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  Abstract : The root of Codonopsis lanceolata has been used in traditional medicine. This study 
was conducted to confirm the comparative effect of ethanol solvent extraction (CLE) and 
supercritical carbon dioxide extraction (CLS) of C. lanceolata roots. CLS had higher antioxidant 
than CLE. For supercritical co-solvent modified carbon dioxide extraction (CLS), it were extracted 
at 250 bar 50℃ 150 min at a flow rate of ethyl alcohol 3 mL/min for 90min. In addition, CLS 
inhibited the adipocyte differentiation of 3T3-L1 cells. When treated with the extract at a 
concentration of 100 μg/mL, the Wnt/β-catenin pathway reporter luciferase activity of HEK 
293-TOP cells increased approximately by 3-folds compared to that of the untreated control 
group. Also, the treatment by CLS (50 µg/mL) showed a significant increase of involucrin 
expression. These results indicate that supercritical carbon dioxide extract of C. lanceolatamay serve 
as a cosmeceutical agent for improving skin barrier function and the treatment of obesity. 
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1. Introduction

  Medicinal plants are currently the focus of a 
great deal of attention as functional materials, 
which are used for food, drug, and cosmetics. 
Despite terrific therapeutic benefits of many 
biological compounds, most medicinal plants 
have been studied generality for the 
development of drugs and there are only some 
research on cosmeceutical materials. 
Additionally,  more  effective  and  less  toxic
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medicinal compounds are still required. 
Supercritical carbon dioxide extraction (SCE) 
can provide several benefits compared to 
conventional solvent extraction: faster 
extraction time, improvement of the yield, a 
low environmental impact, and in the 
optimum process for obtaining extracts with 
high anti-oxidant quality[1].
  The Wnt/β-catenin pathway plays a role in 
adipose cell communication and the inhibition 
of adipogenesis[2]. The understanding of 
molecular and cellular events regulating 
adipogenesis is crucial for designing rational 
therapies for prevention or treatment of obesity 
and for treatment of metabolic syndromes[3].
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The skin barrier is located in the outermost 
layer of the epidermis, in the stratum corneum 
(SC), which consists of two major structural 
components, the corneocytes and 
intercorneocyte lipids[4]. Thus, the formation 
of the SC, layers of terminally differentiated 
cornified cells in the outermost epidermis, is 
responsible for the barrier properties of the 
skin[5]. 
  Codonopsis lanceolata is a perennial vine 
plant belonging to the family Celadonaceae, 
predominantly found in Central, East, and 
South Asia. This plant has been widely used 
in traditional medicine and contains many 
biological compounds, including polyphenols, 
saponins, tannins, triterpene, alkaloids, and 
steroids[6]. Several studies have reported that 
the root of C. lanceolata shows positive 
biological effects, such as anti-inflammatory, 
anti-stress, antimicrobial, anti-oxidant, anti- 
cancer, and immunomodulatory activities[7]. 
However, the effects of its extract as a skin 
therapeutic agent for skin barrier function and 
as a nutraceutical product for obesity 
treatment have not been studied. This study 
aims to verify the effect of C. lanceolata 
extract on strengthening the skin barrier and 
suppressing obesity. 

2. Experimental

2.1. Sample preparation

  The C. lanceolata was purchased from the 
Jeonnam herbal farming cooperative (Hwasun- 
gun, Jeollanam-do, Korea). For supercritical 
co-solvent modified carbon dioxide extraction 
(CLS), the system and required components 
were acquired at 250 bar 50℃ 150 min at a 
flow rate of ethyl alcohol 3 mL/min for 90 
min from Nano bio research center (Janseong- 
gun, Jeollanam-do, Korea). The extraction was 
performed by a method previously 
described[8]. In case of CLE, C. lanceolata 
was soaked in 99.9% ethyl alcohol for 7 days 
and then was dried by speed vacuum at 50℃.

2.2. Cell culture and materials 

  3T3-L1 preadipocytes, which were gained 
from Yonsei University, were cultured by a 
method previously described[10]. Human 
normal keratinocyte and HEK 293-TOP cells 
were purchased from American Type Culture 
Collection (ATCC, USA) and cultured by a 
method previously described[9].

2.3. Cell viability

  Cell viability was measured using the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra
zolium bromide (MTT) assay. Human normal 
keratinocytes were treated with different 
concentrations of C. lanceolata (CL) for 48 h 
at 37℃, followed by the addition of 50 μL of 
2 mg/mL MTT (Sigma-Aldrich, St. Louis, 
MO, USA) solution to respective wells, and 
then incubation for 3 h at 37℃. The 
procedure was done according to the previous 
method[10].

2.4. Antioxidant assay 

  The 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
assay was performed to determine the 
antioxidant capacity of CL. The SC50 
(concentration required to obtain a 50% 
antioxidant effect), a commonly used 
parameter to indicate the antioxidant capacity, 
was also measured[11].

2.5. Luciferase assay 

  HEK 293-TOP cells (3 x 104) were seeded 
into 96-well plates and incubated in a 
medium with 10% FBS for one day. The 
procedure was done according to the previous 
method[12]. 

2.6. Adipocyte differentiation and Oil Red 

O staining 

  The 3T3-L1 preadipocytes were cultured in 
Dulbecco's modified Eagle's medium (DMEM) 
with high glucose, 110 mg/L pyruvate 
supplemented with heat inactivated 10% (v/v) 
calf serum (Gibco, CA, USA), 100 μg/mL 
penicillin, 100 μg/mL streptomycin in a CO2 
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incubator at 37 ℃. Adipocyte cell layers were 
washed with PBS, fixed with 4% 
paraformaldehyde in PBS, stained with the Oil 
Red O dye solution for 1 hour, and then 
washed with distilled water. The procedure 
was done according to the previous method 
[12]. 

2.7. Western blot and Immunoblot 

analysis of 3D skin equivalent model  

  Normal human keratinocytes were washed 
once in PBS and lysed in a lysis buffer (Cell 
Signaling, MA, USA). Protein concentrations 
were determined using the Bradford protein 
assay kit (BioRad, CA, USA). The procedure 
was done according to the previous method[9]. 
The following primary antibodies were used: 
rab bitanti-involucrin (Santa Cruz Biotechnology, 
Carlsbad, CA, USA), and mouse anti-β-actin 
(Sigma-Aldrich Co., St. Louis, MO, USA). 
The band intensities were quantified using a 
Photo-Image System (Molecular Dynamics, 
Sweden). Skin models were prepared and 
cultured as described in Materials and methods 
and the experiments were performed by 
methods previously described[13]. The effect of 
CLS on involucrin synthesis was analyzed 
using EpiDermTM, a three-dimensional model 
of skin equivalents purchased from MatTek 
Corporation (Ashland, MA, USA). The 
prepared samples were observed by microscope 
(Carl Zeiss Inc., Oberkochen, Germany). The 
area was analyzed by involucrin with image 
quantitative analysis software (NIH ImageJ, 
version 1.61.). 

2.8. Statistical analysis 

  All data are presented as the mean ± 
standard error of the mean (S.E.M). Statistical 
analyses were conducted with GraphPad Prism 
5.0 (GraphPad Software, Inc. San Diego, CA, 
USA). Comparisons between multiple groups 
were performed using the one-way analysis of 
variance with Bonferroni post-hoc test. 
P-value of less than 0.05 was considered 
significant.

3. Results and Discussion

3.1. Effect of CL on cell viability

 I performed the effect of CL on cell viability. 
After 24 h treatment of Human normal 
keratinocytes with CL (10, 50, and 100 
µg/mL). Cell viability was not affected by 100 
µg/mL of CLE (Figure 1). In case of CLS, 
there was no cell toxicity up to 10 µg/mL.

Fig. 1. Effect of CL on cell viability. Ethanol 
solvent extraction and supercritical 
carbon dioxide extraction from C. 
lanceolata indicate CLE and CLS 
respectively. No treatment was used as 
a negative control. Values are 
presented as means ± standard error 
of the mean (SEM). *p < 0.05, **p < 
0.01 compared to the untreated control 
group.

3.2. Antioxidant effect of CL

  The radical scavenging activities of CL 
increased in a concentration-dependent 
manner. The radical scavenging activity SC50 
of CLE was 389.7 µg/ml and that of CLS was 
217.1 µg/ml, therefore CLS has better 
antioxidant activity (Figure 2). The extraction 
efficiency as well as solvent power of carbon 
dioxide may be increased by the addition of a 
polar co-solvent such as ethanol. This 
supercritical co-solvent modified carbon 
dioxide extraction is more efficient method for 
antioxidants such as polyphenols.
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Fig. 3. Effect of CLS on Luciferase reporter activity. HEK293 cells containing pTOPFlash 
reporter gene in its chromosome were cultured and treated with different LC at 1, 10 
or 100 μg/mL concentration, and cellular extract was prepared after 24 h as described 
in the Materials and methods. CLS indicate supercritical carbon dioxide extraction from 

C. lanceolata. *p < 0.05, **p < 0.01 compared to the untreated control group.

Fig. 2. Antioxidant effect on CL. Ethanol 
solvent extraction and supercritical 
carbon dioxide extraction from C. 
lanceolata indicate CLE and CLS 
respectively. Values are presented as 
means ± standard error of the mean 
(SEM).

3.3. Effect of CLS on the adipocyte 

differentiation and Wnt/β-catenin 

activity

  The reporter activity was increased 
approximately by 3-folds with the treatment 
of CLS at concentrations of 100 µg/mL, 
compared to that of the non-treated control 
group (Figure 3). Additionally, CLS inhibited 
adipocyte differentiation of 3T3-L1 cells in a 

concentration dependent manner (Figure 4). 
These results indicate that CLS induces 
differentiation of 3T3-L1 cells, showing the 
role of the Wnt/β-catenin activator in the 
adipocyte differentiation. Wnt/β-catenin signaling 
has been known to modulate additional 
developmental processes of adipocytes and to 
play a role in the suppression of differentiation 
of pre-adipocyte cells of 3T3-L1 cells[14, 15]. 

3.4. Effect of CLS on involucrin expression

  Involucrin is an essential cornified envelope 
component that can be used as biomarker for 
screening of new candidates for the 
improvement skin barrier function[16, 17]. As 
shown in Figure 5, the groups treated using 
CLS showed high levels on expression of 
involucrin compared to the untreated control 
group, but the levels were somewhat lower 
than that in the group treated with 1.2 mM 
CaCl2. Also, immunohistochemical analysis of 
involucrin related to keratinocyte differentiation 
was determined in 3D skin equivalent model. 
As shown in Fig. 6, the treatment by CLS (50 
µg/mL) showed a significant increase of 
involucrin expression compared with treatment 
by 0.2% DMSO as a negative control in skin 
equivalents, in addition, the group treated with 
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Fig. 4. Effect of CLS on the adipocyte differentiation of 3T3-L1 preadipocyte cells. 3T3-L1 
cells were induced to differentiation for 7 days with or without 20 mM LiCl. 
Intracellular lipids of 3T2-L1 cells were visualized by Oil Red O staining as 
described in the Materials and methods. Original magnification: x400. CLS indicate 

supercritical carbon dioxide extraction from C. lanceolata.

Fig. 5. Effect of C. lanceolata extract on expression of involucrin. Each signal was quantified by 
scanning densitometry. β-actin was used as an internal standard. 1.2 mM CaCl2 was 
used as a positive control and no treatment was used as a negative control. Values were 
nomalized to β-actin before calculating changes and presented as means ± standard 
error of the mean (SEM). *p < 0.05, **p < 0.01 compared to the untreated control.
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Fig. 6. Immunohistochemical analysis of involucrin in 3D skin equivalent model. Each signal was 
quantified by ImageJ. Values are presented as means ± standard error of the mean 
(SEM). *p < 0.05 compared to the untreated control group. CLS indicate supercritical 

carbon dioxide extraction from C. lanceolata.

CLS showed higher level in the expression of 
involucrin compared to the group treated with 
the same concentration of WY14643. Our 
study shows that the expression of involucrin 
was increased in CLS. In conclusion, the 
effects of CLS treatment on skin barrier 
functions were evaluated. Therefore, 
supercritical extract from C. lanceolata may be 
an appropriate material for improving skin 
barrier function and inhibiting adipogenesis. 

4. Conclusion

  The carbon dioxide supercritical fluid 
extraction is environmental friendly technology 
and complementary and alternative method 
using organic solvent to solve problems such 

as toxicity[18]. Supercritical fluid extraction is 
often used for the extraction of non-polar 
compounds. In case of C. lanceolata, the 
supercritical extract with modified carbon 
dioxide with ethanol (CLS) had the better 
physiological activity than the commonly used 
ethanol solvent extract (CLE). The extraction 
efficiency as well as solvent power of carbon 
dioxide may be increased by the addition of a 
polar co-solvent such as ethanol. It is 
presumed that this supercritical co-solvent 
modified carbon dioxide extraction is more 
efficient for bioactive substances including 
antioxidants such as polyphenols[19]. CLS 
showed the cytotoxicity of keratinocytes from 
concentrations above 50 µg/mL while CLE 
showed relatively low cytotoxicity. The radical 
scavenging activity SC50 of CLE was 389.7 
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µg/mL and that of CLS was 217.1 µg/mL, 
therefore CLS has better antioxidant activity. 
CLS can increase the expression of involucrin 
and inhibited the adipocyte differentiation of 
3T3-L1 cells. When treated with the extract 
at a concentration of 100 μg/mL, the Wnt/β
-catenin pathway reporter luciferase activity of 
HEK 293-TOP cells was increased 
approximately by 3-folds compared to that of 
the untreated control group. Also, the 
treatment by CLS (50 µg/mL) showed a 
significant increase of involucrin expression. 
This study suggests that CLS have potential as 
cosmeceutical agents for improving skin barrier 
functions and the treatment of obesity. 
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