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COMPARISON 0 F H IGH-PER FORMANCE 

NUCLEAR MAGNETIC RESONANCE SPECTRO- 
LIQUID CHROMATOGRAPHY WITH 1H 

METRY FOR THE QUANTITATIVE ANALYSIS 
OF PYRROLlZlDlNE ALKALOIDS FROM 

SENECIO VULGA RIS 

L. A. C. Pieters and A. J. Vlietinck 
Department of Pharmaceutical Sciences 

Univeristy of Antwerp (U.) 
B-2610 Antwerp, Belgium 

ABSTRACT 

A high-performance liquid chromatographic method for the 

analysis of pyrrolizidine alkaloids from Senecio vulgaris has 

been developed using narceine-HC1 as an internal standard. A 

reversed phase procedure with a methanol/.Ol M KH PO 3 0 / 7 0  

solvent system is described, and compared with a quantitative 
1 
H Nuclear Magnetic Resonance spectrometric method. Some ad- 

2 4  

vantages and limitations are discussed. 

INTRODUCTICN 

Pyrrolizidine containing plants are found all over the 

world. These alkaloids show a remarkable toxicity, which is 

745 
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746 PIETERS AND VLIETINCK 

due to metabolic activation of the free alkaloid base or its 

N-oxide to the correspcnding pyrrole derivate. Being alkyla- 

ting agents, these metabolites are able to interfere with 

mitosis. The pyrrolizidines should therefore also be consi- 

dered as potential antitumoral products (1). Nevertheless the 

analytical tools for the determination of the individual pyr- 

rolizidine alkaloids in mixtures are very limited. Recently 

we have described a method to analyze pyrrolizidine mixtures 

using H Fourier Transform Nuclear Magnetic Resonance Spec- 

troscopy ( H FT NMR) in a quantitative way. Senecio vulgaris 

L. (Compositae), known as common groundsel, was chosen as 

pyrrolizidine containing plant ( 2 ) .  Because most laboratories 

don't have the disposal of a IT NMR instrument for routine 

analyses, we wanted also to develop a High-Performance Liquid 

Chromatographic (HPLC) method, in order to compare it with 

the H FT NMR procedure. At the moment some procedures for 

the isolation and identification of pyrrolizidine alkaloids 

by HPLC have been published ( 3 , 4 , 5 ) .  However a quantitative 

HPLC method has been described for Senecio jacobaea only ( 5 ) .  

Therefore we have chosen a HPLC system, which has already 

been established, and which is generally applicable for a 

wide range of pyrrolizidines ( 4 ) .  in order to adapt it as a 

quantitative method, using an internal standard, and to exa- 

mine if this technique is a good alternative for quantitative 
1 
H NMR spectrosccpy, which is often employed for the routine 

analysis of samples containing pyrrolizidine alkaloids at the 

1 

1 

1 

moment. 
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QUANTITATIVE ANALYSIS OF PYRROLIZIDINE ALKALOIDS 141 

MATERIALS AND METHODS 

- HPLC c o n d i t i o n s .  The modular HPLC a p p a r a t u s  consisted 

o f  a g l a s s  s o l v e n t  r e s e r v o i r ,  equipped  wi th  a low p r e s s u r e  

mcbi le  phase  f i l t e r  w i th  a p o r e  s i z e  o f  2 P m ,  a d iaphragm 

pump ( O r l i t a ,  Germany), equipped  w i t h  a p u l s e  dampener ,  a 

Model CV-6UHPa-N60 1000 p s i  manual sample  i n j e c t i o n  v a l v e  

(Valco  I n s t r u m e n t s  C o . ,  USA), and a v a r i a b l e  wave leng th  U V  

d e t e c t o r  (Model 4 5 0 ,  Waters A s s o c i a t e s ,  USA). A 10 p C18 

Bondapak r e v e r s e d  phase  column (30 cm x 3.9 mm) (Waters 

A s s o c i a t e s ,  USA) was used .  The chromatograms were recorded on 

a H e w l e t t  Packard Model 3380 A i n t e g r a t o r .  The mobile p h a s e  

was a degassed  methanol - .01 K H  PO (PH 6.3) 3 0 / 7 0  v/v mix- 

t u r e .  The samples  were d i s s o l v e d  i n  methanol f o r  i n j e c t i o n .  

A f t e r  s t u d y  of t h e  U V  spec t rum o f  s e n e c i p h y l l i n e  ( s p h ) ,  

s e n e c i o n i n e  ( s n )  and r e t r o r s i n e  ( r s ) ,  which showed an  U V  

abso rbance  peak  a t  218,8 nm (Perkin-Elmer Lamba 5 UV/VIS 

S p e c t r o p h o t o m e t e r ) ,  a detector wavelength  o f  219 nm was cho- 

s e n .  A l l  chemica l s  were a n a l y t i c a l  g r a d e .  The s t r u c t u r e s  of 

t h e  a l k a l o i d s  a r e  shown i n  f ig .  1. 

TM 

2 4  

C a l i b r a t i o n  A mix tu re  o f  p u r e  s p h ,  s n  and rs was u s e d  f o r  

c a l i b r a t i o n .  F i v e  r e f e r e n c e  samples  were p r e p a r e d ,  w i t h  d i f -  

f e r e n t  c o n c e n t r a t i o n s  of t h e s e  p y r r o l i z i d i n e  a l k a l o i d s ,  and  a 

f i x e d  amount of narceine-HC1 as a n  i n t e r n a l  s t a n d a r d .  Narcei- 

ne-HC1 was pu rchased  from t h e  Ald r i ch  Chemical Company. T h i s  

p roduc t  shcwed a c o n s i d e r a b l e  U V  abso rbance  a t  219 nm. The 

c o n c e n t r a t i o n  r ange  o f  rs was 0 , 0 3 - 0 . 2 5  mg/ml, o f  s p h  0 , 0 8 -  

0 . 6 4  mg/ml, and of sn 0 , 0 5 - 0 . 3 8  mg/ml. The c o n c e n t r a t i o n  o f  
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PIETERS AND VLIETINCK 

OH 

O=C C-0 

Ht?5' 
Rt=-CH3, Rz=-H, R3=H SENECIONINE 
R1= -H, R?=-Cy, 4. H HTEGERRIMINE 
R1= -Cy, R2 = -H, 4 = -OH RETRORSINE 
Rl=-H, b=-Cy, R3z-W USARAMINE 

OH 

o=c 11 t=o 

H&2 

R1= -CH3, & = -H 
R1= -H, &= Cy SPARTIOIDINE 

SENECIPHYLLINE 

Figure  1. 

The p y r r o l i z i d i n e  a l k a l o i d s  from S e n e c i o  v u l g a r i s .  

narceine-HC1 was 0 ,051  mg/ml. The r e f e r e n c e s  were chromato-  

g raFhed ,  ( i n j e c t i o n  volume 4-0 r l ,  f low ra te  2 ml/min)  and  

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

c u l a t e d  by a l e a s t  s q u a r e s  method. 

Procedure  Sample p r e p a r a t i o n  and q u a n t i t a t i v e  H FT NMR 

a n a l y s i s  of t h e  p y r r o l i z i d i n e  a l k a l o i d s  from S . v u l g a r i s  f o l -  

lowed s t a n d a r d  p rccedures  (2 ) .  1 4 1  Grams o f  f i n e l y  g r o u n d ,  

d r i e d  p l a n t  m a t e r i a l  were e x t r a c t e d .  A l l  t h e  N-oxides were 

reduced .  About 5 mp o f  t h e  u l t i m a t e  p y r r o l i z i d i n e  sample  was 

d i s s o l v e d  i n  methanol (20 m l ) ,  c o n t a i n i n g  0,038 mg/ml n a r c e i -  

ne-HC1 a s  an i n t e r n a l  s t a n d a r d  and chromatographed s e v e r a l  

t imes .  and t h e  flow r a t e  v a -  

1 

The i n j e c t i o n  volume was 6 p1, 
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QUANTITATIVE ANALYSIS OF PYRROLIZIDINE ALKALOIDS 149 

r i e d  b e t w e e n  1 , 4 - 1 , 8  ml/min.  The o t h e r  p a r t  was a n a l y z e d  b y  

q u a n t i t a t i v e  H FT N I R  s p e c t r o s c c p y .  
1 

F i g .  2 shows t h e  s e p a r a t i c n  of a r e f e r e n c e  m i x t u r e  of 

p u r e  s p h ,  s n ,  rs and narce ine-HC1.  C o e f f i c i e n t s  of t h e  c a l i -  

b r a t i o n  c u r v e s  and r e t e n t i o n  t i m e s ,  r e l a t i v e  t o  n a r c e i n e - H C 1 ,  

a r e  l i s t e d  i n  t ab l e  1. 

F i g .  3 shows t h e  s e F a r a t i o n  of a n  unknown p y r r o l i z i d i n e  

c o n t a i n i n g  s a m p l e  from S . v u l g a r i s .  The r e l a t i v e  r e t e n t i o n  

times o f  s p h ,  s n  a n d  rs c o r r e s p o n d  w i t h  t h r e e  p e a k s  i n  t h i s  

chromatogram. B e c a u s e  of t h e  p r e s e n c e  o f  t h e  geometrical i so -  

mers s p a r t i o i d i n e  (sip),  i n t e g e r r i m i n e  ( i n t )  a n d  u s a r a m i n e  

( u s ) ,  e s t a b l i s h e d  b y  H NMR s p e c t r o m e t r y  ( 2 1 ,  t h e  p e a k s  are 

b r o a d e n e d  or  e v e n  s p l i t  u p .  The p r e s e n c e  of t h e s e  a l k a l o i d s  

i n  t h e  s a m p l e  was c o n f i r m e d  by C NMR s p e c t r o m e t r y .  

1 

13 

The chromatograms were q u a n t i f i e d  b y  m e a s u r i n g  t h e  r a t i o  

of d r u g  t o  i n t e r n a l  s t a n d a r d ,  b a s e d  on  p e a k  a rea .  R e s u l t s  of 

TABLE 1 
Relative retent ion times and c a l i b r a t i o n  curves f o r  rs ,  sph and sn 

peak no. r e l a t i v e  a* b* 1 i near 
.................................................................. re ten t i on  t i m e  c o r r e l  a t i  on 

Rs 1 0,30 0,39911 -0,01336 0,99942 
2 0.43 0,37392 0,02892 0.99566 

sn 3 0.68 0,31964 -0,00604 0,99923 
SPh 

Narceine- 4 1 ,oo 

co 
Relative c a l i b r a t i o n  curves y = ax + b w i t h  y = Area (= 

H C l  

Weight (component) = IArea(3 cc 
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750 PETERS AND VLIETINCK 

2 

1 

* I 

0 4 8 12 16 20 24 

Time (min) 

Figure  2 .  

Chromatogram o f  a r e f e r e n c e  s c l u t i o n ,  c c n t a i n i n g  r e t r o r s i n e  

( 0 , 1 2 5  mg/ml), s e n e c i p h y l l i n c  ( 0 , 3 2 2  m g / m l ) ,  s e n e c i o n i n e  

( 0 , 1 9 3  mq/ml) and narceine-HC1 ( 0 , 0 5 7  m g / m l )  i n  m e t h a n o l .  

Peak 1 = r s ,  Peak 2 = s p h ,  Peak 3 = sn,  Peak 4 = n a r c e i n e -  

H C 1 .  HPLC c o n d i t i o n s  : e x p e r i m e n t a l  s e c t i o n .  
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QUANTITATIVE ANALYSIS OF PYRROLIZIDINE ALKALOIDS 75 1 

2B 

8 4 n a: 

3 1 

0 4 8 1 2  16  2 0  2 4  28 3 2  36  

Time (min) 

Figure 3. 

Chromatogram cf a pyrrolizidine alkaloid sample from S.vulga- 

- ris containing about 0 , 2 6  mg/ml pyrrolizidines and 0,038 

mg/ml narceine-HC1 in methanol. Peak 1 - rs/us, Peak 2 A  I SQ, 

Peak 2B = sph, Peak 3 = sn/int, Peak 4 = narceine-HC1. HPLC 

conditions : experimental section. 

1 
both HPLC and H NMR spectroscopic analyses, calculated for 

the total extract, are given in table 2. To allcw quantita- 

tion of the chromatograms the UV abscrbance of the 2- and E- 

isomers was supposed to be completely similar. In view of 

some reference data, this generalisation seems to hold for a 

methanolic-aqueous solvent system ( 6 ) .  

The HPLC results are "day to day" values. The difference in 
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152 PIETERS AND VLIETINCK 

TABLE 2 
Comparison of the two methods o f  analysis. 
deviat ion o f  the mean) 

Results and f a u l t s  (standard 

'H FT NMR-method * 

Rs/Us 1 6 9,0+1,S 8,6+1,5 10,3+0,3 9,6+0,3 

HPLC -met hod 
-eenk_no,,_n__-welgh!l~g~-__-- X -  elgh!lr?gl--------- x 

Sph/Sp 2 6 73,1+3,2 69,5+4,4 72,4_+0,2 67,520,4 
Sn/Int 3 6 23,123.2 22,0+3,2 24,6+0,1 22,9+0,2 

105,2 mg 107.3 mg 
1 The X o f  2 - isomers (Rs, Sph and Sn), ca l cu la ted  by H FT NMR, was 76.8 X 

p r e c i s i o n  between "day t o  day"  and " w i t h i n  day"  measurements 

was no t  s i g n i f i c a n t .  

DISCUSSION 

This  HPLC method appea r s  t o  be a n  e x c e l l e n t  procedure  

f o r  r e so lv ing  c l o s e l y  r e l a t e d  p y r r o l i z i d i n e  a l k a l o i d s .  D i f -  

f e r en t ,me thano l -wa te r  p r c p o r t i o n s  were t e s t e d ,  Going from 60% 

t o  20% v / v  methanol.  The p y r r o l i z i d i n e s  were always r e s o l v e d  

very  well, b u t  t h e  s e p a r a t i o n  of t h e  i m p u r i t i e s  from t h e  

a l k a l o i d s  i n  t h e  e x t r a c t  was best a c h i e v e d  by u s i n g  a metha- 

nol-.Ol M KH PO 30/70 v/v sys tem.  The s o l v e n t  sys tems con- 

t a i n i n g  t h e  h i g h e s t  amcunt of water produced t h e  l o n g e s t  

r e t e n t i o n  times. 

2 4  

Narceine-HC1 was most conven ien t  as an i n t e r n a l  s t a n -  

dard.  I t  can a l s o  be employed for  the a n a l y s i s  of o t h e r  pyr -  

r o l i z i d i n e  a l k a l o i d  mix tu res .  I n t e r n a l  s t a n d a r d s  a r e  used  in 

o r d e r  to  ccmpensate f o r  a number o f  v a r i a b l e s ,  most c r i t i -  
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QUANTITATIVE ANALYSIS OF PYRROLIZIDINE ALKALOIDS 153  

c a l l y  t h e  i n j e c t i o n  volume.  They a r e  almost e s s e n t i a l  f o r  

p r e c i s e  and c r e d i b l e  r e s u l t s  w i t h  s y r i n g e  i n j e c t i o n .  A l o t  of 

a l k a l o i d s  were t e s t e d  a s  a n  i n t e r n a l  s t a n d a r d ,  b u t  t h e  o n l y  

p r c d u c t  h a v i n g  a s a t i s f a c t o r y  r e t e n t i o n  time i n  o u r  HPLC 

sys tem bas narce ine-HC1.  Because  o f  i ts s o l u b i l i t y  i t  was n o t  

p o s s i b l e  t o  used  t h e  same compound a s  a n  i n t e r n a l  s t a n d a r d  t o  

compensate  f o r  r e c c v e r y  f a c t o r s  d u r i n g  t h e  e x t r a c t i o n .  The 

n a r c e i n e  b a s e  is n e a r l y  i n s o l u b l e  i n  c h l o r o f o r m ,  w h i c h  is 

used  f o r  t h e  e x t r a c t i o n  of t h e  p y r r o l i z i d i n e s  from a n  a l k a l i n e  

p h a s e ,  and i n  a d d i t i o n  it h a s  a c a r b o x y l i c  a c i d  f u n c t i o n  

(pk = 9,3). 
a 

T h e r e f o r e  i t  is  a d d e d  t o  t h e  f i n a l  e x t r a c t ,  j u s t  before t h e  

q u a n t i t a t i v e  a n a l y s i s .  

Because cf  t h e  b e n e f i t s  o f  u s i n g  t h i s  p r o d u c t  as  a s t a n d a r d  

f o r  t h e  HPLC a n a l y s i s ,  a c d  b e c a u s e  a s t a n d a r d  p r o c e d u r e  f o r  

t h e  e x t r a c t i o r .  o f  a l k a l o i d s ,  which  h a s  b e e n  o p t i m i z e d  f o r  

p y r r o l i z i d i n e s  b y  many a u t h o r s ,  was u s e d  , t h i s  is o n l y  a 

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

The d a t a  p r e s e n t e d  show t h a t  HPLC, w i t h  a n  i n t e r n a l  s t a n d a r d ,  

is  a f a s t  and e f f i c i e n t  methcd  f o r  t h e  a n a l y s i s  o f  t h e  p y r r o -  

l i z i d i n e  a l k a l o i d s  c c n t a i n i n g  e x t r a c t s .  Q u a n t i t a t i v e  ‘H FT 

NMR s F e c t r o s c o p y ,  h c w e v e r ,  g i v e s  more p r e c i s e  ar.d r e l i a b l e  

r e s u l t s  t h a n  HPLC. 

The s e p a r a t i o n  o f  p y r r o l i z i d i n e s  from i m p u r i t i e s  is v e r y  

i m p o r t a n t  f o r  HPLC,  b e c a u s e  p e a k  o v e r l a F p i n g  c a n  lead t o  

s y s t e m a t i c  errors. F o r  H NkR t h e  p r e s e n c e  of i m p u r i t i e s  

seems t o  b e  less c r i t i c a l .  With  o u r  HPLC s y s t e m  i t  is  impos-  

s i b l e  t o  d i s t i n g u i s h  b e t w e e n  Z a n d  E geometrical i s o m e r s ,  

1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



I54 PIETERS AND VLIETINCK 

TABLE 3 
1- H FT NMR techniques f o r  the determination of Comparison o f  the HPLC and 

py r ro l i z i d ine  a lka lo ids 

c,!!nrsctrr!stlc 
r e l i a b i  li ty  
precision 
s e n s i t i v i t y  
interferences ( impur i t i es )  
mini pul a t i  on ti me 
blocking o f  apparatus 
adaption t o  other  assays 
apparatus cost p r i c e  
reagent cost  p r i c e  
personnel q u a l i f i c a t i o n s  

!PIG 
good 
acceptable 
h igh 
f a i r l y  good 
1 ong 
important 
colnpl i c a t e d  
l O W  
l O W  
normal 

'H FT NMR --------- 
good 
good 
l o W  
good 
short 
s l i g h t  
easy 
high 
high 
high 

a l thcugh  t h e  r e t e n t i o n  t i m e s  a r e  s l i g h t l y  d i f f e r e n t .  The Z / E  

p r o p o r t i o n  can be  c a l c u l a t e d  b y  means o f  q u a n t i t a t i v e  H NMR 

spec t roscopy .  

1 

The advantages  and d i s a d v a n t a g e s  o f  bo th  methods a r e  

shown i n  t a b l e  3. T h i s  HPLC p r o c e d u r e  p rcduces  re l iable  re- 

s u l t s ,  bu t  as an  a n a l y t i c a l  method q u a n t i t a t i v e  H FT NMR 

spec t romet ry  is s u p e r i o r ,  e s p e c i a l l y  f o r  samples  c o n t a i n i n g  a 

c o n s i d e r a b l e  anount  o f  i m p u r i t i e s .  N e v e r t h e l e s s  HPLC, which 

is commonly used i n  most a n a l y t i c a l  l a b o r a t o r i e s ,  can  be 

a p p l i e d  f o r  t h e  a n a l y s i s  o f  r e l a t i v e l y  p u r e  p y r r o l i z i d i n e  

a l k a l o i d s  c o n t a i n i n g  e x t r a c t s .  

1 
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