
Screening of Plant-Derived Natural Extracts to  
Identify a Candidate Extract Capable of Enhancing Lipid 
Synthesis in Keratinocytes
Sang-Hoon Lee, Hee-Seok Seo, Seong Jun Seo1, Chang-Deok Kim2, Seung-Phil Hong

Department of Dermatology, Yonsei University Wonju College of Medicine, Wonju, 1Department of Dermatology, Chung-Ang University 
College of Medicine, Seoul, 2Department of Dermatology, School of Medicine, Chungnam National University, Daejeon, Korea

Received  January 31, 2022
Revised  April 5, 2022
Accepted  April 24, 2022

Background: Reduced lipid content in the stratum corneum is a major cause of skin-barrier 
dysfunction in various pathological conditions. Promoting lipid production is a potential 
strategy to improve skin-barrier function. Recent evidence supports the beneficial effects of 
adiponectin on lipid metabolism and senescence in keratinocytes.
Objective: This study aimed to investigate whether plant extracts can enhance skin-barrier 
function.
Methods: We screened fruit and herb extracts that enhance the lipid synthesis of kerati-
nocytes via AMP-activated protein kinase (AMPK) activation and SIRT1 signaling in the 
adiponectin pathway. The levels of major lipid synthesis enzymes and transcription factors 
as well as epidermal barrier lipids involved in adiponectin-associated epidermal barrier 
formation were evaluated in the herbal extracts- or adiponectin-treated human epider-
mal keratinocyte and equivalent models. The mRNA expression of major lipid synthesis 
enzymes increased following treatment with Lycii Fructus, Prunus tomentosa, and Melia 
toosendan extracts.
Results: The expression of transcription factors SIRT1, liver X receptor α, peroxisome 
proliferator-activated receptors (PPARs), and sterol regulatory element-binding proteins 
(SREBPs) were upregulated. Levels of free fatty acids, cholesterol, and ceramides were 
elevated. The expression of keratinocyte differentiation markers increased. In particular, 
among fruit extracts with a detectable effect, Melia toosendan induced the highest expres-
sion of lipid synthase.
Conclusion: These results indicate that Melia toosendan is a promising candidate for im-
proving skin-barrier function.
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INTRODUCTION

The basic concept of the skin barrier is two-compartment or-
ganization: the “bricks and mortar” model, in which corneo-
cytes (“the bricks”) and intercellular lipid lamellae (“the mor-
tar”) play a major role1. The skin-barrier function is weakened 
due to reduction in lipid contents in the stratum corneum (SC) 
in dry or aging skin and in chronic inflammatory disorders 
such as atopic dermatitis2-6. Therefore, replenishing intercellu-

lar lipid lamellae is key to strengthening skin-barrier function, 
and attempts to discover new effective barrier potentiators 
that can be used in cosmetics materials are required.

Adiponectin is an anti-aging adipokine known to improve fat 
and insulin metabolism7,8. Recently, adiponectin was shown to 
effectively enhance skin-barrier function by increasing keratino-
cyte lipid synthesis through nuclear hormone receptors (NHR) 
such as SIRT1, a nicotinamide adenine dinucleotide-dependent 
deacetylase, and peroxisome proliferator-activated receptors 
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(PPARs)9,10. These functions of adiponectin are mediated by adi-
ponectin receptors—AdipoR1 and AdipoR211; they induce AMP-
activated protein kinase (AMPK) and the SIRT1 pathway12,13.

Many natural extracts are used in cosmetics, but it is often 
uncertain how they affect keratinocyte lipid synthesis and 
differentiation contributing to epidermal barrier formation. 
Therefore, we screened plant-derived natural extracts that 
can be used in cosmetics and can enhance barrier function by 
comparing their effects based on the relative mRNA expres-
sion of SIRT1 and NHR in keratinocytes and compared their 
efficacy with respect to the induction of lipid synthesis and 
differentiation with that of adiponectin. 

MATERIALS AND METHODS

Screening process from herbal extract library
Initially, about 300 plant extracts extracted with 70% ethanol 
were screened (herbal extract library). To investigate the ef-
fect of herbal extracts on lipid production of keratinocytes, 
keratinocyte viability was checked by first treating with herbal 
extract library at 50 ppm for 24 hours. Of these, 168 herbal 
extracts with more than 80% viability were selected (primary 
screening), and 12 possible candidate herbal extracts were 
selected through a literature review (secondary screening). 
Among the 12 candidates, six herbal extracts with higher or 
similar AMPK activation (increasing p-AMPK expression) 
than adiponectin were selected (tertiary screening) (Supple-
mentary Fig. 1). Among these six candidates, we analyzed 
the expression of adiponectin receptors, enzymes—including 
fatty acid synthase (FAS), HMG-CoA reductase (HMGCR), 
and serine palmitoyltransferase (SPT)—and transcription 
factors—including liver X receptor α (LXRα), PPARs, and 
SIRT1 which were associated with lipid synthesis—using 
quantitative real-time reverse transcription PCR (qRT-PCR) 
and selected Lycii fructus (LF; Lycium barbarum L. fructus), 
Prunus tomentosa (PT) fructus, and Melia toosendan (MT) 
fructus as candidates capable of reinforcing the skin barrier in 
this comparative study (4th screening) (Supplementary Table 
1). This study was approved by the Institutional Review Board 
of Yonsei University Wonju College of Medicine (approval no. 
CR321371).

Reagents and antibodies
Recombinant human full-length adiponectin was obtained 

from Biobud (Seongnam, Korea). We obtained antibodies 
against LXRα, PPARα, PPARβ, PPARγ, sterol regulatory ele-
ment-binding proteins (SREBPs), and b-actin from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA); filaggrin, involucrin, 
cytokeratin 14, PPARβ, and SIRT1 from Abcam (Cambridge, 
UK). sphingosine-1-phosphate (S1P), sphingosine, sphinga-
nine, and ceramide were obtained from Avanti Polar Lipid 
(Alabaster, AL, USA). Organic solvents for sphingolipid extrac-
tion and liquid chromatography tandem-mass spectrometry 
analysis were purchased from Merck (Darmstadt, Germany).

Cell cultures
Normal human epidermal keratinocytes (HEKs) were pur-
chased from Gibco BRL, Life Technologies (Grand Island, 
NY, USA). HEKs were maintained in 0.06 mM Ca2þ EpiLife 
medium (Thermo-Scientific, Waltham, MA, USA) supple-
mented with EDGS (EpiLife Defined Growth Supplement; 
Life Technologies, Carlsbad, CA, USA) at 37℃ in a humidified 
atmosphere containing 5% CO2. All experiments were per-
formed using cells on their third passage. After reaching 80% 
confluence, cells were treated with adiponectin (10 µg/ml) or 
herbal extracts (10 ppm) for 24 hours and then harvested with 
TrypLE Select (Gibco BRL).

Human skin equivalent preparation
Human epidermal equivalent (HEE) (Neoderm-E) and cul-
ture medium were purchased from TEGO Science, Inc., (Seoul, 
Korea) and incubated at 37℃ in a 5% CO2 atmosphere. Briefly, 
to construct epidermal equivalents, keratinocytes were seeded 
into culture inserts. After culturing cells for three days, the 
constructs were cultured at the air-liquid interface. After two 
weeks of exposure to air, the HEE was treated with adiponec-
tin (10 µg/ml) or herbal extracts (10 ppm) for 24 hours. The 
medium was changed every day during incubation.

Sphingolipid analysis
To assess cellular sphingolipid levels, cells were harvested 
and lysed in radioimmunoprecipitation assay (RIPA) buffer, 
followed by extraction of sphingolipids, as reported previous-
ly14,15. The extracted lipids were dried using a vacuum system 
(Vision, Seoul, Korea), redissolved in methanol, and analyzed 
by liquid chromatography electrospray ionization-tandem-
mass spectrometry (LC-ESI-MS/MS, API 3200 QTRAP mass; 
AB/SCIEX, Concord, ON, Canada) in the selective ion moni-
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toring mode. Ceramide tandem-mass spectrometry transitions 
(m/z) were 510/264 for C14-ceramide, 538/264 for C16-ce-
ramide, 552/264 for C17-ceramide, 566/264 for C18-ceramide, 
594/264 for C20-ceramide, 648/264 for C24:1-ceramide, and 
650/264 for C24-ceramide. The sphingoid base tandem-mass 
spectrometry transitions (m/z) were 286/238 for C17 sphingo-
sine as an internal standard, 300/252 for C18 sphingosine, and 
302/60 for C18 sphinganine. Data were acquired using Analyst 
1.4.2 software (Applied Biosystems, Foster City, CA, USA).

Free cholesterol and free fatty acid analysis
To quantify free cholesterol and free fatty acids (FAs), lipid 
was extracted using the Folch method, with minor modifica-
tions16-18. Brief ly, the SC tissues from the HEKs and HEEs 
were lysed and sonicated in methanol/chloroform (1:2, v/v) 
containing butylated hydroxytoluene (500  µg/ml), followed 
by the addition of 500 pmol of docosahexaenoic acid and d6-
cholesterol as an internal standard. The extracted lipids were 
dried using a vacuum system (Vision), redissolved in metha-
nol, and analyzed by LC-ESI-MS/MS (API 3200 QTRAP mass; 
AB/SCIEX) in the selective ion monitoring mode. First, both 
free cholesterol and FAs were separated by reverse phase high 
performance liquid chromatography (HPLC, NANOSPACE 
SI-2 HPLC equipped with an HTS autosampler Z; Shiseido, 
Tokyo, Japan) using a KINETEX C18 column (2.1 mm×50 
mm, ID: 2.6 μm; Phenomenex, St. Louis, MO, USA), as previ-
ously described18,19. The MS/MS transitions (m/z) of the FAs 
were 227→183 for C14:0 FA, 253→209 for C16:1 FA, 255→211 
for C16:0 FA, 277→233 for C18:3 FA, 279→235 for C18:2 FA, 
281→237 for C18:1 FA, 283→239 for C18:0 FA, 303→259 for 
C20:4 FA, 311→267 for C20:0 FA, 337→293 for C22:1 FA, 
339→295 for C22:0 FA, 365→321 for C24:1 FA, and 367→323 
for C24 FA. The MS/MS transitions (m/z) of cholesterol were 
369.3→161.5, 369.3→147.1, and 374.4→152.7 for d6-cholesterol. 
All data were acquired using Analyst 1.5.1 software (Applied 
Biosystems).

qRT-PCR and PCR analysis
Total RNA from HEK was extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA), and quantified using a 
Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific, 
Carlsbad, CA, USA). Total RNA (1 mg) was reverse tran-
scribed using Moloney murine leukemia virus (M-MLV) re-
verse transcriptase (Promega, Madison, WI, USA). qRT-PCR 

was performed using SYBR Green PCR master mix (Applied 
Biosystems), using Quantstudio 3 (PCR Instrument System; 
Thermo-Scientific). PCR gene expression was normalized to 
glyceraldehyde-3-phosphate dehydrogenase expression. Quan-
tification was performed using the Ct method.

Western blotting
Cells were harvested and lysed in RIPA buffer and superna-
tants were recovered by centrifugation. Sample protein con-
centrations were determined using bicinchoninic acid, and 
equal amounts of protein were used between samples during 
western blotting. Proteins were resolved using sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto nitrocellulose membranes, which were 
blocked using 3% bovine serum albumin (BSA) and then 
probed with appropriate antibodies. Protein-antibody com-
plexes were visualized on X-ray films after reacting them with 
the enhanced chemiluminescence detection reagent (Santa 
Cruz Biotechnology).

Immunofluorescence
Immunofluorescent staining of 5 μm frozen sections was 
performed following standard protocols. Frozen sections were 
air-dried for 30 minutes and permeabilized in 0.1% Triton 
X-100 in phosphate-buffered saline (PBS) for 15 minutes. Sec-
tions were washed in PBS and blocked with blocking serum 
solution (DAKO, Carpinteria, CA, USA). Thereafter, adjacent 
sections were incubated with the following primary antibodies 
at 4℃ overnight: filaggrin (diluted 1:200), involucrin (diluted 
1:200), and cytokeratin 14 (dilution 1:100). After washing, the 
cells were incubated with the relevant Alexa Fluor secondary 
antibodies (Molecular Probes, Eugene, OR, USA) before be-
ing washed and mounted in Shandon Immumount (Thermo 
Electron Corporation, Waltham, MA, USA) containing 10 μg/
ml DAPI. Cells were imaged using a fluorescent microscope 
(Olympus Corp., Tokyo, Japan).

Statistical analysis
Data were expressed as the mean±standard deviation and ana-
lyzed using the paired Student t-test and analysis of variance 
with Bonferroni’s post-hoc correction for comparison between 
the mean of two numeric values. Statistical significance was de-
fined at p<0.05. Statistical analysis was performed using PASW 
statistics software (version 23.0; IBM Corp., Armonk, NY, USA).
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RESULTS

Screening a plant extract library for effects of lipid  
synthesis on human epidermal keratinocytes
Three candidates—LF, PT fructus, and MT fructus—were select-
ed by screening a plant extract library composed of 300 herbal 
extracts. HEKs were treated with three candidates or adiponec-
tin for 24 hours, and then, the epidermal barrier related lipid 
content was measured. Levels of cholesterol and FAs (saturated 

and unsaturated) were significantly increased in LF (p<0.05), PT 
(p<0.05), and MT (p<0.01) extracts. In particular, MT (p<0.05) 
showed a higher increase than adiponectin (Fig. 1A). For ce-
ramide, LF showed a significant increase only in ceramide non-
hydroxy phytosphingosine (NP) (p<0.01) compared to the con-
trol, whereas PT showed significant differences both in ceramide 
NP (p<0.05) and alpha-hydroxy sphingosine (AS) (p<0.05). 
MT, in contrast, showed significant differences in ceramide 
non-hydroxy sphingosine (NS) (p<0.05), NP (p<0.001), and AS 
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Fig. 1. Screened herbal extracts increased lipid synthesis via the adiponectin signaling pathway in keratinocytes. (A~C) Lipid quantifica-
tion (cholesterol, fatty acids, ceramides, sphingosine, and sphingosine-1-phosphate) was performed by high-performance liquid chroma-
tography in HEKs after 24 hours of treatment with adiponectin (10 μg/ml) or herbal extracts (10 ppm). (D~E) Quantitative real-time PCR 
of major lipid synthesis enzymes and their regulatory factors in adiponectin or herbal extract treated HEKs. (F) PCR results of the expres-
sion of epidermal differentiation markers (filaggrin, involucrin, and loricrin). Values are presented as mean±standard deviation (*p<0.05, 
**p<0.01, ***p<0.001 versus control; †p<0.05 vs. adiponectin). HEK: human epidermal keratinocyte, NS: non-hydroxy sphingosine, 
NP: non-hydroxy phytosphingosine, AS: alpha-hydroxy sphingosine, SIRT: sirtuin, SREBP: sterol regulatory element-binding protein.
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(p<0.01) but showed a lesser increase than adiponectin (Fig. 1B). 
Levels of other major sphingolipids—sphingosine and S1P—were 
significantly upregulated in the LF (p<0.05), PT (p<0.05), and 
MT (p<0.01) treatment groups compared with those only in the 
control group but not the adiponectin group (Fig. 1C). To iden-
tify the mechanism of lipid content production by each herbal 
extract, the mRNA expression of FAS, HMGCR, and SPT as the 
rate-limiting enzymes for the synthesis of major epidermal bar-
rier lipids (free FA, cholesterol, and ceramide, respectively) and 
lipid transporters in keratinocytes (ABCA1 and ABCA12) were 
evaluated following herbal extract treatment of primary HEK 
cells for 24 hours by qRT-PCR. Similar to adiponectin, MT sig-
nificantly upregulated levels of all major lipid synthesis enzymes 
and lipid transporters compared with those of control (Fig. 1D). 
In particular, mRNA levels of FAS and HMGCR showed the 
greatest increase after MT treatment. In contrast, the other two 
plant extracts (LF and PT) showed rather complicated results, 
increasing the levels of only some enzymes and transporters. To 
determine the effect of plant extracts on major transcription fac-
tors for epidermal differentiation and SC lipid barrier formation, 
keratinocyte mRNA expression of SIRT1 and NHRs, including 
LXRs and PPARs, was analyzed. An overall increase in the tran-
scription factors after 24-hour treatment with adiponectin or 
three plant extracts was observed (Fig. 1E). This increase was also 
observed in SREBP1c and SREBP2, which regulate the expres-

sion of keratinocyte lipid synthetic enzyme (Fig. 1E). 
Finally, the expression of the epidermal differentiation 

marker proteins—filaggrin, involucrin, and loricrin—was 
also identified. Significant upregulation of the differentiation 
markers was observed in all LF, PT, and MT (Fig. 1F). 

So far, all three herbal extracts showed good overall effects; 
especially, MT showed a consistent increase in expression of 
the transcription factors for epidermal barrier formation, lipid 
synthetic enzymes, and differentiation markers and had a 
similar effect to adiponectin as the positive control.

Plant extracts also increased the lipid content in  
3-dimensional epidermal equivalent
The HEE model was further treated with LF, PT, or MT ex-
tracts to investigate whether these effects of herbal extracts are 
also similar in differentiated epidermal equivalents, similar to 
the HEK model. There was no significant difference in the to-
tal ceramide content other than that of adiponectin, but levels 
of sphingosine significantly increased in the PT (p<0.05) and 
MT (p<0.05) extract treatment groups, and S1P showed a sig-
nificant increase in the LF treatment group (p<0.05) (Fig. 2A). 

On the other hand, in terms of the expression of major lipid 
synthetic enzymes for epidermal lipid barrier, MT (p<0.01) showed 
a significant increase in the expression of all three enzymes, and 
the other two fruit extracts (LF and PT) showed a tendency to 
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Fig. 2. Herbal extracts increased 
sphingolipid content in 3D epidermal 
equivalent. (A) Sphingolipid contents 
quantified by high-performance liquid 
chromatography in human epidermal 
equivalents after 24 hours of treatment 
with adiponectin (10 μg/ml) or herbal 
extracts (10 ppm). (B) mRNA levels of 
rate-limiting lipid synthesis enzymes 
(FAS, HMGCR, and SPT) and lipid 
transport genes (ABCA1 and ABCA12) 
were evaluated by real-time PCR, after 
24 hours of treatment of human epi-
dermal equivalent with adiponectin (10 
μg/ml) or herbal extracts (10 ppm). Val-
ues are presented as mean±standard 
deviation (*p<0.05, **p<0.01 vs. 
control). ABCA: ATP-binding cassette 
transporter A, HEE: human epidermal 
equivalent, FAS: fatty acid synthase, 
HMGCR: HMG-CoA reductase, SPT: 
serine palmitoyltransferase.
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increase the expression of these lipid synthetic enzymes. Both lipid 
transporters were significantly upregulated following MT and LF 
treatment; PT (p<0.05) upregulated only ABCA12 (Fig. 2B).

Plant extracts upregulated SIRT1, nuclear hormone 
receptors and SREBPs
Treatment of HEEs with LF, PT, and MT extracts showed 
significant increases in mRNA expression of SIRT1, LXRα, 

PPARα, and PPARβ; in PPARγ, only LF (p<0.05) showed a sig-
nificant increase. Similarly, for lipogenesis transcription fac-
tors ‘SREBP’, SREBP2 showed significant increases following 
treatment with all three plant extracts, while SREBP1c showed 
significant increases following LF (p<0.01) and MT (p<0.01) 
treatment (Fig. 3A). The protein levels of these regulatory 
factors were additionally confirmed using western blotting. 
Consistent with the PCR results, the other two extracts also 
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Fig. 3. Herbal extracts induced the ex-
pression of NHR, SIRT1, and SREBPs 
in the 3D epidermal equivalent. HEEs 
were treated with adiponectin (10 μg/
ml) or herbal extracts (10 ppm) for 24 
hours, and the expression of each fac-
tor was analyzed by real-time PCR (A) 
and western blotting (B). Values are 
presented as mean±standard devia-
tion (*p<0.05, **p<0.01 vs. control). 
NHR: nuclear hormone receptor, 
HEE: human epidermal equivalent, 
SIRT: sirtuin, LXRα: liver X receptor-α, 
PPAR: peroxisome proliferator-activat-
ed receptor, SREBP: sterol regulatory 
element-binding protein.
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showed good effects, but MT extract treatment showed the 
strongest expression (Fig. 3B). 

Summarizing the results on HEE, all three plant extracts 
increased the expression of lipid synthesis enzymes and tran-
scription factors to some extent, and like the keratinocyte ex-
periment, the effect of MT seems to be consistently the best.

Plant extracts increased the expression of epidermal  
 differentiation marker protein
The mRNA expression of filaggrin, involucrin, and loricrin—
which are epidermal differentiation marker proteins—were 
confirmed in HEEs after treatment with plant extracts. After 
LF (p<0.01) and PT (p<0.05) treatment, involucrin and lo-
ricrin were significantly increased. In contrast, MT (p<0.01) 
treatment significant increases levels of all three marker pro-
teins, and the expression of involucrin was particularly high 
(Fig. 4A). Immunofluorescence, which was implemented to 
confirm this result directly, showed a greater increase in the 
expression of filaggrin and involucrin compared with that in 
the control group after treatment with plant extracts, and the 
most pronounced increase was observed after MT treatment 
(Fig. 4B).

DISCUSSION

Our results confirmed that the natural plant extracts of LF, 
PT, and MT enhance lipid synthesis and differentiation ac-
tivity in both keratinocyte and the HEE. Increasing the lipid 
content of SC is an important strategy for restoring skin-
barrier function because reducing the lipid content of SC is 
associated with decreased skin-barrier function. Therefore, 
this study identified the possibility of employing three plant 
extracts as barrier potentiators. Among the three candidates, 
MT exhibited the most pronounced efficacy in general; thus, 
skin-barrier enhancement function is expected to be the best 
when MT is employed. 

LF, also called goji berry or Wolfberry, is the fruit of Lyci-
um barbarum and is mainly consumed in the cooked or dried 
form in Asia20. It is rich in carotenoids, including zeaxanthin 
palmitate (pasalien), and therefore has become popular as an 
antioxidant phytochemical20,21. In addition, polysaccharides, 
phenolic acid, and flavonoids also contribute to these antioxi-
dant and anti-inflammatory properties20,22. Recently, it has 
been confirmed that LF has a cardiovascular protective effect 

along with hypoglycemic and hypolipidemic effects22,23. In the 
skin, the expression of filaggrin, claudin-1 mRNA, and aqua-
porin 3 significantly increases after treating keratinocytes 
with traditional Chinese medicine containing LF24.

PT is one of the four cherry species and is widely distrib-
uted in Korea, Japan. And China. It has higher total phenolic 
content than other Prunus spps and has superior antioxidant 
activity25,26. Six f lavonoids in PT seed extract are known to 
inhibit nitric oxide and prostaglandin E2 production26. How-
ever, unlike LF, the effect on the skin-barrier function has not 
yet been studied.

MT is one of the traditional Chinese medicines used as 
a potential neuroactive compound27. MT contains various 
limonoids and is known to have insecticidal and anti-inflam-
matory activities. Among them, toosendanin (TSN), a triter-
penoid derivative extract, acts as a presynaptic blocker and is 
involved in cell signaling, transcriptional regulation, apopto-
sis, and cell-cycle regulation28. Recently, TSN has been known 
to have an antitumor effect and to inhibit protein kinase C ac-
tivity, thereby reducing melanin synthesis by melanocytes29,30; 
In another study, it was confirmed that limonoids such as TSN 
enhance ceramide production in keratinocytes31. However, 
as this study only involved experiments conducted on HEKs 
(Epilife, Kurabo, Tokyo, Japan), the effect on 3D equivalents 
such as HEEs has not been revealed yet.

In this study, adiponectin was treated as a positive con-
trol and was compared with three natural plant extracts that 
showed similar effects to that observed on adiponectin treat-
ment. Adiponectin is a cell-signaling molecule secreted from 
adipocytes7 and is known to have beneficial effects on lipid 
and insulin metabolism, wound healing, and cellular senes-
cence8. Additionally, it was recently discovered that adiponec-
tin enhances lipid synthesis of human keratinocytes through 
SIRT1 and nuclear hormone receptor signaling10; these plant 
extracts in our experiment were found to work through 
AMPK activation, the main adiponectin signal pathway, and 
upregulation of SIRT1 and PPARs. 

In this study, we did not determine whether these plant 
extracts directly activated adiponectin receptors; however, we 
showed that the main downstream signals of adiponectin were 
activated and showed similar effects in keratinocytes, show-
ing potential as adiponectin signal activators. Therefore, there 
is room to confirm whether it acts as an adiponectin receptor 
agonist through further studies. In addition, further research 
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is required on which specific ingredients within the aforemen-
tioned natural compound have a strengthening effect on skin-
barrier function and whether they are still effective even for 
external application. 

There was some discrepancy in the results, such as the dif-
ferences in the levels of sphingosine and S1P in HEKs and 
HEEs. Basically, this seems to be due to the difference between 
HEKs and HEEs. HEEs are a 3D model, and epidermal dif-
ferentiation is more evolved in these cell lines than in HEKs. 
Next, there is a possibility that the difference in the experi-
mental techniques employed for HEKs and HEEs, such as the 
media or reaction time, may also have influenced the results. 
However, even after considering these differences, the overall 
trend appears to be consistent.

In conclusion, three plant extracts (LF, PT fructus, and 
MT fructus) were found to enhance lipid synthesis and dif-
ferentiation for SC barrier formation in both keratinocyte and 
HEE, confirming its potential as a barrier potentiator, similar 
to adiponectin. Among the three, MT, in particular, demon-
strated consistent good efficacy for enhancing the overall lipid 
production, the expression of lipid synthesis enzyme and its 
transcription factors, and skin differentiation enhancement. 
Therefore, MT is expected to have a strong skin-barrier re-
inforcement function and is considered the most promising 
material of functional moisturizers for enhancing barrier 
function.
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