
Journal of' Labelled Compounds and Radiopharmaceuticals - Vol.  XX, No. 6 6 71 
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SUMMARY 

Senecio v u l  a r i s ,  a p l a n t  c o n t a i n i n g  3 m a c r o f q c l i c  p y r r o  i z i d i n e  
a l k a l m A * r o w n  under a tmospher ic  C O Z Y  CO , and 1JC02 
c o n d i t i o n s .  
c o n d i t i o n s  t h e  p l a n t s  were s u b j e c t e d  t o  and t h e  amounts o f  mac rocyc l i c  PAS 
i s o l a t e d  frorn t h e  p l a n t s .  I n  a d d i t i o n ,  a number o f  r a d i o 1  b e l l e d  
exper iments a r e  des 
exper 'ment ,  a dual  F51."C02 exper iment  and an 800 m C i  1aC02 exper iment.  
The 1 4 C  l a b e l l e d  m a c r o c y c l i c  PAS i s o l a t e d  f rom these  exper iments  
( r e t r o r s i n e ,  senec iphy l  l i n e  and senec ion ine )  a r e  p r e s e n t l y  b e i n g  used i n  
v a r i o u s  metabo l ism s t u d i e s .  

Th is  r e p o r t  desc r ibes  t h e  p l a n t  g rowth  c iamber,  t h e  growing 

d i n c l u d i n g  a s i n g l e  25 m C i  pu e p4C02 . 

Key Words : P y r r o l  i z i d i  ne A1 k a l o l  i d s ,  Senecio vu l  g a r i s ,  R e t r o r s i  ne, 
S e n e c i p h y l l i n e ,  Senec ion ine  

I NTKODUCTION 

P l a n t s  c o n t a i n i n g  p y r r o l i z i d i n e  a l k a l o i d s  (PAS) a r e  found  wor ldwide  and 

i n c l u d e  such d i v e r s e  b o t a n i c a l  f a m i l i e s  as t h e  Compositae, Leguminosae and 

Borg inaceae ( 1 ) .  I n  t h e  western  U n i t e d  S ta tes  p l a n t s  wh ich  c o n t a i n  PAS such 

as Amsinck ia  i n t e n n e d i a  ( f i d d l e n e c k ) ,  Senecio v u l g a r i s  (common groundse l )  and 

- S. jacobaea  ( t a n s y  r a g w o r t )  a r e  r a p i d l y  spread ing .  These p l a n t  d e r i v e d  t o x i n s  

have been shown t o  contaminate  human and animal f e e d  sources (2 ) .  Th i s  

con tamina t ion  may be  h i g h l y  s i g n i f i c a n t ,  s i n c e  PAS a r e  r e s p o n s i b l e  f o r  

numerous t o x i c  syndromes ( 3 , 4 )  and a r e  proven mutagens and carc inogens (5 -10) .  
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One o f  t h e  g r e a t e s t  drawbacks i n  PA research  has been t h e  l a c k  o f  I 4 C  

r a d i o l a b e l l e d  compounds, e s p e c i a l l y  m a c r o c y c l i c  PAS. Senecio v u l g a r i s  f o r  

example, c o n t a i n s  a t  l e a s t  3 known t o x i c  m a c r o c y c l i c  PAS, senec iphy l  l i n e ,  

senec ion ine  and r e t r o r s i n e  ( f i g .  l), which  may be r a p i d l y  i s o l a t e d  u s i n g  h i g h  

R 2  OH 
I I 

I K e t r o r s i n e  R 1  = CH20H RE = CH3 C=C-CH,-CH - C-RI 
H \  

CH,OCO S e n e c i p h y l l i n e  R1 = CH3 Rp = CH2 (Methy lene)  
H3C’ Loo 

Senec ion ine  R1 = CH3 R E  = CH3 

F i g u r e  1 

perfonnance l i q u i d  chromatography (11 ) .  None o f  t hese  macrocyc l i c  PAS have 

been p r e v i o u s l y  14C- rad io labe l l ed  v i a  chemical  s y n t h e t i c  methods. Only 

r e c e n t l y  have two m a c r o c y c l i c  PAS, d i c r o t a l  i n e  and c r o b a r b a t i n e  ace ta te ,  been 

s u c c e s s f u l l y  syn thes i zed  (12,13). U n f o r t u n a t e l y ,  d i c r o t a l i n e  and c r o b a r b a t i n e  

a c e t a t e  d i f f e r  s t r u c t u a l y  f r o m  t h e  PAS found  i n  t h e  western  U.S. and may n o t  

e x h i b i t  t h e  same t o x i c  e f f e c t s  ( 1 , Z ) .  

A number o f  l a b o r a t o r i e s  have a t tempted  t o  bypass t h e  problem o f  

o b t a i n i n g  r a d i o l a b e l l e d  m a c r o c y c l i c  PAS by 3H l a b e l l i n g  t h e  C-9 p o s i t i o n  o f  

e i t h e r  r e t r o n e c i n e ,  r e t r o n e c i n e  d e r i v a t i v e s  o r  i n d i c i n e  N-oxide (14-16).  The 

d isadvantage o f  p o t e n t i a l  3H exchange(s) i n  f u t u r e  metabo l ism and 

t o x i c o l o g i c a l  s t u d i e s  was a s t r o n g  advocate t o  proceed w i t h  1 4 C  l a b e l l i n g .  

Numerous i n v e s t i g a t o r s  have a t tempted  t o  de termine v i a  I4C b i o s y n t h e t i c  

s t u d i e s  which coinpound(s) ( o r n i t h i n e ,  p u t r e s c i n e ,  a r g i n i n e ,  p r o l i n e ,  

sperrnidine, spen i i ine)  a r e  t h e  s p e c i f i c  p recu rso rs  of t h e  PA r e t r o n e c i n e  (17-  

25) .  These i n v e s t i g a t o r s  have n o t  had as t h e i r  p r i m a r y  o b j e c t i v e  t h e  
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i s o l  a t i  on o f  I 4C- rad i  01 abe l  1 ed  macrocycl  i c  PAS,  e x h i b i t i n g  t h e  spec i  f i c  

a c t i v i t y  and q u a n t i t i e s  r e q u i r e d  f o r  use i n  m e t a b o l i c  and t o x i c o l o g i c a l  

s tud ies .  S p e c i f i c  p r e c u r s o r s  such as o r n i t h i n e  o r  p u t r e s c i n e  have t h e  

d isadvantage o f  b e i n g  expens ive  and l i m i t  t h e  amount o f  I4C PA t h a t  may be  

ob ta ined.  I n  a d d i t i o n ,  t h e  v a s t  m a j o r i t y  o f  e i t h e r  o r n i t h i n e  o r  p u t r e s c i n e  i s  

i n c o r p o r a t e d  w i t h i n  t h e  n e c i n e  base ( Z O ) ,  which c o u l d  p o t e n t i a l l y  l i m i t  an 

i n v e s t i g a t o r  sea rch ing  f o r  an e l u s i v e  m e t a b o l i t e .  To o b t a i n  u n i f o n n l y  14C- 

r a d i o l a b e l l e d  PAS f r o m  2. v u l g a r i s  i n  t h e  q u a n t i t y  and s p e c i f i c  a c t i v i t y  

necessary f o r  metabo l ism as w e l l  as t o x i c o l o g i c a l  s t u d i e s ,  a s e r i e s  o f  C02 

b i o s y n t h e t i c  exper iments u s i n g  5. ulgiiris were performed. 

Solenoid VaIwes 

F i g u r e  2 

I l l u s t r a t i o n  o f  p l a n t  g rowth  chamber used t o  grow n o n r a d i o l a b e l  l e d  
and r a d i o 1  a b e l l  ed 2. vu l  g a r i  s p l a n t s .  
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MATERIALS AND METHODS 

Chamber ( f i g .  2 ) :  

A 124 cm x 71 cm x 59 cm chamber ( 5 1 1  l i t e r s )  was c o n s t r u c t e d  of 1 /4  i n  

p l e x i g l a s  w i t h  a removable,  gasketed  l i d  h e l d  i n  p l a c e  by t e n  draw ca tches .  A 

30 cm x 55 cm x 7.5 cm f i n n e d  heat  exchanger, made t o  o r d e r  by Coltnac C o i l ,  

Inc. ,  C o l v i l l e ,  WA. was mounted a t  one end w i t h  a c e n t r i f u g a l  b lower .  

Temperature c o n t r o l  was ach ieved by pumping c h i 1  l e d  w a t e r  f rom a r e f r i g e r a t e d  

wa te r  b a t h  th rough  t h e  hea t  exchanger, w h i l e  t h e  b lower  c i r c u l a t e d  chamber a i r  

o v e r  t h e  f i n s .  The sens ing  bu lbs  o f  a "day" and a " n i g h t "  t h e m o s t a t  were 

l o c a t e d  i n  t h e  a i r  f l o w ,  and one o r  t h e  o t h e r  was s e l e c t e d  by  a 24-hour t i m e r  

t o  c o n t r o l  power t o  t h e  pump, t h u s  m a i n t a i n i n g  t h e  chosen tempera ture .  A 

h e a t e r  was n o t  needed f o r  t h e  tempera tu re  range o f  t h e s e  exper iments.  

I l l u i n i n a t i o n  was accompl ished w i t h  a s i n g l e  1500-watt  me ta l  h a l i d e  lamp, 

and f o u r  100-wat t  incandescent  lamps. Pho toper iod  was c o n t r o l l e d  w i th  a 24- 

hour t i m e r .  A l i g h t  d i f f u s e r  o f  t r a n s l u s c e n t  P l e x i g l a s  (py ramid  p a t t e r n )  was 

hung 30 cm below t h e  ha1 i d e  lamp. 

A p e r f o r a t e d  s t e e l  mat w i t h  1.25 cm x 1.25 crn openings was mounted t e n  cm 

f rom t h e  chamber f l o o r  t o  suppor t  t h e  p l a n t  t r a y s  w h i l e  p e r m i t t i n g  f r e e  a i r  

c i r c u l a t i o n .  

A P l e x i g l a s  condensate t r o u g h  was p o s i t i o n e d  under  t h e  heat  exchanger and 

f i t t e d  w i t h  a d r a i n  t u b e  which l e d  t o  a 5 g a l l o n  p o l y e t h y l e n e  carboy  of 

n u t r i e n t  s o l u t i o n .  The carboy  had a tube  connected t o  t h e  bo t tom o f  each o f  

t h e  fou r  p l a s t i c  t r a y s  h o l d i n g  t h e  p o t t e d  p l a n t s ,  and a vent connected t o  a 

d r y i n g  t u b e  w i t h  a s c a r i t e  carbon d i o x i d e  absorbant .  Dur ing  opera t i on ,  t h e  

p l a n t s  were watered  as necessary  w i th  Hoagland's s o l u t i o n  (26)  by r a i s i n g  t h e  

carboy s u f f i c i e n t l y  t o  f l o o d  t h e  t r a y s ,  t h u s  s a t u r a t i n g  t h e  s o i l  i n  t h e  

pots.  Upon l o w e r i n g  t h e  carboy, t h e  excess s o l u t i o n  d r a i n e d  f rom t h e  t r a y s  t o  
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t h e  carboy. The wa te r  t h d t  t r a n s p i r s d  and evapora ted  froin t h e  p o t s  condensed 

on t h e  coo l  heat  exchanger,  d r i pped  i n t o  t h e  condensate - t rough ,  and r e t u r n e d  

t o  t h e  carboy. The carboy  was p r o t e c t e d  f rom l i g h t  t o  m in im ize  a lgae  

growth.  Any d i s s o l v e d  carbon d i o x i d e  was t h u s  r e t a i n e d  i n  t h e  system. 

A aquar ium a i r  pump was mounted w i t h i n  t h e  chamber and connected t o  t h e  

cdrbon d i o x i d e  ana lyze r  and c o n t r o l  system v i a  bu lkhead f i t t i n g s  th rough  t h e  

c l i m b e r  w a l l .  The a i r  f l o d  f i r s t  passed th rough a g lass  wa te r  t r a p  f o l l o w e d  

by a heated  6 f t  copper c o i l  t o  r a i s e  t h e  tempera ture  o f  t h e  a i r  above t h e  dew 

p o i n t .  It t h e n  progressed th rough  a p a r t i c l e  f i l t e r ,  a f l o w  meter ,  t h e  sample 

t u b e  of a Hor iba  model PKI-2000 i n f r a r e d  gas ana lyze r ,  a I4CO2 genera to r  and 

r e t u r n e d  t o  t h e  chamber. I n  a d d i t i o n ,  t h e r e  were two three-way va l ves  f o r  t h e  

en t rance  and e x i t  o f  c a l i b r a t i o n  gases, a bypass f o r  s h u n t i n g  f l o w  i n  excess 

of  1 l i t e r  p e r  min  around t h e  i n f r a r e d  ana lyze r ,  and a s i d e  channel f o r  

admiss ion  of C02 and 13C02 f rom t h e  compressed gas c y l i n d e r s .  

The I4CO., Genera tor :  

The 14C02 genera to r  c o n s i s t e d  o f  a one l i t e r  round bo t tom 3-neck py rex  

f l a s k  equipped w i t h  an a d d i t i o n  f u n n e l ,  a i r  i n l e t ,  a i r  o u t l e t  and a T e f l o n  

coa ted  s t i r b a r .  The f l a s k  was mounted i n s i d e  a p l a s t i c  s p i l l a g e  c o n t a i n e r  

ove r  a magnet ic s t i r  p l a t e .  

Suininary o f  t h e  C02 System: 

T h i s  sys ten  f u l f i l l s  3 f u n c t i o n s  as i t  analyzes t h e  o v e r a l l  carbon 

d i o x i d e  c o n c e n t r a t i o n  o f  t h e  a i r  i n  t h e  chamber; c o n t r o l s  t h e  o v e r a l l  carbon 

d i o x i d e  c o n c e n t r a t i o n  by t h e  a d d i t i o n  o f  C02, 13C02 o r  a m i x t u r e  o f  b o t h  and 

p rov ides  f o r  t h e  a d d i t i o n  o f  14C02. The o p e r a t i o n  of each f u n c t i o n  i s  as 

f o  1 1 OWS : 
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C02 Analysis: 

The inf ra red  analyzer  was c a l i b r a t e d  by operat ing t h e  two three-way 

valves t o  connect t h e  entrance port t o  the ni t rogen and a i r  c a l i b r a t i o n  tanks 

and  t h e  e x i t  port t o  the atmospheric vent (an  a s c a r i t e  column was connected t o  

t h e  vent t o  absorb any released l 4 C O 2  or 13C02). The flow o f  nit rogen was set 

a t  1 l i t e r  per min and t h e  analyzer  was adjusted t o  give a zero reading. 

Approxirnately 330 ppm of COP i n  Compressed a i r  was s i m i l a r l y  admitted and 

used t o  s e t  the  ana lyzer ' s  span a t  a known, b u t  a r b i t r a r y  percentage of f u l l  

sca le .  T h e  analyzer i s  f i t t e d  with a l i n e a r i z e r ,  and therefore  t h i s  two-point 

c a l i b r a t i o n  i s  s u f f i c i e n t  t o  detennine the C O z  concentrat ion o f  t h e  a i r  froin 

the  chamber. 

CO, Control: 

The e l e c t r i c a l  output signal of t h e  analyzer  i s  connected t o  a Linear 

Instruments Model 555 char t  recorder a n d  a Calex vol t sensor .  The vol tsensor  

contains  a n  e lec t ronic  comparator which compares t h e  ana lyzer ' s  signal t o  a 

potentiometer-selected reference vol tage ,  a n d  p u l l s  i n  re lay  contac ts  i f  t h e  

C02 reading i s  too low. These contac ts  in  turn switch power t o  two solenoid 

vdlves adinittiny C O E  and 13C02 froin compressed gas cy l inders .  The flow r a t e  

of each i s  proportional t o  the  s e t t i n g  of t h e  c y l i n d e r s '  pressure regula tors  

a n d  the assoc ia ted  Nupro needle valves. Reproducible r a t i o s  between t h e  

addi t ions of t h e  two isotopes a re  thus possible. 
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C02 R e g u l a t i o n  and Genera t i on  o f  14C02 : 

The C02 s e t  p o i n t  was a d j u s t e d  t o  m a i n t a i n  t o t a l  CO2 c o n c e n t r a t i o n  i n  t h e  

a i r  between 350 and 550 ppm d u r i n g  t h e  day. The t i m e r  was s e t  t o  t u r n  o f f  t h e  

Co2 be fo re  t h e  l i g h t s  went o f f ,  a l l o w i n g  t h e  C02 c o n c e n t r a t i o n  t o  d rop  t o  

about 100 pprn i n  a n t i c i p a t i o n  o f  r e s p i r a t o r y  C02 b u i l d u p  d u r i n g  t h e  n i g h t .  As 

t h e  p l a n t s  approached m a t u r i t y ,  n i g h t  t i m e  c o n c e n t r a t i o n  wou ld  reach l e v e l s  i n  

excess o f  1000 pprn and would r e q u i r e  f r o m  45-90 rnin a f t e r  t h e  onset  o f  t h e  

photoper iod ,  be fo re  C02 a d d i t i o n  wou ld  be t r i g g e r e d  a t  t h e  l ower  s e t  p o i n t .  

Excess 18N H2S04 was p laced  i n  t h e  genera to r  f l a s k .  A Kontes a d d i t i o n  

f u n n e l  (#K63620, Kontes  Glass,  V ine land,  N ) . )  was m o d i f i e d  by removing t h e  

screw t h r e a d  drop  c o n t r o l  mechanisms. The upper g lass  t h r e a d  was rep laced  by 

a 24/40 j o i n t  and s topper .  The i n n e r  g lass  v a l v e  sea t  was removed and rep laced  

by a Pyrex  No. 2 s topcock  w i t h  T e f l o n  p l u g  and i n  tandem below i t  a T e f l o n  

p l u g  s topcock  equipped w i t h  need le  v a l v e  c o n t r o l  ( A B  Glass Inc .  V ine land,  

NJ.)  The h i g h  s p e c i f i c  a c t i v i t y  NaH14C03 s o l u t i o n  was t r a n s f e r r e d  f rom t h e  

ampules i n  wh ich  t h e y  were r e c e i v e d  i n t o  t h e  a d d i t i o n  funne l  w i t h  t h e  a i d  o f  

s u f f i c i e n t  0.1N NaOH, t o  d i l u t e  i t  t o  a conven ien t  concen t ra t i on .  The drop 

r a t e  was s e t  t o  d e l i v e r  I4CO2 a t  a cons tan t  r a t e  d u r i n g  t h e  hours when C02 

and I3CO2 were b e i n g  added. The I4CO2 was t u r n e d  on and o f f  manua l ly  a t  t h e  

b e g i n n i n g  and end o f  t h e  pe r iod .  

L i  g h t i  n g  

L i g h t i n g  was a d j u s t e d  t o  be f a i r l y  un i fo rm o v e r  t h e  area occup ied  by t h e  

p l a n t s ,  and p rov ided  an i n t e n s i t y  o f  500-700 uEins te ins /m2/sec  a t  p o t  h e i g h t  

and 600-800 pEins te in /m2/sec  a t  23 cm above p o t  h e i g h t .  The day l e n g t h  was 

s e t  a t  12 h r  l i g h t  and 12 h r  darkness. The tempera tu re  i n s i d e  t h e  chamber was 

s e t  f o r  26°C day and 15°C n i g h t .  
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P1 a n t  N u t r i e n t  S o l u t i o n :  

I n  t h e s e  exper iments,  800 m l  Hoag 

H. J. Segall, G. 

and's s o l u t i o n  ( 1 O X  

H. Brown and D. F. Paige 

was d i l u t e d  t o  16 

l i t e r s  w i t h  d i s t i l l e d  wa te r  t o  p r o v i d e  1/2 X Hoagland s o l u t i o n .  The p l a n t s  

r e q u i r e d  w a t e r i n g  approx ima te l y  once a week d u r i n g  t h e i r  e a r l y  g rowth  s tages  

and as o f t e n  as eve ry  48 h r  when f u l l y  grown. Small amounts o f  t h e  1 O X  

s o l u t i o n  were added t o  t h e  carboy  as deemed necessary acco rd ing  t o  t h e  

appearance of t h e  p l a n t s .  

R a d i o a c t i v e  and S t a b l e  I s o t o p e  Sources. 

The NaH14C03 used i n  t h e  dual  l a b e l  (250 mCi) and 25 i n C i  p u l s e  

exper iments  was purchased f r o m  knersham Corp, A r l i n g t o n  He igh ts ,  I L .  The 

NaHI4CO3 used i n  t h e  800 m C i  exper iment  was o b t a i n e d  f rom Rose Chein, Los 

Angeles, CA. 

Rad ioac t i ve  Sa fe ty  P recau t ions :  

Carbon-13C d i o x i d e  was purchased f rom Prochem, Summit, N1. 

Large p o l y e t h y l e n e  bags were p laced  i n  t h e  hood t o  r e c e i v e  s o l i d  waste. 

P r i o r  t o  and d u r i n g  t h e  h a r v e s t  o f  t h e  p l a n t s ,  r a d i o a c t i v e  s a f e t y  p recau t ions  

i n  compl iance w i t h  N l O S H  r e g u l a t i o n s  and t h e  U n i v e r s i t y  o f  C a l i f o r n i a  

Env i ronmenta l  Hea l th  and Sa fe ty  Committee were performed. 

The s o i l  i n  t h e  p o t s  was somewhat damp t o  p reven t  any d u s t  on t h e  day o f  

ha rves t .  The chamber was opened t o  a i r  ou t  one hour  p r i o r  t o  h a r v e s t i n g  t h e  

p l a n t s .  

t h e  d ra  

w i t h  a 

i n t e n s e  

The t r a y s  c o n t a i n i n g  t h e  p o t t e d  p l a n t s  were q u i c k l y  d i sconnec ted  froin 

ns and t r a n s f e r r e d  t o  t h e  s p i l l a g e  t r a y s  i n  t h e  hood. A qu i ck  survey  

g e i g e r  c o u n t e r  i n d i c a t e d  t h a t  b o t h  t h e  p l a n t s  and t h e  s o i l  were 

y r a d i o a c t i v e .  The po ts  were p laced  one by one i n t o  a bag, t h e  p o t  

knocked away f rom t h e  r o o t  b a l l  and t h e  p l a n t s  q u i c k l y  separa ted  f rom t h e  

v e r m i c u l i t e  and sand. No a t tempt  was made t o  save t h e  f i n e  r o o t s  which were 

d i sca rded  a long  w i t h  t h e  p o t s  and so i l .  
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The p lan ts ,  a f t e r  be ing q u i c k l y  c u t  with sc i sso rs  i n t o  pieces about 1” 

l ong  i n t o  4 l i t e r  beakers, were covered w i t h  methanol and minced w i t h  a 

homogenizer. A t  t h i s  stage t h e  beakers were se t  aside, t h e  area 

decontaminated and t h e  bags o f  r a d i o a c t i v e  waste sealed and disposed. A f t e r  

24 hours t h e  methanol was decanted through a paper f i l t e r  w i t h  t h e  a i d  o f  a 

siphon i n t o  5 l i t e r  round bottom f l a s k s  and f resh methanol added t o  t h e  p l a n t  

residue. This process was repeated each day f o r  a t o t a l  o f  4 methanol 

changes. The l a s t  methanol e x t r a c t  p lus t h e  p l a n t  res idue was t r a n s f e r r e d  t o  

a soxhlet  apparatus con ta in ing  a c e l l u l o s e  thimble. The beakers and f i l t e r  

Here r i n s e d  w i t h  enough f r e s h  methanol t o  f i l l  t h e  soxhlet. The p l a n t  

i na te r ia l  was ex t rac ted  another 48 hours on t h e  soxhlet, t h e  methanol e x t r a c t  

siphoned i n t o  a s i n g l e  neck 5 l i t e r  round bottom f l a s k  and so lvent  removed 

under reduced pressure. 

The concentrated e x t r a c t  was worked up i n  the  standard manner and 

p u r i f i e d  by HPLC ( 2 7 ) .  

RESULTS AND D I S C U S S I O N  

Non Radioact ive P lan t  Experiment - Opt imizat ion o f  Condit ions 

To e s t a b l i s h  optimun growing cond i t i ons  and PA y i e l d  p r i o r  t o  14C02 

r a d i o l a b e l l i n g  s tud ies,  2. v u l g a r i s  was grown us ing t h e  p l a n t  growth 

chamber. Studies by A. Kery which had examined t h e  PA content  o f  2. v u l g a r i s  

through i t s  var ious growth stages were c a r e f u l l y  consul ted (28) ,  although no 

p r i o r  s tud ies  regard ing t h e  growing o f  2. v u l g a r i s  i n  a sealed p l a n t  growth 

chamber were found. 

Senecio v u l g a r i s  seeds were c o l l e c t e d  from p l a n t s  n a t i v e  t o  t h e  Davis 

area and p lanted i n  peat pots. Approximately 14 days l a t e r  when t h e  seedlings 

had reached t h e  4 l e a f  s t a t e  (1.5 cm h igh ) ,  they were t ransplanted,  4 

seedl ings per  3” p l a s t i c  pot  t o  a m ix tu re  o f  50% v e r i c u l i t e - 5 0 %  sand. The 

p l a n t s  were grown i n  the  greenhouse an add i t i ona l  8 days. 
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TABLE 1 

Growth T r i a l  o f  Senecio v u l g a r i s  

Harves t  Days Number P l a n t  wet wt  i n  grams Crude PAS i n  PA y i e l d  as % 
Number i n  o f  p e r  12 p o t s  mg p e r  12 p o t s  o f  wet we igh t  

Rarves f  TOPS r o o t s  t o t a l  t o p s  r o o t s  t o t a l  t o p s  r o o t s  
Chamber o t s  P r 

1 12 10 65.9 35.3 101.2 18.1 7.3 25.4 .028 0.21 

2 18 12 92.3 45.6 137.9 30.6 - - -033 - 
3 21 1 2  112.1 48.4 160.5 30.7 11.2 41.9 .027 ,023 

4 26 1 2  129.6 57.3 186.9 47.5 11.1 58.6 .037 .019 

5 30 12 166.3 56.2 222.5 50.7 13.7 64.4 .030 .024 

6 34 12 190.7 55.5 246.2 66.2 10.1 76.3 .035 .018 

7 39 10 153.0 35.8 188.8 80.9 12.7 93.6 .053 .036 

Top = leaves  and stems 

- = PA c o n c e n t r a t i o n  n o t  de tenn ined 

E i g h t y  p o t s  (320 p l a n t s ) ,  22 days o l d ,  each approx ima te l y  2.5 cm h i g h  and 

possess ing  seve ra l  leaves, were t r a n s f e r r e d  t o  t h e  p l a n t  g rowth  chamber. The 

? l a n t s  were grown i n  t h e  chamber a c c o r d i n g  t o  t h e  techn iques  p r e v i o u s l y  

descr ibed.  The chamber was opened a t  s e l e c t e d  i n t e r v a l s  and p o t s  removed f rom 

random p o s i t i o n s  i n  t h e  chamber (Tab le  1). The PA c o n t e n t s  were de termined a t  

7 separa te  t i m e  p o i n t s  w i t h  t h e  f i n a l  h a r v e s t  u s i n g  p l a n t s  61 days o l d  (39 t 

2 2 ) .  

1 3 C ,  14C Senecio vu l  g a r i s  Exper iment 

To de tenn ine  i f  t h e  carbons o f  t h e  m a c r o c y c l i c  PAS o f  S. v u l g a r i s  wou ld  

be u n i f o r m l y  r a d i o l a b e l l e d  i n  14C02 exper iments ,  a dual  l a b e l l e d  I3CO2 (2.94 

mol )  and I4CO2 (250 mCi) exper iment  was performed. 
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Senecio v u l g a r i s  p l a n t s  were s t a r t e d  f rom seed, t h e  p l a n t s  t r a n s f e r r e d  t o  

t h e  chamber and grown as p r e v i o u s l y  descr ibed.  A f t e r  t h r e e  days i n  t h e  

chamber, t h e  14C02 was added f rom days 3 th rough  2 1  i n  f a i r l y  even 

increments .  The p l a n t s  were a l l o w e d  t o  me tabo l i ze  dny rema in ing  I4CO2 f o r  3 

days p r i o r  t o  h a r v e s t i n g  them. The 13C02 was s t a r t e d  s imu l taneous ly  w i t h  t h e  

I 4 C O 2  and d e l i v e r e d  ove r  t h e  same p e r i o d  o f  t i m e  as t h e  I 4 C O 2 ,  bu t  i n  

p r o p o r t i o n  t o  t h e  C02 used by t h e  p lan ts .  

F o l l o w i n g  t h e  s tandard  workup, 223 mg c rude a l k a l o i d s  were i s o l a t e d .  I n  

a d d i t i o n ,  100 mg o f  n o n - r a d i o l a b e l l e d  mixed PAS were added t o  t h e  hexane and 

e t h y l  e t h e r  r e s i d u e s  t o  y i e l d  a r a d i o l a b e l l e d  PA o f  l ower  s p e c i f i c  a c t i v i t y  

(13C and 14C). An a l i q u o t  of t h e  c rude PAS y i e l d e d  by HPLC a n a l y s i s  

senec ion ine  26.4%, s e n e c i p h y l l i n e ,  22.3%, and r e t r o r s i n e ,  9.8% (27) .  The 

s p e c i f i c  a c t i v i t i e s  were senec ion ine  0.52 uCi /  mol, s e n e c i p h y l l i n e  0.40 

uCi/ mol, r e t r o r s i n e  0.34 V C i /  inol. R a d i o l a b e l l e d  y i e l d  based on 174 V C i  

t o t a l  i n  t h e  3 p u r i f i e d  a l k a l o i d s  was 0.07%. Un i fonn  i n c o r p o r t i o n  o f  13C 

based on 13C-NMR v a r i e d  s l i g h t l y  f o r  each carbon atom i n  t h e  ,molecule w i t h  I 3 C  

enr ichment  r a n g i n g  f ro in  5.25 t o  6.5% (29-31) .  

Pu lsed 14C02 Exper iment :  

To de termine t h e  optimum c o n d i t i o n s  t o  produce t h e  h i g h e s t  s p e c i f i c  

a c t i v i t y  and y i e l d  o f  t h e  PAS, a s i n g l e  25 m C i  p u l s e  o f  14C02 was p rov ided  t o  

- S. v u l g a r i s  p l a n t s .  

Seed l ings  from 2. v u l g a r i s  were r a i s e d  as p r e v i o u s l y  descr ibed. On day 

0, t h e  p l a n t s  were p u l s e d  w i th  25  m C i  14C02 o v e r  a h a l f - h o u r  pe r iod .  The 

chamber was b r i e f l y  opened f o r  p a r t i a l  ha rves ts  and t e n  p o t s  (40 p l a n t s )  

removed f rom random l o c a t i o n s  i n  t h e  chamber a t  each i n t e r v a l  ( F i g .  3 ) .  I f  

t h e  p l a n t s  r e q u i r e d  w a t e r i n g  on t h e  day o f  ha rves t ,  t h e  w a t e r i n g  was per fo rmed 

immedia te ly  a f t e r  r e s e a l i n g  t h e  chamber. 
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DAYS AFTER i4c02 PULSE 

F i g u r e  3 

T o t a l  p y r r o l i z i d i n e  a l k a l o i d s  ( r e t r o r s i n e ,  s e n e c i p h y l l i p e  and senec ion ine )  
i s o l a t e d  a t  8 d i f f e r e n t  i n t e r v a l s  f o l l o w i n g  a s i n g l e  25 m C i  p u l s e  o f  14C02. 
The maximum p y r r o l i z i d i n e  a l k a l o i d  c o n c e n t r a t i o n  occu r red  1 9  days f o l l o w i n g  
t h e  1%0, pu lse .  

The d r i e d  c rude PAS f rom each h a r v e s t  were i s o l a t e d  as p r e v i o u s l y  

descr ibed,  d i s s o l v e d  i n  d i s t i l l e d  methanol ,  and weighed. Two in1 a l i q u o t s  were 

weighed, evapora ted  t o  dryness and reweighed. A l i q u o t s  were s u b j e c t e d  t o  

a n a l y t i c a l  HPLC measurements of t h e  PAS made a t  218 nm UV and r e f r a c t i v e  i n d e x  

( 2 7 ) .  The c o n c e n t r a t i o n s  o f  t h e  PAS ( senec ion ine ,  senec iphy l  l i n e  and 

r e t r o r s i n e )  were c a l c u l a t e d  u s i n g  PA s tandards .  The maximum y i e l d  o f  p u r i f i e d  

PAS by we igh t  occu r red  48 days f o l l o w i n g  p l a n t i n g ,  o r  19 days f rom t h e  14C02 

p u l s e  ( f i g .  3). A l i q u o t s  f r o m  t h e  o r i g i n a l  s o l u t i o n s  and f r o m  t h e  HPLC 

f r a c t i o n s  were counted  f o r  14C a c t i v i t y  t o  o b t a i n  t h e  r a d i o l a b e l l e d  y i e l d s  and 

t h e  s p e c i f i c  a c t i v i t i e s .  
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From F igs .  4,5 t h e  maxiinum r a d i o l a b e l l e d  y i e l d  o f  t h e  p u r i f i e d  PAS 

appeared t o  o c c u r  8 days a f t e r  t h e  14C02 pu lse .  However, t h e  maximurn 

r a d i o a c t i v i t y  may be  as l a t e  as day 1 5  i f  t h e  t o t a l  r a d i o a c t i v i t y  of t h e  c rude 

e x t r a c t ,  t h e  t h r e e  PAS p l u s  t h e  non-macrocyc l i c  PA peak (wh ich  may c o n t a i n  

v a l u a b l e  r a d i o a c t i v e  compounds such as r e t r o n e c i n e  and t h e  nec i c  a c i d s )  a r e  

i n c l  uded. 
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F i g u r e  4 

The t o t a l  r a d i o l a b e l l e d  a c t i v i t y  o f  each o f  t h e  3 PAS f o l l o w i n g  a s i n g l e  

25 m C i  14C02 pu lse .  
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The t o t a l  r a d i o l a b e l l e d  a c t i v i t y  

t h e  3 p y r r o l i z i d i n e  a l k a l o ' d s  ( r e t r o r s i n e ,  s e n e c i p h y l l i n e  and senec ion ine ) ,  
f o l l o w i n g  a s i n g l e  25 m C i  

ZDPM crude p y r r o l i z i d i n e  a l k a l o i d s ,  
CDPM p y r r o l i z i d i n e  a l k a l o i d s  p l u s  p o l a r  compounds and t h e  EDPM o f  

pu lse .  

The maximum s p e c i f i c  a c t i v i t y  occu r red  between days 3 and 4 f o l l o w i n g  t h e  

14C02 p u l s e  (F ig .  6) .  The p l a n t s  i n  l a t e  m a t u r i t y  had ceased b i o s y n t h e s i z i n g  

PAS approx imate ly  day 19 (day  48 a f t e r  p l a n t i n g )  as v e r i f i e d  by t h e  cons tan t  

s p e c i f i c  a c t i v i t y  and t h e  drop  i n  PA y i e l d  by we igh t  between day 19 and day 

25. When t h e  cu rve  f o r  t h e  DPM/ug f o r  t h e  t h r e e  a l k a l o i d s  i s  f u r t h e r  

analyzed, i t  i s  ev iden t  t h a t  t h e  I4C i s  i n c o r p o r a t e d  i n t o  t h e  p l a n t  t i s s u e s  

very  r a p i d l y  and t h a t  t h e  anabol ism of t h e  a l k a l o i d  i s  a l s o  r a p i d  (T 1 / 2  < 1 

day).  However, t h e  decay of t h e  s p e c i f i c  a c t i v i t y  i s  s lower  w i th  an apparent  

h a l f - l i f e  of two weeks and an apparent t u r n o v e r  t i m e  o f  3 weeks. The s l o p e  o f  

t h e  decay p robab ly  i n d i c a t e s  n o t  so much a s low  c a t a b o l i s m  o f  t h e  a l k a l o i d s ,  

a s  a con t inued  a v a i l a b i l i t y  of 1 4 C  f rom i t s  numerous p recu rso rs ,  some o f  which 
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may have s low tu rnove rs .  I n  any case, t h e  t r u e  c a t a b o l i s m  was s u b s t a n t i a l l y  

s lower  t h a n  t h e  t r u e  anabo l ism as shown by t h e  a lmost  l i n e a r  i nc rease  i n  t h e  

we igh t  o f  t h e  i s o l a t e d  PAS f rom day 2 u n t i l  day 19 d u r i n g  t h e  a c t i v e  grorr th o f  

t h e  p l a n t s .  

h 

(5, 

\ 

0 
LL 

DAYS AFTER 14~0, PULSE 

F i g u r e  6 

The s p e c i f i c  a c t i v i t y  o f  t h e  t o t a l  p y r r o l i z i d i n e  a l k a l o i d s  on a 
semi log  p l o t .  

800 m C i  E ~ p e r i m e n t - ~ ~ C O ~ :  

The 800 m C i  exper iment  was p lanned f o l l o w i n g  t h e  r e s u l t s  o f  t h e  2 5  m C i  

p u l s e d  exper iment.  The seed l i ngs  were grown and t r a n s p l a n t e d  as p r e v i o u s l y  

descr ibed.  The p l a n t s  were grown under  atmospher ic C02 c o n c e n t r a t i o n s  i n  t h e  

chamber f o r  1 2  days t o  i n s u r e  t h e  v i a b i l i t y  o f  t h e  p l a n t s  and t o  check a l l  

equipment. The h a r v e s t  #as t i m e d  so t h a t  t h e  p l a n t s  would reach m a t u r i t y ,  b u t  
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no t  be i n  a d e c l i n i n g  growth phase. o f  14C02 was 

administered as 50 m C i  f o l l owed  by 75 m C i  on a l t e r n a t e  days f o r  8 days. The 

r m a i n i n g  300 m C i  was prov ided a t  a r a t e  o f  75 m C i  per  day f o r  4 days. The 12 

days ( i n c l u s i v e )  o f  14C02 a d d i t i o n  was expected t o  co inc ide  w i t h  a c t i v e  p l a n t  

growth, q u a s i l i n e a r  increase i n  t o t a l  PA content  and t o  span somewhat l ess  

than one s p e c i f i c  a c t i v i t y  decay h a l f - l i f e .  The p lan ts  were harvested f i v e  

days f o l l o w i n g  t h e  l a s t  I 4 C O 2  add i t i on ,  t o  a l l o w  t h e  res idua l  r a d i o a c t i v i t y  i n  

t h e  chamber t o  subside and t o  co inc ide  as near l y  as poss ib le  w i t h  t h e  expected 

t ime o f  maximum r a d i o l a b e l l e d  y i e l d  o f  t h e  PAS. 

The f i r s t  500 mCi 

The r e s u l t s  o f  t h e  800 m C i  experiment a re  shown i n  Table 11. The y i e l d  

o f  p u r i f i e d  PAS by weight was r a t h e r  d isappoint ing,  s ince  it was on ly  about 

one fou r th  o f  what we were l e d  t o  expect by t h e  p r e l i m i n a r y  experiments. We 

do not know whether t h e  p l a n t s  d i d  not produce t h e  PAS i n  t h e  q u a n t i t y  we 

expected, o r  whether a s u b s t a n t i a l  amount was l o s t  du r ing  workup. 

A n a l y t i c a l  HPLC o f  t h e  senecionine on a Waters C-18 VBondapak column run 

i s o c r a t i c a l l y  w i t h  50% methanol, 50% 0.01 M phosphate b u f f e r  (pH 6.43) gave a 

s i n g l e  peak w i t h  t h e  218 nm UV de tec to r  and a r a d i o a c t i v e  peak beneath t h e  iJV 

peak amounting t o  97% of t h e  t o t a l  r a d i o a c t i v i t y .  A minor r a d i o a c t i v e  peak 

corresponding t o  1.2% o f  t h e  t o t a l  had a r e t e n t i o n  t ime corresponding t o  

seneciphy l l ine.  Rad iopur i t y  checks us ing d i f f e r e n t  so lvent  systems and HPLC 

columns e x h i b i t e d  a r a d i o p u r i t y  o f  97%, con f i rm ing  t h e  above r e s u l t  (27). 

The goal o f  o b t a i n i n g  pure PAS o f  h i g h  s p e c i f i c  a c t i v i t y  i n  q u a n t i t i e s  

s u f f i c i e n t  f o r  numerous metabol ic  experiments i n  v i t r o  and & was 

accomplished. This has al lowed t h e  i d e n t i f i c a t i o n  o f  a new PA metabol i te ,  19- 

hydroxysenecionine i s o l a t e d  from i n  v i t r o  mouse hepat ic  microsomes (32) .  The 

use o f  14C-radio label led PAS should a i d  a great  deal i n  t h e  i s o l a t i o n  o f  

numerous PA metabol i tes which remain t o  be i d e n t i f i e d .  
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TABLE I 1  

Y i e l d  from t h e  800 m C i  14C02 Exper iment 
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Py r r o  1 i z i d i ne 

A 1  k a l o  i ds 

T o t a l  

Y i e l d  

mg 

S p e c i f i c  A c t i v i t y  

mCi/mmol 

K e t r o r s i n e  5.5 3.43 

Seneci phy l  1 i ne 12.8 2.49 

Senecionine 30.3 3.42 

T o t a l s  48.6 
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