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Anti-inflammation power of
Nymphaea alba L. flavonoids
n Kwang-Sik Joo, Jin-Woo Min, Hee-Cheol Kang – GFC, South Korea

Inflammation is a natural part of the
immune response. However, excessive
inflammation has been linked with several
diseases such as inflammatory bowel
disease, asthma, and atopic dermatitis (AD).
The production of proinflammatory
mediators in the epidermis by skin-resident
macrophages has been shown to generate
a number of related mediators such as nitric
oxide (NO), reactive oxygen species (ROS),
cytokines, and chemokines.  

Atopic dermatitis (AD) is a chronic
inflammatory skin disease that is manifested
by several symptoms such as itching,
scaling, and inflammation of the skin. In
inflammatory skin disease, epidermal
keratinocytes have been shown to produce
TNF-` and IFN-x, which in turn upregulate
the production of cytokines and
chemokines such as thymus and activation-
regulated chemokine (TARC/CCL17) and
macrophage-derived chemokine
(MDC/CCL22). Chemokines are a major
part of the inflammatory response and act
as chemoattractants to guide cell migration.
TARC/CCL17 and MDC/CCL22 have been
linked to the CC chemokine receptor 4
(CCR4) on Th2 cells. TARC/CCL17 and
MDC/CCL22 are thought to play a critical
role in AD.8-10 Lipopolysaccharide (LPS) is a
potent activator of inflammatory signaling
pathways and induces the production of a
number of molecules including NO, COX-2,
iNOS, and TNF-`.8 In inflammatory
disorders, macrophages play a significant
role in the production of different immune
response mediators such as NO and
cytokines. The molecular mechanisms by
which the production of cytokines and

chemokines is regulated are very important.
Among the many inflammatory signaling
pathways, the NF-jB, STAT1, and p38
MAPK pathways are major mediators of the
inflammatory response. The flowers and
seeds of Nelumbo nucifera (Nymphaea)
have been used as a traditional medicine.
Anti-inflammation, hemostatic effect of N.
nucifera was reported for treating
inflammation, diabetes, ulcers, anemia.2,5

Expecially, the flowers of N. nucifera was
known for containing many flavonoid
compounds such as quercetin, luteolin,
isoquercetin, luteolinglucoside,
kaempferol.5 This study was conducted to
develop a cosmetic for anti-atopic
dermatitis using natural products. This
paper describes the procedure for isolating
a flavonoid, Compound 1 from the flowers
of Nymphaea alba (Nymphaea) through
solvent extract, fractionation, and repeated

column chromatography. 
Compound 1 was evaluated for its

inhibition of NO production in LPS-
stimulated RAW 264.7 macrophage cells to
investigate the anti-atopic dermatitis
potential. Compound 1 showed cell
viability 95%-100% (RAW 264.7), 90%-100%
(HaCaT) in the range of concentration from
1 to 50 μg/mL, respectively. And
Compound 1 inhibited NO production with
IC50 values in the range from 25 to 50 μM.
Also, Compound 1 inhibited the expression
of mRNA on HaCaT keratinocyte cells which
treated with TARC/CCL17 and MDC/CCL22.
These results suggest that compound of N.
alba has anti-inflammatory activities and
thus have the potential to reduce and
alleviate the symptoms of atopic dermatitis.

Materials and methods
Reagents and equipment
Open column chromatography (c.c.) was
performed using Kiesel gel 60 (Merch 60 Å,
70-230 mesh ASTM, Darmstadt, Germany),
LiChroprep RP-18 (40-60 μm, Merch), Prep
C18 (55-105μm, 125 Å, part No.
WAT20595, Waters, Milford, MA, US), and
Sephadex LH-20 (Amersham Biosciences,
Uppsala, Sweden) columns. Thin layer
chromatography (TLC) was performed on
Kieselgel 60 F254 and RP-18F254s plates
(Merch), and the spots were detected using
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Figure 1: Chemical structure of Compound 1 – 3 from the flowers of Nymphaea alba L.
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UV lamp (Spectroline Model ENF-240C/F,
Spectronics Corporation, Westbury, NY,
USA) as well by heating TLC plates sprayed
with a 10% H2SO4 solution. The 1H-(400
MHz) and 13C-NMR (Nuclear magnetic
resonance, 100 MHz) spectra were
recorded on a Varian Unity Inova AS-400 FT-
NMR spectrometer (PaloAlto, CA, US). IR
(infrared) spectra were obtained from a
Perkin Elmermodel 599B (Waltham, MA,
US). Optical rotations were measured on a
polarimeter P-1020 (JASCO, Tokyo, Japan).
Electronic ionisation mass spectrometry
(EI/MS) and fast atom bombardment mass
spectrometry (FAB/MS) spectra were
obtained from a JMSAX700 (JEOL, Tokyo,
Japan). The melting points were
determined on a Fisher-John’s apparatus
(Fisher Scientific, Miami, FL, US) and are
reported as uncorrected results.
Circulardichroism (CD) spectra were
obtained from a Chirascan Plus instrument
(Applied Photophysics, Surrey, UK). Alloxan
monohydrate and sea salts were purchased
from Sigma Chemical CO.(St. Louis, MO,
US). 2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-
yl)amino)-2-deoxyglucose (2-NBDG) was
obtained from Invitrogen (OR, USA).
Fluorescence microscopy used an Olympus
1X70 microscopy (Olympus, Japan). For
image analysis, Focus Lite (Focus Co,
Daejeon, Korea) and Image J (National
Institutes of Health) were used. 

Extraction and isolation
The flowers of N. alba (3 kg) were extracted
in 70% aqueous EtOH (25 L ×2) at room
temperature for 24 h, filtrated and
concentrated in vacuo. The EtOH extract
(170 g) were successively partitioned with
H2O (2L), EtOAc (2L×2), and n-butyl alcohol
(n-BuOH, 1.8 L ×3). The concentrated
EtOAc fraction (58 g) was applied to
SiO2c.c. (Φ12.5×17cm) and eluted with n-
hexane-EtOAc (4:1→ 2:1→1:1, 27 L of
each)→chloroform (CHCl3)-MeOH (10:1,
27L of each) with monitoring by TLC to
provide 19 fractions (EtOAc-1~EtOAc-19).
Fraction EtOAc-13 (2.15g, elution
volume/total volume (Ve/Vt)=0.684−0.735)
was subjected to SiO2c.c. (Φ7.5×12cm) and
eluted with n-hexane-EtOAc (9:1, 7.5 L),
yielding 13 fractions (EtOAc-13-1~EtOAc-
13-13). Fraction EtOAc-13-7 (129 mg,
elution volume/total volume
(Ve/Vt)=0.462−0.537) was applied to ODS
c.c. (Φ4×16 cm) and eluted with acetone-
H2O(1:7,1.4L), yielding 11 fractions (EtOAc-
3-7-1~EtOAc-3-7-11) and ultimately
affording compound (EtOAc-13-7-4, 19 mg,
Ve/Vt=0.363-0.453, TLC (ODS F254S) Rf 0.70,
acetone-H2O=1:1).

Cytotoxicity (MTT) assay
The endometrial cancer cell lines Hec1A
and KLE are originally from American type
culture collection. The normal endometrial

cells HES, recently established by Dr Krikun
(Yale University, New Haven, Connecticut,
USA), and HESC were kindly provided by 
Dr Asgi Fazleabas of University of Illinois at
Chicago (US). Cells were cultured in DMEM
(RPMI) supplemented with 5% fetal bovine
serum (FBS), penicillin (100 U/mL) and
streptomycin sulfate (100 lg/mL). The
cytotoxicity was assessed using a MTT
assay. Briefly, the cells (5 × 104) were
seeded in each well containing 50 lL of
DMEM medium in a 96-well plate. After 24
h, various concentrations of Compound 1
(1, 25, 50, and 100 lM) or cisplatin (12.5, 25,
50, 100, 200, and 250 lM) were added.
After 48 h, 25 (50) lL of MTT (5 mg/mL stock
solution) was added, and the plates were
incubated for an additional 4 h. The
medium was discarded, and the formazan
blue, which was formed in the cells, was
dissolved in 50 lL DMSO. The optical
density was measured at 540 nm using a
microplate spectrophotometer
(SpectraMax; Molecular Devices,
Sunnyvale, CA, US).

Nitric measurement of nitrite (NO)
levels
RAW 264.7 cells were resuspended at a
density of 5 ×105 cells/mL with fresh culture
media in the presence of 1 l μg/mL
lipopolysaccharide (LPS). One hundred
microlitres of cell suspension (5×104 cells)
was distributed into each well of a 96-well
culture plate containing drugs or vehicle
control (DMSO). After 16 h drug treatment,
the NO released by the cells into the culture
media was quantified using a commercially
available NO detection kit (iNtRON
Biotechnology, Seoul, Republic of Korea) as
described in the manufacturer’s guide. Colour
development was monitored at 540 nm. 

Enzyme Linked Immunosorbent
Assay (ELISA) 
Levels of pro-inflammatory cytokine such as
tumor necrosis factor (TNF)-` and interferon
(IFN)-x and were measured in cell culture
media and in plasma using ELISA kits
(eBioscience, Inc., San Diego, CA, US). BV-2
microglial cells were cultured in 6-well
plates for 24 h, washed with PBS, and
grown in fresh medium containing various
concentrations of CA. Six hours after
pretreatment with the CA, BV-2 cells were
stimulated with 1 μg/mL of LPS for 18 h and
supernatants of the cultures were collected.
The levels of TNF-` and IFN-x released into
the culture supernatants were measured
using ELISA kits according to the
manufacturer’s recommendations.

Measurement of intracellular
reactive oxygen species (ROS)
For intracellular ROS measurements, HaCaT
cells were plated in 24-well plates at a
density of 5 x 103 cells per well. After 24 h,
the cells were stimulated with 10 ng/ml of
TNF-` and IFN-x in the presence of the
Rg5:Rk1 ginsenosides and then incubated
for 24 h at 37ºC. After 24 h, the medium
was removed and cells were washed with
PBS. Cells were then stained with 10 μmol

Figure 2: Cytotoxicity (MTT) assay of compound 1 from the flowers of Nymphaea alba L. (Cell Line:
RAW 264.7, left; HaCaT, right).

Figure 3: Measurement of nitrite (NO) levels of
Compound 1 from the flowers of Nymphaea alba
(Cell line: RAW 264.7).

120

100

80

60

40

20

0

N
O

 P
ro

du
ct

io
n 

(%
 o

f L
PS

)

_    +   +   +    +   +_    _    1    25    50      __ _   _   _    _   50

LPS(μg/ml)

Compound 1 (μg/ml)

L-NMMA(μM)

###

***

*

120

100

80

60

40

20

0

Ce
ll v

iab
ilit

y (
%

)
_ 1 25 50      100         Compound 1 

(μg/ml)

120

100

80

60

40

20

0

Ce
ll v

iab
ilit

y (
%

)

_ 1 25 50      100         Compound 1 
(μg/ml)

pp37-41 Anti-inflammation PCNov16.qxp_Layout 1  14/10/2016  14:25  Page 38



SKIN CARE 39

November 2016 PERSONAL CARE ASIA PACIFIC

L-1 DCF-DA for 30 min in the dark. After
this incubation, the plate was placed on ice,
and cells were harvested by scraping into
100 μL of PBS containing 1% Triton X-100.
The production of ROS was determined by
taking fluorescence measurements with a
microplate reader (Bio-Tek Instruments, Inc.,
Vinooski, VT, US) at 485 nm excitation and
535 nm emission.

Real-time polymerase chain reaction (PCR)
analysis 
Quantitative real-time PCR was performed
using the TaqMan system (Applied
Biosystem). The expression levels of IFN-x
and internal reference glyceraldehyde-3
phospate dehydrogenase (GAPDH) were
measured by PCR using TaqMan expression
assays. Real-time PCR was carried out with
TaqMan Universal PCR Master Mix using 3
μL of cDNA as the template in a total
volume of 20 μL. The thermal cycling
conditions were 10 min at 95°C, followed
by 40 cycles of 10 s at 95°C and 30 s at
60°C. All reactions were performed using
an ABI 7500 FAST Real-time PCR System
(Applied Biosystems). The sequences of the
sense and antisense primers for TARC,
MDC, TNF-`, IFN-x and glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) were
as follows: TNF-`: AGC ACA GAA AGC
ATG ATC CG (forward) and CTG ATG AGA

GGG AGG CCA TT(reverse); IFN-x: sense
5’-TGA ATG TCC AAC GCA AAG CA-3’,
anti-sense 5’-CGA CCT CGA AAC AGC
ATC TGA-3’, and probe 6FAM-CGC CAG
CAG CTA AAA CAG GGA AGC GBHQ1;
GAPDH: sense 5’- CCA TCT TCC AGG
AGC GAG ATC C-3’, antisense: 5’-ATG
GTG GTG AAG ACG CCA GTG-3’, and
probe 6FAM-TCC ACG ACG TAC TCA
GCG CC-BHQ1. Following completion of

Figure 4: Effect of Compound 1 on TARC/CCL17
in HaCaT cells treated with TNF-` and IFN-x.
(Inhibitory effects of Compound 1 on TNF-` and
IFN-x�treated HaCaT cell.)

PCR, the data were analysed using ABI
prism 7000 sequence detection system
software. The expression of mRNA was
normalised with GAPDH. 

Statistical analysis 
Unless otherwise stated, all experiments
were performed with triplicate samples and
repeated four times. Data are presented as
means ± SD. Statistical comparisons
between groups were performed using a 1-
way Analysis of Variance (ANOVA) test
followed by a Student’s t-test.

Results
Isolation and identification of Compound
1-3 from the flowers of N. alba
Compound 1 (3,6-diferuloyl-3’,6’-diacetyl
sucrose)
Amorphous powder (MeOH); [a]D25-4.8° (c
1.10, MeOH); negative HRFAB/MS m/z
601.1767 [M-H]- (calcd. for C26H33O16,
601.1769); IR (KBr, v, cm-1) 3393, 2926,
1732, 1717, 1630, 1602, 1516, 1250, 1161,
1047; 1H-NMR (400 MHz, C5D5N, cH) 8.01
(1H, d, J=16.0 Hz, H-7’’), 7.29 (1H, br s, H-
2’’), 7.23 (1H, br d, J=8.0 Hz, H-6’’), 7.16
(1H, d, J=8.0 Hz, H-5’’), 6.68 (1H, d, J=16.0
Hz, H-8’’), 6.42 (1H, d, J = 7.2 Hz, H-3), 6.09
(1H, d, J = 3.6 Hz, H-1’), 5.46 (1H, dd, J =
9.6, 9.6 Hz, H-4’), 5.19 (1H, dd, J = 7.2, 7.2
Hz, H-4), 4.87 (1H, m, H-5’), 4.73 (1H, m, H-
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5), 4.61 (1H, dd, J = 9.6, 9.6 Hz, H-3’), 4.59
(1H, br d, J = 12.0 Hz, H-6’a), 4.51 (1H, dd,
J = 12.0, 5.2 Hz, H-6’b), 4.47 (1H, dd, J =
12.0, 6.0 Hz, H-6a), 4.41 (1H, dd, J = 12.0,
4.0 Hz, H-6b), 4.11 (1H, dd, J = 9.6, 3.2 Hz,
H-2’), 4.34 (2H, m, H-1), 3.83 (3H, s, 3’’-
OCH3), 2.12 (3H,s, 6’-OAc), 1.88 (3H, s, 4’-
OAc). 13C-NMR (100 MHz, C5D5N, cc) 170.4
(C-6’-CO), 169.8 (C-4’-CO), 166.1 (C-9’’),
150.7 (C-4’’), 148.4 (C-3’’), 145.7 (C-7’’),
125.8 (C-1’’), 123.4 (C-6’’), 116.1 (C-5’’),
114.2 (C-8’’), 110.8 (C-2’’), 104.6 (C-2), 92.1
(C-1’), 84.5 (C-5), 79.1 (C-3), 73.5 (C-4), 72.4
(C-2’), 71.7 (C-4’), 71.6 (C-3’), 68.9 (C-5’),
64.9 (C-1), 63.1 (C-6’), 62.5 (C-6), 55.4 (C-
3’’-OCH3), 20.2 (C-6’-OAc), 20.1 (C-4’-OAc).

Compound 2 (1-(4’,6’-dihydroxy-2’-
methoxyphenyl)-3-(4”-hydroxy-3”-
methoxyphenyl)-propan -2-on)
Amorphous powder (MeOH); 1H NMR (400
MHz, C5D5N, cH) 7.23 (2H, s, H-2, 6), 6.84
(1H, d, J = 16.0 Hz, H-7’), 6.82 (2H, s, H-2’,
6’), 6.59 (1H, dd, J = 16.0, 5.2 Hz, H-8’),
5.93 (2H, d, J=6.0 Hz, H-7), 5.53 (1H, d,
J=7.6 Hz, H-1’’), 5.00 (2H, dt, J = 6.0, 3.2
Hz, H-8), 4.73 (1H, dd, J = 12.0, 3.2 Hz, H-
9a), 4.57 (1H, d, J = 4.8 Hz, H-9’a), 4.41 (1H,
br d, J = 11.2 Hz, H-6’’a), 4.25 (2H, m, H-9’a
, 6’’b), 4.18 (1H, m, H-4’’), 4.15 (1H, dd, J =
8.4, 8.0 Hz, H-2’’), 3.93 (1H, m, H-5’’), 3.75
(6H, s, 3, 5-OCH3), 3.72 (6H,s, 3’, 5’-OCH3).
13C-NMR (100 MHz, C5D5N, cc) 153.9 (C-3’,
5’), 148.7 (C-3, 5), 137.0 (C-4), 135.8 (C-4’),
131.2 (C-1), 131.1 (C-7’), 129.4 (C-8’), 106.8
(C-2, 6), 104.7 (C-1’’), 104.5 (C-2’, 6’), 86.4
(C-8), 81.6 (C-7), 78.6 (C-3’’), 78.4 (C-5’’),
76.1 (C-2’’), 71.8 (C-4’’), 62.8 (C-6’’, 9’), 60.5
(C-9), 56.3 (C-3, 5-OCH3), 56.2 (C-3’, 5’-OCH3).

Compound 3 (3-hydroxy-1-(4-hydroxy-3,5-
dimethoxyphenyl)-2[4-(3-hydroxy-1-(E)-
propenyl)- 2,6-dimethoxyphenoxy)propyl-
a-D-glucopyranoside)

Amorphous powder (MeOH); 1H-NMR (400
MHz, C5D5N, cH) 7.23 (2H, s, H-2, 6), 6.60
(2H, s, H-2’, 6’), 5.92 (1H, d, J=6.0 Hz, H-7),
5.53 (1H, d, J=7.6 Hz, H-1’’), 4.96 (1H, dt, J
= 6.0, 3.2 Hz, H-8), 4.73 (1H, dd, J = 12.0,
3.2 Hz, H-9a), 4.41 (1H, br d, J = 11.2 Hz, H-
6’’a), 4.27 (1H, m, H-9b), 4.25 (1H, m, H-
6’’b), 4.18 (1H, m, H-4’’), 4.15 (1H, dd, J =
8.4, 8.0 Hz, H-2’’), 3.93 (1H, m, H-5’’), 3.89
(2H, t, J = 6.4 Hz, H-9’), 3.75 (6H, s, 3,5-
OCH3) ,3.70 (6H,s, 3’,5’-OCH3), 2.81 (2H, t, J
= 8.0 Hz, H-7’), 2.04 (2H, tt, J = 8.0, 6.4 Hz,
H-8’). 13C-NMR (100 MHz, C5D5N, cc) 153.7
(C-3’, 5’), 148.7 (C-3, 5), 138.9 (C-1’), 137.0
(C-4), 133.7 (C-4’), 131.2 (C-1), 106.8 (C-2,
6), 106.5 (C-2’, 6’), 104.7 (C-1’’), 86.3 (C-8),
81.6 (C-7), 78.6 (C-3’’), 78.4 (C-5’’), 76.1 (C-
2’’), 71.8 (C-4’’), 62.8 (C-6’’), 61.3 (C-9’), 60.5
(C-9), 56.3 (C-3, 5-OCH3), 56.1 (C-3’, 5’-
OCH3), 35.5 (C-8’), 33.2 (C-7’).

Cytotoxicity and inhibitory effects on NO
production in LPS-induced RAW 264.7 cells
Compound 1-3 isolated from the flowers of
N. alba was evaluated for an inhibitory
effect on NO production in LPS-induced
RAW 264.7 cells. In order to test the anti-
inflammatory activities of Compound 1-3,
NO production and cytotoxicity were
measured in unstimulated and LPS-
stimulated RAW 264.7 and HaCaT cells. We
tested cell viability by MTT assay to ensure
that the decreased NO production was not
due to cell death. RAW 264.7 cells and
HaCaT cells were treated with various
concentrations (1, 25, 50, and 100 μg/mL)
of Compound 1 and cell viability was
evaluated after incubation for 24 h. The cell
viability was evaluated by MTT assay. The
cytotoxicity test of Compound 1 showed
cell viability 95-100% (RAW 264.7), 90-
100% (HaCaT) in the range of concentration
from 1 to 50 μg/mL, respectively. With this
result, concentration of Compound 1 (cell

viability > 90%) were selected for
subsequent NO inhibition experiment (Fig
2). The NO production in the cells increased
as increasing concentration of LPS
treatment. The RAW 264.7 cells were
activated by LPS, and NO production was
measured as NO concentration in the
culture medium. When compared to the
untreated control, the pre-treated cells
induced with LPS released a lower level. We
evaluated the inhibitory activity of Compound
1 against LPS-induced NO production in
RAW 264.7 cells. As can be seen in Fig 2,
Compound 1 inhibited on NO production
in LPS-stimulated RAW 264.7 cells in a
dose-dependent manner. Compound 1
inhibited NO production with IC50 values in
the range from 25 to 50 μM (Fig 3).

Effects of compound 1-3 on the LPS-
induced release of TNF-` and IFN-x
Atopic dermatitis is a chronic inflammatory
skin disease characterised by intense
pruritus with marked exacerbation and
remission. Chemokines have been
proposed to play a role in pathogenesis of
atopic dermatitis. Among several
chemokine, thymus and activation-
regulated chemokine (TARC/CCL17),
MDC/CCL22, and their receptor, CCR4,
carry out an important role in atopic
dermatitis, and they can be used as a useful
marker for assessing atopic dermatitis
severity.10 In actuality, the concentration of
CCL17, CCL22 is significantly high in the
serum of atopic dermatitis patients. These
results indicate that two chemokine, CCL17
and CCL22, can be used as an indicator to
tell the severity of atopic dermatitis.6

Macrophages actively participate in
inflammatory response by releasing pro-
inflammatory cytokines such as TNF-` and
IFN- x. We performed ELISA for TNF-` and
IFN-x to investigate anti-inflammatory effect

Figure 5: Measurement of the TARC/CCL22 and MDC/CCL22 mRNA expression levels by quantitative real-time PCR analysis (Cell line: HaCaT).
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of Compounds 1-3. As shown in Figure 4,
TARC/CCL17 was produced by the
treatment of TNF-` and IFN-x. Compound
1-3 were treated with various
concentrations (1, 25, and 50 μg/ml) to the
LPS-induced macrophage cells. And
TARC/CCL17 was decreased in a dose-
dependent manner (Fig 4).

The effects of TNF-`, IFN-x and
Compound 1 on the expression of
TARC/CCL17 and MDC/CCL22
We conducted quantitative real-time PCR
to determine the expression of atopic
related chemokines, TARC/CCL17 and
MDC/CCL22. GAPDH was used as a
housekeeping gene. The expression of
TARC/CCL17 and MDC/CCL22 that treated
with TNF-` and IFN-x increased, whereas
the expression of TARC/CCL17 and
MDC/CCL22 that treated Compound 1
decreased (Fig 5A and 5B). When HaCaT
cells were treated with TNF-` and IFN-x,
the expression of mRNA increased. And
then, Compound 1 was treated on the HaCaT
cells. The expression of mRNA decreased in
dose-dependently (Fig 5C and 5D).

Conclusion
This study was initiated to confirm the
potential of N. alba for anti-atopic
dermatitis agent. A flavonoid compound
was isolated from the flowers of N. alba
through the repeated column
chromatography. And the isolated
compound was identified on the basis of
spectroscopic data analysis of NMR, IR and
MS. Compound 1 showed inhibition activity
on NO production in LPS-stimulated RAW
264.7 cells. In addition, we observed that
Compound 1 inhibited the expression of
atopic-related chemokines, TARC/CCL17
and MDC/CCL22, in a dose-dependent
manner. The results provide a potential for
the use of N. alba as a natural product in
the treatment of inflammatory disease, which
may be useful for improving atopic dermatitis.

Chronic inflammation has been linked to
a wide range of diseases, including AD. The
inflammatory response is characterised by
the production of numerous pro-
inflammatory mediators and the activation
of different signal transduction pathways,
including the NF-jB and STAT1 pathways.
The NF-jB and STAT1 pathways are known
to play a role in various inflammatory
diseases and have thus been attractive
targets for the development of anti-
inflammatory drugs. Although a number of
anti-inflammatory therapeutic agents have
been identified, most of them are
associated with various adverse effects.
Thus, there is an urgent need for anti-
inflammatory therapeutic agents that have
little or no side effects. In this regard,
natural resources are a particularly
promising source of compounds. These

anti-inflammatory agents might inhibit NF-
jB and STAT1 signalling pathways or
suppress the production of proinflammatory
cytokines and chemokines. 

Ginseng, a member of the Araliaceae
family, is one of the most important Asian
medicinal plants. The active components of
N. alba have been used extensively to treat
various diseases. In the present study, we
demonstrated that compound of N. alba
inhibit the production of various
proinflammatory mediators in keratinocytes
and macrophages. Numerous studies have
demonstrated that inflammatory disease is
associated with the upregulation of Th2-
type chemokines, including TARC/CCL17
and MDC/CCL22. Thus, we investigated
the effect of compound 1 on TNF-`/IFN-x-
induced production of TARC/CCL17 and
MDC/CCL22 in HaCaT keratinocytes. We
found that Compound 1 significantly
inhibited TARC/CCL17 production in TNF-
`/IFN-x-stimulated HaCaT cells. Moreover,
RT-PCR analysis revealed that compound 1
(50 μg/ml) significantly suppressed TNF-
`/IFN-x-mediated induction of
TARC/CCL17 and MDC/CCL22 expression.
Thus, our study showed that treatment with
compound 1 inhibits the protein production
and mRNA expression of TARC/CCL17 and
MDC/CCL22 (Fig 3). One previous study
reported that TNF-` and IFN-x-mediated
activation of NF-jB and STAT1 signalling
pathways via p38 MAPK enhances the
symptoms of AD. TNF-` and IFN-x are
potent activators of NF-jB and STAT1
signalling pathways and induce a series of
inflammation processes. The I kappa B
kinase (IKK) complex and phosphorylated
p-38 MAPK mediate the nuclear
translocation of NF-jB and STAT1. Upon
reaching the nucleus, NF-jB and STAT1
activate several potent transcription factors
of inflammation, including TARC, MDC,
ROS, COX-2, and inducible nitric oxide
synthase (iNOS). Our results demonstrate
that Rg5:Rk1 ginsenosides significantly
inhibit TNF-`/IFN-x-induced TARC/CCL17
and MDC/CCL22 production in HaCaT cells
by inhibiting NF-jB and STAT1 signalling
via the p-38 MAPK pathway (Fig 3). 

Furthermore, immunocytochemistry
experiments showed that Compound 1
inhibited the TNF-`/IFN-x-induced nuclear
translocation of NF-jB (Fig 4). Reactive
oxygen species are known to play an
important role in the pathogenesis of
inflammation by acting on the NF-jB
pathway. Reactive oxygen species have
been shown to be produced upon TNF-
`/IFN-x stimulation of HaCaT cells.  Our
results indicate that Compound 1 might be
scavenging reactive oxygen species in TNF-
`/IFN-x-stimulated HaCaT cells (Fig 3).
However, additional investigations are
required to determine the precise
mechanisms by which Compound 1 affect

inflammatory processes. We found that
Compound 1 inhibited the LPS-induced
production of nitric oxide and LPS-
mediated induction of the inflammatory
genes iNOS and COX-2 in the RAW 264.7
murine macrophage cell line. 

Both NF-jB and STAT1 are known to be
key transcription factors that regulate the
transcription of many inflammation-related
genes. Taken together, our results indicate
that Compound 1 may be able to inhibit
the skin inflammatory response. This
conclusion is based on the ability of
compound 1 to suppress the production of
inflammatory mediators in LPS-stimulated
RAW264.7 cells and IFN-j/TNF-stimulated
HaCaT cells. Our results have the potential
to improve our understanding of the
molecular targets of inflammation and
indicate that Compound 1 might be
efficacious against AD. We suggest that
Compound 1 are a promising novel
therapeutic agent for the prevention and
treatment of skin inflammatory diseases.  
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