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The objective of this research was to evaluate the inhibitory activities of phenolic compounds isolated
from Cheomoknosang callus on Helicobacter pylori. Total phenolic compounds of 80% ethanol extracts
from callus were 153 mg/g. The activity of /A pylori inhibition at 80% ethanol extracts from
Cheongmolknosang callus was determined as 14 mm clear zone. Isolation of inhibitory compounds was
carried out on Sephadex LH-20 and MCl-gel CHP-20 column chromatography using a gradient elution
procedure of increasing MeOH in HyO. The chemical structure of the inhibitory compound against
Helicobacter pylori was confirmed as protocatechuic acid, chlorogenic acid, caffeic acid and rosemarinic
acid by spectroscopic analysis of FAB-MS, NMR and IR spectrum.
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Cheongmoknosang callus, Helicobacter pylori, purification, identification
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g Bl AMEE WININAY BFE A2 AFE B3t
of o] tAtE R F&3te okt o, £ - BA
e FEEEY 28 54 9o )5S B4 F& A
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B o= flavones, steroids, triterpenes, amino acids,
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Aoro 2 Yuue dul Xgay 228 dardE Aow
234 UTH3]. Asanox BUF O ZRE N-containing
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A AEES S8 AZF callus® FH H pylad A =2
S ¥, 439 H prlori A& 2] biomassol 23 Ul
A 7hs Y 12 ATE SRS
Rz o
W

Spot BF, HiY¥ & calus =

Spot A& A3 @Ei*o o AIRE 2447 oyl
70% AREE AHE3ke] 10274 38 FW A3t F 1% sodium
hypochlorite® 20% 3t Atsta, @iz 53] A|# st 7}
ExAZ %1 om &9 A7]2 &2} Yol A uj Ao spot
HEskset ofm AHS-¥ 1A Hj A= Table 134 20] MSH|A]
2 A3 e H[9], 27°C Faol A 60U 7 H o wj etk
Callus¥] fr=+ MSHI Ao B43d A Z A naphthalene ace-
tic acid (NAA)$} 2,4-Dichlorophenoxy acetic acid (24-D) 2
2 hormones 10 pM9] F=2 A E wjAld A5 5 X33}
31 27°Coll A e &ttt Callus FAul A oA A E cal-
AAe= A sttt

luse 45

Table 1. Composition of MS medium for spot culture

Ingredient Content (g/1)
NHiNO; 825
KNO; 95.0
KH,PO, 8.5
H;BO; 0.3
. MnSQO; - 4H,0 1.115
Solution A7 50, - 4HH,0 043
KI 0.0415
NaMoO; - 2H,0 0.0125
CuSOy - 5H,O 0.0012
CoCl, - 6H,O 0.0012
Solution B CaCl, - 2H,O 222
Solution C ~ MgSO; - 7TH;0 18.5
. Na; - EDTA 1.87
Solution D poc6, - 71,0 139
Myoinositol 10.0
Nicotinic acid 0.05
Solution E  Pyridixine - HCI 0.05
Thiamin - HCl 0.01
Glycine 0.2
Phytagel 05
Sugar 30.0
pH 58
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BiomassE £l8t callus starter M|Z= ! bioreactor HHQF

AEed Bdo2 e FEd callusE Faufgate]
*H vl Y callusE 2A AL F, A2 2ZHS 100 mle] HA
Hj Aol HEste] S4A17]3L, ThA] 500 mle] HA| wiA o HF
Slo] v kA A starterE A Z 3}, starter A HFE 10 19 bio-
reactoro] HE3I ) HEH bioreactor= 27°C &AM ¥
TE7N2 =87 0¥ A% vl A AT

A2 A calus FEE9| =H|

Bioreactorol| X A% A2 x4} calluss 54 2 AX, &
A 5 Az callus 1 goﬂ 80% ethanol 100 mlZ 7}3}1L 244
= % Whatman No. 1 oJ3}2| & o] &3]
ol Z3tal Z Qo u;}a} F5ote] ARESkAT

Phenold stet=9| et

FZA18 1 mlE 95% ethanol 1 ml¢} 574 5 mlE 7}t
1 N Folin-ciocalteu reagent 0.5 mlE Fo] & 4jo]F11,
A F, NayCOs 1 mlE 74 3, F4% 725 nmojl A
AZE ool 43t gallic acidE ©]&3 REFHOE %4
= $HEFAATH10].

K

Q1
Az

)

72
FES

—_

H. pylor B
AR AL TFE 9, AHolAR A% AJNE H pylad
2A E2EEFe ATCC 435045 AHE-SIATE H prlan®) W)
o= A8 A (special peptone 0.5 g, agar 0.75 g, NaCl 0.25
g, yeast extract 0.25 g, beef extract 0.2 g 2 pyruvic acid 0.025
g)E A&t v A 21E FAMNAF] AdMA 10%
CO, incubatorE ©]-&3}% 2.9, incubator®] £+ 34 95%
o]’3o 2 A8t 2.1, agar plate’doll A v Y& 37°CE 48~
72A3E &3t AAIEH 1],

Callus FEEQ| H pylon et ZM

H plod) W3 callus 529 384 A4 disc agar
diffusion methodZ A A3} tH12]. Disc agar diffusion™-&
H. pylori HA ¥ A plateell H pyloriat 100 pls 53k dv
8o ® 52d vy, Ui ¥ disc paper ($8 mm)E &
I 045 pm membrane filter2 A3 7} FEFE-S vacuum
evaporator® §%¢ & WHFE 548 phenolic com-
pound-% gFeFo] 50~200 pg/100 pl7t H =& 245 & 7

FEE 100 pl—— disc paperdl 441711, B2 TF2= Hit
S FFAZ F 37°CY W] 5714 ZAel|A 4813 %0} in-

cubation3} TF2,, disc 99| dear zone A4 F5-= el

H pylon SHREHNE JIX|= callus £E522| 22| & MA|
Callus +E2& §2 A£3t9 &2 powder 500 mge

Sephadex LH-20 column (10x105 cm)# MCl-gel CHP 20P
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nol ¥ methanol& A3} —Er
nolic compound®] £ =& 1@}
method2 H pylor®l U1e+ &

Thin layer chromatography

Columne] 93] #&]¥ &= silical gel plate (5.0x5.0
cm)E CHCL : ethylfomate : ethyl acetic acid : MeOH (5:2:5:0.5,
V/V/V/V)e S ARE-ste] AR U 10% HoSOSE +
F3te] 100°CoIM LA A EHAES FAstA

HAEA FZE4 L melting point Z [a]pE Z4 3}
i, G278 de] ZAWHE o83 infrared spectrum (IR)
S =A31909, 'H 2 “CNMR spectrum-= FT %' (Pulse
Fourier Transform method)< ©]&3t9 Z%-&w CDClst+
DMSO-De-D;0¢ 5~20% (W/V)Hl&Z &8jA17)2 TMS
[Tertamethylsilane;(CHs),Si] & 71+ &4 & 3ste] PMR (300
MHz)Z Z43}9th Mass spectrum-
mass spectrum< ©]-8-3}] emitter H 7 22~28 eV, o] U9
7FE7ESE 6~7 kVe] M AFEA S stloH, 94 &
Ae AE %i-ﬁv—“ﬂi Azl $HE C % HY & BAe
Aom, Ot HAFS 71F 0= Ao 5] Fatatichs].

negative ion FAB-

4n o oy
I A calusFEE 2I8t spot B X bioreactor B

&4 9l A| 55 Murashige®} Skoog [9]9] W3} 2]
MSILAH A & o] &3] 17 L3t w3k A4 Fig. 13 o]
o 2HE FEH FE=AY cllusE IS F gdon, 3
B39 callus] th#FE RS 9] bioreactor B -2 MSH A

<\

%
&

(

Fig. 1. Spot culture of Cheongmoknosang Mulberry leaves.

Wi A S AFg-sto] Fig. 29k 2o] wjfeta] HE=
g Sued & gt

249 callusE

S calus FE=2 H pon Sl g2 £

B callus FEEY H pyloi AS5A3) 2= Fig.
3%} o] ettt Callus %59 phenolic compound &%
£ 50~200 pg/mle] L2 2A3 H pra] B AdE
4% 23 vz WMdA 12~14 mme] A% clear
zone®| FAHO H pylori A A7} ¢ £ A& el
& 7 Atk = T3] HHE FE=0| H pylorl i3
A ATl A 13 mm )9 clear zoned ¥ AoZ B
stk B Aol A B callus FEE9 H pylod
of gk A Bahes WFAES e
Hoh 58 04 7= AR FE A

Callus =&=9| phenold =2lo| &t2f
HEA FFEL 2 EA0 g8 EXFo = 23 AR
59 sz A, tokst Fx9 EAFS 7HAY, ofd wat

|88 44 2 44 5% w g skl dehac @

Fig. 2. The callus of Cheongmoknasang after culture in bioreactor
with MS broth.

Fig. 3. Antimicrobial activity of 80% ethanol extracts from callus
of Cheongmoknosang against Helicobacter pylori by disc
method. A: 50 pg/ml phenol content, B: 100 pg/ml
phenol content, C: 150 pg/ml phenol content, D: 200 pg/
ml phenol content, E: 0 pg/ml phenol content.



Table 2. Phenolic compound content in Cheongmoknosang callus
extracts

Content of phenolic
compounds (mg/g)

Cheongmoknosang callus extracts 15.3

Source
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HELA calus FTEEZE £E  column  chromatography
£ 0|88t H pyor Ko S22 TH|
S 2RH 59 cllus FEEY H prlorel g
o84 EAS AA7] 938t Fig. 49+ 20| Sephadex
LH—ZO column® 2 80% ethanolS &2 Al&35te] E&3511
FHE S A AF Fig 5949 2ol 13 £8= F
fractions &R 3 & A&} phenolF +2 01] a7} gt
Sephadex LH-20 dextran gel® +32 ©]“d& phenolf
7} &0 MCl-gelS ]34 normal phase type¥} reverse
phase type2.Z EtOHZ} MeOHE ©|&€$ column chroma-
tography—g o] &3t AA3 A callus FEEZE HE 5714
9] =48k compoundE #2393, TLC9} HPLCE ©]4-3}
o ‘3?4_ =4de Fdsinh

q:‘j"—_‘r_

B B9 s Pl i oot 22 2
A% compound A, B, C, D 2 EZ AHg-3te] H py

Callus 10g
80% EtOH extraction
Concentration

le—————— Sephadex LH {80% EtOH)
| | | I |

A B c D E G

Sephadex LH-20 |
(Hz0->MeOH, 0->100%)

or]

(F1| [F2] [F3] | F4 |
MCIgel CHP-20 " I
(Hz0-3MeOH, 0->100%
4 Compound E
Compound C
Compound B
MCIgel CHP-20 ‘
(H20-IMeOH, 0350%) —s] Compound B Compound D
Compound ¢

Compound A |

Compound A
Fig. 4. Purification procedure for the fractions isolated from

callus.
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Fig. 5. Inhibition activity on Helicobacter pylori of fractions by
Sephadex LH-20 from extracts of callus.

3t FHaFdE Loli ] Y3 disc methodE 7}
Table 3%} 2], compound A, B, C, D, EE B4 EA=Z Al
As o FogAo] v @A YE 2, compound A+C,
compound A+E, compound C+D, compound C+E, com-
pound D+E o2 Este] A4S W, 2447 11 mm,
11 mm, 12 mm, 12 mm, 13 mm¥ clear zoneS #&& 4
Aen, FH2AdS Hepdoka fq"’/]'E]E compound A, C,

249 2
=) eR
O

D 9 EE B5 o] &3 sto] 433 A7, clear zoneo| 16
mmZ A3 A o] v FopAE AL FAT 5 AT ©]

g3 die gag s 7}?(]‘:1: compound =2 & 27HA] ©]
4 AAS W H prloe] W Ft synergy effect’t Q= Ao
Z #AHEh Oregano & spiced] FEE] EA13h= simple
phenol 5°] B4 &40 93 H pylai A ETh= synergy
effectol] 93] 2 &37} oty B3 Chun 59 A3H12]9
TrAFeH ST

Table 3. Inhibition activity on Helicobacter pylori by purified
compounds from callus

Compounds Diameter of clear zone (mm)
Compound A trace
Compound B ND"
Compound C trace
Compound D trace
Compound E trace
Compound A + B trace
Compound A + C 11
Compound A + D trace
Compound A + E 11
Compound B + C trace
Compound B + D trace
Compound B + E trace
Compound C + D 12
Compound C + E 12
Compound D + E 13
Compound C + D + E 14
Compound A + C+ D + E 16

ND": Not detected
Phenolic content was 200 pg/100 pl.
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Table 4. Spectroscopic data of purified compounds with anti-
microbial activity on Helicobacter pylori

Type A amorphous powder

FAB-MS (m/z) [154.0]

Melting point 195~196°C

6.70(1H, d, J=8 Hz, aromatic 5-H)
730(1H, dd, J=2, 8 Hz, aromatic 6-H)
7.38(1H, d, J=2 Hz, aromatic 2-H)
7.69(3H, brs, aromatic-H)

Compound
A "H-NMR

1151, 117.1, 122.3, 122.5,

13,
CNMR 144.8, 149.9, 168.1

Type A amorphous powder

FAB-MS (m/z) [354.0]

Melting point 208°C

210(1H, dd, J=10, 12 Hz, 2-H)
212(1H, m, 6-H)
226(1H, ddd, J=2, 4, 12 Hz, 2-H)
3.76(1H. dd, J=2, 9 Hz, 4-H)
Compound 4221, m, 5-H)
(
(
(
(
(

1
C HNMR 538011, ddd, J=4, 9, 10 Hz, 3-H)
1

6.29(1H, d, J=16 Hz, olefin alpha)
6.87(1H, d, J=8 Hz, 5-H)
7.02(1H, d, J=12 Hz, 6-H)
718(1H, d, J=2 Hz, 2-H)

38.0, 39.1, 714, 71.7, 73.5, 76.2,
115.3, 115.6, 116.6, 122.9, 127.5,
146.6, 149.3, 168.2, 176.4

BC.NMR

Type A amorphous powder

FAB-MS (m/z) [180.0]

Melting point 161~164°C

Compound

6.08(1H, d, J=16 Hz, alpha-H)
D "H-NMR

6.73~6.97(3H, m, aromatic-H)
7.39(1H, d, J=16 Hz, beta-H)

113.9, 114.8, 1153, 120.9, 126.0,

13,
C-NMR 144.5, 1449, 147.3, 1684

Type A amorphous powder

FAB-MS (m/z) 360.0

Melting point 204°C

218(2H, d, J=8 Hz, 11-H)
5.08(1H, m, 10-H)
6.14(1H, d, J=16 Hz, 8-H)
6.52(1H, d, J=8 Hz, 17-H)
Compound 1 6.63(1H, d, J=8 Hz, 16-H)
I])g H-NMR 6.69(1H, s, 13-H)
6.74(1H, d, J=8 Hz, 5-H)
6.83(1H, d, J=8 Hz, 6-H)
6.98(1H, s, 2-H)
7.42(1H, d, J=16 Hz, 7-H)

36.2, 72.6, 113.2, 114.2, 1151,
1154, 1164, 119.9, 121.2, 1254,
127.3, 143.6, 144.5, 145.2, 1455,
148.1, 165.8, 170.9

BC.NMR

HHl sletEel 1= 3

AAES FEEH7}E 7P w2 M 2 W 7=
54 Z3T Table 49} Zo] YElWT) Purified compound
AT melting point7} 195~196°C®] ™, negative FAB-MSl| 4]
B 1542 A0t IR spectrum 3240914 OH7|7} 1680
oAl C=0 ¥ 16009 A aromatic®] C=C7} &2l om, =
St 6.70 ppm (d, J=8 Hz), aromatic % <] 7.30 ppm (dd, J=2,
8 Hz), 7.38 ppm (d, J=2 Hz) 2 7.69 ppm (brs, aromatic-H)
59 'H-NMR spectrum®} “C-NMR9] spectrum-& Trwin}
Pearl [18]¢] B39} 2o} compound A+ protocatechuic acid
2 434tk Compound C= melting point7} 208°Co]| ™,
negative FAB-MSo| 4] 354¢] 2188 AUt IR spectrum-
3250014 OH7]7} 1710914 COO717} Eels|glen, H3 =
£ 3525 YRt 'H-NMR spectrum-2 210 ppm (dd,
J=10, 12 Hz), 2.12 ppm (m), 2.26 ppm (ddd, J=2, 4, 12 Hz),
3.76 ppm (dd, J=2, 9 Hz), 422 ppm (m) % 5.38 ppm (ddd,
J=4, 9, 10 Hz), 629 ppm (d, J=16 Hz), 687 ppm (d, J=8 Hz).
7.02 ppm (d, =12 Hz) 2 7.18 ppm (d, ]=2 Hz) 522 Barnes
S[19]e] B3t A9} 2o} purified compound C= chloro-
genic acid2 F 34 th. Compound D melting point7}
161~164°Co] ™, negative FAB-MSoll A -4} 1802 At}
IR spectrum-> 34409141 OH7]7} 1646014 COOH7} &1
en, 3 'H-NMR spectrum 6.08 ppm (d, J=16 Hz),
aromatic g 9l A 3HE 2] 6.73~6.97 ppm (m) % 7.39 ppm
(d, ]<16 Hz) 5] 'H-NMR spectrum} “C-NMR¢] spectrum
2 Kelley 5{20,21]¢] B39} 7o} compound D+ caffeic acid
2 543 Ath. Compound Ex melting point7} 204°Co] 31
ABEE +145°0] 9, negative FAB-MSO| A 3609] £7}3-S
Atk 'H-NMR spectrumS 218 ppm (d, J=8 Hz), 5.08 ppm
(m), 6.14 ppm (d, J=16 Hz), 6.52 ppm (d, ]=8 Hz), 6.63 ppm
(d, J=8 Hz), 6.69 ppm (s), 6.74 ppm (d, ]=8 Hz), 6.83 ppm
(d, J=8 Hz), 6.98 ppm (s) ¥ 7.42 ppm (d, J=16 Hz) 5 2&
Kelly 5[20,21]0] B¢t ZAze} ol compound E¥ rose-
marinic acid2 &% 3G}

ode 49 Az Hol YuAd callus7t
Bt H prla®) 0 FAER7L O S4E
om, o]gf3 A= x T80l AEY ¥

)

S
b

e
4y ox

MO OHCOPN [o Jig 2 L0 ofg

>0 ox AL UK owE RIO¥Q WO

o
-,

¢

rh
B
=

B3 H pylad AAE4 < chlorogenic acid, caffeic aci
rosemarinic acid 9] 3572 o EA®R olye} A
’H89] callus®ll & protocatechuic acid’} o EA3h= A
SRHAT, 7 FHFE v L Ho2 SAH, e
oA FEw B callus® H pylori GA &7} 4
BAHY ¢ &2 o]f+ protocatechuic acid®] &)
Ao g FAAHU ol EAFY Aol callus Alx
RAFE = Ol AUAIE 9] WSl 7|QlEhe AoE ks,
BololX e Ao A=A &E protocatechuic acid”’} A py-

2 1
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