
HETEROCYCLES, Vol. 4, No. 1 ,  1976 

ORGANIC AND BIOLOGICAL ASPECTS OF BERBERINE ALKALOIDS* 
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Pharmaceutical I n s t i t u t e ,  Tohoku Uwiversity, Pobayma, Sendai, Japan 

Recent chemical and b i o l o g i c a l  progresses  o f  berber ine  

a l k a l o i d s  have been reviewed. 

I  In t roduc t ion  

Berberine a l k a l o i d s  a r e  widely d i s t r i b u t e d  i n  numerous p l a n t s  of Berberi- 

daceae, Menispermaceae, Ranunculaceae and Kutaceae. Since b e r b e r i n e ,  a t y p i c a l  

r e p r e s e n t a t i v e  of these  a l k a l o i d s ,  has been i s o l a t e d  f i r s t  i n  1926, s e v e r a l  

thousand p u b l i c a t i o n s  on chemical and pharmacological s t u d i e s  o f  t h e  berber ine  

al!<aloids were repor ted . '  During the  p a s t  decade o r  s o ,  t h e r e  a r e  s a l i e n t  

development i n  both a r e a .  I  would l i k e  t o  descr ibe  a  b r i , > i  account of recen t  

chemical and b i o l o g i c a l  progresses  of berber inc  a l k a l o i d s .  

I 1  Organic chemistry 

1 Synthes i s  o f  p ro toberber ine  a l k a l o i d s  by photochemistry 

Recently, photochemistry se rves  an e x c e l l e n t  method f o r  s y n t h e s i s  of 

p ro toberber ine  a l k a l o i d s .  

I r r a d i a t i o n  of cis-l-benzylidene-2-carbethoxy-1,2,3,4-tetr~ydroisoquinoline 

1 gave N-carbethoxydehydroaporphane ! and 8-oxodehydroprotoberberine 4 i n  65% - 
2 

and 10-21% y i e l d s ,  r e s p e c t i v e l y  (Scheme 1 ) .  Cyc l iza t ion  t o  4 apparen t ly  pro- 

ceedes v i a  a  c i s - t r a n s  isomerzat ion,  and y i e l d  depends upon t h e  r e a c t i o n  

condi t ions .  I r r a d i a t i o n  of  benzylidene d e r i v a t i v e s  (5 and 6)3 '4  t r m s - a n a l o g s  - - 

* Dedicated t o  Professor  D r .  Tsunernatsu Takemoto on t h e  occasion of h i s  r e t i r e m e n t  



Scheme 1 

of 1, actually gave 8-oxodehydroprotoberberines (7 and 8) (60-64%) as the major 
" - - 

product, respectively, in addition to N-carbethoxy-6a,7-dehydronornuciferines 

( 9 _  and 10) and l-benzyl-2-carbethoxy-1,2,3,4-tetrahydro-l-hydroxy-6,7-dimethoxy- *.. 

isoquinoline 114 (Scheme 2). It is of interest that when irradiation of 5 was -- 
carried out in the presence of iodine, 9 was obtained as the major product (60%). - 
In this photolysis, 8-oxodehydroprotoberberine I was obtained only in 9% yield. 

Scheme 2 
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Scheme 3 

Although the starting materials, 1-benzyl derivatives, are accessible from 1- 

benzy l -1 ,2 ,3 ,4 - t e t r a l iydro i soqu ino l jnes ,  the yields are not satisfactory. 

In a related study, 2-acetyl-l-benzylidene-1,2,3,4-tetrahydroisoquinoline 

12 and 2-acetyi-1-(3,4-dimethoxybenzylidene)-1,2,3,4-tetrahydro-6,7-dimetl~oxy- -" 
isoquinoline 13 in methanol with an equimolar amount of iodine gave E-methylde- -" 
hydroberbinium iodide 14 and dehydrocoralydinium iodide 15 in ~nioderate yields, .- -" 

5 
respectively (Scheme 3). A similar class of compound, trans-l-benzylidene-2- 

henzoyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinlin 16 underwent different oho- -- 
tocyclization. Irradiation of t 6  in the presence of iodine and cupric acetate 
afforded 7 in 50% yield3 (Scheme 4). 

Scheme 4 

In connection with nev routes to protoberberine alkaloids, photocyclizations 

4,6-8 of the 2-aroyl enamides have been explored. While irradiation of enamides 

17-25 having no substituent at orthc-position with a medium pressure mercury -- 
lamp gave 8-oxote t rahydropro toberbe~ines  34-42, irradiation of irtho-substituted -- -- 



. 
43-45 

Scheme 5 

2-aroyl-1-methylene 27-42 o r  e thy lene  enamides 44 gave unexpected 8-oxoproto- -- 
berber ines  44-45 under t h e  e l imina t ion  of  o r t h o - s u b s t i t u e n t  i n  good y i e l d s  

(Scheme 5 ) .  The r e s u l t s  a r e  c o l l e c t e d  i n  Table I .  

A proposed m e c h a n i ~ m ~ ' ~  f o r  the  photocyc l iza t ion  of the  enamides involves 

analogy of a hexatr iene-cyclohexadiene i s o m e r i ~ a t i o n . ~  Thus, the  formed 

azacyclohexadiene in te rmedia te  i\ loses  t h e  o r tho-subs t i tuen t  by e l e c t r o n -  

r e d i s t r i b u t i o n  followed by e l imina t ion  of  13-proton t o  form 8-oxoprotoberberine 

(Scheme 5 ) .  The u n s u b s t i t u t e d  enamides gave an analogous in te rmedia te  which 

allows a 1,s-hydrogen s h i f t  t o  g ive  8-oxoberbines (Scheme 6 ) .  This procedure 

provides a convenient s y n t h e t i c  r o u t e  o f  p ro toberber ine  d e r i v a t i v e s .  Another 

advantage i s  t h a t  the  s t a r t i n g  enamides a r e  r e a d i l y  prepared by t r e a t i n g  t h e  1- 

methyl(ethy1)isoquinoline with t h e  appropr ia te  a roy l  anhydride i n  high y i e l d s .  

The protopine a l k a l o i d s  45-_4_7 which possess  t ransannula r  carbonyl and 

t e r t i a r y  m i n e  funct ions i n  a ten-membered r i n g  were converted t o  berber ine  

a l k a l o i d s  48-50 on i r rad ia t ion1 '  (Scheme 7 ) .  An i n c r e a s e  o f  y i e l d  was observed -- -- 



HETEROCYCLES, Vol. 4, No. 7,  7976 

Table I 

S t a r t i n g  enamide I------ Prod 

Yield  

34 

I = R I = R ~ = R ~ = R ~ = R ~ = H  

ca 70% 

36 

l=Ru=H,  R l = R z = R s = R e =  

)CH3 5% ( r e f  7 ) ,  

13.5% ( r e f  9) 

37 

t=H, R l = R 2 = R r = I I I = R 6 =  

)CH s 70% 

43 

I=R+=H,  R 1 = R z = R s = R a =  

)CH3 40% ( r e f  7) 



Table  I (cont inued)  

S t a r t i n g  enan ide  

OCHn, Rs-CHn 

R = R n = R r = R 6 = H ,  R1=R2= 

OCHI ,  R 5 = C 6 H 5  

R = R r = R s = R s = H ,  I h = R a =  

OCHB,  Rs=OAc 

R = R u = R s = R s = H ,  R1=R2= 

OCHB,  R3=X ( C 1  o r  B r )  

33 

h = H ,  R=CH3, 

OCH 3 

4 4  

R = R r = R s = I < e = H ,  R I = R ~ =  

OCH3 7 6 %  

45 

R=R5=R6=H,  I l I = R 2 = R I =  

OCH 3 85% 

44  

50% 
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Scheme 6 

Scheme 7 

upon i r r a d i a t i o n  of a -a l locryp top ine  i n  chloroform, i n  which a 76% of berber ine  

(as  n i t r a t e )  was i s o l a t e d .  Apparently t h e  r e a c t i o n  proceeds v ia  a r a d i c a l  i n t e r -  

mediate ,  couple with t h e  f a c t  t h a t  chloroform was known t o  be good r a d i c a l  source 

with t h e  a i d  o f  i r r a d i a t i o n  (Table 11). 

Table I 1  

Cryptopine 45 + Epiberberine 48 34% 

Protopine 46 + Copt i s ine  49 23% 

a-Allocryptopine 47 + Berberine 50 76%* 



2 Synthesis  of p ro toberber ine  a l k a l o i d s  by thermolysis  

The f a c t  t h a t  the  benzacyclobutenes a r e  open t o  g ive  t h e  o-qinodimethane 

in te rmedia te  during the  f i r s t  s t age  of thermolysis  was proven by t h e  condensation 

with t h e  dienophi1esl1 and was extended t o  c l e v e r  s y n t h e t i c  method of the  i soqui -  

n o l i n e  a ~ k a l o i d s . ' ~  For i n s t a n c e ,  the  s t a r t i n g  benzocyclobutene 51 and 52 were -- -- 
sub jec ted  t o  thermolysis  t o  give the  pro toberber ine  50 i n  good y i e l d  (Scheme 8 ) .  

The ex tens ive  a p p l i c a t i o n  t o  syn thes i s  of p ro toberber ine  a l k a l o i d s  was reviewed 

by Kametani e t  a l .  12,13 

Scheme 8 

3 Protoberberine sp i robenzyl i soquino l ine  rearrangement 

Research i n  t h e  p ro toberber ine  : sp i robenzyl i soquino l ine  rearrangement has 

con t r ibu ted  t o  supply t h e  new r o u t e  t o  respec t  a l k a l o i d s .  

Photorearrangement (n+n*) of t h e  ke tosp i ro i soquino l ine  2_4 i n  t e t rahydro-  

furan gave berberinium d e r i v a t i v e  56 and lactame 5s i n  80% and 20% y i e l d s ,  

r e s p e c t i v e l y .  14'15 Analogously 55 gave dehydroxylopinine 5714 (Scheme 9 ) .  The "- 
y i e l d s  a r e  s u f f i c i e n t l y  high s o  t h a t  t h e  rearrangement may se rve  a s  a  s y n t h e t i c  

method. 
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O 3  ::q++ + ::y CH3O 
hv -* 

R 1 R i  RZ C H 3 0  

C H l O  R2 OCH 3 OCH 3 

Scheme 9 

In connection with this reaction, the rearrangement of the protoberberines 

to the spirobenzylisoquinoline alkaloids has aroused interest. The first example 

of the rearrangement of the protoberberine to an ochotensine type alkaloid was 

observed on treatment of 2,3-diaethoxy-l0,ll-dihydroxy-13-methyi-7,8-dihydropro- 

toberberine methobromide 59 with alkali16 (Scheme 10). Analogous rearrangement -- 
in phenolic dihydroprotoberberine methobromides 2;-$3 has been demonstrated. 

l7,l8 

O f  interest was noted that 3-hydroxy-2,10,ll-trim0tho~y-13-methyl-7,8-dihydropro- 

toberberine methobromide 64, when treated with base, gave 5,6,7,7a-tetrahydro- -- 

Scheme 10 



hV (3500 A) 

OCH, OH- 
OCHs 

OCH 3 
\ 

66 67 OCH 3 

Scheme 11 

2,9,10-trimethoxy-7,7a-dimethylbenz [a] i n n  2 - 6  aepin-3-01 $?I8 in 41% 

yield instead of the sp i robenzyl i soquino l ine .  

13-Ketocanadine methylmethosulfate $6, whereas it is stable for alkali, 
undergoes similar rearrangement to 1,2,3,4-tetrahydro-6,7-methylenedioxy-4-,5'- 

dimethoxy-1-spiro-2'-indan-1'-one 67  -- in 45% yield on irradiation1' (Scheme 11). 

Since these rearrangements involve an o-qinodimethine as the general inter- 

mediate, it seems to be inadequate as the synthetic strategy for the optically 

active spirobenzylisoquinolines. 

Recently, anionic rearrangement of the non-phenolic pro-coberberine metho- 

salts was reported. 
20-22 

Treatment of 2-(14 S)-B- 6:: and d-(14 R)-0-canadine 

methochloride 58b with an organometalic reagent in tetrahydrofuran, afforded 
d- and 2-2,3-methylenedioxy-9,lO-dimethoxyochotensanes 70b, --- respectively 

(Scheme 12). Yields are shown in Table 1 1 1  ." Analogously, thalictricavine 

methochloride 69 gave 2,3-methylenedioxy-9,IO-dimethoxy-13-methylochotensane 77 -- 
together with the usual Hofmann methineZZ (Scheme 12). 

Scheme 12 
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Table 111 

I11 Biological  a c t i v i t y  

1 Antimicrobial  a c t i v i t y  

Berberine a l k a l o i d s  have a number of b i o l o g i c a l  a c t i v i t i e s .  S i n c e k r b e r i n e -  

con ta in ing  p l a n t s  have been used f o r  more than 2000 years  i n  t r a d i t i o n a l  fo lk  

2 3 
medicine f o r  t h e r a p e u t i c  t reatment  , it i s  no t  s u r p r i s i n g  t h a t  berber ine  a lka-  

l o i d s  possess  an t imicrob ia l  a c t i v i t y  aga ins t  wide v a r i e t y  microorganisms inc lud ing  

fungi and protozoa.  Numerous p u b l i c a t i o n s  on the a n t i b a c t e r i a l  e f f e c t s  of 

berber ine  have been summarized previously by Hahn and Ciak.  2  4 

The f i r s t  sys temat ic  s tudy on a n t i b a c t e r i a l  a c t i v i t i e s  o f  berber ine  c h l o r i d e ,  

iod ide  and palmatine iod ide  a g a i n s t  Vibr io ,  Eber the l la ,  Salmonella and Escher ich ia  

organisms has been repor ted  by tie found t h a t  t h e  a n t i b a c t e r i a l  ac t ion  

of  berber ine  c h l o r i d e  was v i r t u a l l y  i n v a r i a n t  over ranges of  pH 5-9 of  the  medium. 

The more ex tens ive  sc reen ing  s t u d i e s  have been published by s e v e r a l  a u t h o r s .  2 6 , 2 7  

Table I\! a r e  c i t e d  from the  paper of Amin e t  a l .  
2  7  

PheZZodendron umurense (Ilutaceae), a  t y p i c a l  berber ine-conta in ing  p l a n t  

has been once used as a  f o l k l o r i c  a n t i d y s e n t e r i c Z 8  i n  Japan,  which can be 

asc r ibed  unambiguously t o  berber ine  a l k a l o i d s .  Another berber ine-conta in ing  

p l a n t ,  Berberis a r i s t a t a  (Berberidaceae) was used a s  t h e  chemotherapy f o r  a l l  

cases  of c h o l e r a  and o t h e r  b a c t e r i a l  d ia r rhoeas  29'30 i n  the  same manner as 

chloramphenicol.  The modes of  a c t i o n  of  berber ine  were shown t h a t  t h e  c e l l - f r e e  



Table IV Antimicrobial  A c t i v i t y  of Berberine S u l f a t e  

Organism 

Baci ZZus pwni Zus 

B. cereus 

B. slibZiZis 

Corynebacteriwn diphtheriae 

Escherichia coZi 

Klebsie ZZa pnewnoniae 

Pseudomonas pyocyanea 

P. fluorescens 

SaZrnoneZZa paratyphi 

S. schottmuetleri  

S. typhimurium 

S. typhi 

ShigeZZa boydii 

StaphyZococcus aureus 

S. albus 

Minilnal growth i n h i b i t o r y  
concent ra t ion ,  ug/ml 

25 . O  

50 . O  

25.0 

6 .2  

50.0 - >100.0 

25 . O  

,100 .o 
>100.0 

>100.0 

.I00 .o 
>100.0 

>100.0 

12.5 

6 . 2  - 50.0 

50 . O  

Streptococcus pyogenes 12.5 

Vibrio chozerae Inaba 5698 25.0 

V. cholerae El Tor Ogawa 50 .O 

Xmthomonag c i t r i  3.1 

X. rnaZvacearurn 6.2 

X. campestris 12.5 

Bminia carotovora 
Pseudomonas rnongiferae 

P. soZmaceamun 

Cmdida ut iZis  

.C. aZbicrms 

C. tropicaZis 

Sporotrichum schenkii 
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prepara t ions  made from berber ine  t r e a t e d  v i b r i o s  V .  cholrae and V .  choler&? 

bio type  El Tor) no t  included a c t i v e  cho le ragenic  toxin3' and t h a t  o r a l  admini- 

s t r a t i o n  of berber ine  prevented toxin-induced d i a r r h e a  i n  experimental  

cho le ragenic  animals. 
32 

2 Antileukemic a c t i v i t y  

Berberine has been shown t o  possess  the  c y t ~ t o x i c ~ ~  and neoplasm i n h i b i t o r y  

e f f e c t s  34 aga ins t  K U  and Ehr l ich  a s c i t e s  tumor c e l l s .  Coralyne chloride3' 72a, --- 
a hexadehydroborberinium s a l r ,  was r e c e n t l y  found t o  e x h i b i t  an t i l eukemic  

a c t i v i t y  a g a i n s t  both the  P-388 and L-1210 s t r a i n s  i n  Analogs of 

coralyne conta in ing  t h e  N-0-0 t r i a n g l u l a r  p h a r r n a c ~ ~ h o r e ~ ~  were syn thes ized  f o r  

the  s tudy  of  t h e  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p .  Data o f  ant i leukemic a c t i v i t i e s  

o f  coralyne s a l t s ,  i t s  analogs and r e l a t e d  compounds i n  Table V a r e  c i t e d  from 

t h e  paper  of Zee-Cheng e t  a l .  Of g r e a t e r  i n t e r e s t  was noted t h a t  two bis(methy- 

lenedioxy) analogs _735 and _73f showed a c t i v i t y  a g a i n s t  human epidermoid carcinoma 

of  t h e  nasopharynax ( K U )  i n  v i t r o .  There i s  good reason t o  b e l i e v e  t h a t  t h e s e  

a c t i v i t i e s  a r e  a s s o c i a t e d  with i t s  ready formation of a  s t a b l e  complex with 

thymus i lNA.  
4 1  



Table V Antileukemic A c t i v i t y  of Coralyne and Analogs 

Compound 
P 388 L I210 

Dose [mg/Kg) T/C*[%) Dose (mg/Kg) T / C * ( % )  
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Table  V (continued) 

Compound 
P 388 L 1210 

Dose (mg/Kg) T/C* (%) Dose (mg/Kg) TIC* (%) 

200 181 400 121 

100 219 300 127 

50 215 200 136 

150 156 

100 142 

66 150 

44 147 

200 110 

100 100 

25 72 

12.5 114 

6 .25 110 

3 . 1 3  118 

320 7 7 320 93 

160 166 160 114 

80 154 80 111 

40 143 40 119 

20 145 20 117 

10 118 10 92 

5 109 

80 59 

40 102 

20 111 

10 152 

5 147 

2.5  140 

73 i  200 109 
(X = C2HeS05) 100 145 

50 167 

33 186 

74 100 116 

50 107 

25 104 

* The genera l  sc reen ing  procedure and t h e  i n t e r p r e t a t i o n  of d a t a  a r e  c a r r i e d  

o u t  according t o  t h e  re fe rences  39 and 40. 



3 Uterine s t i m u l a t i n g  e f f e c t  

As the  l n u l t i p l i c i t y  of b i o l o g i c a l  a c t i v i t i e s  o f  the  berber ine  a l k a l o i d s  

t h e i r  u t e r i n e  s t i m u l a t i n g  a c t i v i t y  can b e  descr ibed .  Cer ta in  berber ine-  

con ta in ing  p l a n t s  have been used as f o l k l o r i c  a n t i f e r t i l i t y  re me die^.^' Among 

them, water-decoct ion of Berberis ar i s ta ta  (Berberidaceae) was known as 

f o l k l o r i c  a b ~ r t i f a c i e n t ~ ~  i n  Ind ia  and ju ice  of Cnelidonium rnajus (Papaveraceae) 

was drunk f o r  f o l k l o r i c  a n t i f e r t i l i t y  use44 i n  Sovie t  Union. )rgemone merimma 

(Papaveraceae) has been s t a t e d  t o  be a b o r t i f a c i e n t  o r  emmenagogue4' i n  Ind ia .  
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Emmenagogue, a b o r t i f a c i e n t ,  and u t e r i n e  s t i m u l a n t  p l a n t s  inc lud ing  t h e  berber ine  

a l k a l o i d s  a r e  s e l e c t e d  from the  review by Farnsworth e t  a1 . 4 2  i n  Table VI. 

Cont rac t ive  a c t i v i t i e s  o f  t e r t i a r y  and quaternary berber ine- type  a l k a l o i d s  

on i s o l a t e d  u t e r u s  of mice were ~ t u d i e d . ~ ~ ' ~ ~  Quar temary  bases 75-81 caused "- "- 
marked cont rac t ion  of u t e r u s ,  whereas t h e s e  exh ib i ted  only a  weak s p a s m o l i t i c  

a c t i v i t y  on i s o l a t e d  i n t e s t i n e  of  mice. On the  con t ra ry ,  t e t rahydro-bases  82- "- 
84 showed s t r o n g  papaver ine- l ike  ac t ion ,  however, t h e i r  c o n t r a c t i v e  a c t i v i t i e s  -- 
on u t e r u s  were t r a n s i t o r y .  Data o f  minimum e f f e c t i v e  concent ra t ion  a r e  c o l l e c t e d  

i n  Table V I I .  

Table VII hlinimum E f f e c t i v e  Concentration of Alkaloids on Naximum 

Contract ion of U t e r i  

Berberine ch lor ide  Z7 
Palmatine ch lor ide  76 -- 
J a t r o r r h i z i n e  ch lor ide  77 -- 
Copt i s ine  c h l o r i d e  78 -- 
Dehydrocorydaiine ch lor ide  79 -- 
Dihydroberberine ch lor ide  80 -- 
Dihydropalmatine ch lor ide  81 -- 
Canadine 82 -- 
Tetrahydropalmatine 83 -- 
T e t r a h y d r o j a t r o r r h i z i n e  84 -- 

2 x lo- '  (g/ml) 

5  x 10-5 

7.5 x 10-5 

5.0 x lo- '  

7 . 5  x 10-5 

2 x 1 0 - 5  

5  x 

5.0 x 

7.5 x 1 0 - ~  

2.5-5.0 x 

4 Antiulcerous and g a s t r i c  a n t i s e c r e t o r y  a c t i v i t i e s  

The t u b e r  o f  t h e  genus CoqdaZis (Papaveraceae) have been used a s  an 

a n a l g e s i c  and a  spasmolyt ic  f o r  t h e  stomach-ache i n  Japanese and Chinese fo lk  

medicines. The pharmacological s t u d i e s  on the  e x t r a c t s  and a l k a l o i d s  obtained 

from the  s e v e r a l  CorydaZis have been repor ted  by s e v e r a l  a u t h o r s .  47-50 Recently, 

dehydrocorydaline c h l o r i d e  79, a  major qua te rnary  a l k a l o i d  of C. bulbosa, 5 1 -- 
showed cons iderab le  g a s t r i c  a n t i s e c r e t o r y  a c t i v i t y . 5 2  Oral o r  s .  c .  administ-  

r a t i o n  prevented experimental  g a s t r i c  and duodenal u l c e r s  i n  r a t s  and guinea 



Table V I  Emmenagogue, Abor t i fac ien t ,  and Uterine St imulant  P lan ts  Including 

Berberine Alkaloids 

Type of 
P lan t  name I s o l a t e d  a c t i v e  c o n s t i t u e n t ( s )  

a c t i v i t y * *  

Berberidaceae 

Berberis amurensis 

B .  a r i s t a t a  

Nandina domes t i c a  

Menispermaceae 

PrcmgeZisia f lava 

Ja teork iza  coZumba 

finospora bakis  

Papaveraceae 

,&gemone rnexicma 

CorydaZis d i g u a  

C. i n c i s a  

C. tuberosa 

- 
J a t r o r r h i z i n e  

- 
Berberine,  Palmatine 

Berberine 
- 
Berberine, Columbamine, J a t r o r r h i z i n e ,  

Palmatine 

T o t a l  a l k a l o i d s  

Berberine, Columbamine, J a t r o r r h i z i n e ,  

Palmatine 

Berberine, J a t r o r r h i z i n e ,  Nandinine 

(85) 

- 
Berberine,  Colwnbamine, Palmatine, 

J a t r o r r h i z i n e  

J a t r o r r h i z i n e ,  Palmatine 

- 
Berberine, Palmatine 

- 
T o t a l  a l k a l o i d s  

Berberine 

- 
Berberine 

Palmatine, Tetrahydropalmatine 

Tetrahydropalmatine 

Canadine, Tetrahydropalmatine 
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Plan t  name 

Table VI (contmued) 

Hlmnemmnia 
fumariaefoZia 

Smguinaria emadensis 

Ranunculaceae 

Coptis japonica 

Hydrastis emadensis 

Jateorkiza palmata 

Rutaceae 

Evodia kortensis f. 
kortensis 

Type of  
a c t i v i t y * *  

I s o l a t e d  a c t i v e  c o n s t ~ t u e n t ( s )  

Berberine 

- 
Total  a l k a l o i d s  

Berberine 

Crude a l k a l o i d s  

Berberine,  Columbamine, J a t r o r r h i z i n e ,  

Palmatine 
- 
Berberine, Canadine 

'crude a l k a l o i d s  

Palmatine 

Berberine 

** A = a b o r t i f a c i e n t ,  e c b o l i c ,  axy toc ic  ( f o l k l o r i c ) .  

E = emmenagogue, a f f e c t i n g  the  menstrual cycle  ( f o l k l o r i c ) .  

U = u t e r i n e  s t i m u l a n t  as shown by i n  v i t r o  o r  i n  viva t e s t s  i n  animals .  

I = a c t l v e  substance i s o l a t e d  and shown t o  stimulate u t e r i n e  t i s s u e  e i t h e r  

i n  v i t m  o r  i n  ?Avo. 



5 2 , S  
p i g s .  A f t e r  in t e rvenous  a d m i n i s t r a t i o n  i n  mice dehydrocorydal ine  was 

concen t ra t ed  i n  t h e  p e r p h e r a l  a r e a  of h e p a t i c  l o b u l e s .  54 

5 Enzyme i n h i b i t o r ) '  a c t i v i t y  

5.5 
i l e rbe r ine  markedly i n h i b i t e d  a c e t y l c h o l i n e - e s t e r a s e  bo th  i n  v i m  and i n  

sisro,  t he reby  c a s i n g  temporary d e c r e a s e  o f  b lood p r e s s u r e .  Berber ine  a l s o  

i n h i b i t e d  t h e  a c t i o n  o f  t y r o s i n e  d e c a r b o ~ y l a s e ~ ~  and t r y p t ~ p h a n a s e ? ~  where 

b e r b e r i n e  is an a n t a g o n i s t  of pyr idoxa l  phosphate ,  t h e  coenzyme. 

Coralyne s a l t s  were found t o  be  more p o t e n t  i n h i b i t o r s  o f  c a t e c h o l  O- 

n e t h y l t r a n s f e r a s e  than p y r o g a l l o l .  37 
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