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REVERSE PHASE ISOLATION OF PYRROLIZIDINE ALKALOIDS 

H. J .  Segal l  
Department o f  Physiological Sciences 

School o f  Veterinary Medicine 
University of Ca l i fo rn ia  
Davis, Ca l i fo rn ia  95616 

ABSTRACT 

A new l i q u i d  chromatography method f o r  t he  i s o l a t i o n  o f  
py r ro l i z id ine  a lka lo ids  has been developed. 
phase h igh  p res su re  l i q u i d  chromatography with a methanol - .01 M 
KHzPOo (DH 6.31 so lvent  system i s  discussed. Py r ro l i z id ine  

The use  o f  reverse  

a lka lo ids  from- Senecio vu iga r i s  , 5. longilobus ,. and 2. j acobaea 
have been i s o l a t e d  and i d e n t i f i e d .  

INTRODUCTION 

During t h e  las t  t en  years ,  a growing i n t e r e s t  has developed 

regarding t h e  t o x i c  p rope r t i e s  o f  py r ro l i z id ine  a lka lo ids .  

t o x i c i t i e s  which t h e  py r ro l i z id ine  a lka lo ids  possess a r e  o f  

considerable concern t o  both ve t e r ina ry  and human medicine. 

These pyrrolizidine-containing p lan t s  a r e  found worldwide, and 

inc lude  a v a r i e t y  of  botan ica l  f ami l i e s  (1). 

The 

In  a s e r i e s  o f  a r t i c l e s ,  Sega l l  and co-workers have de te r -  

mined a p r a c t i c a l  h igh  pressure  l i q u i d  chromatography (HPLC) 

procedure t o  a i d  i n  t h e  p u r i f i c a t i o n  o f  py r ro l i z id ine  a lka lo ids  

( 2 - 4 ) .  This  method was based on a THF- .01 M ammonium carbonate 

(pH 7 . 8 )  so lvent  system i n  conjunction with a 10  p C18 Bondapak 

CN column. 
r eve r se  phase HPLC t o  i s o l a t e  ind iv idua l  py r ro l i z id ine  a lka lo ids  

This a r t i c l e  w i l l  discuss t h e  f e a s i b i l i t y  of  using 
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4 30 SEGALL 

derived from Senecio vulgar i s  , 2. longilobus and S. j acobaea. 

Senecio vulgar i s ,  5. longilobus and 2. jacobaea contain similar 

py r ro l i z id ine  a lka lo ids ,  and a r e  t o x i c  t o  both humans and l i ve -  

stock i n  the  Western U.S.A. 

MATERIALS AND METHODS -~ 

Senecio vulgar i s  was handpicked from ba le s  o f  f i r s t - c u t t i n g  

a l f a l f a  nea r  Turlock, Ca l i fo rn ia .  Senecio longilobus was col -  

l ec t ed  by D r .  A. E .  Johnson (Poisonous P lan t  Research Laboratory, 

Logan, Utah) near Lovington, N e w  Mexico, and s e n t  t o  D r .  R. J .  

Molyneux (WRRC, ARS, Albany, Cal i forn ia) .  D r .  Molyneux kindly 
provided t h e  au thor  wi th  a white c r y s t a l l i n e  mixture o f  pyrro- 

l i z i d i n e  a lka lo ids  derived from - S. longilobus (4).  Senecio 

jacobaea was co l l ec t ed  by D r .  Pe t e r  R.  Cheeke (Department o f  
Animal Science, Oregon S t a t e  University,  Corva l l i s ,  Oregon) and 

s e n t  t o  t h e  author.  

Pyr ro l iz id ine  a lka lo ids  from 2. vu lga r i s  and 2. jacobaea 
were obtained by re f lux ing  d r i ed  p l an t  mater ia l  with methanol f o r  

a t  l e a s t  24 hours (Soxhlet). The methanol was removed under 

reduced pressure,  t h e  e x t r a c t  s o l u b l i l i z e d  with 2 N H z S 0 4 ,  and 

f i l t e r e d  (Whatman i l l ) .  

mixed hexanes and d i e thy le the r  t o  in su re  removal o f  chlorophyll  

and waxes. 

t o  reduce any N-oxides o f  t he  py r ro l i z id ine  a lka lo ids ,  and s t i r r e d  

overnight a t  room temperature. 
pH adjus ted  t o  9 wi th  ammonium hydroxide. 

was ex t r ac t ed  wi th  chloroform, washed with water, d r i e d  over 

sodium s u l f a t e  and evaporated under reduced pressure .  

a lka lo ids  derived from 2. vu lga r i s  were r e c r y s t a l l i z e d  from 
ethanol while t h e  a lka lo ids  from 2. longilobus were r e c r y s t a l l i z e d  

from acetone-methanol (4) .  No attempt was made t o  r e c r y s t a l l i z e  

t h e  py r ro l i z id ine  a lka lo ids  derived from 2. j acobaea. 

The ac id  aqueous phase was ex t r ac t ed  with 

Excess z inc  dus t  was added t o  the  a c i d  aqueous phase 

The so lu t ion  was f i l t e r e d  and t h e  

The a l k a l i n e  so lu t ion  

The 
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PYRROLIZIDINE ALKALOIDS 431 

A so lvent  programming system (Waters Associates) cons i s t ing  
o f  2 pumps (Model 6000 A), a so lvent  programmer (Model 600) and a 
10  p C18 Bondapak Reverse Phase Column (30 cm X 3.9 mm) were 

u t i l i z e d .  A Schoeffel  Spectroflow Monitor (SF 770) was used t o  
monitor a t  225 nm, and recorded on a Varian A-25 recorder .  

U t i l i z i n g  a flow r a t e  o f  1 . 2  m l / m i n ,  both i s o c r a t i c  and l i n e a r  
grad ien ts  were run wi th  a methanol - .01 M potassium phosphate 

(MeOH/.Ol M KHJPO4) bu f fe r  (PH 6.3).  

A l l  HPLC peaks were analyzed by Gas Chromatography Mass 
Spectrometry. A 3% OV-17, 80/100, 4' long column, with an  oven 
temperature o f  220DC, was used with an LKB-9000 mass spec  p lus  

computer hook-up and p r in tou t  (Dig i ta l  PDP-8). 

RESULTS 

The following separa t ions  were achieved us ing  t h e  mixed 

py r ro l i z id ine  a lka lo ids  of - S. vulgar i s .  
o f  50% MeOH - 50% . O l  M KHzPQ (pH 6 .3 ) ,  55% MeOH - 45% .01 M 

K b  PO4 (pH 6.3),  and 60% MeOH - 40% . 01 M Kb PO4 (pH 6.3) a r e  

i l l u s t r a t e d  i n  Figure 1 and Figure 2a and 2b. The i n i t i a l  peak 

was a so lvent  peak, while t h e  remaining peaks represent  pyrro- 

l i z i d i n e  a lka lo ids .  The i n i t i a l  shoulder of Peak #1 ( i l l u s t r a t e d  

i n  Figures 1 and 2a) remains un iden t i f i ed  and w i l l  be discussed 

i n  a f u t u r e  paper. 

r a t i o  (m/e) o f  351, Peak 2 i s  senec iphyl l ine  (m/e 333) and Peak 3 

i s  senecionine (m/e 335). 

I s o c r a t i c  HPLC conditions 

Peak 1 i s  r e t r o r s i n e  with a mass t o  charge 

The mixed py r ro l i z id ine  a lka lo ids  from 2. longilobus were 

bes t  separa ted  under t h e  following conditions.  U t i l i z i n g  a flow 

r a t e  o f  1 . 2  ml/min, a convex gradien t  (#7) o f  MeOH - . 01 M KHz Po4 

(pH 6.3) was run from 50% MeOH t o  85% MeOH over a 25 minute 
period (Figure 3).  Peak 1 is r i d e l l i n e  (m/e 349), Peak 2 i s  
r e t r o r s i n e  (m/e 351), Peak 3 i s  unident i f ied ,  Peak 4 i s  senec i -  

phy l l ine  (m/e 333), Peak 5 i s  probably senki rk ine  ( r e f e r  t o  
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FIGURE 1 

I s o c r a t i c  ana lys i s  o f  py r ro l i z id ine  a lka lo ids  der ived  from Senecio 
vulgar i s .  A 50% MeOH - 50% KH2P% (pH 6 . 3 )  so lvent  system was 
u t i l i z e d  with a 300 mm X 3.9 nun 10 l~ C18 Reverse Phase p lus  flow 
r a t e  of 1 . 2  ml/min, i n j e c t e d  1 0  ~ 1 ,  s tock  s o l u t i o n  - -0016 g 
d isso lved  i n  200 p1 methanol, Peak #1 = Retrors ine ,  Peak #2  = 
Seneciphylline,  Peak # 3  = Senecionine. 

Discussion Sec t ion) ,  Peak 6 i s  senecionine (m/e 335)  and Peak 7 

i s  unident i f ied .  

A mixture o f  py r ro l i z id ine  a lka lo ids  from 2. jacobaea was 
a l s o  run using t h e  MeOH - KH2P04 (pH 6 . 3 )  so lvent  system with a 

flow r a t e  o f  1 . 2  ml/min. 
increased  the  MeOH from 45% t o  70% over a 20 minute per iod .  

a few of these  peaks have been i d e n t i f i e d .  

A l i n e a r  grad ien t  was used which 
Only 

DISCUSSION 

The MeOH - .01 M K H z P O  (pH 6 . 3 )  so lvent  system p l u s  10 1-1 

C18 Bondapak Reverse phase column appears t o  be an exce l l en t  
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FIGURE 2a 
A 55% MeOH - 45% KbP@ (pH 6 . 3 )  i s o c r a t i c  ana lys i s  o f  pyrro- 
l i z i d i n e  a lka lo ids  derived from Senecio vu lga r i s .  
conditions,  and peaks as i n  Figure 1. 

Other 

FIGURE 2b 

A 60% MeOH - 40% K%P04 (PH 6.3) i s o c r a t i c  ana lys i s  o f  pyrro- 
l i z i d i n e  a lka lo ids  derived from Senecio vulgar i s .  
and peaks a s  i n  Figure 1. 

Other conditions 

system f o r  reso lv ing  c lose ly  r e l a t e d  py r ro l i z id ine  a l k a l o i d s .  In  

a s e r i e s  o f  experiments, t h e  pH o f  t he  potassium phosphate b u f f e r  

was t e s t e d  from a h igh  of 7 . 8  t o  6.3. 

l o s s  i n  r e so lu t ion  i n  us ing  a .01 M KI&PO+ b u f f e r  a t  a pH of 6.3. 

There appears t o  be no 

Any HPLC packing ma te r i a l  which i s  s i l i c a  based i s  sub jec t  

t o  d i s so lu t ion  over a pe r iod  o f  time i f  i t  i s  run i n  an aqueous 

so lvent .  Under a l k a l i n e  conditions @H > - 8), s i l i c a  g e l  w i l l  
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FIGURE 3 

A grad ien t  ana lys i s  o f  Senecio longilobus. Methanol was increased  
from 50-80% over 25 minutes u t i l i z i n g  Waters' convex program #7 
( r e f e r  t o  Mater ia l s  and Methods), i n j e c t e d  3 pl, s tock  
so lu t ion  - .0027 g d isso lved  i n  200 1-11 methanol. Peak #1 = 
Ride l l ine ,  Peak # 2  = Retrors ine ,  Peak #3 = Unident i f ied ,  Peak # 4  
= Seneciphylline,  Peak #5 = Senkirkine (?), Peak #6 = 
Senecionine, Peak #7 = Unident i f ied .  
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PYRROLIZIDINE ALKALOIDS 435 

r ap id ly  d isso lve  (5).  Thus, t h e  l i f e  expectancy of a r eve r se  

phase column w i l l  be enhanced by using a bu f fe r  which i s  s l i g h t l y  
a c i d i c  (.01 M K k P Q  a t  pH 6 . 3 ) .  

Another advantage of t h e  MeOH-KH2P04 (pH 6 . 3 )  so lvent  system 

over t h e  THF-.O1 M ammonium carbonate so lvent  system i s  t h a t  

py r ro l i z id ine  a lka lo ids  may be monitored a t  t h e i r  maximum UV 
wavelengths. 

s tud ie s ,  f u r t h e r  t r ia ls  with 218 nm and 219 nm have proven 

successful.  

d e f i n i t e  l imi t ing  f a c t o r  i n  t h e  i d e n t i f i c a t i o n  of  py r ro l i z id ine  

a lka lo ids .  

Although UV wavelengths a t  225 nm were used i n  these  

The s t rong  UV absorption by THF below 230 nm i s  a 

The i d e n t i f i c a t i o n  of  %ew" pyr ro l i z id ine  a lka lo ids  a l s o  i s  
increased with t h i s  system. 

Bull e t  a l .  (1) i s  considered t o  have only 4 pyr ro l i z id ine  

a lka lo ids  ( r i d e l l i n e ,  r e t r o r s i n e ,  seneciphylline,  senecionine).  

In  Figure 2 ,  t h e r e  a r e  d e f i n i t e l y  7 peaks, and it appears t h a t  

Peak 5 has been i d e n t i f i e d  a s  senkirkine ( 6 ) .  Future e f f o r t s  

w i l l  be made t o  i s o l a t e  and i d e n t i f y  t h e  add i t iona l  peaks. 

Senecio longilobus,  according t o  

Thus, t he re  appears t o  be no lo s s  i n  reso lu t ion  with mixtures 
o f  py r ro l i z id ine  a lka lo ids  from e i t h e r  5. vu lga r i s  o r  2. 
longilobus u t i l i z i n g  t h i s  so lvent  system. 
py r ro l i z id ine  a lka lo ids  from S. jacobaea with t h e  MeOH - .01 M 

K b P Q  (pH 6 . 3 )  system has not  y ie lded  t h e  r e so lu t ion  t h a t  t h e  

THF-ammonium carbonate system provided (7). 

I d e n t i f i c a t i o n  of 

The s igni f icance  of t h i s  work i s  t h a t  a Reverse Phase System, 
e spec ia l ly  one u t i l i z i n g  MeOH, i s  f a r  simpler and more economical 

t o  use than  a THF system. 

with t h e  ana ly t i ca l  reverse  phase column, it i s  poss ib le  t o  

u t i l i z e  a prepara t ive  system, thus g rea t ly  increas ing  t h e  sample 

loading capacity.  
t h a t  i t  i s  no t  engineered t o  run gradien ts .  

my laboratory w i l l  discuss t h e  i s o l a t i o n  of py r ro l i z id ine  
a lka lo ids  u t i l i z i n g  a prepara t ive  system, and t h e  cha rac t e r i za t ion  

of  %ew" pyr ro l i z id ine  a lka lo ids .  

Once conditions have been determined 

The disadvantage of t h e  prepara t ive  u n i t  i s  
Future papers from 
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