
© 2017 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Research and Reports in Chemistry 2017:1 9–15

Research and Reports in Chemistry Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
9

O R i g i n a l  R e s e a R C h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/CHEM.S134620

supercritical carbon dioxide fractionation improves 
the antioxidative activity, anti-inflammatory activity, 
and therapeutic index of Panax ginseng

Chao-Chin Yang1

Chiu-Yuan Chen2

Zer-Ran Yu3

Be-Jen Wang1

1Department of Food science, 
national Chiayi University, 
Chiayi, 2Department of natural 
Biotechnology, nanhua University, 
Dalin, Chiayi, 3superwell 
Biotechnology Corporation, Taichung, 
Taiwan, Republic of China

Abstract: Supercritical carbon dioxide (SC-CO
2
) fractionation technology can effectively 

separate different types of ginsenosides from the roots of Panax ginseng, which have been 

shown to possess various physiological activities. The objective of this study was to evaluate 

the antioxidative and anti-inflammatory activities as well as the therapeutic index of SC-CO
2
 

fractions from P. ginseng C.A. Meyer. Of the various extracted fractions and residues, the F3 

fraction exhibited the highest antioxidative property. The half maximal effective concentration 

(EC
50

) values of the F3 fraction for reducing power, hydrogen peroxide scavenging activity, and 

thiobarbituric acid assay were 4.51, 2.60, and 0.22 mg/mL, respectively. The F3 fraction also 

possessed the strongest anti-inflammatory effect in lipopolysaccharide-stimulated human THP-1 

monocytic-like cell line, by decreasing tumor necrosis factor alpha (TNF-α) and interleukin 6 

(IL-6) production. In addition, the F3 fraction exhibited a high therapeutic index, which is the 

ratio of 50% cytotoxic concentration (CC
50

) and EC
50

. In conclusion, high antioxidative and 

anti-inflammatory activities and therapeutic index value were observed in the F3 fraction of 

the roots of P. ginseng C.A. Meyer. SC-CO
2
 technology is a feasible method to improve the 

antioxidative and anti-inflammatory activities of P. ginseng.

Keywords: anti-inflammation, antioxidative activity, Panax ginseng, supercritical carbon 

dioxide fractionation

Introduction
The root of Panax ginseng is a widely used traditional Asian medicine due to the 

scientific claims of its antioxidative,1,2 cardiovascular protective,3–5 immune regulatory,6 

antidiabetic,7–9 and anticarcinogenic10,11 properties. The major pharmacological ingre-

dients of ginseng are triterpene saponins called ginsenosides, which are a family of 

triterpenoids (17 carbons in a four-ring structure) with various sugar moieties attached 

to the C-3 and C-20 positions.12 Based on the type, quantity, and the position of the 

sugar attachment, ginsenosides are categorized into three types: protopanaxadiol 

(PPD)-type ginsenosides, protopanaxatriol (PPT)-type ginsenosides, and oleanonic 

acid-type saponins. Deglycosylated ginsenosides are included in PPD- or PPT-type 

ginsenosides. Previous studies showed that ginsenoside types could affect its pharmaco-

logical activities. For example, compared to PPD or PPT, deglycosylated ginsenosides 

Rh
1
, Rh

2
, Rg

3
, and K exhibited a higher anticancer activity and immune regulation.13,14 

In addition, deglycosylated ginsenosides Rg
3
, Rk

1
, and Rg

5
 also possess a stronger 

antioxidant capacity than that of PPD or PPT.15–17

Supercritical carbon dioxide (SC-CO
2
) extractive fractionation is a separation 

technology based on the solubility of active compounds, which in turn depends on 
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vapor pressure and polarity. In our previous study, the etha-

nolic extract (E) of P. ginseng was SC-CO
2
 fractionated in 

series separators under varying pressures to yield a residue 

(R) (material insoluble in SC-CO
2
) and three extracted frac-

tions (fractions F1, F2, and F3). Among those fractions, 

E possessed the highest content of total ginsenosides and 

F3 had the highest content of deglycosylated ginsenosides.17 

The aim of this study was to further clarify the antioxidative 

and anti-inflammatory activities of SC-CO
2
-fractionated 

P. ginseng.

Materials and methods
Chemicals
P. ginseng C.A. Meyer root powder was purchased from Wah 

Hong Ginseng Company, Kaohsiung, Taiwan. 1,1-Diphenyl- 

2-picrylhydrazyl (DPPH), trichloroacetic acid (TCA), ferrocy-

anate, phenol, hydrogen peroxide (H
2
O

2
), 4-aminoantipyrine, 

lipopolysaccharides (LPS), phorbol 12-myristate 13-acetate 

(PMA), and horseradish peroxidase (HRP) were purchased 

from Sigma Chemical Co. (St Louis, MO, USA). Sulfuric 

acid and sodium chloride were purchased from J. T. Baker 

(Phillipsburg, NJ, USA). THP-1 human monocytic cells were 

obtained from the American Type Culture Collection TIB-202. 

Roswell Park Memorial Institute (RPMI) 1640 medium, 

fetal bovine serum (FBS), l-glutamine, phosphate buffer 

saline (PBS), penicillin, and streptomycin were purchased 

from Gibco BRL (Grand Island, NY, USA). Thiobarbituric 

acid-reactive substance (TBARS) Assay Kit 10009055 was 

obtained from Cayman Chemical (Ann Arbor, MI, USA). 

OptEIA ELISA kits specific against human cytokines, tumor 

necrosis factor alpha (TNF-α), and interleukin 6 (IL-6) were 

obtained from BD Bioscience (San Diego, CA, USA).

extraction and fractionation
The fractionation of P. ginseng was prepared according to 

methods described in our previous work.17 Ethanolic extracts 

of P. ginseng C.A. Meyer root powder were fractionated 

using SC-CO
2
 at a temperature of 45°C, pressure of 30 MPa, 

flow rate of CO
2
 at 4 mL/min, and an inflow rate of sample 

at 1 mL/min. Four separators connected in series at pressures 

of 30, 25, 20, and 15 MPa were used to yield F1, F2, F3, and 

R, respectively. The collected samples were then freeze-dried 

and stored at −20°C until use.

antioxidant activity assays
The antioxidant properties investigated were expressed as 

half maximal effective concentration (EC
50

) values for com-

parison. EC
50

 values were calculated by interpolation from 

linear regression analysis, which denoted the concentration 

of the sample required to decrease the absorbance by 50%. 

Higher EC
50

 values indicate lower effectiveness in antioxi-

dative properties.

Determination of DPPh radical 
scavenging ability
The scavenging ability of DPPH radicals was assayed accord-

ing to the method by Shimada et al18 with modifications. Each 

extract or fraction (1–20 mg/mL) in deionized water (4 mL) 

was mixed with 1 mL ethanolic solution of DPPH, resulting 

in a final concentration of 0.5 mM DPPH. The mixture was 

vigorously shaken and left to stand for 30 min in the dark. 

DPPH radical reduction was determined by measuring the 

absorbance (A) at 517 nm. The DPPH scavenging activity 

(%) was calculated as follows: scavenging ability (%) = 

[1 − (A
sample

/A
control

)] ×100.

Determination of reducing power
The reducing power of the extract or fractions was deter-

mined using the method described previously.19 A series of 

the samples (0.1–20 mg/mL) were diluted in 0.2 M phosphate 

buffer (pH 6.6) containing 1% ferrocyanate. After the mixture 

was incubated at 50°C for 20 min, 10% TCA (2.5 mL) was 

added to a portion of this mixture (5 mL) and centrifuged at 

3,000× g for 10 min. The supernatant was mixed with distilled 

water (2.5 mL) containing 1% ferric chloride (0.5 mL), after 

which the absorbance was measured at 700 nm.

Determination of h2O2 scavenging ability
The H

2
O

2
 scavenging activity of each fraction was assayed 

according to the method described by Yen and Chung20 with 

slight modification. Different concentrations of sample 

(1 mL) were mixed with 400 µL of H
2
O

2
 solution (4 mM) 

and then incubated at room temperature for 20 min. The 

mixture was supplemented with 600 µL of HRPase-phenol 

red solution. After 10 min, the absorbance (A) was measured 

at 610 nm with a spectrophotometer. Distilled water was used 

as a control, and ascorbic acid was used for comparison. The 

H
2
O

2
 scavenging activity (%) was calculated as follows: 

scavenging activity (%) = [1 − (A
sample

)/(A
control

)] ×100.

Determination of lipid oxidation
The analysis of malondialdehyde (MDA) by thiobarbituric 

acid (TBA) assay was based on the reaction of MDA with 

TBA, forming a MDA–TBA2 adduct that absorbs strongly at 

532 nm. The assay was conducted according to the manufac-

turer’s instructions (TBARS Assay Kit Item No 10009055). 
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Briefly, serial dilutions of MDA standard (0, 0.0625, 0.125, 

0.25, 0.5, 1, 2.5, and 5 µM) or test samples were added to 

100 µL of sodium dodecyl sulfate solution and mixed well, 

followed by adding another 4 mL of color reagent. The reac-

tions were preceded at boiling temperature at 90°C for 1 h 

to form the MDA–TBA adduct. The reactions were stopped 

by placing the reaction mixture into an ice bath for 10 min, 

followed by centrifugation at 1,600× g at 4°C for 10 min. 

The reactions were then warmed and stabilized at room tem-

perature for 30 min followed by measuring colorimetrically 

at 530–540 nm. The equation of the average absorbance used 

for each standard and sample was as follows: MDA (µM) = 

[(corrected absorbance) − (y-intercept)/slope].

Anti-inflammatory assay
Cell viability
Human THP-1 cells were treated with different concentra-

tions of E, R, F1, F2, or F3 (100–800 µg/mL) for 24 h, 

and cytotoxicity against the THP-1 cells was assessed via 

trypan blue exclusion counting assay. CC
50

 was defined as 

the concentration of compound (µg/mL) required for a 50% 

reduction in cell viability.

LPS-mediated inflammation in THP-1 cells
THP-1 human monocytic cells were maintained in suspension 

in high-glucose RPMI 1640 medium containing 10% FBS, 

l-glutamine (2 mM), penicillin (100 U/mL), and streptomycin  

(100 µg/mL). To induce differentiation, the cells in 12-well 

culture dishes at a density of 2×105 cells/mL were cultured 

with RPMI medium containing 10 µM PMA for 48 h. After 

induction, differentiated cells adhered to the flask, whereas 

undifferentiated monocytic cells remained in suspension 

and were removed by washing with PBS. To examine anti-

inflammatory capacities of the ginseng E, R, F1, F2, or F3, 

differentiated THP-1 cells cultured in serum-free RPMI were 

pretreated with ginseng samples (13–400 µg/mL) for 1 h, and 

then stimulated with LPS (0.1 ng/mL) for 24 h.

Cytokine assays
After stimulation with LPS, the cytokine concentrations of 

cell supernatants were determined using OptEIA ELISA kits 

specific against human cytokines, TNF-α, and IL-6, accord-

ing to the manufacturer’s instructions.

statistical analysis
Data were expressed as mean ± standard deviation (SD) 

of three replicates. Statistical evaluation of data was per-

formed by Pearson’s product-moment correlation analysis 

and one-way analysis of variance, followed by Duncan post 

hoc tests. A P-value of ,0.05 was considered statistically 

significant.

Results and discussion
Ginsenosides are one of the main active ingredients of  

P. ginseng and are thought to be responsible for the various  

therapeutic effects of ginseng.12 Our previous study dem-

onstrated that SC-CO
2
 fractionation technology could suc-

cessfully fractionate ginseng extracts into R, F1, F2, and F3 

fractions, which were found to be associated with different 

levels of biological activities due to varying contents of 

ginsenoside types.17 The content of total ginsenosides was 

highest in E, while the content of deglycosylated ginsenosides 

was highest in F3. Findings from this study demonstrated 

that SC-CO
2
 fractionation technology could significantly 

increase the antioxidative activities, including H
2
O

2
 scav-

enging, reducing power, and antilipid oxidation of the frac-

tions compared to the original P. ginseng extract (Table 1). 

A dose-dependent relationship was observed between the 

antioxidative activities tested and the concentrations of the 

extract and fractions. Similar to the observation made by 

Chien et al,17 our study showed that the DPPH scavenging 

ability, in a decreasing order, was R . F1 . E . F2 . F3. 

On the other hand, F3 exerted the strongest activities in the 

other three antioxidative assays (H
2
O

2
 scavenging, reduc-

ing power, and antilipid oxidation). The inconsistencies 

Table 1 half maximal effective concentration (eC50) values from Panax ginseng C.a. Meyer extract and fractions for antioxidative 
properties

Antioxidative 
property

Mean EC50 ± SD (mg/mL) of fraction

E R F1 F2 F3

DPPh scavenging 15.04±0.65a 12.50±0.44b 14.45±0.18a 15.69±0.40a 16.27±1.33a

Reducing power 48.80±6.00a 19.57±2.19c 90.03±1.75b 46.49±6.16a 4.51±1.01d

h2O2 scavenging 53.48±1.80a 21.31±1.60b 83.89±8.17c 42.94±0.27d 2.60±0.15e

Thiobarbituric acid 0.76±0.11a 0.51±0.06b 0.56±0.04b 0.49±0.08b 0.22±0.03c

Notes: eC50 value was obtained by interpolation from linear regression analysis. Data within the same row with different superscripts are significantly different at P,0.05.
Abbreviations: DPPh, 1,1-diphenyl-2-picrylhydrazyl; e, ethanolic extract; F, fraction; h2O2, hydrogen peroxide; R, residue; sD, standard deviation.
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regarding the outcomes among various antioxidative assays 

might be attributed to different reaction mechanisms of the 

assays and the structural features of the antioxidant.21 Active 

constituents of various P. ginseng fractions appeared to exert 

different aspects of protective effects against harmful reac-

tive oxygen species and will require further investigation to 

fully elucidate.

Previous research reported that ginsenosides exhibited 

a strong antioxidant capacity.22 In particular, studies found 

that deglycosylated ginsenosides Rg
3
, Rk

1
, and Rg

5
 pos-

sessed a stronger antioxidative capacity than PPD or PPT.23 

Table 2 lists the correlation coefficients between ginsenoside 

types and their antioxidative activities. F3, the fraction that 

deglycosylated ginsenosides are primarily present, was the 

fraction with the strongest capacity for protecting oxidative 

damage. Deglycosylated ginsenosides (including Rh
1
, Rh

2
, 

and Rg
3
) might be the main ingredient responsible for the 

high antioxidative capacity in P. ginseng C.A. Meyer.

Ginseng has also been recognized as an immune modula-

tor to regulate the generation of proinflammatory cytokines. 

Ginsenosides, especially deglycosylated ginsenosides, are 

considered to be the key immune adjuvanticity molecules 

among the whole ginseng extract.6,14,24 Since SC-CO
2
 frac-

tionation altered the distribution of ginsenoside types in frac-

tions, the cytotoxic and anti-inflammatory effects of ginseng 

SC-CO
2
 fractions in human THP-1 monocytes were further 

examined. As depicted in Figure 1, the concentration of a 

50% reduction in cell viability of the SC-CO
2
-fractionated 

samples, in a decreasing order, was R (796 µg/mL), E 

(326.8 µg/mL), F2 (743 µg/mL), F1 (704 µg/mL), and F3 

(292 µg/mL). F3 exhibited the highest cytotoxicity to THP-1 

cells compared to other fractions.

Next, the anti-inflammatory ability of the SC-CO
2
-

fractionated samples was evaluated in LPS-stimulated THP-1 

cells. The dose-dependent inhibitions against LPS on the 

production of proinflammatory cytokines, TNF-α, and IL-6 

Table 2 Pearson’s product moment correlation analyses between 
antioxidant ability, anti-inflammatory ability, and contents of 
ginsenosides

Antioxidant and 
anti-inflammatory 
ability

Type of ginsenosides, correlation 
coefficient (r)

PPD PPT DG Total

DPPh scavenging −0.435 −0.549 0.501 −0.535
Reducing power 0.652 0.588 −0.488 0.643
h2O2 scavenging 0.723 0.652 −0.545 0.713
TBa 0.890 0.850 −0.856 0.837
TnF-α 0.892 0.936 −0.919 0.914
il-6 0.906 0.960 −0.949 0.931

Abbreviations: Dg, deglycosylated ginsenosides; DPPh, 1,1-diphenyl-2-
picrylhydrazyl; h2O2, hydrogen peroxide; il, interleukin; PPD, protopanaxadiol;  
PPT, protopanaxatriol; total, total ginsenosides; TBa, thiobarbituric acid; TnF, 
tumor necrosis factor.

Figure 1 effects of different fractions of Panax ginseng extracted by supercritical carbon dioxide on cell viability of ThP-1 monocytes.
Notes: The human ThP-1 monocytes were pretreated with different dosages of e, R, F1, F2, and F3 (100–800 µg/ml) for 24 h. The cell viability was determined via trypan-
blue exclusion counting method. Values were mean ± SEM from three independent experiments. *Significantly different (P,0.05) compared to the lPs-induced sample. 
Different letters denote significant differences between the four concentrations within each fraction.
Abbreviations: Cont, control; e, ethanolic extract; F, fraction; lPs, lipopolysaccharide; R, residue; seM, standard error of the mean.
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in THP-1 cells are shown in Figures 2 and 3, respectively. F3 

was the fraction with the highest capacity to protect THP-1 

cells against both the increasing TNF-α and IL-6 induced 

by LPS. Table 3 shows that the concentration of SC-CO
2
-

fractionated samples of P. ginseng C.A. Meyer to achieve 

a half reduction of TNF-α (EC
50

) by LPS in THP-1 cells, in 

a decreasing order, was F2 (364 µg/mL), R (327 µg/mL), 

F1 (304 µg/mL), E (281 µg/mL), and F3 (22 µg/mL). It 

should be noted that F3 showed not only the lowest EC
50

 

value, but the magnitude was also less than one-tenth of the 

other fractions. In addition, F3 also showed the lowest EC
50

 

value for reducing IL-6 production. The EC
50

 of the different 

SC-CO
2
-fractionated samples for IL-6 was determined as, 

in a decreasing order, R (220 µg/mL), F2 (212 µg/mL),  

E (190 µg/mL), F1 (188 µg/mL), and F3 (47 µg/mL). Again, 

it should be noted that F3 showed not only the lowest EC
50

 

value, but the magnitude was also at least 75% less than the 

other fractions. It has been reported that some ginsenosides, 
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Figure 2 inhibition of TnF-α production by different fractions extracted from Panax ginseng.
Notes: The human ThP-1 monocytes were pretreated with different concentrations of e, R, F1, F2 (50–400 µg/ml), and F3 (13–100 µg/ml) for 1 h followed by administration 
of lPs (100 ng/ml) for another 24 h. The TnF-α levels in the collected medium were then determined via elisa method. Values are mean ± seM from three independent 
experiments. *Significantly different (P,0.05) compared to the LPS-induced sample. Different letters denote significant differences between the four concentrations within 
each fraction.
Abbreviations: Cont, control; e, ethanolic extract; elisa, enzyme-linked immunosorbent assay; F, fraction; lPs, lipopolysaccharide; R, residue; seM, standard error of the 
mean; TnF, tumor necrosis factor.

1,000

800

600

400

200

0

IL
-6

 (p
g/

m
L)

Cont LPS 50 100 200 400 50 100 200 400 50 100 200 400 50 100 200 400 13 25

F3 (µg/mL)F2 (µg/mL)F1 (µg/mL)R (µg/mL)E (µg/mL)
50 100

a

b

c
c

c

c

c

dd

a
a

aa

b

d

b b b

*

*
*

*

*

*

*

*

*

* *

*

*d
* d

*

Figure 3 Decrease in il-6 production by fractions extracted from Panax ginseng.
Notes: The human ThP-1 monocytes were pretreated with different concentrations of e, R, F1, F2 (50–400 µg/ml), and F3 (13–100 µg/ml) for 1 h followed by administration 
of lPs (100 ng/ml) for another 24 h. The il-6 levels in the collected medium were then determined via elisa method. Values are mean ± seM from three independent 
experiments. *Significantly different (P,0.05) compared to the LPS-induced sample. Different letters denote significant differences between the four concentrations within 
each fraction.
Abbreviations: Cont, control; e, ethanolic extract; F, fraction; il, interleukin; lPs, lipopolysaccharide; R, residue; seM, standard error of the mean.
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such as Rb
1
 and Rg

1
, could significantly inhibit TNF-α 

production.25 Rb
1
, Rh

2
, Rd, and the metabolite compound K 

(CK) have been shown to potentiate the responses of P2X7, 

a molecule that has achieved the status of an essential immu-

nomodulatory receptor.26 Furthermore, Rg
3
 has been shown 

to be a potential adjuvant in OVA-immunized BALB/c 

mice.27 In this study, we showed that F3, the deglycosylated 

ginsenoside-enriched fraction fractionated by SC-CO
2
, 

composed of Rh
1
, Rh

2
, and Rg

3
, exhibited the highest anti-

inflammatory ability in THP-1 cells compared to the other 

tested fractions.

Furthermore, a therapeutic index (CC
50

/EC
50

) was cal-

culated to evaluate the safety window of each extract in 

THP-1 cells for anti-inflammatory effect on TNF-α and 

IL-6 production. As indicated in Table 3, F3 exhibited the 

highest therapeutic index value for both TNF-α (13.1) and 

IL-6 (6.2) among the tested extracts of P. ginseng, suggest-

ing a potential for further evaluation of its pharmacological 

applications.

Conclusion
Fractionation using SC-CO

2
 could significantly increase 

the deglycosylated ginsenoside content and antioxidative 

activities in vitro. This study was also the first to demon-

strate that SC-CO
2
-fractionated F3 exhibited a high thera-

peutic index in regulating the functionality of immune cells. 

Therefore, findings from this study suggested a novel appli-

cation of SC-CO
2
 to obtain a deglycosylated ginsenoside-

enriched fraction from the roots of P. ginseng C.A. Meyer 

with strong antioxidative and anti-inflammatory activities.
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