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Abstract — Urease activity of Helicobacter pylori was most strongly inhibited by extract of Mume Fructus among eth-
anol (70%, v/v) extract of 6 herbal materials selected from our previous work, database on traditional herbal materials,
and literature data on Korean plant resources. Active compounds in the extract of Mume Fructus were separated by
batch extraction, and further purified by chromatography in a silica gel column and an octadecy] silica gel column using
solvents of different polarity. By NMR analysis of the last chromatographic fraction we identified ursolic acid as the
active compound of urease inhibition. The result suggests that this component in Mume Fructus can possibly be used for

the eradication of H. pylori.

Key words: Mume Fructus, Urease Activity, Helicobacter pylori, Extraction, NMR Analysis

LM B

Helicobacter pylori= 3199, S99 2 919ke] €l #oF AdeA]
1o k3 A S '] HAQITH1]. H. pylori?} TR Al
2] 75 A 21 1l AAshe 919 Fol AE Yo
Sl AL o] 7o) A= urease®] B4 wit-o|tH2]. Urease
Aute] P Alzdlo|i} A M o] 9l @ AS Bajjsto] oF
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o] Quflel] - urease T4 AAEZO] ursolic acidylS BFET}.
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2-1. ARE 25 H HiY

Ao A8 Helicobacter pyloric= 7373t8tal o] 3}rfjghofA]
TP ATCC 4350430tk ©] 522] Aleull s 913t Al 2=
10 vol% horse serum (JRH Bioscience, USA)S 3 7}3t brucella
broth (Difco, USA) HIAIE o831t} oAl vzl 25
7] #1319 anaerobic jar (3 L, Difco, USA) €3171~(10% CO,,
5% O,, 85% N,y T8 XgiYrle] 17dste] s|d&EE
(120 rpm)¢} 25 (37 °C)= A8kt

R E AR AEiX] B3 10 vol% horse serum (JRH
Bioscience, USAYS 3718} brucella agar (Difco, USA) HiX] & o]&
3telom, o] ¥ EFTEA(10% CO,, 5% 0,, 85% Nyt a8
CO, HI71(MCO-175, Sanyo, Japan) UlellA] 37 °C, 95%2] 557
BlofA A= 3t

2-2. CHaF slellel MY ! SuiFE

i stekAls e Eedeke dloleulo] A9t dk=e] A=
W AR, AiETteke] AOE A HE Besv drast
F ol SRl 178649, Aa, A/}, W&, A=, 17, S, 371,
Ned, 4, A9, 25, J, 34, W, 255, 20)S Uk 4%
33Tt o] FollA] 2uE A|Q)3t 1652 $HoFA] FEE2] urease &
oA gl digh nludiis AaAT12]04 Bk vk Qlct
whEbA] 2 ATl e A aATReA 9] SIS oR Al (@, A&
=, 3970, 3=, A5l enlE F71sE 6714 skekAlel tigk e
T}

7} gtokAl= A EAPelA FAlsle] 60 mesh Z1719] R HE THEo]
ZF kA 10 gofl oerE:(70%) 100 miof] @ar 80 °CollA] 1A1%F F<F
F=3)T) ZF 252 ]3] (Whatman No. 1, Whatman International
Ltd., Maidstone, UK)Z ¢]3}5}9] rotary vacuum evaporator (Eyela
NE, Japan)ollX] 5535ith. 2F 2908 29+ A $l8t
0.2 pme] FAP] FE|E o] 761] 11, NaOHS} HCES: AF&3}o] pHE
72 gL, EN] HFEEE 100 mg/mlE 39T
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2-3. BICIXH FEEZ2| urease MUK FulZM

Urease 27 Alls-2 S48P7] Sl shefA] & w8 20 L
(100 mg/ml ‘&5)2} H. pylori bacterial suspension (20 pL)yS urea
broth (yeast extract 0.1 mg/mL, monopotassium phosphate 9.1 mg/mL,
dipotassium phosphate 9.5 mg/mL, urea 20 mg/mL, and phenol red
0.01 mg/mL) 7 mL7} 5°18)i= cuvetteol] 2SIt} Urea®] w3flof] uk&
phenol red®] color intensity?] ¥ 3}= spectrophotometer (Spectronic
20 D+, Milton Roy, USA)E ©]-8-3F4] 560 nmollA S74sk3iTt
Urease®| 2}-g-ofl thet gtepd] 52 AAaa} 8= urea’}
Yok ZeljH= Frt S Al H™ broth®] pH 57 4]
S Zlolt}. o]# gt pH Z7A] phenol redi= 3202 ol
o] 0.D. gto] i ez v |t enfjz i SRS &
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2-4. 2042| 3EA] =&

3 2m(1.2 kg)= 80% methanol (6 LYZ 30 °C, 120 rpm°.
2 72AZF 59 23] =3 § ©J¥X|(Whatman No. 1, Whatman
International Ltd., Maidstone, UK)Z. ©13}5}%] rotary vacuum evaporator
(Eyela NE, Japan)® 7+%t s5ato] MghE 5= 333.8 g& ¥%
o}, o] dgks 255 1|54 809l ethyl acetate®} =4 80liQ!
=2 FE2RA, & 55 A 2R 5790 B n-RRREE
FE3I0HFig. 1). 7t 52 55310 E T, nFehE T, ethyl acetate
ZolM ZH2F 155.3, 132.6, 36.8 g& AL sF310] dojzl Al 2
(&, n-FEhS, ethyl acetate)ll thato] 100 mg/mL 552 £8= 20
ULE H. pylori bacterial suspension (20 pL)°ll 37151 urease 24
AAleeS St

2-5. Column chromatographyS 0|25} 218K & NMR £

372 BulFEelA urease 73 A &I} 7P FA RS
ethyl acetate # &=l iete] AE7HaAE o] g3te] F+ oA 181
©JoJA] octadecyl AE|7HAS 0]&3to] g WA, - Al DAlel A4
column chromatography & <383} Uh(Fig. 1). Silica gel column
chromatography (13} SGCC2FL ghyell= silica gel 60 (63~200 pm,
Merck)S A28} TE Octadecyl silica gel chromatography(©] 3}k
Octadecyl SGCCE}aL Eell= LiChroprep RP-18 (40~63 um, Merck)
< AHE3ISIt). Thin-layer chromatography (TLC)O:= silica gel 60
F,s, plate (0.2 mm Aluminum sheet, Merck)E AH2-3}31 1L octadecyl
silica gel TLC= DC-Fertigplattem RP-18 F,s,q (Merck)E AM-311
o}, 8l 4748 9130 thin layer chromatography (TLC)= &2 4
ANEHE ofe] 7HE el Ry 442 ols, spot Be] WiskE
AESAT. FH ol AREE (S, dlHoMAHIO|E, nHghe,
-3 9l S22 X F )= AlekFsH0] 9 tH(Ducksan Pharmaceutical
Co., Ltd, Korea).

Ethyl acetate 7&-20] B|FJo]| B2 7|8l v]=4d C 256 I
0 2 A2} =o]7PAA silica gel column chromatographyE <243}
Stk 1Al FEA AFESE A1) B2 n-hexane/ethyl
acetate=15:1, 10:1, 5:1, 3:1, 1:1, 1:223} chloroform/methanol=10:1,
5:1, 2:10130t}. 970e] B-EE F urease EJ0] 7F -2 n-hexane/
ethyl acetate=3:1 =&l t|3}] chloroform/methanol/water=20:3:1
ZANEE ARE8Eo] 24 silica gel column chromatographyS 2
Alskar 5719 -3 o 2 FEeditt. 5709) 8 E (cmwl~cmw5) &
urease EJ0] 71 w2 cmw3 FE ol t5}o] methanol/water=10:12]
ZA7NElE ARE-510] 3] column chromatographyS AAI5FL 3
7he] &= (mwl~-mw3)e A3t o] 39 Eefell= TLC w4
A3} silica gelZ+ w27 o] b al ItE o] resine octadecyl
silica gel& W A5 ARESIATE Hdoil 37)9] F-2l% 5 urease &
Aol 71 W& 3 B2 (mw3)= NMRZE 495197 urease 27 ¢
Al el F2E ERIsIGIT. ZF F-2oll thgh urease EA> ©]H

section(2.-3)°lA4] A st ¥h-& ALg3to] Sttt
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Batch extraction with 80% Methanol See
T — Fig 3A
Water layer | Ethyl acetate layer | for urease
activity data
Water layer Butanol layer
SGCC1 See
] T l T T 1 Flg 3B
1511 10:1 51 [31] 11 12 101 5:1 2:1 for urease
(n-Hexane : Ethyl acetate) (Chloroform : Methanol) activity data
Chloroform : Methanol : Water = 20 : 3:1 |SGCC2 See
Fig 3C
[ | | for urease
cmwl  cmw2 cmw3| cmwd  cmw5 activity data
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[ for urease
mwl mw2 activity data
NMR Analysis
Fig. 1. Process diagram for the isolation of urease-inhibiting compounds from Mume Fructus.
3. Z4n 3 &t 3-2. QOHZHE] urease HH|EE2| E2|-THM O<=Z2A =&
A=
3-1. B2l F=EE2| urease Y AN Fu} Qufol] SU= urease F A BAS Ak 3 WA

AL, A, @M, 9, A%, @le] e (70%, 80°C) FE =S
urease 4] oA w0 F ZFH UAdehd vt A o
(Mume Fructus) (0.03) > 4~5(Caesalpinia sappan L.) (0.096) >
1L (Forsythiae suspensa Vahl) (0.127) > 87N (Schizonepeta tenuifolia
Briq) (0.163) > 3+ (Coptis japonica Makino) (0.189) > 483 (Perilla
frutescens var. acuta Kudo) (0.216) (Fig. 2). 21714 2% Qo] sxl=
72213 5 HFE OD. #k& Weki o] glol 25 H. pylori®]
urease 20l thgh slofAl] FE52] A Gt & Aolrt. 2m) 3
ZE2] 0.D. k(0.03) RS ¥X| k2 tlZ=7(©]3} control ©]
2kl ¥)e) 0.D. gk tiH] 7.5%°) E3}sISith 0D, 3 71Fo®
HEkglE o thE ol 7] glebd) FEEET e FEEC]
urease 27 A 5o] L53] At

0.4 0.4
—@— Mume Fructus
—O— Caesalpinia sappan L.
—w— Perilla frutescens var. acuta Kudo

0.3 4 —sp— Forsythiae suspensaVahl Lo3
—l— Schizonepeta tenuifoliaBriq
—{1— Coptis japonica Makino
—&@— Control

Optical density (560nm)

Time (hour)

Fig. 2. Inhibition of Helicobacter pylori urease activity by medicinal
plant extracts.

2 e (80%)E T 5 BISA Gl olobAlElo] B9 54
il 2 FulFEsIglth & 52 thA 2R S54d0] B nt
g E FZ315Ith(Batch extraction in Fig. 1). ©]g7] Qoizl Al 7]
o] {8 T E3 ntRhE oM ek FEaE WA g
Z7*(control)¥} B &) O.D. kel 217} 20.0% 9 14.5% S3kow
3= urease B4 A7} AA] USkEE HERATE 019} g ojdo}
AEo]E #2¢] 0.D.F control2U} 88.8% S3ktt. o] clldolA]
Hlo|E 2] Foll urease A lAll=2lo] wo] Eowo] Q5= 9

ulsh(Fig. 3A).

3-3. QO Z2E urease
omatography 1ZH4[>

St FZolA urease B A EZo] 71 wo) 23 ofd
OFMH|O)E 88 O = silica gel column chromatography s 5
Y3ttt =2l (eluent)= 97F<] A1 n-hexane/ethyl acetate =3+
4] &3= chloroform/methanol®] &35 ARSIATHSGCC in
Fig. 1). Fraction collector® 300 drop?] ol #&]3t o] #3&
H] W8} n-hexane/ethyl acetate=3:13 eluent® A}-8-3+ 2 2
urease 2 oA a-50] 71 Z9k1 urease®] AT =7} control
ojr] 3.5%0l E28Ielth(Fig. 3B).

ArldEe| 22l-8Ml @ <Column Chr-

3-4. QNERE] urease HHMZ| E2|-HH| @ <Column Chr-
omatography 2CH|>

Silica gel column chromatography 2 ©-7]i= hexane/ethyl acetate=3:1
=E8E o R skt TLC 245 F319] chloroform/
methanol/water=20:3:1% eluent® 4173} THSGCC2 in Fig. 1).
Fraction collector® 300 drop? T.2.3 TLCE o|&35}o] A
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Fig. 3. Inhibition of Helicobacter pylori urease activity; (A) by various solvent extracts of Mume Fructus obtained by batch extraction. MeOH,
BuOH, and E.a stand for Methanol, Butanol, and Ethyl acetate, respectively.; (B) by eluents of nine solvent mixtures of n-hexane/ethyl
acetate and chloroform/methanol in silica gel column chromatography (SGCC1). For example, h15el, hle2, and c10m1 stand for elu-
ents composed of n-hexane/ethyl acetate (15:1, v/v), n-hexane/ethyl acetate (1:2, v/v), and chloroform/methanol (10:1, v/v), respec-
tively.; (C) by fractions of silica gel column chromatography (SGCC2) using chloroform:methanol:water (= 20:3:1, v/v) as eluent.; (D)
by fractions of octadecyl silica gel column chromatography using methanol:water (=10:1, v/v) as eluent. In Figures (A), (B), (C), and
(D), C stands for control.

AEe TP Zow wdl 59 2 dAd CHs
(cmwl~cmw5). 5712] #& F cmw3 +E 2] urease &4 oA & z
o] 7P £l ureased] At FAE

ET3HAtH(Fig. 30).

7} control TiH] 22.0%°] HsC

3-5. QOHZHE] urease AME2| 22K ® <Column Chr-
omatography 3%Hi>

Silica gel column chromatography 3%HA|o14+= TLC 23} silica
gel2i= w27} o Hrh k= o] octadecyl silica gelS 018513t}
37| Aol 9bA octadecyl silica gel TLC (ODS-TLC)= 24735101
methanol/water=10:1= eluent® %17 3}91 th(Octadecyl SGCC in

Fig. 1). 2o1% 3709] & (mwl~mw3) & mw3 82| urease E4d OH z é
AAES0] 71 EUAL urease?] ATl A7} control THH] 35.2% "’/// H
olithFig. 3D). ©] mw3 #Eel FHEIYE B T 3 CHs  CHa
7] 37 A NMR)E ©-83t] #4330t Fig. 4. Chemical structure of ursolic acid.
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3-6. 2D-NMRZ 0|5 7= &I

2] 9A1E 29 NMR 2427} 'TH-NMR (400 MHz, pyridine)
spectrum®l}X] 3+ 711€] olefin methine (5;; 5.49, br s) 2 S+ 7112] oxygenated
methine signal (8 3.46, dd, J=10.0, 5.6 Hz)°| S}, 18|10
TAPE oA methine % methyleneo A W53 T<=9] signals-
u]5Ea1] 570 singlet methyl (8, 1.24, 8y 1.22, 8, 1.05, 8 1.02
4l 3y 0.88) signal®} 27112] doublet methyl proton &y 1.00 (d, J=6.4
Hz) 2 §;; 0.95 (d, J=4.8 Hz) signalo] =SSt} w2 triterpenoid
of| A Roj= AFZAQL pattern= & 5+ A2, methyl signal®]
S S ZHE ursane =29 triterpenoiddS F58 5= St

BC-NMR (100 MHz, pyridine) spectrums ¥, &5 307]9] &
4 signalo] #SETE o)A T2 dHelA g 9] carbonyl
carbon (8, 179.8)7} gk 242] o]FZghS ©]F+= olefinic quarternary
(8, 139.2) & methine carbon (5, 125.6) signalo] ¥t} Ak47}
)8kl oxygenated methine signal (5, 78.2) U7} #5530, 11
AP @3elA thre] signale] BSE T 1A el tisiA
DEPT (Distortionless Enhancement by Polarization Transfer) spectrum¥}
vl A8k A3 5719 4584, 5702] methine signalZ} 9711 2]
methylene signal “12]31 771¢] methyl signals ZF2; 215131}
2+ 1709 carboxylic acid®} ©]FZAE 17] W hydroxyl’]1& 71
ursane 2| 02X 0|9} 22 AdE 7319 vlwek A, o] SjMES
ursolic acid®. A7} ThH(Fig. 4).

7|i= Helicobacter pylori 70 73173
220 $PellM A2E 5= Qle 21 o] wo] Sk urease®] B4
02 g ok 2 AFelA o R gk sk, A
A7, B3, 2%, 22 oAE-2(70%) FolA 2 (Mume Fructus)
FEE0] 7P 73Sk urease B A T8-S B3t o] ewljel] g
FE urease &Y AAES A 0] THE ofE] 7HA] Ml A
sto] st o7 FERlaL olojA] A7t A L3t octadecyl
A7 ZHS o] 83 A R ulE Tgv] 2 B2l gAS T NMR
TS Foto] o] AgAlE el FEEl E 49470l ursolic
acid= 71838l Ursolic acidi= o|v] oJsHegle] &+t 9 &
SEI} HaE T Qs B 2 AP A= ool g o
‘d¥o)] AL tiAlstel H pylori A7l B84 F & Al

Aslsict.

=z Al
2 ATE 20104 % A3 g X|hel &gt Axpiug)
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