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Evaluation of Antimicrobial, Antithrombin, and Antioxidant Activity of Aerial Part of Saxifraga
stolonifera. Sohn, Ho-Yong*, Hee-Young Ryu, Yujin Jang', Han-Su Jang®, Yu-Mi Park’, and Sa-Youl
Kim®. Dept. of Food and Nutrition, Andong National University, Andong 760-749, Korea, ' Agro-Biotechnology
Education Center NURI, Kyungpook National University, Deagu 702-701, Korea, “Gyeongbuk Institute for Bioin-
dustry, Andong 760-380, Korea, School of Life Science and Biotechnology, Kyungpook National University,
Daegu 702-701, Korea — Saxifraga stolonifera (Saxifragaceae) is a perennial herbaceous plant growing in
Korea, China, Japan and Russia. The aerial part has been used as herbal medicine for treatment of pneumonia,
frostbite, inflammation and microbial infection. In this study, fresh juice and methanol extract were prepared
from the aerial part of S. stolonifera, and their antimicrobial, antithrombin, and antioxidant activity were eval-
uated, respectively. The fresh juice showed weak antimicrobial activity against Proteus vulgaris, Escherichia
coli O157:H7 and Candida albicans with ignorable DPPH scavenging activity. But, the methanol extract
showed strong antioxidant activity (ICsg of 37.5 pg/mL) with minor, broad-range antimicrobial activity. Anti-
thrombin activities were not observed in fresh juice and extract, up to 1.5 mg/mL. Sequential organic solvent
fractionation of methanol extract showed that ICsgs of ethylacetate and the butanol fraction were 6.9 and 7.8
ug/mL, respectively, that is comparable with vitamin C or butylated hydroxytoluene. Analysis of component
in extract and fractionates suggested that the antioxidants in fractions are diverse and the active substances
have glycosylated phenolic structure. Our results suggest that the aerial part of S. stolonifera could be used as
the natural source of potential antioxidant.
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AEXE ¥ SO0|= AlRel =H|

Aol AR Zolx AR 20074 8€elA HFAY
oA WS T, T AF AH-E Adsled
A A}E-ak-S- 3]4=38}3l blender(Hanil Co., Korea)2 & 3}
3 F, 5EZE YAE2](4000 rpm, HA-1000-3, Hanil
Science, Korea)dled AFg-S 3]423}e] AF(fresh juice)S
2 o|-&3liet. 3 Hlute FE2E EA|9 Aol A
500 g& B2 ol $A F, $EE AAST 5 LY
wehe-§ 7lsled Ah2olA 24A17H8 33] &35 o] F,
FZHL filter paper (Whatsman No. 2.)2 72 F 600114
Zhek AAxste] ZABI. o] FEEEE 14% (Wiw)E
Jehfgic) ke =52 Fof ¥e3l ¥, n-hexane,
ethylacetate @ butanolZ ©]-8-3lo] £x}px o2 HIelg o
o, 25T B AREE $U3 WhEoE JixiEsle] #
43} ssich. ] AR B DMSOd E9l F AHggst
FEZR M3l st I, A B4 o ksl BA)
ARSI A 4 471E $18F thrombin time &4
Al @A FHT UIE 3¢ FEFAE A 2 At
2| AP zHe Ao, QY F FA] 4°ClA 5,000
g= 5% E<t AdEEE] S4& Bejslar e A
BRsiglen AAETEEA), BR_A] AleolA #Ested A}
43190}, 7]e} Al9k2 Sigma Co.(USAYY] A|EE T-33}ed
ARSI

g &#d &3

Zolx AF ¢ HskE FEES 3 84E Hriep
A&l 23 ST S 2 Escherichia coli KCTC 1682, E.
coli O157:H7 ATCC 43895, Pseudomonas aeruginosa
KACC 10186, Proteus vulgaris KCTC 2433, 13 %A
TR = Swreptococcus mutans JC-2, Bacillus subtilis
KCTC 1924, Listeria monocytogenes KACC 10550% A}
25t g 7 AMEE IR X5 S E

T2 AZFs] S8, AR A=E g FeA] Feldt 6
ZFo] M (UFM3, UFS3, I-1, 13, 14 g 153, AlE Fa
TrolmA] A WAMIER Pseudomonas rhodesiae YAM-
12 FF(16, 171E 3722 A8l =% 77 ¢
AZI 59 AlFEels 297 W35S ol 43l AR
AFsla, BF 7ol A F, kA g9 =iy
o we} Eabsled Hejslglen, LB g iR (Difco Co.,
USAPIA 37°CollA 24417 54t wiekt F =2 42 %
e zjoleol] wel 653 G 3 AT A
V2 98X Saccharomyces cerevisiae TFO 0233 & 73t
o9& A F3E QAT Candida albicans KCTC 19405
Argslede), WA, gAF A 5171e] 79, Nutrient broth
(Difco Co., USA) Z+zte] A& AE3le] 37°ColA 24
A 7F FoF Wik ¥, 72 #FF O.D.gyp 0.12 A3}
Nutrient agar(Difco Co., USA) #jA| S E33l= B petr
dish(90x15 mm, =4 A}, 8=Hel] 100 uL Tk, Zp2te)
A8 7 uLE 9 disc-paper(X| ¥ 6.5 mm, Whatsman
No.2)ell 7Fsted, 37°CollA 242)12F B4t wieFslsi e, AT
2] 739<l*= Sabouraud dextrose WiAZ o]-83}o] FU3} v}
WHog 37°Co|A 24417 gt wick ¥, ASAA e =27]
2 243k AL Hrsiariie, 17, 22]. 9E S
A 2 A FA Z= ampicillin?} streptomycin sulfates:,
A4 2= miconazole(Sigma Co., USA)S AHE3191.2
), FEAXEY] )= 8310 E o] vehA] o F
Fo| A5 mm HHE SAE| o, 33) o|A} Fr}t F
HE AzE e

SHEN &Y

33d 442 A 89 thrombin timeS =3 3le] H7135}
Aot EEul A I 71E2) X308 Amelung coagul-
ometer KC-1A(Japan)Z o|-&-3t] dol $TA|I7HS SA3)
o] P73l TH16-18, 20, 21]. 37°CelA 0.5 U Egul
(Sigma Co., USA) 50 pLS} 20 mM CaCl, 50 pL, ©hek
3 ==0] A8 F29 10 uLE coagulometerd] FHol &
Fated 287 wheAIZL F, I 100 pLE AVNRE F ¥4
o] $11% W7px|9] A7kE SA3 oA, AR dERToE
L o}AT|(Sigma Co.)S, 47 dE2FoZ2E AR Y4l
DMSOZ AH-31%iwh. DMS09] -4 % 33.129] 334
7 Yehiiglen], Ega As) AL 33] o4 ubEsE A
o] PFAE 4o G272l DMS02 HH#A9 B2 e}
Wit

sl gy got

Zolx ABe| §A13} ZA-& DPPH(1,1-diphenyl-2-picryl
hydrazyl) radical A~71%[1, 8, 16], superoxide dismutase
FARA 2 98 =A[10, 121 8 Hrksisct. HA
DPPH 47%9] 73, olokst B2 343 AR 20 ple



99.5% ollehgol 4384171 2x10* M DPPH &4 380 uLS
3L Eqle] 37°CoIM 304 E)F WA F, 516 nmell
A} microplate reader(Asys Hitech, Expert96, Asys ‘Co.,
Austria)E AH83d FHEE ZA3giet HETFEE butyl
hydroxytoluene, vitamin C " vitamin E(Sigma Co., USA)
E AH2-31iYh. DPPH free radical 227%-S A|EA7}1-2}
HIAZHE] ME-E 2 A B, ICsee 50% 27152
Hehlis =2 AAksisde) ’

Superoxide dismutase AR H71= supéroxide?} BFE-
st ZWHEAE T EE pyrogallol AFEAVEE 243
Marklund$} Marklund,®] ¥ [101& #3sle] 241819l
& A28 02 mLe Tris-HCl buffer(50 mM tris, 10
mM EDTA, pH 85) 3 mL%} 7.2 mM pyrogallol 0.2 mL
£ 7Bk, 25°ClA 1083 ¥heAI7) ¥, IN HCL 1 mLE
WS AR F, 420 nmoll A FFEE =5}
SOD +AFA - Alg A7lest F371ea)e) F4En|2
el st

T Zolx AR FUY 7= Oyaizese] WH[12]
o] 3 St ollebgel 45lat A8 2.5 mLel] 02 M
sodium phosphate buffer(pH 6.6) 2.5 mL2} 10% potassium
ferricyanide 2.5 mLE 3718} 50°Cel|l A 2087 vRg-A]7)
%, 10% trichloroacetic acid 2.5 mLE A7}sled vFS-S £
23}l 4000 rpmollA] 1087k YA EE|s}e] Algels 34
sl Bt AN SRR ) A3 F A
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ZA)¥ 0.1% ferric chloride £ 3} 5:1 (viv) B &= &%
32l 700 nmellM FEEE SA3N Hrlslgh

7|Et BN

% flavonoid®] ¥3F 42 7)Ee] B w3k ubi[16, 17,
201l wet S, 279 A|8E 18A]7) HlskE
uh 3&313 73 FE Y 400 pLoll 90% diethylene
glycol 4 mLE Z 78}l ©}A] 1 N NaOH 40 uLE ¥
37°CoA 1A1ZE BEE- F 420 nmellA] FEEE 243,
EFAFC 2= ruting AHEEH T & polyphenol #EF2-
FZ27 A 400 pLel 50 uL9 Folin-ciocalteau, 100 pL2]
Na,CO; Z3}4S @it Ao A 1A|ZF 9=]8E & 725 nm
NN FFEE G H6, 17, 20]. EFA G2 =
tannic acidE AH8-3vh 9 A9 7 $-o = phenol-
sulfuric acidyS, 39 A3 79l DNS HyS& o
43l 16-18].

502 MF U HES 2580 ¥T ¥Y

HA GATA HEZTZ AP ampicillin®] 7 <,
Pseudomonas sp& A 2|& 23 A 9 213 4 AP,
T2)3 =T 93 TN 2ejat 6] Al de 7
g 3RS Vet o, streptomycin sulfate®] 7390l %=

Table 1. Antimicrobial activities of the fresh juice and the methanol extract of Saxifraga stolonifera against various infective-, or food

pathogenic-bacteria and yeast.

Clear zone (mm)

Fresh juice of Methanol extract

Strain used Amp 258 Mic S. stolonifera (ug/mL) of S. stolonifera (ug/mL)
100 300 100 300
UFM3 8 15 4 - - 8 9
UFS3 18 9 - - - - 7
I-1 10 10 - - - 9 10
I-3 7 14 - - - - -
14 16 8 - - - - -
I-5 14 20 - - 8 8
P. vulgaris 37 19 - 10 9 - 11
P. aeruginosa - 8 - - - - -
P. aeruginosa YAM-12 - - - - - - -
E. coli 0157 15 12 - 8 8 - -
E. coli 12 10 - - - - -
S. mutans 35 10 - - - - _
B. subtilis 23 16 - - - . 8 9
L. monocytogenes 30 8 - - - 8 10
C. albicans - - 24 8 8 8 8
S. cerevisiae - - 28 - - - -

! Amp: ampicillin, S.S: streptomycin sulfate, *Mic: miconazole, #-: No activity.
The concentrations of antibiotics used were 1 pg/mL, respectively. The clear zone expressed was included a size of disc-paper (6.5 mum of

diameter).
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Table 2. Antithrombin activities of the fresh juice and the methanol extract of Saxifraga stolonifera against human thrombin.

ifi Fresh juice (mg/mL Methanol extract (mg/mL
Chemical DMSO Aspirin J (mg/mL) (mg/mL)
(1.5 mg/mL) 0.5 15 0.5 1.5
Thrombin time (sec) 33.2+0.8 102.7£3.6 34.1+2.4 36.2+5.4 36.2+1.5 36.8+2.8

P. rhodasiaes A28t TE= Aol &) o] QA=)
121749 miconazole®] ZA$-, C. albicans D S. cerevisiae
o Hs) 7= BA4E ehislck(Table 1). ZAE oz
AyF2] 7S, P vulgaris, E. coli O15TH7 2 C
albicans?l] W3l w|oFst St FAdo] el o), T4 e
Aol AsiAE 300 pg/ml =AM T A o] Yeht
2 et 2t Zolze] wehE FE2EY A4S, P
vulgaris, B. subtilis, L. monocytogenes R C. albicans®l| X
g o] dAEN oM, B Y B 655 4F(UFRMS3,
UFS3, I-1, ¥ [-5)°] djaix = A8 Ea7} Jepgdot
(Table 1). ©]2|3}F AT F =3t 3K Az, 93 &
T2 4 2 FITES] gF-g3olre 93 7ol B8
ARl A TR X8 wizke o R Fo)x A}
48 FEHLR o)3E 4 Al 3ot

S0l ME ¥ HEE F&Eo| 8N Y

AR de] o] 8= gl ofaw ) A% 1.5 mg/
mL %% A thrombin timeS DMSO thZETF-o)| B]s] 3u)
FHAA 1 AL A § slsich(Table 2). 221,
Zolx AF Y veghE FE2EC] Aol Y 1.5 mg/mL
FxoA xRl AY FY3 52 thrombin timeg Y}
el opebr Solx A4 A9 EFu Ao ot

< A AL dAEA sk

30|z d& ¥ HEkE F&EE0| st gy

Zolx Ao} 3Aaksl BA4S DPPH 27522 %7}
g Ae Fig 1o Jebisleh 1A Zolx AF AS,
A& % 2,000 pg/ml SE7H] DPPH 471%9] %% ¢
E402 Z¥9ou}, ICse= 1,014 pg/mLE §FAKE 84
<+ "leFtdet. eyt Ak 2289 A$- 1CsE 375
ug/mlLE, 53 FAsFe-S Ve lSichFg. 1). £28 #
714} EEE B3, gk FEEEZHE n-hexane,
ethylacetate, butanol ¥ ¥ & ZF-ES ZAIF ¥ o]&9]
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Fig. 1. DPPH scavenging activities of the fresh juice and the
methanol extract of Saxifraga stolonifera.

DPPH &A% ZAFE A3}, n-hexane 83 & A2l
Ae - LeE vl 3RSl Ee] HeRstort, ethylacetate
2 butanol FF M ICso5°] 22 8.7 % 11.8 pg/mLE
veple] wl-$- 7keisl daksl E4S E)lsgeH(Table 3).
8] & ethylacetate ¥ butanol ¥3 & -&o] Z+7} 690
7.84%2 2 HolA|ut, §Y Al&agelA vitamin C, BHT
2 vitamin E9] ICsg5¢] 8.9, 18.5, @ 24.2 pg/mLy-S 1L
23 o), $o]Z XA} ethylacetate ¥ butanol ¥-3]E-2
w9 73t Akst EAE 23RS o & sleH, ol 7]
£ 943t dhabe) B4 A BRI LR Bl BARRL &
&, 29, S5, THE(6-8, 24] T3} 0| 1t s} 3
A Wk FEE 9 7] BEES U s ¥ s 3
7}k A% 2 mg/mL F = A vitamin C @ E7} 77t
22.7% E 12.6%°] 3LFEE Jepd vbd ek FEE Y
n-hexane, ethylacetate, butanol ¥ & #3 &M= 77+
13.5%, 11.1%. 40.8%, 16.9% % 1.2%% 2+7+ ey o
(Fig. 2), 393 4] ethylacetate F-ZoA 71 54311

Table 3. The organic solvent fraction yields from the methanol extract of Saxifraga stolonifera, and composition and DPPH scaveng-

ing activities of the methanol extract and its solvent fractionate.

Extract/ Fraction yield Content (mg/g) DPPH scavenging
Fractionates (%) Total polyphenol ~ Total flavonoid ~ Reducing sugar ~ Total sugar ~ activity (ICso pg/mL)
Methanol ext. - 14.09 0.072 264.32 744.26 37.52
n-Hexane fr. 15.77 21.63 0.111 236.11 626.58 71.33
Ethylacetate fr. 6.90 43.97 0.184 255.64 813.85 8.74
Butanol ft. 7.84 241 0.046 220.92 317.33 11.85
Water residue 69.49 1.755 0.017 255.64 174.98 105.17
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Fig. 2. Reducing power of the fresh juice and the methanol
extract of Saxifraga stolonifera.

o vekE F2E 9 2] $3E9] superoxide dismutase

FAHAS 24 A%t A0 Bao] IRHA st
EICERE RN
3 E AFES £ Felli, £ Eehuol

=, 39 o 39§ BAsen, 1L 29 ethyl-
acetate ¥ butanol F-| M Argake] o 9 Z2jsd &
2] Feheoo| =7} HEE ST (Table 3). 3AF} A= A
Foe] ARNPAE HEY A, Ejulys, Sefieo| = gl
FAgafe] AbdRA 7} 2t y=-0.298[1Cs0]+35.14, 2=0.636,
y=-8.279[IC5o]+0.125, ’=0279, ¥ y=-3.5[ICso]+700.1, r’=
0.2732.2 Yeht(Fig. 3), Zolx AAHF-e] Az} JA)2
thekst 3ghEel] o3 vepd Zleg A=, ethylacetate
TEES Jaks FHEAL el g2 F390
£3], 9] Chen 5219 B35 37218 9| quecetin ¥
A 7}‘3:” o] & AR AT, A ethylacetate ¥
HES oz e A 9 FEelo] 2 o
?J«‘;}. 2 A7AAE A7 AF7E AL o] Feix]A] &

W 2K Bolxrt Sk} AlExld e -85 AP
2 5 od5E Ak ot

[} 13
A =

Solxb B, AR, T3 9 Aol A APdaRs He)
Ak SRAAER, Wl F2 A9, 54, S o4
R e EA Aol ANt o Sl F2 @
o2 AF I gle], B Al A2 A|els)
T ALY W AR P AT AT Aol &

FolE olze) ARl H7HE 9 w0z AR
A% Tl Ele 22ES Al 247 84, Sl o 8
Abst A& :ﬁﬂﬁ}‘ﬂ‘:} A5 AFe] AS Proteus
vulgaris, Escherichia coli O157:H7 % Candida albicans
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Fig. 3. The relationship between the contents of (A} total
polyphenol, (B) total flavonoid, (C) reducing sugar and DPPH
scavenging activity (ICsy) in the methanol extract of Saxifraga
stolonifera. and its fractionates. r: correlation coefficient.

o W3 tEr} AR, Pakst B2 m| sl
vhg djels 3559 75 4% IFeA Fest A, &
E/‘ﬂ'? 9 C albzcam"ﬂ A3l e Vehgen, 714
F ksl B8 VERISIFH(ICs=37.5 pg/mLl). AF Y
% 5F 1.5 mymL S04 A L R
ek wleke FEE Y oo &1 f7]8n) 132
ksl 84 97} A3}, ethylacetate % butanol F3ell4] 6.9
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