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Abstract - The total ethanol extract of Angelica koreana radix (Umbelliferae) showed potent inhibitory ef-
fect on tumor necrosis factor-a (INF-a)) production from LPS-stimulated RAW264.7 cells in screening
studies on 118 Korean medicinal plants. The activity-guided fractionation of the total ethanol extract
resulted in the isolation of 4 compounds, including active substances. The chemical structures of the
compounds isolated were established by chemical and spectrometric analyses as imperatorin, isoim-
peratorin, osthol and oxypeucedanin. Among them, osthol, oxypeucedanin and isoimperatorin showed
significant inhibitory activities on TNF-o production as 54.3+2.1%, 33.6+1.0% and 17.7+3.0%, respec-

tively, at 12.5 pg/ml.
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Fig. 1 — Chemical structures of isolated components.

Osthol

C-2'9} C-3'9] gkel z+z} 119.1 ppm# 139.6 ppm?)
ol )&} 61.0 ppm® 58.2 ppme| AAZH eSi-ets
FZ7tolF 2 9 Aoz FAH 44 o] 7t
T8t Ostholel 29% “C NMR % 'H NMR
spectra A7} F82] 279} & A=A}

Angelica koreana (radix) 500 g

extracted with 70% ethanol
concentrated in vacuum

Total ethanol extract (114 g, 100 pg/ml®)

Solvent extraction

CH:Cl fraction (20.6 g, 50 pg/ml)

Preparative TLC
loaded 10.7 g with CHCl::EtOAc (50:1)

Fr1 Fr2 Fr3 Fr-4 Fr-5 (25 pg/ml)
(0.45 g) (199 @ (0.53 g) (0.87 g) (2.10 @)
chromatographed over silica gel
with n-hexane:EtOAc (5:1)
Fr2-1 Fr-2-2 Fr-2-3 Fr-2-4 (12,5 pg/m})
(23.5 mg) (99.5 mg) (109.3 mg) (16.9 mg)
crystalized in MeOH
Imperatorin  isoimperatorin  oxypeucedanin  osthol
(18.5 mg) (31.3 mg) (15.2 mg) (23.7 mg)

Schem 1 — Extraction and isolation of inhibitory components by activity-guided fractionation from Angelica koreana,

*indicates a final concentration for assay.
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Table I— 'H and “C NMR data

Imperatorin Isoimperatorin Osthol Oxypeucedanin

Carbon 1y 180 i 10 q Lo iy 0
Cc-2 - 161.0 - 161.3 - 161.4 - 161.0
C-3 6.38(d) 1151 6:23(d) 1126 6:26(d) 1179 6.34(d) 1131
CH4 7.78(d) 144.8 8.12(d) 139.5 7.63(d) 143.7 8.23(d) 139.0
C-4a - 116.9 - 107.5 - 113.0 - 107.4
C-5 7.38 113.6 - 152.7 7.31(d) 126.1 - 152.5
C-6 - 126.3 - 114.2 6.85(d) 107.3 - 114.1
C-7 - 149.0 - 158.1 - 152.8 - 158.0
C-8 - 126.3 7.10 94.2 - 121.0 7.22 94.9
C-8a - 140.2 - 149.0 - 160.1 - 148.3
a 6.83(d) 147.0 6.93(q) 1449 - - 6.97(t) 1453
b 7.71(d) 107.1 7.57(d) 105.1 - - 7.63(d) 104.5
c-r 5.02 70.6 4.89(d) 72.3 3.55(d) 25.8 4.46(dd) 72.3

4.62(dd)

c-2 5.62 120.1 5.52(tq) 119.1 5.24(tq) 77.1 3.25(q) 61.1
Cc-3 - 132.1 - 139.6 - 132.7 - 58.3
c4 174 18.6 1.68 18.2 1.69 179 1.35 19.0
Cc-5 1.76 26.3 1.78 25.8 1.86 21.9 1.43 24.6

-OCHs - - - - 3.94 56.0 - -

Spectra were measured at 300 MHz in CDCl; and chemical shifts are expressed in 8 with TMS as internal stan-
dard. Signals are designated as follows : s: singlet, d; doublet, t: triplet, and q: quartet.

TNF-o H&| &3} - 7282] crude extract ¥ sol-
vent fractionation ¥ Zt £8¢ TNF-o JAg3E
Table I1el vFepfit AFolA M7 crude extracts
70.2%9] ¥ A A& B, oo Axpe
Lee $°] B1™% interleukin-89 W& 7&2] A
Ao A RAFEAA 20%~49%2] A Adeph= v}
g Ao veht, TNF-o dAEAE el 22
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Fig. 2—Effect of nonselective cAMP phosphodiesterases
(pentoxifylline and theophylline) on TNF-o pro-
duction in RAW264.7 cells stimulated with 1 pg/
ml of LPS.

Ho
=

49 Z JRE9 TNF-a 94 3= Table 1ol
btk Al A A 7MY 22 JAEDE Bl 3
322 ostholZ2A} 54% 921, oxypeucedanin(33%)
9 jsoimperatorin(18%) <92 A&7 Vel
3HH isoimperatorin® ©1A#1) imperatorin® A
EAE VehA] gtk WaEbA osthold A4 ¥Ab

Table II— Inhibitory effect of Angelica koreana on TNF-
o production in LPS-stimulated RAW264.7

cells
. % Inhibition of
Fraction TNF-a production

Total ethanol extract® 70.2+2.1*
Solvent fractions®

Methylene chloride 74.9+1.5**

Ethyl acetate 59.6+3.7**

n-Butanol 114424

Water -1.9+2.1

RAW?264.7 cells (1x10° cell/ml) were stimilated with

1 pg/ml of LPS with testing samples. Supernatants

were collected after 6 h and assayed by ELISA.

Basal level of TNF-o in culture medium at no stimu-

lation was 0.5 ng/ml to 1 ng/mi. However, stimu-

lation by LPS produced a large amount of TNF-o (65

ng/mi~70 ng/ml).

Data represent mean+SEM of 3 observations.

*This sample was assayed at 100 pg/ml as a final
concentration

® All samples were assayed at 50 pg/m] as a final con-
centration

** p<0.01 compared to control.

J. Pharm. Soc. Korea
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Table Il — Inhibitory effect of major components iso-
lated from Angelica koreana on TNF-o pro-
duction in LPS-stimulated RAW264.7

cells
R » % Inhibition of
Component Conc. (BM)" Np-q production
Imperatorin 46.2 -1.4£1.0
Isoimperatorin 46.2 17.7£2.3*
Osthol 51.2 54.3+2.1**
Oxypeucedanin 43.7 33.6+1.0*

RAW264.7 cells (1x10° cell/ml) were stimulated with

1 p#g/ml of LPS with testing samples. Supernatants

were collected after 6 h and assayed by ELISA.

Basal level of TNF-a in culture medium at no stimu-

lation was 0.5 ng/ml to 1 ng/ml. However, stimu-

lation by LPS produced a large amount of TNF-o (65

ng/m]~170 ng/ml) from RAW264.7 cells.

Data represent mean+SEM of 3 observations.

* All samples were assayed at 12.5 pg/ml as a final
concentration

® Molar concentration at 12.5 pg/mi

* p€0.05 compared to control

** p0.01 compared to control

o2 e IC4(50% inhibitory concentration)< 50
M AEZ et 22 38 dFe olF 5%
&Y AP S T3l Bl HEs| RIE g Ao
Aoy ol dAE TNF-a A&7} o)n)
4z cAMP phosphodiesterase 2J#l1A1¢1 pen-
toxifylline(eF 250 pM)©jut  theophylline(%F 540
uM) 2 furofuran 3¢} lignan$! pinoresinol(2F 70
uM)elLt eudesmin(¢F 60 pM) 9] IC, BT %
Ao e P g2y ojn] g 1~10 M $
9] bisbenzylquinoline alkaloids®ch= 1/40~1/
49 8L =g BP

el AREESE TNF-a dA &g gt 712
#A  A##A (structure-activity relationship) S
A¥¥E furan 18] oA ZHY CT7 HAX9] me-
thoxy 718 7IXl ostholel 713 £2 A EAE e}
W AL Z Hol o]F moietys TNF-a gA] Ao
u}$- a3 FRo2 watdc} gy furan 32 E
7FA i 9l oxypeucedanin®]|Y} isoimperatorin &
Al 932 JAEAE Y, olE 12 TF
Hoz BY WY C5 $x)9 lipophilic
moiety (3-methyl-2-butenyl 7] && [(29)-3.3-
dimethyloxiran-2-yl) methyoxyl 7])& 3§33t 91
ot wehd o)9re Ail= coumarin FEAE
TNF-o 94 & 3= furan2]9] 22 2 moiety¢] %
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A JAaxE el welA o]F o) ostholo]
7= 83 TNF-a 94 28 2 71-dd39 84
in vivoo) 9] )zt So] BH ATV} AL W5
ojo} &4}

2 #

1) Vileek, J. and Lee, T. H. : Tumor necrosis fac-
tor. New insights into the molecular mechan-
ism of its multiple actions. J. Biol. Chem. 266,
7313 (1991).

2) Sekut, L. and Connolly, K. M. : Pathophysiology
and regulation of TNF~o in inflammation. Drug
News Perspect. 9, 261 (1996).

3) Beutler, P. B. : Tumor necrosis factors : The molec-
ules and their emerging role in medicine. Raven



130 ZAE - o)FF - WA - e

press, New York (1992).

4) Manogue, K. R., Van Denventer, J. H. and
Cerami, A. : Tumor necrosis factor-o or cachec-
tin. In The Cytokine Handbook, Thomson, A, (Ed).
Academic Press, Inc.. San Diego, p. 241 (1992).

5) Bamkey, P. E. and Cerra, F. B. : Hepatic dys—
function in shock and organ failure. In Patho-
physiology of shock, sepsis and organ failure, Schlag,
G. and Redl, H. (Eds.). Spring-Verlag, Berlin,
pp. 948-960 (1993).

6) Zentella, A., Manogue, K. and Cerami, A. : The
role of cachectin/TNF-alpha and other cy-
tokines in sepsis. Prog. Clin. Biol. Res. 367, 9
(1991).

7) Tiegs, G., Wolter, M. and Wendel, A. : Tumor
necrosis factor is a terminal mediator in galac—
tosamine/endotoxin-induced hepatitis in mice.
Biochem. Pharmacol. 38, 627 (1989).

8) Firestein, G. S.: Rheumatoid synovitis and
pannus. In Rheumatology, (eds. Klippel, J. and
Dieppe, P.) Mosby, St. Louis, pp. 3.12.1-3.12.30
(1994).

9) Novgrodiski, A., Vanichkin, A., Patya, M., Gazit,
A., Osherov, N. and Levitzki, A. : Prevention of
lipopolysaccharide-induced lethal toxicity by tyro-
sine kinase inhibitors. Science 264, 1319 (1994).

10) Han, J., Thompson, P. and Beutler, B. : Dex—
amethasone and pentoxifylline inhibit en-
dotoxin-induced cachectin/tumor necrosis fac-
tor synthesis at separate points in the sig-
nalling pathway. J. Exp. Med. 172, 391 (1990).

11) Moreira, A. L., Sampaio, E. P., Zumuidzinas,
A., Frindt, P., Smith, K. A. and Kaplan, G.:
Thalidomide exerts its inhibitory action on tu-
mor necrosis factor-o by enhancing mRNA de-
gradation. J. Exp. Med. 177, 1675 (1993).

12) McGeehan, G. M., Becherer, J. D., Bast, R. C,,
Biyer, C. M., Champion, B., Connolly, K. M.,
Conway, J. G., Furdon, P., Karp, S., Kidao, S,
McElroy, A. B.. Nichols, J., Pryzwansky, K. M.,
Shoenen, F., Sekut, 1., Truesdale, A., Verghese,
M., Warner, J. and Ways, J. P. : Regulation of
tumour necrosis factor-o processing by a metal-
loproteinase inhibitor. Nature 370, 558 (1994).

13) Crowe, P. D., Walter, B. N., Mohler, K. M., Ot~

ten-Evans, C., Black, R. A. and Ware, C. F.:
A metalloproteinase inhibitor blocks shedding
of the 80-kd TNF receptor and TNF processing
in T lymphocytes. J. Exp. Med. 181, 1205 (1995).

14) Parmely, M. J., Zhou, W. W., Edwards; C. K.,
Borcherding, D. R., Silverstein, R. and Morris-
on, D. C. : Adenosine and a related carbocyclic
nucleoside selectively inhibit tumor necrosis fac-
tor-a production and protect mice against en-
dotoxin challenge. J. Immunol. 151, 389 (1993).

15) Bradshaw, M., Rutherford, M. S., Hoeper, B. J..
McWhinney, C. D., Borcherding, D. R., Shook,
L. B. and Edwards, C. K. : Specific tran-
scriptional inhibition of bone marrow-derived
macrophage tumor necrosis factor-o gene ex-
pression and protein production using novel
enantiomeric carboxylic nucleoside analogues. J.
Pharmacol. Exp. Ther. 273, 1506 (1995).

16) Firestein, G. S., Boyle, S. D., Bullogh, D. A.,
Gruber, H. E., Sajjadi, F. G., Montag, A., Sam-
bol. B. and Mullane, K. M. : Protective effect of
an adenosine kinase I inhibitor in septic shock.
J. Immunol. 152, 5853 (1994).

17) Sajjadi, F. G., Takabayashi, K., Foster, A. C.,
Domingo, R. C. and Firestein, G. S. : Inhibition
of TNF-o expression by adenosine: Role of A3
adenosine receptors. J. Immunol, 156, 3435
(1996).

18) Hwang, D., Fischer, N. H., Jang, B. C., Tak,
H., Kim, J. K. and Lee, W. : Inhibition of the
expression of inducible cyclooxygenase and
proinflammatory cytokines by sesquiterpene
lactones in macrophages correlates with the in-
hibition of MAP kinases. Biochem. Biophys. Res.
Commun. 226, 810 (1996).

19) Cho, J. Y., Park, J., Yoo, E. S., Yoshikawa, K,
Baik, K. U., Lee, J. and Park, M. H. ' Inhibitory
effect of lignans from the rhizomes of Coptis japon -
ica var. dissects on TNF-o production in LPS-
stimulated RAW264.7 cells. Arch. Pharm. Res. 21,
12 (1998).

20) Chae, S. H., Kim, P. S., Cho, J. Y., Park, J,
Lee, J. H, Yoo, E. 8., Baik, K. U,, Lee, J. and
Park, M. H. : Isolation and identification of in-
hibitory compounds on TNF-o. production from

J. Pharm. Soc. Korea



AN FFAARIA 4L A 844989 B 131

Flos Magnoliae. The Spring Convention of Phar-
maceutical Society of Korea, Abstr. p. 186 (1997).
21) Seow, W. K., Nakamura, K., Sugimura, Y., Sug-
imoto, Y., Yamada, Y., Fairlie, D. P. and Thong,
Y. H. : Inhibitory effects of bisbenzylisoguinolines
on synthesis of the inflammatory cytokines in-

terleukin-1 and tumor necrosis factor-alpha, Med.

Inflamm . 2, 199 (1993).

22) Seow, W. K., Ferrante, A., Summors, A. and
Thong, Y. H. : Comparative effects of tetran-
drine and berbamine on production of the in-
flammatory cytokines interleukin-1 and tumor
necrosis factor-alpha. Life Sci. 50, PL53 (1992).

23) Onai, N., Tsunokawa, Y., Suda, M., Watanabe,
N., Nakamura, K., Sugimoto, Y. and Kobayashi,
Y. : Inhibitory effects of bisbezylisoquinoline al-
kaloids on induction of proinflammatory cy-
tokines, interleukin-1 and tumor necrosis factor-
o. Planta Med. 61,491 (1995).

24) Tto, C., Mizuno, T., Tanahashi, S., Furukawa,
H., Ju-Ichi, M., Inoue, M., Muraguchi, M.,
Omura, M., McPhail, D. R. and McPhail, A. T. :
Structure of bisosthenon, a novel dimeric cou-
marin from Citrus plants Chem. Pharm. Bull 38,
2101 (1990).

25) Woo, W. S., Lee, C. K. and Shim, K. H. : Iso-
lation of drug metabolism modifiers from roots
of Angelica koreana. Planta Med . 45, 234 (1982).

26) Kim, T. J., Lee, S. I, Yoon, Y. S. and Ko, J. 8. :
A study on structure and quantitation of fiirano-
coumarins from Angelica koreana Max.. Anal. Sci.
Technol. 2, 337 (1989).

27) Lee, G. 1., Ha, J. Y., Min, K. R., Nakagawa, H.,
Tsurufji, S., Chang, I. M. and Kim, Y. : In-
hibitory effects of oriental herbal medicines on
IL-8 induction in lipopolysaccharide-activated
rat macrophages. Planta Med. 61, 26 (1995).

28) Cai, Y., Baer-Dubowska, W., Aswood-Smith,
M. and DiGiovanni, J. : Inhibitory effects of na-

Vol. 42. No. 2. 1998

turally occuring coumarins on the metabolic ac-
tivation of benzolalpyrene and 7,12-dimethyl-
benzo(alanthracene in cultured mouse kera-
tocytes. Carcinogenesis 18, 215 (1997).

29) Wall, M. E., Wani, M. C., Manikumar. G.,
Hyghes, T. J., Taylor, H., McGivney, R. and
Warner, J. : Plant antimutagenic agents, 3.
Coumarins. J. Nat. Prod. 51, 1148 (1988).

30) Okuyama, T., Takata, M., Nishino, H., Nishi-
no, A., Takayasu, J. and Iwashima, A.:Stu-
dies on the antitumor-promoting activity of na-
turally occuring substances. II. Inhibition of tu-
mor-promoter-enhanced phospholipid meta-
bolism by umbelliferous materials. Chem Pharm.
Bull. 38, 1084 (1990).

31) Marston, A., Hostettman, K. Msonthi, J. D. : Iso-
lation of antifungal and larvicidal constituents of
Diplolophium buchanani by centrifugal partition
chromatography. J. Nat. Prod. 58, 128 (1995).

32) Chen, 1. S., Chang, C. T., Sheen, W. S., Teng,
C. M., Tsai, I. L., Duh, C. Y. and Ko, F. N.:
Coumarins and antiplatelet aggregation con-
stituents from Formosan Peucedanum japonicum.
Phytochemistry 41, 525 (1996).

33) Chen, Z. C., Duan, X. B. and Liu, K. R. : The
anti-allergic activity of osthol extracted from
the fruits of Onidium monnieri (L.) Cussion. Yao
Hsueh Pao 23, 96 (1988).

34) Cai, Y., Bennett, D., Nair, R. V., Ceska, O.,
Ashwood-Smith, M. J. and DiGiovanni, J. : In~
hibition and inactivation of murine hepatic
ethoxy- and pentoxyresorufin O-dealkyase by
naturally occuring coumarins. Chem. Res. Tox-
icol, 6, 872 (1993).

35) Bae, K. W., Ji, J. M., Kang, J. S. and Ahn, B. Z. :
A cytotoxic component from Angelicae koreanae
Radix against L1210 and HL 60 cells. Arch.
Pharm. Res. 17, 45 (1994).



