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1  |  INTRODUC TION

Cell senescence was first proposed by Hayflick and Moorhead in 
1961. It was originally used to describe the senescent fibroblasts 
that lose the reproductive ability under suitable growth conditions 
and enter a state of permanent growth cycle arrest.1 Although se-
nescent cells have permanently lost their ability to proliferate, they 
still have high metabolic activity and show great changes in chro-
matin tissue and gene expression. The secretion of SASP is one of 

the important manifestations. The SASP is the general term of cyto-
kines secreted by senescent cells, including cytokines, chemokines, 
growth factors, proteases, etc.2–7

Dendrobium officinale is the stem of Dendrobium officinale Kimura 
et Migo. At present, the reported skin beauty effects of Dendrobium 
officinale mainly include antioxidation, moisturizing, antiaging and 
so on. However, most of antiaging studies of Dendrobium officinale 
on skin are concluded through its antioxidation or moisturizing. 
There are few studies on the mechanism of antiaging of Dendrobium 
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Abstract
Background: Dendrobium officinale is widely used for a long time in China, with ef-
fect of antioxidation, antitumor, enhancing immunity and so on. In recent years, 
Dendrobium officinale has been gradually used in cosmetics due to its powerful beauty 
effects.
Aims: Based on senescence-associated secretory phenotype (SASP), we studied the 
antiaging effect of Dendrobium officinale extract (DOE) on skin.
Methods: The senescent model of human skin fibroblasts was established by the in-
duction of H2O2, and the content of SASP factors was tested after the treatment of 
DOE, such as interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1) and 
matrix metalloproteinase-1 (MMP-1).
Results: It was found that after the treatment with different concentrations of DOE, 
the contents of IL-6, MCP-1 and MMP-1 all decreased in different degrees.
Conclusions: It indicated that DOE could inhibit the secretion of SASP factors and 
was a promising natural antiaging agent.
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officinale on skin. In this study, H2O2 was used to establish the se-
nescent model of human skin fibroblasts, and the antiaging effect of 
Dendrobium officinale was evaluated by SASP factors.

2  |  MATERIAL S AND METHODS

2.1  |  Materials

The fresh Dendrobium officinale was purchased from Anhui 
Homi Biotechnology Co., Ltd. (China). Human skin fibroblasts 
(Fb19052002), Dulbecco's modified Eagle's medium (DMEM) 
were provided by Guangdong BioCell Biotechnology Co., Ltd. 
(China). Phosphate-buffered saline (PBS) was purchased from 
BOSTER (America). H2O2, dimethyl sulfoxide (DMSO), 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 
dexamethasone (DXMS) were purchased from Sigma (America). 
Enzyme linked immunosorbent assay (ELISA) kits such as IL-6 
and MMP-1 were purchased from Abcam (England). MCP-1 ELISA 
kit, transforming growth factor-β1 (TGF-β1) were purchased 
from Proteintech (America). RNAiso Plus, Reverse transcription 
kit were purchased from Takara (Japan). Senescence-associated 
beta-galactosidase (SA-β-gal) staining kit was purchased from 
Shanghai Biyuntian Biotechnology Co., Ltd. (China). Activated 
carbon powder was purchased from Sinopharm Chemical Reagent 
Co., Ltd. (China).

2.2  |  Preparation of Dendrobium officinale extract 
(DOE)

Fresh Dendrobium officinale was extracted with deionized water at 
95°C – 105°C. The filtrate was obtained by separation of solid and 
liquid. 0.5% (w/w) active carbon powder (≥200 mesh) was added to 
the filtrate for over 30 min and was removed by separation of solid 
and liquid. The filtrate was lyophilized in a lyophilizer (Songyuan 
Freeze Dryer, China). Then DOE was obtained.

2.3  |  Establishment of the senescent model of 
H2O2-induced fibroblasts

The control group and H2O2-induced group were set up in the ex-
periment. Fibroblasts in logarithmic phase were selected and seeded 
into 6-well plates, and were treated according to groups when the 
plates were spread about 40% – 60%. Fibroblasts in H2O2-induced 
group were incubated with serum-free low glucose DMEM contain-
ing 400 μM H2O2, and the control group were incubated with serum-
free low glucose DMEM. After 2 h, the fibroblasts in each group were 
washed by PBS for three times. Then low glucose DMEM medium 
containing 10% serum was added, and the fibroblasts were incu-
bated for 24 h. Repeat the above operation for three times starting 

from H2O2 processing step. Then the obtained fibroblasts were cul-
tured for five passages and were collected for SA-β-gal staining and 
testing of p16 mRNA expression.

Fibroblasts cultured for five passages were stained with SA-β-
gal staining kit. According to the rate of plate laying is 80% – 90%, 
they were seeded into 6-well plates and incubated for 24 h under 
5%CO2 at 37°C. Then fibroblasts were washed once with PBS. 1 mL 
SA-β-gal staining fixative solution was added to each well. After 
15 min the fibroblasts were washed by PBS for three times. 1 mL SA-
β-gal staining working solution was added to each well. Then the 
fibroblasts were incubated overnight at 37°C, and the 6-well plates 
were sealed with sealing film to prevent evaporation. They were ob-
served, photographed and counted under an ordinary light micro-
scope (Olympus, Japan). The positive fibroblasts of SA-β-gal staining 
is blue. The number of positive fibroblasts and total fibroblasts in 
five different areas in each film was counted to calculate the propor-
tion of the positive fibroblasts of SA-β-gal.

According to the rate of plate laying is 80% – 90%, fibroblasts 
cultured for five passages were seeded into 6-well plates and incu-
bated for 24 h under 5%CO2 at 37°C. Then fibroblasts were washed 
twice with PBS. 1 mL RNAiso Plus was added to each well, the fi-
broblasts were lysed by blowing. RNA was extracted, reverse tran-
scribed to cDNA, and then tested by CFX96 Touch Real-time PCR 
Detection System (BioRad, America). The primer sequence of p16 is 
showed in Table 1. 2-△△CT was used to calculate and relative gene 
expression was presented as fold change in relation to the control 
group (Control).

2.4  |  Cell viability assays

The cell viability was determined by MTT assay. According to the 
rate of plate laying is 80% – 90%, the fibroblasts induced by H2O2 
according to point 2.3 were seeded into 96-well plates and incu-
bated under 5%CO2 at 37°C. Then DOE was diluted two concen-
trations (2.5%, 5%, m/V) by normal medium and treated by 200 μL 
per well. The solvent control group (SC) was treated by 200 μL nor-
mal medium. The positive control group (PC) was treated by 200 μL 
10% V/V DMSO in normal medium. The wells without cells but 
only 200 μL normal medium were used as the blank control group 
(BC). Three wells were used for each concentration of the afore-
mentioned drugs. After 24 h, the medium was removed and 200 μL 
MTT solution (0.5 mg/mL) was added to each well and incubated at 
37°C in dark Place for 4 h. The MTT solution was then removed, and 
150 μL DMSO was added to each well. Cell viability was calculated 
using the following formula: cell viability (%) = ([OD]test - [OD]BC)/

TA B L E  1  The primer sequence of p16.

Forward primer sequence(5′-3′)
Reverse primer 
sequence(5′-3′)

CTCTG​AGA​AAC​CTC​GGG​AAAC ATGAA​AAC​TAC​GAA​AGCGGG
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([OD]SC−[OD]BC) × 100%. Absorbance was read by Enzyme-labeled 
Instrument (BioTek, America) at 490 nm.

2.5  |  SASP factors assays

According to the rate of plate laying is 80% – 90%, fibroblasts in-
duced by H2O2 according to point 2.3 were seeded into 6-well plates 
and incubated for 24 h. Then fibroblasts were treated by DOE and 
incubated for 24 h. The supernatants were collected and used to test 
the content of IL-6, MCP-1 and MMP-1 by ELISA kits. The PC of IL-6 
content assay was 0.1 mg/g DXMS. The PC of MCP-1 content assay 
and MMP-1 content assay was 100 ng/mL TGF-β1.

2.6  |  Statistical analysis

All data were represented by mean ± SD (n = 3) and were analyzed 
by one-way analysis of variance (ANOVA) using “Graph Pad Prism 9 
Software (USA)”. A p-value of <0.01 and <0.05 was considered as a 
statistically significant difference.

3  |  RESULTS

3.1  |  Establishment of the senescent model of 
H2O2-induced fibroblasts

H2O2 is a commonly used inducer of cell senescence. It can affect 
cellular DNA directly, then lead to specific DNA damage response 
(DDR), thereby activate p53/p21 or p16/pRb pathways, induce cell 
senescence finally.8–11 One of the marks of cell senescence is that 
the activity of SA-β-gal is Enhanced. SA-β-gal can catalyze 5-bromo-
4-chloro-3-indolyl β-D-galactopyranoside (X-Gal) to galactose, then 
form blue precipitates after dimerization, and the senescent cells are 
stained blue finally.12–15 In a variety of normal tissues, the expression 
of p16 gene is inhibited, and it can only be activated when the 
tissue is damaged or the cell has stress reaction. Therefore, in most 
senescent tissues, its expression level increases exponentially.16–23

After fibroblasts were induced by H2O2, the senescent cells 
are stained blue (Figure  1). The positive rate of SA-β-gal staining 
(Figure  2) and p16 mRNA expression (Figure  3) were significantly 

higher than control group. It indicated that 400 μM H2O2 could in-
duce the senescence of fibroblasts successfully.

3.2  |  Cell viability

The MTT assay was used to evaluate cytotoxicity of DOE on H2O2-
induced fibroblasts. Both the two concentrations of DOE had 
no significant effect on the viability of H2O2-induced fibroblasts 
(Table 2). It indicated that the evaluated concentrations of DOE had 
no toxicity to H2O2-induced fibroblasts.

3.3  |  SASP factors assays

SASP is a typical characteristic of cell senescence, including 
cytokines, chemokines, growth factors, proteases, etc. IL-6 is one 
of the main cytokines in SASP signaling and plays a direct mediating 
role in inflammation. MCP-1, a member of chemokine CC subfamily, 
has a mediated effect on inflammatory response and can also induce 
the generation of inflammatory mediators.24 MMP-1 is a proteolytic 
enzyme that promotes cell invasion and metastasis.25

The content of IL-6, MCP-1 and MMP-1 were tested by ELISA kit. 
Based on the cytotoxicity results, two concentrations of DOE were 
selected for SASP factors assays. As shown in, Figure  4A–4C the 
content of IL-6, MCP-1 and MMP-1 decreased significantly after the 
treatment with DXMS or TGF-β1. Also The content of IL-6, MCP-1 
and MMP-1 decreased significantly with the treatment with differ-
ent concentrations of DOE. It shows that DOE can inhibit the secre-
tion of SASP factors in senescenct fibroblasts.

4  |  DISCUSSION

Fibroblasts are an important part of the dermis, which can syn-
thesize and secrete collagen, elastin and other extracellular matrix 
(ECM) to maintain skin elasticity and prevent the senescence of skin. 
Traditionally, it is believed that the senescence of skin fibroblasts 
leads to the decrease of the number of fibroblasts, the change of 
their morphology, the weakening or decline of the function of se-
creting and synthesizing ECM. Eventually, skin aging appears. It 
is speculated that the senescence of fibroblasts may be the main 

F I G U R E  1  H2O2-induced fibroblasts.
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factor of skin aging. Therefore, slowing down or preventing the se-
nescence of skin fibroblasts is one of the effective means to pre-
vent skin aging. Fibroblasts are also a common cell type for studying 
the mechanism of cellular senescence in vitro. Recent SASP studies 
suggest that senescent fibroblasts can also enhance senescent phe-
notype and induce senescence of adjacent fibroblasts by secreting 
SASP factors. Therefore, further study to obtain SASP inhibitors of 
senescent fibroblasts can provide a new idea for the development of 
antiaging agents for skin.

In this study, fibroblasts were induced by H2O2, and the rate 
of the positive cells of SA-β-gal staining and p16 mRNA expres-
sion were used as indicators to evaluate the establishment of se-
nescent model of fibroblasts. Three representative SASP factors, 
IL-6, MCP-1 and MMP-1, were selected to evaluate the effects 
of DOE on the secretion of SASP from H2O2-induced fibroblasts. 
The results showed that DOE could inhibit secretion of SASP from 
senescent fibroblasts. The effect of 0.25% DOE was better than 
0.5% DOE. However, with only two concentrations, the relation-
ship between concentration and efficacy cannot be determined. 
It was speculated that the two concentrations were not the best 
for DOE to inhibit the secretion of SASP by senescent fibroblasts, 
and further studies on the dose-effect relationship were needed. 
However, this did not affect our discovery that DOE can inhibit the 
secretion of SASP from senescent fibroblasts, which clarified the 
new antiaging mechanism of DOE, and provided more sufficient 
basis and more modern scientific support for its application in skin 
beauty.

5  |  CONCLUSIONS

Traditional Chinese medicine (TCM) is a great treasure of China. 
Dendrobium officinale ranks first among the “nine immortal herbs” 
and has high value of beauty research. In this study, it was found that 
Dendrobium officinale could effectively inhibit the secretion of SASP. 
It shows that Dendrobium officinale has good antiaging ability and is 
a natural skin antiaging agent for skin. In the 21st century, green and 
natural are still important guidelines for global sustainable develop-
ment. We deeply study TCM, especially valuable Dendrobium offici-
nale, and use it in cosmetics. It will certainly be pursued and loved by 
people all over the world, and will also contribute to the sustainable 
development of the world.

F I G U R E  2  SA-β-gal staining of H2O2-induced fibroblasts. The 
results represent mean ± SD from three parallel experiments. 
p < 0.01 (**) means significantly different from the control value.

F I G U R E  3  p16 mRNA expression of H2O2-induced fibroblasts. 
The results represent mean ± SD from three parallel experiments. 
p < 0.01 (**) means significantly different from the control value.

TA B L E  2  Cell viability.

Test sample Viability

SC 100.0% ± 2.92%

0.25% DOE 104.88% ± 0.3%

0.5% DOE 101.56% ± 1.18%

Note: The results represent mean ± SD from three parallel experiments. 
SC represents solvent control.



1364  |    LI et al.

AUTHOR CONTRIBUTONS
Lingyu Li: Conceptualization, investigation, methodology, visuali-
zation, writing–original draft. Le Zhu: Methodology, visualization, 
writing–review & editing. Mo Chen: Methodology. Ya Zhao: Project 
administration, writing–review & editing. Haidong Jia: Supervision.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

R E FE R E N C E S
	 1.	 Hayflick L, Moorhead PS. The serial cultivation of human diploid 

cell strains. Exp Cell Res. 1961;25:585-621.
	 2.	 Kwon SM, Hong SM, Lee YK, Min S, Yoon G. Metabolic features and 

regulation in cell senescence. BMB Rep. 2019;52:5-12.
	 3.	 Shang D, Sun D, Shi C, et al. Activation of epidermal growth factor 

receptor signaling mediates cellular senescence induced by certain 
pro-inflammatory cytokines. Aging Cell. 2020;19:e13145.

	 4.	 Gluck S, Guey B, Gulen MF, et al. Innate immune sensing of cytoso-
lic chromatin fragments through cGAS promotes senescence. Nat 
Cell Biol. 2017;19:1061-1070.

	 5.	 Kuilman T, Michaloglou C, Vredeveld LC, et al. Oncogene-induced 
senescence relayed by aninterleukin-dependent inflammatory net-
work. Cell. 2008;133:1019-1031.

	 6.	 Sun Y, Coppe JP, Lam EW. Cellular senescence: the sought or the 
unwanted? Trends Mol Med. 2018;24:871-885.

	 7.	 Masaldan S, Belaidi AA, Ayton S, Bush AI. Cellular senescence and 
iron dyshomeostasis in Alzheimer's disease. Pharmaceuticals (Basel). 
2019;12:93-98.

	 8.	 Li M, Lin YF, Palchik GA, Matsunaga S, Wang D, Chen BPC. The 
catalytic subunit of DNA-dependent protein kinase is required for 
cellular resistance to oxidative stress independent of DNA dou-
ble-strand break repair. Free Radic Biol Med. 2014;76:278-285.

	 9.	 Vassilieva IO, Reshetnikova GF, Shatrova AN, et  al. Senescence-
messaging secretome factors trigger premature senescence in 
human endometrium-derived stem cells. Biochem Biophys Res 
Commun. 2018;496:1162-1168.

	10.	 Larsson LG. Oncogene- and tumor suppressor gene-mediated sup-
pression of cellular senescence. Semin Cancer Biol. 2011;21:367-376.

	11.	 Passos JF, Nelson G, Wang CF, et  al. Feedback between p2l and 
reactive oxygen production is necessary for cell senescence. Mol 
Syst Biol. 2010;6:347-353.

	12.	 Dimri GP, Lee X, Basile G, et al. A biomarker that identifies senes-
cent human cells in culture and in aging skin in vivo. Proc Natl Acad 
Sci U S A. 1995;92:9363-9367.

	13.	 Gonzalez-Gualda E, Baker AG, Fruk L, et  al. A guide to assessing 
cellular senescence in vitro and in vivo. FEBS J. 2021;288:56-80.

	14.	 Lozano-Torres B, Galiana I, Rovira M, et al. An OFF-ON two-photon 
fluorescent probe for tracking cell senescence in vivo. J Am Chem 
Soc. 2017;139:8808-8811.

	15.	 Odeh A, Dronina M, Domankevich V, Shams I, Manov I. 
Downregulation of the inflammatory network in senescent fibro-
blasts and aging tissues of the long-lived and cancer-resistant sub-
terranean wild rodent Spalax. Aging Cell. 2020;19:e13045.

	16.	 Michaloglou C, Vredeveld LC, Soengas MS, et  al. BRAFE600-
associated senescence-like cell cycle arrest of human naevi. Nature. 
2005;436:720-724.

	17.	 Ma X, Zheng Q, Zhao G, Yuan W, Liu W. Regulation of cellular se-
nescence by microRNAs. Mech Ageing Dev. 2020;189:111264.

	18.	 Rayess H, Wang MB, Srivatsan ES. Cellular senescence and tumor 
suppressor gene p16. Int J Cancer. 2012;130:1715-1725.

	19.	 Sage J, Mulligan GJ, Attardi LD, et  al. Targeted disruption of the 
three Rb-related genes leads to loss of G(1) control and immortal-
ization. Genes Dev. 2000;14:3037-3050.

	20.	 Takahashi A, Ohtani N, Yamakoshi K, et al. Mitogenic signalling and 
the p16INK4a-Rb pathway cooperate to enforce irreversible cellu-
lar senescence. Nat Cell Biol. 2006;8:1291-1297.

	21.	 He S, Sharpless NE. Senescence in health and disease. Cell. 
2017;169:1000-1011.

	22.	 Krishnamurthy J, Torrice C, Ramsey MR, et al. Ink4a/Arf expression 
is a biomarker of aging. J Clin Invest. 2004;114:1299-1307.

	23.	 Zindy F, Quelle DE, Roussel MF, Sherr CJ. Expression of the 
p16INK4a tumor suppressor versus other INK4 family members 
during mouse development and aging. Oncogene. 1997;15:203-211.

	24.	 Zhao SD, Xian LQ, Cui H. Relationship between expression levels 
of TREM-1 and MCP-1 in peripheral blood and vascular demen-
tia in patients with ischemic stroke. Med Sci J Centr SouthChina. 
2022;50:576-579.

	25.	 Agapova OA, Ricard CS, Salvador-Silva M, Hernandez MR. 
Expression of matrix metalloproteinases and tissue inhibitors of 
metalloproteinases in human optic nerve head astrocytes. Glia. 
2001;33:205-216.

How to cite this article: Li L, Zhu L, Chen M, Zhao Y, Jia H. 
The effect of Dendrobium officinale extract in inhibiting the 
senescence of H2O2-induced fibroblasts based on the 
senescence-associated secretory phenotype. J Cosmet 
Dermatol. 2024;23:1360-1364. doi:10.1111/jocd.16101
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