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Effect of the Constituents of Angelicae dahuricae Radix on Hepatic

Drug Metabolizing Enzyme Activity

Kuk Hyun Shin, Ok Nam Kim and Won Sick Woo
Natural Products Research Institute, Seoul National University, Seoul 110, Korea

Abstract—The hexane and ether extracts from the roots of Angelica dahurica

caused a significant inhibition of hepatic drug-metabolizing enzyme (DME) activity.

Through systematic fractionation by SiO, column and vacuum liquid chromatography

monitoring by bioassays, three furanocoumarins, phellopterin, byakangelicin and ter¢-

O-methylbyakangelicin were isolated as active principles. These components have

biphasic responses, both inhibitory and inducing effects on DME system. Tert-O-

methyl byakangelicin was found to have the strongest enzyme inhibitory potency,
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19

MR wl ok W ol e HERER £l 2
Qbsho] FEBL KR W %%, Ek g
BN BWHEEIERA o3t B W
vhoprbA] KRG BB RBLE o F
71 91 BWY d3tez vt @l
Zoulwle] AFos s gl £g F 1509 F5S
Adste] fFe] SEREBER R v E BhRl
et FRPYLZ BRI £ 30%q] 23e
Hggo] FFe] HHRHMBER R BES 23
= FHEHT R o5, 2 FHRSY &
BiS REst2 ok, wehA K A A s R
2A oA alcohol MMMl FFS) BEsEFRel
wmiiest HRE el AoE: Bmd £
bl It (Angelicae dahuricae Radix) o 2,
5 BURS 7S RESAEU BEY &
PRGE MigsREsId e 2 fEAY —#e
gAY 2 ERE #Ed



20
" B 5 =

1 HE2 A8 L AMESS SR

K AIERE 718t REme s 744 (k-

WP TR )T RAE EHR Bz 9
methanol(95%)¢] 27t —EEA 53 BEsz
R & BEE A%td BERRESA
o] ¢}zko] 1.2 methanol #hHi4< N-hexane:
methanol:H;0(10 : 1 : 9) & partitiondt%& Scheme
1.¢] u}} ether, N-butanol Z-¢ = fractionation
st % SEME d2 & HEHEC) A B
FRel AT EHY BEZS HWER hexo-
barbital EEERERR) i aminopyrinef\ZEEEIE
s HERZ T HES % Gkl TR
fractione 2 38 FHPRGTE 4T ZHoz
silica gel column chromatography =& vacuum
liquid chromatography (VLC)® 5-& Fa}sld
A o 27 9] subfractione. 2 #3835 2} sub-
fractiono] ¥3te] k& HEEsIHA iEHkol B
3} subfraction$ T chromatography® 443}
o EEWES 79 A

TTEE e £4& BAEY BES watstd
A} Mass, NMR, IR spectrum £} 3] 4o 2|3}
o z hEBEEE wilth

2, ijﬁﬁﬁﬁ
1) HexobarbitalgEIRasRI2| Eise
Dry roots of
Angelica da/mnc‘a(ﬂ
MeOH
MeOH ext

N-Hexane :Me(H:H,0
(10:1:9)

1
N-Hexane H.0
$10; cc Ether
Hexane: Ether (gradient)
1 11 111
€0.5g) (0.28) (0.1g) T =
n
O.
(0.2g) (0.38)(0.15g)(0.
) 8)(0.8¢)
H,0 N-Butanoi

Scheme 1. Extraction and fractionation of the roots
of A. dahurica
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WA N-hexane fraction(6spots by TLC,
hexane : ether=4 : 1)-& silica gel(Merck, Art.

Table 1. Effect of a single treatment of the various fractions on aminopyrine N-demethylase

activity in mice

Treatment?

Dose (mg/kg, i.p.) “ Aminopyrine N-demethylase Percent inhibition
(pgmoles/min/g. prot.) (%)
Control 0.5%CMC 0.57%0.06 -
Hexane fr. 100 0.17+0.13* 70.2
Ether fr. 100 0. 300, 02%* 47.4
Butanol fr. 100 0. 2840, 04** 50.9
H,0 fr. 100 0.5720.06 0

»Mice were treated with each fraction 30 min prior to the enzyme assay.
The ‘enzyme assay was performed on 10, 000 X g supernatant microsomal fraction of mouse liver homogenate.

Data are mean+S.E. of triplicate determinations.

Significantly different from the control; *p<{0.05, **<0.01.

Table II. Effect of column chromatographic subfractions from N-hexane extract on hexobar-

bital-induced hypnosis in mice

Hypnosis® Hypnosis®
Treatment® Percent of control (%) Treatment Percent of control (%)
“Control . 100 o Control 100
Subfr. 1 84.5(N.S.) Subfr.14 369. 6(p<{0.01)
5 , 133.2(N.S.) 15 280. 0(p<<0. 01)
s 100. 0(N.S.) 16 O 2011<0.0D)
9 190. 4(p<C0. 05) 17 148. 4(N.S))
10 207. 6(p<C0. 05) 20 128. 1(N.S.)
12 307. 3(p<0. 01) 21 148.4(N.S.)
13 407. 1(p<C0. 001) 22 178.7(N.S.)

2 The duration of hexobarbital hypnosis at a dose of 50 mg/kg, ip. was 19.75 min.; »Sample dose; 100

mg/kg, ip.

. Figures in parentheses indicate statistical significance relative to the control values.
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Table III. Effects of column chromatographic sub-
fractions from ether extract on hexobar-
bital-induced hypnosis in mice

Treatment? Dose Hexobarbital Percent of
(mg/kg, hypnosis control(%)
ip.) (min+S.E.)

Control 0.5%CMC 34,51 4.6 —
Subfr. 1 100 53.34:11.7 154.5
2 100 66.7+13.9* 193.3
3 100 28.3+ 4.2 82.0

4 100 63.71+12.4 184.6
5 100 118, 320, 6** 342.9
6 100 97.6+28, 8% 282.9
7 100 128.5:+9, §¥+* 372.5

2} A gingle treatment 30min before injection of
hexobarbital-Na(60 mg/kg, ip.).
Significantly different from the control;
*p<0.05, **p<C0.01, ***p<C0.001.

3,120cm e 7|13} bands} FHelxglon
MSo]| 4 E-A-2ko] m/z 334[M+]Jo] 9l ). H-NMR
o] A} = compound ol A} -FASEA furan &
pyroned] ~]ql3t= F249 doublet, 2,3-dihy-
droxyisopentyloxy side chain®] methine @ me-
thylene protons] 7|13} multiplet, RS 5%
9] methoxylr] 7t 7= 913, m=3 mass spec-

23
trumel] 4] 2, 3-dihydroxyisopentyloxy  furano-
coumarin®] fragmentEo] A= o] compound

V & byakangelicing] & <&gtelh.

Compound I: Mp, 108°; IRvXE: : 1725, 1680,
1590, 1500, 1480, 1380, 1170, 8205 MS(m/=2)
: 270(M*); H-NMR(CDCly), 86.26(1H, d, J
=9.8, H-33, 8 15(1H, d, J=9.8, H-4]), 7.1
(1H, s, H-8), 6.86(1H, d, J=2.0, H-27),
7.6(1H, d, J=2.0, H-3'3, 4.90(2H, d, J=
6.8, H-al, 5.50{1H, tq, J=7 and 1, H-§],
1.70(8H, s, 7y-CH,J, 1.80(3H, s, 7-CH,]

Compound II: Mp. 106°; TRuXE:: 1718, 1595,
1497, 1380, 1360; MS(m/z) : 270IM*], 255
(M+-Me)*, 202, 201, 173, 145; 'H-NMR
(CDCl,) : 86, 35(1H, d, J=9.6, H-3), 7.74
(1H, d, J=9.4, H-4), 7.34(1H, s, H-5),
6.79(1H, d, J=2.0, H-27, 7.67(1H, d, J=
2.0, H-3, 4.99(2H, d, J=7 and 1, H-a],
5.60(1H, tq, J=7 and 1, H-A), 1.72(6H, s,
2xr-CH,).

Compound III: Mp. 102°; MS(m/2) : 300
(M+), 2382, 217, 202, 189, 174, 1600; *H-NMR
(CDCly) : 86. 27(1H, d. J=9.9. H-3], 8.11

Name Ry Ry
& v/ ]
1. Isoimperatorin O/\/\\
A
i
1I., Imperatorin H ()/\/\
. 7
111. Phellopterin OMe O/\/\
/OMc
V. Tert-O-methyl byakangelicin OMe 0/\(<
ol
/OH
V. Byakangelicin OMe 0 N
ol

Structures of furanocoumarins.
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(1H, d, J=9.8, H-4), 6.98(1H, d, J=2.4,
H-27, 7.6[1H, d, J=2.4, H-3/), 4.85(1H,
d, J=7.1, H-a), 5.4~5.7(1H, m, H-8],
1.73(3H, s, y-CHj), 1.52[3H, s, 7-CH,),
4.16(3H, s, OCH,).

Compound IV: Mp. 88°; IRuEE: : 3400 (br-
oad, OH), 3100, 3120, (furan), 1705, 1605,
1590, 1480, 1430, 1350, 1145, 1065, 815; MS
(m{z) : 348[M*], 333 (M*-MeJ+, 317 [M*-
OCHgJ*¥, 276(M*-C,H 0+, 246(276-CH,0]*,
245 (M*-CsH;,0,0%, 232 (M*+-CgH;0.]%, 217
[232-MeJ+, 203[231-COJ*, 189[217-COJ+, 175
(203-COJ*, 160(189-CHOJ*, 89(C.Hsl*, 73
[(Me,C=0Me)*; 'H-NMR(CDCI,) : 3. 25(1H,
d, J=9.8, H-3], 8. 10(1H, d, J=9.8, H-4],
7.00(1H, d, J=2.4, H-2/), 7.60(1H, d, J=
2.4, H-3"], 3.85~4.30(2H, m, H-a], 4.60
(1H, dd, H-A), 3.23(3H, s, OCH,), 1.23
[6H, s, 2x7-CH,), 4.15(3H, s, OCH,).

Compound V: Mp. 93°; IRvEE:: 3540, 3100,
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3120, 1710, 1605, 1595, - 1490, 1386, 1370,
8205 MS(m/z) : 334(M*], 319(M*-Me]*, 245
(M+-CHy0,)*, 232(M*-CsH1O.)*, 217(232-
Me+)+, 203(231-COJ*, 189(217-COJ*, 1750203~
COJ*, 160 (189-CHOJ*; 'H-NMR (CDCly) :
86.27(1H, d, J=9.8, H-3), 8 11[1H, d, J=
0.8, H-4), 7.00(1H, d, J=2.4, H-27), 7.63
(1H, d, J=2.4, H-3), 4 14~4.3602H, m,
H-a), 4.60[1H, dd, H-p), 1.31(3H, s, 7-
CH,), 1.27(8H, s, rCHg, 4.17(3H, s,
OCH3). '
2. Furanocoumaring 4 S0| ZHLHE
R0 oix= %FE

S8 HIERY furanocoumaringisyEo)
LRERR Eikel & RS £ BR
fyo 2 fgEvst gt ' ‘

w14 4= furanocoumarinE-2 mouseo] B
—f0] $gE 3045t} FF] aminopyrine N-
demethlase}Gih s hexobarbital - hydroxylase 1%
ol viAdE JFE AT KEE Table §

Table IV. Effect of a single treatment of furanocoumarins on aminopyrine N-demethylase activity in mice

Treatment?

Aminopyrine N-demethylase®

Dose(mg/ke, i.p.) Percent
(umoles/min/g prot.) inhibition (%)

Control = 0. 62::0. 06 -
Byakangelicin 50 0.5240.01 16.1
100 0.42+0.16* 32.3
200 0.26+0.02%* 58.1

Tert~-0O-Methyl-
byakangelicin 50 0. 32%0. 06** 48.4
Phellopterin 100 0.164-0.03** S T4

# A single treatment 30min prior to the enzyme assay. Data are means+SEM of triplicate determinations.
Signficantly different from the control; *p<{0.05, **p<0.01.

Table V. Effect of a single treatment of furanocoumarins on hexobarbital hydroxylasé activity in mice

Treatment® Dose(mg/kg, i.p.) Hexobarbital hydroxylase - Percent
(pmoles/min/g prot.) inhibition (%)
control 0.5%CMC 0.76+0.12 —
Byakangelicin 50 0.30+0.12% 57.1
Tert-O-Methyl-
byakangelicin 50 0. 09:-0. 007** 87.1

» A single treatment 30min prior to the enzyme assay, Significantly different from the control;

*p<0.05, **p<C0.01.
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Table VI. Inhibitory potency of coumarins on DME
in vitro

1Cs value(M x10-%)*

Compound aminopyrine hexobarbital
N-demethylase hydroxylase
Phellopterin 1.25 4,00
Byakangelicin 7.50 11.12
Tert-0-Methyl — -
byakangelicin 1.10 3.75

* The concentration causing 50% inhibition

9l Table Vo
phellopterin-&-

¥ A3lg c}. Byakangelicin 2
100 mg/kgF o2 {94 A&
aminopyrine N-demethylase JEREII4IS vhel)
.o 53| tert-O-methylbyakangelicin.& 50mg
/kgol A= FHa MRS Jeidg =g
byakangelicin g tert-O-methyl byakangelicin-&
50 mg/kg %o} & 723t hexobarbital hydroxy-
laseifit: HHIE el geh. & EEakiR o
s e REMEN A B9 tert-O-methyl
byangelicino] 7}7+ 3Het ¢ MRS Aot
£ A4 g+ 9on phellopterin @ byakange-
licin®] oz jHHke] &gt o|97e &
A2 rate} B2l microsomalf#sEe) o) &t in vitro
ol 49 HHIEEE HEKERAA T —&Ko] EH
gl Table Vol EmR3dE ulelzro] furano-
coumarinF9] Fxol & IRERE (219

25

B R EEE ] W& inhibitorZA sl A9 K
FEHEES] HOZ plotste] A& 50% oAl 5=
(IC5)%& ®w= aminopyrine N-demethylase %
hexobarbital hydroxylase {E#: X% tert-O-
methyl byakangelicino] -} 383}, phellop-
terin @ byakangelicing&o 2 = HIHEEET K
¥ T3

FEHEE oln] tvhE furanocoumarinEo] FFe]
microsomal E£Kel wldte WEMES Az
o] A BEPYEL ol = coumarinsel] wlElA =
FBEARE VR FHS 59
glermz HIERSE ol2g {Efle] g A
9 JBE B3] 9389 furanocoumaring
& THH EEs Y BDRHEta RGN T
AE BREE WES SR Table Mo ZAE vl
$}7ro] byakangelicin @ tert-O-methyl byakan-
gelicin = %7} aminopyrine N-demethylase @
hexobarbital hydroxylasejf#:e]l FHEHRES )
el vhe AR ariE sk el

E-3] tert-O-methylbyakangelicinol] A = 50 mg
/kge] o HEB AL 3 BEESE HEE
A o] = HIgENZ ALt AP Aol B
il %= 493 phenobarbitalsh F—4t £
B A FLlS BFEBREE e & Sk

& furanocoumarinE-9] o] 7o EERINE]
g FEMEE s e EHAFST bexobar-
bital FEALEERS] ¥ A= HPAA = FFH =

Table VII. Effects of repeated treatments of furandcoumarins on drug metabolizing enzyme

activities in mice

Treatments Dose(mg/kg, ip.) Aminopyrine N-demethylase Hexobarbital hydroxylase
(g#moles/min/g prot.) (pmoles/min/g prot.)
Control 0.5%CMC 0.894-0.09 0.7510.07
Byakangelicin 50 7days 0.97+0.11 (109.0) 0.672-0.15 (89.3)
100 % 7days 1.36+0. 20* (152.8) 1.34£0.14%% (178.7)

Tert-O-Methyl- )

byakangelicin 50 x 7days 1. 440, 22* (161.8) 1.580. 31 (210.7)
Phenobarbital 50 X 4days 1.89-£0. 21%%(212. 4) 1. 670, 15%%%(222.7)

3 Mice were pretreated with each compound for 4 or 7 daily consecutive oral administrations and 48hr
after the last treatment, the enzyme assays were carried out.
Data are means*S.E. of 4 separate determinations.
Figures in parentheses indicate percent of the control.
Significantly different from the control; *p<{0.05, **p<{0.01, ***p<(0.001.
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Table VIII. Effect of furanocoumarins on HB-induced sleeping time and ST-mortality in mice
Treatments Dose(mg/kg, i.p.) Sleeping time® ST-mortality®

(min+S.E.) (No. died/No. used)
Exp.1  Control — 21,7+ 8.1 2/10
Byakangelicin 50 135. 7124, 0*(625. 3) 10/10
Phellopterin 30 181.5+ 9.3%(720.2) 8/10
Exp. 2 Control — 98.2+ 2.6 -
Byakangelicin 50 % 7days 46.5+ 9,5% (47.3) -
Phellopterin 30x 3days 8.6+ 2.7* (83.1) -

Exp. 1. : A single treatment 30 min before injection of a) hexobarbital (HB) (50 mg/kg, i.p.) or
b) sirychnine nitrate (ST) (1.20 mg/kg, i.p.).

Exp. 2. : Repeated treatments 48 hr before injection of HB (100 mg/kg, i.p.,), ¢) percent of the control.
Significantly different from the control; *p<0. 001.
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