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Inhibitory Activities of Water Extracts of Black Ginseng on HCIl/Ethanol-
Induced Acute Gastritis through Anti-Oxidant Effect

Min Yeong Kiml, O Jun Kwon2, Jeong Sook N0h3, and Seong-Soo Roh'!

ICOZZege of Korean Medicine, Daegu Haany University
ZGyeongbuk Regional Industry FEvaluation, Daegyeong Institute for Regional Program FEvaluation
’Department of Food Science and Nutrition, Tongmyong University

ABSTRACT Black ginseng (BG) obtained by a 9-fold steaming process of Panax ginseng has been reported to
have anti-oxidative, anti-obesity, and anti-diabetes effects. The current study evaluated the protective effect of BG
by steaming time in an HCl/ethanol-induced acute gastritis model. BG was divided into four samples according to
steaming-drying processing (Ginl, Gin3, Gin6, and BG). High performance liquid chromatography analysis, free radical
scavenging activity, and total phenol and flavonoid contents were examined in ginseng and four BG samples. Compared
with ginseng, BG showed a stronger radical scavenging effect and higher contents of total phenol and flavonoids.
To evaluate the anti-gastritic effect of BG, mice were distributed into five groups: normal mice (N), acute gastritic
mice with distilled water (CON), acute gastritic mice with 100 mg/kg of ginseng (Gin0), acute gastritic mice with
100 mg/kg of BG (BG), and acute gastritic mice with 10 mg/kg of sucralfate (SC). After 1 hour of pre-treatment
with water, extracts (Gin0 and BG), or drug (SC), experimental groups except for N were orally administered 0.5
mL of 150 mM HCI/60% ethanol (v/v) mixture. Blood was collected 1 hour later from the heart, and gastric tissue
was harvested. Reactive oxygen species (ROS) levels were measured in serum, and related protein expression was
examined by Western blot assay. In HCl/ethanol-induced acute gastritic mice, treatment with ginseng or BG improved
mucosal damage in the histological evaluation. The serum ROS level significantly decreased in the BG-treated group
compared with the CON group. Furthermore, expression of inflammatory cytokines significantly decreased in the
BG-treated group compared with the CON group. Based on these results, antioxidant and anti-gastritic activities of
ginseng were enhanced by streaming-drying processing, in part due to an increase in biological active compounds.
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Az Azd] AFER A= A7 % o FA] FEUSelA
i 6\ 3 =2 (Panax ginseng C.A. Meyer) 2.2 2013
W 120 #2E 3E ARSI WAHGIn0)S A ek
oL ey "ol A s WA AlGA dE7](ACE
Machinery, Seoul, Korea)E A}&3ste] =& kg 15% 1)
Do 2 AZE T, SAL T T4 S E7](ACE
Machinery)& AHg-3ste] S5k 90°CollA B = 44174
TS Aol AFEg St S5 A JA S 13
(Gin1), 33](Gin3), 63](Gin6), 93] (BG) Ald3s}o] AF-&-313]
th gt S5 SA A REY FES BV S

A& 5 gdll /T 50 mLE ¥z, 100°Cel| A 3AIZHY
251 & 253519 0 Kimble- flltermg flaskel] funnelS-
F&35Fal o 7 x](Whatman No. 2, GE Healthcare, Arling-
ton Heights, IL, USA)E AH&3to] F+EES o343 5
AL vg] e §7]ol Yol 45~50°CE] F2ol A ro-

ol
o

tary vacuum evaporator(JP/N-1000X, Sunil Eyela Co.,
Ltd., Gyeonggi, Korea)E Al&3to] Hbss: & s40x
SFal —20°Cel| H.#ste] ARg-skgltt

AlS
=

oo

3=
ICR miceA9] 638 43 30n8]E 27 E (Gyeong-

gi, Korea)oll Al T-¢38le] 159 Eo 2

71 3 Ao A}gEYT.

tional systeml & &% 22+2

T2 Z4-s9T Als

2 1247 = 1A E(2dwd
22.1% ©1’4, A% 8.0% °lst, &2 F 5.0% °ls}, &3]+
8.0% °l3}, Z4 0.6% ©17d, <1 0.4% ©], &AA F3H 7k
Samyang Corporation, Seoul, Korea)9} 58 83 &3
stk Ag2 gt isty FEA3 SEHYs S
1(DHUZ2016-022)= 4ol Aldstglov] gaate] 45
R A=

M2 BN

HPLC Aol ARggt o] 542 A: water(0.2% phos-
phoric acid)®} B: acetonitrile(0.2% phosphoric acid)<
gradient® AF&3}e] &7 &7]2 < 1.0 mL/minel A
Z+4)e Xbridge™ RP18(5 mm 250%4.6 mm, 5 mm), 23
2= 40°C, UV detector(Waters 2998 Photodiode Array
Detector, Waters, Milford, MA, USA)+ PDA(203 nm),
THFS 1 mLE AT

DPPH radical &7 &M =3

FZ3 AR 9| free radical 2459 54 $13] DPPH
WS o] 835} tl. DPPH(1,1-diphenyl-2-picrylhydrazyl)
Sigma-Aldrich Co.(St. Louis, MO, USA)ol| A -1l 3}
S SRS 2E L-ascorbic acidE AFEEQTH 7}
AEE sEEE 4% &9 100 mLe 0.2 mM DPPH
4N 100 mLE &3} 37°Coll A 3087 o4 e ol A
HESAIZ] 3 517 nmoll 4] &3 =5 =433 th DPPH rad-
ical 271 A4S A EE HIlekA] & a3 AR A7t
o FHAEE 1/28 JASHE 1Cs gt YERATH

Rl

ABTS radical &7 &M &H

Ao A8%E ABTSI[2,2'-azinobis(3-ethylbenzothi—
azoline—-6-sulfonic acid)]¢} potassium persulfate:= Sig-
ma-Aldrich Co.olA Fujsliar, FAHELOZE L-as-
corbic acid& AHE3ISTE 7 mM ABTS €43 2.4 mM2)|
potassium persulfateE Z3ste] 229 o4 AJefol A oF
16A17F o4 WFA]3le] ABTS S &A1 5 734 nmoll Al
EF% ko] 0.70£0.027} EAl absolute ethanolZ 3]4] 35}
Atk 4" & 900 mLol A& 100 mLE 7138t 18
T WA & FHEE SAHSUL 4 AR FEEY

gz 2 AL AN EE A7 2 dzaet AR

AC)
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4] & o] phosphomolybdic acide} WH-&-3Fe] A
5 = Folin—Denis(20)H & °©]&3le Z74313
Z+ A& 25 mL(1 mg/mL)9} 10% Folin-Ciocalteu's phe—

nol reagent 500 mLE &%3te] Ao 587 vk 7]
ot 2 ¥ 10% sodium carbonate 500 mLE tl&}4 30°C

oA 90 EF WA ThE 725 nmol Al 53 = (Multis-
kan Spectrum, Thermo Scientific, Waltham, MA, USA)

= SA Y. FHE 52 gallic acid(Sigma-Aldrich
Co)E BEAR o)} T2 WHlog Z4slo] A% %
T2 HE TS Tkl

i:E}EL—_OI 9] 5 F42 DavisH(21)S W3 W

> ] & 300 mLell diethylene
glycol 600 mLE Z 4ojF &, o] £3+&<] 1 N NaOH
6 mLE 7}sle] 37°CollA 1A17E 5oF W] 3k U2 420 nm

i
ECONR
>

A FFLE FAsIT. olu FEeE ot e
naringin(Sigma-Aldrich Co.)& ©]&38lo] A3 HF==

Hozny #2e Faod.

2dE RY S=E 4%

APFEL 73 6vtey 5502 o] A4S 113
ATk FAAG 2 A 2447 B AAEglon B
Agatdct A3 G Gl & o HAE 514
o, dE(CONE T/FFE 475 3L, &
AT (SO = FHAAZA FHAlel oJgt 45tE S

st 1 2 9 HY B3I g¥7F A+ sucralfate
(Sigma-Aldrich Co.)E 10 mg/kg body weight?] &
ATFE 39t Gin®g BG9E 77 100 mg/kg body
weight® A 7-5Fo] 3h3lvh. Fof 1A2F § 150 mM HCI3%
60% ANEeS AL 895 0.5 mL A5 33, 123
% isoflurane(Sigma—-Aldrich Co.)2.2 &Y v} % /&=
ste] Aol A st ¢ A& AEsTh

A Hob &dE £H

HES 9 23S Fog uAHT S, Fe yxd 7
ZHDSC-HX50V, Sony, Tokyo, Japan)Z o]-&3}o] &3}
Gt =49 9 F% 54L& i-Solution Lite(Innerview
Co., Gyeonggi, Korea) 21 & o] &3lo] A4 &4 F
o] A S SAT 5, o A WA vste] kel
g &4 vEE 2SS

SioH

e

OHO| MBI AEDA HiO|20OH &
Ao A Qe gAS 4000 rpm, 108 5o A&
Fod A4S AJrk ROS =48 A3 25 mM 2',7'-di-

(<0

35 3 ¢4 an 1251

chlorofluorescein diacetate(Molecular Probes, Eugene,
OR, USA)E &S F, ¥4 F=AE o] &3to] 0ETH
] 534 354 3F emission ¥ 530 nme} excitation 37
485 nmE ©]&3te] 303 S A= S AeEith

ONOO™ & Kooy 5(22)¢] A5 °]&3to] FA43k3drh.
z} *‘E%% pH 7.42] rhodamine buffer®} 5 mM DHR123%}
A& F 57 37°CAIA EEOlE Ty 584 3581
emi551on 3} 535 nme} excitation ¥ 480 nmE °]&
slo] 30%3F ST A& s Askldh

2| == western blotting

A 249 Mxds 47] Y8 100 mM 2-amino-2-
hydroxymethyl-propane-1,3-diol(Tris)-HCl(pH 7.4), 5
mM Tris-HCI(pH 7.5), 2 mM MgCly, 15 mM CaCly, 1.5
M sucrose, 0.1 M dithiothreitol(DTT), protease inhibitor
cocktail® # 7}t buffer AE Y3l tissue grinder(Bio-
Spec Product, Bartlesville, OK, USA)Z &3 & 10%
NP-40 &4 #7}stGltt. ofo] 2 9ol A 2087 XA
71 T2 287 4472(12,000 rpm, 20 min, 4°C) 3}
AEAS X3 Y= ATHS T80 9E 47
913 10% NP-407F 18§30 buffer Aol 5 ¥ &3 100
mL2] buffer C(50 mM 2-[4-(2-hydroxyethyl)-1-pi—
perazinyl] ethanesulfonic acid(pH 7.9), 50 mM KCl, 0.3
mM NaCl, 0.1 mM EDTA, 1 mM DTT, 0.1 mM PMSF,
10% glyceroDE #7tal A/ A2 H 10% vt} vortex
S 39 Skt 4°Cell A 12,000 rpm e 2 10%-7F 94122
T WS X3 A= ATHE Pol -80°ColA HF
Bastt 9 24 AlZ A9 inducible nitric oxide syn-
thase(iNOS), cyclooxygenase-2(COX~-2), tumor necro-
sis factor(TNF)-a, interleukin(IL)-6, B-actin ¥4l 2 o]
HEs A7) 915k 10 mge] @M AE 8~15% SDS-
polyacrylamide gel& ©]-838}9] #7195 &, acrylamide

r2L'

gelS nitrocellulose membrane &2 o] FA| At} 1] FH
membraned] Z}2te] 1x} antibodyE A 2]3}o] 4°Col A
overnight A1 t& PBS-TZ 6&vlt} 53] A& slar, 2+z}
Ag)g 124 Ao AFgEE 22 &A(PBS-TZ 1:3,000L.
2 3| MM AHE)E AFEEEe] Aol A 1A RESAI $-
PBS-TZ 6&vtth 53] A3t Z228]3 enhanced
chemiluminescence(ECL, GE Healthcare)dl ==A]71 &
Sensi-Q2000 Chemidoc(Lugen Sci Co., Ltd., Seoul, Ko-
rea)ell 7H3AA dild dd S 1% v, dF bandE
ATTO Densitograph Software(ATTO Corporation, To-
kyo, Japan)E A-g&3te] HSFA o)

SHE2M

In vitro®] FX & 3 EFAXE, in vivod] FA =
P47 FEoAE FASIF S, SPSS(Version 22.0,
IBM, Armonk, NY, USA)E A}8-3}¢9] one-way analysis
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Table 2. DPPH and ABTS radical scavenging activity of ginseng
and black ginseng by steaming-drying processing

1252 AN - AL
Table 1. Comparison of composition of ginseng and black gin-
seng by steaming-drying processing (mg/g)

Gi i Samplel)

SENOSISE TG0 Ginl  Gin3  Giné  BG

Rgl 0.846 0934 0574 0235 0.077

Re 0.386 0.347 0.218 0.099 0.033

Rf 0.266 0.258 0.205 0.148 0.150

Rb1 1.368  2.474 1.855 1.116  0.714

Rg2(s) 0.049  0.039 0.071 0.087 0.115

Re 0.513 0967 0872  0.535  0.320

Rg2(r) ND?  ND 0.021  0.028  0.039

Rb2 0.291 0.713 0.538 0.341 0.240

Rb3 0.452 0.179 0.108 0.058 0.042

Fl1 0.046  0.067 0.073  0.038  0.025

Rd 0.063  0.18 0.175 0.140 0.129

Rg6 ND ND 0.110  0.179  0.270

F4+Rk3 ND 0.020  0.092 0.153  0.239

F2 ND ND ND ND ND

Rh4 ND 0.031 0.084 0.108 0.432

Rg3(s) ND 0.025 0.119 0203 0401

Rg3(r) ND 0.010 0.038 0.081  0.165

CK ND ND 0.004  0.004  0.006

Rkl 0.046  0.042 0316 0.572  1.096

Rg5 0.034 0.099 0.875 1.712 3.364

Total 4.378 6.390 6.348 5.839 7.859

YGin0: dried Panax ginseng without processing, Ginl ~ Gin6:
dried Panax ginseng with heat processing, BG: black ginseng
by steaming-drying 1~9 times.

“ND: not detected.

of variance(ANOVA) testE A A3 & Tukey multiple
comparison test® A}SAZES A dsle] o+ 7Ho] oA S
SAsth 7t 79 H Aol gigt FAA F8S 5%

Fo A #5389t Student's paired t-testE AF&-3}o]
Hﬂﬂ‘:}ﬂr o2 & 1 SAA F8E SA3ATHIKO.05).

Eato] AR B4 AyE Table 19 YEFHRATE Gin0<

< 4.378 mgo. & YEbRaL, BGY §EFS 7.859
mgoi ‘/lrE‘rkkE}. A E 7tk FAELS 35HAQ1 W3t
sts S7HA71E Ao deiA glor
(23) KlmJJr Kang(14)«] ATl o3t F=ell 93 gin-
senosides?] o] F7les Ao B o] e, &
A+ Aot AT

DPPH 2! ABTS radical £A7{ M =X Zu}

Table 204 Zxlo] 8kxtsl A4S H7lslr] $54¢]
DPPH radical 27 @4<& =43 A7 SR TO=Z A}
2% L-ascorbic acid®] ICs #2 1.58+0.02 pg/mL 2L

Gin02] ICs0> S5k W9l wiellA =5+ &gker, Ginl
9] ICs0 1,843.73+15.31 pg/mL313L, Ginl¥} H]aLs}e]

DPPH radical ABTS radical

le”
Sample (ICs0, pg/mL) (ICs0, pg/mL)

L-Ascorbic acid 1.58+0.02% 3.75+0.09
Gin0 ND? 691.57+85.53%"
Ginl 1,843.73+15.31" 1,084.19+100.23"
Gin3 326.9245.57° 155.55+1.60
Gin6 446.47+5.92" 178.32+2.87
BG 299.43+3.19% 144.64+3.96

YGin0: dried Panax ginseng without processing, Ginl ~Gin6:
dried Panax ginseng with heat processing, BG: black ginseng
by steaming-drying 1~9 times.

YAl values are mean+SD of three replications.

ND not detected.

*“Results were assessed by one-way ANOVA followed by Tukey
multiple comparison test (P<0.05).

"The Student's paired t-test was carried out to compare with the
L-ascorbic acid (P<0.001).

Gin32 82%<] A a77F dANe, Ginb> 76%, BGE
84%= 7HE ¥& AAES HATHIX0.05).

ABTS free radical 27 42 543 éﬁr L-ascor-
bic acid®] ICs &< 3.75+0.09 pg/mL% 31, Ginle Gin0
3 vlastel AAEe] FHAs o, Gin3e Gin0 Hl
&t 78%, Ginb 74%, BGE 79%2 Al &o] Walslitt
(/<0.05).

DPPH$} ABTS free radical 24 &4 54 23 B5F
BGAA 7HE =2 JA&ES B, 5 39 S
st e S S7MATIE em AZgit. o]
Table 19 A& &4 Ayt X gt 14 4
A=A 33E 2 ginsenoside® i, 4L}
A4S Yel=d(24), 53] ginsenoside: free rad-
ical 27 &4 F7HE B3t Ak Ao vEdt
Hawo] Juh(25). & A+ A¥ BGollA 7HE %2 DPPH
S} ABTS radical 22715 0] &JAHAL, S5 34 T LA
sk AT e WUl =2 ks @44 S vEd AR
Ay 7y gy,

Table 3. Total phenol and total flavonoid contents of ginseng

and black ginseng by steaming-drying processing (mg/g)
Samplel) Total phenol Total flavonoid
Gin0 2.90£0.02°” 1.21x0.01°
Ginl 3.79+0.02° 1.30+0.03*
Gin3 19.57+0.04° 5.68+0.02°
Gin6 14.02+0.13° 5.28+0.02°
BG 20.12+0.04" 9.43+0.05"

YGin0: dried Panax ginseng without processing, Ginl ~Gin6:
dried Panax ginseng with heat processing, BG: black ginseng
by steaming-drying 1~9 times.

YAll values are meantSD of three replications.
*“Results were assessed by one-way ANOVA followed by Tukey
multiple comparison test (P<0.05).
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Table 3914 FHE FZ&
4%t 43 Gin0¥ BGe Fd= ?EL % Gin0#} ®]als}
Ginl€ 1.3¥9] &71E B3, Gin32 6.78), Gin6< 4
Hl, BGE 6.9419] &% F7HE YERATH(K0.05).

FEYH o= 'S Gin0F H|sle] Ginl2 1.1
Hl, Gin3-> 4.74), Gin62 4.49), BG: 7.891¢] ¢+ Z7}
S YER ATHXO.05).

H=3t8E 9 hydroxylZle frel71¢] &A= FA
Al @A 5 ARE Fel7lEe] HSE =S A9 }04 2k
oA Zes g Aoz dEHA 9o A4 free radi-
cal W& A8 wmaht WS oddtta Bauso] v
(26,27). 2A4kell stf% H&L gallic acid, ferulic acid,
protocatechuic acid s°] 92oH, FHRx0]=% nar-
ingin, catechin, quercetin, kaempferol 5°] v} H.iL
Hol Jrh28). Kim 5(17)9] A7l st S5t gk
FEEY T5 5ol upe Hmo g U dAks) ol
F7ksI o, Fate] T Sl wef dlsAtke] I Ut
o gz &7 Edo] Frhe A7t HiEoe] e &
Aol Aaw o]ek UAFHTH29).

2 AP A 93] S5k FA4ke] A9 HEmd EuE o]
o] geko] F7telglaL, FAkse S WUhe A3 e o9}
I gt wekA A4S F5S B3l E8% Wl ofy
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AARE Ao 9 A

o A% wH 9
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= 2,451%+156 fluorescence/min®. = N+(1,634+181
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HCl/ethanol-induced
acute gastritic mice

Fig. 1. Gross appearance of stomach tissues in HCl/ethanol-induced acute gastritic mice. The mice divided 5 groups were N, CON,
Gin0, BG, and SC, fasted for 24 hours. The CON, Gin0, BG, SC were administered each sample, after 1 hour experimental groups
except for N were orally administered with 0.5 mL of 150 mM HCl/60% ethanol (v/v) mixture. 1 hour later gastric tissue was
harvested and took pictures. All values are mean+SE (n=5). (A) N, normal mice, (B) CON, HCl/ethanol-induced acute gastritic
mice with the administration of distilled water, (C) Gin0, HCl/ethanol-induced acute gastritic mice with the administration of 100
mg/kg ginseng, (D) BG, HCl/ethanol-induced acute gastritic mice with the administration of 100 mg/kg black ginseng by steaming
9 times, (E) SC, HCl/ethanol-induced acute gastritic mice with the administration of 10 mg/kg sucralfate, (F) gastric mucosal injury
area. ND: not detected. Different letters (a-c) above the bars show a significant difference at P<0.05 as determined by one-way

ANOVA followed by Tukey multiple comparison test.
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Fig. 2. Effect of black ginseng on oxidative biomarker level of stomach tissues in HCl/ethanol-induced acute gastritic mice. The
mice divided 5 groups were N, CON, Gin0O, BG, and SC, fasted for 24 hours. The CON, Gin0, BG, SC were administered each
sample, after 1 hour experimental groups except for N were orally administered with 0.5 mL of 150 mM HCI/60% ethanol (v/v)
mixture. 1 hour later blood was collected in heart, measured ROS and ONOQO'. All values are mean+SE (n=5). N, normal mice;
CON, HCl/ethanol-induced acute gastritic mice with the administration of distilled water; Gin0, HCl/ethanol-induced acute gastritic
mice with the administration of 100 mg/kg ginseng; BG, HCl/ethanol-induced acute gastritic mice with the administration of 100
mg/kg black ginseng by steaming 9 times; SC, HCl/ethanol-induced acute gastritic mice with the administration of 10 mg/kg sucralfate.
Different letters (a,b) above the bars show a significant difference at P<0.05 as determined by one-way ANOVA followed by Tukey

multiple comparison test.
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Fig. 3. Effect of black ginseng on inflammatory factors of stomach tissues in HCl/ethanol-induced acute gastritic mice. The mice
divided 5 groups were N, CON, Gin0, BG, and SC, fasted for 24 hours. The CON, Gin0, BG, SC were administered each sample,
after 1 hour experimental groups except for N were orally administered with 0.5 mL of 150 mM HC1/60% ethanol (v/v) mixture.
1 hour later gastric tissue was harvested and through the cell protein in gastric tissue, analyzed to inflammation-related proteins.
All values are mean=SE (n=5). N, normal mice; CON, HCl/ethanol-induced acute gastritic mice with the administration of distilled
water; Gin0O, HCl/ethanol-induced acute gastritic mice with the administration of 100 mg/kg ginseng; BG, HCl/ethanol-induced acute
gastritic mice with the administration of 100 mg/kg black ginseng by steaming 9 times; SC, HCl/ethanol-induced acute gastritic
mice with the administration of 10 mg/kg sucralfate. Different letters (a-c) above the bars show a significant difference at P<0.05
as determined by one-way ANOVA followed by Tukey multiple comparison test.
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