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Effects of Oral Administered Hot Water Extracts of Korean Black Ginseng
on Wound Healing in Mice

Tae-Ryeong Kim, K.M.D., Young-Jun Kim, K.M.D., Chang-Hoon Woo, K.M.D.

Department of Korean Medicine Rehabilitation, College of Korean Medicine, Daegu Haany University

Objectives This study aims to evaluate the wound healing effects of oral administered
hot water extracts of Korean black ginseng (KBG).

Methods 40 C57BL/6 mice were divided into five groups: normal, control, vitamin E
200 mg/kg, KBG 100 mg/kg, KBG 200 mg/kg, each n=8. Skin wounds were made in
the back of all mice except normal group using biopsy punches. Wounds were ob—
served on days 7 and 14 after injury. The anti-oxidant and inflammatory protein levels
were evaluated using western blotting. Skin tissue was analyzed by hematoxylin &
eosin and Masson’s trichrome staining method.

Results KBG significantly accelerated reducing wound area. KBG significantly de—
creased myeloperoxidase activity. KBG significantly decreased oxidative stress fac—
tors such as NADPH oxidase—4 and p22°" and increased antioxidant enzymes in-
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flammation cytokine such as IL-4 and IL-10. In addition, KBG significantly increased
tight junction proteins including claudin-1, claudin-3, claudin—-4. In histopathologic,
KBG made the epithelium thin and uniform, and accelerated the remodeling of collagen.
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B Aol AR8= folin-ciocalteu’s phenol reagent, sodium
carbonate, gallic acid, 2,2'-azino-bis (3-ethylbenzothiazo-
line-6-sulfonic acid) (ABTS), naringin, 2,2-diphenyl-1-
picrylhydrazyl (DPPH), potassium phosphate monobasic,
diethylene glycol, potassium phosphate dibasic, sodium
hydroxide= Sigma Aldrich Co., Ltd. (St. Louis, MO, USA)
oA FY3IH ™, L-ascorbic acid= Alfa Aesar (Ward
Hill, MA, USA)°llA 7-48to] AF8-8F1t Santa Cruz
Biotechnology (Santa Cruz, CA, USA)ZF-E 12} 3|

rabbit polyclonal antibodies against heme oxygenase-1
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(HO-1), superoxide dismutase-1 (SOD-1), inhibitor of «
Ba (IkBa), nuclear factor erythroid 2-related factor 2
(Nrf2), catalase, glutathione peroxidase-1/2 (GPx-1/2)<}
goat polyclonal antibodies against interleukin (IL)-4, 1L-6,
NADPH oxidase-4 (NOX4), kelch-like ECH-associated
protein-1 (Keap-1), tumor necrosis factor-o (TNF-a),
IL-103} mouse monoclonal antibodies against claudin-1,
claudin-3, nuclear factor-kB (NF-kB) p65, claudin-4, cy-
clooxygenase-2 (COX-2), p22°"* inducible nitric oxide
synthase (iNOS), phosphorylated IkBa (p-IxBa), histone,
B-actin¥} 22+ FAE U8 T A7Fe 2fs)
Thermo Fisher Scientific (Waltham, MA, USA)| 4] BCA
protein assay kitE TU3I% T Wako Pure Chemical
Industries, Ltd. (Osaka, Japan)°ll4] protease inhibitor cock-
tail, ethylene diamine tetraacetic acid (EDTA)S T3}
%} Dihydrorhodamine 1233} 2',7'-dichlorofluorescein
diacetate S Molecular Probes (Eugene, OR, USA)°lA]

A3IF . ECL western blotting detection reagents3}
nitrocellulose membranesx= Amersham GE Healthcare

(Amersham, UK)ol|A] F-U3FATE.
3) AH&717]

B Ao A= HAASA(CAS, Yangju, Korea), &
FZ7](DWT-1800T; Daewoong Bio, Hwaseong, Korea),
F471371(FD5508; llshinbiobase, Dongducheon, Korea),
rotary vacuum evaporator (Sunileyela, Seongnam, Korea),
vortex mixer (OHAUS, Parsippany, NJ, USA), Y314
YA1E-2]7](Megal 7R; Hanil Science Co., Ltd., Daejeon,
Korea), Sensi-Q2000 Chemidoc (Lugen Sci Co., Ltd.,
Bucheon, Korea), tissue grinder (Biospec Products, Bartlesville,
OK, USA), ATTO Densitograph Software (ATTO Corporation,
Tokyo, Japan), Microplate reader (Infinite M200 pro;
Tecan, Minnedorf, Switzerland)S AH&3FATE

AgEES dghte] 28 F(Eumseong, Korea)oll Al
Ak 7528 C57BL/6 mice (male, 25~30 g)E AH8-3H%
o} 2 AIZE 2 W47 12 hidaymight, 22+2°C, 55
= 50£20%, 150~300 Lux®] 2571 F-A15 = s=4ol
A &3 AP ALE(NIH-41; Zeigler Bros., Inc., Gardners,
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PA, USA)AE: YEF 0.25% o4, 24 1.0% °l4,
Z 5.0% olsk, A 5.0% o, =E 18%
oI, mEul4E 0.15% ©), ZHE 0.55% ©)4, Z3)E

8.0% oI5l H 21 0.85% o]do] &-ME FESHA 33
S AFATE ARSA 3ol HSAIR & AES 28
Stk & A3y gggtetidy s=4ddas Y

3](Institutional Animal Care and Use Committee)2] <

Q(F<QIHE: DHU2020-033)-S )T
2. Y
1) Steks 53

(1) Total polyphenol &3

Total polyphenol Z7g-2 Folin-Denis'H!9-S ©]-8-5}%4Th
10 pLe] KBG (100 mg/mL)°ll 790 uL &7 2 50 uL
Folin-Ciocalteau’s phenol reagentE 73k < 150 puL<]
20% sodium carbonateS ¥l E3sle] 2417 WES-A
A 3 765 nmollA FRE=E SHSHATH

(2) Total flavonoid &4

Total flavonoid Z78-2 Lister®] WHID-& o] 83T
100 pLe] KBG (11.1 mg/mL)°l| 1 mL9] diethylene glycol
7 1 N NaOH 10 uLE & E§tate] 147F 5<F 37°CO|

A Zpgste] wbEAIZ & 9 420 nmollA §REE
g3tk

(3) DPPH 2iC|Z A5 &H

KBG9| &4tsks w4< 18l DPPH 24 471%

S ZE3AUTHY. KBGE FEHE 343 89 100 L
ol 100 pLe] 60 mM DPPH £ @3 & &3 5}o]
Aol A 2Bste] 3087 W F 9 540 nmoll A
TREE SASAT TR ofefe} 2ol Altste

ICso %k T8kt

DPPH radical scavenging activity (ICsg)
Z{(ODbkmk - ODsampk)/ODb]ank} %100

(4) ABTS 2i0i A7 s &

KBG9| &4tsls w415 918 ABTS 2tz &71%
< Z839 T, 7 mM2] ABTS®} 2.45 umol 2] potas-
sium persulfate s 2 Egste] 2739 opé]"ﬂ A
o7k ¢k 16A1ZF HHSAIA ABTS S 844121 & 34
415 nmoA FE= gke] 0.70+0.027} HES ek =

5435t 3)AE 89 95 pLoll KBGE T 34
S 89 5 uLE 7lsted 1587 AR F 914 415 nm
M FF=E St on, FAEE ol Ho=
Askste] ICs@t= Trshalth

ABTS radical scavenging activity (ICsg)
Z{(ODbkmk - ODsampk)/ODb]ank} %100

AL obF AA & sHA| &2 A (normal), 37
& & SFTE AT 5938 g2 (control), A F
g 200 mg/kg 787 F3F T(vitamin E),

G4FEE 100 mgkg AT FAT
%(KBGIOO), %“J 5 s %#«%%g 200 mg/kg
z X 5702

O & (normal): S FEshA &2

@ tiZ(control): /= LS & FHTE BT
Fog o

@ vitamin E 200 mgkg FoI(vitamin E): 4=
343 & vitamin E 200 mgkg AT FAS T

@ KBG 100 mg/kg F4HKBG100): /¢S gk
% KBG 100 mg/kg A7 FAg 7

® KBG 200 mg/kg F9(KBG200): /¢S gt
% KBG 200 mg/kg AT FA% T

w23le] 217 8 mmo) .UJQ% A X](biopsy punch)i e
Y AERS UN vl S etk A 79

o
+ silicon plate (ALLforLAB, Seoul, Korea)E ©]-83}
A 9 Fee FEsAT

=
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G 5 ofE ol 0,7, 4R XY EkE LS
13 2918 QT Azlol A Bgstel Jxie) wst
R 4 9 B epele] Wol(s) 3

2L o
o> M

ry

www.e-jkmr.org 3



1@@1%"@%—’&' e

o Al 7F F 2 T 4% A

HERA AT

H)(%)Z

S = abn
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BE APEEY AT AAASAE o183t 13)/1
Z0llM SAsaT

isoflurane & A3t &< u}_,q 3k u}_ﬁ@_y 213

S QP 23 NS 4]
s *Fg—a‘}oﬂl 0% 2k 4,000 pmOE 94 £
Aok A FE vlFe] A LS HAEste] B4 A

A W5(-80°C) B33}

S HE o

7) ¥A LN aspartate aminotransferase (AST) &
alanine aminotransferase (ALT) &8

A W AST, ALT 2 SA3FATE AST, ALT as-
say kit (Wako Pure Chemical Industries, Ltd.)e] ZZ2E
Zol whe} a0k

8) & W myeloperoxidase (MPO) &4 &X

A& M8l MPO B4 S5tk 84 U9
MPO &4-& =7317] $18t myeloperoxidase colori-
metric activity assay kit (BioVision Incorporated, Milpitas,
CA, USA)9| Z2EZd| we} =43tk

9) Western blotting

J & ZZof 100 mM Tris-HCI (pH 7.4), protease in-
hibitor cocktail, 0.1 M dithiothreitol (DTT), 1.5 M su-
crose, 15 mM CaCl,, 2 mM MgCL%} 5 mM Tris-HCI
(pH 7.5)2 T4 % buffer AS 7151 tissue grinderE
Argete] EflstTh E4lFE 22E ice 91olA] 30
43 ;(47(]/\] T 10% NP-40 288 F7}she] 2871 4°C

2 12,000 rpm o2 YA £ a/\lﬁ MEAS 233 A
< Esianh AMxd-Es F83kal 10% NP-40 §
234 buffer AZ 21 washingd %, 0.3 mM NaCl,

Z
o]
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1 mM DTT, 0.1 mM EDTA, 0.1 mM phenylmethylsulfonyl
fluoride, 50 mM hydroxyethyl piperazine ethane sulfoni-
cacid, 10% glycerol, 50 mM KCIZ T3 buffer CE
=R /\]71 Holl 108 7FE 2.2 31 vortexdFiTh
nlA 8t vortex 3 1057k 4°C 2 12,000 rpmO.2 4]
HeAIA o] xE o] e FTds west] WdE
(-80°C) HA&IHTh H 22 Y A EZA NOX4,
p22Phx Keap-1, SOD-1, catalase, GPx-1/2, p-IxBa, IxBa,
HO-1, COX-2, iNOS, TNF-a, IL-10, IL-6, IL-4, clau-
din-1, claudin-3, claudin-4, B-actin % 32| Nrf2, NF-xB,
histone THE o] WA S-S Qi ©@lE 10 pg
< 12% sodium dodecyl sulfate-polyacrylamide geloll %
719 %313 nitrocellulose membrane &2 TS o] %5
AIAE} ©]E5AIZ] membrane®l Z+Z; 12} &A1& 4°Col
A] overnight$+ Tl phosphate buffered saline with tween
20 (PBS-T)Z 6W A|&3}taL, 242} 23} IAlE ARE-s)e]
2ol A 2413t B3 3 PBS-TZ 6% AlH3tdth 1
2]a2 ECL €93} Sensi-Q2000 ChemidocS ARE-3}]
A28 MEs YT & MEE HFste] AP Tt
W eFS vskh

< ATstd 10% formalin -8
(10% EDTA 23x3holl o] ©3|(decalcification) A Z T
3] 55 radiographic technique &2 EHRIS}AL paraf-
fin waxoll 2&& Y3 1A% o
AAIBIATE 7 ume] FA 2 AE3k] hematoxylin & eo-
sin (H&E) ¥ Masson’s trichrome 9448 A A|5ko] 315
Z2 o] HHE g2lsiith

coronal sections

11) 84 X2

EE 4°*|= meandstandard deviation ¥ meansstand-
ard error of the mean® 2 7|3}tk SPSS program
for windows version 25 (IBM Co., Armonk, NY, USA)
£ 53l One-way analysis of varianceZ 77g3s+ & 7}
A5 FTAA o2 least significant difference =

AS3R, T p<0.0591A4 BASA
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1. eittets EIt
1) Total polyphenol ¥ total flavonoid

KBG9] total polyphenol ¥ total flavonoid $&S =
At A3, total polyphenol 372 31.08+0.12 mg/g =
=4 =202 M, total flavonoid TF 12.02+0.07 mg/g®]

ATHTable I).

Ir

2) DPPH 2tC|Z AHs

KBG®| &418ls £4< 918l DPPH At 2it]Z 47
5= S5t IG5k o2 ERAITE KBGE= 94.09+£0.70
pg/mL, T3¢l L-ascorbic acidi= 1.44+0.02 pg/mLO]

ATKFig. 1).
3) ABTS 2tC|Z

KBG®] dIsls #2418 918l ABTS At 2ioizt 47
Te S8t ICs#k = ERNITE KBG= 110.330.40
pg/mL, TJZQ] L-ascorbic acid 3.27+0.03 pg/mLo]

ANS

Table 1. Total Polyphenol and Total Flavonoid Contents of KBG

2 100%E o2 YEeRA

Ax}, 7R 2dA AAHL tE=T 32.05%, Vitamin E

T 44.41%, KBG100 43.57%, KBG200 56.11%=

BE 7o fFosiAl S EHACH, 14970l A HH

L tZF 63.09%, Vitamin Ex* 77.11%, KBG100*

83.04%, KBG200* 89.18% %2 RE o] #-2l5HA 35
2ATHFig. 3).

3. H|E tHat

AR % SAHE AT WSk AT 1.5740.32 g,
=T 0.53+0.16 g, Vitamin E* 0.730.18 g, KBG100
T 0.90+£0.25 g, KBG200T 0.97+0.18 gl & F7}3k
THTable II).

Sample name

Total polyphenol

Total flavonoid

(mg/g) (mg/g)
KBG 31.08+0.12 12.02+0.07
All values are meantstandard error of the mean of triplicate experiments.
KBG: Korean black ginseng hot water extract.
(A) (B)
100 4 100 -

T T

2 75 £ 75 {

8 )

£ £

5 50 5 50 |

£ 2 | T 2 |

z &

05 125 25 5 125 25 50 125 250 500 05 125 25 5 125 25 50 125 250 500

L-ascorbic acid (ug/mL)

KBG (ug/mL)

Fig. 1. DPPH radical scavenging activity of KBG. (A) L-ascorbic acid, (B) KBG. All values are meantstandard error of the
mean of triplicate experiments. DPPH: 2,2-diphenyl-1-picrylhydrazyl, KBG: Korean black ginseng hot water extract.
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Fig. 2. ABTS radical scavenging activity of KBG. (A) L-ascorbic acid, (B) KBG. All values are meantstandard error of the
mean of triplicate experiments. ABTS: 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid), KBG: Korean black ginseng hot
water extract.
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Fig. 3. The wound healing effect of KBG on skin in mice. (A) Macroscopic appearance of wound, (B) percentages of wound
area. All data are expressed meantstandard deviation, n=8 mice per group. Statistical significance: tested with the one-way analysis
of variance (least significant difference), ***p<0.001 vs. 0 day of each group. Control: wound-induced mice administered with
distilled water, Vitamin E: wound-induced mice administered with vitamin E 200 mg/kg body weight, KBG100: wound-induced
mice administered with Korean black ginseng hot water extract 100 mg/kg body weight, KBG200: wound-induced mice
administered with Korean black ginseng hot water extract 200 mg/kg body weight.

Table II. Changes of Body Weight with KBG for 2 Weeks

Variables Initial (g) Final (g) Change (g)
Normal 21.55+1.03 23.13£1.29 1.57+0.32
Control 21.72+0.39 22.25%+0.51 0.53*+0.16
Vitamin E 21.63+0.61 22.35+0.34 0.73+0.18
KBG100 21.48+0.52 22.38+0.39 0.90+0.25
KBG200 21.86+0.45 22.83+0.45 0.97+0.18

All data are expressed meantstandard deviation, n=8 mice per group.

KBG: Korean black ginseng hot water extract, Normal: not wound-induced mice with a normal diet, Control: wound-induced mice
administered with distilled water, Vitamin E: wound-induced mice administered with vitamin E 200 mg/kg body weight, KBG100:
wound-induced mice administered with Korean black ginseng hot water extract 100 mg/kg body weight, KBG200: wound-induced
mice administered with Korean black ginseng hot water extract 200 mg/kg body weight.

Statistical significance: tested with the one-way analysis of variance (least significant difference), #p<0.01 vs. Normal.

6 ] Korean Med Rehabil 2022:;32(1):1-19.
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Fig. 4. The level of serum AST (A) and ALT (B) in mice with KBG. AST: aspartate aminotransferase, ALT: alanine aminotransferase,
KBG: Korean black ginseng hot water extract, Normal: not wound-induced mice with a normal diet, Control: wound-induced
mice administered with distilled water, Vitamin E: wound-induced mice administered with vitamin E 200 mg/kg body weight,
KBG100: wound-induced mice administered with Korean black ginseng hot water extract 100 mg/kg body weight, KBG200:
wound-induced mice administered with Korean black ginseng hot water extract 200 mg/kg body weight.

™ W AST R ALT

AST =3 Az}, AT 9.49+1.26 TUL, thEr 11.45+1.01
IU/L, Vitamin E 10.55+0.59 TU/L, KBG100 11.18+0.54
IU/L, KBG200<* 11.16+1.00 IU/LE UEFFTHFig. 4A).

ALT 274 A3} A 2.4040.60 TUL, THEE 3.2740.52
IU/L, Vitamin E* 2.68+0.53 IU/L, KBG100<- 2.77+0.31
IU/L, KBG200+ 2.77+0.27 IU/LE e THFig. 4B).

5. &d L MPO &4

Aol A MPO activity S 73+ 23, Vitamin ET0l|
2] 137.81£5.75 mU/mLE o] 3HA] 7+431 2(p<0.05),
KBG1007ol 4] 133.2145.68 mU/mL, KBG200-ol|A]
125.93+10.63 mU/mMLE §-olakA] 7+23H thp<0.01)
(Fig. 5).
6. % X&| L{ oxidative stress & HHEiA

NOX4 =4 A3} Vitamin 7oA 1.12+0.15, KBG100
oA 1.11£0.152 F2lakA] 714819 3(p<0.01), KBG200
oA 1.05£0.152 5251 71431 TH(p<0.001)(Fig. 6A).

p22vher =24 A3} Vitamin ExFol A4 1.12+0.18, KBG100

200 -
==
5 1501 . * . .
=
5 I
£
> 100 1
2
©
@
g
< 50 4
0
Normal Control  VitaminE  KBG100  KBG200

Fig. 5. The effect of KBG on serum MPO activity in mice.

All data are expressed meantstandard deviation, n=8 mice per
group. Statistical significance: tested with the one-way analysis
of variance (least significant difference), *p<0.01 vs. Normal
and “p<0.05, "p<0.01 vs. Control. KBG: Korean black ginseng
hot water extract, MPO: myeloperoxidase, Normal: not wound-
induced mice with a normal diet, Control: wound-induced mice
administered with distilled water, Vitamin E: wound-induced
mice administered with vitamin E 200 mg/kg body weight,
KBG100: wound-induced mice administered with Korean
black ginseng hot water extract 100 mg/kg body weight,
KBG200: wound-induced mice administered with Korean
black ginseng hot water extract 200 mg/kg body weight.

ol 4] 1.08+0.15% rol3hAl 7H431931(p<0.01), KBG200
oA 1.05£0.07 2 SrolakA] 7+2-31%Tkp<0.001)(Fig. 6B).
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Fig. 6. Effects of KBG on NOX4 (A) and p22°"* (B) in mice. All data are expressed meantstandard deviation, n=8 mice per
group. Statistical significance: tested with the one-way analysis of variance (least significant difference), **p<0.001 vs. Normal
and “p<0.01, *'p<0.001 vs. Control. KBG: Korean black ginseng hot water extract, NOX4: NADPH oxidase-4, Normal: not
wound-induced mice with a normal diet, Control: wound-induced mice administered with distilled water, Vitamin E: wound-induced
mice administered with vitamin E 200 mg/kg body weight, KBG100: wound-induced mice administered with Korean black ginseng
hot water extract 100 mg/kg body weight, KBG200: wound-induced mice administered with Korean black ginseng hot water
extract 200 mg/kg body weight.

(A) (B)

12 18
[

0 . I _
z == ; = 12 4 ]
B - B I
2 06 2
= T 06
2 03 =3

00 00

Nomal Control VitaminE  KBG100 KBG200 Normal Control VitaminE  KBG100 KBG200

Fig. 7. Effects of KBG on Nrf2 (A) and Keap-1 (B) in mice. All data are expressed meantstandard deviation, n=8 mice per
group. Statistical significance: tested with the one-way analysis of variance (least significant difference), **p<0.001 vs. Normal
and “p<0.05, “p<0.01, and “"p<0.001 vs. Control. KBG: Korean black ginseng hot water extract, Nrf2: nuclear factor erythroid
2-related factor 2, Keap-1: kelch-like ECH-associated protein-1, Normal: not wound-induced mice with a normal diet, Control:
wound-induced mice administered with distilled water, Vitamin E: wound-induced mice administered with vitamin E 200 mg/kg
body weight, KBG100: wound-induced mice administered with Korean black ginseng hot water extract 100 mg/kg body weight,
KBG200: wound-induced mice administered with Korean black ginseng hot water extract 200 mg/kg body weight.

7. I|2 XX L antioxidant 2421 CHEHx oA 0.82+0.07 % F-2J5HA S718FATHp<0.001)(Fig. 7A).

Keap-1 =74 A3} Vitamin Eoll A 1.38+0.16 0.2 -

oAl A8 (p<0.05), KBG100ZolA] 1.34+0.212

Nrf2 274 A3}, Vitamin EToA 0.70£0.04, KBG100 FelEhA 72313 2 H(p<0.01), KBG2007-0l A4 1.07+0.24
ollA 0.7120.06 0= frolakA] 71813 1(p<0.01), KBG200 2 YAl A3 TtHp<0.001)(Fig. 7B).

1) Nrf2 2! Keap-1

8 ] Korean Med Rehabil 2022:32(1):1-19.
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2) HO-1, SOD-1, Catalase %! GPx-1/2

HO-1 =% 23}, Vitamin Ex*ol|A] 0.74+0.10, KBG100
oA 0.710.11 2§23 2718159 30(p<0.01), KBG200
oA 0.79+0.07= FolsHAl S7FsFAt(p<0.001)(Fig. 8A).

SOD-1 =4 A3}, KBG100ZlA] 0.76+£0.112 2]
3l 71319 3(p<0.05), Vitamin EollA] 0.80:£0.092 F
o)3HA 75+ 2 HH(p<0.01), KBG2007-l1 4 0.86+0.08
2 §o)5kA 27159 th(p<0.001)(Fig. 8B).
=4 A3}, KBG1007-olA] 0.84+0.082 =
7} Z43ko] Q1%1aL, Vitamin E-oll 4] 0.88+0.08 2 23}
Al F7F8F 2. (p<0.05), KBG200ol A= 0.91+0.11

Catalase

(A)

O1|

—

Bacttn|w s ;* v *'

(B)

SOD-1

2 FYsHAl S7FskaAthp<0.01)(Fig. 8C).

GPx-1/2 % 23} Vitamin EZllA] 0.91:0.12, KBG100
TolA 0.90£0.122 25l S7FFA (p<0.05), KBG200
oA 0.94£0.11 2 F2lskA] F7FFtHp<0.01)(Fig. 8D).

8. O =X| Lf inflammation 22 HHEixl

1) NF-xB %! p-lkBa

NF-xB =4 23}, KBG100T-14 1.19+0.15Z 2|35}
Al 7H=3F3 3(p<0.05), Vitamin ET-l14] 1.09+0.152
OS] 7+ .M (p<0.01), KBG200-ollA] 1.08+0.11
2 FolahAl 7H23FATHp<0.001)(Fig. 9A).

ﬁactm|-anw -hu A P M

(fold of Normal)

12 -
I

_ 09 4 - - T
: 1
2 06 A
s
b}
2 03 -

0.0

Normal Control Vitamin E KBG100 KBG200
(©

Catalase m W

-actln’w it S g e *’l

D)

12 4

I .
0.9 4 A [

Hah |
0.6 4
0.3 A
0.0
Mormal Control Vitamin E KBG100 KBG200

GPx-112 il—-c—n— — — |

(fold of Normal)

B-actlnhl_ﬂr wares S g #l

12 -

'[ *x

£l
_ 09 4 #i 1 I
@
E
S 06 A
k]
=
< 03 -
0.0
Nomal Control Vitamin E ~ KBG100 KBG200

12 -
. . xx

[ i i
0.9 A s
0.6
0.3 A
0.0

Normal Control Vitamin E KBG100 KBG200

Fig. 8. Effects of KBG on HO-1 (A), SOD-1 (B), catalase (C), and GPx-1/2 (D) in mice. All data are expressed mean+standard
deviation, n=8 mice per group. Statistical significance: tested with the one-way analysis of variance (least significant difference),

#15<0.001 vs. Normal and "p<0.05, “p<0.01, ™

p<0.001 vs. Control. KBG: Korean black ginseng hot water extract, HO-1: heme

oxygenase-1, SOD-1: superoxide dismutase-1, GPx-1/2: catalase, glutathione peroxidase-1/2, Normal: not wound-induced mice
with a normal diet, Control: wound-induced mice administered with distilled water, Vitamin E: wound-induced mice administered
with vitamin E 200 mg/kg body weight, KBG100: wound-induced mice administered with Korean black ginseng hot water extract
100 mg/kg body weight, KBG200: wound-induced mice administered with Korean black ginseng hot water extract 200 mg/kg

body weight.
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pIkBa =7 A3}, Vitamin ET*l4] 1.13+0.19, KBG100 SHAl A8k a(p<0.05), Vitamin EollA] 1.16+0.11,
oA 1.1120.18, KBG200Zoll A 1.11+0.132.2 2 KBG200011 41 1.14+0.08 2 F-2J3HA] 7+4-81tHp<0.01)
Al 7243 BHp<0.01)(Fig. 9B). (Fig. 10A).

iNOS =% 23}, Vitamin Exol|A] 1.22+0.06, KBG100
TollA 1.2240.17=2 FroldhAl 744819 31(p<0.05), KBG200
COX-2 =% A3} KBG100T-oA 1.21£0.17Z -2 oA 1.15:0.21 2 F2l8kA] 214319 k(p<0.01)(Fig. 10B).

2) COX-2 % iNOS

(A) (B)

NFxcB | o - | DAEQ |

eyl E K F ¥ T T

16 16 _—

12 T [ = 12 4 | .]'
3 | L |
2 08 3 o8 |
° °
2 04 g 04

00 00

Normal Control  VitaminE KBG100  KBG200 Normal Control VitaminE KBG100 KBG200

Fig. 9. Effects of KBG on NF-xB (A) and p-IxBa (B) in mice. All data are expressed meantstandard deviation, n=8 mice per
group. Statistical significance: tested with the one-way analysis of variance (least significant difference), **p<0.001 vs. Normal
and "p<0.05, "p<0.01, "'p<0.001 vs. Control. KBG: Korean black ginseng hot water extract, NF-xB: nuclear factor-xB, p-IxBa:
phosphorylated inhibitor of kBo, Normal: not wound-induced mice with a normal diet, Control: wound-induced mice administered
with distilled water, Vitamin E: wound-induced mice administered with vitamin E 200 mg/kg body weight, KBG100:
wound-induced mice administered with Korean black ginseng hot water extract 100 mg/kg body weight, KBG200: wound-induced
mice administered with Korean black ginseng hot water extract 200 mg/kg body weight.

(A) B)

cox2 | | inos | g v A ]

o ———— 1 —————

16 - 16 -

12 I I 12 4 ] ]
= I S [
S 08 S 08 |
= e
g o4 g 04

0.0 00

Nomal  Conrol VitamnE KBG100  KBG200 Nomal  Control ViaminE KBG100  KBG200

Fig. 10. Effects of KBG on COX-2 (A) and iNOS (B) in mice. All data are expressed meantstandard deviation, n=8 mice
per group. Statistical significance: tested with the one-way analysis of variance (least significant difference), **p<0.001 vs. Normal
and "p<0.05, “'p<0.01 vs. Control. KBG: Korean black ginseng hot water extract, COX-2: cyclooxygenase-2, iNOS: inducible
nitric oxide synthase, Normal: not wound-induced mice with a normal diet, Control: wound-induced mice administered with
distilled water, Vitamin E: wound-induced mice administered with vitamin E 200 mg/kg body weight, KBG100: wound-induced
mice administered with Korean black ginseng hot water extract 100 mg/kg body weight, KBG200: wound-induced mice
administered with Korean black ginseng hot water extract 200 mg/kg body weight.
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3) INF-a ¥ IL-6

TNF-0. =4 A3}, Vitamin ExlA4] 1.19+0.17, KBG100
oA 1.1520.160.2  F2]5HAl 7LA8}9§1(p<0 01),
KBG200-0l14] 1.05+0.17 2 F-2J8HA] 248F3tHp<0.001)
(Fig. 11A).

IL-6 =4 A3}, Vitamin E7ol4] 1.09+£0.18, KBG100T
oA 1.13+0.18% f-2o|5kA| 7438+ 3(p<0.01), KBG200

oA 1.0240.120.8 §olah] 7HasFATHp<0.001)
(Fig. 11B).
9. I XZ| L} anti-inflammatory &2 CHiE

IL-4 =4 A3}, Vitamin EolA4] 0.90+0.072 -2]51A]
Z7F3F3 2(p<0.01), KBG1007-olA4 0.92+0.09, KBG200
oA 0.92+0.042 218 Z718F THp<0.001)(Fig.
12A).

IL-10 % 23, Vitamin ETl4] 0.83+0.152 F-2]3}
Al Z7FFR3(p<0.05), KBG100-oll4 0.92+0.142
2J5HA F7F5F3 .M (p<0.01), KBG200:7-l1A4] 1.00£0.10
2 fosH 718 tHp<0.001). KBG200:72] 1L-10

(A)

IR &k

- ————

Hih

08 4

(fold of Normal)

04 |

0.0

B)

(fold of Normal)

W& o= thH] 44.93% 71890l AAE
2 Yl tHFig. 12B).

HX
CHIHEI

10. I& Z=X| LY tight junction

Claudin-1 =% A3}, Vitamin Ex*o| 4] 0.82+£0.09Z
oAl 7K A(p<0.05), KBG100-oll4 0.87+0.13,
KBG200-0l14] 0.89+0.09= 2J3HA 57 Fskth(p<0.01)
(Fig. 13A)

Claudin-3 = 23}, Vitamin Exoll4] 0.88+0.16, KBG100
oA 0.86£0.130.F2 FoJstAl F7FFR (p<0.01),
KBG200oll 4 0.91+0.06°.2 folatAl Z7}stdth
(p<0.001)(Fig. 13B).

Claudin-4 =7 A3}, KBG100T-oIA 0.81£0.07Z 2]
3 £718H9 31(p<0.05), Vitamin E-olA4] 0.84+0.122
oAl F7F8FE S H(p<0.01), KBG200-olA] 0.94+0.10
o7 fostA F71eFATHp<0.001)(Fig. 13C).

£19] tight junction D& A3 AFE B of
273 ¥lwste] KBG200wolA & F71&°] clau-
din-1 30.88%, claudin-3 40.00%, claudin-4 40.30%%= %
& A SR

L6 | |

ot ———————

i

k¥

EEdd

08 4

04 |

00

Normal Control  Vitamn E~ KBG100  KBG200

Normal Control ~ Vitamn E ~ KBG100  KBG200

Fig. 11. Effects of KBG on TNF-0 (A) and IL-6 (B) in mice. All data are expressed meantstandard deviation, n=8 mice per

group. Statistical significance: tested with the one-way analysis of variance (least significant difference),
"p<0.001 vs. Control. KBG: Korean black ginseng hot water extract, TNF-a: tumor necrosis factor-o, IL-6:

and **p<0‘01,

##5<0.001 vs. Normal

interleukin-6, Normal: not wound-induced mice with a normal diet, Control: wound-induced mice administered with distilled
water, Vitamin E: wound-induced mice administered with vitamin E 200 mg/kg body weight, KBG100: wound-induced mice
administered with Korean black ginseng hot water extract 100 mg/kg body weight, KBG200: wound-induced mice administered
with Korean black ginseng hot water extract 200 mg/kg body weight.
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B-actin | |
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Fig. 12. Effects of KBG on IL-4 (A) and IL-10 (B) in mice. All data are expressed meantstandard deviation, n=8 mice per
group. Statistical significance: tested with the one-way analysis of variance (least significant difference), **p<0.001 vs. Normal
and "p<0.05, “'p<0.01, and ""p<0.001 vs. Control. KBG: Korean black ginseng hot water extract, IL: interleukin, Normal: not
wound-induced mice with a normal diet, Control: wound-induced mice administered with distilled water, Vitamin E: wound-induced
mice administered with vitamin E 200 mg/kg body weight, KBG100: wound-induced mice administered with Korean black ginseng
hot water extract 100 mg/kg body weight, KBG200: wound-induced mice administered with Korean black ginseng hot water
extract 200 mg/kg body weight.

A ciauain-1 e A p—

B-aCTn [ ———— __,]

09 . I I
; -
E
g o0s
5
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00
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(B) (C)
Claudin-3 [ | clavon-+ [ p—

B-actn |Se———— | proctn [e—— ]

12 12

1 : 1 -
L
_os = [ _ 08 - .
2 3
£ £
g o0s 2 08
L] L]
2 o
2 o3 =03
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Nomal  Comrol  ViaminE KBG100  KBG200 Nomal  Comrol ViamnE  KBGI00  KBG200

Fig. 13. Effects of KBG on claudin-1 (A), claudin-3 (B), and claudin-4 (C) in mice. All data are expressed meantstandard
deviation, n=8 mice per group. Statistical significance: tested with the one-way analysis of variance (least significant difference),
#1H<0.001 vs. Normal and "p<0.05, ~p<0.01, and "“p<0.001 vs. Control. KBG: Korean black ginseng hot water extract, Normal:
not wound-induced mice with a normal diet, Control: wound-induced mice administered with distilled water, Vitamin E:
wound-induced mice administered with vitamin E 200 mg/kg body weight, KBG100: wound-induced mice administered with
Korean black ginseng hot water extract 100 mg/kg body weight, KBG200: wound-induced mice administered with Korean black
ginseng hot water extract 200 mg/kg body weight.
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Normal Control

YA

EP f Gl I

Vitamin E

KBG100 KBG200

Fig. 14. Histopathological findings of skin tissue section on KBG in mice. H&E, MT: x200, scale bar 200 um. H&E: hematoxylin
& eosin, MT: Masson’s trichrome, EP: epidermis, Normal: not wound-induced mice with a normal diet, Control: wound-induced
mice administered with distilled water, Vitamin E: wound-induced mice administered with vitamin E 200 mg/kg body weight,
KBG100: wound-induced mice administered with Korean black ginseng hot water extract 100 mg/kg body weight, KBG200:
wound-induced mice administered with Korean black ginseng hot water extract 200 mg/kg body weight.

XISHK
==

e
rE

s}

IH 2215 H&E 94 3 323t A3, tzarol A
1] F-9] 43 S (epidermis)©] FAA dojrom wdA
zto] LeRgth ¥HH Vitamin ET, KBG1005, KBG200
T Bl A T5e] Aul o] YRSk ghAl A
thFig. 14).

|5 224 Masson’s trichrome 48 A A}
B z20 s #EI Ay, Tl Hlshe]
Vitamin E%, KBG100> ¥ KBG200-ol| 4 T 4-2] &
3o FAZE ek YASHA 4=, KBG200
oA e ol Hlske] wPdo] A3k YA
A B4 = Ak Fig. 14).

H

ofN

ZJ-
“77‘55,_ MMM

l..

W, &4 T 2-10Y 52 A2 o] P, 4
M| E o] FO R AGTETL o] FojA| 1, wiA|Ho R
&3 5 23F5E 1d ol Bt FEHlo] o]F3te
ANFAHE T, A w1 FEEHe AHE AW, &
3] 7] 9= dAlolA AR 22 E0] FAEE B
2] o] AAFHHE T AF FEE o]oA A
freto] ZORABRE A Af7F AEH R o] Foi|
7] fEiAE FhF Agol Bastttd. J8a o)
A Aol A thekdt FAdataFo] HAE =0 g
Abs B FNAZTOFRE] NEE BEsta A

2 oxkel A3 AxHE Y-S ALY mEolA Fus
EIE FYH B, 2§ S30) FEF A YS
Ao Fjso] ¥ Aol G4} 3 9B Bl
AAE 2ol W% P FERDA mE 95 5
8o 4A Af TAE FAST

WA B 95 2ET a8 D3 21 95t
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r%i

total polyphenol ¥ total flavonoidE S35}
Polyphenol-> | 2] phenol18]E X3st= SME=
Ape] 722 FFOZ TR 2HE M 0= s &
4L 7T, o] F flavonoid= 21EolA 7 a1 T
g+ phenol SFHE-S AL Q1o] reactive oxygen species
AAsHE 2Hg-o] 7P, T3t flavonoidE 23

po lyphenol-/] 3}Aksl kg gl slad= zhg o] gylE
o|& X3 2 =& o] 83l A A Fol A-EIPD,
Mislks 4% 5 DPPH 2HtlZ 475 42 H|
A<l £ o]&3lq A=
o] whgof ofaf Zhadh= XJE% SAste] At
S7dsh= WReltl?. 18]l ABTS 2z
2 ABTS &893} potassium persulfate2]

H free radicalo] A5 &7e] W30 2

she ARE A5t s} E4e S4s= %
1T+, DPPHS} ABTS 22 275 S0l A s
Lol ER 0= FUtshE 4aA B0l kst
Q’Jﬂ%’xﬂ(ﬁgs 1, 2).

% A F2E9 7 B U A8 235
%"Pxﬂ.ii &g A3 KBG200—7L°1]/‘1 %‘Eo}ﬂl L=y
pZs

‘E‘
?5'
pi

2 X ooi'
2
o

b ol

o

OIFBEEHETEWQOFOFJ

[UlO o

ﬂl

e

]Z.oﬂ i/xl—ﬂ U:];H EHH 7015(]]
2 =7 /H )%, Vitamin E3, KBG100
T, KBG200w°] F&lstAl 7+4staial, 53] KBG200
oA T E e tig ARE FX8hs As Rl
S ThFig. 3).

g BE A FEE0 A W BAS E]lstar
2L AF Ask 2 A Y AST, ALT HALE o,
O A3 BE I FEES TS A H1st ¢l
21 0™ (Table 1), 7kl T3t k2 =xdo] Yeh}A] &bk
CHFig. 4).

WE dr FEEY 945 A E94E ERlEaA ¥
A U MPO 4<% 4319t MPO= E57 Wl
EA5t] EF2] Hlo| LrpAR A JoP. HF &
& A A BRAE 55T JEEe] saE 234 A
7 g AME A 5, SFTHoll 4] hypochlorous
acid2] AR EA5ke] 7JE sl AEa-8-S 3P, MPO
A48 =43 Azl KBG1007, KBG200T-olA £2
Al $2-g ElEkg o 53] KBG200TolA EE
k82 A THFig. 5).

_4

i

[¢]
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By o® Yeht A X] 5 AGAA
AZoNA YERATPO. A4S 3
AASL, MES] F43 olF T AE 7S oAl &
z22 A5 FEsANE HshH A|EE A7) A
A X5 A QAT NOXE= 4Hs) 3H 415 g
A Q3 wizfsleE 2 A3 B-3A(membrane-bound
complex)Z AM|ZuS- 7124 # 4FAE superoxide anion
radical (0,)Z FHUAI7]H, NOX42] EAds}oll= p22rhex
7} 3P, NOX4+= A A 5 A4k Adelolld &
Aol Qa0 w3k S5 9 thAAM 9] o]F
S frdsle] A72Re-S =P, 3522 W NOX4
1 p2ophox HFE EEL. Vitamin Ext, KBG100T, KBG200
oA FofsHAl weS Eelekion, E“l KBG200
oA NOX4 9 p22rhoxy} to} SdAkAE AS o
A= A& g8t thFig. 6).

Jga a5 22 o ksl frak del tiske
Nrf2 2 Keap-12 S35}t Nrf2 & M Zo|A] &H4ts}
e AR A 24e et gt AEERS
AR S F 5= FARIAZR, Keap-10] AEHA|
2 283t Nrf2¢} Avtete] EFAIE o] EoPH. Al
¥4 Wl Nrf2/Keap-19] &A= 4813 ~E# 2 AE
oA ZslEa, N2 3 W2 Hd9|Eo] d4akst f3
2t AARE 2Hst] AE BE 28-S P 23
& Al Ne2+= B33k 11, T ZAF QAo Al A &
8L 5t A 3 ES /TP Keap-1 759 4
+ N2E o7 A9jste] i s 24 <+ Q)
Al @b, F5 22 U] Nrf2+ Vitamin E<?, KBG100
T, KBG200ZollA frolatAl S7kshe 2l &8,
Keap-1-2 Vitamin E, KBG100, KBG200-14 <]
SHA ZHAgE iLM—s}gg\gﬁ 53] KBG200oll A &4t
3} %ﬂr‘—%'i %x%x} e = ?: SRIsHA T Fig. 7).

22%1 HO-1, SOD-1, cat-
alase, GPx-12% ?75'5}%1‘:} B AT L] AR Nif2
S} HO-1¢] 84315 Fall =44 < . &3 HO-1
< Az %Hfﬂr"ﬂ F a3 viZiA ol TFT-o
olg& ol A5 AAE FEITPO. I8l3 A A
5 ?‘H’b"lqﬁl—ﬂ' Gyl B8, HO-19] 2H-S
A A AdS otP?, SOD &3 A535HA] A4

rlo

E

o T

o

=

£

Ac)

o

o©
R

ME, m{



superoxide anion radical (0,)2] Z+EAy(H,0,)
! E(H0)Z22] WH3lE SIAITPY. 3 soDe| 4
2 SR QIR A AlE do7IH, SODE 53l
Yo E FA AFE AP, As=e 3
el asE AN EZANA vascular endothelial growth
factorg =3t AL FR¢H0. T2 4tk
slrae Holgde] S 2808 Aol H& hy-
droxyl radical (*OH)S /33l MEEAHES 7HAEE
SOD2| Zgo 2 AAE FH4telAE catalase?l GPx
o) g B Al&e a7t asith. kst B
&4-21 HO-1, SOD-1, catalase, GPx-1/2 &5 Vitamin E
T, KBG200TolM 5 FofsiAl S7kekaial, 53
KBG200-o| A &3] SVl tHFig. 8).

Oro 8 yRzz ] 945 3y oids 2451
ot} A4 AARIA] NF-«kB 2 p-IkBaS =433tk
NF-kBE =4 AARIAE, B43td dejoAe o
3 Rk AALE sl HEA AIETIR],
AR7IRI, HE A adhesion molecule)e] A4+ S7}
ANA G55 2432, o3 AR A 7)ol 4
= e, $7)de FEE FRAAE =8t A
5 PR ). QP Al th R Al 2ol A NF-«xB
= kB (F= kBo)2} 23ste] vy deolH, kB
Q14kel & 2 HolEe o3 EaEW 3 Y=
o7} &AsE . NF-xBS| €43} Asx4dd tigh
AZ2 T A Z(classical) 7 Z A NF-xB (p65/p50 het-
erodimer)+ IkBaol $417 02 245 H «Ba2l 4t
SKp-IkBa) § 3 2 FAJo] o] FolznHd). B ATt
A Vitamin E¥*, KBG1003, KBG200-ol|A B5F £-2f
SHA 2SS ERlski o n, 53] KBG200wolA A5
4 AARIAZY @A YehE RS FRIsHATHFig. 9).

aEar v 22 U 9548 viziAel coX-2
iNOSE ZA3I9th COX-2+ ol E4te 54
Z2EFSHU(FZE prostaglandin E,) 0.2 2 8H3}a1,
F4 Al EFR] 2 AR AARS ZX9THO. T2
b 279 S7kste] Zol o]2a, AlE o]F ¥

SRAA g st 2 il e] dntge] 2
JoHD. A 29 27191 5 GAlClA INOS+
AL E7RRIF A 7d1Ake] ol of3) I3o]
AT X $719] A F-2lolA iNOS 243
TH), INOSE nitric oxide (NO)2] & =

met oEl WE i
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tlo
J

ox ol ¥ ofy
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oL

i

S
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ofs

0
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B o of X
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od
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J@ 0 oox
it o (o
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S
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o ¥
o
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o
2
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2
R
<
]
=
el
R
(@)
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=, KBG200 oA B5 FolshA| thashs 2s &
3HAaL, 53] KBG200wellA 454 wiZiRIA} sot
A AFE S-S FRASHIHFig. 10).

5 220l A G54 ARIETIRIQI TNF-a} IL-65
S8t TNF-a9} IL-6= A+ 34 & 2710 34

NZE Z7HNA A AfFE ZH8HAT, 2713 £
X8| TNF-ae Aol #si7t fohh. ZdA<] 4
AH 5 ABA AN IL-6= 4F3] AP, B
Aol A Vitamin Ex, KBG100<, KBG200ol A =5
FEHA ks AS 8RIEa, 53] KBG200ol
Al B34 Aol EFIRIo] Aol 7HA HolglE gkl
stod A AR7F SRAEE Ae & 5 A Fig. 11).

S 7 220X FHF B Ao ETRI IL-49
IL-10S S35 L4+ tialAze] g4 43}
(alternative activation)E ©j7|3tH, o] M2 3o
AR X8t A AFE oZIoPd). L4+ U4
M oA olzrgolA B4 =28 B Mxe]7]d
o] AFAL FETY. IL-102 &4+ 5 Elolo] FE X

7] ©

FolM Ta3 J85 sh= A dHA o, o

=
9] TNF-o= AR AF3E A=3sta bl
=
juy A
A

23 A ZX WAUSH 35 g o E FH WA
Az T ATE o] FAAAL YT IL-102 THIE,
BT ANEZE BT dS5A Al ETRI
Ais TFAaANA FF S 2Eska A& FXI5t
AoZ GHAYUTPO. IL-10-2 signal transducer and
activator of transcription 32 &]E2 0.2 HFA4 Alo]E
7Rl At 4bsld A WS Al AP, 2
2&o) A Vitamin Ex*, KBG100, KBG200-ol| A &
T sl Atk AS Felskia, 53] 1L-109]
73-9- KBG200-ol| Al AZd<toll 71A| g3t s
Ate| E71Rlo] £X1H & ERIstAtHFig. 12).

o R2A W ol s sk d2 A5 o
% claudin-1, claudin-3, claudin-45 =A3}¥ch @
AR AL A2} A Abo]o] et B3hAl]
259 3 Ro] whojul gl Aw 7)5-& SHA AE F2,

rr

v 2t
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