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STRUCTURE OF ARCAPILLIN, AN ANTIHEPATOTOXIC PRINCIPLE OF 
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ustract - In view of the obeervatmn that a methanol extract of Artemisia - 
capillaris herbs has show mtense suppressive activity m carbon tetra- 

chloride-~nduced hver les~on in mlce, the extract has been fractionated by 

monitormg the hepatorox~c acriv~ty to furnish the known flavonol. 

eupatolitin 11111, and a new flavone, arcaplllin, as the l~ver-protective 

pr~nc~ples. The structure of arcapillin has been elucidated as that 

represented by formula I on the basis of chemical and phys~cal data. 

The crude drug "lnchmkZ", the aerial part of arternls~a caplllarls Thunberg ICompositaeI, has 

been s a d  to have choleret~c and liver-protective effects and ut~lzzed as a remedy for hepatlt~s in 

Orlental medlclne. From this crude drug, a number of terpenoids, acids, polyenynes, phenols. 
2 

coumarins, chromones and flavonoids have been isolated. among these constituents, capillarisin 

and 6,7-d1methylesculetln~ were reported to show choleretic activity. No liver-protective 

principles, however, have been reported. 

During the course of our suney for llver-protect~ve principles in crude drugs, we found that 

methanol extracts of t h ~ s  crude drug exhib~ted ant~heparotoxlc activity in carbon tetrachloride- 

induced liver lesion in m ~ c e  although its potency varied renarkably depending on lots.4 The 

extract was,  therefore, fract~onated by means of chromatography over polyamide and alllca gel by 

monltor~ng this phy~~olag~cal act~vlry to obtain, bes~des a flavonol, a novel flavone which has now 

been termed as arcaplllin. 

 he flavonol. m.p. 280-283'. c17n1408 (MS: m/z 346 IM+II Showed the follovmg spectral 
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properties: uv Amax nm (log EI: 211.5 (4.451. 259 (4.381 and 363 14.281; IR Vmax cm : 3200 

lhydroxyll and 1650 (enonel; 'H NMR 6: 3.66 (3H s], 3.95 (3H $1, 6.86 (1" sl, 6.91 (lH d, J 81. 

7.61 l1H dd, J 8, 21. 7.76 (1H d, J 21 and 12.47 (lH s]. These data were in good accord with 

those reported for eupatolirm (1111 .6'7 The UY absorption spectra in the presence of aluminum 

chlor~de-hydrachlorlc acrd, sodium acetate and sodlum hydroxide 

indicated the locatlon of hydroxyls at C(31 and C(51 and a 

merhoxyl at C 
(71 ' 

m e  mass spectral peaks at c/z  137 and 109 
arlslng out of 8-irng demonstrated the presence of two hydroxyl 

groups ~n B-rmg. Further, direct comparison of the UV and 

mass Spectral data with those of eupatolitin (1111 revealed 

that both sets of data were identical. Based on the above 

evidence, this flavonol was concluded to be eupatolltin 11111. 

arcapillin, m.p. 272.274'. c ~ ~ H ~ ~ ~ ~  (HRMS: ~ / z  360.0836 

( ~ ~ 1 1  wa5 shown to be a flavono~d in nature from its posltlve 



response to ferric chloride, magnesium-hydrochloric acld and zinc-hydrochlor~c acld tests. In the 

IR spectrum, bands for hydroxyls (3460 cm-'1 and hydrogen-bonded carbonyl 11655 cm-lj were 

Observed. The UV spectrum disclosed an absorption maximum at 264 nm attributable to the benzoyl 

molety in A-ring of a flavonold (Band 11) which showed red shift by 11 nm on addition of alummum 

chloride.' consistent wrth these findings, a signal at 6 13.08 due to chelated hydroxyl was found 

in the 'H NMR spectrum and a signal at 6 183.5 assignable to carbonyl carbon was discernible in the 

13c NMR spectrum. These data lndlcated arcapillin to be a 5-hydroxyflavone. 

1n the uv spectrum, an absorptmn maximum at 369 nm (Band I) showed longer wavelength shift by 

70 nm but caused no essential alteration in intensity on addition of sodlum hydroxide, 

demonstrat~ng the presence of a hydroxyl group at C (4,J When aluminum chloride and hydrochloric 

acid were added, the absorption maximum at 369 nm (Band I1 displayed displacement toward longer 

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

was located at C(61 in 5-hydroxyflavone. 9 

The 'H NMR spectrum exhlbrted, in addltion to the slgnal at 6 13.08 for the C(51-hydroxyl, 

signals at 6 3.76, 3.84 and 3.96 attributed to three methoxyl groups. These facts together with 

its molecular composition mdrcated that arcap~ll~n possessed three hydmnyls and three methoxyls. 

Further. I" the 'H NMR spectrum, there were szgnals at 6 6.60 for the Col-hydrogen, 6 6.97 for the 

C(81-hydrogen, and 6 7.13 and 7.47 for t w o  hydrogens in B-rlng.  he latter t w o  szgnals appearing 

as smqlets indicated the t w o  hydrogens, in 8-rmg to be m position. Consequently, the 

hydroxyls and/or methovyls were located at C (2,1. C(4,J and CI5,) in 8-rmg. Because an NOE (23%) 

was observed between the srngal at 6 3.84 due to a methoxyl and that at 6 7.47 assignable to the 

C,6,1-hydrogen, the presence of the methoxyl at C(5,J Was deduced. 

s m c e  the mass spectrum of arcapillm showed, besides the molecular ion peak at m/z 360, an - - 
10 

>"tense lan peak at g/z 345, the locatmn of a rnethoxyl at C(61 was inferred. Further, ion 

peaks at g/z 181 (A) and 153.0221 (c7H5o4+1 (BJ formed 

c H 3  cH3p& by retro Diels-Alder type fission of C-rlng and an ion 
peak at g/z 164.0436 (C H o +J (CI originat~ng from 

9 8 3  

S O +  
8-ring were observed.   he mass spectrum of the 

OH OH triethyl ether, prepared from arcapillin by treatment 

with ethyl iodide and potassrum carbonate m dunethyl- 
A B formamide, gave an ion peak at m/z 181 (0) generated - - cH37 from a-ring which, concordant wlth mtroduct~on of the 

ethyl group, showed a shzft by a C H unit as compared 
2 4 

wlth the corresponding Ion peak iB1 in arcap~llm. 

Accumulated evidence thus established the struc- 

C 
H CC2H5 

ture of arcap~llin as represented by formula I. 

D 
1n order to substantiate this conclusion, the 13c 

C 
NMR Spectra of arcapillln and its triacetate (111, 

prepared by aoetylatron with acetrc anhydride in pyr~d~ne. 

were sub~ectea to exammation (Table I). ~hus, the 

observed values in arcaplllln were revealed to be zn  

agreement with the calculated values of the signals which CH3 

were obtained by the use of the two model compounds, 

5,2'-d~hydrOxy~6,7-dlmethoxyflavOn0 (IVl1' for R and C-ring 
CH3 

and 5.7.4'-trihydroxy-6.8,3'-trlmethaxyflavone (VI" for 
OH 0 

B-r~ng, couple0 ~ i t h  addition of the substltutmn effects of 

hydroxyls zn a benzene ring.12 Further. ~t was found that I 
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 able I .  Carbon-13 sh l e ld ings  in a r c a p i l l l n  and l t s  t r l a c e t a t e  (61 

a r c a p i l l l n  t r i a c e t a t e  

t h e  observed va lues  determmed i n  t h e  a c e t a t e  (111 were compatible with t h e  ca l cu l a t ed  values of 

t h e  s i g n a l s  obtamed on t h e  b a s l s  of chernxcal s h l f t s  of t he  carbons in t h e  same model compounds ( I V  

and Vl by cons ide rmg  the  s u b s t i t u t i o n  e f f e c t s  of hydroxyl and ace toxyl  in a benzene r l ng  (Table 

I ) .  These r e s u l t s  confirmed t h e  s t r u c t u r e  I f o r  a r c a p i l l i n .  13 

A r c a p i l l m  and e u p a t o l l t ~ n  10.3-1.0 ng/ml i n  t he  c u l t u r e  med~uml were shown t o  exh ib i t  

s i g n i f i c a n t  p r o t e c t i v e  e f f e c t s  in dose-dependent manners when a p p l ~ e d  d l r e c r l y  t o  primary cu l t u r ed  

l l v e l  c e l l s  of r a t  damaged by carbon t e t r a c h l o r ~ d e ,  t h e  potency bemg s t ronge r  in a r c a p i l l m  than 

m e u p a t o l l t l n .  
4  
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