4 o & 3§ R
Kor. J. Pharmacogn.
30(3) : 340 ~ 344(1999)

S

gzl =4
Q79 *IEU L HEIFAH

7
Az

&

Isolation of Antimicrobial Components from Moutan Cortex
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Abstract - To evaluate antimicrobial activity of Moutan cortex, the compounds isolated from
CHCI, and EtOAc fractions of Moutan cortex were subjected to eight pathogenic strains. Ben-
zoic acid, witch was identified from the CHC, fraction, had MICs with 625~1,250 jig/ml against
all of the strains tested. Methyl gallate, p-hydroxy benzoic acid, gallic acid and 1,2,3,4,6-penta-
O-galloyl-B-D-glucose, which were identified from the EtOAc fraction, showed the antimicrobial
activity, and the methyl gallate had the widest antimicrobial activity with MICs of
625~5,000 ng/ml against all strains tested. p-Hydroxy benzoic acid showed MICs of
1,250~2,500 ug/ml against all of the strains tested except C. albicans. Gallic acid had the best
antimicrobial activities with MICs against the Shigella dysenteriae and Streptococcus mutans-
strains of 78.1 and 312.5 pg/ml, respectively, but not against the C. albicans. And 1,2,3,4,6-
penta-O-galloyl-B-D-glucose had the best antimicrobial activities with MICs against the B.
cereus, Staph. epidermidis and C. albicans strains of 39.1, 39.1 and 156.3 pg/ml, respectively, bu
not against the E. coli and Shig. dysenteriae. '

Key words — Moutan cortex; antimicrobial activity; phenolic acid derivatives; tannin.

Evl= 2 (Paeonia suffruticosa =Paeonia mo-
utan) & Z3E AAhs Lo 2 oA Fold
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ET9] spaidRe] A5l ATEE paeonoldt 19)
HJZA2] paeonoside, paeonolide, apiopaeonoside, suf-
fruticoside ES°] ¢4 303 monoterpene WBAZ
A] " paeoniflorin, oxypaeoniflorin, benzoyl-paeoniflorin,
benzoyl-oxypaeoniflorin 1} o2} gIsl=kg0] gl
monoterpene WIZH| 24 galloyl-oxypaeonifloring} suf-
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fruticoside A, B, C, D7} B3 HJct>

T3 Ede] meade i tiEiA sterol,
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AeF & 2171 -8 Ago] AEe wixE
Difcorl AFS, 5% ¥ column chromatography
& &rle AR 152 SH3l Algsiglen, 7]
B} Alek2 EF8 AMEETh column chromatog-
raphy (°]3} CC)% silica gel(Si0,)e MerckA+]
Kieselgel 60 (No. 9385, 230-400mesh), Kiesel-
gel 60 (No. 7729, 230mesh ©]AHS ARE-3}9T),

7171% 832 Yanacod] U|HEAZAARE, UV
Spectrum Hewlett Packard 8452A UV/VIS
spectrophotometerS, Mass spectrum2 Hewlett
Packard MS Engined 5989A mass spectrometer
£, NMR spectrum-2 Varian UNITY 300300
MHz) spectrometerE AHE-313T)

gy £3

@ R OuiR]: At Sl AMSE Escherichia
coli®] 557 HRAQNA, Streptococcus mutans
o} Candida albicans= F+ARREH NN Bofuro}
ARSI e (Table ), 9] F4¢li= nutrient a
gar ¥ broths, &3 Z7gol= Muller Hinton
agare} brothE AME-3lSiTt.

A A 9] < 84 (Broth dilution method): Mic-
roplate®] Muller Hinton brothS 3! hole 90 pl, =
9 s0p® EFe F A holed] AFE 10ul05
mg)i v ﬂ—;ﬂx—]_i 3‘54/36]- -6, wj kst oS
Mcfarland nephelometerel] 0.57} ¥%% A4

FE 348l ol& thAl 1008] A3 FAE

Table L. List of strains used for antimicrobial tests
Escherichia coli ATCC 11105
Salmonella typhimurium ATCC 1331
Shigella dysenteriae ATCC 9361
Staphylococcus aureus ATCC 6583
Bacillus cereus var. mycoides ATCC 11778
Staphylococcus epidermidis ATCC 12228
Streptococcus mutans KCTC 3065
Candida albicans KCTC 7121
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50 uky B3l E. coli®) 582 37°ColA 244 7
Strep. mutansSt C. albicans= 48A|7F vlj¢et 3~ ﬁ
o] Z4j0] 9l %% (Minimum inhibitory concen-
tration, ©[3} MIC)Z &4 3l3th

=& 9 22| - 7Axs] Ads 59 5ked
MeOH= 8AIZHY &M 33 & 3o
MeOH ext. 750g (15%)S Atk ©] MeOH
extE F75o] el CHCLE 7)3lo] Bolojsy
oM BHE T, 0|2 7HsEale] CHCL, 28 115
g 23%)% AT, £ 0] 2 wyos Et
OAc ¥ n-BuOHe = 2130z EEsle] EtOAc
®38 825g 1.7%)% n-BuOH &3 1225g (2.6
%ye Arh. CHCL 3 5 4% (09E %9
silica gel (Merck, 9385y} &3lsle] £z ¢ o}
<, silica gel columno| ZZFAIZ] & Hexane® =
B2AA A& fr 198 FE compound 12 ©Hls}
3., ©A] Hexane-EtOAc (3:1) SW28 &A1 d&
fr. 2& Hexanel % silica gel (Merck, 7729) CCE
vkE 5l compound 13 28 U2 %, Hexane-
EtOAc (10:1) &= €A1 compound 33 4F
Aot} EtOAc 82 72 WHOZE silica gel
(Merck, 9385) columno] ZAe] Hexane-EtOAc (3:1)
Sl & fr 1, Hexane-EtOAc (2:1) &"iZ fr 2,
EtOACE fr 39] B¥o=z Fdrh fr 12 silica
gel (Merck, 7729) column®] Zo] Hexane-Et
OAc (5:1) 4712 &=AlA compound 5%} 6%

AN, fr. 2= 10% acetonitrile= C,; sep- pak
(WatersAh=- W80 2 F3A]A compound 7 &

Agom, fr. 3 silica gel Merck, 7729) col-
umnel] Zo] Hexane-EtOAc (3:7) §vlZ £&A|7
compound 8 & ¢& & EtOAc-MeOH (99:1)
2 8E2AA compound 9 & E23i9th

Compound 1 (Paeonol) —FeCl, test: posivite.
mp 48-50°C. UV A (oge) 314 (3.4), 274 (3.7),
230 (36) nm. EIMS m/iz (rel. int) 166 [M]*
(54), 151 [M-CH,J" (100), 123[M-COCH,]" @3).
HNMR (300MHz, DMSO<,) & 784 (H, d,
J=8.7 Hz, H-3), 653 (1H, dd, /=87 Hz and 2.7
Hz, H4), 647 (1H, d, J=2.7 Hz, H-6), 3.82(3H,
s, OCHp), 256 (3H, s, CH). “C-NMR (75.5
MHz, DMSO-d,) & 113.7 (C-1), 165.7 (C-2), 100.7
(C-3), 164.1 (C-4), 1073 (C-5), 1333 (C-6), bh.7
(OCH,), 203.1 (C=0), 26.6 (CH,

Compound 2 (Benzoic acid)-FeCl, test:
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positive. mp 120-122°C. UV A (loge) 272 (sh),
228 (4.5) nm. EI-MS m/z (rel. int.) 122 [M]* (86),
105 [M-OHI" (100), 77 [M-COOH]* (95). 'H-
NMR (300MHz, DMSO-d,) & 747~7.65 (3H, m,
H-3, 4, 5), 794 2H, dd, /=15 Hz and 8.7 Hz,
H-2, 6). "CNMR (755MHz, DMSO-d) & 130.8
(C-D, 129.3 (C-2 and C-6), 1286 (C-3 and CH),
132.9 (C4), 174.6 (COOH).

Compound 3 (Sterol) - Liebermann-Burchard
test: positive. mp 130-133°C. EI-MS m/z (rel. int.)
414 M+ 67, 399 [M-CHJ]" (28), 396 [M-
HOl' 3%, 329 [M-CH," @48, 303 [M-
CH, 01" (33), 273 [M=side chain]® (25), 255 [M-
side chain-H,0]* (33). 'H-NMR (300 MHz, CDCl,)
5 068 (3H, s, 18CH,), 100 (3H, s, 19-CH,),
352 (1H, m, H-3), 535 (1H, brd, /=5.1 Hz, H-
6. “"C-NMR (755MHz, CDCL) & 37.3 (C-1),
319 (C-2), 71.8 (C-3), 423 (C-4), 140.7 (C-5),
121.7 (C-6), 319 (C-7), 319 (C-8), 501 (C-9),
365 (C-10), 211 (C-11), 398 (C-12), 423 (C-13)
56.8 (C-14), 24.3 (C-15), 282 (C-16), 56.0 (C-17),
194 (C-18), 119 (C-19), 36.1 (C-20), 189 (C-21),
339 (C-22), 261 (C-23), 458 (C-24), 291 (C-25),
19.8 (C-26), 19.0 (C-27), 23.1 (C-28), 12.0 (C-29).

Compound 4 (2,5-Dihydroxy-4-methoxy-ac-
etophenone) —- FeCl, test: positive. mp 165.5-
166°C. UV Auma (loge) 348 (4.0), 278 (4.2), 240
(44) nm. EI-MS m/z (rel. int) 182 [M]* (70),
167 [M-CH,]" (100), 152 [M-2CH,]" (7). 'H-
NMR (300 MHz, DMSO-d,) & 1237 (1H, s, C,-
OH), 891 (H, s, COH), 725 (1H, s, H-6),
656 (1H, s, H-3), 390 (3H. s, OCH,, 257
@3H, s, 0=CCH,). “C-NMR (75.5MHz, DMSO-
dy) & 1162 (C-1), 1575 (C-2), 1001 (C-3),
1556 (C-4), 1389 (C-5), 111.8 (C-6), 559
(OCH,), 202.6 (C=0), 26.7 (CH,).

Compound 5 (Methyl gallate) - FeCl, test:
positive. mp 196-198°C. UV A (loge) 274 (3.9),
224 (42) nm. EIMS m/z (rel. int) 184 [M]*
65), 166 IM-H, 01" (1), 153 [M-OCHJ* (100),
125 [M-COOCH,]* (36). 'H-NMR (300 MHz, DM
SOdy) 6 694 (2H, s, H-2 and H-6), 3.74 3H, s,
0=COCH,). “C-NMR (755MHz, DMSO-d, &
119.3 (C-1), 1085 (C-2, 6), 1456 (C-3, 5). 1384
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(C-4), 166.3 (0=CO0), 51.6 (OCH,).

Compound 6 (Para-hydroxybenzoic acid)-
Fe Cl, test: positive. mp 212-214°C. UV A (lo-
ge) 254 (42) nm. EFMS my/z (rel. int) 138 [M]*
(79), 121 [M-OH]* (100), 93 [M-COOH]" (50). 'H-
NMR (300MHz, DMSO+d,) & 7.78 (2H, d, /=87
Hz, H2 and 6), 682 2H, d, /=87 Hz, H-3 and
5. CNMR (755MHz, DMSO4,) & 1215 (C-1),
1315 (C-2 and 6), 115.1 (C-3 and 5), 1616 (C-4),
167.2 (COOH).

Compound 7 (Gallic acid)-FeCl, test: pos-
itive mp 270-272°C. UV A (loge) 272 (3.9),
224 (4.3) nm. EIMS miz (el int) 170 MJ
(100), 153 [M-OHJ® (89), 125 [M-COOH]" (28).
'H-NMR (300 MHz, DMSO-d,) & 693 (2H, s,
H-2 and 6). "C-NMR (755MHz, DMSO4d,) §
1205 (C-1), 1087 (C-2 and 6), 1454 (C-3 and
5), 138.0 (C-4), 167.5 (COOH).

Compound 8 (1,2,3,4,6-Penta-O-galloyl-3-D-
glucose) — FeCl, test: positive. mp 185°C (de-
comp). UV Amx (loge) 286 (4.8) nm. 'H-NMR
(300 MHz, DMSO-d, & 6.97, 691, 6.84, 681,
6.76 (each 2H, s, galloyl-H), 637 (1H, d, /=87
Hz, anomeric H of glucose). “C-NMR (755
MHz, DM SOy & 11890, 11810, 118.06,
11793, 11735 (galloyl C-1), 109.03, = 108.90,
108.77, 108.77, 108.77 (galloyl C-2, 6), 145.70,
14558, 14552, 14548, 14540 (galloyl C-3, 5),
139.68, 139.17, 139.14, 138.94, 138.79 (galloyl C-
4), 16544, 164.83, 164.61, 164.48, 163.95 (galloyl
ester), 92.00 (glc C-1). '

Compound 9 (Paeoniflorin) - UV A (loge)
230 (4.00), 270 (291), 283 (2.80) nm, 'H-NMR
(300MHz, CD,0D) & 140 (3H, s, CH,), 547
(1H, s, H-9), 751~765 (3H, m, H-2" 3" 4",
8.00 2H, dd, /=2.0, 8.2Hz, H-1", 6").

a3 0F

g AAoA F80E AF4E Ve 59
9] CHCL, ¥ EtOAcEES column chromatog-
raphyE A5l 959 39S HEld ¢ 239
Ao 3 22Fd A3 dix d¥stod paeonol
(1)°, benzoic acid (2)°, phytosterols (3)%, 2,5-
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dihydroxy-4-methoxyacetophenone (4)”, methyt
gallate (5)”, para-hydroxybenzoic acid (6)°, gal-
lic acid (7)”, paeoniflorin (9)'” 9-& z}z} FI3}
Act. Compound 82 UV spectrum? EH 286
nmolA & S 33 vehiE, ELMS spec-
trume 274351921} molecular ion peaks WERY
A ke miz 1563 E 1269 fragment ion
peak’} UJERIE R o] SIFHEY % compound 5 &
73 7o) galloyl group®] EAj7} AAESITE 'H-
NMR spectrumol| A 697, 691, 6.84, 6.81,
6.76ppmeoliAl 5712] galloyl groupel 71¢18}= 2H
o] singlet7t YE}FSS W, aliphatic region®l Al
downfield shiftsled 6Hell 3= proton signal
o] &&= Z}z} glucosed] 1, 2, 3, 4, 6 €4
o] AT FA4E0] gallic acidd] 218 esterdls]o]
AE ¢ & Aok E3F 637 ppmolXA] glucose?)
anomeric proton®l] 7[¢13k= doublet7} WEEUS
W 7 coupling constant”} 87 Hz® & <
yehs 2o Hol B systemoZ AES U9
t}. ®C-NMR spectrumolX] galloyl group®] car-
bon signalEe] Ztz} 544 et on glucose?)
carbon signal= THHTh welba o] IIHE-S
glucose®l| 57112 galloyl groupo] ester A3t 7}
PEEE tannin® BA 2 FxRE 12, 3, 4, 6-
penta-0-galloyl-B-D-glucosed-& @2lslgion &
2 ete] HimAME 2 RSk

Edvle] CHCL #Ed4 B2 419 3E
< 2709k EtOAc £3olA Eagh 5719 S§HE
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et et =4 A= Table 19} 2t} CHCL
oA Hal" 271e] sE 5 paeonol Sal

typhimurium, Staph. epidermidis, C. albicansl

th&ted 5,000 pg/ml, Shig. dysenteriaed] 3+
2,500 pg/mle] MICE ER 2™, benzoic acide
C. albicans®| W3 2,500 ug/ml, Staph. epidermi-
disol 8] 625 pg/ml 283 ok E BE FF5d o
M= 1,250 pg/mie] MICE Vel wheba
CHClL, £8)9] & 33542 benzoic acid &1 A&
2 AEECh EtOAc E8oA #&"E vie 4
% methyl gallates 2E a5 thad] 625~5,000
ug/ml ¢ MICE XE 32w, p-hydroxy benzoic
acide C. albicans® A Qs ZE F5| 3
1,250~2,500 pg/mie] MICE ERA AT gallic
acid®] 739 Staph. epidermidisSt Shig. dysente-
riaeo] WS 78.1 ug/ml, Staph. aureus®| T3
156.3 ug/ml, Strep. mutans®l sl 312.5 ug/ml]
MICE XS o5 @5 ulg] 7e d+t8s Vet
URey C albicansell HaiAe JAES UeRiA
atth gdR®el 1, 2, 3, 4, 6-penta-O-galloyl-8 -
D-glucose= B. cereus®t Staph. epidermidis®l| T
& 39.1 pg/ml, Staph. aureus®] 3| 78.1 ug/ml,
C. albicans®l T3} 156.3 pg/mle] MICE 7rst 8
8L Yehd el E. colist Shig. dysenteriae
elre AAES HepliA skt 459 st
] paeoniflorin® RE 5ol tsiA 73 B4
VeRA] et wEbA] EtOAcEE 9] e o]
& SiRFEEol M #eske Ao Fdr.

Table II. Antimicrobial activity of compounds isolated from Paeonia moutan

Minimal inhibitory concentration (1g/ml)

Compounds E. coli fniirzj;z . B. cereus Staph. aureus SmfZZZZZ de- Shif;y?z :en- ;Zfi s C. albicans
Paeonol —% 5000 - - 5000 2500 - 5000
Benzoic acid 1250 1250 1250 1250 625 1250 1250 2500
Methyl gallate 1250 625 2500 625 1250 625 5000 5000
{’)‘Hyd.roxy. 2500 2500 1250 1250 2500 1250 1250 -
enzoic acid

Gallic acid 5000 5000 5000 156.3 78.1 78.1 3125 -
;ﬁl’g”y‘tg%e;ﬁcg;e 1250 391 781 39.1 - 625  156.3
Paeoniflorin - — - - - - 5000 5000

*No inhibition(> 5,000 pg/ml)
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