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Abstract

Effects of flavonoid compounds and 70% ethanol extract of a parsley
(Petroselinum crispum), known have rich with apigenin, on viral and

bacterial neuraminidase activity were investigated.

Most of polyphenolic and flavonoid compounds from a parsley were

extracted within 1 hour of extraction with 70% ethanol.

Flavonoid compounds inhibited bacterial neuraminidase, but
interpretation of the data needs caution due to the experimental standard
errors. Among those apigenin and zanamivir showed relatively higher

enzyme inhibition ratio.

Apigenin showed higher inhibition activity against viral neuraminidase
than zanamivir, a flu medicine. Ethanol extract of a parsley also inhibited

viral neuraminidase as zanamivir did.

Apigenin was suggested to exist as apiin, a glycoside form, in parsley.
Its ethanol extract was hydrolyzed by acid, and the hydrolysate was
analyzed by high pressure liquid chromatography(HPLC). The ethanol
extract was found to contain apigenin 55 pug/mg based on HPLC
chromatogram. Mass spectra of the acid hydrolysate showed peaks at

270.9 and 272.1 m/z corresponding to apigenin.

High pressure—solvent extracts of such plants as Fhus chinensis, Malus
sieboldii and Ostrya japonica, containing antioxidative poplyphenol
compounds were examined for their in vivo effects on superoxide
dismutase(SOD) and catalase(CAT) level using 6-week old

Sprague—-Dawley(SD) rat.



Body and organ weights of rats, fed with AAPHI[2,2
—azobis(2-methylpropionamidine) dihydrochloride] alone or with AAPH and
plant extracts, decreased being compared with those of rats fed with

normal diet.

SOD levels in blood serum and liver increased when AAPH was
administered, and these increases were not reversed by feeding any of
the plant extracts. On the contrary, plant extracts showed tendency of

increasing SOD level.

CAT levels in blood serum and liver were higher in rats fed with AAPH
than in rats fed with normal diet. These increases were reversed by

feeding the plant extracts of Rhus chinensis or Ostrya japonica.

Even though CAT levels in blood serum increased, when rats were fed
with ethanol, administration of an antioxidant, ascorbic acid or tocopherol,

made the CAT levels drop.
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o Wgtg 7|& g oA FY diWol(antigenic shifyB&E e
(antigenic drif)E oA FHHoE N2 d9 S w50l A AEZ Wl
7F Alshek (D). Bgk $1h
oA AEAolw 19189 2# <l HZB000% 8 o4 AL,
1957 ofrJo} =ZH100% ¥ o} AMY), 1968 §F =7(G0% B AFHA
H AAA el 2 7ol ARetans, 5) #HE #HA S (swine flu) Al
Aog 3 7tsAdes Tl 2 A AA BoAFAH@). Buk oive g F
o

neuraminidase+ myxovirus4t paramyxovirus® FHIP oz L5 A xEY

S o] ksl FH 9 influenza virus(E3] Avian

—_—

influenza)+= <17t

2] sialyl glycoside® sialic acid®} aglycone@ @ E-3dl|5to] A= &A% virion

& A% goR WESE 49 s7] Wil I virus Y FHOE Fuu

=

1=
ATHB). Virus =210 A4A <l neuraminidaset™ othromixovirus 2|o|Xx t©}
od] TR AgAd EAlsts a4E AFEY Ao o] a4 AdFPo=R
sialidosis#te FHMA AL ol Aol e 7% Frp(22).

yldl

w2}l influenza virus?] EH S 97] 918 neuraminidase® AT 4 vk
Y neuraminidaseE @8-8l+= X+ orthomyxovirusY paramyxovirus+e= <
AlSE ol A A7 A om JddEo] b9 viriono] A AXE gFo

=%
2 WEHs AS 48 5 2o npele =g S S A 5 AT,



Neuraminidase® A5t & ASFdA @35 Y& A 542 oseltamivir
¢} zanamivir7b A&3tFo] Qdow 1 o]9o] peramivir, ribabirin, a
—interferon g °] 7= o] AFAIE Fol Aot 2y FE AR E = AS5A

oseltamivir®} zanamivir® 7-$- neuraminidase Ao gk w4 o] FAA

19994 2002 Abojol A AAA o 5 2,287 T wpolE s ol
8%(0.33%)%F0] oseltamivirel 108} o]e] A A= WS 7HRA W
2004958 2008 Atolol= WS 7F o] 8.6%% T7}5kol(3) A=
AzAS ASEA Y e FAsofd F Aol AYIEI ATHGE).
AARCRE G A ofFy A5 AYoziy AEE Pdrtoju~ LAE &
at7] gk A47F A=) ol FolA AL AAIRE RS gutolel 2 EAdS A
FEAE EAEZAY dAFe A&gTAe] EFHsi(10). HASHFE Fol
polyphenol 3¢=¢ flavonoide 21&st7] % A& Bo] gHirso] 3l
(11) neuraminidase S¢S A 7lsdo] & A0 dex AH(12).

Ao e M2 & Q&5 A = neuraminidase inhibitor® 2436}

>
=
o

>,
Mo 2

e K

Y

AsGHES Balsle) 7154 AF AXE AT ARAE QA U

A

H
545 A4 apigenin©] glycoside JH = FH-HA EtE o] &= Aoz A
A 3E8 (Parsley, Petroselinum crispum)s WA S 2 neuraminidase

inhibitor=9] 7}l tsle] AL TS, 9).
2. A5 2 whH

2.1. Bacterial neuraminidase inhibition assay
Viral neuraminidaset™ 1.7} A& ox RE Aglo o] a4AE Algst= A
2 N A A A olt}, wElA viral neuraminidaseE AFE-38}7] Hol on] A O 7 A

A A o 2= % ¥ 3k bacterial neuraminidase® A1 o] &3} t},



2.1.1. 49 A=

Neuraminidase inhibitor= A}£-3+ flavonoid 3}%H= % apigenin(98%, Ca
yman, USA), amentoflavone(99%, Extrasynthese, France), scutellarein(9
9%, Extrasynthese, France) 183 kaempferol(96%, Sigma-aldrich, US
A), myricetin(96%, Sigma-aldrich, USA)S AAsH o o]lE 3dEL re
trovirus®] reverse transcriptase B protease°l| ts]A B F ==& A
A S JEFATH(13). o] IFES ethanol(99.9%, ACS grade, Fisher,
UKol &alA A AREeFA Y. A9 %7]ol= methanols SAolA =S4
WA §AaL flavonoidE ¢ # &4 Aot FAo] Ho| AREaFalARE
aaEmEd 54 Aol methanolol 98] mAgA o] oF 40% A= A&
+ @ado] lo] o] % ethanol= ™ Asle] A6}

A 2+ (positive contro) 2% zanamivir hydrate(99.3%, Moravek,
USA)E AH&etalem zanamivire] -5 1Al Ujol A Alfol Fafe 5 Fx
£ Bestew oo fAg 28 WEolFY] 98 &vl® S(distilled
water)E A&}l T

Bacterial neuraminidase(5.43 U/mg, Worthington, USA)+= Jld o= #
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Fig. 1. Absorbance spectra of bacterial neuraminidase at enzyme

concentration 0.5 U/ml(bottom) and 1 U/ml(top).

Collection @ jeju



Neuraminidase’} &A1 4 4 9+ 7|8 =2+ Bovine submaxillary gland
9 mucin(Worthington, USA)2 0.1M acetate buffer(pH 5.0)0] &3} 4]
A 1%(wlv) EE= AL4890)

AN AXE 98] 5% (w/v) phosphotungstic acid(reagent grade,
Sigma-—aldrich, USA)+= 2.5 N hydrochloric acid(35%, extra pure, &%,
Korea)oll &3lsfe] AME5F3 3 0.2 M sodium meta periodate(99%,
Sigma-—aldrich, USA)= 9 M phosphoric acid(98%, reagent grade,
Sigma-aldrich, USA)o] g&3slsle] AFgstgion 0755 M sodium
arsenite(96%, Sigma-aldrich, USA)= 0.5M sodium sulfate(99%,
Katayama, Japan)o] £3]A/7]3L 0.1 N sulfuric acid(95%, extra pure, &
%, Korea)E H7lstd A8kl 28]a1 0.6%(w/v)  thiobarbituric
acid(98%, Sigma-—aldrich, USA)% 0.5 M sodium sulfate(99%, Katayama,
Japan)oll £aAlA ALY, 95%(v/v) butanol(99%, Junsei, Japan)<

hydrochloric acid(35%, extra pure, 5 %)E 5%(v/v) H 750 =T}

flo

Neuraminidase assay W (14) ol Wk protocold A3}

w38
rr
=,

o

J ol

9]

flavonoid solutionS- experiment tube©] 20 wl® Y il reference tubeol =

0.1 M acetate buffer®} 1% mucin solutione 4:5 H| &= =3slo] 7]

S HER g ©AY tube AZol 90w FA Pl BEFY F

H

0.1 M acetate bufferE 20 ¥ YA (Table 1).

Table 1. Test tube composition for neuraminidase assay at reaction stage

Control, experiment

Reagent Reference tube
tube
0.1 M Acetate buffer +1% mucin (4:5) 90 L 90 b
0.5 U/ml Neuraminidase 10 L 10
5% Phosphotungstic acid 100 wt 100 L
Flavonoids or zanamivir hydrate 20
0.1 M Acetate buffer 20

o] ¥ XE tubeol neuraminidase solution(0.5 U/ml)S 10 wA €1



vortex S pipettingslo] 2 4lojE § 1~3%3F A YA EEso] 37C=
3 HE g (water bath)oll A 30%%F WA T g & BE tubed
5% phosphotungstic acid®& Yo] W55 A A A|7]3 control tubeo] &ube
%9 flavonoid solutionS 20 ¥ EF3 & 4452(10,000rpm,
10min)E AT, Aty & 7424 tubeol A 80 uto] A HE A

GAQ] tube® A ETH(Table 2).

Table 2. Test tube composition for neuraminidase assay at colorimetric

stage
Reagent Control, experiment, reference tube
Each supernatant solution 30 L
0.5 U/ml Neuraminidase 16wl
5% Phosphotungstic acid 160
Flavonoids or zanamivir hydrate 480
0.1 M Acetate buffer 736

%7 tube 42t 0.2 M sodium periodateE 16 w® ¥ 31(15) vortex B
+ pipettingslo] & AJo]Fa1 1~3x7F @A dAEY T 205-7F ol A

+o]

rlo

Ol

ol
-

ol

L - R

WS A Y. 18]35 0.755 M sodium arseniteE 160 x0% 7}
s}

[e]

rlo

3 0.6% thiobarbituric acid® 480 w® H7tstol(16) 10

EN

0T

(water bath)oll Al 152%F WEG-A|Z1 2 ice bathol A 5%F 2%t o+
T butanol 736 wE Y3l vortexdtd butanols O ® MS Ho|A]7) AL
10,000rpmel A 15:27F 42l shalth. Z12]aL butanolSol A 200 wE
5} o] 96well  plate(SPL, Korea)?] ylo] DTX800  microplate
reader(Beckman Coulter, USA)E ©]8-35}9] 550 nmolA] SF=E ZA5A
ohoolst e HAE 4~53 v, A@sto] ok FAOE AEE A=
ATt

(Absorbance of control tube - Absorbance of experiment tube)

X100

(Absorbance of control tube)



2.2. 5 =

&8 (parsley, T2 6.1%, ¢1719, Israel)i= 80 mesh # 7|2l &
HE Ho] 9= AL AdadoA FYste] AFRE9 o 50g9 parsley &%
1 Lo 70% ethanolo] Yol 24xA7F &9 F=3 AL filter paper(No 2

o

m[o

Advantec, Japan)® Z 83X (Gast, USA)E o] &35to] 7ol a3 7%
oA 3 ) Hd5 557 (Eyela, Japan)E AF&dlo] 54~57TolA 155
A

ol
-

domn 7gr= T AFE=AAZ7sin, Korea)E AFE38o] 49 78 AZxA

14.85 g(F=4E: 29.7%)9 AxELLS A9

2

HEe TS 70% ethanol® FE W FEAZM & F Ijds dF
S 54 sl7] 9814 Prussian blue®(17)& o] &

7H BAIZE o Ao AgE AFH skl 0.45 mm cellulose acetate syringe
filter (DISMIC-13CP, Advantec, Japan)® F& o9& w59t % o9
100 wol S5 3 ml, 0.016 M KsFe(CN)s 1 ml, 0.02 M FeCls(in 0.1 N

HCD 1 mE &dste] AdstA A"d & deox 1533 A sa

ol

stabilizer(water: 1% gum arabic: 85% phosphoric acidE 3:1:1 &0 = =
ek Z) 5 mE HIbske] 3354 (UV/visible, Biochrom, England)& A}
&oto]l 700 nmolA FHE=E =AY F polyphenol &aFe] HFAdL

gallic acid(zg/mO)E ©]-&3Fo] 100xg/m 7)== 24313t

2.4. & THRwO|E PA

F& 8 (parsley)E 70% cthanol® F= FE=5 Fo T TR Moo=
(total flavonoid) THS =A3sl7] Y84 NakabayashiZ} 7H&EgE Davis WY
(18)& ol&ste] 1AZF, 2417F, 3AIZE, 4A1ZF, 5AZE Fof Z4zbe] A 88 A4
8F3l 0.45 mm cellulose acetate syringe filter (DISMIC-13CP, Advantec,
Japan)2 F& NS WEQY. F=F o 1 mlol] diethylene glycol 10md,
IN NaOH 1 mtE 413t AspA zgstir 37C 7] (incubator)ol 4] 1417+ 4

ANZ T BYFEAS AHEsto] 120nmol A FHEE ZASYT. F Tekn

t

—_—



wol= ek P naringin(ug/m)S o] €38k 100ug/mb 7|50 2 A

2.5. Viral neuraminidase inhibition assay
Bacterial neuraminidase inhibition assay® A3#4&E EUj
S o7 AAE influenza A HIN1 neuraminidase® &4

o] W (19)o] W} viral neuraminidase &4 S 54 5}

)

2.5.1. A9 A=

Bacterial neuraminidase inhibition assay® A3 flavonoids oA+
apigenin(98%, Cayman)©] W% A d|&o] £35S @9A35Fo] neuraminidase
inhibitor= AF&38FA Y. Apigenine dimethyl sulfoxide(DMSO, 99.9%, Bio
basic Inc., Canada)ol] &eAA AREslSlar HAXE F apigening H| L F
wol ghfettta 2 #AE89(27) 70% ethanol FE= W5 DMSO®] &
AA  ARRET. gy AU RS (positive  contro)®E viral
neuraminidase inhibitor® A3E3lE o= zanamivir hydrate(99.3%,
Moravek)E AH&oF T

Viral neuraminidase(80%, R&D systems)z=% AZ2@A| FHA5 o] &3}
o &5 Spodoptera frugiperda®l~] A4t Influenza A virus HIN1
neuraminidase® Al&st9 o a4+ assay buffer(50 mM Tris, 5 mM
CaCly, 200 mM NaCDeoll &3JA1# 10 wg/ml == 1 m¥ 53t -70T
oA Bslol om ALEA Mol FlE ¥ 1 pg/mt= 2|8kl ARSI

AR = 2'-(4-methylumbelliferyl)-a-D—-N-acetylneuraminic acid

i

sodium salt hydrate(96.5%, HPLC, BioReagent)S A}&3dlgom o]
DMSO°l 1 mM= &jA|A AFolx BastdA] Aol 10 pM= 3]4
sto  7]Zo] @4 neuraminidaseo] <sle] TlpEs] 2 o AHEHE
4-methylumbelliferone 2] & %34S fluorometer® =385 U}

4284 =A8 A= (assay buffer)S& 50 mM Tris base(99.8%, ACS

reagent, Sigma—Adrich), 5 mM calcium chloride dihydrate(99%, ACS

_‘]O_



Tedia)Z&

Extra Pure, DC chemical)

reagent, Sigma-Adrich) 22|32 200 mM sodium chloride(99%
AN HCIB5%,

Siol FoA ALEskATt
°% pH 7.4% BASIH
2.5.2. 4 W
96-well black plate(SPL, Korea)E experiment, positive control,
negative control, blank well® %99S U594 experiment®} positive
control wello]l+& 1 pg/ml neuraminidase 50 wlE %31 negative control®
blank well®] Aol M 50 wE 2AT. 2L F4l experiment2}
negative control well®] inhibitorE 20 ¥ Y31 positive control®
blank wellol+= DMSOE 20 % YAy, 1831 YA experiment, positive
control, negative control, blank well ZY-o] DMSO=Z 3Ag 10uM
(4-methylumbelliferyl)-a—D-N-acetylneuraminic  acid sodium salt
hydrate 7] 50 m Y ol(Table 3)
Table 3. Composition in 96—well black plate assaying viral neuraminidase
inhibition
Well label Experiment Positive control Negative control Blank
Enzyme or buffer enzyme enzyme buffer buffer
Inhibitor or solvent inhibitor solvent inhibitor solvent
Substrate substrate substrate substrate substrate
Enzyme reaction expected inhibition normal reaction no reaction no reaction
Fluorence expected low high inhibitor effect solvent effect
multi channel pipette S22 2 =33lo] 37C g0 108 7+ it
SA7132 DTX800 plate reader(Backman coulter, USA)® excitation 365
nm, emission 465 nmo|A RFU(Relative Fluorescent Unit) #2 =338}
et gy
x100

o s B4 Ads ALAe

=1 .0
(P absorbance - B absorbance) — (E absorbance - N absorbance)
(P absorbance - B absorbance)

E absorbance: Absorbance of experiment well
P absorbance: Absorbance of positive control well
N absorbance: Absorbance of negative control well

_‘]‘]_

B absorbance: Absorbance of blank well



2.6. Apigenin ¢ 24

52l 70% ethanol %59 viral neuraminidaseo| tjgh 48 A &4
S SAs &P ZEUEAS Eol7l 98l high pressure  liquid
chromatography(Waters 1515 HPLC system, Waters, USA)E A}85}o]
apigenin® THFS SASUY. BAE AHFO=Z reverse phase ODS
column(5 pm, 4.6x<150 mm, Symmetry)S A3 & A2 o] 542 37
95l g2 59 &3 (ethanol : water)S 10:0914] 0:107}#] =3 &
S ZAsHEA  ALE A3 e Hx 30%°1 4 chromatogram ol
H peak7t 7HE ol #&Eo] o]Fom ARSI AFSAHAS A6
A&l apigening FY3AEY  AFAZHRT, retention time)o] WHF Al
peak® s}l Wkt A AFAES GEA7AL SR EEY peak 84

= ol7] YA =A<l o]FAA o= ethanold water? =38 1j(ethanol

i

H

33: water 67)2 ©7]A17]3 0.45 um cellulose acetate membrane filter =
o #ste] 24 Iml/min 22 A5 . Apigenin® DMSO] gt &=
100 mg/mé ©]Fo]tH(20). wetA apigening DMSO] £ A # Waters 2487
UV-detector(Waters, USA)Z H 535 e = 269 nmolA(21) A=
AL AAsttt. d52l9 70% ethanol %32 &3¢ -&vl(ethanol 7: water

3] 1 mg/ml =x=2 8aA7 AP A= (ethanol 7: 5N HCl 3)o] 1

g/t FEE wolx AERel @ S 2% HPLCO FYstel de

chromatogram<-  apigenin A @343 Wuste] &gl Algod  dFE

apigenin &2 Al4kslalr).

2.7. Apigenin A& peak? A A

&) Ab 7MERslE 9 =A% apigenin peak”’} apigeninoldi= AL HAE
at7] 938 Prep-LC(Waters 2545 binary gradient module, Waters 2998
photodiode array detector, Waters 2767 sample manager, Waters, USA)E
o] 83} Y. Apigenin 54 peak®rS Wz E-AG7]) Y8 o] A O R ethanold#

59 Z3&u(ethanol 33: water 67)& ©7IA7]13L 0.45 pm cellulose

_‘]2_



acetate membrane filter® o3sFo] F% 10ml/min &% reverse phase
ODS column(5m, 19 X 50mm, Sunfire™)& ZEIA|#A 9~1159]4] fraction

& Tt (Fig. 2).

14.0ct2010

perseylyisd Qe Arsy
12 Range 655081
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ie ] i
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154
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154

10 ||

A

! Timed
2,38 10 82
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B0 A 00 0O M0 6O BH DM 20 MO %N BN DM 2 4O BO BN L0 LN 40 &) 4N

Fig. 2. Determination of apigenin peak by preparative—LC.
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T3 e fraction©] apigenin®lel= AL glslr] s AFEA 7] (Waters
micromass ZQ, Waters, USA)E Al&3sto] AFS 2431481 A2 BT
(Electrospray) @H|® o]23st5 A|717] 98] capillaryol+ 4.2 kVE HolFaL
coneoll+= 20 V, extractor 2V 18|37 RF Lens 0.2 VE ZoFUY. Als=

ZHquadrupole)E o] &3k A=ko] A2 250~300(m/z) kol = 2 364l

HEEAd o] gk Az e) A 8] A4 42 OriginPro 7.58 ©]-&3F31 .

3.1. Bacterial neuraminidase &4 #| 3l

Neuraminidase?] @45 A|&lsle 57 A= ax3E YEh+= zanamivire
influenza A, B9 neuraminidaseo] AE Al AgAR 2485 stv BE 73
7 &35t A #(Diskhaler)® F9l8ho] AMEETH(23, 24). ¥ Aol A
At FZ G (positive contro)@ AFE-H  zanamivire sialic acid® FEA|=
4-guanidino-2,4-dideoxy—-2,3-dehydro—N-acetylneuraminic acidg}i1%x 3F
t}. Flavonoid®= Cs—C3-Cso] =4S 7R+ polyphenold 3359 =Ho=w
A e, Ao gEdwolo g4 S vEhE, 79 BE A EA] dy] &
Eslar JQU(25). L Foll A retrovirus® reverse transcriptase®} protease©]
Jolo] w3 =2 AHs|AS el i= apigenin, myricetin, amentoflavone,
keampferol 183l scutellareing WA © 2 bacterial neuraminidase©l| U 3%t
aA29 AIAEE A U (Fig. 13). 53] apigenine 54 o] glomn of
2] 7FA b Al A Ad R Al EARE = EH26).

Bacterial neuraminidase? &4 @AS ZAG A3} g4 @4 As|&ol U

(A

FEAA7E A J$rh(Fig. 3) A8l (inhibitor)e] =g @glsle] # 3
&S 546 =dl zanamivire] 7% 0.5 mg/mld W] As|E&o] 24.45%= 1 mg
/met 1.5 mg/me & wjR Y v] =A sk ow apigenin® -F-ol% 0.5 mg/mle
w7} 18.23%% 13.6%2 A&&S B 1 mg/ml & wWEY A sk

ot
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Fig. 3. Inhibition of bacterial neuraminidase by some flavonoids.
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Fig. 4. Inhibition of bacterial neuraminidase used 5N HCl by some

flavonoids.
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rr

o

Ol

Myricetin® ZA-$ol+= 2 mg/mle FEol|Awt 1+
apigenin®.t} @& A s]&S W93 amentoflavoned A-¢-ol+= 1 mg/mlY
7F 2 mg/mbd wjol nvlsiAl t] =2 AFES BT Kaempferol? 9% v}
AR 1 mg/mbE w7F 2 wmg/med ol Ms|A H Ee AsES RAY.
Scutellarein® 7d-¢- ethanolol] &85 = Zol| A7} o] 1 mg/mee] % o]

g o oA R apigenin® v Hawt AdfEo] 2 Ao e

_I_/
:C|>l_‘_tl
m[o
Me

Al
ax

ey YA flavonoide] A sll&9 AR Alsto] a4 whg A AR ARE
3l 5% phosphotungstic acid tjAlo] 5N HCIS AFE3ste] 0.1, 0.5, 1.0 mg/ml
oA F7t AelS 28t (Fig. 4). Apigenin®t 0.5, 1.0 mg/ml & ol A]
27y 26.14, 23.16% 9 As]&S B3 YA flavonoidd 73-F keampferol
S AYslar A9l v EAY wiojy 9o A§|&S BT Keampferol9)

Agol Frs) ol = Helgo] Wol.

Bacterial neuraminidase®] W& A s]&d S SA o] Slo] AsA=Z AL
flavonoide] A &adol] digk Y2 HFHA7E #55AY. Thiobarbituric
acid® & Feots FAA AFH N §Ho] BIA seAAA A4
A FAE7E SAHA %S wWrk dolA ofd didk ddds SR

T 243 bt thiobarbituric acid 480 w7} £
AE AdFl Hrbstal Aolx dgEdY AHoNE #EsAE Y ethanol
S 150 ut ol W& wiRE Ao RaLdol AR AlgAT. vEels
phosphotungstic acid¢} ##o] lthar  AZbxo] w4 g A AR
phosphotungstic acid t4lo] 5N HCIS AFE5FA A 9 &
A a4 B AR 54 WEllste A9 IHE ANS AEE 59|
= A &v)  ethanol®}  thiobartituric acid9t  #AIE AU
thiobarbituric acid®] AAQ] AL Aolgtar FAHUT. oy 7|24 =2 A4
¥ mucine & AHA H2 ARE YER L 7EA8d Ax § o
ol Ay FAo] WAst= Aot AT AAAAH N E vt apigenin
©] bacterial neuraminidase &A4°] wgr A Aol HLdsHA eV

apigenine Al 5% AFE-3}9] viral neuraminidase®] W]gF A s S ZAFSHA

£l
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Absorbance at 420nm

200 30 400 500

Concentration of gallicacid (ugm)

Fig. 5. Calibration curve using gallic acid as a standard for total

polyphenol determination.
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k)
ot
P
flo
i
=

2 3&29 70% ethanol FEES A7t B2 vwg A}

golE F2 Apol7t A Yol FE 147 o] S HH =

B

[}

o
T
>
Y
2
=
yldl

Ni
i

i

F= ado| v Aow HAY(Table 4).

o1

Table 4. Total polyphenol content in 70% ethanol extract of parsley by

extraction time

Extraction time(hr) Total polyphenol content(xg/mé)
1 251
2 257
3 266
4 269
5 263

ﬂlﬁ

Z ZoH wo)l= S naringing a5

= ko] AAFeA L 100 pe/ml
T8 500 pug/m7hA] SEEE 700 nmel Ao FFE=E A6kl AFgHAde 2

83t (Fig.6).
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Concentration of naringin (ugm)

Fig. 6. Calibration curve using naringin as a standard for total flavonoid

determination.
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AFHS BOR el 70% ethanolFEES Az Mz mwd A,

v 2% 59 54ak0] 4]
ATy, FEAZ] e FE FEHS 147 L W7k 1505 m/ut o]0
U] Azkel] wE &80 Aol7} vn . (Table 5).

Table 5. Total flavonoid content in 70% ethanol extract of parsley by

extraction time

Extraction time(hr) Total flavonoid content(ug/ml)
1 1505
2 1480
5 1570
4 1480
5 1425

H & (total polyphenoD)™ ZF E#H -0|=

ol

FEAT g FE2E FY
(total flavonoid) dH&FL == A7} o] T XE 2 Aol7l ¢SS Folstaln).
12 total polyphenold&HE Y total flavonoidgt&ge] © =4 g4
total flavonoid®A1® o] Al standard® A}€ 3 naringin®t} A Ho] =3

flavonoid AF &3 0] Bo] EA87] Wil oz F5H

3.3. Viral neuraminidase 24 #
Viral neuraminidase® @S Aslsti= 525 27 959 bacterial
neuraminidase A8 @Ado] =v}al 2Q1% apigenind} zanamivir 1|3l IE&

219 70% ethanol FZ5-S # 3l A(inhibitor) = A28} THFig. 7).
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Fig. 7. Inhibition of viral neuraminidase by inhibitor candidates for 1 mg/ml

concentration.
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Zanamivirt influenza A virus #@o] 99k =7 A BAZ AL
viral neuraminidase©] tgt A8l &o] 27.49%°] 3 TE. oo B4 FefH k0]
= apigenin< 80.79%% A dl&S YeER ATt 18]aL apigenino] o] 3l
thar gzl #EE]9 70%  ethanol FEES 24.19%9 AdE&S Ko
zanamivir®} apigenin®] W]sjA] W A& W)

Viral neuraminidase® &A@ gt A AL +=F3& 5 apigenin
21g0] 7hsetn B apigening $rebil dvkal SExl #EYY 0%
ethanol =% 183 S EF 24 zanamivir hydrateS A 38lA)(

inhibitor)® AM&3ake] AAsAY. Fgdk-g o 5458 7] wEol bacterial

o

neuraminidaseE A& A@uHol nHls|A] 54 AR 7oAl A QS

G5 7| dol wwd  arjolar FEhr] 8olskR] @A TE  bacterial
2

o
=

=
neuraminidase &4 = =

T & Aolth. Apigenin®] A ¢ o
zanamivir® o A Aol F=A yster] FRAAFIAANCR BE W,
apigenin® 4°-OH, 7-OH, Z1g]a C,=0% %7} neuraminidase® arg371,

BN
4
A~
")
@)
0]
=
<
M
@)
O
o}
=
=5
e
i
-
el
oo
=)
r I

Glu2772& active siteo] Z-&sto]A(12) =vjdA S Aosl7] Wl Ao=w

F5 9 (Fig. 14).
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A
Fig. 14. Structure of the complex between A/Tokyo/3/67 (H2N2)

influenza virus NA and sialic acid(28).
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3.4. 3£ 9 apigenin T
3£ 9 70% ethanol F=%°] &% apigenin® =& HPLCZ 43}
Attt 30% ethanold ol o =m AFE39 S Wl 1 mg/ml apigenin® peak:

AZHA oY 1 mg/m &2 9 70% ethanolF=

A kA (Fig. 8).

5ol A apigenin peak’} A=

AU

(LD

M NN W W R A

0w 5 10 B0 20 20 I HO 490 40 HO FO

Nihdes
0
2
<
(LD
\M\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0w 5 10 O 20 20 3 HO 490 40 D SO a0
Nihdes

Fig. 8. Ethanol(70%) extract of parsley 1 mg/ml(top) and HPLC
chromatograms of apigenin 1 mg/ml(bottom) with 30% ethanol as

mobile phase.
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30% ethanol ™4l 33% ethanols ©]|&4 o= Al&35}o] apigenin® X%
(0.01 mg/ml, 0.1 mg/mé, 1 mg/mb)°l] wz} HFFAS A6 FHFig. 9). 18
3L apigenino| WA AHlE AT JFsAdo] wobA HEY Y 70% ethanol
FE5o] A f&AM(5N hydrochloric acid : ethanol, 3 : 7, HCl ¥=Fk%:
1.5N)E Yol &3|AI7]a 2412 §<QF 100TolA 7FEste] 7hEs8gt & o]

go 7oA HPLC® A% 4
apigenin®l d|Fol= peak’} #EAHL A H(Fig. 10). o1& o]&slo 3}
&89 70% ethanol F==%9°| 3% apigenin® TFHS 3 A3 Al A}
29 &g B9 F9 apigenin ¢S 55ug/mg o2 4 = AT

3£2]9 70% ethanol F=5S HPLCO F9ste] 45 A3} apigeninol
sl ot peakZt Aol FAHA k= ol opvb: dEPole Ui
2] apigenin®] glycoside® E]Q] apiin® Fe= EA)8}7] wFo]dtir Azt
ks 3529 70% ethanol FE=o] A4 &XE 7telo] 4o HF sEE
1.5 N HCIZ 3t331 100T o)A 243t ¢t A Zhpisl] AAM 242 &

my

I HPLC chromatogram ol apigenin®| 98l peak”’} &<1E . 3

glol gt apigenin® oFFS AL o] &3

2 Hud A SAEAG. 223 &L A8 apiine A o)A &

sl o] apigenine] frel¥7] wliEol(27) &5 FEES Zo] s A7
i

14_/\1 /ﬂ.Q_OE /\]_.Q_OHO]:GL .JJ /\48 O%% Al

kY
>
N
(@)
a1
=
g
S~
=
ga
(@)}
(@)
R
e
o]
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Fig. 9. Calibration curve for apigenin.
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Fig. 10. HPLC chromatograms of apigenin 0.1 mg/ml(top) and hydrolyzed 70%
ethanol extract of parsley 1 mg/mé(bottom) with 33% ethanol

mobile phase.
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3.5. Apigenin 5% peak? AT <2l

DMSO®] 100ppmC. 2 &35t apigenin ¥+3% 3 &y 7MEd 29
sl7] 9ot AEEEA 7)ol A HAEY FdEHE o

7+2- apigenin 1% =kl

ANA AFL =43 A1 270.9 (m/z) peak 272.1 (m/z) peak’} L&A

HAEH U Fig. 11, 12).

capillary 4.2 cone 20 extractor 2 RF Lens 0.2
APIGENN 100PPM -24 B (0.547) sean s+
203 23487
100+
i apigenin peak
2721
A
1.1
III\\IIII\\IIII\\IIII\\IIII\\IIII\\IIII\\IIII\\IIIm
260 252 254 296 268 260 262 264 266 268 270 272 274 27 278 280 262 284 286 280 290 292 294 2% 298 300

Fig. 11. Mass spectrum of the apigenin dissolved in DMSO(100ppm).
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capillary 4.2 cone 20 extractor 2 RF Lens 0.2
PARSLEY HYDROLYSIS FRACTION-15 8 (0.547)

100

"%

2500

543

B0 2690 X1 0 ;L8

0

Sran ES+
41086

apigenin peak

1
1 paill

263 292‘1\ ;e 89

L L L, .., e I O U B B B O
200 207 754 256 238 260 267 204 J66 268 270 272 24 T 270 200 267 284 286 268 250 297 284 486 298 00

il

Fig. 12. Mass spectrum of the parsley hydrolysed fraction.
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::1
iy
yldl
Me
>

Apigenin®1 A SAetA HAFo6tr] skl AdFEA S AAg 4
% peakZl ofg] Fatoll A el AREA 79 probeiEo] L@E AoR
Hol A& AHS 250~300(m/z) o2 AEsle] &6 Apigenin®] A
T 270.24% 43 A QU mass spectrum©) 4= standard apigenin® 3}
&Y 7R 228 BAFFo] 270.99 272.19 FLT 2709 peak® W
Ho] AEo] Hol A9 T EFUAS & 5 A%k Peaks} 272 v A
= k

A YAol 93k peak w8 ¢ Aow FFHU(29).

s
2

L o}n}

p

B odGd A3 A0 2 3 influenzall =23 £4 92 neuraminidase©]
e 42 Awete apigenind #&2]9 FES v HHEI LA E =
ol=d g84 4 AS Aoy
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I. g4t A93EE9 superoxide dismutase,

catalase &7 5¥

Ba BAE AATEAR olgael AEE AR ATE BARLF
(reactive oxygen species, ROS)S AAst=td] o9 & ROSE oHAH JH

9] AAEAQ AFE Ak A(triple let oxygen)ol W|&Fo] wk-g-AJo] 7] wjFo

oX
<
9
Me
:°.‘:’
>
=
5
=
1o
o,
i
=N
3
ol
ol
oz
i‘%
=
By
uey
i)
AN
A
N

A2t Z(free radical) 2% superoxide anion(Ogz:), hydroxyl radical(HO-),
peroxyl radical(ROO-) so| glow WAA AF2r]Z(endogenous free
radicals), < 1A WolA @44 = Az Ax7t E=d& Lsete St
A9 dAtRA S Sete] dHddow AMEC W, AA Ago
(exogenous free radicals), & XA o)A AWAFHE= Fode dHA QA=
of &sirl A oo Zo] AFHE AFEtrdES St EEEA A

S v40te] w3t dddE A4F HaAAd des sMAsts, ndsh 9,
o 9o AWE doglE Aoz deA Uk (30). whEhA

A nEE w/E ARAE ROS oF WHE WAss] $istl

o

superoxide dismutase (SOD), catalase(CAT)2} glutathione peroxidase(GPx)
2L gAtsl @4 Y= ascorbic acid(vitamin C), tocopherol(vitamin E) #2
dAakst =4S . Y QoA do]  &Eer(32). B ofye}
polyphenol¥} #& @it B4-8 AfFer) S AASHE Aol oA ROSY
)¢k I8 E Hol= 4 v} SOD+= superoxide anion(Oz)o] % A (proton)
= Fo Faskgai(hydrogen peroxide)o} AbAtAbz Eefjsto] AlAsH= vi-5-

A

% tstasoln CATE #Ake4(hydrogen peroxide, H:09)E &
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ol
o>,
1o

A EAE olfolo] F AR e v FAer B Ao
A deder @ANEFES s 98l AAPH (2,2'-Azobis
(2-methylpropionamidine) dihydrochloride)& AF&3$=d F4% Ats ~E
d a8 FEAA At 2 (free radicaD& A sk F(rapol Al HAFE
shAl HW g dlel dRE Bal dAAE seste AR whgalo]
peroxyl radical® gAdsle] o FH AEF B2 A7 d-gS do
A TF2E sk Ao &
AaTE T Y8l AFARAAEFE=Q U, o v, AU E
o]- &8}t

WU (Rhus javanica)= ZWi-dtol £33 Ydrumor F2 a6
A=A 75S Yo dAl A4, BEd, 9d 9 AR Tl AR ko
71%= ok @atst Bl e oo /v Rausiv42, 43). oy
(Malus sieboldine= A3 RS A2 W7k AvjE We Jr|E AFnjio v
W07 gabshgo] Holyrhar el
TV W A FE oeke] AbEATlel v U wRo® ved FEEY
Aejdd s SAT A% &
gk Ao BIESTHAS, 44).

oAM= HArabol ethanols Folsto] Absh4] ~EfAE FHAIAS
u] ascorbic acid ¥+ a-tocopherol AFHE SOD& CAT Ao T A= 9
& Fdstaa shavh ol ARS npgo R sko] FHY Aol dYHow
ROSE WAL 7] 7] 98l A ethanolt] 2! AAPH (2,2"—azobis

rl

(Ostrya japonica)©™

3L,
v
iy
N
o
~
=
o
i

(2-methylpropionamidine) dihydrochloride, 97%, Sigma—Aldrich)® &7 %
o= QI9AQ ROSE FEAZ(33) & Hduls o] BaL d4akst a7}
=2 o7 BHud HYUY(Rhus javanica), oF—La\UH(Malus sieboldi) “LE] 3l
MN-YUF-(Ostrya japonica)s 352 AFTABAES ngSw+==25S H4 F

olefo]l SOD} CAT Aol m A= e 2AskATH44).
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2. A= 2

2.1. Ascorbic acid9} a—tocopherol® SOD} CAT Ao mx+= 3k

oy

A 52 (PH)shtol ey Hol A U e 653 Sprague-Dawley
o]
A

rat #2& AHgsRon ARE Fold] Aol FY T 1799 2408
Tk Bel(pellet) FHS A g =8 ALE(ABA20001%, LSS 3]
ADE stalom 1 RS Table 63 2T}
Table 6. Nutritional composition of basal diet of rats
Ingredient Composition(%)
Crude protein >22.5
Crude fat >3.5
Crude fiber <7.0
Crude ash <10.0
Calcium >0.7
Phosphorus <1.0
A%r BFRA21C, 16min) +FEEE AHgehe) Alze) fAsA Ao
om w3 A & QA AR HASgon HETE A9Te 4 Aue 5

=
nlg] A QA L5 = 22492C, S5 50~60%, BTl E 124)7F (Ao

© 22439 YH(34).

2.1.2. 2Ed X 8 2D gaksbA| o] A2
BBl C(ascorbic acid, 99.6%, Junsei, Japan)©= 10 mg/ml= S5 £
gl g-dow o 3mlA, WEFY E(a-tocopherol, 96%, Sigma-Aldrich)

© 10 mg/mb=E dFfr(soybean oiDol] &8 &dqS 3FFo] 1, 1)L

ethanol(10%)& &30 3mA 5~9A7F AF Fola+9 )
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o

Alg Fol 5~9¢d & meAMoRREH 1mH Adetola AMdste] ¥ 4@
2,000Xg, 4CoA st d4dS IUY. Su
peroxide dismutase(SOD) assay kit(Dojindo, Japan)2} catalase(CAT) assa
y kit(Cayman, USA)E °]&sto] o] SOD} CATS &4d& SAskalrh
Aelo 33 wkE A A9 Y. SODEA S3 L superoxide anion©] water—so
luble tetrazolium salttWST-1) &, (2-(4-Todophenyl)-3-(4-nitrophenyl)—
5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt)Z SAA|AA
2HYH 84 formazan dye’} YA E = Y€ o] &3th. WST-1 formazan
9] k& 450nmol A THEE =Asto] Aakd 4 9t} wpebA] superoxide a
nion®] BE&5E FFE7 £ SOD Ao &5
CATS #Hitstaagddol SlojA AdAZY d5ss dAAFoAA =R ALEd
I A, ga42dA 9o =A L hydrogen peroxideo] 984 methanolo] 2+3t5]
o] A% formaldehyde?} 4-amino-3—-hydrazino—5-mercapto—1,2,4-triazo
le(Purpald, 22 A])e} 9k-5-5F0] Purpald”| AtstE ™A H-A o)A purple color
2 BAEE deE o] &dt. A AEE 540nmollA Y FHEE S

=
2.2, A& ksl A9 SODY CAT Ao H A= ok

2.2.1. A= FEE A5Y Ax

HUYUY-(Rhus javanica), oF 1w\ U-(Malus sieboldinS 1% £7) F=743
(SFX 3560, Isco Inc., USAVE ol&ste FEe AF 95 (Osuya
Japonica)s T2 AR 3¢ &1 29 & Sephadex LH-208 A8-351o
280nm peak 7]Fo® e AL AFUTw AFAE sty oA A
FARNE Aot ol FEEe AT FusEdgEel v &
frEo] e Aoz B Hollvh43, 44). 2} FE2E A &EE ST E 76t

o 10,000ppmO % ZA|F = 188,
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2.2.2. 2B 8 8L AR Fo

SD ratE Table 73 o] 77] Add(group)oz 5o 8Y <k mjd
AF 54 5 4 AesE 54 B 477 sidd. 545 Al control
group(Ad2lolah)ol = 0.9% salines A% 3 1 ml/kgd H-3= Folstd
1}z negative groupd AEARE 5o  groupdle=  AAPH(2,2
—azobis(2-methylpropionamidine) dihydrochloride)E 0.9% saline©l| £3al3d}
ol 50 mg/kgd FEE FAIATH3E6). ATl Al control group¥}
negative groupoli= 0.9% salined A5 9 10 mb/kgd T2 Fof 1

A EA S Fol groupd= 4 AEE 100 mg/kgl 2 o5t (Table 7).

Table 7. Description of experimental rat group

Each group Intraperitoneal injection Per oral
’ 0.9% saline, 10
Control 0.9% saline, 1,000 ul./kg
ml/kg
| 50 mg/mL AAPH in 0.9% saline, 0.9% saline, 10
Negative
50 mg/kg mL/kg
50 mg/mL AAPH in 0.9% saline,
Bugnamu extract, 100 mg/kg
50 mg/kg
50 mg/mL AAPH in 0.9% saline,
Agubaenamu extract, 100 mg/kg
50 mg/kg
50 mg/mL AAPH in 0.9% saline,
Saeunamu EXT extract, 100 mg/kg
50 mg/kg
50 mg/mL AAPH in 0.9% saline, fraction, 100
Saeunamu F4-F6
50 mg/kg mg/kg
50 mg/ml. AAPH in 0.9% saline, fraction, 100
Saeunamu F7-F8
50 mg/kg mg/kg

2.2.3. AlF3H 47 A 54
AT S4L TEE A 2(Ohaus, USA)Z 7| FA= AL AAAS

(Scaltec, Germany)= =Asl9th. AL d SAHsgon F7|FA= A
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2.2.4. 714

8Lzt A
st Aw eyl 12412 A5H AAX Y. Diethyl ether(99.7%,
Merck)E @AWl AN HE vz A2 b v 2dan AdE 4 &6k
PBSEMN(0.01M Na,HPO,, 0.00176M KH2PO4, 0.137M sodium chloride,
0.0027M potassium chloride, pH 7.4)o] Ho} dBE A AsA T, 1 39
@2 PBSE Al7ste] A7) FAE AT F -70C WdEiel B

N2 S ko] oF 3~10 m 9 AdS I

LU
=)

w :dr
i

[7ke] At o S-S AAlste] grlE AFsha Ald

2.2.5. 943} liver homogenate #|zx
Ao A Adg Adde 3087 A2oA] AR A7 Fo 4To|A 2,000Xg
1557 A ste] AAA(dH, serum)S €Y. Liver homogenate+

=
LX) W T otx #Yo=r A9rt. CAT SAELE A &: kit sample

\Sh}

bufferE 7+ %29 5wl& Y3l tissue grinderm 2 E-H g Fof 4Tl A
10,000 xg@= 15wzt f4lEelsto] 4ZAS AUH. SOD SAHE A=
sucrose buffer(0.25M sucrose, 0.01M HEPES, 0.001M EDTA, pH7.4)E&
7 Z2A9 HulE Y3l tissue grinder® 35 3o 4TolA 10,000x<g®E 60

270 AR skel 4YNe Pelshih

rr

2.2.6. SOD &4 =4

FA 9l liver homogenate® A &o|A Adste] Eeg ddHo SOD TA S
DojindoA}2] SOD assay kit S=A3d9Y. o kit AFE Al liver
homogenate®] £A|3+= xanthine oxidase? 43S 188+ (37) AAEH
manual protocold 7|FO =% blank2 welld] 200 #9 WST working
solution WAlo] 200 2] dilution bufferty EFTE AFE89Y. T34
microplate reader(Biotek, USA)Z 450 nmolA A8 Al S 32+ 79

Az @4 Mae ok ARE ol &kt
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(Blank1 absorbance - Blank3 absorbance) - (Sample absorbance - Blank2 absorbance)
X100

(Blank1 absorbance - Blank3 absorbance)

SOD activity in serum
Sample absorbance: sample solution(20x0)+ WST working solution(20044)+ enzyme solution(20¢)

Blank1 absorbance: distilled water(20x6)+ WST working solution(20048)+ enzyme solution(204t)
Blank2 absorbance: sample solution(20z4)+ WST working solution(200z8)+ dilution buffer(20ut)
Blank3 absorbance: distilled water(20x6)+ WST working solution(2000)+ dilution buffer(204t)

SOD activity in liver
Sample absorbance: sample solution(20x)+ WST working solution(200x4)+ enzyme solution(20.¢)

Blank1 absorbance: distilled water(20x6)+ WST working solution(20048)+ enzyme solution(204t)
Blank?2 absorbance: sample solution(20z4)+dilution buffer(200z4)+ dilution buffer(204t)
Blank3 absorbance: distilled water(20u6)+ WST working solution(2000)+ dilution buffer(204¢)

2.2.7. CAT &4 =4
5 /\4%

CaymantF® CAT assay kit=
reader(Biotek, USA)Z 540 nm®l] 4]
e AR 9o
2 abgstel YRS ALSAT

2.2.8. 74 38 A}
Axo g BE Adste] B8g 4L AFYstal RIC(Regional innovation
center)ol] 9 #|8}o] Clinical Chemistry Analyzer(BPC BioSed, Italy)= A}

St AT

2.2.9. SAAY
7} groupZte] EAIA FoAd L SPSS 12.0K for windowsE ©| &350 =
Fol=L a=0.052 AA

HEE T-H2AS AAel ZE A8 A4 Fod5ad

SHATH3).
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=

3. 43 4@ uz

b

3.1. Ascorbic acid®} a-tocopherol® SOD9} CAT Aol v x+= g3k
SOD% CAT+= AAl Yol @A2A4AF(ROS, reactive oxygen species)ol

galir AlE7Isol E3HEE AS WoldFe T8 Ve e Fdsk=d 4

ROS9 d=#<l superoxide anione SOD7} AbAEA9}L FHAbstgEi
(hydrogen peroxide)= &3)A 71" CAT+ hydrogen peroxideE =3 AFA
T omA st Ql EForREH AXE BIATHEY9, 40, 4D).

o &F2-(ethanol)¥} ascorbic acid, a—tocopherol2 €% SOD F&=o] AHE 4
kS 7 A A AR Table 8). o= FHol Al ethanold Fslx= superoxide
anion® AAol= FeS ZAA HES AARgHL Z19p ko] o g
(ethanol)®] Fo+= w5 catalase =& 30%7FF <71+~ 2™  ascorbic
acidc €% catalase FEE 20% AL FAEAFHT(Table 9). wlbA
tocopherol® ascorbic acide o®&2 Folz S71d A5 IAAbsA 000
sEE wEer Zodta 53 5 Qlvh oldgk A= & w ethanol©]
HeFoz Aol 95923 v ethanol dehydrogenase ©]9]9] ARE E35lo

ethanolo] Z3 AtslyE = Aow FHHTH(34).

Table 8. Changes in SOD levels of rats fed on ascorbic acid, tocopherol

and ethanol

Relative SOD levels in serum(%)

Fed on normal Fed on Fed Fed on both Fed on both
ed on
diet ascorbic ascorbic acid and tocopherol and
) ethanol
(control) acid ethanol ethanol
100 98 97 100 99
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Table 9. Changes in CAT levels of rats fed on ascorbic acid, tocopherol

and ethanol

Relative CAT levels in serum(%)

Fed on normal Fed on Fed Fed on both Fed on both
diet ascorbic ca on ascorbic acid and  tocopherol and
) ethano
(control) acid ethanol ethanol
100 79 129 100 108

o &F2-(ethanol)¥ aAkstA| 2l ascorbic acid®} a-tocopherold e dF
SOD FXko] HMuE A3Fs 7AA &okry. vl o & (ethano) EF
CAT F%E& 30%71% S7M* A2y ascorbic acide €% CAT 3%& 20%
A AAA#HY. webA tocopherold® ascorbic acide o ¥H2 Fo =2 F7be
45 At a(He00) s 28 5 7l dva 24T 4 Jdv47).

ek

o] A & HE AT Fo] 2467 248gS G-A|Eg o) Fol 24
Al &l

HE )% (control group, Aol AT E7lelel U x Ao
[¢]

2

A AFol gAast7] AlZekatt. 839 Aol AR ¥ Hoj XA ool A
At AlFo] 294.2+14g%9)] Hlsle] SOD #F-¢A1¢l AAPHE Fofdt A4 x
T-(negative group)oll A+ 202.4+28.2g0] . 18]3l AAPHO} A EF=5S
A Fod HUF groupd H AlFol 197+£11.8g, oF 1wy group<

207.8£8.6g, -1y L2E F4-T6

=
)
=
)

187.4+13.9g, MUY FE& group
group< 211.4+16.5g, A+ E9E F7-F8 group< 207.7113.9go.=2 X
T Y Z+(control group)ol| H]S|A A|Fo] FAEUE(Table 10, Fig. 15). 9]

Ay BT AAPHO Fo= bl o= AAPH 7o groupdl &
of= wu, o Liuke, Ajgu S U BEE F4-F6 183 Al
- W8lE F7-F8 group®| 4t AT ghael diste] mHiE T-AAS
A i=s % O

F p>0.05 &) A

== A

_4‘]_



Table 10. Changes in body weight of rats during

and fractions

feeding

of plant extracts

Breeding
) 1 day 2 day 3 day 4 day 5 day
Time

6 day

7 day 8 day

246.5%11 253.4%£1 260.1+1 263.1+2 275.5%1

4.9 2.0 0.1 2.4 1.8
246.8£8. 240.6£1 234.6x1 233.0x2 226.7+2

5.6 9.1 1.7 2.0
246.4£6. 241.5%6. 236.2+5. 229.6%1 220.7£1

% 5 0.2 2.0
Agubaena 248.3%5. 240.5%9. 226.9£1 220.4%9. 218.3%1

mu 8 0 0.2 2 4.8
Saeunamu 250.8%3, 247.6+4, 238.1+1 229.1+6. 223.81£6.

Ext 4 3 1.6 5 1

Control

Negative

Bugnamu

281.0%1

3.9
216.5%2

2.9
213.0%1

3.1
208.2%1

4.1

288.3+1 294.2+1

4.7 4.0
207.912 202.412

4.6 8.2
204.3+1 197.0*1

4.1 1.8
199.0+1 187.4+%1

2.7 3.9

216.7+£6.212.1+8. 207.8%8.

4

7 6

Saeunamu 246.2+3. 241,17, 237.4%7. 234.6+£6. 228.9£1222.1+1217.1+£1211.4%1

F4-F6 3 7 ) 7 1.4

3.7

5.8 6.5

Saeunamu 246.7+7.233.949.231.1+1 225.7+1222.53£1217.6+£1 212.6+1207.7%1

F7-F8 9 8 1.2 2.2 3.2

5.3

3.9 3.9
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N

o

o
1

Body weight (g)

—a— Control

—0— Negative

—2— Bugnamu

—v— Agubaenamu
—&— Saeunamu EXT
—x— Saeunamu F4-F6
—5— Saeunamu F7-F8

Fig. 15. Changes

Treatment period (day)

in body weight of rats during feeding of plant

extracts and fractions.

Rats were injected intraperitoneally with AAPH and fed orally with plant sample extract for 8

days and rat's body weight was measured.
Control: Normal diet group

Negative: AAPH injection group

Bugnamu: fed Rhus chinensis extract after AAPH injection group

Agubaenamu: fed Malus sieboldii extract after AAPH injection group

Saeunamu EXT: Fed Ostrya japonica extract after AAPH injection group

Saeunamu F4-F6: Fed Ostrya japonica extract fraction 4 to 6 after AAPH injection group

Saeunamu F7-F8: Fed Ostrya japonica extract fraction 7 to 8 after AAPH injection group

@ jeju

_43_



A9 AT HETF(AAA2A o9, control group)ol AW FrFskar vy x| AF
=

ol A 74sHAT. ol AAPHOl 9@ AshA AE &4 wEo
A

>
!
i
o
e
o~
=
2
&
o
-
=
=
ON

P 223 AFs AEste FAE SAS
A3 gz (control group)ell Hlato] yrA] Hel i (group)E BT
TH(Table 11). SHzEE T-AAF o=z FAAQ FodS 24T 23 AAPH
E FoAsx &S control groupd AAPHE Fog 24 ZEF-(negative
group)Ztoll = 94 =}ol7} AAHSQ 01} negative group@t AAPHE 2 &3
= ARE S T Ee ddal(group)itoli= p>0.05 oA oA
o] MATH(TFig. 16-18). wehr 7o) FA Aboliz AAPH Fol= 2d A o]
m oo]= Ao Walel WA o] S Ao AT

Table 11. Changes in organ weight after breeding

Liver Spleen Kidney
Control 10.807+1.225 0.702%+0.069 2.663%+0.118
Negative 7.277%£1.074 0.377£0.129 2.167%£0.253
Bugnamu 6.737£0.626 0.358+0.045 2.130+0.138
Agubaenamu 7.044+1.353 0.265%0.039 2.087+0.052
Saeunamu Ext 6.913+0.636 0.432+0.077 2,138+0.132
Saeunamu F4-F6 6.885+0.512 0.415+0.042 2.139+0.221
Saeunamu F7—F8 7.553%0.621 0.411+0.054 2.155%0.148
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C: Control
N: Negative

129 E1: Bugnamu
E2: Agqubaenamu
10 E3: Saeunamu Ext
\ st E4: Seeunamu F4-F6
N - T E5: Saeunamu F7F8
cl ﬁ
2 ANV
24
0 T T T T T ] T T T T 1 T T ]

Sanple

Fig. 16. Changes in liver weight of rats during feeding of plant extracts

and fractions.

Rats were injected intraperitoneally with AAPH and fed orally with plant sample extract for 8 days
and rat's liver weight was measured.

Control: Normal diet group

Negative: AAPH injection group

Bugnamu: fed Rhus chinensis extract after AAPH injection group

Agubaenamu: fed Malus sieboldii extract after AAPH injection group

Saeunamu EXT: Fed Ostrya japonica extract after AAPH injection group

Saeunamu F4-F6: Fed Ostrya japonica extract fraction 4 to 6 after AAPH injection group
Saeunamu F7-F8: Fed Ostrya japonica extract fraction 7 to 8 after AAPH injection group

##H: Significant at p<0.05 compared with control group
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C: Control
N: Negetive

087 E1: Bugnamu
07- E2: Aqubaenamu
E3: Saeunamu BExt
06- E4: Seeunamu F4-F6
St E5: Seeunamu F7-F8
_ 054 T r
S ! |
- 044
S | |
%J 0.3 -
024
0.1
00 L B i |

Fig. 17. Changes

Sanple

in spleen weight of rats during feeding of plant

extracts and fractions.

Rats were injected intraperitoneally with AAPH and fed orally with plant sample extract for 8 days

and rat's spleen weight was measured.
Control: Normal diet group

Negative: AAPH injection group

Bugnamu: fed Rhus chinensis extract after AAPH injection group

Agubaenamu: fed Malus sieboldii extract after AAPH injection group

Saeunamu EXT: Fed Ostrya japonica extract after AAPH injection group

Saeunamu F4-F6: Fed Ostrya japonica extract fraction 4 to 6 after AAPH injection group

Saeunamu F7-F8: Fed Ostrya japonica extract fraction 7 to 8 after AAPH injection group

##H##: Significant at p<0.05 compared with control group

@ jeju
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C: Control
N: Negative

301 E1: Bugnamu
1.1 E2: Aqubaenamu
25 i E3: Saeunamu Bxt
_ _ T - E4 Sseunamu F4-F6
- z FES: Seeuramu F/7-F8
5
- 15
o
D
(<5}
; 1.0
054
00 . . . . : . .

C N E1 E2 E E ES

Sanple

Fig. 18. Changes in kidney weight of rats during feeding of plant

extracts and fractions.

Rats were injected intraperitoneally with AAPH and fed orally with plant sample extract for 8 days
and rat's kidney weight was measured.

Control: Normal diet group

Negative: AAPH injection group

Bugnamu: fed Rhus chinensis extract after AAPH injection group

Agubaenamu: fed Malus sieboldii extract after AAPH injection group

Saeunamu EXT: Fed Ostrya japonica extract after AAPH injection group

Saeunamu F4-F6: Fed Ostrya japonica extract fraction 4 to 6 after AAPH injection group
Saeunamu F7-F8: Fed Ostrya japonica extract fraction 7 to 8 after AAPH injection group

##H#: Sgnificant at p<0.05 compared with control group
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3.4. SOD &4

27 e SOD 242 tiz+(control group)ol W8kl AAPHE 7|3k =
A Z T (negative group)oll Al H+t oF 10% 713 F716F9 3L A EFE25S A
ot e Add(group)ol Al e AL HA 40% ol T7FsFAYh. Control
group negative group ZHoll&= FoAdo] AN A ko) negative group
of Hlste] ofwjuN-E ALE FHUEF, AT FEE, ST 29
F4-F6, Al-9-v-F &85 F7-F85 A ek BE A-dat(group)ol A T-H4 43

AR Zpol7h 1A = A TH(Fig. 19).

r—LI

C: Control
N: Negative
! * E1: Bugnamu
100 x i I *  E2: Aqubaenamu

\ \ \ E3: Saeunamu Ext

E4: Saeunamu F4-F6

8 - \ E5: Saeunamu F7-F8
= ]
z . .
5 \
© \
QO L.
O
2l
204\
0 e TR e

T
C N E1 E2 E3 E4 E5
Sample

Fig. 19. Changes of SOD activity in blood serum.
Rats were injected intraperitoneally with AAPH and fed orally with plant sample extract for 8 days
and rat's serum SOD activity was measured.

Control: Normal diet group

Negative: AAPH injection group

Bugnamu: fed Rhus chinensis extract after AAPH injection group

Agubaenamu: fed Malus sieboldii extract after AAPH injection group

Saeunamu EXT: Fed Ostrya japonica extract after AAPH injection group

Saeunamu F4-F6: Fed Ostrya japonica extract fraction 4 to 6 after AAPH injection group
Saeunamu F7-F8: Fed Ostrya japonica extract fraction 7 to 8 after AAPH injection group
*. Significant at p<0.05 compared with negative group
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g% SODS ¢ dlz7el wsle] AAPHE AP S4dlx+ (negative
group)ol 4] SOD &do] AFslalAnt FoA2 gllow FA o] 13|
HU AT A 7oA A sk oblivE ARy g S
st ou o dE AU AUF Aol s 25 #9A A skl
SH(p>0.05).

g 7oA SOD ZAS control groupe] Hlsle] AAPHE Fofgh
negative group<> 94 <¢l F7HE YWEFWAL negative groupol] H|&ko] Af-9-uf
T FE5 group, AU BEE F4-F6, F7-F8 group 7ol T-74 4}

Fo14 Aol= Yeh) A kFig. 20).
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C. Contral
N Negative
100 E1: Bugnamu
* * « B2 Agubaenamu

- #ipt - 7 E3: Saeunamu Ext
9 ; / / / / /E4:SaeunernuF4—F6

E5: Seeunamu F7-F8

=
=
)
3] -
©
QO 9
O
U) e
204
0 T e e T T T T T i

Sanple

Fig. 20. Changes of SOD activity in liver.

Rats were injected intraperitoneally with AAPH and fed orally with plant sample extract for 8 days
and rat's liver SOD activity was measured.

Control: Normal diet group

Negative: AAPH injection group

Bugnamu: fed Rhus chinensis extract after AAPH injection group

Agubaenamu: fed Malus sieboldii extract after AAPH injection group

Saeunamu EXT: Fed Ostrya japonica extract after AAPH injection group

Saeunamu F4-F6:. Fed Ostrya japonica extract fraction 4 to 6 after AAPH injection group
Saeunamu F7-F8: Fed Ostrya japonica extract fraction 7 to 8 after AAPH injection group
#i#H##: Significant at p<0.05 compared with control group

*. Significant at p<0.05 compared with negative group
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ZFSODY At mal Fo4 A SAWETIA SOD Bl F
S Feh o AR TN 23 ¥ AsaaAn fode

}\

Sleh ASUE, ASURMLT ASUEM2 ATl AR R QA S
AHp>0.05). ol AAPHS| Fol#w ohjeh NEFEEY Fol E¢ SOD &

e TS AR

3.5. CAT &4
a7 W9 CAT 248 =AeE A3H(Fig. 21) dlZ+(control group)ol W]l
AAPHE Folgk 24 )z (negative group)ol A 53sF3 k. AAPH= 1its

CAT @4e] F7he Bur F282) Folz 45t okt groupst
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C: Control

N: Negative
i E1: Bugnamu
25| T T - ~ E2: Aqubaenamu
E3: Saeunamu Ext

€ .0 E4: Saeunamu F4-F6
04 . :

S * / 1|ES: Saeunamu F7-F8

B 151 7 ! 7

) / /

g ]

© 104 f

£ o

5 ]

]

QO 05

<
00 A VA YA WA

T
C N E1 E2 E3 E4 E5
Serum CAT

Fig. 21. Changes of CAT activity in serum.

Rats were injected intraperitoneally with AAPH and fed orally with plant sample extract for 8 days
and rat's serum CAT activity was measured.

Control: Normal diet group

Negative: AAPH injection group

Bugnamu: fed Rhus chinensis extract after AAPH injection group

Agubaenamu: fed Malus sieboldii extract after AAPH injection group

Saeunamu EXT: Fed Ostrya japonica extract after AAPH injection group

Saeunamu F4-F6: Fed Ostrya japonica extract fraction 4 to 6 after AAPH injection group
Saeunamu F7-F8: Fed Ostrya japonica extract fraction 7 to 8 after AAPH injection group
##H##: Significant at p<0.05 compared with control group

*. Significant at p<0.05 compared with negative group
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N

7+ Z2A9 CAT @4 U ZF(control group)ol H|sle] AAPHE HFol3 &
=+ (negative group)ol Al sttt HuyHY FEED AU &
F4-F65 T3 gt (group)ol Al AAPHZ §3%E CAT @4do] A5 3l
B YA oy group, AS¢UY FEE group TLY]al AU

9= F7-F8 groupolAX CAT &4o] ZHAstAdAmt o2 A=A %

QkoH(Fig. 22).

C. Contrd
it N: Negative
127 E1: Bugnamu
T E2: Aqubaenamu
1.0 T ~ E3 Saeunamu Ext
S . ] ) E4: Saeunamu FA-F6
=y / // E5: Saeunamu F7-F8
=
O ]
® ol :
3 | ] . /
=
g 044 /
g | .
< 0.2
| .
00 | L BN N = e e a0 @

C N E1 B 80 EA NS

Sanple

Fig. 22. Changes of CAT activity in liver.

Rats were injected intraperitoneally with AAPH and fed orally with plant sample extract for 8 days
and rat's liver CAT activity was measured.

Control: Normal diet group

Negative: AAPH injection group

Bugnamu: fed Rhus chinensis extract after AAPH injection group

Agubaenamu: fed Malus sieboldii extract after AAPH injection group

Saeunamu EXT: Fed Ostrya japonica extract after AAPH injection group

Saeunamu F4-F6: Fed Ostrya japonica extract fraction 4 to 6 after AAPH injection group
Saeunamu F7-F8: Fed Ostrya japonica extract fraction 7 to 8 after AAPH injection group
###. Significant at p<0.05 compared with control group

*. Significant at p<0.05 compared with negative group
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i

i

g S FIN IV AE FE2EE CAT 248 AaA71= 7154 YeEha ¢
o] o]+= GAL3}A|Q tocopherol® ascorbic acidd ¥ A EFEEE PJA 354

£ AAsk=H 7]ofsty] wEelgtal 3 4 Ak

CAT Ao dAoly 7oA thZF(control group)ol HsFe] AAPHE
o] gk negative groupolA] 5715 o] #H 3 AL AAPHO| oslA
ROS9  AAel  gigslr] s SOD7F HAnut © ©ol ANy
superoxide anion® HAHE-9l FAESH A (hydrogen peroxide)’} % 7}sh7]
Fo 7 e HY. kst aE Rellety] faAe CATR Ads] o F7Fdtt
(Hann &, 1995). wehx CAT9 SOD & o F7lehs A9 et =
g AAPH oz zholAM el CAT 2Ao] T7bshilvrt AedEaGE o
ol 1uj v} fraction 4-6)¢ Folz CAT &Alo] Zis+= Aoz Yeygy. 4
of o= 4IES TS wf dF CAT 4ol 7kt etk
(ascorbic acid®} tocophero)Fol = CAT @Alo] Zhst= ¢ A3 1 7

ol frALaHaT.
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d% 59 ¥E9 F%(blood serum glucose)= W Z-(control)o] W|s}]
AAPHE %3k negative groupolr] 723819031 AAPHY A &F&5S Fo

o e Ag o)A AwkE oz 2459 tHFig. 23).

C: Control
N Negative

280 E1: Bugnamu
260- E2: Agubaenamu
240 E3: Saeunamu Ext
~ 20- E4: Saeunamu F4-F6
2 04 ) E5: Saeunamu F7-F8
g 1804 T T
= 160 ]
O 140
A ] . . _
S 100 / / / /
8 80—_ / /
O 604
O 4]
20
o

Sanple

Fig. 23. Changes of glucose level in blood serum.

Rats were injected intraperitoneally with AAPH and fed orally with plant sample extract for 8 days
and rat's serum glucose level was measured.

Control: Normal diet group

Negative: AAPH injection group

Bugnamu: fed Rhus chinensis extract after AAPH injection group

Agubaenamu: fed Malus sieboldii extract after AAPH injection group

Saeunamu EXT: Fed Ostrya japonica extract after AAPH injection group

Saeunamu F4-F6: Fed Ostrya japonica extract fraction 4 to 6 after AAPH injection group
Saeunamu F7-F8: Fed Ostrya japonica extract fraction 7 to 8 after AAPH injection group
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94 Fo ¥ % (blood serum glucose)™= AAPHE Folg & A9
oA AmAR o7 AT ol Ao dlsiA] kel A(hydrogen
peroxide)7} insulin® @ Z-&3sto] AlE W AWAE A4S =467 wEo] &

ko] A sl slv46).

3.7. Glutamic oxaloacetic transaminase 24

Y9 glutamic oxaloacetic transaminase(GOT)+= W]z (control
group)o] H|&Fo] AAPHZE Yo]%l negative groupols F718l9 3 A E5FE5
S Fog AR ofauut-E A9 YR FEEE2 TUIeE A

ko] A1t} (Fig. 24).
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C. Control

N Negative
320 E1: Bugnemu
300 E2 Aqubaenamu
280 E3: Seeunamu Ext

E4 Saeunamu F4-F6
220_: // _ E5 SeeuramuF7-F8
7

Concentration(mg/dl)

Sanple

Fig. 24. Changes of GOT level in blood serum.

Rats were injected intraperitoneally with AAPH and fed orally with plant sample extract for 8 days
and rat's serum GOT level was measured.

Control: Normal diet group

Negative: AAPH injection group

Bugnamu: fed Rhus chinensis extract after AAPH injection group

Agubaenamu: fed Malus sieboldii extract after AAPH injection group

Saeunamu EXT: Fed Ostrya japonica extract after AAPH injection group

Saeunamu F4-F6:. Fed Ostrya japonica extract fraction 4 to 6 after AAPH injection group
Saeunamu F7-F8: Fed Ostrya japonica extract fraction 7 to 8 after AAPH injection group

3.8. glutamic pyruvic transaminase &4

Y9 glutamic pyruvic transaminase(GPT) 2X& Uz (control
group)oll W3t AAPHE 93+ negative groupolA Wo]F Il negative
group®l Wlsko] FHuel of Tl group> Ew AJedtal Alpu FE

=
I AU B985 F4-F6, F7-F8 group 25 719 Warb gldvt. ey
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A (group)E Alolo = F-9Ad o] gl Fig. 25).

C: Contrd
N: Negative

20 E1: Bugnamu

200+ E2: Aqubaenamu

240+ E3: Saeunamu B4
~ 20

E4: Saeunamu F4-F6
E5: Saeunamu F7-F8

5888

B

Concentration(mg/dl
S

C N BB B B B B

Sanple

Fig. 25. Changes of GPT level in blood serum.

Rats were injected intraperitoneally with AAPH and fed orally with plant sample extract for 8 days
and rat's serum GPT level was measured.

Control: Normal diet group

Negative: AAPH injection group

Bugnamu: fed Rhus chinensis extract after AAPH injection group

Agubaenamu: fed Malus sieboldii extract after AAPH injection group

Saeunamu EXT: Fed Ostrya japonica extract after AAPH injection group

Saeunamu F4-F6: Fed Ostrya japonica extract fraction 4 to 6 after AAPH injection group
Saeunamu F7-F8: Fed Ostrya japonica extract fraction 7 to 8 after AAPH injection group
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