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Introduction

Abstract

Objectives Ginsenoside Rgl (GRgl), one of the major active constituents of Panax
notoginseng, has shown anti-inflammatory and antinocioceptic activity, but its role
in keratinocytes needs further study. We have examined the inhibitory effect of GRgl
on transient receptor potential vanilloid-1 (TRPV1) activation in keratinocyte
HaCaT cells and explored its involved mechanism.

Methods HEK 293T cells over-expressing exogenous TRPV1 were constructed and
named HEK 293T-TRPV1 cells. The effects of GRgl on production of interleukin-
8 (IL-8) and prostaglandin E, (PGE,), calcium influx, the expression of
cyclooxygenase-2 (COX-2) and nuclear factor-xB (NF-xB) transcriptional activity
in HEK 293T-TRPV1 and HaCaT cells were examined by ELISA, Fluo 3-AM fluores-
cence probe, Western blot and Dual-Luciferase Reporter Assay, respectively.

Key findings The results showed that GRg1 blocked intracellular calcium by both
capsaicin and proton activation in a TRPV1-dependent manner. Furthermore,
GRgl inhibited the expression of COX-2 and NF-xB transcriptional activity
induced by capsaicin in keratinocytes. The inhibitory effect of GRgl was similar to
capsazepine, an antagonist of TRPV1. More importantly, GRgl dose-dependently
inhibited capsaicin-induced PGE, and IL-8 secretion in HaCaT cells and HEK 293T-
TRPVI cells.

Conclusions These data showed that GRgl could inhibit TRPV1 mediated
responses in HaCaT cells, indicating that GRg1 acted as a TRPV1 antagonist.

Panax notoginseng is a well-known medicinal herb in Asia,
and has been widely used in Chinese compound formulations
to treat skin disorders. Ginsenoside Rgl (GRgl) (Figure 1) is
one of the major bioactive components of P. notoginseng, and
shows a variety of pharmacological activity on coronary heart
disease and cancer."” Previous studies have demonstrated
that GRgl inhibited the production of pro-inflammatory
factors and showed immunoregulatory activity in some
immunological diseases.”* However, the effect of GRgl on
skin disorders and its possible mechanism has remained
unclear.

Transient receptor potential vanilloid-1 (TRPV1) is first
identified in sensory neurons, and is involved in nocioception
and inflammation.”* Recently, it has been demonstrated
that TRPV1 contributed to the release of inflammatory
factors in non-neuronal cells, including skin keratinocytes,

lung cells and primary cultured epithelial cells.” """ In the skin
of rats and humans, immunohistochemical analysis has indi-
cated that TRPV1 is located in a neurochemically heteroge-
neous population of small-diameter primary afferent fibres
and with small-diameter nerve fibres.>'? These data reveal
that TRPV1 is clearly involved in neurogenic inflammation of
human skin and can be downregulated by anti-inflammatory
agents such as topical calcineurin inhibitors.**"'Thus far, a
role for TRPV1 has been observed on keratinocyte prolifera-
tion, differentiation, and apoptosis, and probably the release
of cytokine mediators from keratinocytes.!!

Keratinocytes act as the primary barrier in skin and alert
the host to danger via the release of some cytokines and
chemokines, such as interleukin-6 (IL-6), IL-8 and prostag-
landins (PEG,)."*""! Furthermore, the TRPV1 receptor has
been shown to be a nonselective cationic channel with high
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Figure 1 Structure formula of ginsenoside Rg1.

permeability to calcium. In keratinocytes, it could be acti-
vated by both endogenous and exogenous factors, such as
high temperature, low pH (proton), conditions that occur
during tissue injury, or capsaicin. Therefore, the TRPV1
pathway has been a promising target for the development of
anti-inflammatory and analgesic drugs in the treatment of
skin disorders.!"*!*

Previous studies have found that ginsenosides could
modulate the functions of receptors and ion channels, includ-
ing N-methyl-D-aspartate (NMDA) receptor and Ca*
channel on neurons.”**! As one of the important substances
of ginsenosides, GRg1 could regulate Ca** influx in neuronal
cells. All that evidence indicates the anti-inflammatory capac-
ity of GRgl, and raises the possibility that GRgl may be a
candidate drug for the treatment of skin disorders. Therefore,
in this study, the inhibitory effects of GRgl on TRPV1 activa-
tion in HaCaT cells have been investigated, including its
possible pathway. We showed that GRgl acted as an anti-
inflammatory substance through the TRPV1-dependent
pathway, which has potential in the clinical treatment of skin
diseases.

Materials and Methods
Chemical and reagents

GRgl (purity > 99%) was purchased from the Chinese
National Institute for the Control of Pharmaceutical and Bio-
logical Products (Beijing, China). Lipofectamine 2000 was
purchased from Invitrogen (Carlsbad, CA, USA). The goat
anti-human cyclooxygenase-2 (COX-2) polyclonal antibody
and anti-B-actin antibody were purchased from Santa Cruz
Biotechnology (CA, USA). The horseradish peroxidase-
coupled secondary antibody was bought from Immunology
Consultants Laboratory (Newberg, OR, USA). Fluo 3-AM
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was acquired from DojinDo Laboratories (Kumamoto,
Japan). Enzyme-linked immunosorbent assay (ELISA) kits
for IL-8 and PGE, were purchased from R&D Systems (Min-
neapolis, MN, USA). Dual-Luciferase Reporter system was
purchased from Promega (Madison, WI, USA).

Cell culture

HEK 293T-TRPV1 cells and mock cells were constructed as
described by Huang et al.” HaCaT cells and HEK 293T-
TRPV1 cells were cultured using Dulbecco’s modified essen-
tial medium (DMEM) containing 10% (v/v) fetal bovine
serum (Invitrogen, Carlsbad, CA, USA) and penicillin/
streptomycin in 5% CO, at 37°C.

Detection of intracellular Ca®*

Cells (1 x 10%well) were cultured in calcium-containing
DMEM overnight and then pretreated with GRgl (0~20 um)
or capsazepine (a TRPV1 antagonist, 3 um) for 30 min.
Fluo-3 AM (10 um; DojinDo Laboratories, Japan) was loaded
into HEK 293T-TRPV1 cells or HaCaT cells for 15 min at
37°C. Cells were then treated with capsaicin, or supplemented
with 30 mm HEPES, 30 mm MES-buffer, and 0.1 mg/ml
bovine serum albumin adjusted to pH 4.1 with HCI (final
assay pH 5) and left for an additional 2 min before medium
replacement. Fluorescence changes were examined by flow
cytometry. The fluorescence of Fluo-3 AM was excited at
488 nm and measured via a 525-nm filter. Photomultiplier
tube voltages and gains were set to optimize the dynamic
range of the signal. The fluorescence intensity was quantified
for 10 000 individual cells. The experiments were repeated
three times and mean = SD were reported.

Cyclooxygenase-2 protein expression

HaCaT cells (2 x 10° cells/well) were seeded in 6-well plates
and cultured overnight, then pretreated with GRgl (1, 10 or
100 um) or capsazepine (3 um) for 30 min followed by stimu-
lation with capsaicin (10 um) for 6 h. Cells were then washed
twice with ice-cold phosphate-buffered saline and lysed.
Samples were quantified with the BCA Protein Assay Reagent
kit (Pierce, Rockford, IL, USA) and were subjected to sodium
dodecylsulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) using a 10% polyacrylamine gel. Proteins were
electrotransferred onto nitrocellulose filter membranes
(Invitrogen, Carlsbad, CA, USA). Membranes were incubated
with goat anti-human COX-2 polyclonal antibody (1 : 1000
dilution; Santa Cruz Biotech) and anti-f-actin (Santa Cruz
Biotech), followed by a rabbit anti-goat horseradish (HRP)
secondary antibody (1:8000 dilution; Immunology Con-
sultants Laboratory). The intensity of the bands was directly
quantified by Image QuaNT software (Molecular Dynamics/
Amersham Biosciences, Piscataway, NJ, USA). Arbitrary units
represent the ratio between COX-2 and f-actin volumes.
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Detection of nuclear factor-xB transcriptional
activity

Dual-Luciferase Reporter Assay was used to detect the
nuclear factor- kB (NF-«B) transcriptional activity. Cells were
co-transfected with a mixture of pGL3.5XkB-luciferase
(Promega, Madison, WI, USA) and pRL-TK-Renilla-
luciferase (Promega, Madison, WI, USA) by lipofectamine
2000 reagent (Promega, Madison, WI, USA). After 24 h, cells
were pretreated with 10 um GRgl or 3 um capsazepine for
30 min and then treated with 10 um capsaicin for 6 h. NF-xB
luciferase activity was measured according to the manufac-
turer’s instructions. Data were normalized for NF-xB activity
by dividing firefly luciferase activity with that of Renilla
luciferase.

Measurement of interleukin-8 and
prostaglandin E; levels by ELISA

HaCaT cells (2 x 10° cells/well) were seeded in 6-well plates
and cultured overnight. The cells were then pretreated with
GRgl (1,10 or 100 pum) or capsazepine (3 um) for 30 min fol-
lowed by stimulation with capsaicin (10 pm). After 8 or 24 h
the cell supernatants were collected and IL-8 or PGE, levels
were determined by ELISA kits according to the manufactur-
er’s instructions (R&D Systems, Minneapolis, MN, USA).
The same method was performed with cell supernatants from
HEK 293T mock and HEK 293T-TRPV1 cells, which were
pretreated with GRg1 or capsazepine for 30 min followed by
stimulation with capsaicin (10 um) for 24 h. The absorbance
was read at the wavelength of 450 nm with a Wellscan MK3
microplate reader (Labsystems Dragon, Helsinki, Finland).
Results were presented as mean * SD values of three inde-
pendent experiments.

Statistical analysis

All data were presented as mean * SD. Data were analysed by
Student’s t-test and one-way analysis of variance. A P-value
less than 0.05 was considered statistically significant.

Results

GRg1 inhibited calcium influx in
TRPV1 expressing cells

To explore the effect of GRgl on the TRPV1 activation, the
intracellular calcium levels were measured in HaCaT cells,
HEK 293T mock cells and HEK 293T-TRPV1 cells. The
results showed that capsaicin significantly increased intracel-
lular calcium in HaCaT cells and HEK 293T-TRPV1 cells in a
dose-dependent manner, but had no effect in HEK 293T
mock cells (Figure 2). GRgl alone had no effect on the
calcium influx in HaCaT cells and HEK 293T-TRPV1 cells,
however, GRgl (10 um) significantly decreased capsaicin-

Jin Huang et al.

induced calcium influx in HaCaT cells and HEK 293T-
TRPV1 cells by 33.95% (P <0.05) and 41.67% (P <0.05),
respectively, which showed similar inhibitory effects as cap-
sazepine (3 um).

For proton activation, the effect of GRgl was only mea-
sured in HaCaT cells, because nontransfected HEK 293T cells
showed proton-activated currents (data not shown). The
results of proton activation were similar with that of capsaicin
activation in HaCaT cells (Figure 2d). GRgl (10 um) signifi-
cantly decreased proton-activated calcium influx in HaCaT
cells by 19.76% (P <0.05). These results indicated that
TRPV1 contributed to the inhibitory effect of GRg1 on both
capsaicin and proton-induced intracellular calcium.

Inhibition of GRg1 on cyclooxygenase-2
expression

To further determine the inhibitory effect of GRgl on the
TRPVI1-mediated responses, we detected the COX-2 expres-
sion in HaCaT cells. Cells were pretreated with GRg1 or cap-
sazepine for 30 min followed by stimulation with capsaicin
(10 um) for 6 h and expression of COX-2 was examined. The
results showed that capsaicin significantly induced the
expression of COX-2 in HaCaT cells. This effect was substan-
tially attenuated by a TRPV1 antagonist, capsazepine. More
importantly, HaCaT cells pretreated with increasing concen-
trations of GRgl resulted in a dose-dependent inhibition in
COX-2 expression (Figure 3).

GRg1 inhibited capsaicin-induced nuclear
factor-«B transcriptional activity

The transcriptional factor NF-xB plays an important role in
regulating pro-inflammatory genes, including PGE, and IL-8.
Capsaicin (10 um) significantly increased the NF-xB tran-
scription activity in HaCaT cells (P <0.001) and in HEK
293T-TRPV1 cells (P < 0.001), but had no remarkable effect
in HEK 293T mock cells. After HaCaT and HEK 293T-TRPV1
cells were pretreated with GRgl (10 um), the NF-xB tran-
scription activity induced by capsaicin was significantly
decreased (P < 0.05, Figure 4b). Similar results were obtained
when cells were pretreated with capsazepine (3 um)
(P<0.05). These data suggested that GRgl could inhibit
NEF-«xB activity induced by capsaicin in a TRPV1-dependent
pathway.

GRg1 inhibited capsaicin-induced
prostaglandin E; and interleukin-8 secretion

Inflammation of the skin is coupled with the release of
various pro-inflammatory mediators. In this study, we deter-
mined the levels of IL-8 and PGE, in the culture supernatants
by ELISA. As shown in Figure 5a and b, the levels of IL-8 and
PGE, released from HaCaT cells were significantly increased
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Figure 2 Ginsenoside Rg1 inhibited capsaicin-induced intracellular calcium. Relative [Ca?*]i was measured by fluorescence intensity of Fluo-3 AM (a
calcium indicator dye) via flow cytometry. Experiments were performed three times with similar results. **P < 0.001, *P < 0.05.

after treatment with 10 pm capsaicin (P < 0.05) for 8 or 24 h.
After pretreatment with various concentrations of GRgl, the
production of PGE, and IL-8 induced by capsaicin were
reduced in a dose-dependent manner. For the production
of PGE,, the inhibitory rates of 1, 10 and 100 um GRgl
were 21.80% (P <0.05), 29.46% (P<0.001) and 37.35%
(P <0.001) in HaCaT cells after stimulation for 24 h, respec-
tively. The levels of IL-8 were decreased by 15.71%, 27.06%
and 30.15% (P < 0.001), respectively. In addition, the IL-8
and PGE, levels were detected in the supernatant of HEK
293T-TRPV1 and mock cells. The results showed that the IL-8
and PGE, levels in HEK 293T-TRPV1 supernatant, but not in
HEK 293T mock supernatant, were significantly increased
after being treated with 10 pum capsaicin (P < 0.05)(Figure 5¢
and d). The release of IL-8 and PGE, was inhibited by GRg1 in
a dose-dependent manner in HEK 293T-TRPV1 cells. These
data suggested that the induction of capsaicin on the release
of IL-8 and PGE, was TRPV1-dependent and the inhibitory
role of GRgl was mediated by TRPV1.

© 2011 The Authors. JPP © 2011

Discussion

The presence of functional TRPV1 receptors in keratinocytes
has generated interest in skin—nerve crosstalk under physi-
ological and pathological conditions." It has been speculated
that keratinocytes expressing TRPV1 respond to noxious
environmental or inflammatory stimuli and produce inter-
leukins that, in turn, activate TRPV1-expressing sensory
nerves. Given the essential role of TRPV1 in the inflamma-
tory response, it is hardly surprising that it is a hot point to
developing TRPV1 antagonists. These antagonists with
different chemical structures have been reported to block
TRPV1 channel activation. Antagonists have been classified
into different profiles based on their ability to differentially
modulate distinct modes of TRPV1 activation, including cap-
saicin, pH 5 and heat activation.?**! In this study, we have
shown that GRgl, one of the major bioactive components of
P. notoginseng, strongly inhibited capsaicin and proton-
induced biological responses in a TRPV1-dependent manner.
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Figure 3 Ginsenoside Rg1 inhibited cyclooxygenase-2 expression in
HaCaT cells. Cells were pretreated with ginsenoside Rg1 (GRg1) or cap-
sazepine (CZP) for 30 min followed by stimulation with capsaicin (CAP;
10 um) for 6 h and expression of cyclooxygenase-2 (COX-2) was exam-
ined by Western blot. Protein sample was separated using 10% SDS-
polyacrylamide gel electrophoresis, and COX-2-immunoreactivity was
determined using polyclonal antibody. C, control.. n=3, **P < 0.001,
*P < 0.05.

It suggests that GRgl has potential in clinical treatment of
skin diseases as a potent inhibitor of the TRPV1 receptor.

GRgl is considered to be the principal active constituent
of natural herbal compounds isolated from P. notoginseng,
which are used widely to treat skin diseases, based on their
anti-inflammatory activities.****”) Some evidence indicated
that ginsenosides could directly block capsaicin-activated
channels, resulting in attenuation of the currents in rat
sensory neurons.**! It strongly suggested that the attenuation
by ginsenosides of capsaicin-induced pain behaviour arose
from their interaction with TRPV1 channel function. Previ-
ously, we had reported that GRb1 inhibited IL-8 and PGE,
production via TRPV1-dependent calcium influx in HaCaT
cells.”™ Both GRgl and GRb1 are the important constituents
of ginsenosides, but unlike GRb1l, GRgl belongs to the
panaxatriol group of ginsenosides.”” Although their che-
mical structures are different, both of them showed the
inhibitory effect on TRPV1 activation.

As we know, increasing calcium influx contributes to signal
pathway activation and several pathological conditions.
TRPV1 is a nonselective cationic channel that conducts

Jin Huang et al.

calcium ions and capsaicin-induced activation of the epider-
mal TRPV1 results in a similar calcium conductance."*!)
COX-2 expression by epithelial cells requires an increase in
intracellular calcium and this expression can be mimicked
with calcium ionophores or inhibited by removal of extracel-
lular calcium.P>® Thus, the activation of TRPV1 and the
subsequent elevation of intracellular calcium are of primary
importance in the capsaicin-mediated production of pro-
inflammatory mediators. On the other hand, Ca** influx may
serve as a messenger to activate NF-«B directly or indirectly,
resulting in the induction of various pro-inflammatory
genes. !

In this study, the inhibitory effects of GRgl on the TRPV1-
mediated responses have been examined in keratinocytes.
The results showed that GRgl significantly downregulated
capsaicin-induced IL-8 and PGE, production in HaCaT cells
and HEK 293T-TRPV1 cells, but not in HEK 293T mock cells.
These data suggested that GRg1 inhibited capsaicin-induced
activation of keratinocytes through the TRPV1 pathway. As
shown in Figure 5, although capsazepine significantly inhib-
ited Ca*" and NF-xB pathway, its effect on IL-8 production
was partial. These findings raise the question of whether the
release of pro-inflammatory mediators was regulated by
other factors besides the NF-xB pathway.

Conclusions

Taken together, we have provided evidence that the inhibitory
role of GRg1 in several capsaicin-induced biological responses
might have been mediated by TRPV1: the stimulatory effects
of capsaicin on COX-2 expression, NF-kB activation and IL-8
and PGE, production were dependent on TRPV1 expression;
capsazepine, a TRPV1 antagonist, significantly inhibited
TRPV1-mediated responses; and GRgl showed similar
inhibitory effects as capsazepine only in TRPV 1-positive cells,
indicating that GRgl acted asa TRPV 1 antagonist.
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Figure 4 Ginsenoside Rg1 inhibited nuclear factor-«B transcriptional activity. HaCaT cells, HEK 293T mock cells and HEK 293T-TRPV1 cells were
co-transfected with a mixture of pGL3.5XxB-luciferase and pRL-TK-Renilla-luciferase using lipofectamine reagent. Twenty-four hours later, they were
treated with the indicated concentrations of capsaicin for 6 h and then lysed. Nuclear factor-«B (NF-B) activity was measured using the Dual-Luciferase
Reporter Assay System and normalized by Renilla-luciferase activity. Ginsenoside Rg1, GRg1. Data were shown as mean = SD values from three inde-
pendent experiments. n =5; **P < 0.001, *P < 0.05.

(a) (b)
500 # B8 h O24h 1000 B8 h O24h
800
-~ 400 B * — * %k * * %
£ *x S € 600 | x
g 300 . . S . .
5 o 400 |
w200 it
o =
100 200
0 0 : : : - :
Capsaicin (10 um) — + + + + + Capsaicin (10 um) — + + + +
Capsazepine (3 um) — - + - - —  Capsazepine (3 um) — - + - - -
GRg1 (um) - - - 1 10 100 GRg1l (um) - - - 1 10 100
©@ HEK 293T mock (d) HEK 293T mock
500 OHEK 293T-TRPV1 1000 OHEK 293T-TRPV1
E 400 # LE‘ 800 |
[o)]
£3007 * S 600 f
o *
| o T s xx &
o 200 & 400 |
100 200 r
0 L L I L 1 1 1
Capsaicin (10 um) — + + + + + Capsaicin (10 um) — + + + +
Capsazepine (3 um) — - + - - — Capsazepine (3 um) — - + - - -
GRg1 (um) — - - 1 10 100 GRg1 (um) — - - 1 10 100

Figure 5 Ginsenoside Rg1 inhibited the production of prostaglandin E, and interleukin-8. (a—b) The release of prostaglandin E; (PGE;) and interleukin-8
(IL-8) was detected from the supernatant of HaCaT cells stimulated by capsaicin for 8 or 24 h. Ginsenoside Rg1, GRg1. (c—d) Data were detected from the
supernatant of HEK 293T mock and HEK 293T-TRPV1 cells stimulated by capsaicin for 24 h. Results were shown as mean = SD values from three inde-
pendent experiments. n = 5; **P < 0.001, *P < 0.05 compared with capsaicin treatment; #P < 0.001, *P < 0.05 compared with no treatment.
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