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ISOLATION OF (-)-STEPHOLIOINE. AN ALKALOIO OF ANTISEROTONERGIC-LIKE 

ACTIVITY FROM SINOMENIUM 

KazW Ichikawa. Takeshi Kinoshi ta.  Akiko l t a l .  Yoichi l i t a k a  and 

Ushlo Sankava* 

Facul ty of Pharmaceutical sciences. Un ivers i ty  of Tokyo. 7-3-1. tiongo. 
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a_brtract-A tetrahydroprotoberberine a lka lo id .  ( - ) - r tephol ld ine ( 5 ) ,  was 

i so la ted  as an ac t l ve  p r i n c i p l e  showing ant iseratonergic- l ike a c t i v i t y  from 

sinomenim Rehder e t  Wilson (Menispermaceae) uhich has been used as 

an o r l e n t a l  medicinal drug (Japanese name. B o h l ~  Chinese name, Fang-Ji) i n  

Japan. An aporphine type a lka lo id .  l i r i oden ine  ( I ) .  was i so la ted f i r s t  t ime 

frm t h i s  Plant along w i th  known a l ka lo ids  h i ther to  obtained frm t h i n  

~ l a n t .  

Or iental  medicine has been used i n  heal th care o f  people in  China. Japan and Southeast Asian 

countr ies for  many years. Theoret ical  basis o f  o r i e n t a l  mediclne i s  c m p l e t e l y  d i f f e r e n t  from tha t  

o f  western medicine and t h i s  poses considerable d i f f i c u l t y  t o  the  studies of ac t l ve  p r i nc ip les  

contained i n  o r i e n t a l  medicinal drugs wi th  mdern  pharrnacologlcal methods. I n  order t o  c l a r i f y  the 

ac t i ve  p r i n c i p l e s  of o r i e n t a l  medicinal drugs. we have Introduced vitrorandm screening 

methods, i n  which animal t i s r u e r ,  organs and enzymes are used t o  monitor b i o l o g i c a l l y  a c t l v e  

c m s t l t u e n t ~ .  I n  our previous papers. we reported t h e  i r o i a t l on  of the I n h i b i t o r s  of phosph- 

diesterase'  and a prostaglandin synthesir lng enzyme ~ y t a n . ~  During the course o f  our screening work 

t o  f i n d  compounds shoving ant isero tonerg ic - l i ke  e f f e c t .  Chinese medicinal drugs o r i g i na t i ng  from 

C i t rus  p lants  were found t o  show strong i n h i b i t o r y  a c t i v i t y  t o  r a t  uterus cont rac t ion  induced by 

serotonin ( 5 - h y d r ~ x ~ t r y p t a m i n e ~  5-HT). An a c t i v e  p r i n c i p l e  was i so la ted  and i d e n t i f i e d  as (-)- 

synephrlne which had been known as a synthetic rympathmimetlc agent.3 i n  t h i s  paper we describe 

the i s o l a t i o n  o f  an a l k a l o i d  shoving ant iserotonergic l i ke -ac t i v i t y  from the roo t  of Sinomenium 

acutum Rehder e t  Wilson (Menirperm&eae), which has been used as a Chinese medicinal drug (Japanese 

"me. Bohir Chinese name. Fang-Ji) i n  Japan. 

Hot aqueous ex t rac t s  o f  m r e  than 150 Chinese medicinal drugs were tes ted f o r  t h e i r  ant i -  

serotonerglc- l ike a c t i v i t y  by using r a t  uterus as descrlved i n  a previous paper.] A ho t  aqueous 

ex t rac t  of the  t i t l e  p lant  shoved considerable strong a c t i v i t y  I n  the  screening bioassay t e s t  and 

an a l k a l o i d  f r a c t i o n  *as found t o  contain a c t i v e  mnpoundr. The a lkao id  f r a c t i o n  was fu r ther  

subjected t o  chrmatographic separation v i t h  s i l i c a  ge l  colrmn as shown I n  scheme 1. A i l  the  

e lu ted  f rac t i ons  i n  the  f i r s t  c o l m n  chromatography d i d  not show any higher a c t i v i t y  than t h e  

o r i g i n a l  a l k a l o i d  fractlor; and hence h igh l y  ac t ive  compounds contained i n  the a l ka lo id  f r ac t i on  

seemed t o  decompose dur ing the chrmatographic separation. Although s inmenine (1)'. disinomenine 

(2)5 and acu tm ine  (3)5w6 were i so la ted as known a lka lo ids  of  the  p lant .  they shoved no s ign i f i can t  

a c t i v i t y  i n  t h e  bloassay t e s t .  One of the  a c t l v e  fractions obtalned i n  the  c o l m n  chromatography 
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gave a yel low c r y s t a l l i n e  a lka lo id .  hovever i t s  ant iserotonergic- l ike a c t i v i t y  w a r  not  so h igh as 

it was expected frm the a c t l v l t y  of the f rac t ion .  Therefore. a small mount  o f  more ac t i ve  

compound should be contained I n  the  f rac t ion .  though it was not otained frm the f rac t i on .  The 

yel low c r y s t a l l i n e  compound rhoved spectral  data corresponding t o  l i r i o d c n i n e  (4) ,  en aporphine 

type a l ka lo id  reported t o  occurr i n  a la rge nmber of plants.7 This a l k a l o i d  was a lso  reported t o  

show antitumor a c t i v i t y  I n  bn t e s t  w i t h  hunan nasopharlnx ca rc inma  cells.8 Thls i s  the f i r s t  

t ime t h a t  l l r l o d e n i n e  (4) war Iso la ted f r m  S l n m e n l u m ~ .  Act ive f rac t ions  obtained i n  the 

s i l i c a  gel  column chromatography were fu r ther  separated by second s i l i c a  gel  column chrmatography. 

Although two Crys ta l l i ne  compounds vere i so la ted from the chrmatographlc fractions. they shoved no 

s ign i f i can t  a c t i v i t y  i n  the  bioassay tes t .  Fract ions which shoved s ign i f i can t  a c t i v i t y  were fu r ther  

separated by t h i r d  s i l i c a  gel colunn chromatography t o  give crude c rys ta l s  h igh l y  ac t lve  i n  the  

bioassay tes t .  The a l ka lo id  was f i n a l l y  p u r i f i e d  by  a LH-20 colunn and obtained as dark orange 

coloured c rys ta l s .  It gave molecular formula of ClqHZ1NO4 In the high reso lu t i on  mass spec t rm  and 

and shoved (-1 OR0 curve. The 'H-NHR r p e c t r m  of the  alkalold indicated the presence o f  two methoxy 

groups. methylene groups and four a r m a t i c  protons. Fragment peaks a t  m/r 178 and 150 indicated 

retro-Olels-Alder type fragmentation of tetrahydroprotoberberlne a lka lo id  having one hydroxy and 

one methoxy i n  both A and D r ings.  
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Fig.  1 PLUTO drawingof  stephol id ine 

Richter and BrochmanrrHanssen reported tha t  tetrahydroprotoberberine a lka lo ids  having 9-methoxy 

group shoved r e l a t i v e l y  strong fragment peaks corresponding t o  H-OCH i n  mass spectra.') Since EC 
3 

31(0CH3) fragment in the mass spec t rm  o f  the  a l ka lo id  was observed a t  mlr 296 and i t s  i n tens i t y  

re la t i ve  t o  tha t  o f  nolecular ion  was 14%. i nd i ca t i ng  the  a l ka lo id  belng a tetrahydroprotoberberine 

alkaloid w i t h  a methoxy group a t  C-9. Therefore. the a l ka lo id  should be e i t he r  (-)-r tephol id ine (5 )  

or ( - b d i s c r e t a r i n e  (6 ) .  R s a p l e  o f  d i sc re ta r i ne  (6 )  prepared by NaBH,, reduct ion o f  dehydro- 

discretamine ( 7 )  showed the sane R f  value on TLC. however the  colour react ion  upon heating was not 

ident ical  t o  t ha t  o f  the  a l ka lo id  obtained f r a  S l n a e n i m ~ .  The a l ka lo id  was f i n a l l y  

ident i f ied  t o  be (-)-stepholidine (5)  by a X-ray analysis. It gave c r y s t a l s  su i tab le  f o r  a X-ray 

anaivsis i  space group ~ 2 ~ 2 ~ 2 ~ .  2-4. The s t ruc ture  was solved by the  d i r e c t  method and re f ined by 

block diagonal leas t  squares t o  g ive  a f i n a l  R value of 0.0479 w i t h  anisotropic temperature f ac to rs  

for nan-hydrogen a t a s  and i so t rop i c  temperature factors fo r  hydrogen a t a s .  The c rys ta l  was found 

t o  contain one molecule o f  water per moleculs of the a lka lo id .  (Fig. 1 )  
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F r a  dose response curve of (-)-stepholldlne (5 )  (Chart. I )  pA2 value was ca lcu la ted t o  be 6.26. 

Ant i -acetylchol ine a c t i v i t y  of tetrahydroprotoberbcrine alkaloids have been reported by  Kitabatake 

e t  a ~ . ' ~  and t h i s  i s  not i n c a p a t i b l e  w i t h  our observation. Fig. 2 shows the pA2 valuer of several -- 
tetrahydroprotoberberlne a lka lo ids  ind ica t ing  t h e i r  ant lserotonergic- l ike ac t ion  i s  cannon t o  t h i s  

type o f  alkaolds. 
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F ig .  3 Ant isero tonerg ie- l i ke  a c t i v i t y  of telrahydroprotbererine a lks la ida.  

EXPER 1 llEllTAL 

k l t i n g  po in t s  vere determined by a Yanaglnoto hot stage i n r t r m e n t  and are uncorrected. UV spectra 

were measured on a Hl tach i  Hodel 100-60 s p e c t r a e t c r  and 'H-NHR spectra vere recorded a t  100 MHz on 

a JEOL FX-100 system v i t h  TMS as an in terna l  standard. Low and h igh resolution mass spectra were 

recorded v i t h  a JEOL JMS-OX 300 r p e c t r a e t e r .  OR0 spec t rm  wan measured an JASCO J-20 Spect raeter .  

-Estradlol  was obtained f ra SIGMA and serotonin c reat in ine  sulphate f r a  Vako Pure Chm. Ind. 

Ltd. 

O e t e r m i ~ t i o n  of in  v i t m  a t l semt - rg l c - l i ke  s t i v l t y  - A l l  t h e  f r a c t i o n  was evaluated for & 
v i t r o  ant isero tonerg ic - l i ke  a c t i v i t y  using iso la ted r a t  uterus. -Estradlpl  (200 g i n  o l i v e  o i l )  

was In jec ted subcutaneously t o  v l r g l n  Sprague-Dauley r a t s  weighing 170 t o  250 g 24 h p r i o r  t o  

sacr i f i ce .  Ha l f  o f  the Iso la ted u te r i ne  horn was mounted i n  a 10 ml organ bath containing low ca2+ 

concentrat ion s o l u t l i o n  o f  Kmagai alli a t  30' C and aerated w i t h  95% O2 and 5% C 0 2  i s m e t r i c  

cont rac t ion  was recorded on a Rectigraph 8 ~ 1 1  (Sewel  Sokki Co.) through a Shinko U-Gage tension 

transducer and a s t r a i n  a n p l i f i e r  (6M62. San-ei Sokki Co.). The u terus  was allowed t o  stand for 30 

min and the dose-response curve o f  serotonin (5-HT) war determined before  every experiments t o  

ob ta in  the  concentrat ion of 5-HT inducing 70 % o f  maximm contraction. This concentrat ion o f  5-HT 

was appl ied a t  ten-minute I n te rva l s  and the smp le r  vere added 5 n i n  before t h e  add i t i on  o f  5-HT. 



The doses necessary t o  produce 50 % reduct ion o f  the 5-HT response. i.e. EDSO, vere obtained f ra 

the dose-response curve of the sample. The r e l a t i v e  a c t i v i t y  o f  each sample was expressed by 

ccm~aring wi th  the a c t i v i t y  of crude HeOH oxt rac t .  The HeOH ex t rac t  was dissolved i n  sal i r ie and 

applied i n t o  the organ bath. wh i ic  other non po lar  ex t rac ts  and f rac t i ons  vere suspended i n  5 % 

aqueous arab ia  gun solut ion.  

Plant mater ia l  - The roo ts  o f  Sinmenium acutum Rehder e t  Wilson (Henispermaceae) vere purchased 

f r m  Uchlda wakanyaku Co.. Tokyo. I n  t h i s  work. 3 kg o f  mater ia l  was used f r a  the sane l o t .  

mtr=tim and Fract ionat ion.  - The p lant  mater ia l  was successively extracted v i t h  rhexane .  

chloroform. methanol and water under re f lux .  Although r h e x a n e  and chloroform ext rac ts  shoved no 

ac t i v i t y .  methanol and water ex t rac ts  showed s i g n i f i c a n t  a c t i v i t y .  The methanol ex t rac t  was two 

times mre potent than the water ex t rac t .  The methanol ex t rac t  (116 g) was dissolved i n  2 1 o f  1 N- 

HCi and extracted w i th  chloroform f o r  5 times. The chloroform layer war evaporated jnn t o  

give 22.6 g ex t rac t  which shoved r e l a t i v e  a c t i v i t y  of 0.98 t o  the s t a r t i n g  HeOH ext rac ts .  The 

aqueous layer war made a l ka l i ne  by the  add i t i on  of c.NH40H and extracted repeatedly v i t h  

chloroform. Evaporation o f  chloroform gave an a l ka lo id  f r ac t i on  (7.5 g) o f  r e l a t i v e  a c t i v i t y  o f  

6.11. wh i le  an aqueous layer showed a r e l a t i v e  a c t i v i t y  o f  1.22. 

The a l ka lo id  f r ac t i on  (7.5 g) was chraatographed on s i l i c a  gel colunn made i n  chloroform. Seventy 

f ract ions vere co l lec ted by  e l u t i o n  v i t h  chloroform and chloroforwmethan61 (0  - 40 %). Honi ter ing 

with the bioassay tes t .  the  r e l a t i v e  a c t i v i t y  of the f r ac t i ons  13-25 were 2.70. the  f rac t ions  26-28 

1.12. the  f r ac t i on  29-40 0.0. the f r ac t i ons  46-56 1.36 and the f rac ion  57-70 1.00. None o f  the  

f ract ions showed higher a c t i v i t y  than the a l ka lo id  f rac t ion .  i n d i c a t i g  h igh l y  ac t i ve  canpounds were 

unstable f o r  the chranatographic separation. 

l s o l e t i m  of s i m n i n e  (1). d i s i m n i n  ( 2 ) .  k u t a i r r  (3) and l i r i o d m i n  (kb Considerably 

act ive f rac t ions  (13 - 25) gave c rys ta l s  on standing which uere rec rys ta l l i zed  frm chloroform t o  

gave yellow needles o f  l i r i oden ine  (4) .  mp 280' C (decmp.). High HS m/rx Calcd for C17H9N03 

275.05801 Observed 275.0580. 'H-NHR (d6-DHSO) 6 1  6.51 ( 5 .  2H). 7.57 ( 5 .  1H). 8.04 (d. 1H. J-5.2 

Hz). 8.82 (d. 1H. J-5.2 Hz). 7.6-8.8 (m. 4H). The f rac t i ons  29 - 40 which showed no a c t i v i t y  i n  

the bioassay t e s t  gave s inmenine (1)  and acutanine ( 3 )  which uere i d e n t i f i e d  by the d i r e c t  

ccmpavison w i th  authent ic samples. Another f rac t ions  (46 - 56) o f  r e l a t i v e l y  low a c t i v i t y  

( r e l a t i v e  a c t i v i t y  1.26) gave whi te  rods o f  d i s i n a e n i n e  (2) .  mp. 215 - 216 (CHCi3). HS m/zi 

656(nt). 641. 598. 505. 328. 192. 'H-NHR (d6-DHSO) 61 1.85 (br.5. 2 ~ ) .  2.25 (s. 3 ~ ) .  2.29 (s. 3 ~ ) .  

2.92 (br.5. 1H). 3.09 (br.s). 3.40 (s. 3H). 3.70 ( 5 .  3H). 4.21 (d. 1H. J-15 Hz). 5.72 (d. 1H. J-5.2 

HZ). 7.6 - 8.8 (4H). 

I s o l a t i m  of s tepho l id ine  (5) - A f r ac t i on  showed considerable a c t i v i t y  ( 26 -28. 1.3 g) i n  the  

second chraatography was rechrmatographed o n ' s i l i c a  gel  and 27 f rac t i ons  were co l lec ted by 

elut ion w i t h  cHEl3 and then CHC13-Heon ( 0 - 10 %). ~ h ;  f r a t i o n s  ( 15 - i6.  353 w )  kie fu r ther -  

fractionated by s i l i c a  gel  colvnn chrmatography using benzeneacetone ( 0 - 20 %) as an e l u t i n g  

solvent. Remarkable increase of r a i a t i v e  a c t i v i t y  was observed i n  f rac t ions  10 - 13 ( r e l a t i v e  

a c t i v i t y  9.65) which gave crude c r y s t a l s  on standing. F ina l  purification was performed v i t h  

Sephadex LH-20 colunn chromatography t o  g i ve  (-)-stepholidine (5 )  as brownish coioured rods which 

uere rec rys ta l l i zed  f r a  acetone ( 6.4 w ). mp 125 - 126' C. High HS m/zs Calcd f o r  C19H21N04 

327.1495, Observed 327.1483. l H - ~ H ~  (d4-HeOH) 6 1  2.72(.. 3H). 3.43 (d.. 1H. J=16 Hz). 4.17 (d. 1H. 

J-16Hz). 3.80 ( 5 .  3H), 3.82 (s. 3H). 6.68 - 6.83 (m. 4H). ORD (o0.001. ethanol) Col (m)r -1.13 x 

lo6 (239) (trough). -2.26 x 105 (270). 

X-rav analys is  of (-)-stepholldl* (5)  - Crys ta ls  o f  (-)-stepholidne (5 )  obtained frcm acetone vere 

found su i t ab le  fo r  X-ray analysis. The c rys ta l  i s  o r t h o r h a b i c . r p a c e  group P212121, w i t h  4 
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molecules In a c e l l  of dimensions a = 10.7830, b = 15.1481. c - 10.0410 i. Ox - 1.325 g/cm3. V - 
1640.116 i3. A t o t a l  of 1806 re f l ec t i ons  were recorded using a P h i l i p s  P!J 1100 d i f f r a c t m e t e r  w i t h  

monochraated CUK radiat ion.  The s t ruc ture  was solved by the d i r e c t  method (MULTAN) and ref ined by 

the block-diagonal least-squarer. The f i n a l  R value was 0.048 including an iso t rop ic  t a p e r a t w e  

fac tors  for C. N and 0 atoms and i r o t r o p l c  temperature factors f o r  H atms.12 
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