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a b s t r a c t

Background: The leaves and roots of Panax ginseng are rich in ginsenosides. However, the chemical com-
positions of the leaves and roots of P. ginsengdiffer, resulting in differentmedicinal functions. In recent years,
the aerial parts ofmembers of the Panax genus have received great attention from natural product chemists
as producers of bioactive ginsenosides. The aim of this study was the isolation and structural elucidation of
novel,minor ginsenosides in the leaves ofP. ginseng andevaluationof their antiinflammatoryactivity invitro.
Methods: Various chromatographic techniques were applied to obtain pure individual compounds, and
their structures were determined by nuclear magnetic resonance and high-resolution mass spectrom-
etry, as well as chemical methods. The antiinflammatory effect of the new compounds was evaluated on
lipopolysaccharide-stimulated RAW 264.7 cells.
Results and conclusions: Two novel, minor triterpenoid saponins, ginsenoside LS1 (1) and 5,6-
didehydroginsenoside Rg3 (2), were isolated from the leaves of P. ginseng. The isolated compounds 1
and 2 were assayed for their inhibitory effect on nitric oxide production in LPS-stimulated RAW 264.7
cells, and Compound 2 showed a significant inhibitory effect with IC50 of 37.38 mM compared with that of
NG-monomethyl-L-arginine (IC50 ¼ 90.76 mM). Moreover, Compound 2 significantly decreased secretion
of cytokines such as prostaglandin E2 and tumor necrosis factor-a. In addition, Compound 2 significantly
suppressed protein expression of inducible nitric oxide synthase and cyclooxygenase-2. These results
suggested that Compound 2 could be used as a valuable candidate for medicinal use or functional food,
and the mechanism is warranted for further exploration.
� 2018 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Ginseng (Panax ginseng Meyer) has been used as an herbal med-
icine or a functional food inEast Asian countries because of its health-
enhancing effects. The principle bioactive ingredients, termed gin-
senosides, can be secreted from almost every part of this medicinal

plant [1]. However, the chemical compositions of the aerial and un-
derground parts of P. ginseng differ significantly. The roots are rich in
protopanaxdiol saponins (PPDs; e.g., the ginsenosides Rb1, Rb2, and
Rc), whereas the leaves contain high levels of protopanaxtriol sapo-
nins (PPTs; e.g., the ginsenosides Rg1 and Re) [2e4]. Pharmacological
studies have demonstrated the different biological activities of these
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two categories of ginsenosides. For example, the ginsenoside Rg1 has
been shown to induceangiogenesis,whereasRb1 exerted anopposite
effect [5,6]. Thus, the roots and leaves of ginseng can be used for
different medicinal purposes. Ginseng roots, the most commonly
used part of the P. ginseng plant, have been extensively investigated.
The leaves, which contain a higher level of total ginsenosides, have
been relatively less studied [7].

In recent years, many ginsenosides with unique C-17 side chains
have been isolated from the aerial components of ginseng [8e11]. In
particular, the ginsenosides Rg6, F4, Rh4, Rk1, and Rg5were previously
isolated from red ginseng inwhich the ginsenoside profile of ginseng
productswas altered by steaming [12e14]. Theseminor ginsenosides
showed greater biological activities than themain constituents, such
as ginsenosides Rg1, Rc, and Rd [15,16]. In terms of cost and avail-
ability, ginseng leaves are more advantageous than the roots.

Inflammation is a clinically common and significant basic
pathological process. Chronic inflammation may lead to many
serious diseases. Nowadays, scientists are paying more and more
attention to develop antiinflammatory agents from natural re-
sources [17e19]. Some ginsenosides from the genus Panax also
exhibited good antiinflammatory activities [20e22]. To adequately
understand and explore the easily obtained ginseng leaves, this
study focused on the isolation and antiinflammatory evaluation of
previously undiscovered ginsenosides from this valuable source.

2. Materials and methods

2.1. Plant material and chemicals

Panax ginseng leaves were purchased in August 2013 from Jingyu
County, Jilin Province, China. A voucher specimen (no. 20130820) of
this plant was deposited in our laboratory.1-(4,5-Dimethylthiazol-2-
yl)-3,5-diphenylformazan and lipopolysaccharide (LPS) were ob-
tained from Sigma-Aldrich (St. Louis, MO, USA). RPMI 1640 medium
and antibiotics were obtained from Gibco BRL (Life Technologies,
Shanghai, China). Fetal bovine serum was obtained from Corning
(Mediatech, Inc., Manassas, VA, USA). NG-monomethyl-l-arginine
was purchased from Beyotime (Haimen, China). Immun-Blot PVDF
membrane for protein blotting (0.2 mm, #1620177) was acquired
from Bio-Rad (Hercules, CA, USA). Primary antibodies including
inducible nitric oxide synthase (iNOS; D6B6S, #13120),
cyclooxygenase-2 (COX-2; D5H5, #12282), and b-actin (8H10D10,
#3700) were acquired from Cell Signaling Technology (Beverly, MA,
USA). Goat anti-rabbit IgG H&L (ab6721) and the enzyme-linked
immunosorbent assay kits for prostaglandin E2 (PGE2) and tumor
necrosis factor-a (TNF-a) were purchased from Abcam (Cambridge,
MA, USA). The enhanced chemiluminescenceWestern blot kit, radio-
immunoprecipitation assay (RIPA) lysis buffer, and bicinchoninic acid
(BCA) protein assay kit were obtained from CWBIO (Taizhou, China).
Silica gel (100e200 mesh) for open column chromatography (CC)
was purchased from Qingdao Haiyang Chemical Group Co., Ltd.
(Qingdao, China). Methanol (MeOH), acetonitrile (CH3CN), n-butanol
(n-BuOH), and dichloromethane (CH2Cl2) were purchased from
Chengdu Kelong Chemical Co., Ltd. (Chengdu, China).

2.2. General experimental procedures

Optical rotations were measured using a PerkinElmer 341 polar-
imeter (PerkinElmer, MA, US). Infrared (IR) spectra were obtained
using a PerkinElmer 1725X-FTspectrometerwith potassiumbromide
disks. The high resolution electrospray ionizationmass spectroscopy
(HRESIMS) spectra were acquired on a Vion IMS QTof (Waters Corp.,
Milford, Massachusetts, USA) in positive ionmode. One-dimensional
(1D) and two-dimensional (2D) NMR data were obtained using a
Bruker Avance-600 spectrometer in C5D5N. Analysis of the sugar

residues by HPLC was carried out on an Alltech series III apparatus
with an evaporative light-scattering detector with a COSMOSIL
Sugar-D packed column (Nacalai Tesque, Inc., Tokyo, Japan) using a
mobile phase of 80% acetonitrile (CH3CN). Preparative-scale HPLC
was implemented on a CXTH system, equipped with a C18 column
(50 � 250 mm i.d., 10 mm, Daiso SP-100-10-ODS-P) from Daiso Co.,
Ltd. (Osaka, Japan) at a flow rate of 90 mL/min.

2.3. Extraction and isolation

The leaves (100.0 kg) of P. ginseng plants were powdered and
extracted with 80% MeOH (3 � 250 L, each 24 h) at 60�C. The
concentration of the extract was implemented under a rotary
evaporator (R-114, Buchi, Switzerland) to yield a dark residue,
which was suspended in H2O and partitioned successively with
CH2Cl2 (3 � 15 L) and n-BuOH (3 � 15 L) to generate CH2Cl2 (1.1 kg)
and n-BuOH (4.2 kg) soluble fractions.

A portion of the n-BuOH (4.0 kg) extract was applied to silica gel
CC for separation using an H2O-saturated CH2Cl2/MeOH solvent
system (gradient: 15:1 to 1:1) to generate 12 fractions (Fr.1 to Fr.12).
Fr.2 (32.6 g) was purified by preparative HPLC and eluted with 58%
and 80% MeOH, producing five subfractions (Fr.2-1 to Fr.2-5). Fr.2-1
(5.6 g) was further purified by preparative HPLC using 35% CH3CN
to yield Compound 1 (tR ¼ 33.8 min, 26 mg). Fr.4 (40 g) was frac-
tionated by preparative HPLC using 68%, 80%, and 90% MeOH as
eluent to generate nine subfractions (Fr.4-1 to Fr.4-9). Further
separation of Fr.4-6 (2.3 g) by preparative HPLC with 65% CH3CN
yielded Compound 2 (tR ¼ 27.4 min, 43 mg).

2.4. Spectroscopic data

Ginsenoside LS1 (1): amorphous white power; ½a�20D þ20.7� (c
0.11, MeOH); IRnmax 3393, 2950, 2351, 1386, 1305, 1078, 1036, 931,
894, and 655 cm�1; 1H-NMR (600 MHz, C5D5N) and 13C-NMR (150
MHz, C5D5N) data are shown in Table 1; m/z 659.4144 [MþNa]þ

(calculated for C36H60O9) from HRESIMS.
5,6-Didehydroginsenoside Rg3 (2): amorphous white power;

½a�20D þ7.1� (c 0.15, MeOH); IRnmax 3362, 2925, 2351,1447,1376,1078,
1028, 896, and 655 cm�1; 1H-NMR (600 MHz, C5D5N) and 13C-NMR
(150 MHz, C5D5N) data are shown in Table 1; m/z 805.4741
[MþNa]þ (calculated for C42H70O13) from HRESIMS.

2.5. Determination of the absolute configurations of sugar moieties

The previously described method was used to determine the
absolute configurations of the sugar residues [23]. Compounds 1
and 2 (5 mg each) were mixed and heated with 5% sulfuric acid (2
mL) at 105�C for 8 h. The resultant reaction mixture was exhaust-
edly leached with CH2Cl2. Then, the water part was neutralized
with barium hydroxide, filtered, and subjected to HPLC analysis
compared to a standard glucose sample. The determined optical
rotation value of ½a�20D þ48.8� (c 0.05, H2O) suggested the D-form for
the glucose moieties in the identified compounds.

2.6. Cell lines and cell culture

RAW 264.7 cells were maintained in RPMI 1640 medium con-
taining 10% fetal bovine serum and 1% antibiotics at 37�C under 5%
CO2/95% air.

2.7. Cell viability assay

RAW 264.7 macrophage cells (1 � 105 cells/well) were seeded
into 96-well plates and cultured for 18 h. Then, the culture medium
was replaced with fresh medium along with the test compounds at

F. Li et al / New anti-inflammatory ginsenosides from Panax ginseng 601



various concentrations for 24 h. Cytotoxicity was investigated by 1-
(4,5-dimethylthiazol-2-yl)-3,5-diphenylformazan assay as previ-
ously described [24]. Cell viability was expressed as a percentage of
control cells.

2.8. Determination of NO, PGE2, and TNF-a production

RAW 264.7 macrophage cells (1 � 105 cells/well) were cultured
for 18 h in a 96-well plate; the cells were pretreated with different
concentrations of test samples for 30 min before treatment with
LPS for 24 h. Nitrite contents were determined by the Griess reac-
tion. The contents of TNF-a and PGE2 were evaluated according to
the instruction on the kits.

2.9. Western blot analysis

RAW264.7 cells were seeded onto 60-mmplates at 5�106 cells/
well. After treatment, the cells were washed with cold phosphate
buffered saline (PBS), and thewhole proteinwas extractedwithRIPA
lysis buffer containing protease inhibitor cocktail tablets (Complete
ultra, Roche, Germany) under a FastPrep-24 homogenizer (MP,

Solon, OH) with glass beads. Equal amounts of proteins were sepa-
rated using 10% sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis and transferred onto a polyvinylidenefluoride (PVDF)
membrane. The transferred protein was detected by iNOS (1:1000
dilution), COX-2 (1:1000 dilution), and b-actin (1:1000 dilution)
using an enhanced chemiluminescenceWestern blot kit. The bands
were visualized and photographed using the Tanon-5200 multi-
imaging system (Tanon Science & Technology, Shanghai, China).

2.10. Data analysis

The values are presented as the mean � standard derivation. Dif-
ferences between various experimental and control groups were
compared using one-way analysis of variance followed by unpaired
Student t test, and p-values less than 0.05were considered significant.

3. Results and discussion

Separation of the n-BuOH fraction of P. ginseng leaves by open
silica gel CC and preparative reversed HPLC yielded Compounds 1
and 2 (Fig. 1). Compound 1, an amorphous white power, had a

Table 1
1H and13C NMR (600 MHz, 150 MHz in C5D5N) data for Compounds 1 and 2

Position 1 2

dH dC dH dC

1 1.05, 1.73 (m) 39.4 (CH2) 0.93, 1.68 (m) 39.8 (CH2)
2 1.86, 1.96 (overlap) 28.2 (CH2) 1.92, 2.26 (overlap) 27.0 (CH2)
3 3.53 (dd, J ¼ 11.4, 4.6 Hz) 78.6 (CH) 3.35 (dd, J ¼ 11.5, 4.4 Hz) 88.0 (CH)
4 40.4 (C) 43.1 (C)
5 1.23 (d, J ¼ 10.4 Hz) 61.8 (CH) 147.2 (C)
6 4.42 (m) 67.8 (CH) 5.63 (brs) 119.9 (CH)
7 1.88, 1.98 (overlap) 47.4 (CH2) 1.73, 2.07 (overlap) 34.9 (CH2)
8 41.3 (C) 37.2 (C)
9 1.58 (overlap) 49.9 (CH) 1.73 (overlap) 47.5 (CH)
10 39.4 (C) 37.4 (C)
11 1.57, 2.13 (overlap) 31.0 (CH2) 1.10, 1.62 (overlap) 32.1 (CH2)
12 3.97 (m) 70.7 (CH) 3.93 (overlap) 70.7 (CH)
13 2.04 (overlap) 49.2 (CH) 2.06 (overlap) 48.7 (CH)
14 51.6 (C) 51.3 (C)
15 0.98, 1.57 (overlap) 30.7 (CH2) 1.74, 2.07 (overlap) 33.8 (CH2)
16 1.42, 1.78 (overlap) 26.6 (CH2) 1.45, 2.02 (overlap) 27.0 (CH2)
17 2.39 (m) 52.3 (CH) 2.40 (m) 54.8 (CH)
18 1.05 (s) 17.5 (CH3) 0.95 (s) 17.8 (CH3)
19 1.15 (s) 17.5 (CH3) 1.12 (s) 20.4 (CH3)
20 83.3 (C) 73.1 (C)
21 1.59 (s) 23.6 (CH3) 1.46 (s) 27.3 (CH3)
22 2.85 (dd, J ¼ 14.2, 8.6 Hz) 40.2 (CH2) 1.73, 2.02 (overlap) 36.2 (CH2)

3.10 (dd, J ¼ 14.2, 6.5 Hz)
23 6.08 (m) 127.5 (CH) 2.31, 2.61 (m) 23.1 (CH2)
24 6.42 (d, J ¼ 15.6 Hz) 136.0 (CH) 5.33 (m) 126.4 (CH)
25 142.6 (C) 130.9 (C)
26 5.04 (s) 115.0(CH2) (CH2) 1.67 (s) 25.9 (CH3)

4.98 (s)
27 1.93 (s) 19.0 (CH3) 1.65 (s) 17.7 (CH3)
28 1.99 (s) 32.1 (CH3) 1.52 (s) 28.2 (CH3)
29 1.47 (s) 16.6 (CH3) 1.45 (s) 24.2 (CH3)
30 0.91 (s) 17.2 (CH3) 1.04 (s) 16.8 (CH3)
3 or 20-Glc
1 5.20 (d, J ¼ 7.7 Hz) 98.4 (CH) 4.89 (d, J ¼ 7.4 Hz) 105.0 (CH)
2 4.00 (t, J ¼ 8.6 Hz) 75.4 (CH) 4.22 (overlap) 83.6 (CH)
3 4.23 (t, J ¼ 9.0 Hz) 78.8 (CH) 4.24 (overlap) 78.1 (CH)
4 4.16 (t, J ¼ 9.0 Hz) 71.6 (CH) 4.15 (overlap) 71.8 (CH)
5 3.93 (m) 78.5 (CH) 4.31 (overlap) 78.4 (CH)
6 4.34 (dd, J ¼ 11.8, 5.4 Hz) 62.9 (CH2) 4.35, 4.48 (overlap) 62.9 (CH2)

4.51 (dd, J ¼ 11.8, 1.8 Hz)
10 5.36 (d, J ¼ 7.6 Hz) 106.2 (CH)
20 4.15 (overlap) 77.1 (CH)
30 4.24 (overlap) 78.0 (CH)
40 4.32 (overlap) 71.7 (CH)
50 3.90 (overlap) 78.3 (CH)
60 4.35, 4.53 (overlap) 62.8 (CH2)
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molecular formula of C36H60O9, which was based on the m/z of
659.4144 [MþNa]þ determined in the HRESIMS analysis. Thin layer
chromatography visualization by heating at 105�C after spraying
with 5% H2SO4 ethanol solution and the 13C-NMR spectrum of
Compound 1 suggested that it was a triterpene glycoside. The 1H-
NMR spectrum of 1 revealed one anomeric proton signal at dH 5.20
(d, 7.7 Hz), whereas the 13C-NMR spectrum displayed one anomeric
carbon signal at dC 98.4. The sugar residue was determined as D-
glucose by acid hydrolysis experiment. The b configuration for the
glucose residue was verified according to the coupling constant of
the anomeric proton. The signals at dH 4.98 (s), 5.04 (s), 6.08 (m),
and 6.42 (d, 15.6 Hz) in the 1H-NMR spectrum, along with the
signals at dC 127.5 (C-23), 136.0 (C-24), 142.6 (C-25), and 115.0 (C-
26) in the 13C-NMR spectrum suggested the presence of two double
bonds in 1. Compound 1 showed amaximum absorbance at 230 nm
in its UV spectrum, indicating that the two double bonds were
conjugated. Comparison of the 13C-NMR data of 1 with those of
quinquenoside L1 demonstrated that they shared similar aglycones
[25]. The appearance of carbon signals at dC 61.8 (C-5) and 67.8 (C-
6) in 1 rather than at around dC 56.1 (C-5) and 18.2 (C-6) suggested
the existence of a hydroxyl group at C-6 in 1 [8]. The 1H- and 13C-
NMR signals of compound 1 were further assigned by extensive
two-dimensional NMR spectra. The heteronuclear multiple bond
correlation (HMBC) correlation between H-1 (dH 5.20) of the
glucose residue and C-20 (dC 83.3) of the aglycone suggested the
location of the sugar residue (Fig. 2). The positions of the two
double bonds in the side chain were confirmed by correlations
between H1-23 (d 6.08) and C-22 and C-25 (d 40.2 and 142.6); H1-
24 (d 6.42) and C-22, C-25, and C-27 (d 40.2, 142.6, and 19.0); H2-26
(d 4.98 and 5.04) and C-24 and C-27 (d 136.0 and 19.0); and H3-27 (d

1.93) and C-24, C-25, and C-26 (d 136.0, 142.6, and 115.0). Accord-
ingly, Compound 1 was identified and named ginsenoside LS1.

Compound 2, an amorphous white power, possessed a mo-
lecular formula of C42H70O13, which was based on the m/z of
805.4741 [MþNa]þ determined in the HRESIMS analysis.
Thin layer chromatography and 13C-NMR analysis demonstrated
that Compound 2 was also a triterpene glycoside. The 1H- and
13C-NMR spectra of 2 exhibited signals that could be assigned to
two sugar moieties at dH 4.89 (d, 7.4 Hz), 5.36 (d, 7.6 Hz) and dC
105.0, 106.2, respectively. Acid hydrolysis of 2 indicated that D-
glucose was the only sugar component. The b configuration
for both of the glucose residues was determined as
described previously. The 1H-NMR spectrum of 2 showed signals
due to eight tertiary methyl residues at dH 0.95, 1.04, 1.12, 1.45,
1.46, 1.52, 1.65, and 1.67 and two olefinic protons at dH 5.33 and
5.63 for the aglycone moiety. The existence of two double bonds
in 2 was suggested from corresponding signals at dC 119.9, 126.4,
130.9, and 147.2 in the 13C-NMR spectrum. Comparison of the
NMR data of 2 with those of 5,6-didehydroginsenoside Rd indi-
cated they had comparable chemical structures except for the
absence of the glucose residue at C-20 in 2 [26]. Sugar sequence
was indicated to be a 1/2 linkage type attaching to C-3 of the
aglycone from the HMBC correlations between dC 88.0 (C-3) and
dH 4.89 (H-1 of the glc) and dC 83.6 (C-2 of the glc) and dH 5.36 (H-
1 of the glc’) (Fig. 2). The chemical shifts of C-17, C-21, and C-22
observed at dC 54.8, 27.3, and 36.2, respectively, suggested
that the configuration of C-20 was S [27]. As a result, Compound 2
was identified and named 5,6-didehydroginsenoside Rg3.

Macrophages play a key role in the process of inflammation on
account of their functions in innate immunity and adaptive

Fig. 1. Chemical structures of Compounds 1 and 2 isolated from the leaves of Panax ginseng.

Fig. 2. Key HMBC (arrow) and 1He1H COSY (bold) correlations of Compounds 1 and 2. COSY, correlation spectroscopy.
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immunity. The activated macrophages by bacterial LPS initiate
defensive reactions and release inflammatory mediators including
NO and PGE2 and proinflammatory cytokines such as TNF-a,
interleukin 1b (IL-1b), and interleukin 6 (IL-6) to improve the
defensive ability [28]. Overproduction of NO can be harmful and
mediate a broad spectrum of inflammatory disorders. Therefore,
the LPS triggered the release of NO in RAW 264.7 cells is an
excellent model to assess the effects of drugs on the inflammatory
process [29].

As shown in Fig. 3A, the nitrite concentration in unstimulated
RAW 264.7 cells was almost undetectable; however, the nitrite
concentration was increased significantly upon the treatment of
LPS. Among the two compounds, Compound 2 significantly
reduced NO production in LPS-stimulated RAW 264.7 with IC50
value of 37.38 mM, which was more potent than the positive control
(L-NMA, 90.76 mM), whereas Compound 1 did not exert an inhibi-
tory effect.

To exclude the possibility that the cytotoxicity of Compound 2
might contribute to its antiinflammatory effects, we incubated
RAW 264.7 cells with varying concentrations of Compound 2 for 24
h. As shown in Fig. 3B, Compound 2 treatment did not induce cell
death in RAW 264.7 cells at concentrations up to 100 mM.
Furthermore, the levels of PGE2 and TNF-a were determined using
an enzyme-linked immunosorbent assay kit. As shown in Fig. 3C
and D, Compound 2 inhibited TNF-a and PGE2 production in a
concentration-dependent manner.

Several ginsenosides, such as ginsenosides Rg1, Rf, Rh1, Rh2,
Rb1, Rb2, Rc, Rd, Rg3, and Rg5, were previously reported to exert
good antiinflammatory activities [30e35]. Ginsenosides Rg1, Rf,
and Rh1 (PPT) shared one or two glucose residues at C-6. Ginse-
nosides Rh2, Rb1, Rb2, Rc, Rd, Rg3, and Rg5 (PPD) had one or two

glucose moieties at C-3 position. This conclusion also well fit the
results of the present article. Compound 1 (PPT) had no glucose
residues at C-6 and did not exhibit antiinflammatory activity,
whereas Compound 2 (PPD) bore two glucose moieties at C-3 and
showed excellent antiinflammatory activity.

iNOS is a product of transcription expression of activated mac-
rophages and is the reason for the prolonged and profound pro-
duction of NO [36]. COX-2 is an inducible enzyme, and
overexpression of it has been deemed to involve in the pathogen-
esis of various inflammatory diseases, angiogenesis, and cancer cell

A B

C D

Fig. 3. Inhibitory effect of Compounds 1 and 2 on NO, PGE2, and TNF-a production. Cells were cultured for 18 h in a 96-well plate; the cells were pretreated with various con-
centrations of test samples for 30 min before treatment with LPS for 24 h. (A) Nitrite contents were determined by the Griess reaction. (B) Cell viability was investigated by MTT
assay. (C and D) TNF-a and PGE2 were determined using commercial kits according to the manufacturers’ instructions. The data are presented as means � SD (n ¼ 3). *p < 0.05 vs
LPSþ group; #p < 0.05 vs control group.
LPS, lipopolysaccharide; MTT, 1-(4,5-dimethylthiazol-2-yl)-3,5-diphenylformazan; NO, nitric oxide; PGE2, prostaglandin E2; SD, standard deviation; TNF-a, tumor necrosis factor-a.

Fig. 4. Effects of Compound 2 on the expression of iNOS and COX-2. (A) Cells were
plated at a density of 5 � 106 cells/dish. Cells were pretreated with various concen-
trations of Compound 2 for 30 min before treatment with LPS for 6 h. After preparation
of the whole protein, the protein expression levels of iNOS and COX-2 were measured
by Western blot. Results are representative of three experiments.
COX-2, cyclooxygenase-2; iNOS, inducible nitric oxide synthase; LPS,
lipopolysaccharide.
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invasion [37]. The expression of iNOS and COX-2 induces the gen-
eration of excessive amounts of NO and PGE2 [38]. In the present
study, protein expression of iNOS and COX-2 was attenuated by
Compound 2 treatment, which might indicate that Compound 2
inhibited the production of NO and PGE2 by the downregulating
protein expression level of iNOS and COX-2 (Fig. 4).

In conclusion, we reported the isolation of two new and
minor ginsenosides from the leaves of P. ginseng and found
that Compound 2 showed excellent antiinflammatory activity. This
study might provide further insights into the chemical composi-
tions and functions of the leaves of P. ginseng and help to explore
this invaluable source.
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