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Abstract — In view of the observation that a methancl extract of Artemisia
capillaris herbs has shown 1ntense suppressive activity in carbon tetra-
chloride-induced liver lesion in mice, the extract has been fractionated by
monitoring the hepatotoxic activity te  furnish the known flavonel,
eupatolitin (III), and a new flavone, arcapillin, as the liver-protective
principles. The structure of arcapallin has been elucidated as that

represented by formula I on the basis of chemical and physical data.

The crude drug "inchinka”, the aerial part of Artemisia capillaris Thunberg {Compositae), has

been said to have choleretic and liver-protective effects and utilized as a remedy for hepatitis in

Oriental medicine. From this crude drug, a number of terpenoids, acids, polyenynes, phenols,

, , , , L, 2
coumarins, chreomones and flavenoids have been isclated. among these constituents, capillarisin
and 6,7-d1methylesculet1n3 were reported to show choleretic activity. No liver-protective

principles, however, have been reported.

During the course of our survey for laver-protective principles in crude drugs, we found that
methanol extracts of this crude drug exhibited antihepatotoxic activity in carbon tetrachloride-
induced liver lesicn 1n mice although 1ts potency varied remarkably depending on lots.4 The
extract was, therefore, fractionated by means of chromatography over polyamide and silica gel by
monitoring this physiolegical activity to obtain, besides a flavonol, a novel flaveone which has now
been termed as arcapillin.

The flavonel, m.p. 280-283%, C _H ,0_. (MS: m/z 346 (M+)] showed the following spectral

E')ro;;‘n'ﬂ'ties:5 v Amax nm (log €£): 21]1...?514(48.45), 259 (4.38) and 363 (4.28); IR \}max cm_l: 3200
(hydroxyl) and 1650 (enone); lH NMR §: 3.66 (3H s), 3.95 (3R s), 6.86 {(lH s), 6.91 (lH 4, J 8),
7.6l (lH déd, J 8, 2}, 7.76 (1R 4, J 2) and 12.47 ({1H s). These data were in good accord with
those reported for eupatolitin (III).6‘7 The UV absorption spectra in the presence of aluminum
chloride-hydrochloric acid, sodium acetate and sodium hydroxide

OH indicated the location of hydroxyls at C(3) and C(S) and a

methoxyl at C The mass spectral peaks at m/z 137 and 109

arising out of(7)3)-r:.ng demonstrated the presence of two hydroxyl
groups 1in B-ring. Further, direct comparison of the UV and
mass spectral data with those of eupatolitin (III) revealed
that both sets of data were identical. Based on the above

evidence, this flavonol was concluded tc be eupatolitan (III).

N . _ 3 .
Arcapillin, m.p. 272-274%, C18H1608 (HRMS: m/2z 360.0836

+
I11 {M )} was shown to be a flavonoid in nature from 1its positive
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response to ferric chloride, magnesium-hydrochloric acid and zinc-hydrochloric acid tests, In the
IR spectrum, bands for hydroxyls {3460 cm_l} and hydrogen~bonded carbonyl (1655 cm_l) were
observed, The UV spectrum disclosed an absorpticn maximum at 264 nm attributable to the henzoyl
moiety in A-ring of a flavonoid (Band II) which showed red shift by 11 nm on addition of alumanum
chlor].de.B Consistent wath these findings, a signal at § 13.08 due to chelated hydroxyl was found
in the lH NMR spectrum and a signal at § 183.5 assignable to carbonyl carbon was discernible in the
13C NMR spectrum, These data indicated arcapillin to be a S-hydroxyflavone.

In the UV spectrum, an absorption maximum at 369 nm (Band I) showed longer wawvelength shift by
70 nm but caused ne essential alteration in intensity on addition of sodium hydroxide,

demonstrating the presence of a hydroxyl group at C When aluminum chloride and hydrochloric

(4")"
acid were added, the absorption maximum at 369 nm (Band I) displayed displacement toward longer

wavelength by 29.5 nm, a fact which revealed that an oxygen function such as hydroxyl or methoxyl

was located at C(G) in 5—hydroxyflavone.9
The “H NMR spectrum exhibited, in addition to the signal at § 13.08 for the C(S)—hydrcxyl,
signals at § 3.76, 3.84 and 3.96 attributed to three methoxyl groups. These facts together with

its molecular composition indicated that arcapillin possessed three hydroxyls and three methoxyls.

Further, in the 11-1 NMR spectrum, there were signals at § 6.60 for the C,.  -hydrogen, § 6.%7 for the

(3)
C(gl'hydrogen, and & 7.13 and 7.47 for two hydrogens 1in B-rang. The latter twoc signals appearing
as singlets indicated the two hydrogens in B-ring to be 1n para position. Consequently, the
hydroxyls and/ocr methoxyls were located at C(Z‘)' C(4') and C(S') in B-ring. Because an NOE (23%)

was observed between the singal at § 3.84 due to a methoxyl and that at & 7.47 assignable to the

C(6l)—hydrogen, the presence of the methoxyl at C(S‘) was deduced.
Since the mass spectrum of arcapillin showed, besides the molecular ion peak at m/z 360, an
; 10 ;
intense 1lon peak at m/z 345, the location of a methoxyl at C(G) was inferred. Further, ion

+
peaks at m/z 181 (A) and 153.0221 (C } (B) formed

THSO4
CHy0 CH30 by retro Diels-Alder type fission of C-ring and an ion

peak at E/E 164.0436 (C9H803+) (C) originating from
%_‘_ o] B-ring were observed. The mass spectrum of the

CH o on triethyl ether, prepared from arcapillin by treatment
with ethyl iodide and potassium carbonate 1n dimethyl-
formamide, gave an ion peak at m/z 18l (D) generated
OH_|+ CHy from A-ring which, concordant with aintroduction of the
ethyl group, showed a shift by a C2H4 unit as compared

+ with the corresponding ion peak (B) in arcapillan.
OCH3 o Accumulated evidence thus established the struc-

OC,Hg ture of arcapillin as represented by formula I.

e —p

c D In corder to substantiate th:s conclusion, the l3C

NMR spectra of arcapillin and its triacetate (II),
prepared by acetylation with acetic anhydride in pyradine,
were subjected to examination (Table 1I). Thus, the
observed values 1in arcapillin were revealed t¢ be 1n
agreement with the calculated values of the signals which
were obtained by the use of the two model compounds,
5,2'-drhydroky~6, 7-damethoxyflavone (IV) 11 for A and C-ring

11
and 5,7,4'-trihydroxy-6,8,3'-trimethoxyflavone V) for

B-ring, coupled with addition of the substitution effects of

hydroxyls in a benzene rinq.12 Further, i1t was found that I
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Table I. Carbon~13 shieldings 1n arcapillin and 1ts triacetate (§)
arcapillan triacetate

obsd. caled. ohsd. caled.
c-2 163.0 s 161.5 159.0 s —_—
Cc-3 108.3 4 108.6 112.5 d —
C-4 183.5 s 182.3 176.2 s —_—
c-5 153.5 s 151.8 142.1 s 147.9
C-6 13z.8 s 132.9 139.9 s 139.1
c-7 159.0 s 158.6 138.0 s 158.1
c-8 91.5 d 91.5 98.2 d 97.1
c-9 155.0 s 1s51.8 149.5 s 151.3
Cc-10 106.3 s 105.0 111.4 s 111.2
c-1' 108.6 s 108.8 123.5 s 120.6
C-2* 153.5 s 146.8 121.5 s 142 .4
c-3" 105.6 d 103.1 119.0 4 115.5
c-4" 153.5 s 149.6 142.0 s 145.2
c-5"' 142.6 s l42.6 154.3 = 154.4
c-6"' 112.4 4 111.5 i12.3 4 110.5%

the observed values determined in the acetate (II) were compatible with the calculated values of
the signals obtained on the basis of chemical shifts of the carbons 1n the same model compounds (IV
and V) by considering the substitution effects of hydroxyl and acetoxyl in a benzene ring (Table
I). These results confirmed the structure I for arcapillin.l3

Arcapillan and eupatolitan (0.3-1.0 mg/ml in the culture medium) were shown to exhibit
significant protective effects in dose-dependent manners when applied directly to primary cultured
liver cells of rat damaged by carbon tetrachloride, the potency being stronger in arcapillin than

in eupatolltln.4
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