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A SEMICONTINUOUS ASSAY OF 

PHOSPHODIESTERASE BY 
BENZO[c]PHENANTHRIDI" ALKALOIDS 

INHIBITION OF CYCLIC-AMP 

MASATAKA MORIYASU', MOMOYO ICHIMARU, 
AND A T S U S H I  KATO 

Kobe Women's College o f  Pharmacy 
Motoyamakita-machi 

Hagashinada-ku 
Kobe 658, Japan 

ABSTRACT 

An HPLC apparatus t o  t r a c e  t h e  r e a c t i o n  semicont inuous ly  was 
dev ised and a p p l i e d  t o  t h e  k i n e t i c  s tudy  o f  an enzyme r e a c t i o n .  
From t h e  thermostated s o l u t i o n  i n  which t h e  r e a c t i o n  proceeds 
con t inuous ly ,  an a l i q u o t  o f  t h e  s o l u t i o n  was removed and 
submi t ted  t o  HPLC a u t o m a t i c a l l y  and repeated ly .  Thus, t h e  change 
o f  concen t ra t i ons  o f  r e a c t a n t  and/or p roduc t  was de termined a t  a 
d e f i n i t e  s h o r t  i n t e r v a l .  The i n h i b i t o r y  a c t i o n  o f  c y c l i c 4  1P 
phosphodiesterase (PDE)  by  seve ra l  benzo [c ]phenen th r id ine  
a l k a l o i d s  was examined. From 1 / S  - 1 / V  (Lineweaver-Burk p l o t )  
sangu inar ine  and c h e l e r y t h r i n e ,  which were b o t h  p o t e n t  
b a c t e r i o c i d a l  a l k a l o i d s ,  were found t o  s t r o n g l y  i n h i b i t  PDE 
c o m p e t i t i v e l y .  K i n e t i c  parameters o f  t h e  enzyme r e a c t i o n  such as 
M i c h a e l i s  cons tan t  and i n h i b i t i o n  cons tan ts  were ob ta ined.  

INTRODUCTION 

The HPLC s t u d i e s  o f  enzyme r e a c t i o n s  have e x t e n s i v e l y  been 

c a r r i e d  o u t  (1) .  I n  most o f  t hese  s t u d i e s  t h e  enzyme r e a c t i o n  was 
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544 MORIYASU, ICHIMARU, A N D  KATO 

i n i t i a t e d  under p roper  c o n d i t i o n s ,  and a f t e r  t h e  l apse  o f  some 

t i m e  t h e  enzyme was d e a c t i v a t e d  and t h e  r e a c t i o n  was h a l t e d  by 

some way such as b o i l i n g  o r  a d d i t i o n  o f  ac ids  o r  bases. The 
concen t ra t i ons  o f  p roduc t  and/or s u b s t r a t e  were then  ana lyzed by 

HPLC. I n  such an approach (end p o i n t  method), i n  o r d e r  t o  

e l u c i d a t e  t h e  mode o f  i n h i b i t i o n  and t o  o b t a i n  k i n e t i c  parameters 

such as i n h i b i t i o n  cons tan t ,  i t  i s  necessary t o  p repare  a l o t  o f  

samples which c o n t a i n  d i f f e r e n t  concen t ra t i ons  o f  s u b s t r a t e  and 

sometimes enzyme. Such measurements a r e  n o t  o n l y  time-consuming 

b u t  necess i ta te  r a t h e r  l a r g e  amount o f  m a t e r i a l s ,  which i s  n o t  

s u i t a b l e  when samples t e s t e d  are  n a t u r a l  o r i g i n  and consequent ly  

a v a i l a b l e  o n l y  a ve ry  minu te  amount, I f  t h e  progress  o f  t h e  

enzyme r e a c t i o n  can be mon i to red  cont inuous ly ,  k i n e t i c  parameters 

w i l l  be ob ta ined e a s i l y  by t h e  use o f  a ve ry  smal l  amount o f  

sample w i t h i n  s h o r t  t ime.  I n  t h e  p resen t  s tudy  an apparatus 

s u i t a b l e  f o r  such measurements was cons t ruc ted ,  and a p p l i e d  t o  

t h e  i n h i b i t i n g  a c t i o n  o f  3 ' : 5 ' - c y c l i c  n u c l e o t i d e  5 ' -  

nuc leo t i dohydro lase  (phosphodiesterase EC 3. 1.4. 17, h e r e a f t e r  

abbrev ia ted  as PDE) b y  seve ra l  pha rmaco log ica l l y  a c t i v e  

benzo [ c ] phenan t h r  i d i ne a 1 ka 1 o i  ds. 

I t  i s  w e l l  known t h a t  many o f  t h e  pharmaco log ica l l y  a c t i v e  

substances i n h i b i t  PDE a c t i v i t y ,  and v i c e  versa. Thus, t h e  

i n h i b i t i o n  o f  PDE has w i d e l y  been used one o f  t h e  f i r s t  sc reen ing  

methods f o r  substances o f  bo th  n a t u r a l  and s y n t h e t i c  o r i g i n  which 

may be a v a i l a b l e  as med ic ine  (2) .  The most v e r s a t i l e  assay method 

i s  t o  u t i l i z e  r a d i o i s o t o p e  k i t  commerc ia l l y  a v a i l a b l e ,  and an 

HPLC method i s  a l s o  a p p l i e d  ( 3 , 4 ) .  These methods a l l  measure 

o n l y  one va lue  o f  t h e  c o n c e n t r a t i o n  o f  s u b s t r a t e  ( o r  p r o d u c t )  

a f t e r  h a l t i n g  t h e  reac t i on .  Therefore,  we t r i e d  i n  t h i s  r e p o r t  

t o  develop t h e  method o f  semicont inuous measurements. 

MATERIALS AND METHODS 

Reagents. Adenosine c y c l i c  3 ' ,  5'-(hydrogen phosphate) 

(CAMP) and adenosine 5'-phosphate (AMP) were purchased f rom 
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CYCLIC-AMP PHOSPHODIESTERASE 545 

sanguinarine 1 dihydrosanguinarine 6 (+)-chelidonine 5 protopine 
R1 + R2 = CH2 

chelerythrine 2 dihydrochelerythrine 7 allocryptopine 4 
R 1 2  = R  = C H  3 R1 = R2 = CH3 R1 = R2 = CH3 

R + R2 = CH 2 1 R + R  = C H  1 2  2 

Fig.  1 A l k a l o i d s  t e s t e d  

Yamasa Shoyu Co., Ltd., and bo th  were guaranteed t o  be > 98 % 

pure. Beef h e a r t  PDE was supp l i ed  by  Boehr inger  Mennheim 

Yamanouchi Co., Ltd., which con ta ined  about 2.5 U o f  enzyme p e r  1 

cm . A l k a l o i d s  o f  benzo[c ]phenanthr id ine  and p r o t o p i n e  t y p e  used 

were a l l  p l a n t  o r i g i n :  Sangu inar ine  1, c h e l e r y t h r i n e  2 ,  

p r o t o p i n e  3, and a l l o c r y p t o p i n e  4 were i s o l a t e d  f rom Macleaya 

cordata.  Che l i don in  5 i s  a ma jor  a l k a l o i d  i n  Chel idonium majus. 

They a re  a l l  ob ta ined  from p l a n t  m a t e r i a l s .  Reduct ion p roduc ts  

o f  1 and 2 ( 6 and 7, r e s p e c t i v e l y )  were prepared by t h e  

r e a c t i o n  o f  cor respond ing  a l k a l o i d s  w i t h  NaBH 

3 

4' 

Apparatus. F igu re  2 shows a b lock  diagram o f  t h e  

apparatus cons t ruc ted .  The s o l u t i o n  i n  a t e s t  t ube  themostated 

was sucked i n t o  a sample l oop  o f  an a u t o i n j e c t o r  (Model CRA-16, 

Chemco. Co., Ltd.)  by  a p e r i s t a l t i c  pump a t  t h e  r a t e  about 0.2 

cm pe r  0.1 min. The f l o w  p a t h  was then  changed a u t o m a t i c a l l y  

and an a l i q u o t  o f  t h e  s o l u t i o n  was i n j e c t e d .  A f t e r  a n a l y z i n g  f o r  

some t ime, t h e  f l o w  pa th  was changed again. Separa t i on  o f  CAMP, 

AMP and a l k a l o i d  t o  be t e s t e d  was achieved on N u c l e o s i l  10-DMA 

column (150 x 4.6 mm i . d . )  by  t h e  e l u e n t  o f  a c e t o n i t r i l e - 0 . 0 5  M 

KH PO ( 1 : l )  a t  t h e  f l o w  r a t e  o f  3.0 cm /min. Under these  

c o n d i t i o n s  CAMP and AMP were separated and analyzed w i t h i n  2 min. 

A l k a l o i d s  t e s t e d  as w e l l  as v a r i o u s  o the r  substances were e l u t e d  

3 

3 
2 4  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



546 MORIYASU, ICHIMARU, A N D  KATO 

Fig. 2 B lock  diagram o f  t h e  apparatus 

w i t h o u t  r e t a i n i n g  on t h e  column, and d i d  n o t  ove lap  on CAMP and 

AMP. Consequently, t h e  progress  o f  t h e  r e a c t i o n  c o u l d  be 

mon i to red  a t  an i n t e r v a l  o f  2 min. I n  t h e  p resen t  study. t h e  

temperature was s e t  e i t h e r  a t  37 "C o r  25 "C. The column was 

plunged i n t o  t h e  ba th  themostated t o  keep t h e  column a t  a 

regu la ted  temperature.  Other HPLC appara tus  was t h e  

combinat ion o f  t h e  f o l l o w i n g  u n i t s :  Model 510 pump (Waters 

Associates);  Model 319-A UV d e t e c t o r  (Soma Kogaku Co., L td . ) ;  

Chromatopak CR3A da ta  processor  (Shimadzu Co., L td . ) ;  precolumn 

module (Waters Assoc ia tes )  equipped w i t h  a precolumn f i l t e r  o r  

Guard-Pak precolumn c a r t r i d g e  (Resolve CN). The use o f  precolumn 

f i l t e r ,  o r  more d e s i r a b l e  precolumn c a r t r i d g e ,  e f f e c t i v e l y  

prevented t h e  degrada t ion  o f  t h e  column which may be caused by 

t h e  repeated  i n j e c t i o n  o f  macromolecular enzymes. 

Procedures To a t e s t  t u b e  thermosta ted  a t  37 "C ( o r  25 

C ) ,  0.2 cm o f  5 mM CAMP, 4.7 cm o f  3 mM MgSO i n  50 mM t r i s  
3 4 

b u f f e r  (pH = 7.3) and 0.05 cm o f  d i l u t e d  d i m e t h y l s u l f o x i d e  

s o l u t i o n  of a l k a l o i d  t o  be t e s t e d  were p laced and incubated  a t  37 

" C  ( o r  2 5  " C )  f o r  more t h a n  15 min. Dur ing  t h a t  i n t e r v a l  s tandard  

CAMP s o l u t i o n ,  which con ta ined  0.2 mM o f  CAMP i n  t r i s  b u f f e r ,  was 

0 -  3 
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CYCLIC-AMP PHOSPHODIESTERASE 541 

analyzed f o r  a few t imes  and thus  t h e  peak h e i g h t  ( o r  a rea )  

cor respond ing  t o  i n i t i a l  c o n c e n t r a t i o n  o f  CAMP was measured. The 

optimum pH o f  PDE i s  r a t h e r  h i g h  (near pH = 8). b u t  when pH o f  

t h e  r e a c t i o n  s o l u t i o n  exceeded 7.5, magnesium hyd rox ide  tended t o  

p r e c i p i t a t e ,  r e s u l t i n g  t r o u b l e  i n  HPLC ana lys i s .  Thus t h e  pH o f  

t h e  s o l u t i o n  was ad jus ted  a t  7.3. An a l i q u o t  (0.05 cm ) o f  b e e f  

h e a r t  PDE, which was d i l u t e d  t o  1/3 by  t r i s  b u f f e r ,  was t h e n  

added by m ic ro  syr inge,  t h e  m i x t u r e  was shaken v i g o r o u s l y ,  and 

HPLC measurements were s t a r t e d .  The volume o f  sample l oop  was 

chosen as 0.02 cm and thus  t h e  i n i t i a l  amount o f  CAMP was about 

1.3 pg .  The volume o f  t h e  sample loop cou ld  be i nc reased  t o  

about 0.05 cm w i t h o u t  broadening o f  each peak. De te rm ina t ion  o f  

about 200 ng o f  CAMP and AMP was p o s s i b l e  w i t h o u t  t h e  decrease o f  

p r e c i s i o n  o f  t h e  ana lys i s .  Thre fore ,  i t  i s  p o s s i b l e  t o  decrease 

t h e  i n i t i a l  c o n c e n t r a t i o n  o f  CAMP up t o  about 0.01 mM o r  lower, 

i f  necessary. Such measurements reduce t h e  amount o f  i n h i b i t o r  

t o  be tes ted .  I n  the  p r e s e n t  study, however, t h e  c o n c e n t r a t i o n  

and smaple volume were s e t  a t  0.2 mM and 0.02 cm , r e s p e c t i v e l y .  

3 

3 

3 

3 

C a l c u l a t i o n  of r e a c t i o n  v e l o c i t y .  I n  t h e  p resen t  

measurements t h e  decrease o f  t h e  concen t ra t i ons  o f  s u b s t r a t e  was 

determined a t  a d e f i n i t e  i n t e r v a l .  As shown i n  F ig .  3, t h e  

r e a c t i o n  v e l o c i t y  V a t  P ,  shou ld  be t h e  g r a d i e n t  o f  t h e  r e a c t i o n  
i 1 

which w i  11 be approximated by t h e  f o l l o w i n g  
curve at 
equat ion ,  p rov ided  t h a t  t h e  i n t e r v a l  o f  t h e  measurements A t  was 

chosen t o  be smal l .  The g r a d i e n t  a t  P can be approximated as t h e  

tangent  o f  t h e  t r i a n g l e  P P Q,. 
i 

i -1  i+l i 

V = ( -dS/d t ) ,  = - ( S  - S ) /( t  - t 
i 1 i+l i - 1  i+l i-1  

- s ) /2A t  - - -(Si+, 
i -1 

Thus, severa l  s e t  o f  values, S ,  and t , were ob ta ined  by a s i n g l e  

measurement. Consequently, f rom 1/S - 1/V (Lineweaver-Burk) 

p l o t .  k i n e t i c  parameters w i l l  be ob ta ined.  

1 i 
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ln 

Fig.  3 Method f o r  t h e  de te rm ina t ion  o f  r e a c t i o n  v e l o c i t y  

-- RESULTS AND DISCUSSION 

HPLC chromatograms and I / $  - l / V  p l o t .  F igu res  4(a) and 

(b )  show example o f  chromatograms i n  t h e  absence and presence o f  

t h e  i n h i b i t o r ,  r e s p e c t i v e l y .  Wi th  t h e  lapse o f  t ime  t h e  peak of 

CAMP w i t h  t h e  s h o r t e r  r e t e n t i o n  t ime decreased w h i l e  t h a t  o f  AMP 

w i t h  t h e  longer  r e t e n t i o n  t ime  grew g radua l l y .  I n  Fig.  4(a), 

t h e  i n h i b i t o r  was n o t  added and consequent ly t h e  r e a c t i o n  was 

r a t h e r  f a s t .  The i n j e c t i o n  was repeated a t  2 min i n t e r v a l .  When 

0.02 mM o f  1, which amounted t o  1/10 concen t ra t i on  o f  s u b s t r a t e  

i n  molar r a t i o ,  was added, t h e  r e a c t i o n  r a t e  was reduced about 30 

% as dep ic ted  i n  F ig .  4(b).  The peak areas and h e i g h t s  o f  CAMP 

were found t o  g i v e  l i n e a r  c a l i b r a t i o n  graphs w i t h i n  wide range. 

Consequently concen t ra t i on  o f  r e s i d u a l  CAMP was e a s i l y  

ca l cu la ted .  I n  t h e  p resen t  study, measurements were made 16 t o  

40 min i n  accordance wi th t h e  r e a c t i o n  ra te ,  d u r i n g  which 7 t o  19 

se ts  of values of S. and V ,  were obtained. Thus, Lineweaver-Burk 

p l o t s  were obtained. 
1 1 
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t 

f 

u 
2 min 

1 '  1 

' i g .  4 Example o f  semicont inuous chromatograms i n  t h e  
absence ( a )  and presence ( b )  o f  t h e  i n h i b i t o r  

1 CAMP, 2 AMP, 3 0.02mM sangu inar ine ,  
1 '  0.2 mM CAMP ( i n i t i a l  c o n c e n t r a t i o n )  

~ E f f e c t  o f  t h e  Amount o f  Enzyme. The r a t e  o f  t h e  enzyme 

r e a c t i o n  i n  t h e  absence o f  i n h i b i t o r  was observed by adding 

d i f f e r e n t  amount o f  t h e  enzyme a t  37 and 25 " C .  The r e a c t i o n  

r a t e ,  o f  course, was f a s t e r  a t  37°C than a t  25°C. By t h e  method 

mentioned above, 1/S - 1 / V  p l o t s  were drawn a t  bo th  

temperatures.  F igu res  5 (a )  and 5(b) des ignate  t h e  1 / S  - 1/V p l o t  

a t  37 and 25 "C, r e s p e c t i v e l y .  I n  bo th  cases, l i e n a r  1/S - 1/V 

p l o t s  were ob ta ined,  and these  graphs crossed a t  a p o i n t  on 

h o r i z o n t a l  ax is ,  t h e  r e c i p r o c a l  va lue  o f  which shou ld  be 

M i c h a e l i s  cons tan t  K , The maximum v e l o c i t y  o f  t h e  r e a c t i o n  V 
m ma x 

was t h e  r e c i p r o c a l  va lue  o f  t h e  i n t e r c e p t  on v e r t i c a l  ax i s ,  wh ich  

was a l s o  c a l c u l a t e d .  From V values, t h e  m i c r o  mo la r  amount o f  

CAMP conver tab le  t o  AMP a t  V pe r  minu te  was c a l c u l a t e d  bo th  a t  

25 " C  ( A )  and 37 " C  (B) ,  which a r e  shown i n  Tab le  1. I n  t h i s  

tab le ,  enzyme u n i t  o f  PDE added was c a l c u l a t e d  and was a l s o  

shown(A'). Since an enzyme u n i t  o f  t h i s  enzyme i s  d e f i n e d  as t h e  

amount of PDE t h a t  w i l l  c a t a l y z e  t h e  t rans fo rma t ion  o f  a m i c r o  

molar amount of  CAMP t o  AMP under optimum c o n d i t i o n s ,  t h i s  va lue  

max 

max 
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550 MORIYASU, ICHIMARU, AND KATO 

F i g .  5 E f f e c t  o f  enzyme amount on t h e  r e a c t i o n  r a t e  
(a )  37 "C, (b )  25 " C  
Enzyme conten t :  ( A )  0.042 U, ( B )  0.029 U, 
( C )  0.021 U, (D) 0.013 U 

Table 1 Dependence o f  t h e  r e a c t i o n  r a t e  on t h e  PDE amount 

PDE added 

I u 
Amount o f  CAMP conver tab le  t o  AMP a t  V 

-8 -1 ma x 
/ 10 mol min 

25 O C  ( A )  31  "C (B )  

4 . 2  (100) 3.1 (100) 11.6 (100) 

2.9 ( 70) 2.1 ( 67) 8.9 ( 70) 

2.1 ( 50) 1.5 ( 48) 5.9 ( 51) 

1.3 ( 35) 0.9 ( 30) 3.8 ( 33) 

( A ' )  should be c lose  t o  ( A )  as l ong  as guaranteed va lue  o f  t h e  

enzyme purchased i s  c o r r e c t .  Bo th  values agree r a t h e r  w e l l  as 

shown i n  t h e  tab le .  Furthermore, t h e  r e a c t i o n  r a t e s  

approx imate ly  increased about 4 t imes w i t h  12 "C r i s e  i n  

temperature, which seems reasonable i n  k i n e t i c s .  The M i c h a e l i s  
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CYCLIC-AMP PHOSPHODIESTERASE 55 1 

cons tan t  K was determined t o  be 6 0 u M  and 70uM a t  25 and 37 "C, 
r e s p e c t i v e l y ,  which i s  i n  good agreement w i t h  t h e  da ta  r e p o r t e d  

p r e v i o u s l y  (5 ,6 )  because K o f  beef  h e a r t  PDE r e p o r t e d  p r e v i o u s l y  

was about 70 uM. These r e s u l t s  suggest t h a t  t h e  p r e s e n t  method 

g i ves  r e l i a b l e  k i n e t i c  da ta  f o r  t h e  enzyme r e a c t i o n .  H e r e a f t e r ,  

t h e  exper iments were c a r r i e d  o u t  a t  37 O C  becuase most o f  t h e  

p rev ious  s t u d i e s  on i n h i b i t o r y  a c t i o n  o f  PDE had been c a r r i e d  o u t  

a t  37 "c. 

m 

m 

I n h i b i t i o n  & papaver ine. Before  app ly ing  t h e  p r e s e n t  

method t o  a l k a l o i d s ,  we examined t h e  i n h i b i t i o n  by papaver ine  8. 

Several  substances have been used as a r e f e r e n c e  o f  PDE 

i n h i b i t i o n ,  and 8 belongs t o  one o f  these. I n  t h e  p resen t  s t u d y  

t h e  use o f  8 as a re fe rence  seems t o  be bes t  by  t h e  reason n o t  

o n l y  8 i s  most f r e q u e n t l y  used b u t  a l s o  8 s t r u c t u r a l l y  resembles 

a l k a l o i d s  t o  be tes ted .  A l k a l o i d s  t e s t e d  as w e l l  as 8 be long t o  

b e n z y l i s o q u i n o l i n e  a l k a l o i d s  and t h e r e f o r e  r a t h e r  s t r u c t u r a l l y  

resemble. 

It was e s t a b l i s h e d  t h a t  8 c o m p e t i t i v e l y  i n h i b i t  PDE a c t i v i t y  

a t  37 s t r o n g l y  (7).  F i g u r e  6 des ignates  t h e  1 / S  - 1 / V  p l o t  o f  8 
" C .  The present  da ta  show t h a t  8 i n h i b i t s  PDE c o m p e t i t i v e l y  as 

a n t i c i p a t e d .  The i n h i b i t i o n  cons tan t  o f  8 was determined t o  be 

2 x 10 M, which i s  r a t h e r  in good agreememt w i th  t h e  da ta  

p r e v i o u s l y  repo r ted  ( 7 ) .  

-5  

I n h i b i t i o n  & a l k a l o i d s .  The p resen t  method i s  then 

a p p l i e d  t o  t h e  i n h i b i t i o n  o f  PDE by a few benzo[c ]phenanthr id ine  

a l k a l o i d s  and r e l a t e d  compounds. Sanguinar ine 1 and c h e l e r y t h r i n e  

2 a r e  p o t e n t  b a c t e r i c i d a l  a l k a l o i d s  (8) i n  Macleaya corda ta ,  t h e  

a c t i v i t y  o f  1 be ing  more p o t e n t  t han  2. Due t o  s t r o n g  

b a c t e r i c i d a l  a c t i v i t y  o f  1, t h e  p l a n t  e x t r a c t  o f  Sangunaria 

canadensis, which c o n t a i n s  a l a r g e  amount o f  1, has now been 

added i n t o  too thpas tes  i n  USA. Macleaya co rda ta  a l s o  con ta ins  

o t h e r  a1 k a l o i d s  o f  p r o t o p i n e  type ,  p r o t o p i n e  3 and a1 l o c r y p t o p i n e  

4. which have n o t  been r e p o r t e d  t o  have s t rong  
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-1 1 2 3 4 

S-l I 10 4 rnol - 1  drn 3 

Fig.  6 11s - 1 / V  P l o t s  o f  papaver ine 
( A )  blank, ( B )  20 clM ( C )  50 u M  

b a c t e r i c i d a l  a c t i v i t y .  S ince  i n h i b i t o r y  a c t i o n  o f  t hese  a1 k a l o i d s  

was n o t  as y e t  i n v e s t i g a t e d ,  we examined t h e i r  e f f e c t s  on PDE 

a c t i v i t y .  A s  dep ic ted  i n  Fig.  7,  i t  was found o u t  t h a t  bo th  1 

and 2 c o m p e t i t i v e l y  i n h i b i t  PDE s i m i l a r  t o  8. The i n h i b i t i o n  by 

1 somewhat s t ronger  t h a n  2. On t h e  con t ra ry ,  3 and 4 d i d  n o t  

e x h i b i t  remarkable i n h i b i t i o n  ( < 10 %)  even when t h e  

concen t ra t i on  o f  these a l k a o i d s  was s e t  t o  be equal  t o  t h e  

i n i t i a l  c o n c e n t r a t i o n  o f  CAMP. The p resen t  r e s u l t s  suggest t h a t  

t h e  i n h i b i t i o n  o f  PDE c l o s e l y  r e l a t e d  t o  b a c e t r i c i d a l  a c t i v i t y  

f o r  these a1 k a l o i d s .  The i n h i b i t i o n  by a few r e l a t e d  

compounds was a l s o  examined. The r e d u c t i o n  p roduc t  o f  1 and 2 ( 6  

and 7, r e s p e c t i v e l y )  was found t o  i n h i b i t  PDE a c t i v i t y  

c o m p e t i t i v e l y ,  t h e  i n h i b i t i o n  be ing  weaker than  1 and 2. The 

i n h i b i t i o n  o f  c l e l i d o n i n  5, t h e  major  a l k a l o i d  o f  Chel idonium 

majus and belongs t o  hyd ra ted  d e r i v a t i v e s  o f  

benzo[c ]phenanthr id ine  a l k a l o i d s  was a l s o  examined. It was found 
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- 1  
S 

2 3 f. 1 -1  

I 
4 - 1  3 

10 mol dm 

F ig .  7 1 / S  - 1 / V  p l o t s  o f  benzo[c ]phenanthr id ine  
a1 k a l o i d s  
( A )  blank, (B )  c h e l e r y t h r i n e  20 uM, ( C )  
sangu inar ine  20 uM, ( D )  sangu inar ine  50 DM 

Table 2 I n h i b i t i o n  cons tan ts  o f  benzo [c ]phenan th r id ine  and 

r e l a t e d  a l k a l o i d s  

~~ 

Compounds Name I n h i b i t i o n  cons tan ts  ( K ,  / M )  
1 

-5 
-5 
-3 
-3 
-4 
-4 

-4 

-5 

1 sangu i n a r i  ne 4 x 10 

3 p r o t o p i n e  > 10 

4 a l l o c r y p t o p i n e  > 10 
5 (+ ) - che l i don ine  4 x 10 
6 d i hydrosabgu i n a r i  ne 2 x 10 

7 d i  h y d r o c h e l e r y t h r i n e  2 x 10 

8 papaver i  ne 2 x 10 

2 c h e l e r y t h r i n e  8 x 10 
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t h a t  5 a l so  c o m p e t i t i v e l y  i n h i b i t  PDE a c t i v i t y  and i t s  i n h i b i t i o n  

a c t i o n  was weaker than  1 and 2. Table 2 summarizes t h e  

i n h i b i t i o n  cons tan ts  of  t h e  a l k a l o i d s  t e s t e d  i n  t h e  p resen t  

study. Since each measuremnts f i n i s h e s  w i t h i n  20 t o  40 min, 

de te rm ina t ion  o f  i n h i b i t i o n  cons tan t  and e l u c i d a t i o n  o f  t h e  mode 

o f  i n h i b i t i o n  was ach ieved o n l y  w i t h i n  1 t o  2 h r  f o r  each 

substance t o  be tes ted .  The p resen t  method w i l l  be u s e f u l  when 

the  r e a c t i o n  proceeds a t  a speed s u i t a b l e  f o r  LC assay and t h e  

t ime  requ i red  f o r  a s i n g l e  LC separa t i on  i s  s h o r t  enough. The 

r a t e  cho ice  

o f  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  t h e  s u b s t r a t e  and t h e  amount o f  

enzyme added. The t i m e  r e q u i r e d  f o r  a s i n g l e  LC separa t i on  can 

be reduced i f  fast-LC column i s  used i n s t e a d  o f  convent iona l  one. 

Repeated i n j e c t i o n  o f  macromolecular enzyme w i l l  i n e v i t a b l y  

induce t h e  degradat ion  o f  t h e  column, b u t  t h e  degradat ion  may be 

minimized by t h e  p roper  use o f  precolumn f i l t e r  o r  precolumn. 

When these c o n d i t i o n s  a r e  f u l f i l l e d  and t h e  sample volume can be 

chosen no t  so smal l  ( a t  l e a s t  a few r n i l i l i t t e r ) ,  t h e  p resen t  

method may be a use fu l  approach f o r  t h e  assay o f  enzyme 

reac t i ons .  

o f  r e a c t i o n  can be c o n t r o l l e d  t o  some e x t e n t  by t h e  
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