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Studies on the Constituents of Berberis amurensis Ruprecht

Hyang Yi Lee and Chong Won Kim*
College of Pharmacy, Catholic University of Taegu-Hyosung, Kyongsan 712-702, Korea

Abstract — Berberis amurensis Ruprecht(Berberidaceae) is a medicinal plant indigenous
to the middle and northern part of Korean peninsula. The woody parts of this plant have
been used for the ocular, peptic and intestinal disorders. The stems of this plants were ex-
tracted with MeOH and the MeOH extract was partitioned between organic phases and water
layer, successively to fractionated quartermnary alkaloids. The acetone-soluble part of quar-
ternary alkaloidal fraction had antibacterial activities and it contained four protoberberine al-
kaloids such as palmatine(!), berberine(Il), jatrorrhizine(Il) and coptisine(IV), and one apor-
phine alkaloid. magnoflorine(V). Although the isolations of the compounds I, I, Iil, IV and V
from different sources were reported, this is the first report that Berberis amurensis con-
tained the compounds. When the contents of compound {(palmatine) and (berberine) were
quantified and compared with those of other plant parts, cortex contained higher palmatine
and berberine than any other part of the plant.

Key words — Berberis amurensis: Berberidaceae: alkaloids: antibacterial activities.
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bretschneideriel A7) = Masao %] ber-
bamine, new phenolic tertiary base, hydro-
xyberberine, jatrorrhizine, shobakunine,
berbamunined ##3 3L 5 3o
Berberis amurensis®}A:= berbamunine, "
berberubine, oxyacanthine, pseudopalma—
tine, amurenine| #fHo} A< WO} 1
2] ekt alkaloidE FH3ta gloela) o4
22 0 JEE st & A3e A
Berberis amurensis® A Z2A37-& &8
2ol e} tertiary alkaloid £33 quartern-
ary alkaloid £8°o= U3, 7t £8d A& 3
dHAIEE AA G 23 quarternary alkaloid
£8F acetone 7H-FoA FdgL Uit
agla o] £8o2 FE 4F9] protoberberine
alkaloid(compound [-IV)#t 139 aporphine
alkaloid(compound V)& ¥&l3ldq 1 328 %
Ao, ¥eld 228 F F4E< compound
7} [l g8l A= HPLCE 1 €3-S g8yt

Mz 3

N2 - o) #FIT (Berberis amurensis Ru-
precht)& 19943 109, ZYx riitels A
AHsH S A AHR-stAT

Al 3 J17)-Column chromatography4
silica gel Kieselgel 60(Merck Art. 7729,
7734, 9385)%, TLC plate= Merck® preco-
ated Kieselgel 60 F254(Art. 5715)& AMg-3lg 2
% fvi= HPLCE, 53 3 18 AIE A48l
ot 32 Yanaco 9% 853 A E A48t
3R ern 25 23 3 g}y UVe Shi-
madzu UV-1601PC UV-VIS spectrophoto-
meters, IR Mattson polaris FT-IR spec-
trophotometerg AH8-3t} KBr disk® 22 &7
35t NMRE Bruker AM-500 spectrometer
% Varian Unity Plus 300 spectrometer2 2
A8t Masse JEOL SX 102A spectrome-
ter2 £33%vh. HPLCE Waters 600 contro-
llerg AM4319131, MPLCE Eyela EFC-2000%
A8t

& ¥ g22-"EgTe A4 15ked
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methanol2 &% ¥ 7 %3t methanol
ext.(1kg)& At olg Hdl we} Hejsq
3% alkaloid ¥8 3} 45 alkaloid #8222 W%
33 32 Al phenolic alkaloid £3 (3P)

E’Jr non-phenolic alkaloid ¥¥8(3Pn)22 W
i, 47 B2 acetone 7HF £8(4A)H ace-
tone 4% E3(4An)ez WAt 4% al-
kaloid9] acetone 7+&% £8<& CHCly:MeOH
(85:15)2 silica gel column chromatogra-
phyE AAIE compound 1, 11, & ¥&stxn
MPLCE 4AAsH IV, VE FEskdt)

iy AlE-3P. 3Pn 4A, 4An T+ EHE
DMSO 1 mldl =9 ¥ F/5FEZ 2o 77 3,000
pg/ml, 1,500 pg/ml, 750 pg/ml. 375 pg/mie] 5
57} |52 ZA\$ ¥ Bacillus subtilis, Staphy-
lococcus aureus, Escherichia coli, Pseudo-
monas aeruginosa®) W&l &7 - AJEeTh

Compound 12} &2} - CHCl-MeOH E8viz
AAA St Bl A4EA 32mgS AU
mp 207°(decomp.): IR, vrem™: 1604(aro-
matic C=C), 1512(C=N): MS(ED m/z(rel.
int.): 353((M+H)", 61.24), 337(M-CH,,100.0).
322(M-(CH3),. 52.88). 308{M-(CH3),, 31.48), 294
(M-(CHj),, 60.05): 'H-NMR(500 MHz, DMSO-
de) 8: 3.23(2H, t, J=6.2 Hz, H-5), 3.88(3H, s.
3-OCH,), 3.94(3H, s, 2-OCH3). 4.08(3H, s, 10
-OCH,), 4.11(3H, s, 9-OCH,), 4.95(2H, t. J=6
Hz, H-6), 7.10(1H, s, H-4), 7.72(1H, s, H-D.
8.03(1H. d, J=9.0Hz, H-12), 8.21(1H, d. J=
9.0 Hz, H-11), 9.03(1H, s, H-13), 9.89(1H, s,
H-8): ®*C-NMR(125 MHz, DMSO-d,) &: Table I.

Compound 112 £2]-CHCl;-MeOH %8
2 AR FHe] J32%3 35 mge U
mp 160-163°(decomp.): IR, 1610
(aromatic C=C), 1505(C=N): MS(El) m/z(rel.
int.): 337((0M+H)", 65.56), 321(M-CH,, 100.0),
306(M-=(CH3);, 95.80], 292(M-(CHaj);, 93.28):
'H-NMR(500 MHz, DMSO-de) 5: 3.21(2H, t,
J=6.2 Hz, H-5), 4.07(3H, s, 10-OCH,), 4.10
(3H, s, OCH,), 4.94(2H, t, J=6.0Hz, H-6),
6.17(2H, s,-0-CH2-0-), 7.09(1H,s, H-4), 7.80
(1H, s, H-1), 8.01(1H, d. J=9.0 Hz, H-12), 8.20

-1,
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(1H. d, J=9.0 Hz, H-11), 8.94(1H. s, H-13),
9.89(1H. s, H-8): ®C-NMR(125 MHz, DMSO-
de) 6: TableI.

Compound [11¢] &2 - CHCl-MeOH &3¢
o2 A%k Aol AFAH 15 mgs ST
mp 206-208°(decomp.): IR, v&cm™: 3430
(OH), 1608(aromatic C=C), 1505(C=N), 1H-
NMR (500 MHz, DMSO-dg) 8: 3.21(2H. t, J=
6.1Hz, H-5), 3.94(3H. s, 2-OCHj). 4.07(3H,
s. 10-OCH,), 4.09(3H. s, 9-OCH,), 4.92(2H, t,
J=6.0Hz, H-6), 7.06(1H, s, H-4), 7.70(1H, s,
H-1), 8.01(1H, 4. J=9.1 Hz, H-12), 8.19(1H,
d. J=9.1 Hz, H-11), 8.98(1H, s, H-13), 9.86
(1H, s, H-8): “C-NMR(125 MHz, DMSO-d,)

Table L. "C-NMR chermical shifts for Compounds IV

Carbon

| II 1 \% \%
No.
C-1 1096 1063 1096 1056 141.7
C-la 1222 1222 1222 1216 120.1
C-1b 126.0
Cc-2 1496 1485 1487 1474 1495
C3 1511 150.7 1509 1482 110.6
C-3a 120.5
C4 1121 1093 1158 1087 23.3
C-4a 1295 1315 1293 1308
C-5 26.8 27.2 26.6 26.5 60.2
C6 56.2 56.0 56.3 55.4
C-6a 68.2
Cc-7 29.9
C-Ta 121.1
C-8 146.3 1463 1461 1448 1196
C-8a 1198 1213 1198 1208
C-9 1524 1445 1523 1441 1116
C-10 1445 1512 1444 1501 1489
C-11 1242 1276 1242 1213 1427
C-11a 119.8
C-12 127.7 1243 12716 1221
C-12a 133.9 1338 1341 1327
C-13 120.7 121.0 120.3 1269
C-13a 1385 1383 1384 1372
~-OCH;,4 62.7 62.8 57.1 56.1
57.9 57.9 57.9 56.3
57.0 62.7
- 56.7
-OCH,0 102.9 102.4
104.1
-N-CH; 431
53.3
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&: Table 1.

Compound IVE} £2| - CHCl:-MeOH &8l
2 AR 3 F3A9 BFAY 15 mge dAt
mp»300 °(decomp.): IR, vArem™: 1606(aro-
matic C=C), 1507(C=N): MS(ED) m/z(rel.
int.): 320(M*, 100.00), 292(M-28, 19.47), 272
(M-48, 41.83): 'H-NMR(300 MHz, DMSO-ds)
8. 3.17(2H. t. J=6.0 Hz, H-5), 4.88(2H, t, J=
6.0Hz, H-6), 6.16(2H. s, -O-CH2-0-), 6.52
(2H, s, -O-CH2-0O-), 7.07(1H, s, H-4), 7.78
(1H, s, H-1), 7.81(1H, d. J=8.7 Hz, H-12), 8.03
(1R, d, J=8.7Hz, H-11), 8.97(1H, s, H-13).
9.96(1H, s, H-8): “C-NMR(75.5 MHz, DMSO-
de) &: Table L.

Compound V-MeOHZ 2% st v]ao]
2R3 A% 16 mge AUt
mp 245-248 °(decomp.): UV, Auo(MeOH) nm:
224, 268, 305: IR, vErem™: 3431(OH), 1593
(aromatic C=C): MS(ED) m/Zz(rel. int.): 341
((M-H)*, 17.93). 327(M-CH,. 9.15), 312((M-
(CHy)s, 5.79): 'H-NMR(300 MHz, DMSO-dy)
5. 2.91(3H. s, N-CHy), 3.35(3H, s, N-CH>), 3.80
(3H, s, 10-OCH3). 3.84(3H, s, 2-OCH,). 6.53
(1H, s. H-3). 6.92(1H. d. J=8.1 Hz, H-9). 7.0
(1H, d, J=8.1 Hz, H-8): “C-NMR(75.5 MHz,
DMSO-dg): Table L.

Compound I, Compound H2| & - v F L5
o] A37AE AA L B5 5552 oA Table
19 =122 HPLCE A3t Compound I, Il
o geke FFaac. e

gt 3 o3

Compound 12| FX-o] 33rE2 Dragen-
dorffAl ol R AE JehliflaL, IR spectrum®

Table II. HPLC analytical condition

Column p~-bondapak Cjs (3.9% 300 mm)

Mobile phase 1/15M-KH,PO,:CH,CN:SDS
(300:270:3.3)

Flow rate 1.5 ml/min

Detector UV 340 nm

Injection volume 20 ul
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1604 cm ')A WFge} C=CZA¥, 1512 con ol
C=N 23 7Ile= F4E eItk Mass
spectrum® m/Zz 35344 M+H'Y ion
peak’t YEla methyl717t €@oid Ut jon
peakEel YetIEE 323 4749 methylZi7}
ZA% oz F49c} 'H-NMR spectrum®} 8
9.89¢ 9.0391A Z+Zt H-8% H-132] protondl] 7}
A% singletel, 8 7.72¢ 7.10e14& H-13 H-4
9] protone] singlete2 Wbt 88.217% 8.03
dX+= H-11. H-129 protonel J=9.0 Hze
doublet® 2 YENITY, aromatic protong9 ©|
218 peakFFO2RE o|8do]l AFA pro-
toberberine® Fx& 7M1 US5& AZ 5 9L
1 ol7]ol 84.11, 4.08, 3.94. 3.88914 4749
methoxy proton®] 2tZt singlet 2.2 Uehgi
84.95, 3.23%4 H-63 H-59 proton®] J=6.2
Hz triplete2 v}, ®C-NMR spectrum
o] 8 62.7, 57.9, 57.0, 56.74X = 4702 meth-
oxy carbon®ll ©J3+ peak”} YEIGTE o)) A
#E F33t9 compound 1€ protoberberine2
E73 4749l -OCHy717} A ¥¥ palmatinec 2
TR T, ol E9X 9 HimE Bk U
'5'}%\:‘-.18)

Compound 12 FX-9] 3¥E2 Dragen-
dorffAlel] BHMog  Labat Al ZMoz
HAHEA B2 F2F methylenedioxy7|§ %
g8 oz F2dth” IR spectrum® 1610
cm oA WEge] C=C 2%, 1505cmlA C
=N A%< F47} YER, mass spectrum®
m/z 33794 (M+H) "9 ion peak’t, m/z 321
A berberinedl HFBANH APHog Yeht
£ methyl7]2] oj29] 2% jon peak”t WERk
. * 'H-NMR spectrum®] 39.89, 8.949|4 H-
8% H-13¢9] proton®) singlet®®, §7.80, 7.099]
A H-1, H-49 proton®] singlet®& Jehgm 8
8.20% 8.01%%A H-11, H-129 protonel J=9.0
Hz¢) doublete2 Jetstth. oj2l& aromatic
protong9] peak® £ W o]t protoberbe-

nine A% €242 FFH3t. «f7]el 84.10, 4.07-

A 5 702l methoxy7lel & singlete] Vet
2 36.1744 methylenedioxy protons| £33
2l signalel singleto® uehgct ™ “C-NMR
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spectrum®|A methylenedioxy carbonol 7|¢1
3 8102.99) peaks} methoxy carbonol 2§ §
62.8, 57.99] peakE A3} o3 Ag =
&std compound IR= protoberberine®} F2o)
A 2789l methoxy 719} 3149l methylened-
ioxy 717F A1#=le] 3l berberine2 2 $3 38k
on o]l FHA 9} vimalg & W & A sigi 2

Compound 18] F=-o] 3¥ELS Dragen-
dorfA]Ae] <kdE& JeE® [R spectrums)
3430 cm ol OH, 1608 cm™ A aromatic C
=C, 1516 cm™IA C=N 2@ 7} depd
t}. 'H-NMR spectrum®] 89.86, 8.98¢<)+ H-83}
H-13 9 protonel, 87.70, 7.06°14 H-1, H-49)
proton®] Z+Zt singlet 22 Vel 88.199) 8.
0114 H-113 H-129] proton®] J=9.1 Hz9]
doublet2 2 YehtA HA] protoberberines] ¢
ZE 7T QSE FHY S AT £ 84,09,
4.07, 3.94914 3709 methoxy”1°l & proton
o} singlete® VeI “C-NMR spectrumel
A 857.1, 57.9, 62.79014 242} methoxy carbon
o ©J% peak?’t FEFIL, 11 chemical shiftsS
palmatine® ¥|m3] ¥3t& o} 49 carbon %ol
4.7 ppm downfield shiftde) Yep}m2 pal-
matine®] 3¥ carbon®l AF¥H UE me-
thoxy”] 4l hydroxy717t A=} e A&
& o ot o] Z2#2EH compound e
protoberberineZ 29 3782} methoxy7|¢ 3kt
2] hydroxy?|7t X&=lo] 9lE jatrorrhizineo
2 g3 ”?

Compound IVe] 3 -9o] 8322 Dragen-
dorff A7 Labat Alde] HAH oz F2F
methylenedioxy”7l& X&& Aoz FAHAUG.
IR spectrum® 1606 cm ellAl aromatic C=C
A%, 1507 cm™ N C=N A &7t ve
3, mass spectrum® m/z 320914 molecular
ion peak’} WElTh. 'H- NMR spectrum®! &
9.96, 8.97<14 H-8, H-139 proton, §7.78, 7.07
X H-1, H-49] protone! singleto.2 ebstz
88.03, 7.819041 H-11, H-129) proton®} J=8.7
Hz9] doublete 2 YEWA o T3V protober-
berineAle}l +%£2 FH AT} 7)) 86,16, 6.52
A 5 749 methylenedioxy protonel <}
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signal®l singlet®2 Jelgtt “C-NMR spec-
trum® 8102.4%F 104.7914 ¥ 789 methyle-
niedioxy carbone! #1%%l3, berberine® H|
e BE = 9, 108 carbonell 2% 4 270
©] methoxy7lel 2|8 carbon peak”} gleifth.
o] Z#E T3 ¥ Wl compound IVE proto-
berberine & C-2.3, C-9.101 2708] me-
thylenedioxy 717t 2|#€ coptisine 22 &3
—8}‘93\‘4.23)

Compound V& FX-o] 33E2 Dragen-
dorffA]Hell FAMS Yehdem™ UV spec-
trumel A A F 224, 268, 305 nmelA el
1. 2, 10, 11-tetrasubstituted aporphine 7=
g /MR 2 599*® R spectrum® 3431
cm o4 OH. 1593 cm 1A aromatic C=C 2
el ¥4 peak’t YEHTH mass spectrume
my/z 341914 (M-1)"9 ion peak’} Jeh} Hd
2l aporphine alkaloid®] mass spectrum %
Fe E¥ o methyl7]7} o|2€ ion peakE©]
et e 2 725 2789 methyl?17t 248 Ao
2 F39A+% 'H-NMR spectrum® 86.53¢l
*} H-39] proton®] singlete 2 Yeh}a 87.0, 6.
9214 H-8, H-99] protonel J=8.1 Hz® dou-

Table IIL. Antibacterial effects of Berberis amurensis

261

blete g wepht 1, 2, 10, 11-tetrasubstituted
aporphine®] ¥¢& Jehiom® o7 §2.91
3} 3.35914 = 79 N-CH, 719} protone] ztzt
singlet2. 2 63.803%} 3.84°14 2719 methoxy7]
9] protonel singlete 2 uebgth “C-NMR
spectrum®] 843.0, 53.0904 2708} N-CH; car-
bon?l peak7}. 856.1. 56.2914 2702l methoxy
carbon® peak’l #&=HAUAG. £, C-3, C-90]
27} §110.6. 111.6914 YEh}2 2 methoxy7lE
74z C-2. C-10°0 x| &=jo] gl= Aoz FHEHA
o} 2589 o) 2|5t AE £¥8t base VE apor-
phine 734 2718 methoxy 719+ 2709 hy-
droxy”17} X1 8€ magnoflorine2 2 $3slich ®

e A" -"dEUT9 tertiary phenolic
alkaloid £ (3P). tertiary non-phenolic al-
kaloid ¥%(3Pn). quarternary alkaloid®] ace-
ton 7H4-5¥%3%(4A), quarternary alkaloid<]
aceton B84 ¥ (dAn)°l A3 J#H S AP
A3} 7t £33 o] 3t &= Table [ 2o 4A ¥
ol 7MY & FoEE Jdehlidt. =, 3000
pg/mlel FEoME AMES 4F9 FF RFoIA
P72 2 Yehil 1, 1500 pg/mlINE B. sub-
tilis, S. aureus®l W3k, 750 pg/mldX= B,

B. subtilis ATCC

S. aureus ATCC
6633 65389

P aeruginosa ATCC

E. coli NIHJ 10490

3P 3.000 pg/ml +(9.0) -
1,500 pg/ml - -

750 ng/ml - -

375 nug/ml - -

3Pn 3.000 ug/ml
1.500 pg/ml - -

750 wg/ml - -

375 pg/ml - -

4An 3,000 ug/ml
1.500 pg/ml - -

750 ug/ml - -

375 wg/ml

4A 3,000 pg/ml
1,500 ng/ml +(9.0)

750 ug/ml +(8.2) -

375 pg/ml - -

+(11.D

+(11.1)
+(9.0)

( ): diameters of inhibitory zone{mm). 3P: tertiary phenclic alkaloidal fraction. 3Pn: tertiary non-
phenolic alkaloidal fraction. 4An: acetone-insoluble part of quarternary alkaloidal fraction. 4A: ace-

tone-soluble part of quarternary alkaloidal fraction.
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subtilis?l 3t gl vepget. UeA] &£
Yo AsTANNT AY Fgo] vehont
T4 zHgo] weksigi. ol2fd A A& &4
A7 4AR Y9 FH5o] A& palmatine.”” ber-
berine,® coptisine®™ % °luvl gF&o] LA
¥ alkaloidSel 93 Ro2 FA = AT

Compound I(palmatine)?} Compound Il
(berberine)?| M2~ 2¥dF HPLCY ZzisiolA
palmatine2 tR 14.5%, berberine2 tR 16.3%
oA & EelHen o #§3Fe A4 AN e
palmatine 0.08%, beberine 0.21%, 3%l A
£ palmatine 0.09%, berberine 0.55%, =49
¥ palmatine 0.04%, berberine 0.08%%
e} 5 &Ro)M 9] berberined®e] 53] A Y
Bgem palmatine £33 9F¥olM M &
g el

4 £

SR (Berberis amurensis Ruprecht)
9] 373 L MeOHE F33 ¥ 2t #8202 U
o] gL AP AA 479 alkaloid] ace-
toneZH&-¥ollM 74 & S YEiReH,
o] ¥g o 22 palmatine, berberine, jatror-
rhizine, coptisine, magnoflorine ¥ 5%2| al-
kaloids #a3th. ©| % palmatine ber-
berine® HPLCE A &% A7 f3FoiMe &
o] 2+2} 0.09%. 0.55% 2 718 &= A ettt
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