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This study was investigated to analyze the contents of flavonoid compounds and the effects of fermen-
tation on the physiological activities of medical plants, also known as SanYa (SY). Antioxidative activity
of the fermented SanYa (FSY) was measured by using DPPH radical scavenging and SOD-like activity.
DPPH radical scavenging and SOD-like activity of FSY were 94.3% and 45.0%, respectively. Nitric oxide
(NO) synthesis was increased 11 times through the addition of FSY. However, NO production of the
macrophages RAW264.7 cells stimulated with lipopolysaccharide (LPS) was reduced to 56% through
the addition of FSY. FSY showed fibrinolytic activity and indicated about 69.8% and 73.7% of xanthine
oxidase and angiotensin converting enzyme inhibitory activities, respectively. These results suggested
that FSY plays a significant role in fibrinolytic activity and have strong xanthine oxidase and angio-

tensin converting enzyme inhibitory activities.

Key words : Fibrinolytic activity, ACE inhibition, antioxidative activity, nitric oxide, xanthine oxidase
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EE WEshe Aol FAHI T EaE o] &Y A
e vAEY 8508 FI8E0] THEM ¢2E, F
713, gA7kA 5 EeatES Adstke EaY] Aol o
ol LWATH o]&Hf st=H, FH AFLE A7t
et F2 28 Fo] vF AfrHolgle AHE TE
AA @2 %ol o] &5 e[, grstEde] 753 7
Folle 2adgd 4%, 18 5 @i ds Hriete] &
asget A2 B0l HF LEE S AHH= I H
TeAE o] e Frhe A7 23 Fo] RHUA LA
A5 Q7= AR ;oA e AAoIt28]. B3,
o) AAZEAES AEHAANN BLE0] UFE A HH,
53 HFREAZ H7be e LSS A8 S oFF
A7l 28-S SRR HS o TEAF HF #4o] ux
Ha e
B

A= AF o s
B AF A" AP ABE FFF 10 10 AopRIE
40g A5 40g £H 30 g FUH 30 g A% 30 g @A
30g I 40g Hx 24 g = 9 g HHIFE 9 g ALY
9g "3 36 g FEZX9g 2719 18 g, Av} 15 g A

BN O



18 ¢, 5% 30 g =4 200 g, ==+ 100 g)<F ThAwH(100

9% MUl Z FEFHNEF, 05%)E FARE H7tste] B
o] 57} 50.0~60.0 Brix’} =% HgAHE o F kg
A A oF 671 Y B WE Al7] & Abol F o] pH 529
I, AERZ A7) 98] Ba e of atglom 4°ColA 3
4 Bastgln.

M AFZ0{S(Electron donation ability: EDA) =&

AT =42 Bloise R[5l weld Z+ Alge
DPPH (1,1-diphenyl- 2-picrylhydrazyl)ol] tjst 43 &
H2 =4 39tk ANEE FEHEE 3459 AR 40 plot
15 mM DPPHE9 160 ulZ & 3, 37°CoI 4 308 ot
3F-8-A171 th2 ELISA readerS ©]83}¢] 520 nmojl A 3%
43tk MAE 5 (Electron donating ability, EDA

EDA (%)=(NZTEF=-AEIA/NTERE) /HZTEF

¢

D::

_Ile

N3

i-n rlo (i

X100 2 ALY A8 S A7lebA o 2I53% &
FEAE vlaste] Zejgyze] AAZY S HESE Ye
e

M| ZHHF

AT A A 29 RAW264.7 AEE American Type
Culture Collection (ATCC, Manassas, VA. USA)ol A 943}
Aom, Azl AHEE Al RPMI 1640 medium
(Eagle’s MEM)} fetal bovine serum (FBS), Hank’s balanced
salt solution (HBSS) & X5 Hyclone (Logan, UT, USA)9]
A= st A}%o}a’it} RAW264.7 A ZF+ 10% FBS9}
100 unit®] penicillin@} streptomycin®] ¥ RPMI 1640
mediag AHE-3H] 5% ojitsteA s EFHEE 37°CY T3t
T F7)zAsk A ) st

=X 4 cell viability &8
/‘ﬂE 5 dol %45 nitrite
= AZ il 5x10° cells/ml o)
‘1]—‘%7 Hes ZHT‘ITO]'Oq LPS/] Ap=rtol] 2441 3F wi FotaL
35 Hel NOE Griess A2 wE-g-A17 543154
TH25]. 100 plo] AlZaje) 35 H-s At & Griess Al
°H1% sulfanilamide (30% acetic acid)®} 0.1% N-(1-naphthyl)
ethylenediamine dihydrochloride (60% acetic acid) &% <]
& 7kt 2ol A 2027 BHAIZ T NOY| &4 A==
ELISA #57]5 AM-3he] 800 pg/ml 5= #9914 540 nm
F2=E 484
M E=4 A E-2 mitochondrial dehydrogenase activity <]
indexE YER= MTT colorimetric reduction assay 2.2
A7} AZAES pAe G EA8ATH25]. 96-well
microtiter plate (Nunc, Vangaard, Neptune, NJ)ol RAW
264.7 macrophageZ 1x10° cells/well®] ¥ =2 B33t

e
ol
P‘L
fu 32 o
_Q
5‘.:
z
ﬂ

J
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F A7t F 2 A7) $4E0) S WA 100 wa) ol
48/\]{} 52 v g3t Plateo] 2 mg/ml 3-(4,5- dimethylth-
iazol-2-yl)-2 5-diphenyl-tetrazolium bromide (MTT, Sigma) &

NS 20 ul A H7lebe 447 B v YA 712 formazanS

AT $ ZAXHA 45 A AASAT DMSO 150 pl
< H78lY] formazang =91 3 570 nmo A $REE =4
sttt

dHRdls &8

83 249 4 doAM = Astrup} Hullertz] ¥
Bl ME st ARS8kt 04% Fibrinogen (Sigma)< so-

dium borate buffer (10 mM sodium borate, 160 mM boric
acid, 40 mM NaCl. Merk)ell =<1 th& 27 87x10 mm pet-
ridishel 10 ml& ¥ % thrombin (1,000 unit/ml Sigma)
20 units F7kste] Ao 3083 WAste AT 31

¥ fibrin plate ol 7} A|25 HFaF H A5} 37°Co A ¥H-3-A|
A &ellE EelH S Sstaen, 249 A71E S48
At HENEA plasmin H I F unitZ BAFste]
9= Aaa.

SOD  FAI&H(Superoxide
SODA) &3

FZ2E9 SOD A4 Marklund ¢} Marklund2] ¥
(4]0l w2} A AH0) 2 A8 7] = BHeS St
pylogallol®] B @& S48t SOD FAREA 02 Uehf Rl
th A EE sEHE 3435td, A& 10 ulol pH 852 HA3E
Tris-HCl buffer (50 mM tris [hydroxymethyl] amino-
methane, 10 mM EDTA, pH 8.5) 150 ulet 72 mM pyrogallol
10 plE #748ke 25°Cell M 1027 ¥H8-A171 3 1 N HCl 50
WZ 7hehe] W82 HA ARk Wgel % 2319 pyrogallol
9] & ELISA readerE AH&-3ld 420 nmil A F3=E &4
3t th SOD AR S A& H7h9F FH7FE Aol &

dismutase  -like  activity:

v

FE Aol & WEE(%)Z YER AT
oy 1 A
SODA (%) = (1—-5)x100
A AR 7MY $3E, B AR Y 3EE

Xanthine Oxidase 2| &

Xanthine oxidase®l ¢]3ll 4% superoxide radials 2~AE
/32 NBT (nitro-blue tetrazolium) 2+ H[28]& AH8-5le] 7
A3tAt. &, 0.8 mM xanthines ¥ 33}+= 0.1 mM phos-
phate buffer (pH 8.0) 0.5 ml®} 048 mM NBTE *3&st=
0.1 mM phosphate buffer (pH 8.0)91 AR & s=HZ 217
st E3tet &, 37°Col| A 527t incubation 343t WHs-
&9 xanthine oxidase (0.049U/ ml)g 1.0 mlS 715k 37°Col|
A 2087} incubationA| Z1t}. 1 ¥, 69 mM SDSE 2.0 mlg



84 A3 38k %] 2010, Vol. 20. No. 1

c-5
C—B

B (blank): 0.8 mM xanthine 233t 0.1 mM buffer (pH
8.0)9} 69 mM SDS%F 713k w3l E4w
C (control): A|Z )4l 048 mM NBTS 3 7}8+ uk-g-o
3=

S (Sample): A& FH7}st W3-

XO inhibition (%) = x 100

Eio{l

BE

]I\o{t

ACE(Angiotensin | -Converting Enzyme) XMslls =&

ACEA 3| #42 Cushman 59 WH[6]o] wet =435
o, 284942 rabbit lung acetone powder (Sigma, USA)
£ 03 M NaCl& 3 0.1 M sodium borate buffer (pH
83)el 1g/ml (w/v)9] i‘:i 4°Coll X 2447t & F, 4°C,
4,000 rppmoll A 40%-7F 94 B3t A5 AE ACE 28549
o2 AMEIgTh V1AL 0.3 M NacClo] g% 0.IM sodium
borate buffer (pH 8.3)4l HHL (hippuryl- histidyl-leucine)<
5 mg/ml (w/v)¥] $EE 51 & 7|42 A3tk ACE
Asj e Az 50 plo] ACEZEAY 50 plE 7}e the
37°Coll A 5&3t duluts- A7) F, 714 50 pl& 7HE F O]
37°Coll A 1417 k8- AlZ Tk IN HCL 150 pl2 w83 A A A]
7)1 ethyl acetate 750 pl 7}t —?, 187 wuksla 4°C, 5,000
rpmol A 1087 94 £ & & A5Y 500 plg AAt. o
35S 120°COI M 3023F fh33) 2N MeOH 2 ml&

F 28 nmell A FHES ST HETEME AR
A &8 50 plE 7hal A kg, ACE Al 244
O A& o83t AAstsinh.
ACE inhibition (%)=(C-5/C-B)x100

S: Sample absorbance. C: Control absorbance.

K2 oot
fr rz rlo

B: Blank absorbance

HPLC 24
Flavonoid glycoside #41& ¢33 EFEd(1 mg/ml)
Quercetin, Kaemferol, Myricetin, Apigenine, Luteolin,
Ruting ® &g %3}]/\]74 AR A, AlE (10 mg/ml)=
W eS| 83 3 & Sea-pak CI8 cartridge®} 0.2 um filter
2 ojFste] HPLC #4418 A 82 ARt 48 col-
umn- Octadecylsilane (ODS) C18 (4.6x25 cm, 5 pm)< At
3193, &= MeOH/HO/ Acetic acid (5/93/2, v/v)%}
60% MeOHZ AH&-3}o] linear gradientd] A} 5527 &% A
71 & 15%87H 60% MeOHZAN £&3 %4t Total flow rate
< 1 ml/minZ 3} 3, detector= UV 370 nmol| A, column
temp. oven 30°CZ 3t} Shimadzu LC-10ADS.Z 43}
Ak

2 o o

DPPHOI| ofh M3} &ty

2l iﬂlHPJ free radical> |4, G453} -3-5tef A <
=38 F3 £ Y BEE, oY F free radical S A AT
T e AAEHd dig ﬂ:vlﬂ gis] JYH Il gl 53
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical 2742 34t
st2d o AAgodss o8 s} FAWOEN F=
pheonlic %} aromatic amine $}g-EA Bo| AL&-5+=
Wlolth & Aol M Aok Ao e] gitsl a3+E DPPH
radical A/A AT E 2As o AARZTASoZ Jeld A3
g YHoA 943% 2 YEFSTHFig. 1). GWHE o2 o] 85
+ positive controlQl BHA 0.1%°l| A &4tsl &4Jo] 96.2% =
"]‘E}W’—T—’ Sloj A o] g} Mgk FE O R Holal Sl Abof i
78] =2 Fbe &S YehlaL slef 2 o] 87t
AAFSELL St 58], AN H we Fibs}
BT AEEY AEs FEA
71018t AL AGHG,

Moon [26], Yoo [37], Kwak [16], Yen [36]5 2] HiLel| ol&}
W Ax, 52, 08, £ FEEY 40 1L AoE Y
Bt 2 AT A EQ] 4bof da e 3t 3 |
S A 3|

émg

%cl 7t Aok of 6“’9401 A= o]
stEo|Ef7F Fabsl S-S ey

t ZHE o= g
HlE 2 el dadel stk &l A stoh23]. ofo &

? g oo fjgh SR
}FS HPLCE & 43t % th(Table 1). Quercetine
Fg Ao A 87 pg/g TFS EAAT, Kaemferol9}
myricetin &5 2] ¢k9kth. Apigenined] ¥ #4417l
A Arop Wb olel A 484 pg/g0  E& FFS YERA

100

— e -
80 |
2 60 f
=
0 oap t+
20 |
0 :
EO =iu} 100

Concentration (%)
Fig. 1. DPPH electron scavenging ability of fermented medical
plants (FSY) depending on concentration. Results are
meanS.D. of triplicate data.
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Table 1. Flavonol glycosides content of fermented medical herbs (ug/g)

Flavonoids Quercetin Kaemferol Myricetin

Apigenine Luteolin Rutin Total

FSY 87 - -

484 222 3,853 4,646

Flavonol glycosides were analyzed by LC. FSY: fermented medical herbs (SanYa)

t}. Luteolin®] 7ol X% 222 pg/g0 2 =2 o] #as
At EAY ZTtE o] =A EZI Rutin 3,853 pg/gl.

Z 44 52 e Bolal gle, o2 ¥ I eolE
o] §eke Ao wFE o] A 4,646 ug/gO 2, o] Fig. 1014
Hole ¥ guz &753 G uebA, A )
skt o] Eeteol =t el 34tste 2 2ty

Z

o 27Tl 2 AN Fol B £ sivkn 4743 & Yok
]2 A7 Kang [10]0] ZEAZNA SR ro]=E &
FEot] AT A TAME FLF 2HE ek

- glek Kim [12]0] tFolA 245 & & o] &3] SR
wolEE FEot] AP PFeAME FUF AHE
Ehfler FutE SAg) 289 Fiist A4S vlud
Lee 5[21]¢] A7 AFNAE o] A S 45 vt i

T

-

CHAIMIZZOA ] Nitric oxide 4445 =X
A2 E o]&3}4 Nitric oxide (NO) A3 5& &l
A7E Fig. 20 YER Atk NOE W Al Zol|A] NOS (nitric
oxide syntase)ell 9J3l] YA E = o T oK =0
g Az FEAA BHEHL F2 AU vjd=oIY TF
A diel] 4 Z2te o] BREAM Abste Ao &
A4 Aoh7,22]. ¢, Hodl= NO7F Al &43 54 4
reactive oxygen intermediates (ROI)ell &J3) € AX =
FHast A7) o] W oR of Eold tajA &
1413
|

m{o

=

AT JAH1535]. o]l B AP M= AIRE 4
Folste] NOY A4 5S sttt 2o E gl
AE AXE QAAEZ} A8 NOF 2 ymEoh WHE

m m B H

contral 10 100

—1> é
na [i%)
o o (=] [s}]
12 mg’L' H~l m.i'i 0_>L

NOg(uM)

o

(s

Concentration(%)

Fig. 2. Stimulation of NO synthesis by fermented medical plants
(FSY) depending on concentration. NO production was
determined in macrophage RAW 264.7 cells. Results are
meantS.D. of triplicate data.
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NO Assay & cell viability

Ul Bacterial lipopolysaccharide (LPS)E U 2] A ol
st NOE F=AR] v Aok BaE Y-S ti 4 Aol A
Fate] NO 24 | Ae 93& 2A8AFg. 3). 1 23,
LPSel| ot} f® thA A 29 NO & Atof Tao)s
FEEE AUbekde W MA dasdloh ade Atz
56%°1 NO A4 Asl 5= JEbst o (Fig. 3), ol A=
Jokz HE O AESc] Wrled THE #AV e
HolFE= Zlolth. NOE L-arginine® guanidino nitrogen®.
2 RH nitric oxide synthase (NOS)dl| &J3te] A =™ [14],
NO= EHIZAF A2 75l FFE vAW, A4 |
A F8 42 stz AE FAoU AF oAl &S
SHI. NO= tiF-29 /7 T=9 AT elA 45
ARANAE sk s A ]

o

(o3

A CIR

7%
g 2324, YA P

243 4% $F 2 33AFY JF FEE, 42
Ae A & 5 24 5 AYFgHeE Fa3% 988
gt} NO7F 283l 7159 g¥de s 9 FHA X
80
70
80 — ST T
= 50
'gm 40
30
20
10
G 1 1 1
LPS 10 20 50 100

Concentration(%)
Fig. 3. Effects of fermented medical plants (FSY) depending on
concentration on NO synthesis in RAW 264.7 cells stimu-
lated with LPS. Results are meantS.D. of triplicate data.
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g4sgto o] wel gepzita G A ok A A 27}
pathogen® ¢J3to] A3t H ™ NO #3F oftj 2} superoxide
anions SFAA N Jste] thFAYskE] =, NO Al vl -
ofgt 2kshd& 7H S ZEA vitamin E9F BISEHA] A E 9
A A e ES The A Ve SR ik gk
S3A7) = dAME Fefol AREEH o
NOE 4&A3t= WA B = superoxide anion®] A& A3
3AY NADPH oxidased] 84S 7ZAA171< WH[34]0] T
S HF A BFA AL e

LPSel| oJ gk ko A9 NO 943 Aell a7 gk 5o

St Seo S[32-& 50%014+e] NO 44 A a2 100 ug/
ml9] B3}, EX, A, BAIETH 22 oz Y
2 AFA o] &d AgRY
=2 NO 34 Adll&S Yehila ot Ahn 51 Z2HA9
NO &4 Asi&s Bustedl, 43 NO &4 A&z
A ?-5‘%@5& A5A S} oo g 488 4 s o=
ol 9Al & AFoM EAE Aote] 8%

=

FEEAA Huskgln o=

=)
g
B
;0
:L

5 wska sio

wx AR g AZEHE MIT 242 B4 57
stk 1 23 AR A2 BAAEY AEAEE] 9%
HES UehlE o B AFolA AR ARe BE LS
A e Ao BAYdY. £, 49256 Yed Nog)
WA Wt AZEHA % JPAE FATS 3
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m, 1 A Abop i
;A ZE3 positive control¥] plasnu
A %Eli *}%3}9515 tl, plasmin 1 pg# 4Fop G 5
H _‘,].]j]_u_/\]aflo /\1}\]@_ @;ﬂ]. A}
Tollss Uetich Zace] i
Q1 37°Cell A 2413 1S
A=, o] plasmin®th ¥ 8402 HAlTh ©
o FEEodME LA TS BolA FaL 3lo] Aok
gAislse 28 ¢ A" 7759 @ d%‘@ﬂ
290 AF7A ] Had osd HFo g RE
Bacillus 4 KDO-13 [18], A 22 %Y ¥ B amy]o]Jqua‘a—
ciens DC-4 [30], S5 2 AZ3 H=ol|A BB B subtilis
BB-1 [20], BA AR 02 5E T2|€ B subtlis ]M-3 [19], 8=

¢

i
m@#%
i TR« o S

=0

P HE o

M (o

Fig. 4. Fibrinolytic activites of fermented medical plants (FSY)
and hot water extract from SanYa. (A), 1 ug of plasmin;
(B), fermented SanYa (FSY); (C), 10 mg/ml of hot water
extract from medical plants (SYW). 20 pl of test samples
was dropped onto the fibrin plate and the plate was in-
cubated for 2 hr at 37°C.
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Shi
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olf

SOD A (Superoxide  dismutase-like
SODA) &%

Superoxide dismutase (SOD)= &4+l EAZ A Ao
33 oxygen radical S #HiFelgA A7 I T cata-
lased] @]ate] el 2 EAo} ‘} TAZ AEAA 29
SENH AAE BHodte 7502 A 3tk sODe &
Aol Ml d & ed 2 A “O]‘% e oFsto] o]
S B Qe ARAEAR AdddA qeo] FARGH
SOD FAFRA 22 tgh A57F JPH L Aok

£ AFeA Aol Ba A SOD FAFA S HalsEolA
422%9] B4& Ryon SOD B4 L T EF o7 it
s} ZA4o] F7IetAth(Fig. 5). tHEF<l Vit. CY 4§ &
01% o 773% % Huso} Qled], Atofp Eadato] v
Ao m2E tx Hoh e SOD AR A S Yehl L
ATk AR, o]H g Ad= vl A ditsEe] 22 Afdw
¢ BEE, 2] F5Y9 SOD AR (41.4%, 30%)

activity:

[=¢]
L]

2
z
Z40
=
s
=g |
o
2, .m . B B4, M
100
Concentraticn(%4
Fig. 5. Superoxide dismutase (SOD)-like activity of fermented

medical plants (FSY) depending on concentration.
Results are represented as meansiS.D. of three in-
dependent experiments.



Bt} oz £ SOD FAFEAS YERATHIL

A& } H Aboto] tf g SOD 84-& FE 5004 £45of
skow, ade] tig Hue A9 g 5ol Kim S13]1&

*}"FXH % S HEA BEY Fof| opFhAlobe} Y SOl

A 27 251%, 292%2) SOD A& YERAItha Bl

atgith o] A Kol £ A9 Ao} wra o] SOD &40

24 O fesivtal ddEn I o8 kAT =5S SHshaL

AT},

Xanthine oxidase X5l &4
Xanthine oxidase™ purine lA}l] #ojdte A2 A xan-
thine =+ hypoxanthine®] AFA&E wjoJuiHA] itsl4
(HzOz)E' AAsHA HaL, YA E2 0] uric acidE 343t
G4 Yol #F EAHA HE - FHH Jg
7=

e}

ofr

Lkl EX ) /\]x}oﬂ xlz}go] NAAZLS Jo

2 ¢4 Ut} Xanthine oxidase #3] &4 276%
Fist 55 S WHoE 2 AYdAe bz cat-
eching AH&3}om Atof kg ola) FEd= H ﬂs}@‘ﬂr
Xanthine oxidase® 3l &4 &4 43 F&7} S71EFE A
Aol F7hstA e, xFS catechin? Wl gk A3 1
mg/mlol A 79.8%<1 ¥HAE, 1008 3] 48k Abof uhg o2 756%
2 A UEhstth(Fig. 6). Catechine polyphenolAl #4Fs}
EAZA AEA gARMEER ¢4 Jor ditstad) v
Bt Eoll mlel 2 50Uk =az, BlEpel Coll mlsl 1004 o
g37] 2o, AN S4NEE AASE 297 vl S &
datrkar G A ATH29]. 53], AboF A A 9] XOase A '5H§
I catechin®] €3H T =2 A34E e 3o &

of Arop Wk o] §-43k ksl AAE EE F A 7/4\#
Z 7€

i g

O}N ii){l OIN

ACE Xsli&k2
ACE= renin®l &3t A E angiotensin [0 2 F-¥] C-&
@ dipeptide (His-Leu)E 7Frdl AR o24 ZEs d+#

80 1
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