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Rosmarinus officinalis extracts had a significant antimicrobial activity against Helicobacter pyori.
Total phenolic contents and inhibition zone of rosemary extracts were estimated to be 25.7 mg/g
and 14 mm at 200 pg/mL of phenolic contents, respectively. The Sephadex LH-20 and MCI-gel
CHP-20 column chromatographic separations for the phenolic extracts from R. officinalis leaves led
to isolation of five acids, whose structures were determined as protocatechuic acid (A), coumaric
acid (B), caffeic acid (C), chlorogenic acid (D), and rosmarinic acid (E), from interpretation of
spectroscopic data including nagative fast atom bombardment (FAB)-mass, '"H-NMR, “C-NMR,
and IR. All isolated compounds were tested for antimicrobial activity against H. pyori. The purified
single compound showed less antimicrobial activity against H. pylori than the mixed purified
compounds, which generate A+B, A+E, C+D, C+E (each 200 pg/disc) excellent as large clear zone
by synergy effect. These results indicate rosemary extracts are preventive agents against H. pyori.
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alo] 7195 A 8l Fohe oFart flo] A, A, W
3] T Azele Akl 23t Kelley &, 1976]. FHollx=
AFEE HES FHAIGA Do) 7Fssh 2Fe] s
&R 9EE AIAER1 Adte] Ha itk 13 7] WA
of 553k 7|l FrElo] A=dl ©]= cineolt camphor
7} Fge]H [Chung 5, 2001] ©] AR5 ASPIAARE o]
453 J3Z[Cuvelier?} Richard, 1998], o|g&]o} 2ajde &
T Roew §2E &2 FAEoItHDorman®t Deans,
2000]. &=3F, 2=nlEle e d4ksl §3Fang 5, 2006], =
o= oW @3 Hirayama 5, 1996], ZHE 3 Irwin®t Pearl,
1946], anti-acquired immune deficiency syndrome (AIDS) &
FHKelley 5, 1976] 9t opjz} Z2shed+tol]l that =243
[Kil 5, 200412 7K, 5% o&doz 3 4F 55 ¢
2AE 23 59 oF] 7ol BAaEA JrhKim 5, 1998].

Helicobacter pylori= 23V #|g W] A5 91, St
o} Myt frxAy QHEFE 5o djew dHA 3
© i [Kuhnau, 1976; Kouchi, 1992], 19943 AAI X A7+
(WHOYIM= H. pyloris 9190 Al 12 2 A= 745
°l% H. pylori®] S82°] tl% F2t =3 vk H. pylori 7+
HoZ fiEe I B8FL2 A F54 gl Ay
o] e|2717kA] T, H. pyloric ANHOZ AtS A=
A % g thEelA WA o] AEETHLeeSt Lee,
1994; Lee, 2003]. 19833 Warren®} Marshallell <Jsl] 302
2 89 Y 553 HEE KA e aHSA A
)l H. pyloric WolIAE WZAAA AR AR 93t
AAGS AT DA o] o] vphdo] FellA thF
A A=Eo] ko v [Marshall, 1994], Hirayama 5[1996]°]
H. pylori ATCC 43504 strain® Mongolian gerbill ZFEAAA
100%°] &3 2 Helads Al A3 fAkslitke A
B33k o|F2 Hal H pylori®] in vivo AHS M gerbils
AREEte] 2 FES QUTE In vive olA9] dWHERl H
pylori®] At HRHS TA KRZE FEES], bismuth (BIS) A
AE Z7HOF Sk= 3% 2%, proton pump inhibitor (PPi)E
Fo 2 Sl 3% QY ranitidine bismuth citrate (RBC)E
02 31= 33 oW, 183 BISE 702 a1 34 &
o PPi& F7} 3= 4% 89 5ol A=A AtHMonica
, 2007]. o]} 7ol 1983 H. pylori7} B3 & 5 At 20
W7 H. pyloridll &gk A3k 2 ®BRlol| At A7} &hd]
AaL A3, S ARESE Al o] o= Ax A
AT A= 52 H pylori Al X887 ] A= Q)
S A7 Folshe Ao mE A WS 2
NZE #5771 VERAL AREgE oFEe] oJgh F2kgo] g
W] wZel thE H el 87EHA o, il
1998 32| H=2<Q0 98} A} o), H. pylori ZFEe] W}

7 T Aol #AF A7 F55 Aol

mebr] 2 A SHAE T 2=l ek H pylori A
es A3 8l AdeE=E FES &, H pyloridll ti
S b, 1 EES sk U] A
7S Zhe A9 7158 AARe] E8a] S AEE 4
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Age] AA. 2 A RS 2xelEle AR el &
ASH= Herb FUollA A= e Z=ulR(R. officinalis)?)]
A& AFHsE] 50°C dry ovenollA AZS & 40 meshz H3)
St & 4°ColA B A2 ARSI

F2EI AR NE FEL 60% T &4 100mLol A
B 1g& 7tste] 24A7F 59t " FEsI o, FE02
whatman No. 1 filter paperZ 2}3t & Qo we} rotary
vacuum evaporator (Eyela NE, Tokyo, Japan)ollA] 5538t A}
B3I

Phenol 3}3E AF. & ¥ 319E2 Folin-Denis W
[Moon &, 2007102 Z74315 2™, A5 1 mLe] 95% ethanol
ImLe} 375 5mLE H718a 1N Folin-ciocalteu reagent
0.5mLE Yol & 4olF=aL, 587 WAIg ¥, Na,CO; 1 mLE
7het &, FRE 725mmollA 1AZE o] S5t gallic
acidE ©|§3 EFIFACZRE ¢S ST

H. pylori 3387 Q. A3 21835 45+ ¢, HolA
2 A% DAFA H pylorizX ATCC 435045 ARE-3ISIt
9] HjFoll = A ul X (special peptone 0.5g, agar 0.75g,
NaCl 025g, yeast extract 0.25g, beef extract 02g 2
pyruvic acid 0.025 )& ARSI OH, v 714 AL FAA]
AF7] $381 10% CO, incubator (Memmert, Schwabach,
Germany)lX] FEE 95% oo ® fA|sh wjslon,
agar plate’dollA] IS 37°CE 48~72A17F B2t AT
3t Disc methodoll &3+ 3t &4 S-S H pylori ZAW)
A platedll H. pylorigt ¥ 100 uLE E5-8k] Ho F2l%
o2 Tl o, "aE disc paper (¢ 8 mm)E 22|
0.45-pym membrane filter (Sigma Chemical Co., St. Louis,
MO)Z Al#st FF5& vacuum evaporatorZ 53t & Hi
=2 3143k phenol d#°] 50~200 pg/100 uL7F He= 22
3k 3 7} &8 100 uLE disc paperdl] S5A1713, IRF2
© 22l FZEE gl 949TE SR F 370 v &
714 27104 2427F F<9F incubationdt TR, disc 919
clear zone A4 55 I8N GavidsonZ} Parish, 1989].

Sephadex LH-20 ¥ MCI-gel CHP 20Pd] 2J3 A, A
ZH 2=ulE] ol 60% oeke 84S Thsle] A2ofx 24
AZF FEE T Q41EE)(5,000 rpm, 30 min)ate] gt 3
AES 43 22 FEHF S 33 W5kt Rotary
evaporator=. &5 78t 55N-2 Sephadex LH-20 (5x45 cm,
Sigma Chemical Co.) column®l loading 3} 60% olEH2-2
B8 sl A~GE 3L F5% T H. pylori A3l
A4S SAHs Aalgo] & EY=S HEste] oA
Sephadex LH-20 (5x45cm)Z} MCl-gel (3x45cm, Sigma
Chemical Co.) columne ©]-&3}%] normal phase type?!
ethanol>H,09} reverse phase type®] H,O—methanol 2
gradient 202 1 22mLe] f50= §&3] & =4
2 At

Thin layer chromatography. Columncl 2J3] #2]% £&
< silical gel TLC plate (5.0x5.0 cm)2  benzen : ethylfomate
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:formate (1:7:1, vwv)2] SmE AL&ste] g of2,
FeCLy/K;Fe(CN), AR ORS: 2573 & 70°C H-of|A] A A]
7] phenolic compound®] #2] A=E 21359 THNakatanit
Inatani, 1984].

Melting point 4. 312 A2 1 mgs F3l vlEgH
4 AAE olgst] SAHslIelth

IR 34. IR spectrum 2713} 2] HAHES o|831%
t}. &4 289 A8 1mgE KBr 100 mg &3 2 4
Hietslal rES Tl 7S AAE veo] SA4sielth

A T E37I(NMR) spectrum 3. 'H 2 BC-NMR
spectrum-> FT "% (Pulse Fourier Transform method)yS ©]-8
&t =FAAE 10mge 34 §v CDCl+DMSO-Dg-D,0°
5~20% (wiv) H-&Z &3JA17]2L Tertamethylsilane (CH;),Sis
7% 22 3}y proton magnetic resonance (300 MHz)
(Bruker AM-300, Osaka, Japan)Z Z-g3}$itt.

Fast Atom Bombardment (FAB)-Mass Spectrum 7.
IAANFE 1 mge TN (107~10° mmHg)ol 4 negative ion
FAB-mass spectrum (Jeol JMS-PX 300, Tokyo, Japan)2 ©|-&
alo] shekA APl o8 SA4siint o] of 54 SmEA
= thioglycerobs AR&-3Iom, 27 270X emitter 7=
22-28 eVolr, o|2%19] 71&719t0] 6~7 kvelr] AEAs o
At

& BY. 24 A8 1mgE F3l 4877 %, A=
S| S AASIL AFFdaitA 72 ARl SHE
HY %4& EA3I6er, O #AES 71822 AL
gk SHikslol.

O ol
° i &
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2zulE] FEE9 phenotd EF IFF 3. phenold 319
2 AEA g wxEY e 23 tiakHES] shuEA
oFet FxeF BAES 7, ol wt olsleky A A
A 71sE w9 gl veRdth g ) == R ol
el AR Xk WEE velE FeHoE Zhet, oY
Sl phenolic hydroxyl group Wlol] ©hid, g4 child 2 7]
Bl At 2= A¥shs Adol dom, 27t wolede]
AFE e zh=t) o]2iek AR 2sle] phenold 3ES
vlolg 2 28 FF & angiotensin converting enzyme
(ACEy® Asll 2he, a=t2e 59 B2 AE8s 7ol
&= 3L AThBlois, 1958]. & A7l AME 2=2nl] FE2E
o] phenoVd =29 FS ST A Table 13} 7ol 257
mg/glE LRIt =2H10.9 mg/g), A (17.9 mg/g), 917
6.7 mg/g) SO TFE phenold EF FHH[Moon 5,
200412 vlwEl] HokS wj, 2=ule] FEE9] phenotd 35
o] o] 4T3 =S & F UAUT} Shetty S[1996],
Mina 5[1999]2 Thyme¥} Cinnamon FZ&E°] H. pylori ©l
&k SAES 7 ol FEE £ EAISKE phenol dE
o og Aolgtal Wil siflon, 2xulE| FEE FEE
phenold 3HHEe] &7}t vlwA =4 Ueht dxtsEol ¢
T Zlolgt FEEAU

Table 1. Content of total phenolics in 60% ethanol extracts from
R. officinalis L

Name Content of phenolics (mg/g)
Rosemary (R. officinalis L.) 25.7

Table 2. Inhibitory activity against H. pylori by 60% ethanol
extracts from R. officinalis L

Diameter of clear zone (mm)

Name phenolics content (ng/disc)
0 50 100 150 200
Rosemary (R. officinalis L..) - - 11 12 14
-: Not detected

Fig. 1. Inhibitory activity on H. pylori by extracts from R.
officinalis L. A: phenolic contents 50 pg/disc, B: phenolic contents
100 pg/disc, C: control (sterilization water 100 pL), D: phenolic
contents 150 pg/disc, E: phenolic contents 200 pg/disc

H. pyloridll i@ 8 &F. H pylori B3 HA6|A|
plateol| A disc 92| clear zone I71E =43t H. pylori
ol tigt SFEss A ETh Table 29} Fig. 19149} 2+
o] 100~200 pg/100 uLe] =04 Z+zF 11, 12, 14 mm¢)
clear zoneS Fst] =& AEAHS UERRICH, FEE
9] F=7t F71ESE clear zone®] TA A=Yl H. pyloriel
gk As 37 & AL dd F AdSh o] A=
rosemary’} FAIEZAe] G R o2}t H. pylorie] GAA
EME sl A&A1d e 78 source=S] 80|
7Fed Aolet A=A

Column chromatographyE ©|-8% H. pylori QAEAS]
£ 2 AA. Rosemary FE=EZHE H pylori GAEES
AAsE7] 18k Sephadex LH-20 column (4.5x40 cm)S AR
1] 60% ethanol- elution solventZ 3l #&$t A3} Table
3ol 7ol A~Ge] 770 fraction® 2 &= T} 2} fraction
o] BYES T} disc methodE ©]83H H pylori®] A&1E4g
S =A% A3} fraction A, B, C, D, FolA+= clear zone°]
AR kekom fraction ESA] 10 mm, fraction GollA 14
mm2] clear zone®] ¥+ =|o](Table 3, Fig. 2) Sephadex LH-
20 dextrin gel?} +24 ©]dA| phenoli £2]7} 8<|3 MCI-
gel (Sigma Chemical Co.)S ©]83}%] normal phase type<]
ethanol—>H,0%} reverse phase type! H,0—>methanolZ -8

b}
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Table 3. Inhibitory activity against H. pylori by fraction from R.
officinalis L

Table 4. The synergy effect on inhibitory activity against H. pylori
with mixed phenolic compounds from R. officinalis L

Content of phenolics Detecter of

Fraction

(png/ul) clear zone (mm)

A 9.3+0.3 -

B 65.8+2.7 -

C 88.9+1.8 trace

D 104.1£0.2 -

E 175.4£2.5 10

F 19.5+0.4 -

G 15.8+0.8 14

-: Not detected

*Column: Sephadex LH-20 (4.5x40 cm)
*Solvent: 60% ethanol
*Elution time: 1.0 mL/min

Fig. 2. Inhibitory activity on H. pylori of phenol fractions by
Sephadex LH-20 from 60% ethanol extracts of R. officinalis L.
*Phenolic contents was 200 pg/disc
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compounds 3, diphenol compounds

F7MNFIAA &&8 A7} 5 EF{(Compound A~E)
42 B2 (Fig. 3), simple phenoldl &Gsh=
SH7F I EUT

lo

=

Diameter of clear zone (mm)

Compounds compound content (pg/disc)
0 50 100 150 200
Compound A - - - - trace
Compound B - - - - trace
Compound C - - - - trace
Compound D - - - - trace
Compound E - - - - trace
Compound A+Compound B - - - - 13
Compound A+Compound C - - - - -
Compound A+Compound D - - - - -
Compound A+Compound E - - - - 13
Compound B+Compound C - - - - -
Compound B+Compound D - - - - -
Compound B+Compound E - - - - -
Compound C+Compound D - - - - 14
Compound C+Compound E - - - - 13
Compound D+Compound E - - - - -
Compound A+Compound B+
Compound C+Compound D+ - 10 11 14 16
Compound E
-: Not detected
RAES H. pylorPl] A Y&, A 52 compound

A, B, C, D, E & ARSI H. pyloridl] Wt Sta s do}
B7] 918} disc method® I EHE ST A7 Table 4014
9} 7o) 7t compoundE TAEA T AHEIAES ol clear zone
o] ml%- oFslA FAEJL™, compound®] THEFO] 200 pg/disc
o ], compound A2} C, compound A2} D, compound B}
C, compound B9} D, compound B9} E, compound DS} ES
3slo] 23RS Aol H pylorl tigh dtEe] 1

[

Rosemary extracts

Concentration

Sephadex LH-20
(H20 >EtOH, 0>40%)

Sephadex LH-20
(H20>MeOH, 0>100%)

Sephadex LH-20
(H20>MeOH, 0>100%)

[ 1

Compound E
1056.7 mg

Compound B
152.1mg

[

I

Compound C
105.7 mg

]

Compound A
490.3 mg

MCI-gel CHP-20

(H20>MeOH, 0>100%)

MCI-gel CHP-20
(H20->MeQH, 0->100%)

—

Compound B
24 mg

Compound A
4544 mg

[

| G

[

Compound D

] [ Compound E

264.2 mg

]

968.7 mg

Fig. 3. A procedure for isolation of phenolic compounds from R. officinalis L.
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Fig. 4. Chemical structure of purified compounds from R.
officinalis L. with antimicrobial activity on H. pylori. A:
Protocatecuic aid, B: Coumaric acid, C: Caffeic acid, D: Chlorogenic
acid, E: Rosmarinic acid

F51A ettt 28y compound A$} B, compound A$}
E, compound C2} D, compound C¢} EE &3t 7% 13,
13, 14, 13 mm2| clear zoneS HFAT 4 AT} & 2F 9]
Az B o AAE 3d S| 93] H pylorie] AdNE L
°717] E‘:}* 257 o) te Edol YslAl H. pyloridll
el 5 =2 A37F YERt compound =2 274 ol
ARE o H pylorid W3 4 AUA] 37 e A=
=9t ol8d A= Chun 5[2005]°] Oregano 52
spiceFE=o| =A|3R= simple phenolEo] ©d EZod| 2
H. pylori ASIRTR= synergy effectol] o8l = g3p7) &d
o Bagk A e AiE AUk

H. pylori 9A] B39 +2 3. YAEZ U = &
A A= Table 59} 7o purified compound A= AR
A IR spectrumeld] 4719} 7k 77F SR1E|91N, 'H-NMR
spectrum3} BC-NMR9] spectrum-2 Table 59} Zo] Irwin3}
Pearl[1946]9] H379} YUX|5ld compound AE protocatechuic
acid2 5743k th Compound B melting point7} 210~213
°C, EA}#Fo] 165°]H, IR spectrume OH (3250 cm™), CO
(1605 cm™y7} &elz9leom, 'TH-NMR 3} “C-NMRE] spectrum
o] Table 52} 73°] Wheeler?} Covarrubias®] 3-7[19631H.312}
U x5t} compound BiE  coumaric acidZ 7 3T

=

rﬂ rSL‘

Table 5. Spectroscopic data of purified compounds from R. officinalis L. with antimicrobial activity against H. pylori

FAB-MS (m/2) 153
Compound A Melting point (°C) 195~196
U]
P H-NMR (ppm 6.70 (11, d, J=1.7 Hz, H-5), 7.38 (1H, dd, J=1.7 and 8.2 Hz, H-6), 7.69 (1H, d, /=1.7 Hz, -2
pp
SC-NMR 115.1 (C-2), 117.1 (C-5), 122.5 (C-1,6), 144.8 (C-3), 149.9 (C-4), 168.1 (CO)
FAB-MS (m/2) 163
Melting point (°C) 210~213
6.13 (1H, d, /=16 Hz, H-8), 6.74 (2H, d, J=16 Hz, H-3,5), 7.42 (2H, d, /=8.4 Hz, 11-2,6),
Compound B H-NMR (ppm) 7.48 EIH 482 1 H-7)) ( i L § )
e 114.7 (C-1), 115.7 (C-8), 1169 (C-3), 121.0 (C-2), 125.5 (C-5), 129.4 (C-6), 1445 (C-7),
C-NMR (ppm) 159.3 (C-4), 168.9 (C-9)
FAB-MS (/) 179
Melting point (°C) 161~179
6.08 (11, d, /=16 Hz, 11-8), 7.04 (1H, d, J=1.8 Hz, H-2), 6.97 (1H, dd, /=8.1 and 2.1 Hz, H-6),
C dc He
ompoun H-NMR (ppm) 6.77 (1H, d, J=8.1 Hz, H-5), 7.39 (1H, d, J=16 Hz, H-7)
- 113.9 (C-2), 114.8 (C-8), 115.3 (C-5), 120.9 (C-6), 126.0 (C-1), 144.5 (C-7), 144.9 (C-3),
CNMR(ppm) 1473 (C4), 168.4 (CO)
FAB-MS (m/2) 353
Melting point (°C) 208
210 (2H. br d, H-5), 2.12 (2H, m, H-6), 2.26 (1H, br dd, /=2.9 and 8.3 Hz, 1-4), 3.76 (1IL. brs,
Compound D 'H-NMR (ppm) H-5), 5.08 (1H, br, H-3), 6.29 (1H, d, J=16 Hz, H-8), 6.77 (11, d, J=8.2 Hz, H-5), 6.98 (1H, dd,
J=1.7 and 8.2 Hz, H-6), 7.03 (1H, d, J=1.7 Hz, H-2), 7.42 (1H, d, /=16 Hz, H-7)
176.4 (CO), 168.2 (C-9), 149.3 (C-8)), 146.6 (C-7), 127.5 (C-6'), 125.8 (C-5"), 122.9 (C-5),
3C-NMR (ppm) 116.6 (C-4", 115.6 (C-3), 115.3 (C-2'), 76.2 (C-1), 73.5 (C-3), 71.7 (C-4), 71.4 (C-5), 39.1
(C-6), 38.0 (C-2)
FAB-MS (m/2) 359
Melting point (°C) 204
2.89~3.08 (2H, m, H-7"), 5.12 (1H, dd, J=4.5 and 8 Hz, H-8'), 6.52 (1H, dd, /=1.5 and 7.7 Hz,
HANMR (ppm) H-6'), 6.14 (1H, d, J=16 Hz, H-8), 6.63 (11, d, /=8 Hz, H-5"), 6.69 (1H, d, J=1.5 Hz, H-2"),
Compound E PP 6.74 (1H, d, J=8 Hz, H-5), 6.83 (1H, dd, J=1.5 and 8 Hz, H-6), 6.98 (1H, d, J=1.5 Hz, H-2),

742 (1H, d, J=16 Hz, H-7)

C-NMR (ppm)

362 (C-7'), 72.6 (C-8)), 114.2 (C-2), 115.1 (C-8), 115.4 (C-5"), 1164 (C-5), 117.5 (C-2'), 119.9
(C-2), 121.2 (C-6"), 123.2 (C-6), 125.4 (C-1"), 127.3 (C-1), 129.3 (C-1'), 143.6 (C-3"), 144.5
(C-4"), 145.2 (C-3), 145.5 (C-4), 146.1 (C-3"), 148.1 (C-7), 165.8 (C-9), 170.9 (C-9')
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Compound C= melting pointZ} 208°C, HA}#e] 18129, IR
spectrum OH (3250 cm™), CO (1710 em™y7| ElENom,
AFEe 3522 YEhlSith 'H-NMR¥F  PC-NMR9]
spectrum> Table 59} 7F©] Barnes 5[1950]¢] 2§ Az}l
o} purified compound C= chlorogenic acid= 573 3}t
Compound D= melting point7} 208°C, ®AFg©] 3550]H, IR
spectrum> OH (3440 cm™), CO (1646 cm™' Y} ER1= ] om,
'H-NMR3} *C-NMR®] spectrum-2 Table 59} 7] Kelley &
[1976]2] X319} 70} compound DE caffeic acid= 57333
t}. Compound EE melting point7} 204°CH o, #A}&0]
3610|213, 'TH-NMRI} BC-NMR®] spectrum®] Table 59} 7o)
Kelly 5[1976]°¢] ®313t A9} 7ol compound E+
rosmarinic acid® 57353t}

= 5

2zulg] FEE9 phenol T2 257 mg/gl E g =/
YERStTtE. Helicobacter pylori ©| tgt tas 43t 43,
clear zone®] 100~200 pg/disc2] phenol F=lA ZHz} 11, 12,
14mme] clear zoneS A8l FEEC] F=7F I/IEFE
H. pylori © tig+ Al @37} F% B2 08 ole As
ol & 4= Atk Sephadex LH-20 MCl-gel CHP-20
columng- ©]-83}% normal phase type$! ethanol>H,0%}
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