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2 9 224 (Red Ginseng; RG)2 4Rt o] &2 A F83 gofdl | a9E 2k 0|3k A Abol=
(Rg2, Rg3) & st Utk webs] 235t B2 ARES] 1748 98l o] &= o] sith =3 QEE 3
A S zhs AEAY] EHES A Wi B2 AFAEC] AETE S tjs] 2 -F% AT3l
Itk B AFdME FA4E FeggewAl FARE 79 Bk 2Esid . HPLC £4 A3 1A=
Rgl, Re 2 Rb27} Z+2}H 0.24, 0.25, 0.16 mg/golA 0.12, 0.1, 0.03 mg/gl 2 3 744 S Uiz, T4
Eoguy] AR %Y (Fermented Red Ginseng; FRG) o] &, A= o|%, d4k3} Z2h4 el 1 &4
MMP—1 A &5l Ut AESH §5S sttt 1 A3 FRGE RGET &9 9 cell migration X &
7 43519 FRGE LPSZ 5% RAW 264.7 4 A 2] NO AA-S JAsIH 21, INOS} IL-62]
1H-S mRNA &4 A EHT) o] A& FRGE M2 FFAAEA Agto] 713t Algdth

fol
ol

_ﬂ& 1 fo

Abstract: Red ginseng (RG) contains specific ginsenosides (Rg2, Rg3) which show various pharmacological effects and
absorption rate in the body better than panax ginseng. Therefore many people have been used it for health for a long
time. Furthermore, many researchers have been studying its biological activities for a long times because fermentation
generates lots of beneficial small molecules good for health. In this study, we fermented red ginseng with mycelium
of Leatiporus sulphures var. miniatus for 7 days. As a result, we found that three ginsenosides Rgl, Re and Rb2 were
decreased from 0.24, 0.25, 0.16 mg/g to 0.12, 0.1, 0.03 mg/g respectively HPLC analysis. In addition, we studied bio-
logical activities of fermented red ginseng (FRG) about skin ageing such as anti-inflammation, cell migration, anti-oxida-
tion, collagen type 1 synthesis, and MMP-1 inhibition activities. As a result, FRG were shown higher anti-inflammatory
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and cell migration promoting activities than RG. FRG inhibited production of nitric oxide (NO) and mRNA expression
of inducible nitric oxide synthase (iNOS) and decreased interleukin (IL)-6 induced by LPS stimulation in RAW 264.7
cells. In conclusion, this study suggest that FRG could be a potential source as a new natural anti-inflammatory agent.

Keywords: Laetiporus sulphureus var. miniatus, anti-inflammatory, saponin, [G-glucan, Fermented red ginseng
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T3 AGME 99 MEY Z2Zo] EAHIIE
1 H9IE &St A d5eS st
£ S dgukgolgta o) WYshE WSl
THEZT, t2Mz7t #osted, o] 5 tiAAE
(macrophage)v= WA ¥F3-& gt FEHHES ¥

© 7], tumor necrotic factor- @ (TNF- @), interleukin-6
(IL-6), interleukin-1 8 (IL-13)9} 22 ASHLAAA

oigksla-Esks] A, A 4049 Al 3 F, 2014

(pro-inflammatory cytokine)E A§/d ¥ttt T3} inducible
nitric oxide synthase (iNOS)oll 2|34 Ay == nitric
oxide (NO)2} cyclooxygenase-2 (COX-2)°ll )54 A3
’d =)= prostaglandin E, (PGE,) 59 HS5FEAA=
= AAEH15-16]. ol#3 EF ¥HEE AAlsh] ¢
& o] 59 AlolEFIRIE Ak E- e AT
7} 97348} Fofoll A &iks] e E i glow, F
o] e At Zepal 1 29

loproteinase-1 (MMP-1)°] ZF7}gre] we} 3 H 317}
3= Aoz A o], FF &

AT} o] FofA L TH18,19].

B Ao M= F4F FEE(red ginseng extract, RG)
= F2YUTE WA FAAE st dojxl vjdE
(fermented red ginseng extract, FRG)2] &4+s}, cell mi-
gration, A2 g =gl U ATFE F3Yste] &

3 wgto] thet v RAYRAEL Sl
2. Mz H oY

2.1, Materials

B A4 AH8-% Dulbecco’s modified Eagle’s me-
dium (DMEM), fetal bovine serum (FBS), pen-
icillin-streptomycin (PS), phosphate buffered saline (PBS)
+ WEelGENE (Daegu, Korea)ollAl T3} 3l, Ham’s
Nutrient Mixture F-12 (F-12), Trypsin-EDTA+ Gibco
(BRL, Rockville, MD)oIA] )3} T} Trypan blue,
DPPH, crystal volet 3 LPS% Sigma chemical Co. (St.
Louis, MO) A 43+ TE NO Griess reagent system
2 promega (Madison, WI)ol| Al u]8}H 3, MMP-1
Biotrak ELISA human MMP-1 nRPN26012 (GE
Healthcare, Buckinghamshire, UK)ollA] < uj&}3ith,
pro-collagen Type I C-peptide (PIP) EIA+ TaKaRa
(Kanazawa, Japan)ollA T3} 3L, Onestep RT-PCR
Mastermixi= Geneall (Seoul, Korea)oll A T3t}



FoGue|HA AR a3t A sk 9] cell migration % &9 ®eoll #IF A 299

2.2. Red ginseng extracted and fermentated by
Laetiporus sulphureus

)| B (g9l 48 AL, Korea ginseng coporation)
<= 2% wiivol®] HIEE Aol 4 T 121 T,
L5 719}, 15 min &%+ < 718k #3130t 5=
& FEEL 400 meshZ 31 o)

F2GoelHA  FAM (Laetiporus  sulphureus, LS
CS0218 KFCC 11494P)2 Z3+3l= 8w Al FAH
= potato dextrose agar (PDA) AFAR XA 25 C, 7¥
e & 4 C WAARSRS SloH, oF 27 3¢
Ao g Al de stk Tl 250 mL St
223 v F=d 9l working vol. 50 mL 7]F# 2.2 glucose
3%, yeast extract 0.6%, polypeptone 0.2%, MgSO; -
TH,0 0.05%, K;HPO, 0.05%%] HAZAd o2 25 T,
150 rpm 7€3F vt Sl vldES
Z7 082 AAIATHLS). SAFEE THSFS
Al g ste] Tl YA (FRGS LA

2.3. Ginsenoside analysis

A Aol =9 A4S 93] AREE 7171+ waters
HPCL (Waters, Milford, MA)°|t}). EA4 ZHPL
u-Bondapak C18 (3.9 x 300 mm i.d., 10 ym, Waters,
Milford, MA)E AHE31993, FUHFLS 20 ul, F5S
203 nmE AAsto] AT o] FHLEE (A)
water2}, (B) acetonitrile 2 253 A|H7|2 ©7]314
ARESEA AL, 7€ 7] &8 Z(gradient system)S ©] &

she] ®Ajshelr.

2.4. Free radical scavenging activity (DPPH assay)

DPPH (2,2-Diphenyl-1-picrylhydrazyl radical)x= 0.1
mMe] F=2 FHSITE 4 Ass sEEE FH
st Al ZT(positive control) &2 125 ug/mL]
BHAE AM&3l3t) ZF AlE 20 uL2} DPPH 180 uL
£ 41°] 10 mingt oA FH-EAZTE 34 2T
©2 DPPH ti4l MeOHE A3ttt 33 =A
(MULTI SKAN, Thermo, Rockford, Illinois)S ©]-83}]
540 nmol|4] FFEE S43HATh

2.5, Cell culture
A A4 Adf-obA Z(human dermal fibroblast neo-

natal, HDFn)= ATCCOl A F-uljste] DMEM3 F-12&

3: 19 Bl&E Este] viFstAth AF A Z
(mouse  macrophage, RAW 2647+ LONZA
(Hopkinton, MA)ol|4] FFufate] 10% FBS7F 71
DMEM=< o|-&3ate] miekstdit. miekd Al32= PBS
%% £9(0.1 M phosphate saline buffer, pH 7.4)S ©|
43l 33 A &3FITE Trypsin-EDTAES 100 mm cul-
ture disholl 5 mL *2]3s}a, 37 CollA ¢F 1 min &<
HFAIZD 3 A5 3]sttt 10% FBS7F 3714
HiA] 10 mLoll Al F-F-4-E oF 10 uLE FHotd 5F
9] trypan blue®} TS T ¢F 10 uLE H3lA
Hemocytometer®l] 2009 2] v]-&2 M X = Al53FA
o AlZ 5 1% 1035 HHE3Se] Fod v 3
o R AtetAn 7k MEZEL 37 C, 5% CO,,
full humidity 202 wjdst o).

2.6. Migration assay

HDFn2 5 x 10* cells/well & 5=Z 24-well plate 3%
3 %24 h % 37 T Aol A LASAI AT
24 h %ol 1 mm plastic tip2-Z well®] THFES
ZFZ scratch W3l PBSE 37 Tt Al w2 n&s}
At 2 FEHE ASE AEsta, 48 h Fol 02%
crystal violet A|2FO.2 AL E AT 3 Hu]7g o
A AR Zgsiant,

2.7. Anti—inflammatory effect by RT—PCR
RAW 264.75 2 x 10’ cells/well 5 =2 6-well plate]
HE F 24 h B 37 T Aol A HA A
Zth wxE w@sta U=49 lipopolysaccharide
(LPS)E 10 ugmL FEE A&} Al AlRE A
SIATE 24 h Foll 45N 1.5 mL FEO 2o,
RNA isolation kitE ©]-8-3] total RNAE LT} Total
RNAE o] &3dte] @5 Alo|E7IR1S] T gks gjlst
7] #18iA RT-PCR< 33ttt GAPDHE &4
3135} 2™, Primer= Table 19 YERATE
<2 Griess reagent system (promega, Madison, WI) ki
o83k 540 nm®] FF=olA NOo AAHES

ST

ol oft

—

ol Mt 12 o

A\

2.8. Anti—aging with collagen synthesis and MMP—1
inhibition activity
HDFnE 5 x 10* cells/well &= =2 24-well plateol] 7
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Table 1. Composition of the Mobile Phase Employed in the Gradient HPLC System

Composition of mobile phase (%)

Time (min)
Water Acetonitrile
0 80 20
5 80 20
25 72 28
35 67 33
40 59 41
45 20 80
47 20 80
50 80 20
Table 2. RT-PCR Primer Sequences and Product Size
Product si
Gene Sequence roguct stze NCBI ID
(bp)
forward : CCGTGGGGAATGTATGAGCAC
COX-2 356 NM 011198.3
reverse : TTGGGCAGTCATCTGCTACGG
forward : AGCCAGAGTCCTTCAGAGAGA
IL-6 230 NM_031168.1
reverse : TAACGCACTAGGTTTGCCGAG
forward : TAGTTTCCAGAAGCAGAATGTGACC
iNOS 284 NM _010927.3
reverse : CCAAGACTCTAAATCGGATCTCTCTC
forward : TCAAGCTCATTTCCTGGTATGACA
GAPDH 223 NM_008084.2
reverse : TGGGTGGTCCAGGGTTTCTTAC
%3 F 24 h B¢ 37 T AFHlo)El oA 43} A7 human MMP-1  nRPN2601 (GE  Healthcare,

t}. PBSE 2¥ 3 H, FBS7} A7ME A & x| &2
W3 & AEE AP SIATE 24 h Fof FTHE o] &
3te]  collagen synthesisE 733 TE  pro-collagen
Type I C-peptide (PIP) EIA (TaKaRa, Kanazawa, Japan)
kit= collagen synthesisE 78 %3t 3L, 405 nmol A &
BEE S48

MMP-1 I&-& ERlIsty] $I8te], HDFnE 5 x 10
cells/well EEZ 24-well plateol] HF3F 3 24 h &<
37 C Aol A A3}t A ZTh PBSE 2 3
T H, PBS7} = AEHiol A UVAZ 6 Jiem’Z A3
QAL FBS7} H7HE A o5& v & wdk = A8 E A
g3ttt 24 h Fol| 45H 2= BIOTRAK ELISA

EkslEsta) 2] Al 409 Al 3 5, 2014

Buckinghamshire, UK)2 ©]-8-3}] 450 nmol A 3%
=439,

=

=

2.9. Statistical analysis
RE A3 Wd 2R wUsslem,

one-way ANOVAZE 3191 o™
BAHLE Fositta A3

8
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Table 3. Ginsenoside Composition and Concentration of RG and FRG

Concentration

Rgl Re Rf Rh1 Re2s Rbl Re Rb2 Rd Rg2s Rg3r
(mg/g) s e £
RG 0.24 0.25 0.08 0.02 0.03 0.54 0.17 0.16 0.03 0.01 0.01
FRG 0.12 0.1 0.03 0.01 0.01 0.01 0.02 0.03 0.05 0.02 0.01
A
g a0
> OLs
* .
s i
g B RG (1
=]
£ 30t W FRG e
=]
B § a0 |
E
: T 10}
1. [

Figure 1. HPLC chromatograms of RG (A) and FRG (B).

3. 2t & nH
3.1. Analysis of ginsenoside
g A, o AAlel 2o E443 Rgl, Re,
Rf, Rhl, Re2s, Rbl, Re, Rb22] g 7
5 4o, Rd, Re2s= oF 2] 9] 3+
g 5 ‘OiEHTable 3) a&@ﬂrﬂlﬂw TAHA
&

Fas)
=
o

oﬁg

3.2, Anti—oxidant with and without fermentation by LS
7t Agel B8 B Bl AR Hha o=
DPPH radical X‘] NS 3t A3 &S 73”

th E} 7} ESTE AAFE
e A3 B ade Ae g0 g ey, F
57t s 24 AR Aol Ao YEhA &

0.078 0.156 0.312 0.625 1.25 2.5 3

Sample concentration (ma/ml)

Figure 2. Antioxidant activity of LS, RG and FRG by
DPPH radical scavenging method (**p < 0.01, ##p <
0.005).

g A FAA ] &
giksl &5o] FosiAl 5
),kgur FRGO| A= RGoll=
2hel o] e Aes &

2T 5 ol He
Q1 LS9} FRGOIA =
= Ob\LO io]x]
2| EER| 9 Adal &

19 tH(Figure 2).

2 ok
ﬁ_?ﬂm{nm[o

o

]
2l

¢

Ael&(%) =[(A-B)-(C-D)]/
(A-B) x 100

: absorbance of control group

: absorbance of blnak control group

: absorbance of sample group

o O w >

: absorbance of blnak sample group

3.3. HDFn proliferation by cell migration assay
Keratinocyte®l| 4] growth, differentiation, apoptosis

and migration®] ™3t GAAE S AF-8HA =T, MMP-2

siRNA #| 2] A] migration®} growth”} Zr43k= WAHY

J. Soc. Cosmet. Scientists Korea, Vol. 40, No. 3, 2014
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Figure 3. Cell migration effect of LS, RG and FRG in
HDFn cells. The photographs show migration enhancing
ability of LS, RG and FRG after 48 h. The results were
visualized under inverted microscope at 40 magnification.

Zol 3k =52 w35l growth®} migration®] -3
LA WA e SHATH21]. WERA cell mi-
gration-> A3 0] A F2lo wlg- Fa3 4=
53] wound healing #-CFel w9 FQ3F AF Hof=
o AA| 2L Ut} Figure 39| 4] scratch§t HDFng crys-
tal violet solution®. = A4} T} Control®] 73 cell
migration®] &3] Yojubx] ke RG-S IS
Ao} LS, RG, FRGES A 2|3 7-F-°ll= controloll H
A F= o]E=FH O Z migration®] 3] Lol A
< PRIT F Utk F= 7t WE 259 AolE
AT = (AT 25 mgmL ©lste] FEAA =
FRG7} LS¢} RGOl Hl8l| % o|&EH O = cell migra-
tiono] EH7} 3 AE Stk

3.4, Anti—inflammatory effect of FRG

FHBIFE A8 W52 LPSE d5HES f=
sto], 7 A8 FEHE A5t Figure 4004
GSHESol FA3h= AR COX-2, IL-6, iINOSS|
HFS mRNA levelolA Blwd A3} FRGS 7%
COX-2¢8] WdZFE xdsiA= ZstAARE IL-6,
iNOS9| & 55 o|EFHoE Aajg As I
T JATE RGE}F YIS of F+ 25 el freol s
2polE It 4= AU, LSe] A§ ERI F50]
WA A] ¢k THdata not shown). T3t iNOS2] A&l o]

E A4 w7 E 1A NO9l o] & of&
Ao A HE AL F21et9 oM 125 mgmLe] %
5 o]ollA FRGE o3 deasS gRlstinh

ekl gEsts) |, A 409 Al 3 5, 2014

o,
M

FRG(mse/ml) - - - - _
RG{mg/ml}
10 e/mlLPS

0.625 1.25 2.5 2

COx-2

10pe/mlLPS - + + + + + 4+ o+ o+
RG(me/mD - - 0.6251.25 2.5

FRG(mg/ml) - - - - -

B)

06251.25 25 5

oo+

%

120

90

IL-6 /GAPDH

80

301

0

10ueg/mLPS - +  + + + 0+ + o+ + o+
RGlmg/ml) - - 0625125 25 5 - - - -
FRG(me/ml) - - - - - - 0.6251.25 25 5
©
130
120 z

1T
: 3

30

iNOS /GAPDH

0

10xeg/mllPS - + + + + + + + + +

RG(mg/mD - - 0625125 25 5 - - - -

FRG(mg/ml} - - - - - - 0625125 25 5
D)

Figure 4. Anti-inflammatory effect of RG and FRG by
RT-PCR. Inflammation was induced by LPS with RG and
FRG in RAW 264.7 cells and PCR product was seperated
to size by electophoresis (A). The bands were quantified to
express gene level of COX-2 (B), IL-6 (C) and iNOS (D)
(*p < 0.05, **p < 0.01).
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0.078 0.156 0.312 0.625

1.25 2.5 5

Sample concentration (mg/ml)

Figure 5. NO inhibition activity of LS, RG and FRG in
RAW 264.7 cells. NO was indced by LPS and cells were
treated with LS, RG and FRG (*p < 0.05, ##Hp < 0.005).

3.5. The evaluated anti—aging effect of FRG

LS, RG 712]al FRGY =Ml FAA=E Q1%
AR s5 o|EH o7 Fepll FAol Sk 19
gk zfolE HolA| egtom, Lsol| HIs) RG¥H FRGel
Aok 10% A= ZH o] 7k AS gl
¥ 5 Aoy feF Aole FAT + AU
(Figure 6A). ZHAl 1 B3| 420 MMP-12] §H4 A 3|
& A3 5 oEH O F MMP-19] &4 A&l =

FVshe ge Bolm itk AT 7 NS RI@
Zpol= RIS mME}(Flgure 6B).
.78 B

B2 AFoA = FeEueHAl FAAE SadT
2 ARl AlzE FRGY ohekst AEgd 35S
It A Z& FHAaA 9 7HedS AT Aol
TF. RGS} FRGE] ZA|mAbe| = 24 A3} RG2| XA
AR =7} FRGOA = A3l = o] gaFo] 7hasg A
< A = AN K(Table 3), AW I H&Eo] 71
SIAEA= 1T & gtk AlE=4(data not
shown), MMP-1 inhibition % collagen synthesisol| A=
FRG7} RGOl HIglA 5183 Hold &) k= 2
5 HolA &= ko) cell migration A3} H W Z
5%8_ F52 2.5 mg/mLe] FEolA] FRGE ME F2]
! cell migration®] &'#3] &qPA ZS FAL + U

%2

9] cell migration ¥ & Eeol #st AT

303

100
= OoLs
i
£ .
g 07 mre
“
5
* 80 B FRG
R
T 40
5
T
2 20
8

0

0.078 0.156 0.312 0.625 125 2.5 3
Sample concentration (ma/ml)
(A)

— 100
2
"g‘ OLs

30+
g - B RG
a
£ sl | mERG
2z
B _
£ 40}
=
=
£ 20}

0.078 0.156 0.312 0.625 1.25 2.5 5
Sample concentration (ma/ml)
B)

Figure 6. Anti-aging activity of LS, RG and FRG in HDFn
cells. The graphs show collagen synthesis effect (A) and
MMP-1 inhibition activity (B) of LS, RG and FRG.

Ack =3 FAF APOE RT-PCRE o83 AF
i QIAke] L A3 A%S R1g A RGoll HlE)
FRG7} iNOS, IL-69} NOCA & oJEH & JHa
TS Y= AS 80 5 J8l) ol s2gu
g TAHA HEE B SR IAMAROE(R,
Rg2s) Kb 8015 %] 23 &AL Edo] A A
of Zhg3sted 3 FAEANE Zhe FoF AR
o &% g g sty ke 4 E- uis o
77} %ﬂﬁ.o}‘jr_ﬂ AtsHTh
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