-
ference, and was consistent with that of the control
group (p> 0.05). SOD activity was highest, when the con-
centration of FPNP was 0.50 mg/ml. the difference be-
tween the H2O2 treatment model group and the control
group was statistically significant (p< 0.01). Under these
conditions, the effects are similar to those of 0.10
mg·mL− 1 of ascorbic acid, as shown in Fig. 3b. When

Table 2 Antioxidant effects of WPNP and FPNP

Sample Concentration
(mg/ml)

DPPH radical scavenging
activity (%)

Hydroxy free radical scavenging
activity (%)

Superoxide anion free radical scavenging
activity (%)

WPNP 0.5 13.82±0.12ab 33.45±0.47a 56.48±1.16a

1 15.16±0.69ab 68.78±0.93b 63.71±0.70b

2 51.71±0.44c 75.54±0.35cd 66.42±2.49c

2.5 57.27±0.48 79.03±0.62cd 68.39±2.06d

5 76.14±1.20d 96.55±0.06e 76.35±0.65e

FPNP 0.5 17.22±0.34a 31.51±0.81a 68.28±1.54ab

1 40.79±067b 63.64±1.19b 69.54±0.62ab

2 49.24±0.61c 76.92±0.36c 72.21±0.42cd

2.5 57.13±0.16d 90.19±0.10d 72.49±1.53cd

5 62.77±0.71e 95.45±0.34e 75.09±0.27e

Values are presented as mean standard deviation a-e Means in the same column followed by different letters represent significant differences by
concentration (p < 0.05)

Fig. 1 Effects of FPNP on H2O2-induced cytotoxicity in HDF cells. (a) Effects of FPNP on the viability of HDF cells. (b) Effects of HDF survival rate
caused by H2O2. (c) FPNP prevents H2O2-induced cytotoxicity in HDF cells. The data is presented as the mean ± SD of the six experiments in
each group. Number signs indicate a highly significant difference from the control cells. ##: p< 0.01; ###: p< 0.001. Asterisks indicate a highly
significant difference from the H2O2-treated cells. *: p< 0.05, **: p< 0.01
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the concentrations of FPNP were 0.50 mg·mL− 1 and 1
mg·mL− 1, the level of GSH-Px activity was increased sig-
nificantly compared with model group (p< 0.01), as
shown in Fig. 3c.
0.25, 0.50, and 1.00 mg·mL− 1 of FPNP significantly

increased the expression of CAT, GSH-Px and SOD
relative to mRNA expression. The expression of the
CAT-expression mRNA level was similar in the FPNP
treatment group at different concentrations and mark-
edly increased in the H2O2-treated group (p< 0.01), com-
pared with the model group. as shown in Fig. 3d. There
was an apparent dose-dependent relationship between
the expression level of SOD-related mRNA and FPNP
dosage: as the concentration of FPNP increased, the ex-
pression level increased. As can be seen from Fig. 3e, it
was similar to the control group, with no significant

difference, when the concentration of FPNP was 1.00
mg·mL− 1.The expression of GSH-Px mRNA in the 1.00
mg·mL− 1 FPNP treatment group was the highest, and
there was little difference from that of the control group,
as shown in Fig. 3f. In summary, these results clearly
show that FPNP can repair oxidative stress damage by
increasing the activity of CAT, GSH-Px and SOD, and
the expression of related mRNA in HDF cells.

Effects of FPNP on H2O2-induced MMP-1, col-I and ELN
contents
H2O2 affects collagen and elastin synthesis by stimulat-
ing MMP-1. As shown in Fig. 4a, 1.00 mg·mL− 1 of FPNP
significantly reduced the content of MMP-1 in the cul-
ture medium of H2O2-induced HDF cells (p< 0.01) and

Fig. 2 (a) Intracellular ROS scavenging capacities of different concentrations of FPNP of H2O2-induced oxidative stress in HDF cells. (b) Effects of
FPNP on MDA content in H2O2-induced oxidative stress in HDF cells. (c) Effects of FPNP on total antioxidant capacity in H2O2-induced oxidative
stress in HDF cells. All data is shown as the mean ± SD of at least three independent experiments. Number signs indicate a highly significant
difference from the control cells. ##: p< 0.01; ###: p< 0.001. Asterisks indicate a highly significant difference from the H2O2-treated cells. *: p< 0.05,
**: p< 0.01

Fig. 3 Effects of FPNP on H2O2-induced changes in cellular antioxidant enzymes CAT (a), SOD (b) and GSH-Px (c) in HDF cells. The mRNA
expression of H2O2-induced oxidative stress metabolism-related genes includes CAT (d), SOD (e) and GSH-Px (f) in HDF cells pretreated with
different concentrations of FPNP. Each mRNA is normalized to ribosomal protein GAPDH and expressed relative to the control level. All data is
shown as the mean ± SD of at least three independent experiments. Number signs indicate a highly significant difference from the control cells.
##: p< 0.01; ###: p< 0.001. Asterisks indicate a highly significant difference from the H2O2-treated cells. *: p< 0.05, **: p< 0.01
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achieved anti-aging effects. Effect of different concentra-
tions of FPNP on secretions of ELN and Col-I as shown
in Fig. 4b and Fig. 4c, FPNP can significantly increase se-
cretions of ELN and Col-I in H2O2-induced HDF cell
cultures. There was no significant difference between
0.50 mg·mL− 1 FPNP and 0.10 mg·mL− 1 ascorbic acid,
while 0.50 mg·mL− 1 of FPNP significantly improved the
contents of ELN and Col-I.
The results of qRT-PCR show that Compared with the

control group, MMP-1 mRNA expression in HDF cells
was significantly increased (p< 0.01), and the expression
of Col-I and ELN mRNA was inhibited. After FPNP
treatment, the expression of MMP-1 mRNA decreased,
indicating that 0.25, 0.50, and 1.00 mg·mL− 1 of FPNP
can inhibit the upregulation of MMP-1 mRNA expres-
sion in the H2O2-treated model group (p< 0.01), seeing
Fig. 4d. With FPNP treatment, both ELN and Col-I
mRNA expression increased over the H2O2-treated
model group and came close to those of the control level
(p< 0.01; Fig. 4e and f). This indicates that FPNP can ef-
fectively improve the secretion of ELN and Col-I and
achieve anti-aging effects.

TGF-β/Smad pathway signaling in HDF cells
Transforming growth factor-β (TGF-β) has been recog-
nized as a strong mediator in the synthesis of collagen
and elastin. To clarify the effects of FPNP on Col-I and
ELN synthesis, the expression of TGF-Smad1, Smad2,
Smad3 and Smad7 mRNA in HDF induced by H2O2

were detect by qRT-PCR. Seeing in Fig. 5, the results of
qRT-PCR showed that compared with those of the

control group, H2O2 significantly downregulated the ex-
pressions of TGF-β1 and Smad 2/3 (p< 0.01), while
FPNP reversed this effect. 1.00 mg·mL− 1 of FPNP recov-
ered the expression of smad2, smad3 and smad4 mRNA
expression 3.58-fold, 7.53-fold and 1.84-fold respectively
compared with the H2O2 group, and increased TGF-β1
mRNA 3.04-fold compared with the H2O2 group, as
shown in Fig. 5a-d. In addition, we investigated the effect
of FPNP on the expression of smad7, which a negative
factor in the TGF-β/Smad pathway. Seeing Fig. 5e, 1.00
mg·mL− 1 of FPNP downregulated the Smad7 mRNA ex-
pression level by 62.84% compared with the H2O2 group.
This experimental evidence suggests that FPNP leads to
the overexpression of TGF-β in HDF, which in turn in-
hibits H2O2-induced collagen and elastin injury.

Discussion
P. notoginseng polysaccharide (PNP) is a kind of hetero-
glycan which has been shown to have immunological
[15], anticancer [16, 17], anti-hyperglycemic and anti-
coagulation activity [18]. It has been reported that the
conversion of macromolecular compounds into smaller
forms using various microorganisms can improve their
bioactivity [19, 20]. With reference to the lactic acid bac-
teria fermentation of Panax notoginseng, HPLC analyses
showed that the fermentation increased the content of
Panax notoginsenosides and other active substances re-
ported in previous studies [40], in our study, the fermen-
ted P. notoginseng polysaccharide (FPNP) were prepared
by S. cerevisiae. The results showed that fermentation
increased the polysaccharide content of Panax

Fig. 4 Effects of different concentrations of FPNP on H2O2-induced changes in an intracellular reduced ratio of MMP-1(a), ELN (b) and COL-I (c) in
HDF cells. The mRNA expression of related genes includes MMP-1 (d), ELN (e) and COL-I (f) in HDF cells pretreated with different concentrations
of FPNP. Each mRNA is normalized to ribosomal protein GAPDH and expressed relative to the control level. Number signs indicate a highly
significant difference from the control cells. ##: p< 0.01; ###: p< 0.001. Asterisks indicate a highly significant difference from the H2O2-treated cells.
*: p< 0.05, **: p< 0.01
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notoginseng, which was in accordance with literature
reports. HDF cells treated with hydrogen peroxide
were used as a model to simulate the oxidative stress
response. We used HDF cells treated with hydrogen
peroxide as a model to simulate the oxidative stress
response, so as to study the mechanism of antioxidant
stress injury caused by the fermentation of Panax
notoginseng polysaccharides.
In skin aging, histological and ultrasonic structural

studies have shown that enhanced epidermal thickness
and changes in connective tissue are common features
of damaged skin [41–44]. Collagen and elastin are the
proteins responsible for the strength and elasticity of the
skin. Ultraviolet radiation triggers the activation of
MMPs, which attack and degrade collagen and elastin,
leading to photoaging of the skin. Inhibition of MMPs is
considered an effective strategy to prevent UV-induced
photoaging. Oxidative stress could induce matrix
metalloproteinase-1 (MMP-1) [45], In this study, hydro-
gen peroxide accelerated the production of collagen-
soluble MMP-1 in cells. MMP-1 degrades collagen,
which are the main structural proteins of the dermal
extracellular matrix (ECM), and maintain the strength
and elasticity of the skin [46]. We found FPNP (1.00
mg·mL− 1) treatment can reduce the production of
MMP-1. FPNP can reduce the loss of collagen and elas-
tin in cells. On this basis, FPNP not only inhibits the ex-
pression of MMP-1, but also promotes the expression of
structurally related proteins in extracellular matrix to
exert its protective effect. Our results support that FPNP
can be used to prepare cosmetics to repair and regener-
ate essential proteins in photo-aging skin. Column

chromatography was used to isolate Panax notoginseng
root, and two new polysaccharides, MAP and MRP5A,
have antioxidant and anti-aging effects, reported in pre-
vious studies [47]. In subsequent studies, the structure
of FPNP can be separated to study the specific compo-
nents that play a role.
Smad protein is the downstream transmembrane recep-

tor of TGF-β and is an important regulatory molecule of
TGF-β superfamily signaling [48]. Oxidative stress can in-
duce MMPs and pro-inflammatory cytokines in cells.
TGF-β promotes the synthesis of collagen type I [41].
Therefore, preparing anti-inflammatory compounds for
inflammation in advance seems to be a strategy to im-
prove skin oxidative stress. Hydrogen peroxide promotes
the secretion of Smad7, which subsides after FPNP treat-
ment. At the same time, FPNP promotes the expression of
TGF-β1, Smad2, Smad3, Smad4. It is possible that FPNP
elevates type I collagen levels in part by enhancing the
TGF-β/Smad pathway. Previous studies [45] have demon-
strated that UVB induced lipid peroxidation, apoptosis
and MMP-1 expression in fibroblasts are similar to our re-
sults, indicating that oxidative stress damage caused by
hydrogen peroxide is similar to that caused by UVB.
It is reported that ROS is related to the production

of MMP and the breakdown of collagen [43]. There-
fore, controlling ROS levels seems to be a major
mechanism through which plant compounds with
antioxidant activity can be particularly effective. The
ethanol extract from Dalbergia bug protects skin ker-
atinocytes from oxidative stress by inhibiting the pro-
duction of reactive oxygen species. Topical application
of patchouli alcohol inhibit UV-induced aging of

Fig. 5 Effects of different concentrations of FPNP on H2O2-induced changes of mRNA expression of TGF-β/Smad signaling pathway-related genes
including Smad2(a), Smad3(b), Smad4(c), TGF-β(d) and Smad7(b) in HDFs cells pretreated with different concentrations of FPNP, and each mRNA
is normalized to ribosomal protein GAPDH and expressed relative to the control level
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mouse skin caused by reactive oxygen species [49]. In
our study, as shown in Fig. 6, FPNP cleared ROS,
which explained that in HDF cells, increased SOD,
CAT and GSH-Px levels. These protective properties
of FPNP seem to be accomplished by up-regulating
the expression of cellular antioxidant genes.

Conclusion
We have provided evidence that FPNP represses H2O2-
induced HDF fibroblast injury, including the elevation of
ROS and MDA content, decreased expression of
antioxidant-related enzymes (CAT, GSH-Px and SOD),
increased MMP-1 content and reduced collagen and
elastin. Moreover, FPNP efficiently H2O2-mediates oxi-
dative reparation, such as the elevation of collagen and
elastin content through the TGF-β/Smad signaling path-
way. Ultimately, we propose that FPNP may be an effect-
ive attenuated healing agent for protecting the skin
against oxidative stress and wrinkles.
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