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Abstract

Antimicrobial activities were assayed through the hot-water extracts from 41 species of medicinal plants
against Helicobacter pylori which is known as the ulcerogenic phathogen. Opuntia ficus-indica, Houttuynia
cordata, Sinomenium acutum, and Coptis japonica showed the MIC at the concentrations less than 100 ppm,
Pulsatilla koreana, Forsythia koreana, Rheum undulatum, and Perilla frutescens less than 200 ppm,
Belamcanda chinensis, Arctium lappa, Cassia tora, Citrus tachibana, Siegesbeckia orientalis, and Caesalpinia
sappan less than 300 ppm by the 2-fold dilution method. In disc method only three of them were confirmed
to have antimicrobial activities which were increased in the order Perilla frutescens, Coptis japonica,
Caesalpinia sappan. Three extracts were partitioned with chloroform, ethyl acetate and butanol in sequence
and examined for the activity to inhibit H. pylori. The major ativities were observed in ethyl acetate fraction
of Caesalpinia sappan, butanol fraction of Perilla frutescens, butanol and chloroform fraction of Coptis
Japonica. The partitioned fractions were found to have increased antimicrobial activities in all extracts. The
experiments in which the extracts were added into urea R broth containing the crude urease derived from H.
pylori resulted in the increase of pH and optical density at 560 nm to 8.15 and 1.7 respectively. Urcase
activity of H. pylori was inhibited over 80% by Caesalpinia sappan, Perilla frutescens, and Coptis japonica,
of which Caesalpinia sappan suppressed up to 95%.
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AellA A xebe, 25°C £ 45°CoA s A= &
3, 713 AT ReA] el 7R 4
o] 2utol] 7jAsle Mlelr] wiiol H. pylorizt
ARl A A 7l AR Zdslr] g4, o]
T2l HHAA pHiz 7.0~7.40]n, o] WelE wlohd
Aol bzte]Ad 27O H-531R] et H.
pyloriy= urease, catalase, oxidase ofAo]t}®®. =3t H.
pyloriy> dH-3-2] carbohydratesE o] 8842 &),
Krebs cycle-8- %3] organic acids2} amino acids 2-3-¢]
energy & Bt} H. pylorie] 7} Ho|3F A 53hA
EX o ol 7} urease AJAFso] glrh Aot o]
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i k%t A 2h2 urea brothollA] 13 oo} oFAdubg-&-
Yell7] ool o] & & 5l ol 8371 e e,
Ureaset= 8§45 otrijelel COE H3le &4
(urea amidohydrolase)e|t}. o] 2 A qte] ¥4 4t
Foolut 2R Q= R4F LA FAFS
g gZFEider whEe e Y T S
Aoz gedx Qlek. H. pylori®] & o}& 54 A
o] JHE ZL ofFol| #to g Feual flagellar} st
A e T2 EAEka glolA M EAY %
AAAE o] 5% 4 Slvhe Zelch H. plyorig] %
AL E. colizt AL 5 Sl HEE 7l A Ec}
of 200} o)Ak HAME AU 4 gl AR ok
22 gJrh, o]zl EA} uwljF-o] salicylater} ethanol 7+
2 33HE Yol FF37I7E o8 HHYE B
T B9 5 3 Aoz AfEo] olF3hd
A s A Ee] Al A A 5 e A
2 48 et H. pylorie] 8% 2932 A
Aol datgM= o7 A3 SHE v ¢
A uk 774 wpdo) ol At AR 5
Al glet. -2viel Adale] o 80%4 =7} o] el
=g ot g vebiA] o Qdobrt, o
w3 whg&2090z)e] ko whgdAl fAlelA A
Hofs Fgiches %Y 58 7iekslod £ o, H
pylori ZH Aol &k -2} W5t H. pyloricl W7}
ZEAQ oo} X 8-E 2 AMEE Hel Ak
2 g g7} gt FH o= Rauws 5] bismuth #)#l}
®} amoxicillin, metronidazole?] 37}A} A5 FA|
o] Fojsh= 71 YE31% 5, Borody 5E bismuth
A A&} tetracycline, metronidazole-- 4234 A oFFEA] o]
Aol Fofs}= triple chemotherapy & %3 80% W<
o AgEAAE 9L Ao wusgo FuldMe
u} 209%] amoxicillin, tripotassium dictrato bismuthate,
metronidazoleS o] 43§ WE-EodE E3) 50% ]2
g 8aE dgcke Bl aehd o}l
A 2 g old Mgl AN W WA el et
iz, AprbsAe] iAlgiche Wella] Al&Al o
T} g astc}. 3 HAEE o4 H pylori 3
A AYRL inviroZ WU TP o8 &
Aol ALE L glr}. Tabak 57& W] &(thyme)ol]
4], Diker2} Hascelik"®-2- x}(tea)2-5-€] H. pyloricl o]
3h FEAS 21k 29, Midolo 57 4k
2 ¥¥], Bhatia S*& Lactobacillus acidophilus Z%-€]
H. pyloriol] A%} 3-#84-& gl

B dFdMde AEFSUtE doleule] 2t
9} A EP Sol|A] JAEAE 7HA o B o

A F=AE A EE EUE H. pylorie] ¥ I+
B4-& Fslrlell 2 AE B

Mz 3 U

AlEP_I HIZE

JLAI L T2 HBFYFE dlolelwo]ae}
ghte] AU ED oA At glvw 7155
2AE At o, 1 A B9 Table 15 e} &
A= se)e} B3 E(viw)sled 100°CelA] 2417 B4t
A5 FEsgden, 59 filter paper (Whatman
No. 1, England)& o33+ ¥ rotary vacuum evaporator
(Eyela NE, Japan)oll 4] 5531313, $5d4L 5432
& B3 Eistslo] Al 52 ARg-shodch.
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Aol A3 FF Aol A Ul
H. pylorig A} X575 ATCC 435049} ZA ot
o Fpefgoll 4] Bof ube KS 51 FFE ARE-3ked)
H. pylori®] wi<fol| = brucella broth (Difco, U.S.A.)ell
1% (v/iv)2] agare} 10% (vv)9] calf serum2 {713t
brucella FH 8|2 & AL8-8lsdt}. Urease ¥A] &30l
= urea R broth (Difco, US.A) 24 FollA] yeast
extractE A &8} A3, A3}

H. pylori2] vl|o}-& microaerobic condition& FX]A]
AZE7] ¢&#lAd 10% CO, incubatorE o]-8-3}¢jom,
incubator®] X+ A 95% olAe R x|3lgdr}.
Agar plate Aol 4] BSFE 37CR 48~7247F Hak ALA]
shaich.

FEEC HoEs HY

H. pyloricl] A& 3&2F9] 784 HAYL &9
A e g AAsgloh

2-fold dilution ¥} : Brucella broth-& 96 well micro-
plates]] 200 pl4 253 ¥, 72t FEE& 045 um
membrane filter 2 A}-7F3}ed 2-fold dilutionS A A8}
t}. 7)ol H. pylorig 10° cfu/mLe] %2 7} wellol]
100 pLo HFsled 10% CO, 274 37°C, 12417
aloFatoich. 2+ welloll 4] wioked 100 pL4-& 33t
brucella AR ol] =2tsla, o] plated 37°ColjA]
72X 75} 10% CO, incubation-g Al A1 8k{c}. wlok
% brucella A8 2| Aol colony A f-F-8 alste]
F 225 g 2442 % (Minimum Inhibitory
Concentration: MICYE &A3}22 H. pylorid] W%t
FEE0 FHEAE v, A3
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Table 1. List of medicinal plants used for antimicrobial
experiment

Korean Botanical Part
name name used
7}2V8-  Terminalia chebula Retz Fruit
7+ & Pueraria thunbergiana Benth. Root
7} %  Glcyrrhiza uralensis Fisch. Root
Az} Cassia tora L. Seed
A ¥ Cinnamomum cassia Blume Bark
3. At Sophora flavescens Ait. Root
ZF48 ¥ Davallia mariesii Moore Root
& 3 Citrus tachibana Tanaka Bark
&2  Inula japonica Thunb. Fruit
32} Rosa laevaigate Michx Fruit
- 3 Saussurea lappa Clarke Root
H} 7] Sinomenium acutum Rehd. et Wils. Stem
WZx  Chelidonium majus var. asiaticum Ohwi ~ Whole
W2 Pulsatilla koreana Nakai Root
WHl 2 Opuntia ficus-indica var. saboten Fruit
Al Z¢ Belamcanda chinensis(L.) DC. Root
AV = Zanthoxylum piperitum A. P. DC. Bark
A&tx  Agrimonia pilosa Ledeb Whole
4 5 Caesalpinia sappan L. Wood
22 9 Perilla frutescens var. acuta KUDO Leaves
4 A} Perilla frutescens var. acuta KUDO Seed
Al & Bupleurum falcarum L. Root
oJA %  Houttuynia cordata Thunb. Whole
ol 3 Forsythia koreana Nakai Bark
2wz} Schisandra chinensis Baill. Fruit
9kl Arctium lappa L. Seed
=3 Ubnus davidiana Planch var. japonica Bark

Nakai
Q)R %  Leonurus sibiricus L. Whole
2 3} Eugenia caryophyllata Thunb. Flower
23}  Rheum undulatum Linne' Root
A X Anemarrhena asphodeloides Bunge Root
Al 3 Gentiana macrophlla Pall Root
Z=te}  Paeonia lactiflora var. trichocarpa Bunge  Root
Aolxl  Xanthium strumarium L. Fruit
H %  Polygonum aviculare L. Whole
¥ E  Geranium thunbergii Siebold et Zuccarini Whole
3} 7| Astragalus membranaceus Bunge Root
3t #  Coptis japonica Makino Root
2} W Phellogendron amurense Ruprecht Bark
2 A Polygonatum sibirium Redout Root
3] A  Siegesbeckia orientalis L. var. Whole

Disc ¥H: 2-fold dilution Wi+ ol oj&) A4d £&
B0 FFYAHL disc HPEPe] o3 galslglc).
Brucella 3-8 vl<}ol|A] 48217k wlok%]l H. pylori& 3
¥ A2 o2 Fof brucella brothol] §3%(450 nm)
7b 1.7} S8 desigict. A=) 200 ulE A8
25 mLE A)Z% A 22 brucella FA IR o] T2}
&, o]7]o] HFE Bacto Concentration Disk (Difco,
US.AYE gefgstd 72+ &4 3388 045 um

membrane filter2 o3& 5 #HF-F%7} 1 mg/mLo]
HEE 3le] 10 uLy discol] FFAHet. 10% CO, =
ZAs}elA] 37°CE 72417 kg & disc $+9]9] clear
zone YA FF 2 A8 -& sl

zggo £y

A5FEsle AL FFES Bl 35U F FA4e]
4] 2 t}& chloroform, ethyl acetate, butanol & <=3} ¥
Y3t zZpzt gHstead 2F Solo R FHES
A7 HFH ez 22¢ B2, Faskgch delxl 7
7+e] XY EEL disc WHLOR H. pyloridl] W3} 8
A48 FH st

FEE2| urease BH M &1}

WA H pylori2 %€} crude-urcaseS |3}t
Brucella agar plateo]] wio}3F H. pyloriZ 20 mM
phosphate buffer (pH 7.2)8 &etAl7] 5 23] A3 314
t}. H pylorig 4°Ceol4| 637} sonication (Sonics &
Materials Inc, Vibra cell, US.A)) 4713 110X gol] 4]
1087 A4l Fe)sle] AHedut A8t o). AbS-oe
Gl F5F bradford ¥ ol wle} EA] sl o,
urease 432 Tabak 5472] wlw-& L83} v}La}
2o upyo s &3t 1 mL urea R brothel] 50
uL ureaseS H7FEted A2oilA] 2217k F)F wh&-A]7)
HA] pH W3}el 560 nmel| A 2] F-4w wslg 245}
B 24 urease ¥A]-2 Felslgict.

FZ-Fol a2 urease YA A H3H= ApH wpE-&
S48t 24315t} 10 mL urea R brothol] 7} 47
FE2EE H55%7} 10 mg/mle] B xE FHrlet F,
pHE 7.022 ¥ A3t} o37]e) 500 uLe} ureaseZ
A7lsto] AolA] 2413k B-k WA 1A 108 7}
A28 pH W& EAsteic). ukg 247 F 247}
Eoi7A] o2 2T pH HIAEE 100%2 71F
gto], BFgA7 R FEEol] u}E urease YA A&
< #Aksledch

dat ¥ g

FEEo ¥nEy gy

FEAES BE ol "ol 2-8317] wiiel
B AP E 8 Foll i A 7558 A3}
FARAE AYstaat ok 4159 FEAES
d5FET A5t 2529 pHrt 3.0-7.0744] S
vtebd e 28, H. pyloricll Wi¥ &d &7t 7] pH
of ofsf e A WAE] e 4 FEEe
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pHE 7.0 A =2 2A% F 734 & S8t
Table 2014 B ule} zho] W%, oA %, W),
3212 100 ppm ©]3}2] FxelA] H. pyloridl] t|3F 3}
FEAE K e, 58, A, FHY, g2
200 ppm °|5}9] Felr] sEAd-E Heloh AL,
SHizl, Az}, F9, 33, 25 F 300 ppm H =2

Table 2. Mimimum inhibitory concentration of medicinal
plants against H. pylori

Initial pH of

- MIC” -
Medicinal plants (mg/mL) medicinal plant
extracts
Terminalia chebula 1.90 3.74
Pueraria thunbergiana 2 6.00
Glycyrrhiza uralensis 1.47 6.38
Cassia tora 0.33 5.30
Cinnamomum cassia 3.48 5.77
Sophora flavescens - 6.02
Davallia mariesii 0.95 6.53
Citrus tachibana 033 558
Inula japonica 3.02 5.67
Rosa laevaigate 14.80 5.96
Saussurea lappa 3.80 6.00
Sinomenium acutum 0.04 6.59
Chelidonium majus 5.14 553
Pulsatilla koreana 0.12 5.60
Opuntia ficus-indica 0.01 4.83
Belamcanda chinensis 0.24 591
Zanthoxylum piperitum - 6.03
Agrimonia pilosa 3.48 5.15
Caesalpinia sappan 0.35 5.30
Perilla frutescens 0.19 6.20
Perilla frutescens 3.83 6.58
Bupleurum falcatum 14.13 5.26
Houttuynia cordata 0.03 6.86
Forsythia koreana 0.12 4.84
Schisandra chinensis 0.63 3.05
Arctium lappa 0.27 6.91
Ulmus davidiana - 7.00
Leonurus sibiricus 33.06 5.71
Eugenia caryophyllata - 4.16
Rheum undulatum 0.16 4.88
Anemarrhena asphodeloides - 5.50
Gentiana macrophlla 10.00 6.14
Paeonia lactiflora - 5.14
Xanthium strumarium 3.60 6.45
Polygonum aviculare 0.97 6.81
Geranium thunbergii 10.70 5.36
Astragalus membranaceus 0.45 6.33
Coptis japonica 0.06 5.11
Phellogendron amurense 23.15 5.28
Polygonatum sibirium - 6.00
Siegesbeckia orientalis 0.33 5.77

YMinimum inhibitory concentration.
*No inhibition.

FEoA FFBAS Jebieh el FHE, 2
slat, B, #7]% 1,000 ppm ©]3ke] FEollA g
#4E& B4t

Tabak o] wig]gko 2 He] H. pvlori®] ZA] A
£ A 2, dAuA ] 3% 3,500 ppm, A6l
#]8] 7% 4,500 ppmeljA] HFA]E HAY How
B ostict. oloh v ¥ o, B Al 784
o] #algl o}4AE 552 1,000 ppm ©]3}] FE
A% FFBAE e g B, A dAE §
gobd v F8 S 48 o sleeE A
et

Disc 2itoll 2|8t EhrEA 3ol

F4A B 228 Z 2-fold dilution A YA}l wlah
300 ppm ©]3}2] gl H. pyloriell W3} sF¥A
& bl F5E dl9), disc Wi R dFEAe
el aled . 2-fold dilution 4§ -2 o Ajul| x| Aol A H.
pylorig} FZ&50] Egs]e] y@a-g AT v,
disc B2 T A=At A] H. pyloriel] gt 3-7&
A& galdle Zeol7] gl 5 vhyel 9§ At
Aol B 7FEA & viAIE 4 vk

Table 3el|4] 2. uke} 7o) 2-fold dilution A3 o)
A B EA-S VERd $2E9] oY1) clear zone
£ AR Ealar AE, 4, et clear
zoneo] Z+z}t 13, 13, 8 mm A £2] =272 A =g}
Disc HPHol| 23 Aoy FE2E5E59 SFo8AS
H. pylori @57k zlel7} glol e %, &3, &9
o] &0 2 7R} 8-S Jehligic}. Tabak 57&
wig]dfe] B-F2E-0 2 HE] 24 mm Y xE2] clear zone
& odgj o, Diker®} Hascelik'®i= X} S22 HEe]
FH 2 16~21 mmE] clear zoneS P2 o8 W 73}
93t}h. Disc 3} 2-fold dilution ¥} 2] A3} 3joli=
F2E9 FAAHEC 93 Hog AAED, ole
Tabak 579 Z}ell X = A uf 2] B o) A ul =] of| A]
aAdel A vehd Ad Bl ARz A7
e}

Table 3. Antimicrobial activities of medicinal plants
against H. pylori by disc method

Diameter of clear zone (mm)

Medicinal plants

H. pylori H. pylori
ATCC 43504 KS 51
Caesalpinia sappan 13 12
Perilla frutescens 8 8
Coptis japonica 13 11
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Table 4. Antimicrobial activities of different solvent fractions from medicinal plants against H. pylori

Diameter of clear zone (mm)

Medicinal plants Solvent
H. pylori ATCC 43504 H. pylori XS 51
Chioroform 12.5 9.5
C Ipini Ethyl acetate 20.2 17.0
aesarpima sappan Butanol 18.0 16.0
Water b -
Chloroform 18.9 16.5
. Ethyl acetate 9.0 12.5
7
Perilla frutescens Butanol 102 15.0
Water - -
Chloroform 20.0 15.0
L . Ethyl acetate 10.0 -
Coptis japonica Butanol 215 19.0
Water - -

YNo inhibition.

FESo Bay T 2y
| BERS] Alel 2ANAN 25 g
FF0 ogAEe e gy BUE Felg &
ZQME =Alo] t}E chloroform, ethyl acetate, butanol
9] wo Rl zt FIE| it FH8AE
disc g 2 2 734 sgic)

Table 4el]4] ¥ upe} o] AFo] A9-& ethyl
acetate -3 oA 71 & IFEAE vehHA
butanol®} chloroform 3 &M E zp7t 4dAS
ryjr}. o)== Listeria monocytogenes ATCC 19113-&
Aoz 3 A% 350 ¥4 AYPH U
AFHR, 2% ethyl acetate -8 Fofl o ®ch ALY
A7 WeY Aoz AAR 299 Aee
butanol 23 EolA 7FA 713t SFHA-L BYoen,
chloroform¥} ethyl acetate 23 ol X% z}7} @
AL vieblich 2859 AL 459 oy 1Y
EollA+= H pylori 72 Aol7t gl o, 33 &
59 AHE of7te] FolE WHv 32 butanol
3} chloroform -2 -&-of| 4] 747.} 73 sFFEAlo) vEh

2 1], ethyl acetate %3152 H. pylori ATCC 4350401
Mt FRAE FAT 5 Asie

2220 2o e FRYY AT BE
FEEOA FA 5 olslo, B £ g
o4 FFEAl ek o2 wlFe] ¥ o 9F
A FAlo] bl gale] opd 7] o2 A7)

FH B} urease 4 H &1}

H. pylori®] )8ty B4 & 7P} Boldt AL 7
233} urease (urea aminohydrolase) #41-8 7}A] 1 9lc}
£ 7]t} H. pylori®] urease YA~ Proteus

@52 Aakgol vl 1006 o]Ate|n, T4 o]
oF 6% AHXr} urease® dA 9 ch®?, Urease=
urea S ¢ {o}e} COZ Hafshs Eaoln, Kagtel
0.8 mME Proteus 13-2] ureaseel] u}sf 10~20u) F-&
g aaefe] A3Ho] ). H. pylori?] urease=
efe] Z3tAd 27 M= H. pylorizt Aot 4= 3l
55 2o fE B[ A Bl wbE A AR >
A3} wlabr] H. pylorie] urease #4-& GA3t=
7o) H. pylori®] 7} <M}-& 23 shte] ubyo] €
4+ qleeiet A7t

H. pylori2%¥] crude-ureases ¥2|3}3 urea R
broth & ©]-§-3 {4=¢} pH W3slE £33} urease
A& ol st ch(Fig. 1). 2% H. pylori urease)

18 -

15

0.D. s60nm —@—
o
©
T

0.6 |-

03

0.0 i 1 0 A I n 70

0 20 40 60 80 100 120

Time (min)

Fig. 1. The activity of crude urease from H. pylori in
urea R broth.
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Relative urease activity (%)
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Fig. 2. Inhibition of H. pylori urease by various medicinal
plants in urea R broth. @—@: Control, ¥V—WV:
Caesalpinia sappan, 4—&: Perilla frutescens, B—MN:
Coptis japonica

o)Al §HeRS bradford WP 22 A3 A3 1.056
mg/mLEZ A=t} o] urease?] 84& Y 2
3}, 7] pH 7.02] urea R brothel|4] uread L]0}
9} COZ Halsted ¥1-¢ 242k F<qt pH 8.15712] A
%Ael 2718 Bt pHyt deld o2 Wl o
2} phenol redol &Js F-F=(560 nm)E. 1.774A] Al
Z7tshe 22 el

H. pyloricl]l F84& Jebd 3712 22 5%
o] 219 H. pylori urease ¥AL A sl=3]E 23}
o). FE2Eo] HrlER ¢ dxTo] kg 243
F vehdl pH M XS urease AAE 100%2 71E
s, uh§-A1 7k} 3&-Fof) whE pH WEA = E urease
oA &2 gAalslelct. Fig 2004 ®E ule} o] A
=, 29, 839 2% 4kg 247 ¥l H pylorid]
urease 432 80% o] A A Fh= 7 &2 eyt o]
= uj2]3fo] crude-urease AL 45% FAA o=
Tabak 5072] % 1ol v] &) wf-$- FE A2 A"
t}. B3] gF AT 7P & AHE MY &5
ol 4] urease &AJo] 95%0| 4 A == LR vehd,
ARG 0|47 H pylori®] b 7fute] o dFE
ojof & Ao AYz=r)

2 %

4132] FEA S d5FFild HHY dUT2
2 YB.1% Helicobacter pyloridl] i3 a8 <

Azteqc}. 2-fold dilution ¥l 2] sjr] &= WEdz, o
%, vbr), 32 100 ppmo] s}, WF-E, A, Fo
3}, 4432 200 ppm o]}, APZE, AL, A=A}, E,
314, 452 300 ppm °]3te] XA H. pyloricl
s TS el olF 7HA] FEEHe)
disc WY& Fa FdAde] AM¥gAF L, &5,
e, 2qe] o2 7R 8-S el
o] gal¥l 37}r] 3+Z-E-§ chloroform, ethyl acetate,
butanol® 43} BH 3l H pyloriol] A7 3784
& gty rt. 4252 A5+ ethyl acetate £ Foll
A, 293¢] 7S+ butanol ¥ EollA], o] H 9=
butanolz} chloroform £33 Ee|x 7} 745 3784
< Jehdidch 2259 Yo oE FF84Y A
FEIE BE 3550 A1 § Ut H pylori
2} crude-urease S ¥-2]3}] urea R brothell A §FF=
o} pHE ZAIEH A3, 43 247k F pH7} 8.15714],
560 nmol|l A 8] FFEE L77HA] Fbshs A og
ehdth. H. pylori®] urease 84S A%, 4, 3l
o] 3} 80%0] 4 AA=N0H, o] F 2E-L urease A
£ 95%014F A A At
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