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BIOTRIINSFORhIATION OF ISOQUINOLINE ALKALOIDS WITH RAT LIVER 

MICROSOhlLS 

T e t s u j i  K a m e t a n i , *  Naoaki  Kanaya,  Yohko O h t a ,  a n d  Masa taka  I l i a r a  

P h a r m a c e u t i c a l  I n s t i t u t e ,  Tohoku U n i v e r s i t y ,  Aabayama, S e n d a i  9 8 0 ,  

Japan  

A b s t r a c t  - O p t i c a l l y  a c t i v e  ( + I - r e t i c u l i n e  ( 1 )  was b i o t r a n s f o r m c r l  

i n t o  ( - 1  - c o r e x i m i n e  ( Z ) ,  ( - ) - s c o u l e r i n c  ( 3 ) ,  ( + I  - i s o b o l d i n e  ( 4 )  and  

( - ) - p a l l i d i n e  ( 5 )  w i t h  r e t e n t i o n  o f  t h c  c n i r a l i t y  by t h e  i n c u b a t i o n  

w i t h  r a f  l l v c r  m i c r o s o m e l .  On t h e  o t h e r  h a n d ,  t h e  r a c e m a t e  o f  

r e t i c u l i n c  formed t h e  r a c e m a t e s  o f  t h e  above  a l k a l o i d s  a n  t h e  some 

t r e a t m e n t .  The 5 - a d c n o s y l m e t h i o n i n e  was p a r t i a l l y  i n c o r p o r a t e d  i n t o  

t h e  b e r b e r i n e  b r i d g c  d u r i n g  t h e  h i o t r a n s f o r m a t i o n  o f  r e t i c u l i n e  i n t o  

t h e  p r o t o b e r b c r i n e s .  

I n  t h e  p r e v i o u s  paper s , ' "  w e r r e p o t e d  the  h i a t r a n s f a r m a t i o n  o f  r e t i c u l i n e  i n t o  

s e v e r a l  a l k a l o i d s  by t h e  whole  r a t  e x p e r i m e n t s  a n d  by t h e  i n c u b a t i o n s  w l t h  t h e  

9 , 0 0 0  g s u p e r n a t a n t  of r a t  l i v e r  hamogcna te .  We f u r t h c r  s t u d i e d  t h e  f o l l o w i n g  

t h r e e  s u b j e c t s  i n  t h e  h i a t r a n f a r m a t i o n ,  ( a )  s t e r e o s p e c i f i c i t y ,  ( b )  i n v o l v e m e n t  

o f  t h e  ? - o x i d e  i n t c r m e d i a t e ,  a n d  ( c )  o r i g i n  o f  t h e  b e r b e r i n e  b r i d g e .  

N O N  STEREOSPECIFICITY 

I t  was p r e v i o u s l y  s u p p o r t e d  by t h e  r e v e r s e  d i l u t i o n  method t h a t  t h e  c o r e x i m i n e  

( 2 )  formed f rom (i)- [N-14~11 I - r e t i c u l i n e  by i n c u b a t i o n  w i t h  homogenate  o f  r a t  3  

l i v c r  t i u s  the racenzatc. '  iioa'ever t h e  c h i r a l i r i e s  o f  t h e  p h e n o l  o x i d a t i v e  c o u p l i n g  

p r o d u c t s ,  i s o b o l d i n e  ( 4 )  a n d  p a l l i d i n e  ( 5 )  were n 6 t  known. T h e r e f o r e  t h e  h i a -  

t r a n s f o r m a t i o n s  o f  b a t h  o p t i c a l l y  a c t i v e  ( + ) - r e t i c u l i n e  a n d  t h e  r a c e m a t e  were 

i n v e s t i g a t e d .  

On t h c  i n c u b a t i o n  w i t h  r a t  l i v e r  mic rosomcs3  i n  t h e  p r e s e n c e  o f  NAUPII, magnesium 

c h l o r i d e  and  n i c a t i n a m i d e  i n  p h o s p h a t e  b u f f e r  a t  pH 7 . 4  and  3 7 ' ~ ,  ( + I - r e t i c u l i n c  

( 1 )  was c o n v e r t e d  i n t o  ( - ) - c o r e x i m i n c  ( 2 1 ,  ( - 1  - s c o u l e r i n e  ( 3 ) ,  ( + ) - i s o b o l d i n e  ( 4 )  



and  ( - )  - p a l l i d i n e  ( 5 ) ,  w h i l e  (i) - r e t i c u l i n e  p r o d u c e d  t h e  r a c e m a t e s  o f  t h e s e  a l k a l o i d s .  

The y i e l d s  a n d  o p t i c a l  r 0 f a t i o n s  o f  p r o d u c t s  were  summar ized  i n  T a b l e  1. A l t h o u g h  

t h e  c o n d i t i o n s  o f  t h e  b i o t r a n s f o r m a t i o n  were  n o t  o p t i m i z e d ,  t h e  r a t e s  o f  t h e  c o n v e r s i o n  

i n t o  t h e  a l k a l o i d s  d i d  n o t  depend  on t h e  c h i r a l i t y  o f  t h e  s u b s t r a t e .  The  s t e r e o -  

c h e m i s t r y  was r e t a i n e d  t h r o u g h  t h e  b i o t r a n s f o r m a t i o n  o f  ( + ) - r e t i c u l i n e .  I t  was made 

c l e a r  t h a t  t h e  above  b i o t r a n s f o r m a t i a n  u s i n g  r a t  l i v e r  rnicrosomes i s  n o t  s t e r e o -  

s p e c i f i c .  
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T a b l e  1. Y i e l d s  and  O p t i c a l  R o t a t i o n s  o f  P r o d u c t s  ( [cx]h8 ( m e t h a n o l ) )  

S u b s t r a t e  C a r e x i m i n e  (2 )  S c o u l e r i n e  ( 3 )  I s a b o l d i n e  ( 4 )  P a l l i d i n e  ( 5 )  

( + ) - R e t i c u l i n e  2 1 . 1  % ( - 3 3 0 ' ) ~  7 . 9  % ( - 2 4 0 0 ) ~  7 . 5  % ( t 4 ~ O ) ~  5 . 2  % ( -2801d  

0 
( i )  - R e t i c u l i n e  1 9 . 0  % (20') 8 . 1  % (*O ) 5 .5  % ( ? a 0 )  4 . 7  % ( iOO)  

4 
R e p o r t e d  o p t i c a l  r o t a t i o n s :  a )  [ o l i o  -350' ( m e t h a n o l )  ; b )  [ a ] ;  - 2 8 5 . 2 '  ( m e t h a n o l ) ' ;  
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c )  [a]: *62O ( c h l o r o f o r m ) 6 ;  d)  ( m ] ?  -32' ( e t h a n o l )  . 



N-OXIDE - INTERMEDIATE 

P r o t o b e r b e r i n e s  w o u l d  b e  p r o d u c e d  + t h e  i m i n e  ( 7 ) ,  wh ich  fo rmed  by t h e  o x i d a t i o n  

o f  t h e  %-methy l  g r o u p .  P o s s i b l e  mechanisms1 f o r  t h e  f o r m a t i o n  o f  t h e  immanium 

c a t i o n  ( 7 )  a re  o u t l i n e d  i n  Scheme 2 ,  i n  which t h e  !-oxide ( 6 )  o r  t h e  r a d i c a l  i n t e r -  

m e d i a t e  ( 8 )  wou ld  b e  c o n c e r n e d .  I n  o r d e r  t o  t e s t  t h e  i n v o l v e m e n t  o f  t h e  N - o x i d e  

i n t e r m e d i a t e ,  ( i ) - r e t i c u l i n e  !-oxide ( 6 1 7  was t r e a t e d  w i t h  t h e  r a t  l i v e r  microsomes 

u n d e r  t h e  same c o n d i t i o n s  a s  a b o v e .  No f o r m a t i o n  o f  i s a b o l d i n e  a n d  p a l l i d i n e  was 

o b s e r v e d .  F o r m a t i o n s  o f  a v e r y  s m a l l  amount ( > 0 . 1  % )  o f  c a r e x i m i n e  a n d  s c o u l e r i n e  

was d e t e c t e d  by t l c  a n a l y s i s ,  b u t  t h e s e  mus t  b e  n e g l e c t e d  b e c a u s e  t h e  c o n v e r s i o n  

o f  r e t i c u l i n e  !-oxide i n t o  t h e  p r o t o b e r b e r i n e s  e a s i l y  o c c u r r e d  a n  t h e  t r e a t m e n t  

w i t h  i n o r g a n i c  s a l t s . 7  I t  i s  t h u s  p r o b a b l e  t h a t  t h e  3 - o x i d e  i n t e r m e d i a t e  i s  n o t  

c o n c e r n e d  i n  t h e  b i o t r a n s f o r m a t i o n . '  However t h e  p a r t i c i p a t i o n  o f  t h e  ? - o x i d e  i n  

t h e  b i o s y n t h e s i s  o f  t h e  a l k a l o i d s  s h o u l d  b e  t e s t e d  i n  t h e  f u t u r e  u s i n g  p l a n t  

enzymes.  
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ORIGIN OF BERBLRINE B K I U G E  

I n  t h c  b i a g c n e s i s  o f  b e r b e r i n e  a l k a l o i d s ,  i t  was established t h a t  t h e  N - m c t h y l  

g r o u p  o f  t h c  p h c n a l i c  1 - b e n z y l i s o q u i n o l i n e  i s  i n c o r p o r a t e d  i n t o  t h e  b e r b c r i n e  

b r i d g e .  "lo Howeve r ,  by t h e  i n c u b a t ~ o n  a i  t h e  l i e x a d e u t e r i o r c t i c u l i n e  (10)  w i t h  

t h e  9 , 0 0 0  g s u p c r n a t a r r t  o t  r a t  l i v e r  homopena te ,  a p a r t i a l  l o s s  o f  t h e  N-methy l  

g r o u p  d u r i n g  t h e  b i o t r a n s f o r m a t i o n  i n t o  t h e  c o r e x i m i n e  (11)  and  t h e  s c o u l c r i n e  (12)  

was o h s e r ~ e d . ~  T h i s  f a c t  i n d i c a t e d  t h a t  a p a r t  o f  N-nle thyl  g roup  o f  r e t i c u l i n e  

was d e m e t h y l a t e d  t o  N - n a r r e t i c u l i r r e  ( 1 3 1 ,  w h i c l ~  was f u r t h e r  c o n v e r t e d  i n t o  p r o t o -  - 

b e r b e r i n o s  i n c o r p o r a t i n g  one  c a r b o n  u n i t .  Therefore t h e  o r i g l n  o f  t h e  c a r b o n  u n i t  

was s t u d i e d  u s i n g  r a d i o a c t i v e  m e t h i o n i n e  a n d  j - a d e n o s y l m c t h i o n i n e  (SAM).  

On i n c u b a t i o n  o f  ( i ) - r c t i c u l i n e  p c r c h l o r a t e  and  1 4 ~ - [ S _ - h l e l - m c t h i a n i n e  i n  t h e  p r e s e n c c  

o f  NI \UPH,  >VADP, g l u c o s e - 6 - p h o s p h a t e ,  n~agncs ium c h l o r i d e  a n d  n i c o t i n a m i d e  w i t h  !l,i100 g 

s u p e r n a t a n t  o f  r a t  l i v e r  homagena tc ,  t h c  r a d i o a c t i v i t y  o f  t he  mc t l i i o n i n e  was n o t  

i n c o r p a r a t c d  i n t o  c o r c x i m i n e  ( t h i s  r e s u l t  was v e r i f i e d  by t h e  d i l u t i o n  a c t h o d ) .  

On t h c  o t h e r  h a n d ,  t h c  r a d i o a c t i v i t y  o f  - 14~-1S-He]-S-adenasylmethi~nine - was i n -  

c o r p o r a t e d  into c o r e x i m i n e  on t h e  s i m i l a r  treatment u s i n g  t h c  r a d i o a c t i v e  2 - a d e n o s y l -  

m e t h i o n i n e .  U e n ~ e t h y l a t i o n  o f  t h c  r e s u l t i n g  r a d i o a c t i v e  c o r c x i m i n e  ( 2 )  ( 2 5 , 1 7 9  dpm/mmale) 

by h e a t i n g  w i t h  c o n c e n t r a t e d  h y d r o h r o m i c  a c i d  y i e l d e d  t h e  radioactive t e t r a h y d r a x y -  

p r o t o b e r b e r i n e  (13)  (21 ,660  dpm/mmolej. 

The s m a l l  d e c r c a s c  o f  t h e  a c t i v i t y  d u r i n g  t h e  Liemethylat ion would  b e  attributed t o  

t h e  interchange be tween  tire and  - S - m e t h y l  g r o u p s .  I t  was t h u s ,  f rom t h e  above  rc- 

s u l t ,  d e t e r m i n e d  t h a t  N-methy l  - g r o u p s  o f  r e t i c u l i n e  ( 1 )  was o x i d i z c d  t o  t h e  i m i n e  

( 7 1 ,  which  was c y c l i r e d  t o  p r o t o b e r b c r i n e s  o r  h y d r a l i z e d  t o  t h e  x -nor -compound  ( 1 4 ) .  

'The r e s u l t i n g  14 was m e t h y l a t e d  w i t h  F - a d e n o s y l m c t h i a n i n e  i n  t h e  microsomes and  t h e n  

underwenr  f u r t h e r  o x i d a t i v e  c y c l i z a t i a n  t o  p r o t a b e r b e r i n c s .  
11 
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EXPERIMENTAI 

I r  s p e c t r a  were  t a k e n  w i t h  H i t a c h i  215 s p e c t r o m e t e r  a n d  nmr s p e c t r a  were  measured  

w i t h  a JNM/PMX-60 s p e c t r o m e t e r  ( t e t r a m e t h y l s i l a n e  as a n  i n t e r n a l  r e f e r e n c e ) .  

O p t i c a l  r o t a t i o n s  were  d e t e r m i n e d  w i t h  a JASCO-PIP-SL a u t o m a t i c  p a l a r i m e t e r  u s i n g  a 

0 . 5  dm c e l l .  The r a d i o a c t i v i t i e s  were  measured  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  

w i t h  a P a c k a r d  (Model 3380) T r i - C a r b  l i q u i d  s c i n t i l l a t i o n  c o u n t e r  e q u i p p e d  w i t h  

an  a b s o l u t e  a c t i v i t y  a n a l y z e r  ( I h d e l  5 4 4 ) .  High p r e s s u r e  l i q u i d  c h r o m a t o g r a p h y  

was c a r r i e d  o u t  w i t h  a H i t a c h i  635 i n s t r u m e n t  e q u i p p e d  w i t h  a  column ( 1  f t  x 0 . 2 5  i n . )  

p a c k e d  w i t h  u-Bondapak-C18.  P r e p a r a t i v e  t l c  was c a r r i e d  o u t  u s i n g  K i e s c l g e l  HFZ14 

(Merck) .  

P r e p a r a t i o n  o f  R a t  L i v e r  Uic rosames  and  I n c u b a t i o n  w i t h  ( + ) - a n d  ( 2 ) - R e t i c u l i n e  and 

( ? I - R e t i c u l i n e  N-Oxide 

T h r e e  r a t s  ( a b o u t  200 g  w e i g h t )  were f a s t e d  o v e r n i g h t  p r i o r  t o  d e c a p t a t i o n .  A f t e r  

s e r i a l  w a s h i n g s  w i t h  1 . 1 5  % p o t a s s i u m  c h l o r i d e ,  t h e  l i v e r s  were  homogen ized  i n  t h r e e  

t i m e s  o f  t h e  volume o f  1 . 1 5  % p o t a s s i u m  c h l o r i d e  s o l u t i o n  w i t h  a P o t t e r - E l v e h j e m  

h o m o g e n i z e r ,  which was c o o l e d  w i t h  i c e .  The r e s u l t i n g  homogenate  was c e n t r i f u g e d  

f o r  30 min a t  9 , 0 0 0  g  and O'C. The s e p a r a t e d  s u p e r n a t a n t  was f u r t h e r  c e n t r i f u g e d  

f o r  1 h  a t  105 ,000  g  a t  t h e  same t e m p e r a t u r e  t o  g i v e  t h e  mic rosomal  p e l l e t s ,  wh ich  

were homogen ized  i n  t h e  same volume o f  t h e  p h o s p h a t e  b u f f e r  a t  pH 7 . 4 .  ( i ) R e t i c u l i n e  

(76  mg), ( + I - r e t i c u l i n e  (70 mg) and  ( A ) - r e t i c u l i n e  N-ox ide  (80 mg) was r e s p e c t i v e l y  

i n c u b a t e d  f o r  2 h  a t  3 7 ' ~  w i t h  one  t h i r d  o f  t h e  above mic rosomal  s o l u t i o n  i n  t h e  

p r e s e n c e  o f  NADPH (100 mg), n i c o t i n a m i d e  (74  mg) and  magnesium c h l o r i d e  h e x a h y d r a t e  

(100 mg). The r e s u l t i n g  m i x t u r e  was b r o u g h t  t o  pH 2  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  

a c i d ,  t h e n  b a s i f i e d  w i t h  1 0  % ammonia a n d  e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  The e x t r a c t  

was d r i e d  (Na2S0 1 and  e v a p o r a t e d .  The r e s i d u e  was p u r i f i e d  by p r e p a r a t i v e  t l c  4 

f o l l o w e d  by h i g h  p r e s s u r e  l i q u i d  c h r o m a t o g r a p h y  a c c o r d i n g  t o  t h e  p r e v i o u s l y  r e p o r t r d  

p r o c e d u r e . *  The r e s u l t s  f rom ( + I  and  ( i ) - r e t i c u l i n e  were  summar ized  i n  T a b l e  1. 

I n c u b a t i o n  o f  ( i ) - R e t i c u l i n e  and  14~-[S-Me]-S-Adenosylmethi0nine w i t h  t h e  9 , 0 0 0  g 

S u p e r n a t a n t  o f  R a t  L i v e r  Homogenate 

The l i v e r  o b t a i n e d  f rom a  r a t  (210 g) was h a m a g e n i r e d  i n  t h r e e  t i m e s  o f  t h e  volume 

o f  t h e  p h o s p h a t e  b u f f e r  a t  pH 7 . 4  w i t h  a P o t t e r - E l v e h j e m  homogen ize r  c o o l e d  w i t h  i c e .  

The r e s u l t i n g  homagena te  was c e n t r i f u g e d  f a r  30 min a t  9 , 0 0 0  g a n d  O'C. The s e p a r a t e d  

s u p e r n a t a n t  was i m m e d i a t e l y  a d d e d  t o  a  s o l u t i o n  o f  ( A ) - r e t i c u l i n e  p e r c h l o r a t e  ( 3 . 1  mg) 

i n  p r o p y l e n e  g l y c o l .  A f t e r  a d d i t i o n  o f  NADPH ( 4 . 9  m g ) ,  NADP ( 6 . 7  mg), n i c o t i n a m i d e  

( 3 . 5  mg), g l u c o s e - 6 - p h o s p h a t e  ( 7 . 0  mg), magnesium c h l o r i d e  ( 4  mg) and  1 4 ~ - [ S - M e ] - z -  - 
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a d e n o s y l m e t h i o n i n e  (10 p C i ) ,  t h e  m i x t u r e  was s h a k e n  a t  3 7 ' ~  u n d e r  an  a i r  a t m o s p h e r e  

f o r  2  h  a n d  b r o u g h t  t o  pH 2  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  A f t e r  b a s i f i c a t i o n  

w i t h  1 0  % ammonia f o l l o w e d  by a d d i t i o n  o f  ( ? ) - c a r e x i m i n e  (60 mg), t h e  r e s u l t i n g  

m i x t u r e  was e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  The e x t r a c t  was d r i e d  (I.la2S04) a n d  

e v a p o r a t e d  t o  g i v e  a r e s i d u e ,  wh ich  was p a r t i t i o n e d  b e t w e e n  2  % h y d r o c h l o r i c  a c i d  

a n d  e t h e r .  The aqueous  l a y e r  was b a s i f i e d  w i t h  1 0  % ammonia a n d  e x t r a c t e d  w i t h  

c h l o r o f o r m .  The e x t r a c t  was washed w i t h  b r i n e ,  d r i e d  (Na SO ) and  e v a p o r a t e d  t o  g i v e  
2  4  

a  r e s i d u e ,  wh ich  was r e c r y s t a l l i z e d  f rom m e t h a n o l  t o  c o n s t a n t  a c t i v i t y  (25 ,179  dpm/ 

mmole).  

(t)-2,3,10,11-Tetrahydroxyprotoberberine Hydrobromide (13)  

A  m i x t u r e  o f  ( t j - c a r e x i m i n e  (20 mg) a n d  48 % h y d r o b r o m i c  a c i d  (20 ml) was r e f l u x e d  

f o r  1 6  h  u n d e r  n i t r o g e n .  E v a p o r a t i o n  o f  t h e  r e a g e n t  gave a powder  which was r e c r y -  

s t a l l i z e d  f rom m e t h a n o l  t o  a f f o r d  t h e  h y d r o b r o m i d e  (13)  (19  mg) as f i n e  n e e d l e s ,  

mp > 2 6 0 ' ~ .  Anal. C a l c d .  f o r  C H NO . H B r :  C, 5 3 . 7 0 ;  H ,  4 .  77; N ,  3 .68 .  Found:  
1 7  1 7  4  

C ,  5 3 . 7 0 ;  11, 4 . 7 4 ;  N ,  3 . 4 8 .  

The 1 4 C - l a b e l l e d  c o r e x i m i n e  ( 2 5 , 1 7 9  dpm/mmole, 1 7  mg) o b t a i n e d  by t h e  above  i n c u -  

b a t i o n  was r e a c t e d  w i t h  48 % h y d r o b r o m i c  a c i d  (2 ml) as a b o v e  a n d  t h e  t e t r a h y d r o x y -  

p r o t o b e r b e r i n e  fo rmed  was p u r i f i e d  by r e c r y s t a l l i z a t i o n  f rom m e t h a n o l  t o  c o n s t a n t  

a c t i v i t y  ( 2 1 , 6 6 0  dpm/mmole). 
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