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Abstract

This study aimed to determine the antioxidant and antibacterial effects of solvent extracts from Scutellaria baicalensis.
The S. baicalensis was successively extracted with 5 kinds of solvents. The obtained samples were as follows; hexan fraction
(IPK-1), chloroform fraction(IPK-2), ethyl acetate fraction(IPK-3), butanol fraction(IPK-4), and water fraction(IPK-5). These
extracts were determined to process antibacterial effects using a paper disc method against 18 species of human pathogenic
bacteria, antioxidant activity using 1,1-diphenyl-2-picrylhydrazyl(DPPH) method and inhibiting ability of linoleic acid autoxidation.
Extracts of S. baicalensis has shown selective antibacterial effects on various strains of bacteria. Ethyl acetate fraction(IPK-3)
showed the highest antimicrobial activity against selective bacteria, such as Staphylococcus aureus 285, S. aureus 503. In
antioxidant activity test, free radical scavenger activity of IPK-3 fraction was 92% compared with BHA at the same
concentration, while lipid peroxidation inhibition was 48%. These results suggest that IPK-3 fraction of S. baicalensis could
be suitable in development of antimicrobial and antioxidant agents.
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(1997)2 X|o}g-2152] AJAT F 3R] Streptococcus mutans
OMZ176° W3l = FZ8c] Jwtde] Urtal B sl
t}. 8]al Lee & Seo(2005)= &= F=&°| Staphylococcus
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(Lee = 2008). T2 kel 2= 19543} 1956l 7]
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(BHT)®F 22 &4 aitsiAl el Exv &3 22 A ik
sHAI7} Stk EFe| &S A ks o] A vt 7FA o] Ea,
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o} U3 3 Axsle] B4 3 38 3e] methanol S 7}
3to] 72A17F WRIAIZ 2™, methanol F+Z8-2 aspirator(EYELA,
A-3S, Tokyo Rikakikai Co.)& AF8-3}3 filter paper(Whatman
No. 2)2 7% o Fatsict. o 2He methanol &2 37 7t
%5 Z7](Rotavapor, Biichi RE-111, Switzerland)E A}-&-3f
80C &-2<=Z(Oilbath, Biichi B-485, Switzerland)ol| A 7 &
ZA1Zt) Methanol FE 23 40 ME 53 & 242w 7]
£ 0]-8-3]| hexane(IPK-1), chloroform(IPK-2), ethyl acetate(IPK-3),
n-butanol(IPK-4), water(IPK-5) =22 g2 I/4-& o]-8-3t
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Fig. 1. Extraction procedure of extract from S. baicalensis radix using organic solvents.
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B Aol AHEEE T Table 10 UERH Blel Zo] MIC
FATF 1852 IV EISAE(KTCO)ONA & ot
}8-3} ). 81X = nutrient broth(NB), Miiller hinton agar
(MHA)+= Difco(USA)AFllA] 4 3te] A-8-8151tt. B¢k DPPH
(1,1-dipheyl-2-picyl-hydrazyl) & =L ¥+2] A]<FE-2 Sigma Che-
mical Co.(USA)IA T-date] AHg-sll o, F=28uf 3 Al

ke A EE 57 A%S AHgsiarh

>~

29 NB iAol HE3lo] 15~18A17F B3} A7 A
Ad8 MHA AR FFE 50 w¥ =23tch =8

© wjR|o] EH#E filter paper disc(8 mm: 1.5 mm, Toyo Roshi
Kaisha, Ltd., Japan)S U ZA|7] & g3 B3 225 55
H2Z A8t g3 FE2ES 7] T 1087} S|4 5]
T2 A% o7 33] 346ke] HF 1,000 ngml, 100 mg/m,
10 mg/ml SE7}F H 25 A8 0, discd 50 w &

Table 1. List of strains used for antibacterial activity test

Strains Gram stain
Streptococcus faecium MD8b +
Staphylococcus aureus SG511 +
Staphylococcus aureus 285 +
Staphylococcus aureus 503 +

Escherichia coli O 78 -
Escherichia coli DC 0 -
Escherichia coli DC 2 -
Escherichia coli TEM -
Escherichia coli 1507E -
Pseudomonas aeruginosa 9027 -
Pseudomonas aeruginosa 1592E -
Pseudomonas aeruginosa 1771 -
Pseudomonas aeruginosa 1771M -
Salmonella typhimurium -
Klebsiella oxytoca 1082E -
Klebsiella aerogenes 1522E -
Enterobacter cloacae P99 -

Enterobacter cloacae 1321E -

* The bacterial stains are cultured in Miiller hinton agar (MHA,
Difo, USA).
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AR Disedll FE55 FA1R1 WA= A2elA 1027t
W2 A1A A Z2A1Z] 3, 37C incubatoroll A 2441 3F F<2F vl <k
AF T vl $oll = disc TR0l A3/dE A543l ZH(inhibitor
zone, mm)2] Z7]E vernier caliper(Mitutoyo Co., Japan)Z =
gote] 2t &nf) £ FEEC] I G =S vl &

2 A
e 7] Sl B8 F2E S MY 2 9w 24
W FEES ALESl] R TEE 1,000 mymlE 3]
122 4AA 2 3435} paper disc 22 inhibitor zone= 2+

3) HAXMlis: EH

%] 42413l 5 =(MIC; minimum inhibitory concentration)+= <}
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EE 100 mgmE st 124 179A 74 843510 MHA W
Aol Yol Zt FE=H plates THEATE 7190 MIC FA 75
£ 187 F%E replicator(Cathra System, OXOID)E ©|-&3}] 2}
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4. DPPH(1,1-diphenyl-2-picrylnydrazyl)2 O|&8t Free
Radical 27 &1}

Gao] &l 2 FE2E F A T 7PE F2 ethyl
acetate T8 &2] HAAFo] 52 Blois MS(1958)2] WH= W
gslo] =43kt 1,1-dipheyl-2-picyl-hydrazyl(DPPH, Si
Chemical Co. USA)S MEF2c]] 02 mm F =2 o1 A|8S
0.1, 0.05, 0.01 mgml F=Z wgh&] §|AZTE 02 mM
DPPH €9 0.8 mlo] 5= Alg ZA|Y 0.2 S £335}o]
Ao A 1087 HA F 517 melld FREE SR
, B2 ZE Sigmaile] butylated hydroxyanisole(BHA)
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3T} Osawa & Namiki(1987)2] WhHol wha} &3 g-of&
ethyl acetate®] 33 A5 02 ml, 99.9% ol gkl <1 2.5%

2=k 02 ml, 02 M Q14FeHS-(pH 7.0) 0.4 me, S 0.2

mE 7heto] W EEE e F 282 o] 40T
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1. &39 RIS FE29| 2
H-<= hexane, chloroform, ethyl acetate, n-butanol®] -7]-&
] 2 58 %3 A3} Table 29} 2] butanol(IPK-4) ¥ &
< 4.15%, ethyl acetate(IPK-3) 2 &2 1.19%, hexane(IPK-1)

0.65%, chloroform(IPK-2) 0.39% o2 FE5E T&5 43U
[e]
=

ok & HTAR water(IPK-5) 2 E-2 M & 582
4.45%°| A

2. 85 28 FEE=0 g 24
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Table 2. Average yields of organic solvent fractions
extracted from S. baicalensis radix

Dv‘::i‘;hltlegﬂ Solvent fractions Yield (%)"+S.D
IPK-1 0.65+0.54
IPK-2 0.3940.22
100 IPK-3 1.19+0.45
IPK-4 4.15+0.75
IPK-5 4.45+0.79

Dried weight of extract fraction(g)
Dried weight of S. baicalensis(g)

Y Yield(%) = x 100

Table 3. Antibacterial effects of organic solvent fractions from S. baicalensis radix on pathogenic bacteria

Extracts of S, baicalensis (1,000 mg/m¢)”

Strains o)
IPK-1

IPK-2 IPK-3 IPK-4 IPK-5

Streptococcus faecium MD8b +
Staphylococcus aureus SG511
Staphylococcus aureus 285
Staphylococcus aureus 503
Escherichia coli O 78
Escherichia coli DC 0
Escherichia coli DC 2
Escherichia coli TEM -
1507E

Pseudomonas aeruginosa 9027 -

+ o+ o+ o+ o+ o+

+

Escherichia coli

Pseudomonas aeruginosa 1592E
Pseudomonas aeruginosa 1771
Pseudomonas aeruginosa 1771M
Salmonella typhimurium
Klebsiella oxytoca 1082E
Klebsiella aerogenes 1522E -

Enterobacter cloacae P99

+ o+ o+ o+ o+

Enterobacter cloacae 1321E -

+ + -

+++++++++++ii$$$$i
o0+ o+ o+ o+

+ o+ 4+t + o+ o+ o+ o+ A+

Concentration of organic solvent extract from S. baicalensis,
Fractionated procedure of organic solvent from S. baicalensis :
extract), IPK-4(n-butanol extract), IPK-5(water extract).

2

IPK-1(hexane extract), IPK-2(chloroform extract), IPK-3(ethyl acetate



Vol. 22, No. 3(2009)

Table 3. Continued
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Extracts of S. baicalensis (100 mg/m)

Strains
IPK-1 IPK-2 IPK-3 IPK-4 IPK-5
Streptococcus faecium MD8Sb - - - -
Staphylococcus aureus SG511 - + + - -
Staphylococcus aureus 285 + + - -
Staphylococcus aureus 503 + + - -
Escherichia coli O 78 - + + - -
Escherichia coli DC 0 - - - - -
Escherichia coli DC 2 - - + - -
Escherichia coli TEM - - - - -
Escherichia coli 1507E - - + - -
Pseudomonas aeruginosa 9027 - - - - -
Pseudomonas aeruginosa 1592E - - + - -
Pseudomonas aeruginosa 1771 - - - - -
Pseudomonas aeruginosa 1771M - - - - -
Salmonella typhimurium - - + - -
Klebsiella oxytoca 1082E - - - - -
Klebsiella aerogenes 1522E - - - - -
Enterobacter cloacae P99 - - + - -
Enterobacter cloacae 1321E - - + - -
Strains Extracts of S. baicalensis (10 mg/md)
IPK-1 IPK-2 IPK-3 IPK-4 IPK-5
Streptococcus faecium MD8b - - - - -
Staphylococcus aureus SG511 - - + - -
Staphylococcus aureus 285 - - + - -
Staphylococcus aureus 503 - - + - -

Escherichia coli O 78
Escherichia coli DC 0
Escherichia coli DC 2
Escherichia coli TEM
Escherichia coli 1507E
Pseudomonas aeruginosa
Pseudomonas aeruginosa
Pseudomonas aeruginosa
Pseudomonas aeruginosa
Salmonella typhimurium
Kilebsiella oxytoca 1082E
Klebsiella aerogenes 1522E
Enterobacter cloacae P99

Enterobacter cloacae 1321E

9027
1592E
1771
1771M

g B7] 98te] MHA ujA] ol T
| =55 1,000 mg/mé, 100 mg/ml, 10 mg/ml

2

u}

=

S

}3L paper disc

|

=4

718l 37°C incubatorol] 4]

Wl gstol YEAE B

[S)

FAh

Table 33} #Zo] f7]-8&v] FE=L 1,000 ng/mle]| 5=l
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S et 245 JERIT) 53], ethyl acetate(IPK-3) 5
&9 It Do) 7P A YERE ™, chloroform(IPK-2)
FEES gt @A o] S UEbstth B8 hexane(IPK-1) 5
=52 E coli TEM, P. aeruginosa 902, K. aerogenes 1522, E.

cloacae P99, E. cloacae 1321E <ol A, butanol(IPK-4) =
=2 E coli DC 0, E. coli TEM, E. coli 1507E, K. aerogenes
1520F, E. cloacae P99S)A] S+&- gt B4do] Lpehglth. S8,
IPK-3 FE22 08 f7]87 EdEE3} vlarste] 100 mg
m FEAAE GA] 17 FFellA Gt 245 HeRifle
™, 10 mgml FE=NHE S aureus SG511 2] 270 TFollA] &t
T 292 UEhlAtH(Table 3).

IPK-3 8= A9 9] dolA 3 B35 H3
o} IPK-3< 125 mg/ml S =X E. coli DC 0, E. coli 1507E,
P. aeruginosa 1592E, P. aeruginosa 1771, P. aeruginosa 1771M,
S. typhimurium, K. oxytoca 1082E, K. aerogenes 1522E, E.
cloacae P99, E. cloacae 1321E TFE0A+= H 10 mne] A5
AXE B3, E. coli O 78, E. coli DC 2, E. coli TEM T
A 15 mn oJste] A5 F2 JAIE HATHTable 4). 53],
35 IPK-39] F=7F 125 mg/mlol A S faecium MDS8b, S.
aureus SGS511, S. aureus 285, S. aureus 503 TSN 17~

o

oA - &5 - A g2 Eod ete) A

h h 84

22 mn =2
2~5).

IPK-32] ZAAS 5 =MIC)S A2 A3} S aureus SG511,
S. aureus 285 TN 3.1 mg/md, S. aureus 503 T4 6.3
ngmlE 7 B srdA it 24e Jehilen, P
aeruginosa 9027 TF5 A 2|3 tF-E2] T4 12.5~50
mgmle] FAA N EsE7F Sl E U tHTable 5).

Fe A% oAE RNtk Table 4, Fig,

3. 82 FZEE9| DPPH (1,1-diphenyl-2-picryl-hydrazyl)
£ 0|8¢t Free Radical 27 &1}

DPPHE -2 A48 Yehlin] 2 AA7F da 549
gz EA, gz Aol v|H A sl o] St AH
2 A3t} gk g38)¥ DPPHE 517 nmell A Hth &
FEE e Al 59] e oA FF=oF HAash
o} IPK-3 52 0.1, 0.05, 0.01 mgml 5T = WL =
o] free radical 224 5= A9 & A3+ Fig 67 Zth 4
AkskAI Q] BHAS Hlwste] -2 0.1, 0.05 mg/mlE 22
e AsldS w 22 9232, 92.03%E 2 EE9
2kshA Q1 BHAS 2ol 7} §lo] =2 free radical 2275
Ak

tlo oX o

f

Table 4. Antibacterial effects of ethyl acetate extract (IPK-3) from Scutellaria baicalensis on pathogenic bacteria

Ethyl acetate extract(IPK-3), zone dia.meter(mm)l)

Strains
1,000 mg/mé 500 mg/ml 250 mg/ml 125 mg/ml
Streptococcus faecium MDSb 17 12 13 NA?
Staphylococcus aureus SG511 22 20 21 21
Staphylococcus aureus 285 18 20 22 21
Staphylococcus aureus 503 19 21 22 22
Escherichia coli O 78 13 12 13 13
Escherichia coli DC 0 10 10 10 10
Escherichia coli DC 2 14 15 14 13
Escherichia coli TEM 13 11 11 10
Escherichia coli 1507E 11 13 13 13
Pseudomonas aeruginosa 9027 14 13 13 NA
Pseudomonas aeruginosa 1592E 10 10 10 10
Pseudomonas aeruginosa 1771 10 10 10 10
Pseudomonas aeruginosa 1771M 10 10 10 10
Salmonella typhimurium 10 10 12 13
Klebsiella oxytoca 1082E 10 10 11 11
Klebsiella aerogenes 1522E 10 10 11 11
Enterobacter cloacae P99 10 10 12 13
Enterobacter cloacae 1321E 10 14 15 15

" Disc diameter (8 mm) was included, ? no activity.
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Fig. 2. Antibacterial acti-
vity by paper disc method of
ethyl acetate extract (IPK-3)
from S. baicalensis on S.
faecium MD8b. Concentration
of IPK-3; A) 1,000 mg/m{, B)
500 mg/ml, C) 250 mg/ml, D)
125 mg/ml.

Fig. 3. Antibacterial acti-

vity by paper disc method of
ethyl acetate extract (IPK-3)
from S. baicalensis on S.
aureus SG511. Concentration
of IPK-3; A) 1,000 mg/ml, B)
500 mg/mlé, C) 250 mg/ml, D)
125 mg/ml.

Fig. 4. Antibacterial acti-
vity by paper disc method of
ethyl acetate extract (IPK-3)
from S. baicalensis on S.
aureus 285. Concentration of
IPK-3; A) 1,000 mg/ml, B)
500 mg/ml, C) 250 mg/mé, D)
125 mg/ml.

373

Fig. 5. Antibacterial acti-
vity by paper disc method of
ethyl acetate extract (IPK-3)
from S. baicalensis on S.
aureus 503. Concentration of
IPK-3; A) 1,000 mg/ml, B)
500 mg/ml, C) 250 mg/ml, D)
125 mg/m.

Table 5. Minimum inhibitor concentration (MIC) of ethyl 120

acetate extract (IPK-3) from S. baicalensis on pathogenic i E ::;3
bacteria i a0 = P
IPK-3 ; o
No. Strains Minimum inhibitor FE 6
concentration (mg/ml) lE
| S feacium MD8b 25.0 2
2 S aureus SG511 3.1 3
3 S aureus 285 3.1 o . e e
4 S aureus 503 6.3 Dose Imalmi)
5 E cliOT8 125 Fig. 6. DPPH radical scavenger activity of ethyl acetate
6 E coli DC 0 12.5 extract (IPK-3) from S. baicalensis.
7 E coli DC 2 12.5
8 E coli TEM 250 4. 832 FEE9| Ferric Thiocyanate(TCA) &0l 2|5t 2|
9 E coli 1507E 25.0 Zg|Ake| AEEANS) HHX| &1}
10 P. aeruginosa 9027 >100.0 29| ethyl acetate F=22] XA 3}4ks) A 58 3
11 P. aeruginosa 1592E 50.0 o1g A= Fig. 73 2o} &4 34842l BHAE 0.05 mg/
12 P. aeruginosa 1771 12.5 2 A5t w, 29 x15E Faks A AAE B 6
13 P. aeruginosa 1771M 12.5 2ol 53%2] Tpakal S A5l o), B ethyl acetate
14 S typhimurium 12.5 FZEEZ 0.1, 005 myml =2 A2t AE oA kg 19aF F
15 K omtoca 1082E 12.5 B 8] E7ksl7] Alatstel 3 At ) 48% Faks) A
16 K aerogenes 1522E 12.5 A AAE Holw 7UX7HA] v)S3l 3] ksl A o
17 E. cloacea P99 12.5 A 7} A=tk
18 E. cloacea 1321E 25.0

T 0.01 mgmee] FEolA= BHA B} ¢F 27% J = W2

gz 27se HAth A Al F s =A o] T 7
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Fig. 7. Lipid peroxidation inhibition of ethyl acetate
extract (IPK-3) from S. baicalensis and BHA in linoleic acid

system measured by the thiocyanate method. —+—: IPK-3
(0.1 mg/me), —&—: IPK-3 (0.05 mg/m), —®—: IPK-3 (0.01 mg/
ml), —*: BHA (0.05 mg/ml).

. 82 hexane, chloroform, ethyl acetate, n-butanol®] 7]
o2 238 3231 23} butanol(IPK-4) 8 &2 4.15%,
ethyl acetate(IPK-3) 2 8- 1.19%, hexane(IPK-1) 0.65%,
chloroform(IPK-2) 0.39% <08 FE5 ¢&< Ak
% ZZHA9 water(IPK-5) & 7H 58 58
ol 4.45%= JEFITh

2. 182 MU Alatel Uigh &3] 718 25 5
ethyl acetate(IPK-3) F&E°| 7P°F Hold 3t &4 &
HE BHP o, 125 myml FEAA S aureus SG511, S.
aureus 285, S. aureus 503 TFONA] 18~22 mme] AS <
AL Hol 71 =& gt 2L B

3. & ethyl acetate(IPK-3)2] HAA I EE=MIC)E &2
g+ A3} S aureus SGS11, S. aureus 285 Tl A 3.1
mg/ml, S. aureus 503 TFONA 6.3 mgmlE 7P Fe %
ZoA gt EAS VERAICH, tiFEEe] oA
125~ 50 mgmee] FHaAe s =7t 1= ATh

4. B39 ethyl acetate T8 &2 4tsl F15 Lolir]
$]5te] DPPHE ©]| &3} free radical 27 E3HE %3
Az} 0.1, 0.05 mgmle] FE=olA 92.32, 92.03%= T3
LrsIAIRl BHASF Hlwsled BlS=gt g AASS
LPEM% Atk

5. B39 ethyl acetate F=E2] XA 24l a9t =4
zﬂ 27}, ethyl acetate FEE2 0.1, 0.05, 0.01 myml =
2 H2)e BE oA W3- 5Y Zoll TFE FAkekA 9
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Ho
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tot,
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BHAS} W23t x| A 3qtshe 4 oAl Holth

_Tl_il-

B ATE FeAERA A Al 3 sk s o
=]
=

M 7hs/d S dotiy] st kAl = sl S o]
23 f7]180 55 F ethyl acetate ¥ E2| gt & &

A
3} &5 AKSISITE Bae —(2005)4 AT HaoA 9
ft 2 20] 2,000 ppm F%
A E. coli= 13 mm, P. areuginoa< 9 mm, S. typhimurium= 13
mm, 18] 3L S, flexnerioll A 21 mme] FrE o] ok Basks
th Aol A8 S5 IPK-32 125 ngml FXolA S
aureus 503 TONA 22 o] =& S T2 AAE BIlom,
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