
2008 Kyung Hee University Press 440

Oriental Pharmacy and Experimental Medicine 2008 8(4), 440-447

www.opem.org

OPEM

Panax Ginseng inhibited HIF-1a activation and inflammatory cytokine in

HMC-1 cells activated by phorbol myristate acetate and A23187
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SUMMARY

This study investigated the role of Panax ginseng (PG) on the phorbol myristate acetate (PMA) + calcium
ionophore A23187-induced hypoxia-inducible factor-1α (HIF-1α) activation, phosphorylation of the
extracellular signal-regulated kinase (ERK), and inflammatory cytokine production from the human
mast cell line, HMC-1. HIF-1α and phosphorylation of ERK were observed by Western blotting. The
inflammatory cytokine production was determined by enzyme-linked immunosorbent assay. PG
inhibited the PMA+A23187-induced HIF-1α expression and the subsequent production of vascular
endothelial growth factor. In addition, PG suppressed PMA + A23187-induced phosphorylation of
ERK. We also show that the increased cytokines interleukin (IL)-1β, IL-6, and tumour necrosis factor-α
level was significantly inhibited by treatment of PG. In the present study, we report for the first time
that PG is an inhibitor of HIF-1α and cytokines on the mast cell-mediated inflammatory responses.

Keywords: panax ginseng; hypoxia-inducible factor-1α; extracellular signal-regulated kinase;
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INTRODUCTION

The transcription factor, hypoxia-inducible factor-1

(HIF-1) is associated with numerous physiological

and pathological processes that include tumorigenesis,

vascular remodeling, inflammation, and hypoxia/

ischemiarelated tissue damage (Semenza, 2004).

HIF-1 is a heterodimeric basic helix-loop-helix-

PER-ARNT-SIM (bHLH-PAS) domain protein that

consists of HIF-1α and HIF-1β subunits. HIF-1β can

dimerize with several different bHLH-PAS protein,

whereas HIF-1α is the specific and O2-regulated

subunit of HIF-1 that determines its biological

activity. The heterodimer can then bind to hypoxic

response elements (HRE) in cytokine gene such as

erythropoietin, vascular endothelial growth factor

and increase their expression (Wang and Semenza,

1995; Semenza, 2004).

Recently overexpression of HIF-1α has been

demonstrated under normoxic conditions (Qian et
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al., 2004; Shi et al., 2005). In our previous study,

HIF-1 was activated by PMA + A23187. A number

of studies have confirmed the role of phosphorylation

by extracellular signal-regulated kinase (ERK)

pathways in the regulation of HIF-1α expression

and/or stabilization and of HIF-1 transactivity

(Mottet et al., 2002; Qian et al., 2004).

Human mast cells produce cytokines in response

to PMA and the calcium ionophore A23187 (Queralt

et al., 2000). We have shown that mast cells

synergistically response to PMA + A23187 for

producing cytokines. PMA + A23187 treated-HMC-1

cells is a useful in vitro model system for studying

multifunctional effects of immune and inflammation

reactions (Hosoda et al., 2002).

Panax ginseng (PG), which is native to Korea,

China, and Russia, has been an important herbal

remedy in traditional oriental medicine for

thousands of years. PG is used primarily to improve

psychologic function, exercise performance, immune

function, and conditions associated with diabetes.

There are extensive reports which have determined

that ginseng has many pharmacological effects on

the immune, cardiovascular, endocrine, and central

nervous systems (Nah et al., 1995; Attele et al.,

1999). Anti-inflammatory and anti-tumer effect of

ginseng has also been found (Park et al., 2004;

Wang et al., 2006). However, despite the various

reported functions of ginseng, no studies have yet

reported the effects of HIF-1α.

In the present study, we investigated the effect of

PG on mast cell-mediated inflammatory reaction.

We found that PG inhibited HIF-1α activation and

the inflammatory cytokine production via blocking

ERK activation.

MATERIALS AND METHODS

Reagents and chemicals 

Fetal bovine serum, Iscove’s Modified Dulbecco’s

Medium (IMDM), ampicillin and streptomycin

were purchased from GIBCO BRL, USA. 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT), phorbol myristate acetate (PMA),

A23187, and 2’-AZINO-bis (3-ethylbenzithiazoline-

6-sulfonic acid) tablets substrate (ABTS) were

purchased from Sigma (St. Louis, MO, USA). Human

recombinant (r) IL-1β, IL-6, TNF-α, and VEGF

purified anti-human IL-1β, IL-6, TNF-α, and VEGF,

and biotin conjugated anti-human IL-1β, IL-6,

TNF-α, and VEGF antibodies were purchased

from R & D system Inc, USA. HIF-1a antibody was

purchased from Santa Cruz Biotechnology (Santacruz,

CA, USA).

Preparation of PG water extract

We pulverized Panax ginseng (Araliaceae). The

powdered Panax ginseng (100 mg) was extracted

with distilled water (2 ml) for 24 h. And then water

extract was filtered by 0.22 μm syringe filter. It was

diluted decouple with distilled water. The PG was

obtained from Oriental drug store, Daehak

Oriental Drugstore (Iksan, Republic of Korea) and

classified and identified by local experts. Their

voucher specimens have been deposited at the

Herbarium at the college of Pharmacy, Wonkwang

University. As shown in Table 1, ginsenosides of

PG were identified.

Ginsenoside analysis by HPLC

For HPLC analysis, ginsenosides were extracted as

the method described by Samukawa et al. (1995)

One g of milled powder of freeze-dried adventitious

Table 1. Composition of PG water extract used in this
study

Types of ginsenosides Rate (%) g/ml

Rb1a 27.74 866.0

Rb2a 22.00 686.7

Rca 22.27 695.1

Rda 10.36 323.5

Re b 6.55 204.6

Rf b 5.73 178.7

Rg1b 5.35 167.1

total 100.00 3,121.7

PD/PT 4.74
aProtophnaxadiol (PPD); bProtopanaxatriol (PPT).
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roots was soaked in 80% MeOH at 60 oC. After

liquid was evaporated, the residue was dissolved

in H2O and washed twice, followed by extraction

with H2O-saturated n-butanol. The butanol layer

was then evaporated to produce saponin fraction.

Each sample was dissolved in EtOH, and then

filtrated with SepPak C-18 Cartridge (Waters,

USA). The HPLC separation was performed on a

NovaPak C18 column (4 µm, 3.9 × 150 mm, Waters,

USA), applying the following gradient system:

0 min, 100% acetonitrile; 10 min, 75% acetonitrile

and 25% water; 25 min, 67% acetonitrile and 37%

water. Flow rate of the mobile phase was 1.2 ml/min,

and ginsenosides were monitored at a wavelength

of 202 nm. Each ginsenoside was compared with

the authentic ginsenoside purchased from ChromaDex

Inc (california, USA). Quantitative analysis was

performed on a one-point curve method using

external standards of authentic ginsenosides.

Western blot analysis

Cell extracts were prepared by detergent lysis

procedure. Cells (5 × 106 cells) were harvested,

washed once with PBS, and resuspended in lysis

buffer. Samples were vortexed for lysis for a few

seconds every 15 min at 4 oC for 1 h and centrifuged at

15,000 × g for 5 min at 4 oC. Supernatants were

assayed. Samples were heated at 95 oC for 5 min,

and briefly cooled on ice. Following the centrifugation

at 15,000 × g for 5 min, 50 ml aliquots were resolved

by 12% SDS-PAGE. Resolved proteins were

electrotransferred 150 min to nitrocellulose membranes

in 25 mM Tris, pH 8.5, 200 mM glycin, 20% methanol

at 300 mA. Blots were blocked for at least 2 h with

5% nonfat dry milk. Protein levels were analyzed

essentially according to the manufacturer’s

instructions.

Nuclear protein extraction

After cell activation for the times indicated, 1 × 107

cells were washed in 1 ml of ice-cold PBS,

centrifuged at 1000 × g for 5 min, resuspended in

400 ml of ice-cold hypotonic buffer (0.01 M HEPES/

KOH, 2 mM MgCl2, 0.1 mM EDTA, 10 mM KCl,

1 mM DTT, 0.5 mM PMSF, pH 7.9), left on ice for

10 min, vortexed, and centrifuged at 15,000 × g for

30 s. Pelleted nuclei were gently resuspended in 50

ml of ice-cold saline buffer (50 mM HEPES/KOH,

50 mM KCl, 0.3 M NaCl, 0.1 mM EDTA, 10% glycerol,

1 mM DTT, 0.5 mM PMSF, pH 7.9), left on ice for

20 min, vortexed, and centrifuged at 15,000 × g for

5 min at 4 oC. Aliquots of the supernatant that contain

nuclear proteins were frozen in liquid nitrogen and

stored at -70 oC. Protein was determined using a

bicinchoninic acid (Sigma. St. Louis, MO, USA).

MTT assay

Cell aliquots (3 × 105) were seeded in microplate

wells and incubated with 20 ml of a MTT solution

(5 mg/ml) for 4 h at 37 °C under 5% CO2 and 95%

air. Consecutively, 250 ml of DMSO was added to

extract the MTT formazan and an automatic

microplate reader read the absorbance of each well

at 540 nm.

Assay of IL-1β, IL-6, TNF-α, and VEGF secretion 

IL-1β, IL-6, TNF-α, and VEGF secretion were

measured by a modified ELISA. The ELISA was

devised by coating 96 well plates of human

monoclonal antibody with specificity for IL-1β, IL-6,

TNF-α, and VEGF. Before subsequent steps in the

assay, coated plates were washed with PBS

containing 0.5% tween-20 (PBST). All reagents

used in this assay were incubated for 2 h at 37 oC.

Recombinant IL-1β, IL-6, TNF-α, and VEGF was

diluted and used as a standard. Serial dilutions

starting from 5 ng/ml were used to establish the

standard curve. Assay plates were exposed

sequentially to biotinylated human IL-1β, IL-6,

TNF-α, and VEGF, and avidine peroxidase, and

ABTS substrate solution containing 30% H2O2. The

plates were read at 405 nm.

Statistical analysis of data 

The experiments shown are a summary of the data

from at least-three experiments and are presented



2008 Oriental Pharmacy and Experimental Medicine 8(4), 440-447

P. Ginseng modulates inflammatory reaction In HMC-1 443

as the mean ± S.E.M. Statistical evaluation of the

results was performed by ANOVA with Tukey

post hoc test. The results were considered significant

at a value of P < 0.05.

RESULTS

Effect of PG on PMA+A23187-induced HIF-1

activation

The expression level of HIF-1a in nucleus of HMC-

1 cells was examined by Western blot analysis. In

PMA+A23187-stimulated cells, the expression level

of HIF-1α increased in the nucleus. However, the

expression level of HIF-1α in nucleus was decreased by

treatment of PG 5, 50, or 500 g/ml (Fig. 1). We

performed low concentration (0.5 g/ml PG). But

low concentration did not inhibit HIF-1α expression

(data not shown). β-actin expression level was not

changed by any treatment in nuclear extract.

Effect of PG on PMA+A23187-induced VEGF

production

Because VEGF is one of the HIF-1 target genes, we

determined whether PG can modulate PMA+

A23187-induced VEGF production. To determine

whether PG can modulate PMA+A23187-induced

VEGF production, the cells were pretreated with

various concentrations of PG for 30 min prior to

PMA+A23187 stimulation. Culture supernatants

were assayed for VEGF protein levels by using ELISA

method. The PG did not affect VEGF production in

the absence of PMA+A23187 (data not shown).

However, in PMA+A23187-stimulated cells, VEGF

production was decreased by treatment of PG (Fig. 2).

Effect of PG on ERK activation

Evidence suggests that the thranscriptional activity

of HIF-1 is modulated by phosphorylation. The

ERK mitogen-activated protein kinase (MAPKs)

catalyzes HIF-1α phosphorylation (Haddad and

Harb, 2005; Shi et al., 2005). Many studies reported

that MAPKs regulate the cytokine production and

Fig. 1. Effect of PG on the PMA + A23187-induced
HIF-1α activation. HMC-1 cells (5 × 106) were treated
with PG (5500 g/ml) for 30 min prior to the
stimulation of PMA (50 nM) + A23187 (1 M) for 4 h.
Nuclear protein (50 g) was prepared and analyzed for
HIF-1α by Western blotting as described in the
experimental procedures. Results show a representative
of three experiments with similar observations.

Fig. 2. Effect of PG on PMA + A23187-induced VEGF
production. HMC-1 cells (3 × 105) were pretreated with
indicated concentrations of PG for 30 min and then
treated the PMA (50 nM) + A23187 (1 M) for 24 h.
VEGF concentration was measured in cell supernatants
using the ELISA method. Each bar represents the
mean ± S.E.M. from three separate experiments. 

Fig. 3. Effect of PG on the PMA + A23187-induced
ERK phosphorylation. HMC-1 cells (2 × 106) were
pretreated with PG (5500 g/ml) and PD98059 (20 M)
for 30 min and then treated with PMA (50 nM) +
A23187 (1 M) for 15 min. Total protein (50 g) was
prepared and analyzed for anti-phospho-ERK Abs/
anti-total ERK Abs by Western blotting as described
in the experimental procedures. These experiments have
been repeated three times with similar observations.
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expression in early event (Acuna-Castillo et al.,

2005; Manjula et al., 2006). We previously reported

that the phosphorylation of MAPKs (ERK, JNK,

p38) induced by PMA+A23187 from 10 min to 4 h.

The level of phosphorylation decreased after 2 h

(Kim et al., 2005). To determine the effect of PG on

ERK phosphorylation, Western blot analyses for

phospho-ERK/ERK were performed. In this study,

we observed that PMA + A23187 rapidly induced

phosphorylation of ERK at 15 min, but the

pretreatment of various concentrations PG inhibited

the phosphorylation level of ERK. PD98059 (Albina et

al., 2001). was used positive control (Fig. 3).

Effect of PG on PMA+A23187-induced inflammatory

cytokine production in HMC-1 cells 

To determine whether PG can modulate PMA+

A23187-induced inflammatory cytokine production,

the cells were pretreated with various concentrations

of PG for 30 min prior to PMA + A23187 stimulation

for 8 h. Culture supernatants were assayed for IL-

1β, IL-6, and TNF-α protein levels by using ELISA

method. The PG did not affect IL-1β, IL-6, and

TNF-α production in the absence of PMA + A23187

(data not shown). However, in PMA + A23187-

stimulated cells, IL-1β, IL-6, and TNF-α production

was significantly decreased by treatment of PG (P

< 0.05). Inhibition rate of IL-1β was observed to be

higher than inhibition rate of IL-6 and TNF-α (Fig.

4). To test the effect of PG on cytotoxicity, we

performed MTT assay in HMC-1 cells. PG did not

significantly affect cell viability compared with

media control cell viability and had no toxicity on

HMC-1 cells (Fig. 5).

Fig. 4. Effect of PG on PMA + A23187-induced
inflammatory cytokines production. HMC-1 cells (3 ×
105) were treated with various concentrations of PG
for 30 min prior to the addition of PMA (50 nM) +
A23187 (1 M), and the cells were further incubated for
8 h. Cytokine concentrations were measured from cell
supernatants using ELISA method. Each bar represents
the mean ± S.E.M. from three separate experiments. *P
< 0.001: compared to PMA + A23187-treated cells
without PG.

Fig. 5. Effect of PG on cell viability. HMC-1 cells (3 ×
105) were treated with indicated concentrations of PG
for 24 h absence or presence of PMA (50 nM) +
A23187 (1 M). Cell viability was evaluated by MTT
assay. The each percentage of viable cells was calculated
using 100% for media control cells. PG did not
significantly affect cell viability compared with media
control cell viability. 
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DISCUSSION

In this study, we showed that PG regulates HIF-1

activation production in PMA + A23187-stimulated

mast cells for the first time. More over, PG inhibited

VEGF production, ERK activation, and the

inflammatory cytokine production in PMA +

A23187-stimulated mast cells. 

HIF-1 activity is up-regulated by pro-inflammatory

messengers, such as NO, and pro-inflammatory

cytokines, such as TNF-α, IL-1β (Thornton et al.,

2000; Sandau et al., 2001). Jung et al. (2003) reported

that IL-1β up-regulated HIF-1α via an NF-kB/COX-2

pathway. Another reported that HIF-1α expression

is strongly increased in inflammatory cells from

wounds (Albina et al., 2001). Taken together, these

data implicate HIF-1 as an important mediator of

inflammatory reaction. In this study, PG inhibited

PMA + A23187-induced HIF-1a expression. Hence,

it is hypothesized that PG might act as a potent

HIF-1α inhibitor on the mast cell activation induced

by PMA + A23187. It has been well known that

HIF-1 is one of the major transcriptional activators

of VEGF gene (Semenza, 2004). In this study, we

showed that PG suppressed production of the

VEGF induced by PMA + A23187 in HMC-1. 

Pages et al. (2000) demonstrated that ERK

stoichiometrically phosphorylated HIF-1α in vitro

and that HIF-1-dependent VEGF gene expression

was strongly enhanced by the exclusive activation

of ERK. Treatment of the HMC-1 with PMA + A23187

resulted in ERK phosphorylation. The increased

VEGF production in the culture media was reduced

by PD98059 (data not shown). It indicated that

PD98059 prevents not only the ERK activity, but

also the production of VEGF induced by PMA +

A23187 in HMC-1. In many other cell lines, the

PD98059 does not influence the stability of HIF-1,

but it can reduce the transactivation potential of

HIF-1 (Hur et al., 2001). However, recent studied

reported that PD98059 directly suppressed HIF-1α

protein expression (Qian et al., 2004; Frede et al.,

2006). These results suggest that ERK-mediated

regulation of the HIF-1α pathway might be cell-type

specific. In this study, we found that PG blocked

ERK activation by PMA + A23187 in HMC-1. These

data demonstrate that PG might inhibit HIF-1α

activation through suppression of ERK phosphorylation

in HMC-1.

As mast cells contain potent mediators including

multifunctional cytokines, they contribute to the

pathogenesis of chronic inflammatory disease

(Anderson et al., 1997). Therefore, mast cell activation

significantly contributes to the initiation of

exacerbation of inflammation. Cytokines, such as

IL-1β, IL-6, and TNF-α have been clearly involved

in the inflammatory process (Nishimoto, 2005). Recently,

anti-TNF therapy has defined a molecular target

and new approach for treating inflammatory

disorders (Keystone, 2001; Taylor, 2001). It has

been reported that ginsenoside Rb1 inhibited LPS-

induced IL-6 and TNF-α production in in vitro and

in vivo (Cho et al., 2001; Smolinski and Pestka,

2003). In this study, we showed that PG inhibited

the PMA + A23187-induced IL-1β, IL-6, and TNF-α

production. In our previous study, we also showed

that PD98059 inhibited IL-1β, IL-6, and TNF-α

production (Kim et al., 2005). Therefore, we can

presuppose that PG may inhibit cytokine production

through inhibition of ERK phosphorylarion.
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