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Abstract 

Background Skin is the outermost part of the human body and is essential in maintaining body homeostasis. In 
the event of skin injury, rapid wound repair is crucial to protect the body. In this study, we investigated the wound‑
healing properties of Asparagus lucidus Lindl extract by promoting keratinocyte proliferation.

Methods To evaluate the effect of Asparagus lucidus Lindl extract on skin regeneration, the 3‑(4,5‑dimethylthiazol‑
2‑yl)‑2,5‑diphenyltetrazolium bromide assay was used to measure keratinocyte proliferation, while an in vitro wound‑
healing assay was performed to evaluate wound closure through keratinocyte re‑epithelialization. The intracellular 
mechanisms of the extract were studied using Western blot analysis to measure the phosphorylated forms of mito‑
gen‑activated protein kinases and protein kinase B. The mRNA expression of cell cycle‑related genes was analyzed 
using quantitative real time‑PCR analysis. A murine in vivo wound‑healing assay was also conducted to observe 
the effect of the extract on wound closure.

Results Asparagus lucidus Lindl extract induced 131.15% keratinocyte proliferation compared to the control 
in the 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide assay. The in vitro wound‑healing assay 
showed that the extract improved wound closure by 216.94% through keratinocyte re‑epithelialization. Western 
blot analysis revealed that the phosphorylated form of extracellular signal‑regulated kinase 1/2 was increased 
by extract treatment. Quantitative real time‑PCR analysis showed a dose‑dependent increase in the mRNA expres‑
sion of c-fos, c-jun, and VEGF. The in vivo wound‑healing assay showed a significant increase (22.13%) of wound 
closure compared to the control on day 5.

Conclusion Asparagus lucidus Lindl extract promotes keratinocyte proliferation by activating the extracellular signal‑
regulated kinase 1/2 pathway and up‑regulating the mRNA expression of c-fos, c-jun, and vascular endothelial growth 
factor.
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Introduction
The skin plays a crucial role in maintaining homeostasis 
of the human body. If the skin is injured, it is important 
to quickly heal in order to protect the body. The process 
of skin wound healing consists of four phases: inflam-
mation, epithelialization, proliferation, and remode-
ling [1]. The proliferation of keratinocytes is crucial for 
wound healing because they are the main cell type of the 
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epidermis. During the proliferation phase, basal epider-
mal keratinocytes proliferate and fill the wound through 
migration, maturation, and differentiation [2].

The mitogen-activated protein (MAP) kinase signaling 
pathway and phosphoinositide 3 kinase (PI3K)/protein 
kinase B (AKT) signaling pathway play a major role in 
the regulation of cell cycle progression [3]. Extracellular 
signal-regulated kinase (ERK), p38 mitogen-activated 
protein kinase (p38), and c-Jun N-terminal kinase (JNK) 
MAP kinases are activated by external wound-healing 
signals, such as cytokines and growth factors [4]. Acti-
vated ERK1/2 regulates the expression of cell cycle regu-
latory genes through cell cycle regulatory transcription 
factors like Activator Protein 1 (AP-1) [5–7]. Similarly, 
the PI3K/AKT pathway is induced by various signals 
including cell growth, proliferation, actin cytoskeleton 
organization, protein trafficking, transformation, and 
apoptosis [8, 9].

Asparagus lucidus Lindl (AL, Korean name is Cheon-
mun-dong, syn. Asparagus cochinchinensis (Lour.) Merr) 
is a perennial herbaceous plant from the lily family, 
and widely distributed in Northeast Asia. In Korea, AL 
inhabits the southern coastal areas and AL root is used 
as a traditional medicine. The physiological activity of AL 
extract has been reported for neuroprotection [10], anti-
inflammation [11], anti-aging in the brain and liver [12], 
anti-oxidation [13], inhibition of apoptosis [14], and anti-
bacterial activity [15]. AL extract also has benefits for the 
skin, such as soothing and reducing inflammation and 
irritation [16, 17].

However, the effects of AL extract on skin wound heal-
ing and the underlying mechanisms have not been stud-
ied. The aim of this study was to determine the wound 

healing properties of AL extract and the intracellular 
targets involved in keratinocyte proliferation in vitro and 
in vivo.

Results
AL extract induces keratinocyte proliferation
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay was performed on HaCaT cells to 
evaluate proliferation after treatment with AL extract at 
0, 1, 5, 10, 50, and 100  μg/mL concentrations. Cell via-
bility increased by 131.15% with 100  μg/mL AL extract 
treatment compared to the Dimethyl sulfoxide (DMSO) 
control (Fig. 1A).

Quantitative real time-PCR (qRT-PCR) was performed 
to examine changes in mRNA expression of proliferation  
markers (PCNA, MCM2, and Ki-67) and keratin genes 
(KRT5/14/6/17) [18]. The mRNA expression of pro-
liferation markers increased after treatment with AL 
extract (Fig.  1B); especially, Ki-67 gene expression 
increased by 6.39-fold compared to the DMSO con-
trol. Keratin genes can be used as proliferation marker 
during keratinocyte proliferation. The expression of 
KRT5/14 mRNA is increased during the division of 
basal proliferative keratinocytes and is reduced in 
upper layer keratinocytes. The expression of KRT6/17 
mRNA is increased by the hyper-proliferative signal 
[19]. AL extract reduced the expression of KRT5/14 
depending on the treatment concentration but signifi-
cantly increased KRT6/17 expression (KRT6: 502.47- % 
at 100 μg/mL, and KRT17: 124.12-% at 100 μg/mL AL 
extract treatment, Fig.  1C). These results indicate that 
AL extract promotes the proliferation of upper layer 
keratinocytes.

Fig. 1 AL extract induces keratinocyte proliferation. A HaCaT cells were treated with the indicated concentration of AL extract to evaluate cell 
proliferation rate using the MTT assay. B Changes in mRNA expression of proliferation marker genes following treatment with AL extract. C Changes 
in mRNA expression of keratin genes following treatment with AL extract. (*p < 0.05, **p < 0.01, ***p < 0.001)
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AL extract promotes keratinocyte re‑epithelialization 
in vitro
In vitro wound healing assays were performed to verify 
the re-epithelialization effect of AL extract on keratino-
cytes. A vertical artificial wound was formed on a HaCaT 
cell monolayer, and reduction of the wound area was 
determined by comparing the wound area at 0  h and 
24 h after AL extract treatment. AL extract dose-depend-
ently promoted wound closure by 118.1%, 135.25%, and 
216.94% at 1, 10, and 100 μg/mL, respectively, compared 
to the DMSO control (Fig.  2). This result indicates that 
AL extract promotes re-epithelization of keratinocytes by 
activating both proliferation and migration.

AL extract induces ERK1/2 phosphorylation
Western blot analysis was performed on MAP kinases 
(ERK1/2, JNK, p38α, and ERK5), AKT, and their respec-
tive phosphorylated forms to assess levels these intra-
cellular regulators after AL extract treatment. Only 
the phosphorylated form of ERK1/2 increased with AL 
extract treatment (Fig.  3A and B). These results sug-
gest that AL extract promotes keratinocyte proliferation 
through activation of ERK1/2.

AL extract induces mRNA expression of proliferation 
regulatory genes
To verify the intracellular targets of AL extract, the 
mRNA expression of ERK1/2 regulatory cell prolif-
eration genes was assessed using qRT-PCR. Cyclins 
and Cyclin-dependent kinases (CDK) are proteins 
that regulate the progression of the cell cycle. The 
mRNA expression of the genes encoding Cyclin B1 
and CDK1/2/4/6 was increased by AL extract treat-
ment (Fig.  3C). Growth factors stimulate cell growth 
by activating various signaling pathways, includ-
ing the ERK1/2 kinase pathway. mRNA expression 

of the vascular endothelial growth factor (VEGF) was 
increased in a dose-dependent manner (235.8% at 
100  μg/mL), while the expression of the connective 
tissue growth factor (CTGF) was reduced (71.4% at 
100  μg/mL). The mRNA expression of other growth 
factors did not show significant changes with AL 
extract treatment (Fig.  3D). The AP-1 transcription 
factors (c-Jun and c-Fos) and Elk1 regulate the tran-
scription of genes that code for cell cycle regulatory 
proteins. mRNA expression of the gene encoding Elk1 
was unchanged, but the expression of c-jun and c-fos 
increased with AL extract treatment (Fig.  3E). These 
results indicate that AL extract promotes the prolifera-
tion of keratinocytes by inducing the mRNA expression 
of c-fos, c-jun, and VEGF.

AL extract promotes wound healing in vivo
In vivo wound healing assays were conducted to verify 
the wound-healing efficacy of AL extract under in vivo 
conditions. Wound healing activity was improved in the 
AL extract-treated wound area compared to the DMSO 
control (Fig.  4). The greatest difference in wound clo-
sure was observed on the 5th day (22.13%).

Discussion
In this study, we have demonstrated the wound-heal-
ing potential of AL extract. AL extract treatment 
induced mRNA expression of proliferation markers and 
KRT6/17, which are expressed in hyper-proliferative 
signals [19] (Fig.  1C). Conversely, the mRNA expres-
sion of KRT5/14 was decreased by AL extract treatment 
(Fig. 1C). KRT5/14 is typically expressed in proliferating 
basal layer keratinocytes and their expression is down-
regulated during differentiation [20]. This result suggests 
that in addition to promoting proliferation, AL extract 
also promotes the differentiation of keratinocytes. The 
proliferation-promoting effect of AL extract induced 

Fig. 2 AL extract promotes keratinocyte re‑epithelialization in vitro. An artificial wound was created in a monolayer of HaCaT cells and was treated 
with the indicated concentration of AL extract. The scratched area was compared at 0 and 24 h after AL extract treatment. A Representative images 
show the re‑epithelialization. B Fold‑change graph of (A). (*p < 0.05)
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re-epithelialization under in vitro conditions (Fig. 2), and 
its efficacy in promoting actual biological wound heal-
ing was confirmed by the in  vivo wound healing assay 
(Fig. 4). These effects were attributed to the activation of 
cell signaling pathway.

AL extract treatment induced the phosphorylation of 
MAP kinase ERK1/2 (Fig.  3A), resulting in a significant 
increase in mRNA expression of c-jun, c-fos, and VEGF 
(Fig. 3D and E). Activation of the ERK1/2 signaling path-
way in proliferative conditions triggers the expression 
of AP-1 transcription factors and cyclins [5, 21]. AP-1 
transcription factors, particularly c-Jun and c-Fos, play a 
crucial role in cell cycle progression in proliferating cells 
by controlling the expression of various cell cycle regula-
tory genes, including cyclins, CDKs, and VEGF [22–24]. 
These findings suggest that AL extract leads to processes 
such as wound healing, angiogenesis, endothelial cell 
migration, and vascular permeability by activating the 
ERK1/2 pathway in keratinocytes [25, 26].

Our previous studies on wound healing consistently 
demonstrated phosphorylation of ERK1/2. In recent 
studies, Trichosanthes kirilowii Maxim extract showed 
that phosphorylation of ERK1/2 promotes the prolifera-
tion of keratinocytes by increasing the mRNA expression 
of c-fos, c-jun, VEGF, and CTGF [27, 28]. However, inter-
estingly, the mRNA expression of CTGF, which is also 
activated by the ERK1/2 pathway, and c-Jun and c-Fos 
[29] was dose-dependently decreased by treatment with 
AL extract. This result suggests that AL extract treatment 
reduces CTGF mRNA expression through other signaling 
pathways or proteins. Differences in mechanism can be 
attributed to variation in the composition of constituents.

AL extract contains various bioactive compounds such 
as steroidal saponins, phenolic compounds, flavonoids, 
alkaloids, and polysaccharides [30–32]. However, the spe-
cific key compounds responsible for its wound healing 
effects have not been identified in this study. Conduct-
ing comparative analyses of the major compounds in AL 

Fig. 3 AL extract increases the expression of cell cycle regulatory genes by activating ERK1/2 in HaCaT cells. HaCaT cells were treated 
with the indicated concentration of AL extract. Total protein was used for Western blot analysis, and cDNA from total mRNA was used for qRT‑PCR. 
A Phosphorylated forms of p38, ERK1/2, JNK, ERK5, and AKT were detected. GAPDH was used as a quantitative control. Full‑length blots are 
presented in Supplementary Figure S1. B Quantity of p‑ERK1/2 was calculated using densitometric analysis and normalized to GAPDH. C Changes 
in mRNA expression of gene encoding cyclins and CDKs. D Changes in mRNA expression of growth factors. E Changes in mRNA expression of AP‑1 
transcription factors and Elk1. (*p < 0.05, ** p < 0.01)
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extract could provide valuable insights into their roles and 
potential synergistic effects. This information is essential 
for the development of novel wound healing agents and 
advancements in pharmaceutical research. In our fur-
ther study, we will focus on examining the wound healing 
efficacy of single compound present in plant extract and 
studying the mechanism by which they regulate selective 
gene expression after signal pathway activation.

Conclusion
In this study, we found that AL extract promotes wound 
healing both in vitro and in vivo by enhancing the pro-
liferation of keratinocytes. These effects were mediated 
through increased expression of c-jun, c-fos, and VEGF, 
which were induced by phosphorylation of ERK1/2. 
Based on the results of this study, it is suggested that 
AL extract has potential as a natural and effective thera-
peutic agent for skin regeneration and wound healing 

applications, although further research is needed to fully 
elucidate the underlying mechanisms.

Methods
Plant material and extraction
Asparagus lucidus Lindl (Cheonji Gayakcho, South 
Korea) extraction was performed as previously reported 
[28, 30]. Freeze dryer (IlShin, Dongducheon, Korea), 
rotary evaporator (EYELA, Tokyo, Japan), and refrig-
erated bath circulator (JEIO TECH, Daejeon, Korea) 
were used in this study. Using 500  g of Asparagus luci-
dus Lindl, a total of 65.7 g lyophilized AL extract powder 
was formed (yield: 13.14%). The extract was dissolved in 
DMSO (10 mg/mL) and stored at 4 ℃ before use.

Cell culture and AL extract treatment
The human keratinocyte cell line HaCaT (kindly provided 
by COSMAX BIO, Jecheon, Korea) was incubated in 

Fig. 4 AL extract promotes wound‑healing in vivo. Wounds (4 mm diameter) were created on the backs of six‑ to seven‑week‑old BALB/c mice. 
AL extract was administered at a dose of 50 μg/day. A Daily images show the difference in wound healing progression in vivo. B Graph shows 
the percentage of wound closure in (A). (*p < 0.05)
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Dulbecco’s Modified Eagle’s Medium (DMEM) contain-
ing 10% fetal bovine serum and 1% penicillin–streptomy-
cin at 37 °C and 5%  CO2. HaCaT cells were seeded at  103 
cells per well in 96-well plates and 3 ×  105 cells per well in 
6-well plates. After 24  h, DMEM medium was replaced 
with a serum-free medium containing the indicated con-
centration of AL extract, and cells were incubated for an 
additional 24 h [27, 28].

MTT assay
MTT assays were performed as previously reported 
[27, 28]. MTT (3-(4,5-dimethyl-thiazol-2yl)-2,5-diphe-
nyltetrazolium bromide, Sigma Aldrich, St. Louis, MO, 
USA) and a microplate reader (BioTek Instruments, Win-
wooski, VT, USA) were used in this study. The experi-
ments were independently repeated three times.

In vitro wound healing assay
In vitro wound healing assays were performed as previ-
ously reported [28]. A 0.1–10 µL white tip (Sorenson, 
Salt Lake City, UT, USA), and EVOS XL imaging system 
(Fisher Scientific, Hampton, NH, USA) were used in this 
study. The wound closure area was calculated as follows:

Wound closure area µm
2

= 0 h wound area − 24 h wound area

The experiments were independently repeated three 
times.

Western blot assays
Western blots were performed as previously reported [27, 
28]. Antibodies for p38 (sc-535), JNK1/2 (sc-7345), p-JNK1/2 
(sc-6254), ERK5 (sc-398015), p-ERK5 (sc-135760), GAPDH 
(sc-25778), and goat anti-rabbit IgG-HRP secondary anti-
body were purchased from Santa Cruz Biotechnology  
(Dallas, TX, USA). Antibodies for p-p38 (#9211), ERK1/2 
(#9102), p-ERK1/2 (#9101), AKT (#9272), and p-AKT (#9271) 
were purchased form Cell Signaling Technology (Danvers, 
MA, USA), and goat anti-mouse IgG-HRP secondary anti-
body was purchased from Bio-Rad (Hercules, CA, USA). 
The experiments were independently repeated three times.

Quantitative real‑time PCR
Quantitative real-time PCR was performed as previously 
reported [28, 33]. The TRIzol reagent (Fisher Scientific, 
Hampton, NH, USA), Thermo reverse transcriptase 
(NanoHelix, Daejeon, Korea), and QGreen 2 × SybrGreen 
qPCR Master Mix (CellSafe, Yongin, Korea) were used in 
this study. A total of 1 µg RNA was used for cDNA syn-
thesis. mRNA expression change was calculated using 
the ΔΔCt formula. The gene encoding GAPDH was used 
as the quantitative control. Primer sequences used in this 

Table 1 Primer sequences used in this study

Genes Forward Reverse Reference

PCNA AAC CTC ACC AGT ATG TCC AA ACT TTC TCC TGG TTT GGT G [34]

Ki-67 CCA AAG AAG GCT GAG GAC AA CCC TTA AGC AGA CTG ACA GC [28]

MCM2 AAT CTA TGG CGA CAG GCA G ATC ACA TAG TCC CGC AGA T [28]

CCND1 CTG TGC TGC GAA GTG GAA ACC GAC GAT CTT CCG CAT GGA C [28]

CCNB1 TAA GGC GAA GAT CAA CAT GG GCT TCC TTC TTC ATA GGC AT [28]

CCNE1 ACA CCA TGA AGG AGG ACG CAC AGA CTG CAT TAT TGT CCC [28]

CDK1 CAG GTC AAG TGG TAG CCA TG ACC TGG AAT CCT GCA TAA GC [28]

CDK2 TTC TCA TCG GGT CCT CCA CC TCG GTA CCA CAG GGT CAC CA [28]

CDK4 CTG AGA ATG GCT ACC TCT CG CGA ACT GTG CTG ATG GGA AG [28]

CDK6 CCG AAG TCT TGC TCC AGT CC GGG AGT CCA ATC ACG TCC AA [28]

KRT5 AGC AGT GGT ACG CTT GTT GATT GCC TGG ACT CAG AGC TGA GAA [35]

KRT14 GGC CTG CTG AGA TCA AAG ACTAC CAC TGT GGC TGT GAG AAT CTT GTT [36]

KRT6 CTG AGG CTG AGT CCT GGT AC GTT CTT GGC ATC CTT GAG G [28]

KRT17 GCT GCT ACA GCT TTG GCT CT TCA CCT CCA GCT CAG TGT TG [37]

c-fos GGA GGA GGG AGC TGA CTG ATA GCA ATC TCG GTC TGCAA [38]

c-jun TTC TAT GAC GAT GCC CTC AACGC GCT CTG TTT CAG GAT CTT GGG GTT AC [38]

ELK1 CTG ACC CCA TCC CTG CTT CCTA GAA GTG AAT GCT AGG AGG CAGCG [38]

FGF2 AAA AAC GGG GGC TTC TTC CT AGC CAG GTA ACG GTT AGC AC [39]

EGF AGT CCG TGA CTT GCA AGA GG CCT CTT CTT CCC TAG CCC CT [39]

TGF TGG TGG AAA CCC ACA ACG AA GAG CAA CAC GGG TTC AGG TA [39]

CTGF GTT TGG CCC AGA CCC AAC TA GGC TCT GCT TCT CTA GCC TG [39]

VEGF CTT GCC TTG CTG CTC TAC CT GCA GTA GCT GCG CTG ATA GA [39]

GAPDH GTA TCG TGG AAG GAC TCA TG GAG GCA GGG ATG ATG TTC [28]
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study are listed in Table  1. The experiments were inde-
pendently repeated three times.

In vivo wound healing assay
In vivo wound healing assays were performed previously 
reported [28, 40, 41]. Six- to seven-week-old female 
BALB/c AnNTac mice (JA BIO, Korea) were used. The 
mice were housed under a 12-h light–dark cycle and 
provided with optimal temperature and humidity con-
ditions. Cage cleaning was conducted every 3–4  days, 
based on the level of contamination. Avertin (2,2,2-Tri-
bromoethanol, Sigma, USA) at 125  mg/kg was used 
to anesthetize the mice by intraperitoneal injection. 
Mouse back hair was completely removed using animal 
clipper (JEUNG DO BIO & PLANT CO, Korea) and 
Hair Removal Cream (BEAUTY FORMULAS, Korea). 
Three days after hair removal, a 4 mm-diameter biopsy 
punch (KEYES, Germany) was used to form full-thick-
ness wounds below both shoulder blades. To prevent 
interference from other individuals, each cage housed 
one mouse after wound creation. The left-side wound 
was treated with 10% DMSO and the right-side wound 
treated with 50 μg (5 μg/μl in 10% DMSO) of AL extract 
daily. After applying the treatments to the respective 
wound sites, sufficient time was given for absorption. 
The wound area was photographed every 24  h. Three 
animals were used as one experimental group. After the 
completion of the experiment, the experimental ani-
mals were euthanized in accordance with ethical guide-
lines. This study was conducted with the approval of the 
Animal Experimental Ethics Committee of Kyung Hee 
University (approval number: KHGASP-20–560) and 
performed under the Institutional Animal Care and Use 
Committee guidelines. The experiments were indepen-
dently repeated three times.

Statistical analysis
The experiments were independently repeated three 
times. Values are expressed as mean ± standard devia-
tion. One-way ANOVA was used in analyzing statistically 
significant differences. Two group comparisons were 
analyzed using the Student’s t-test. (*p < 0.05, **p < 0.01, 
***p < 0.001).

Supplementary Information
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Wound closure (%) =
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× 100

Acknowledgements
Not applicable.

Authors’ contributions
Minho Kim wrote the main manuscript text and prepared all figures. All 
authors reviewed the manuscript.

Funding
This study was carried out with the support of ´R&D Program for Forest 
Science Technology (Project No. "FTIS 2020238A00‑2021–0001) provided by 
Korea Forest Service (Korea Forestry Promotion Institute) and GRRC program 
(2020‑Kyung‑hee (B04)) by Gyeonggi province.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Plant material: The plant material used in this study was purchased from 
Cheonji Gayakcho (a Korean herbal medicine company specializing in natural 
remedies) and complied with relevant institutional, national, and international 
guidelines and legislation.
Animal experiment: This study was conducted with the approval of the Animal 
Experimental Ethics Committee of Kyung Hee University (approval number: 
KHGASP‑20–560) and performed under the Institutional Animal Care and Use 
Committee guidelines. All methods are reported in accordance with ARRIVE 
guidelines for the reporting of animal experiments.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 23 March 2023   Accepted: 1 July 2023

References
 1. Velnar T, Bailey T, Smrkolj V. The wound healing process: an overview of 

the cellular and molecular mechanisms. J Int Med Res. 2009;37:1528–42.
 2. Pastar I, Stojadinovic O, Yin NC, Ramirez H, Nusbaum AG, Sawaya A, et al. 

Epithelialization in wound healing: a comprehensive review. Adv Wound 
Care. 2014;3:445–64.

 3. Duronio RJ, Xiong Y. Signaling pathways that control cell proliferation. 
Cold Spring Harb Perspect Biol. 2013;5: a008904.

 4. Morrison DK. MAP kinase pathways. Cold Spring Harb Perspect Biol. 
2012;4: a011254.

 5. Brown JR, Nigh E, Lee RJ, Ye H, Thompson MA, Saudou F, et al. Fos family 
members induce cell cycle entry by activating Cyclin D1. Mol Cell Biol. 
1998;18:5609–19.

 6. Kerkhoff E, Rapp UR. Cell cycle targets of Ras/Raf signalling. Oncogene. 
1998;17:1457–62.

 7. Hess J, Angel P, Schorpp‑Kistner M. AP‑1 subunits: quarrel and harmony 
among siblings. J Cell Sci. 2004;117:5965–73.

 8. Toker A, Cantley LC. Signalling through the lipid products of phosphoi‑
nositide‑3‑OH kinase. Nature. 1997;387:673–6.

 9. Hemmings BA, Restuccia DF. The PI3K‑PKB/Akt pathway. Cold Spring Harb 
Perspect Biol. 2015;7:a026609.

 10. Jalsrai A, Numakawa T, Kunugi H, Dieterich DC, Becker A. The neuropro‑
tective effects and possible mechanism of action of a methanol extract 
from Asparagus cochinchinensis: In vitro and in vivo studies. Neuroscience. 
2016;322:452–63.

 11. Choo BK, Yoon T, Cheon MS, Lee HW, Lee AY, Kim HK. Anti‑inflammatory 
effects of Asparagus cochinchinensis extract in acute and chronic cutane‑
ous inflammation. J Ethnopharmacol. 2009;121:28–34.

https://doi.org/10.1186/s12906-023-04066-w
https://doi.org/10.1186/s12906-023-04066-w


Page 8 of 8Kim and Kim  BMC Complementary Medicine and Therapies          (2023) 23:238 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 12. Xiong D, Yu L‑X, Yan X, Guo C, Xiong Y. Effects of root and stem extracts of 
Asparagus cochinchinensis on biochemical indicators related to aging in 
the brain and liver of mice. Am J Chin Med. 2011;39:719–26.

 13. Samad NB, Debnath T, Abul Hasnat M, Pervin M, Kim DH, Jo JE, et al. Phe‑
nolic contents, antioxidant and anti‑inflammatory activities of Asparagus 
cochinchinensis (Loureiro) M errill. J Food Biochem. 2014;38:83–91.

 14. Koo HN, Jeong HJ, Choi JY, Choi SD, Choi TJ, Cheon YS, et al. Inhibition of 
tumor necrosis factor‑α‑induced apoptosis by Asparagus cochinchinensis 
in Hep G2 cells. J Ethnopharmacol. 2000;73:137–43.

 15. Kim SI, Lee SM, Lee CY, Son HJ, Hwang DY, Lee HS, et al. Antimicrobial 
activity and characteristics of Asparagus cochinchinensis fermented with 
lactic acid bacteria. Food Eng Prog. 2016;20(4):278–84.

 16. DERMALAB, Cosmetic composition comprising an Asparagus cochin-
chinensis and Maca Complex‑fermented extract, KR Patent No. 
KR101319990B1, 2013.

 17. BNHLAB, Preparation method of Chunking‑dong, Guiana, and Angelia 
complex extract and cosmetic composition for skin whitening, antibacte‑
rial and anti‑inflammation, KR Patent NO. KR 1020576140000, 2019.

 18. Juríková M, Danihel Ľ, Polák Š, Varga I. Ki67, PCNA, and MCM proteins: 
Markers of proliferation in the diagnosis of breast cancer. Acta Histochem. 
2016;118:544–52.

 19. Rousselle P, Gentilhomme E, Neveux Y. Markers of epidermal proliferation 
and differentiation epidermal regeneration view project BIODERMA view 
project markers of epidermal proliferation and differentiation. research‑
gate.net. 2017. https:// doi. org/ 10. 1007/ 978‑3‑ 319‑ 32383‑1_ 37.

 20. Alam H, Sehgal L, Kundu ST, Dalal SN, Vaidya MM. Novel function of 
keratins 5 and 14 in proliferation and differentiation of stratified epithelial 
cells. Mol Biol Cell. 2011;22:4068–78.

 21. Zhang W, Liu HT. MAPK signal pathways in the regulation of cell prolifera‑
tion in mammalian cells. Cell Res. 2002;12(1):9–18.

 22. Angel P, Karin M. The role of Jun, Fos and the AP‑1 complex in cell‑prolif‑
eration and transformation. Biochem Biophys Acta. 1991;1072:129–57.

 23. Orlandini M, Marconcini L, Ferruzzi R, Oliviero S. Identification of a c‑fos‑
induced gene that is related to the platelet‑derived growth factor/vascu‑
lar endothelial growth factor family (Fos/cell transformation). 1996.

 24. Lee CC, Chen SC, Tsai SC, Wang BW, Liu YC, Lee HM, et al. Hyperbaric oxy‑
gen induces VEGF expression through ERK, JNK and c‑Jun/AP‑1 activation 
in human umbilical vein endothelial cells. Springer. https:// doi. org/ 10. 
1007/ s11373‑ 005‑ 9037‑7.

 25. Birkenhauer E, Neethirajan S. A double‑edged sword: the role of VEGF in 
wound repair and chemoattraction of opportunist pathogens. Int J Mol 
Sci. 2015;16:7159–72.

 26. Han NK, Jeong YJ, Pyun BJ, Lee YJ, Kim SH, Lee HJ. Geranylgeranylacetone 
ameliorates intestinal radiation toxicity by preventing endothelial cell 
dysfunction. Int J Mol Sci. 2017;18:2103.

 27. Kim M, Kim J, Shin Y‑K, Kim K‑Y. Gentisic acid stimulates keratinocyte 
proliferation through ERK1/2 phosphorylation. Int J Med Sci. 2020;17:626.

 28. Kim M, Kim J‑G, Kim K‑Y. Trichosanthes kirilowii extract promotes wound 
healing through the phosphorylation of ERK1/2 in keratinocytes. Biomi‑
metics. 2022;7:154.

 29. Lin CH, Shih CH, Tseng CC, Yu CC, Tsai YJ, Bien MY, et al. CXCL12 
induces connective tissue growth factor expression in human lung 
fibroblasts through the Rac1/ERK, JNK, and AP‑1 pathways. PLoS One. 
2014;9:e104746.

 30. Li X‑N, Chu C, Cheng D‑P, Tong S‑Q, Yan J‑Z. Norlignans from Asparagus 
cochinchinensis. Nat Prod Commun. 2012;7:1934578X1200701027.

 31. Li X‑N, Chu C, Cheng D‑P, Tong S‑Q, Yan J‑Z. Two alkaloids from Asparagus 
cochinchinensis. Chem Nat Compd. 2014;50:326–8.

 32. Liu B, Li B, Zhou D, Wen X, Wang Y, Chen G, et al. Steroidal saponins with 
cytotoxic effects from the rhizomes of Asparagus cochinchinensis. Bioorg 
Chem. 2021;115: 105237.

 33. Nguyen AT, Kim K. Inhibition of proinflammatory cytokines in Cutibacte-
rium acnes‑induced inflammation in HaCaT cells by using Buddleja davidii 
aqueous extract. Int J Inflam. 2020;2020:8063289.

 34. Li CH, Pan LH, Liu HW, Sahi R, Zhao X, Cheng Y. The expression of Cx43, 
TGFβ/smads signaling pathways and PCNA in the occurrence and devel‑
opment of gastric carcinoma and the relationship among them. Asian J 
Med Sci. 2016;7:6–13.

 35. Koh KD, Siddiqui S, Cheng D, Bonser LR, Sun DI, Zlock LT, et al. Efficient 
RNP‑directed Human Gene Targeting Reveals SPDEF Is Required for IL‑
13‑induced Mucostasis. atsjournals.org. 2020;62:373–81.

 36. Guenou H, Nissan X, Larcher F, Feteira J, Lemaitre G, Saidani M, et al. 
Human embryonic stem‑cell derivatives for full reconstruction of the 
pluristratified epidermis: a preclinical study. Lancet. 2009;374:1745–53.

 37. Yu J, Yu J, Rhodes DR, Tomlins SA, Cao X, Chen G, et al. A polycomb 
repression signature in metastatic prostate cancer predicts cancer out‑
come. Cancer Res. 2007;67:10657–63.

 38. Shan J, Donelan W, Hayner JN, Zhang F, Dudenhausen EE, Kilberg MS. 
MAPK signaling triggers transcriptional induction of cFOS during amino 
acid limitation of HepG2 cells. Biochim Biophys Acta ‑ Mol Cell Res. 
2015;1853:539–48.

 39. Lee BC, Song J, Lee A, Cho D, Kim TS. Visfatin promotes wound healing 
through the activation of ERK1/2 and JNK1/2 pathway. Int J Mol Sci. 
2018;19:3642.

 40. Yeh CJ, Chen CC, Leu YL, Lin MW, Chiu MM, Wang SH. The effects of 
artocarpin on wound healing: In vitro and in vivo studies. Sci Rep. 
2017;7:1–13.

 41. Kung HN, Yang MJ, Chang CF, Chau YP, Lu KS. In vitro and in vivo wound 
healing‑promoting activities of β‑lapachone. Am J Physiol ‑ Cell Physiol. 
2008;295:931–43.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1007/978-3-319-32383-1_37
https://doi.org/10.1007/s11373-005-9037-7
https://doi.org/10.1007/s11373-005-9037-7

	Wound healing effects of Asparagus lucidus Lindl extract through the phosphorylation of ERK12
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Results
	AL extract induces keratinocyte proliferation
	AL extract promotes keratinocyte re-epithelialization in vitro
	AL extract induces ERK12 phosphorylation
	AL extract induces mRNA expression of proliferation regulatory genes
	AL extract promotes wound healing in vivo

	Discussion
	Conclusion
	Methods
	Plant material and extraction
	Cell culture and AL extract treatment
	MTT assay
	In vitro wound healing assay
	Western blot assays
	Quantitative real-time PCR
	In vivo wound healing assay
	Statistical analysis

	Anchor 25
	Acknowledgements
	References


