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Promoting Synthesis of Collagen from Angelica dahurica Root
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Abstract — Three coumarin derivatives, which stimulate collagen biosynthesis in human fibroblasts were isolated from Angelica
dahurica root which has been used in traditional medicine for cold, headache, discharging blood and women’s diseases. Three
coumarin derivatives were identified as 5-benzofuranacrylic acid, 6,7-dihydroxy-4-(3-methyl-2-butenyl)-d-lactone (prangeni-
din), 5-benzofuranacrylic acid, 6,7-dihydroxy-4-methoxy-o-lactone (8-hydroxybergapten) and 3-benzofuranacrylic acid, 8-

hydroxypsoralen(xanthotoxol) from their spectral data.

Key words— Angelica dahurica root;

5-benzofuranacrylic

acid, 6,7-dihydroxy-4-(3-methyl-2-butenyl)-3-lactone

(prangenidin), 5-benzofuranacrylic acid, 6,7-dihydroxy-4-methoxy-o-lactone (8-hydroxybergapten) and 5-benzofuranacrylic
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E 170/ human fibroblastE -85} Zep A
A Z7HE A ¢ A= procollagen type I C-peptide
(PICP) enzyme immunoassay® ©|-8-3t) 5 7)Aol &%
o] Art AFH 12059 MRS tAFo = EL‘O A5}
R, o] F YA FE2EC] 3 S VEHES ¢
91gith WA= v ZH(Umbelliferae)®] -+ ™ (Angelica
dahurica)®] 21 E A2 AMESHH, SHglA 7],
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zhe] Hgof thal collagen P4 EFXeg H7H 24
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A FYste ARSI

Alef 2 717] - ZEaEneTEleE Silica gel 60(230 -
400 mesh, Merck) & A}23l9 %, vtEa 2ulE 2ty &
precoated platest silica gel 60F,,, 2} RP-18 F,,°S A3}
k. HPLCEA]-E combiHT SB-CI8 columng AH&-315
T}. mass spectra™ AutoSpec mass spectrometer(Micromass,
Manchester, UK)E, NMR spectrar= Bruker DMX-600 FT-
NMR spectrometerE, IR spectrax Shimadzu IR-435& A}
23] ATk AlEYE 5] DMEM(Dulbecco's modi-
fied Eagle's medium), FBS(fetal bovine serum), antibiotics
9} Trypsin(2.5%)& GibcoolA UL, collagen 8 B
emzyme-linked immunosorbent assay kit(TAKARA, Japan)
E ARSSISITE. 19 7HE Aok B A|9kS ARSIt

Mz=ulef — A3o]] AH8-%l human dermal fibroblast=
T dolr A4S § dojRe EIE o83t uijd
3199}, 12} ¥]%FE human fibroblasts 10% FBSE 37et
Dulbecco's modified Eagle's mediumlX{ 37°C, 5% CO,Z&
el wj st

AEEEZEA - 02% DMSOE +4UZ+2 2, 03 mM
ascorbic acidE FHUNETLOE ARSI OH, A FEZY
FE= 0.3 mM ascorbic acide} FARE A=) F214
22 332 Holx F5<! 2ugml, 1 pgml, 0.5 ug/mie]
FEE 747 AT

Procollagen type | C-peptide enzyme immunoassay
(PICP EIA) — ¥ %€l human fibroblastE 96-well platel]
10" cells/well2 E-F3te] v gt 2402k T A XZES
serum-free DMEMO.E 33] A3, ARS8 TEHEE =
2l serum-free DMEM &80 2 w33131 2447 v 3},
Hjekel o 2 Rey |2 AAF procollagen type I C-peptideS
emzyme-linked immunosorbent assay kit(TAKARA, Japan)
< ol g3l AP

AL 7} Tl 3l miplicate= T35t o Ao
% data?ke B BT HAE 731 student's ~testE ©]
&, 24tz FAE fo8S At @9 o
ol gk FeRll 94 FU % Haaks ol8sike &
718t

& 9 22| — AEZ ¥R 30kgS 10819] MethanotS:

olg3le] 70°CollM 33] &3 F dEFHl WA &
E 25kgs Atk o] FEE AATE 7Isle] HE A
71 & n-hexane, chloroform, n-buthanolS <=X}& 0 2 713
n-hexane, chloroform, n-buthanol, Water 538-2 o] 7+t
FE3le] bt gujRgs Aot

o5 &7} 438 chloroform £3& oz g2
Chloroform : Methanol(3:1)-8& AH8-3}+& Silica column
chromatographyS 3)3le] Eeloll Wal7} He, E5°] 8l
ow gEel IS4 228 Y FHAA AAS A, £
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MeOH Ext.(2.5Kg)

—
Hexane fr.(2569)

CHCI3 fr.(216g)
f
BuOH fr.(825¢)
H,0 fr.
Silica column chromatography
Eluent : CM=3:1 I
BG-CH(150g} 24 28
Sitica column chromatography
Eluent : CM=20:1
—r 71T Tt 1t b T 11
BG-CH-R-1 2 3 4 5 6 { 8 9 10 11 12 13
RP-PrepHPLC
Eluent : 40% Acetonitrite
f | I | I I |
BG~CH-R-SC-1 2[ 3 4 5I 6 7
Compound | Compound Il
Compound I

Scheme 1. Extraction and isolation of compound I, 11, T from
Angelica dahurica Root.

® 235 t}A] Chloroform : Methanol(20 : 1)& AR&-she
Silica column chromatographyE F 335t FE&& BG-
CHR-7,89,10& At F& £8-2 combiHT SB-C18
column(2 x 25 cm)< ©]-&3te] Prep HPLCE 4219 40%
Acetonitrile® 43 5}%] BG-CH-R-SC-1~7¢] A& 75 &
BG-CHR-P-1~109] 107]¢] £8-& Az} 22 4L
2 23] %S Hrhsted +EAE BG-CH-R-SC-2
(Compound I, 200 mg), BG-CH-R-SC-4(Compound I,
70 mg) 2 BG-CH-R-SC-5(Compound III, 12 mg)E 13}
3 tH(Scheme 1).
R

Compound | — pale yellow powder, MS m/z 270.28,
m.p. 232°C, 'H-NMR and “C-NMR data, see Table L

Compound Il — yellow powder, MS m/z 232.19, m.p.
223°C, '"H-NMR and “C-NMR data, see Table L.

Compound Il — white powder, MS m/z 202.16, m.p.
248°C, '"H-NMR and °C-NMR data, see Table I. ‘

Compound I2] REEA — m|ghae] M4 £ T4
2] 2ol ™ high resolution electrospray ionization(ESI)
mass spectrum®A] £2124o] C,H,,0,MW 270.28)5 &
M=

1H-1D NMR spectrum®l| A 8.01 ppm3} 7.03 ppm2] dou-
blets (J=2.2 Hz) benzofuran®] H-1, H-2¢l 2z} 833},
8.10 ppm>} 6.36 ppm<} doublets(J~10 Hz)> Z+7Z}F acrylic
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Table I. "C-NMR, 'H-NMR data of preangenidin, 8-gydroxybergapten and zanthotoxol
OH
0. 067 0
2' ™~ \\\v,;;;" T j/
1 - 4 ?
R — A \‘\3\ R
N D 2" =
2 R = OCH, R=H
Prangenidin 8-Hydroxybergapten Zanthotoxol
No 1 13 1 13 1 13
H C H C H C
1 8.01(d) 146.9(CH) 8.02(d) 146.2(CH) 8.05(d) 147.5(CH)
2 7.03(d) 106.1(CH) 7.26(d) 105.4(CH) 7.00(d) 107.1(CH)
3 124.8(C) 114.7(C) 125.3(C)
4 122.0(C) 141.2(C) 7.40(s) 110.2(CH)
5 113.6(C) 107.0(C) 8.05(d) 116.3(C)
6 140.5(0) 139.6(C) 8.05(d) 139.8(C)
7 128.5(C) 125.4(C) 8.05(d) 130.1(C)
8 145.0(C) 147.1(C) 8.05(d) 145.4(C)
I 8.10(d) 142.1(CH) 8.13(d) 139.9(CH) 8.07(d) 145.6(CH)
2' 6.36(d) 113.3(CH) 6.28(d) 112.3(CH) 6.37(d) 113.8(CH)
3 159.9(C) 160.(C) 160.1(C)
I 3.64(d) 27.1(CH)
2' 5.06(d) 123.1(CH) 4.09(s) 61.0(CH,)
3 131.4(CH)
4 1.75(d) 17.9(CH;)
5 1.57(d) 25.4(CH,)
OH' 10.38(bs)

acid®] H-1°} H-2°]t}. butenyl®] H-2"9] peak(5.06 ppm, J
=6.6 Hz)-> H-1"(3.64 ppm, J=6.6 Hz)3} correlationd}o] z+
7} wiplet? doublet® = ERAT). 1.75 ppm3t 1.57 ppme]
singlet> butenyl®] 33 $%]2] methyl peak®]: 10.38 ppm
9] singlet<> hydroxy peak®l| &ll%-gtt}. Butenyl#} acrylic
acid®] A% 9xl= HMBCE ©]€35}4, butenyl®] methylene
proton(H-1"3} benzofuran®] 4% carbon, 2 3 acryl€]
double bond proton(H-1' and H-2")3} benzofuran®] 5%
carbon peak A}°]9] 2J(CH) %+ 37 couplings valueZ 7}
Z} g1kt

Compound lile] P2 — 3P FA33o] Ftol high
resolution electrospray ionization(ESI) mass spectrum®l| A]
EA ] CHO(MW 232.19)92 13Tt

1H-1D NMR spectrum®l*} 8.02 ppm3%} 7.26 ppm®] dou-
blets(J=2.2 Hz)}>- ZZ} benzofuran®] H-1, H-2013, 8.13 ppm

7 6.28 ppme] doublets(J=9.8 Hz) ZF} acrylic acid®] H-
1'9} H-2'0]t}. 4.09 ppme] singlet> methoxy peak©]T}.
methoxy?] 2% $1xi= HMBCE ©]-8-3}¢], methoxy proton
(H-2"3} benzofuran®] 4% carbon peak Ale]<] 31(C,H)
couplings valueZ <13} tt.

Compound llIe] =24 — 4 FAY] FdolH
high resolution electrospray ionization(ESI) mass spectrum
oA E=}Ao] C, HO,MW 202.16)4S E1sirt.

IH-1D NMR spectrumol|~] 8.05 ppmz} 7.00 ppm&] dou-
blets(J=2.2 Hzy2 Z}2} benzofuran®] H-1, H-20]2, 8.07 ppm
3} 6.37 ppme] doublets(/=9.5 Hzy> 717} acrylic acid®] H-
1'9} H-20]t}. 7.40 ppm2] singlet benzofuran®] 4 $]X]
proton peak®]T}.

$19] f-8 4 3% Prangenidin, 8-hydroxybergapten,
Xanthotoxol2 ¥12]2] coumarinA|5-2] 2 17, &
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Table IL Effects of Compound L II III on collagen synthesis in human fibroblast (PICP enzyme immunoassay)

] Prange-nidin 8-Hydroxy bergapten Xanthoto-xol Ascorbic acid Retinoic acid
0.5 pg/ml 120%™ 146%** 120%™
1.0 pg/ml 129%* 146%** 134%*
2.0 pg/ml 142%** 150%** 151%**
4.0 pg/ml 1029%"°
10.0 pg/ml 105%™
40.0 pg/ml 111%™
52.8 ug/ml 150%**
NS. Not Significant, *: P<0.05, **: P<0.01, n=3 '
ste)glo}, gl Ego] galA et OH
S AEHET &2 (Procollagen type | C-peptide /%\ O 0
enzyme immunoassay) — Compound I, II, ¢} F%=7} o WSS : 67T = /
247} 0.5 pg/ml, 1 pg/ml, 2 pg/miol A positive control® AF Ox° o Ctatoon romramment
4%E 0.3 mM ascorbic acid9} Y53 A =2 ZabA g4 X 7 (N N-Diethylaniline, 220T) |
3 %58 Yel= AL & 5 I ©1E 3 compound Imperatorin Prangenidin
9] human fibroblast®]] T3t procollagen type I C-peptide CreHhiCa CrefludOn
(PICP) enzyme immunoassay®l] &3t E&}7 A3t &3 oH
B2 HER Co 208, 712 2k FAd5ol EER © 0
retinoic acid®] 400 o[’de] ¢85 52 BRHTHTable 2). x %
€ SES0] oAnet WAUS st F2kd 4 Xanthotoxol
< AT Ao dalM e FF AEHA A7 58 CuH:0s

FEAYe} ety AlsHE
B A7 f8AE 3% HPLCE B¢ B3Ey 43
A W &) 0.001% oI5tz FFH 3l dHsht &
Aoz ERIFHITE o] oj& fFEAES] F2E 93t
2R AFst A ST

REMEO M= - FEAE2 prangenidin, 8-
hydroxybergapten, xanthotoxolZ coumarinA] 52| & ZH
R ) Fhgo] Fo} AFsirt AE EFolt). ofof wx]o
& &= U= coumarin Al5-e] BAEZHE F8A
& AT & Jde e a7 d3 9w J gigol
0.24%%] imperatorin®} 0.15%<! cnidilin® % E N,N-
diethyaniling ©]-838} Claisen rearrangement ¥+3-2 53]
BAES Az oEFg. 1).

z}+z}e] 1 g®limperatorin 2 cnidilin®] 3¥1¢] N,N-
diethyaniling 3 7}8kl 220°Coll A 1A1ZF WHS-A1Z1 A5
imperatorin & 2 88 670 mg®] prangenidin® 26 mg<)
xanthotoxol & YU, cnidilin.ZHE 510 mge] 8-
hydroxybergapten®} 42 mg®| xanthotoxolZ AT},

ool ATAAE A L8l WA ZHE FEAARS A
Z330-

N2 400 kg methanol F+E =S Sl EE 3l A&
chloroform 712 8 10 kgoll thall 1090¢] silica gel2- ©]
83l chloroform, methanol & 3%-84(CHCl,:MeOH

=

o

o
Oxy© 0 oH
“ Y, WS o 5% RN 0
. g ™ Y
e} Claisen rearrangement
\%/ (N.N-Diethylaniline, 220C) P
8~hydroxybergapten
CpHy0s

Cnidilin
CirH1605

Fig. 1. prangenidin, 8-hydroxybergapten, xanthotoxol®] 3}
.

=100:1)2.2 column chromatorgarpyS 53 3} impera-
torin, cnidilin £ 3 23kgS AU L £ F 9
imperatorin, cnidilin® HFE B °F 65%°]T}
Imperatorin, cnidilin®38-& 7553t 3819 N,N-
diethylanilin 7FstaL 220°ColA 1A17F refluxA 7] & 4
202 Wrisle WS TEAITH NS 02 RE fEa
AAE-S A719080 chloroforme 7131aL, 53¢ 3M E4ke-
oz 335 B3P A3k chloroform #3282 4°ColA 24
A7 AR Ele] AAS AxstaL, ogsle] 42 XS
n-hexanae® = A|A3}] -F-8/3E<] prangenidin, 8-hydroxy-
bergapten, xanthotoxol®] E3HE-S AT Azt EFE9)
prangenidin?} 8-hydroxybergapten®] H]-&& ¢F 3:10]3 9]
E9] gL 97%0)delt). EF 2%<] Xanthotoxolo] E
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5-benzofuranacrylic acid, 6,7-dihydroxy-4-(3-methyl-2-
butenyl)-6-lactone(prangenidin), 5-benzofuranacrylic acid,
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