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Effects of Three Korean White Ginseng Extracts on Atopic Dermatitis-

Related Cytokines, and Antioxidant and Anti-aging Activities
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Abstract — Inflammation that is considered to be mainly related to pathogenesis of atopic dermatitis (AD) is the biological
response of a host to stimuli, such as cellular injury or infection. In this study, we investigated the anti-inflammatory and anti-
oxidative activities of white ginseng roots by ultra high pressure extraction (Gin-UHP), fermentation followed by ultra high
pressure extraction (Gin-UHPF), and polyol extraction (Gin-POL). As a result, ginseng extracts were able to decrease the secre-
tion of pro-inflammatory cytokines (interleukin-8 and tumor necrosis factor-alpha) and immunoglobulin E. Also, Gin-POL had
the highest DPPH radical scavenging activity and when we compared the SOD-like activity, Gin-UHP had the highest. More-
over, we looked into the effect of these ginseng extracts on anti-aging to show the possible usefulness as a raw material of cos-
metics. As a result, ginseng extracts were able to reduce the production of melanin, and inhibit the tyrosinase and elastase
activities in a dose-dependent manner. The extracts also decreased the expression of MMP-1 and had a significant hyaluronidase
inhibitory activity. Taken together, these results demonstrate that ginseng extracts may have an improvement effect on AD by

using its anti-inflammatory and antioxidant properties.
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70% oNehE= Amaal 7138 v WAk 239 F2(Gin-
UHP), &8 %39 F3(Gin-UHPF), 283 8|8 F&
(Gin-POL)3} Adol| A3t Gin-UHP= 94 &%

—

100 g3 =7 1,000 g2 1,000 Mpa, 25°CollA] 2%+ &
Z7|(FOOD CIP-70-350-80, Iishin autoclave, Daejoen,
Korea)& ©]8-3t4 24A17F FZ31 . Gin-UHPF= ¥4t
Bk 100 g EFFF 1,000 goll saccharomycesE 1x107
cells/mLZ HE3to] 4871 7Hs <t HasiST) o] ¢ e &
< 1,000 Mpa, 25°CellX] 231%+ F=7](FOOD CIP-70-350-
80, Ilshin autoclave)®] ZZASZ 24A|7F &3} T} Gin-
POLZ A5 100 gofl 400 g©] 1,3-butylene glycol#t S/
600 g0 NS Yol 77 Ao HAEITE BE F
Z52 400 mesh BEE o]&3te] 12 E 3L, 0.45 pm
2 22} ZHste] ARSI

Alef — Folin-Denis reagent, tannic acid, 2, 2-diphenyl-1-
picrylhydrazyl(DPPH), ascorbic acid, pyrogallol, xanthine
oxidase, nitro blue tetrazolium(NBT), HAase, hyaluronic
acid, L-3,4-dihydroxyl phenylalanine(DOPA), mushroom
tyrosinse, porcine pancreas elastase, N-succinyl-(L-Ala),-p-
nitroanilide, lipopolysaccharide(LPS)= Sigma(St. louis, MO,
USA)o A F+Y 3t A1-83}5 th Bovine serum albumin
(BSAY2 VWR life science(Radnor, PA, USA)°lA +¢ 3}
Ak,

MZ ik & WZEE & - Al 2P 4AE (HaCaT),
AFgE BA| E£(U266B1), 7H-2 dete=nt Al Z(B16F10)=
American type culture collection(ATCC, Rockvill, USA)®|
A, AbF &3 3 M E(THP-1)E =4 E3F-23)(Seoul,
Korea)oll 4], AFgF 3% o}A| 3 (Human dermal fibroblast)®]
HDF-n Al32E Modern Tissue Technology(MTT, Seoul,
Korea)ol A £ wrol A28 t}. HaCaT, B16F10, HDF-n
MEE 47 10% fetal bovine serum(FBS, GibcoBRL,
Grand Island, USA), 1% penicillin/streptomycin(GibcoBRL)
o] A 7}% Dulbecco’s modified Eagle’s medium(DMEM,
GibcoBRL) WA 2 vl F3FS T U266B13} THP-1 A=
Z}ZF 10% fetal bovine serum(FBS, GibcoBRL, Grand
Island, USA), 1% penicillin/streptomycin(GibcoBRL)®] 3
7}51 RPMI-1640(GibcoBRL) ¥ A| 2 AL&-3}55 3L, BE Al
3+ CO, incubator(Sanyo, Japan, 5% CO,, 95% air, 37°C)
AN wj gt A E AEES FH 7] 91813-4.5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT)
assay S AH&3FATH w4t —zr%%e Al EZo A2 g H,

phosphate buffered saline(PBS)ll = MTT dye reagents

50 pLA wEskal 4x17he ul st E} a3 MITS 23
Sk S A A8, formazan FE-2S dimethylsulfoxide

200 L= &3] A171 ¥ microplate reader(Sunrise, Tecan,
Austria)s ©]-83l5] 570 nmolA] FB=E A5
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AO|E7tQl 2H| HSt £H - Enzyme-linked immu-
nosorbent assay(ELISA) sets(IL-8, TNF-o, IgE)+= BD
Pharmingen(UK)o1 A -4 33}, 96-well plate®l] capture
antibodyE coating buffer(0.1 M sodium carbonate, pH 9.5)
o sl4ate] 100 ul¥ 253 5 4°CollA 244171 WA1813]
T}. Washing buffer(PBS/tween-20)2.2 3 Al &3t %
blocking buffer(1% BSA)YS 200 uL¥ £33+ & 1A17F &
St 2ol WX3FF Tt thA] washing buffer2 33] A2k
% standard®} sampleS Z}2F 100 plA F5-3kaL 247k
oF Ao WFx] a9t Washing buffer2 53] A%
detection antibody 2} streptavidin-horseradish peroxidase &
S 100 pLA B3 T 1AIZE 53 Aol W|BISIT
Washing buffer2 73] 4|2 & TMB substrate reagent(BD
Pharmingen)E 100 pL# 3-8k & 2420 302 H=]8
t}. Stop solution(1 M phosphoric acid)>-Z WS- AR A]
7151 450 nmellA S3AE S Ski
HXIB0is 5 - AATd 52 Blois?] WYPg WY
ted S 2 Al g8l 0.1 mM¢] DPPH &4-&
AL ke F 3027 WA v 517 nmell M
gttt ARz TS Al 58N Ayt
7REel FEE AagE el

Superoxide Dismutase(SOD) FAF &4 =3 - SOD
FAF 48 Marklund®] W%l whel 4319k 7+ A
8 &9 02 mLol tris-HCl $-584(50 mM tris/10 mM
EDTA, pH 8.5) 2.6 mL$} 7.2 mM pyrogallol 0.2 mLE 7}
ato] 25°CellA 1027 ¥-A171 F 1 M HCI 0.1 mLE 7}
stod BES-S HAAZ| AL v F Ak} pyrogallol®] &
= 420 nmelA F3=E S5 SOD A 248 Al
T 89 A7kt RS S AR veRiSIt

HAase X3l &4 —HAase &4 S hyaluronic acid”’}
HAase ¢} WH3-3}32 H= hyaluronic acidS I HA|A =4
Sto] HAase ©] 845 243Ut HAase & 2H7He- 20
mM sodium phosphate, 77 mM sodium chloride, 0.01%(w/
v) BSA(pH 7.0) solution®l] 5 units/mLZ TH5o] 125 uL ¥
A, sE B ARE B2 7, HFFS 20 mM sodium
phosphate, 77 mM sodium chloride, 0.01%(w/v) BSA(pH
7.0) solutions ©]-8-8fe] BHEETE. 37°Coll A 1A1ZF 52t wF
SA1Z1 %, 300 mM sodium phosphate(pH 5.35)°l =<1
0.03%(w/v) hyluronic acidE 37°CZ 9] EUT7F 250 pL
A gojent. F3eo] 7haA 42 s, 37°ColA 4587t
HE-S-A] 71T}, w3988 125 uloll, 24 mM sodium acetate,
79 mM acetic acid, 0.1%(w/v) BSA(pH 3.75) 625 uL$} 4
o] £ &, 1087 ¥xsl2, A =e] Y9+ hyaluronic acid
£ 600 nmol|X 74330t}
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sodium phosphate buffer(pH 6.8) 0.5mLe] 10mM L-
DOPAE =<1 7189 02mL % AlE €9 0.1mLe] &3}
el mushroom tyrosinase(110 U/mL) 0.2 mLE % 7}3}o]
25°Col A 287 WhEAIA WEE Foll /¥ DOPA
chromeS 475 nmollX =3t} Tyrosinase A3l &AL
A& &N HrHtel FAVRRY] FEE SR JERY
At

Melanoma M|IZO0flM2e] Tyrosinase A&l &4 — B16F10
AEZE 2x10° cells/well2 6 well platecl] BES 5, 24x]7F
EH sttt vl E AAS L, s H AIEE ¥ vl
A& B 48A7F B3 wiksisint. vl vl E Al AL,
PBSZ 23] A& #, 1%(w/v) triton X-1005 E3-3+ 100 mM
sodium phosphate(pH 6.8) 100 pLE % 32 -80°CollA] 303
St XA AE G HHE AR o] ¥, 12,000
pmeE 30 59 A Estal AedS AL, T
A e Fall 100 pgoll siBst= &SH el 100 mM
sodium phosphate(pH 6.8)° =91 2mg/mL L-DOPA
80 pLE ¥, 37°CoA] HEEAIZ] -, 490nmellA] tyrosinase
o 9Jsll DOPAZE ¥4 == DOPA chrome®] &< 5
sted, 34 tyrosinase €4 0= VERA AT

Melanoma M ZO0|M<2| Melanin M2 £ &
melanoma A Z5E]2] melanin A4 A3l =42 Hosoi
o] Pl wheh Z24sisit). BI6F10 AIEE 2x10° cells/
well2 6 well plateo] 237, 2447} Fob wjFaie}, vix =
AAS AL, 5 H AEE B2 HiAE YL 4847 B3t
ke, oAl viXIE AlASIAL, PBSZ 28] A& 3, 1%(w/
v) triton X-1005 &3+ 100 mM sodium phosphate(pH
6.8) 100 WLE 237 -80°CellA] 303 5t WXshHA] Al
g3 S AR ©] F 12,000 rpmoE 305 FF LA
25k pellets 73k, 10% DMSOE &3k 1 N
NaOHE #7387 ¥ 65°CollA] 1417+ &<k W] s A
melaning =45t} 405 nmoll 4] 83E melanin®] &%
T2 =48] AHWZ melanin A o2 VRS

MMP-1 sl &2} 8 — HDF-n AJZZ 100 mm culture
dishell 1x10° cells/mLE E5-8F TR 24717 5t wjFals]
T ARl 2AF Aol PBSZ 13] Al3le] wiA] U] serum
< AlA 5, PBSE AlE7F AR 1 AERE Yol £ AJH
oA plate £ HIL 6.3 Jem®e] A (UVAYS 2V
ATt HDF-n Al 2ol UVAE A & A|88 & H=E
A glate] 24X 75t v gttt vkt wiAE 200 pLA
96-well plateol] FF-3}] 4°CollA 24417k 52t coatingdtA
t}. PBS/tween-2002 M| A 3}3L 3% BSA/PBSZ 37°CollA
217} blocking 3t} PBS/tween-202- 2 A2 % mouse
monoclonal anti-MMP-1(BD Pharmingen)< 1 : 3,0002.2
blocking solution(3% BSA)el| &4sled 100 ul® EF3laL
37°CellA 2A17F &9 RESAIZATE THA] PBS/tween-202. %
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A2 3 anti-mouse IgG alkaline phosphatase conjugate
(BD Pharmingen)& 1 : 3,0002Z blocking solutionol| 3]4]
&to] 100 pL 4 2F-8kal 37°CollA] 241%F &<t vEgA1]
=, PBS/tween-202. 2 A gt T} MTT solution 100 pL
£ 7kste] @A) 158 &, 1N HCIE 50 uL 3 7F
gtod Wh3-5 bS] FAATIAL, 405 nmollA] FREE =
33k

Elastase XMall &M M - Elastase A3l &4 =42
Cannell 5] WH?d wet =489tk 71424 N-
succinyl-(L-Ala);-p-nitroanilide € A&k 37°Col A 20
7k 71425 E WA EE p-nitroanilide®] A4 2 410 nm
ANx st &, 7 Al &S 9 sETF HES
ZAsk] 0.5mLy Al FH3FL, 50mM tris-HCl
buffer(pH 8.6)l =<1 porcine pancreas elastase(2.5 U/mL)
£ 0.5mLE 713 $ 712 = 50 mM tris-HCI buffer(pH
8.6 =<1 N-succinyl-(L-Ala)-p-nitroanilide(0.5 mg/mL)S-
A7kt 2087+ REGAIA S5t Elastase #1322
A& &R Hrret FA7Y] FEE AAaEE Ve
At
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Fig. 1. Effect of white ginseng extracts on cell viability. (A) HaCaT, (B) THP-1, (C) U266B1 and (D) B16F10 cells were treated
with different concentration of white ginseng extracts for 48 h. Cell viability was measured by MTT assay. Viability of untreated
control cells was defined as 100% and the values are expressed as the means+ S.D. (n = 3).
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Fig. 2. Effect of white ginseng extracts on the production of
(A) IL-8 in TNF-a-stimulated HaCaT cells, and (B) TNF-a in
LPS-stimulated THP-1 cells. HaCaT cells were co-incubation
with different extracts of white ginseng and TNF-oo (100 ng/
mL) for 24 h. THP-1 cells were incubation with LPS (100 ng/
mL) for 24 h, followed by co-incubation with different
extracts of white ginseng. The treated culture media was col-
lected and assayed for IL-8 and TNF-o production using an
ELISA kit. Each bar represent mean=+S.D. (n = 3). (***rep-
resents significant differences between TNF-o or LPS and
samples treated group P < 0.001, **P < 0.01, *P < 0.05).
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] EH]E= Alo|E7IRIC] 2 ELISA kits ©]8-3l
st %%%01 HBEH Al E7RIQI IL-89 ‘3”
Aol MRl FS A g A3} Fig. 249 2] &
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7K E 7P Fed Aos 284 Aok a8y TNE-
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o FAHE FaL TAE] APES do7|H, TNF-0]
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Fig. 3. Effect of white ginseng extracts on the production of
IgE in LPS-stimulated U266B1 cells. Cells were pretreated
with 4 pg/mL of LPS for 4 h, followed by treatment of white
ginseng extracts for 24 h. The treated culture media was col-
lected and assayed for IgE production using an ELISA Kkit.
Each bar represent mean + S.D. (n = 3). (***represents sig-
nificant differences between LPS and samples treated group P
< 0.001, **P < 0.01, *P < 0.05).
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Fig. 4. Inhibition of hyaluronidase activity by white ginseng
extracts. Hyaluronidase solution (5 unit/mL) was preincubated
with extracts of white ginseng extracts for 60 min at 37°C,

and the mixture was added to hyaluronic acid (0.03%) for 45
min at 37°C. Each bar represent mean+S.D. (n = 3).
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Fig. 5. DPPH free radical scavenging activity white ginseng
extracts. Alpha-tocopherol was used as a positive control. The
values are expressed as the means+ S.D. (n = 3). (***rep-
resents significant differences between LPS and samples
treated group P < 0.001, **P < 0.01, *P < 0.05).

Table I. Free radical scavenging activity of alpha-tocopherol

Concentration Free radical scavenging
(ug/ml) activity (%)

0 0

0.1 0.2
1 2.9
5 16.7
10 33.9
20 52.3
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Fig. 6. SOD-like activity of white ginseng extracts. The values
are expressed as the means = S.D. (n = 3). (***represents sig-
nificant differences between LPS and samples treated group P
< 0.001, **P < 0.01, *P < 0.05).

50.00 - OGin-UHP
= OGin-UHPF
& W Gin-POL
'8 60.00
k=
el
:g ®
‘D> 4000 |
43 *
2
£,

2000
=

0.00
0 10 20 30 40 50 60 70 80 9 100

Concentration of white ginseng extracts (mg/mL)

Fig. 7. Inhibitory effect of white ginseng extracts on mush-
room tyrosinase activity. The values are expressed as the
means + S.D. (n = 3). *Significant difference in comparison
with control at P < 0.05. (***represents significant differences
between LPS and samples treated group P < 0.001, **P <
0.01, *P < 0.05).
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Fig. 8. Inhibitory effect of white ginseng extracts on (A)
tyrosinase activity and (B) melanin synthesis in B16F10 mel-
anoma cells. Cells were seeded at 2 x 10° cells/well for 24 h
and treated with various concentrations of white ginseng
extracts for 48 h. Tyrosinase activity was measured at 490 nm
and melanin contents were measured at 405 nm. Each bar rep-
resent mean+ S.D. (n = 3). (***represents significant differ-
ences between LPS and samples treated group P < 0.001, **P
< 0.01, *P < 0.05).
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Fig. 9. Effects of white ginseng extracts on the (A) cell via-
bility of HDF-n cells and (B) the production of MMP-1. Cell
were treated with various concentrations of white ginseng
extracts and the cell viability was determined by MTT assay.
Also, cells were irradiated with UVA and the ratio of MMP-1
expression was determined. Each bar represent mean + S.D. (n
= 3). (***represents significant differences between LPS and
samples treated group P < 0.001, **P < 0.01, *P < 0.05).
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Fig. 10. Elastase inhibitory activity of white ginseng extracts.
The values are expressed as the means + S.D. (n = 3). (*rep-
resents significant differences between LPS and samples
treated P < 0.05). (***represents significant differences between
LPS and samples treated group P < 0.001, **P < 0.01, *P <
0.05).
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