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Antioxidant and Safety Test of Natural Extract of Quercus mongolica'

Ji-Young Jung’ « Jae-Kyung Yang® -+ Won-Hee Lee*!
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ABSTRACT

In this study, natural extract of Ouercus mongolica by steaming explosion treatment were tested for antioxidant ac-
tivity and safety. To determine the antioxidative properties of the hot water extracts, experiments were carried out by
dividing into four groups (10 mice per group) of four-week-old B6C3F1 male mice from Air Logistics, Japan. As safe-
ty test, cell viability test, oral toxicity test were done. The activity of peroxidase was increased by more than 29% in
the group treated with hydrothermal extract. From 4 kinds of safety tests, toxicity was not observed. From ex-
perimental results, natural extract of Ouercus mongolica by steaming explosion treatment showed superb safety and an-
tioxidant effect.
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AZURE 23 639 R SeveEt
32 2Ql FGgoltt. o A= Bhdol e A
omul arelA obEA AFGEA ohshu %ol

W Ale] WX 2 A o] o] Hlo] STk AopelA]
< oFE HE7IY bl Al Aol Huhre] e
PESHAL A 2380 At Ot o
23 2727 A5 X FH(Nedamani er al., 2014),
o

gjubel AoFy o= obH e H7FER AT 217
WA Qe B AEolu oF AR ¢
QA FRk AAolh. AR Ee = o
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(Heber, 2001), & FrofAtPEo] WA A =2
20|31 QITIARC, 1991; Inoue et al., 1998). 23
2ol 3 Zzole ghyolN Fuasel AEEAT
gl stel)71 o] SWEA erokeh.

7 W A5 25 matrix metalloproteinase
(MMP)o] digt Apo] Aleix] AsjAle] gal 9 g
4 designe] <77k S| ARE L glon, sty
oz AE AfAL} dAEzRE E2E AsiAl
O A Y B Y AP A= MMP A8 A7t
o] A=ol qlolA MFaL Fdet A8A7E E 5
S-S HoFa QIti(Wang et al., 1999; Kondo et
al., 2002; Haas, 2005; Malemud, 2006). A]&°]|1} 1]
AE Y HAAE=HE 2 F/F MMP A7}
gaEo] Jid Fol AAT mA AR/ §l
oFghe}, 7Rt Al 54 wjZo] A=mofo s i)
7= B2 EAR ] ek 7129 MMP AsiAl=

ol TRAIHIL Stk & S, turdolA 5
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3 v HE= A2 Fuk-180 (Sarcoma-180)0] o] 4]
o AR ] B3l mutAld], o]gh FFdA oF
B2 A 55 W= 3 wegSAay
off 7]QlskH, 53] YAt AlZHo| EAsh= o
ol 2ol Fash Zow deA UriMaeda er
al., 2003).

ol of|FAE THw AES STl
(host-defense activity)®} EFA]A]| 3 (macrophage) 24
& =AFoZH  WA=7H(immuno-potentiating) 7}
)982 A (anti-tumoral activity) S YEH|+= Ao =
B 7}t (Cuperus et al.,, 2013; Lee et al., 2016;
Olefsky, 2009; Kim et al., 2012).

B 2 e AER 0 2A vho] 2 Axfe]
BB ARASE o PO RN EhHe]
ol Slth. ABIIA ol LouiA] Aol Fa
st oet AAEe) o WHew olgEo] g
(Cara et al., 2006; Sheehan et al., 1999; Jung and
Yang, 2016; Huang et al., 2015; Sun et al., 2014).
olo} o] & W3} AFE sl A9 F57] Z2f A
PEe T o] ATt MEA $ERYY 23
Ha AARRE g @ vhole sha AkE
e Bl Agmos gl AHY sl 59
shuEAl Hs 2HEo] gtk o7IAe sty
2 AR el &gt HA o] ARASIE o] 23tH {7
Aoy #is4t BiRtbE, ©rdkET A SEE
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2.1. SAM=
T4 U 6% FOIA B AT
F= A Zj_L]—TXH(QuerCuS mongolicayE
A= 712 M27F 2F 2 em x 5 cm, T ¢
Aol F Az AlA ‘x‘ﬁlw o] =
= 2] Am olgs
1 % neel
3718 o)
1 A

JHJ

=50

==Ne}

[SRRES

[0

AA A7)

Hol 5

2 gtk of B4 HE 2
C—J 271004 FHA ST v
200 %‘—349—] 2ol Yol 308 Bt eEdoln &
o B FESH] FEFSEEA A ATt
oAtk S4 Aglol AHEE AEL AAae FuE
 A|3E2] HASMC (Human aortic smooth muscle

cells) B AMEBLgOm, ERFl0] BE Bl o

B AUSY SRS e N AEEES o
. Air LogisticsA9] 458 B6C3F1 <=7 FFHZ 3+
% wjole AwusAE Boto] FUstel oA T

(12 10vkeo @ thipol s ARE shech

2.2, MotxE 3 MY
4" AN 2E2E FEES FEAX
=, —E—JHOPOq 50 mM PBS (pH 72) —H o4 A3}
s -,—1 4, 15,000 xgol|A 2087F ¥4 E25t3ct.
3 Sample 5 g& F5}¢] lOHHEkA MeOH=E 7}3}
Ojl 70T oA 3A1ZE Bt 7H M Eske] o Tk(F o]
7] No. 1)3F1L ofo) g mo} 7ol & Hersto] Al

ol ARgsht:. Aol ARgE A= A &
g2 Hl22ql HASMCE ARE-5H3 2. H(Moon et
al., 2003), HASMC 10% FBS (fetal bovine se-
rum), 2 ng/m¢ human basic fibroblast growth factor,
0.5 ng/m¢ human epidermal growth factor, 50 pg/m¢

- A7

- o] 913

gentamicin, 50 pg/m{ amphotericin-B, 5 pg/m¢ bo-
vine insuling F7}sk v x| oA wljokslgict

HASMC A|Zof] it A|29] ANZzF4 ade
XTT kit (XTT 11, Boehringer Mannheim, Mannheim,
Germany) (Ha et al., 2004c)2 ZA3}Hch A2
96-well culture plateoﬂ/\1 2A7F ok 1 x 10* cells/well
DMEM& Hjoksla Zm2 10, 50, 100,
250, 500, 1000 pg/m0e] HE & 3|Aste] 3AH T
o2 ol AHsiith. 7243 £ 50 09 XTT
3l -g-M(sodium 3’-[1-(phenyl-aminocarbonyl)-3, 4-

oﬂo 0,

tetrazolium]-bis (4-methoxy-6-nitro) benzenesulfonic
acid hydrate N-methyl dibenzopyrazine methyl
sulfate; 50 : 12 &3HS A7}5laL, 44)17F & 490 nm
o 4] ELISA plate reader= Z=7435}3ct A2 33]
W =gdoz AT

OHIH Sk

24 0|Fs A& L A = M|=0f|

het £

|.E_|'

==
a0 o

0]F% Al¥-& Matrigel migration assay WHO &2
S} Ha 5(Chung et al., 2004a and 2004b;
Ha et al., 2004c)o]] 2Jst "oz Adsigon,
Matrigel-Z &% filter insertsE Bcton-Dickinson (NJ,
USA)ALS] 24-well invasion chamberso]|
HASMC (5 x 104 cells/well) A|22E dA=Fo 2 1)
FAIZ] T, TNF-Z2] HASMCE 24A17F v 5 o]
7] =0, 50, 100, 250, 500 pg/mO)E 2] 3, 500
me2e] uvjoFolE invasion chambero] X7}t
INF-Z Ui A& A2etA] b2 Al xdto=
ARS8 3L Matrigel invasion chamberE 37C, 24A]
7k, 5% COxol A H-235k3itt.

FEFZHY A FHEEE AEZHASMCO)
3t 442 HASMC cells (5 x 10* cells/wel)S 24
A oF 96-well microplates® 5325 (0,
50, 100, 200, 500 p@/mg)ol|4] XTT cell proliferation
assay kits ARg-8lo] 243}t 5 x 10* cellsS 24
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A2y FEe9

4y

AI7F 352t 96-well microplates (volume 100 ¢/well)u}
AoflA ofg 7HA] FEO $EFE(0, 50, 100,
200, 500 pg/m@)o= 2| & HL3FC}. A EF
oF TrAl szl thEt Alsz=/d 2ARE fIRE Al A&
2 9] A3ll= modified colorimetric assay (Mosmann,
1983; Sua et al., 2007)°] 9J3)] H71Ect Fe=
Multiscan F=A(MRX II, Dynatech, McLean, VA)A}
4] 590 nmollA] mlo] Az Belo]E TEs| 27
sheict.

25. $2EEMO| MMP-9 HatEl™

zymography=d
& AgoA+= gelatin zymogaphyE ¢k W3 s}
o] MMP AlA| gMof| o]g3tdcy. WA acryl-

amide A A|2A] 7129l gelating 1.0 mg/ml ¥ 7|3t
2o A W) SK-HeplAE B Wikl SDS
A& $38o4% SDS, 125 mM Tris-Cl (pH 6.8),
10% glycerol) 2.2 7]%9%3t & Triton X-1000] &
3HEl 50 mM Tris-HCl (pH 7.5) 95-gojo g 305
7+ 23] AlFste] SDSE A|AZE & zymography &
incubation £+&8-9(50 mM Tris-HCl (pH7.5), 10
mM CaCl,, 0.01% NaN;) 0.2 2057+ ThA] A H51%
t}. g $=EFEH3} zymography-8 incubation €+
&AL TFete] 37ColA 20/%F viFE the
gel2 2.5% Gel2 0.1% Coomasie brillient blue2 &
WA F 2Asto] gelatin o] WAaHA Aok
B A MMP AsiA| B40] 9 Ao Wiy
t}. MMP-9 #4-8 Ha S(Demeule et al, 2000;
Chung et al., 2004b; Ha et al., 2004a)2] WHo =
SEZZHO g0, 1, 10, 50, 100,

500, 1000 pg/m@) AA|SFAC).

A AEFaL
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ovtel) oz Lol
1203}, 1) AYLe &2 &
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ox
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ook

Mkehd

I AbETEe 2 ARSI A2t (o8t 29 ABF
2 17.5 mg/Kg2] H]- &= DEN (N, N-diethylnitroso-
amine)& & 23|14 83Xt B} FARSIGAL o]Fof
1235 o AR thgol AR g o R &alsto]
Aoietd HAME AAsked o]&skqitt. A3T
I3}, 31 ASHE g5 EFEHE =0 3
A15}04(500 ppm) At=et Al ARSSFRLAL, A4t
(oI5}, 434> DENZ 857k E7F ARG o] 955
G4 pEFEFANE =0l 345t AlRS T
ARSsEGITE Alst(elst, 5t DENS 57 FA)6)
WA = $EFSWN} AMRE ARSShe 208 &
Foto] A5kt
Glutathione peroxidase= AJA| WollX A== 2t
ABteas 22 BHESE I Holsks mdhol
™, Glutathione peroxidase®] BAJEL o] Fho] <
3l A4 oxidized glutathione (GSSG)©] glutatione
reductase®]] 2]&} glutathione (GSH)S.2 E|o] UA

470] GSHE §208 1, NADPH} AFstel= 212
Aot om0 44 WEe e g

0.1 mM EDTAZ 3+835t= 0.1 mM o4l 9F
=GN (pH 7.0) 0.5 m(e} glutathione reductase 0.1
mg (0.24 unit), 10 mM GSH 0.1 m¢ 12]3l A]& 0.1
m(E 35k o] Zg-gNo] 1.5 mM NADPH
2 0.1 m¢E ¥il 12 mM cumene hydroperoxide
0.1 m02 7}3k0] 340 nmol A 557} SLwo| 7Ha
£ SAIE 145 58l 1 uMo] NADPHE 4R}
A7l 540 & 1 wit2 sk3lch
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Fig. 1. Effect of wood extract on cell proliferation
and toxic effects on HASMC cells.
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o4

25F
A
o

gul} vz oy S B

smzzoo] A} EWPAD A|EHASMCO)O]
3 EA4E kitS ARESFe] HASMC cells (5 x 10
cells/well)E 24A]7F 52QF 96-well microplates® =&
2250, 50, 100, 200, 500 pe/mo)ol|A =33
A, 22E00] A FUHIT AEHASMC)

of et 4L srolEdon AEEAel A
SATH(Fig. 1). ol B uje} o] AEAELL

FES R W

5% #2009 St Fobol utel thaol uls
Waste APS myon, sEIZoY Hwrt

200 pg/meol A =] oF 80%7hA], 12]il o|X
o 2.5 B w2 500 pg/meof Al tiz=me] oF 60%
T gags & Aok 2By & 5
< A SHEET A ZMHASMO)| il (1C50 >

500 pe/mO)EER =48 Ueho] E4o] wjeksl

- A7

- o] 913

TNF-a.
wood extract (ul/ml)

Fig. 2. Effect of tree extract fraction on MMP-9
Activity in TNF-treated human artery smooth muscle
cells.
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LA (vascular smooth muscle cells
(VSMC))<] F53 matrix metalloproteinases
(MMPs) 4352 Fui7ste] 28 9lot &
AtNA = FEFEAY dBAAST A5
B3 9le-S SASHA TNF-2 8E A5
HE LA Z(Human Aortic Smooth Muscle Cells
(HASMC))9] o]5=5, MMP-9gH4dof| thgt AA1EdS
AESIH L} Zymography= HASMC cellso]] TNF-¢2}
(0, 10, 20, 50 po/me)yS F71sto] A9
.
MMP-9 A2 & HES A3, Fig. 20 YRS
=o|, £EFEE9 F=7F 10 pl/me7}F 50 p/ml=
Z7katol Tebd BE elEH R MMP-9 TS ©f
AT BT 4 AATHICS0 : 24 gml). FB2E
o2 o] o]4fe] FEOIAE MMP-OTHE Z-eloi
Asetol AEZAL ulokshE A MMP-9ZYL et
A Ak
Fig. 3o Uetfiglzel, det ¢te s
7t EREO B OEA0R 27 FATHICS
= 22 ugimo) A3E vehow, | Akt
TR A e-olise ANHOR o
o 2RIsith EFEEY F%7F 100 pe/meo]
A control®] oF 40% ¢=FEO 8 TAsle Lk o9&
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Fig. 3. Human arterial smooth muscle cell migration
ability test.

oFel ANEZE=AS YERYQITE. gelatin zymography
Ho g o]s R HIlo]| tfdF matrix metal-
loproteinase (MMP)-9 ZAo] ot A =E HESH
23}, TNF-ax2] HASMCi= A|3zo]a gHdo] o
SH= MMP-9& Hulalgon £E2EAE of fk
g Jobl ASAT $EFE%S BEEHL
2 MMP-9Z4S A5 S Matrigel migration
HolN FE ojEdos sERzR BEI £
7Vatol wheba] TNF-G4F HASMCH| o] %22 2] 41 )
oz AASHYTHIC50 = 65 pug/my). o]d Al
FEFEH0] TNF- HASMCA|29] o] A|g
40 7]-;<] b‘]—EUH?ﬂ:Q]— D:I—HO 7].110 o} _/,\_ 9\}\9‘4}\;}

3.3. +25EMO| AT
ME=N

ZHM|IZL 301 Chet

AFe] ZFFAIE(Chang, 5 x 103)8 22 96well
microplateo]] welld 198 po4 £33t & MTT assay
2 AXBIE u, AlE B4 gAY B ow
el th(Fig. 4). FE5FEd0] #Hl=A steS o
ot MRS, AdT AehA] So] U
Qlth. 18], acetylcholinesterse #a|&43} a5
4do] it

FEMASIAA|E0] &A1 polyphenols, resvera-
trol, limonene, U152} organosulfur AJEoA Hil%
ub Qlth(Kaegi, 1998). 53] *52}9] polyphenol2t ~1
4 EL9] epigallocatechin gallatel= MMP-9Z4& <]

Fig. 4. Normal hepatocellular toxicity. Arrows in-
dicate a slight cytotoxicity induced by apoptosis.

AlgtcHDemeule ef al., 2000; Ha et al., 2004a; Ha et
al., 2004b; Ha et al., 2004c; Chung et al., 2004b).
Abghe] 7helM|E(Hep3B, 5 x 103)2 ZHZF 96well
microplate®] wellgd 198 pg# 253 & A|E2=4S
AAke AT, Bep el et AEHel B4 U

SRS

L=}
NE (12 su}ﬂl)°ﬂ gt deF2 g
Boja)e] A Lkt ’8}%‘12‘/}, 5
950 pg/kg ©]5} TOMOH AP
E35 950 ugkes EY
S-GOT, S-GPT, S-Alpo] ojm
Qtt}(Table 1).
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Table 1. Toxicity of wood extract and its effect on blood leaking enzyme

Activation.(%)
Dose (ne/kg) Time (h)

S-GOT* S-GPT S-Alp

(no I\i;);llrtlrz:llengtr 0gurr())up) 100 100
Wood extract 500 1 101.4 + 8.1 100.6 + 6.2 983 £ 52
6 98.7 £ 52 1053 £ 5.3 101.5 + 3.3
12 994 £ 7.5 105.3 + 3.7 109.5 £ 9.6
24 103.2 £ 6.3 96.5 + 7.3 103.3 + 8.6
Wood extract 1000 1 102.2 £ 3.3 101.2 + 4.8 100.5 + 8.6
6 993 £ 7.3 109.3 + 8.8 105.8 + 12.1
12 104.7 = 10.2 1052 + 7.4 98.6 = 8.7
24 98.4 + 8.7 106.4 + 8.1 1052 = 94

* Each value is the result of 3 repeated experiments with 5 animals. (+ S.E).

Fig. 5. Toxicity to liver cancer cell lines. Arrows in-
dicate strong apoptosis-inducing cytotoxicity.

g2 A8 4 gtk = B AT pEiZoe

A4 RN AT 2 B2 of 1A A
For Fojd 5 Qledl, AAet & 75‘°°ﬂ

AESHE FRA, FEA, ARA, F8Al, vﬁﬂxﬂ,
AR B6l A EL HAAR g X
A€t AFEdE gt LA Aol BA, BA,
A, A, e ol EZgtEm, olgh AP A|
Al st olae] Ao 4m3Eole] Aolw s
ool REFA A& &%, A&, dTtEYolE
(Calcium carbonate), =32 (Sucrose) F= ZEQ
2(Lactose), A2tdl 2 Ao AETE £33t D=

Table 2. Effect of wood extract on peroxidase

Group unit/ mg protein (% activation)

Normal group (1 group) 1.018 £ 0.063 (100)

Control group (2 group) 0.871 = 0.074 (85.53)

(3 group) 1.315 + 0.148 (129.15)
(4 group) 0.980 + 0.111 (96.30)
(5 group) 1.168 + 0.100 (114.87)

=

A olgje] wmiadle AEEelE " e
FAEE AREY B 9 WAARE @
Al, WA, A, AEA Fol sgE =t &3]
AHEEE T A AN &,
2 7] B @A, oS 5 5%
HEA Fol =3 4 Utk ] dT-FolE fIgt Al
Aloll= Gt 8N, BlA8A, YA, §A4, &
AAZAA, #AZE T v/d-EA, FEHEA
= xR A Z2]Z(Propylene glycol), Z2]oEd
ZelE odw A AEA 7S, oE&E
FAF 7FeEt ol&HE Fol ARgE 4
k. #ZAY] 72 fI¥lE(witepsol), FFEEE
HA(tween) 61, 7}7FeA], 2=z, Ze|=A 2t
Sol g 4 itk $EREe] fRETLS

JX{l r:{o

EH’%‘: uteh o] eef of

A, A, HekA,

=
=y =
olze} e

m x2 ol
L)

E

350~600 mg/kgo] T, HEFAlEH |2 200~500 mg/kg
o], 3} 1~38] Rold 4 QIrk. Eal, A4 4u
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