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PREPARATIVE HPLC OF THE LIPID 

FRACTION OF 'TEUCRIUM CANADENSE L.  

L.A. Anderson, N.S. Doggett and M.S.F.Ross 

Welsh School of Pharmacy, 

U.W.I.S.T. 

King Edward V I I  Avenue, C a r d i f f .  

G t .  B r i t a i n .  

ABSTRACT 

The p e t r o l  e x t r a c t  of h i g h e r  p l a n t s  u s u a l l y  a f f o r d  
p h y t o s t e r o l s ,  t r i t e r p e n e s ,  hydrocarbons and t r i g l y c e r i d e s  
a s  t h e  major components. The s e p a r a t i o n  of t h e s e  by conven- 
t i o n a l  columri chromatography can be very time-consuming. 
The use of HPLC methods can e f f e c t  a cons iderable  reduct ion  
i n  a n a l y s i s  time. 

INTRODUCTION 

In t h e  examination of p l a n t  c o n s t i t u e n t s  t h e  f i r s t  s t e p  

i s  u s u a l l y  a d e f a t t i n g  process  i n  which the  d r i e d  p l a n t  m a t e r i a l  

i s  e x t r a c t e d  with p e t r o l .  The p e t r o l  e x t r a c t  u s u a l l y  c o n s i s t s  

predominantly of p h y t o s t e r o l s ,  t r i t e r p e n e s ,  hydrocarbons and 

t r i g l y c e r i d e s  a l though t h e  e x a c t  composition w i l l  v a r y  from 

p l a n t  t o  p l a n t .  

Analys is  of t h e s e  components i s  most o f t e n  achieved by gas  

l i q u i d  chromatography (GLC) b u t  t h i s  cannot be c a r r i e d  out d i r e c t l y  

on t h e  p l a n t  e x t r a c t  as  t h e r e  may be over lap  between t h e  longer  
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456 ANDERSON, DOGGETT, AND ROSS 

chain hydrocarbons, p h y t o s t e r o l s  and t h e  s impler  t r i t e r p e n e s .  The 

t r i g l y c e r i d e s  a r e  normally s a p o n i f i e d  and c h a r a c t e r i s e d  by t h e i r  

f a t t y  a c i d  composition (GLC a s  methyl e s t e r s ) .  
The commonest method f o r  o b t a i n i n g  f r a c t i o n s  s u i t a b l e  

f o r  GLC a n a l y s i s  c o n s i s t s  of s imple adsorp t ion  chromatography 

and, because of  t h e  n a t u r e  of p l a n t  e x t r a c t s ,  t h i s  p r o c e s s  

may take s e v e r a l  days and o f t e n  then r e q u i r e s  f u r t h e r  f r a c t i o n -  

a t i o n .  

S i m i l a r  problems have been solved by t h e  use of p r e p a r a t i v e  

HPLC f o r  t h e  a n a l y s i s  of mineral  o i l s  (1) and t h e  products  of 

chemical s y n t h e s i s  ( 2 ) .  We r e p o r t  t h e  use  of p r e p a r a t i v e  HPLC 

i n  t h e  a n a l y s i s  of p l a n t  l i p i d  f r a c t i o n s .  

demonstrated on t h e  petroleum e x t r a c t  of Teucrium canadense z. 
The technique i s  

MATERIALS AND METHODS 

Teucrium canadense, whole herb ,  w a s  a u t h e n t i c a t e d  by t h e  

Royal Botanic  Gardens, Kew, Richmond, Surrey.  It w a s  e x t r a c t e d  

(500g) f o r  72 h r  i n  a Soxhlet  appara tus .  u s i n g  P e t r o l  B.Pt. 

40 - 60' a f f o r d i n g  12.101g of dry  e x t r a c t .  6.0g was s l u r r y  

coated onto S i l i c a  Gel (TLC grade wi thout  a d d i t i v e s ,  Whatman 

Ltd . ,  Maidstone, Kent, No. 0022). 

I n i t i a l  p r e p a r a t i v e  HPLC was c a r r i e d  o u t  on a 4 f t  x 1 i n  

I . D .  s t e e l  column w i t h  swagelock f i t t i n g s  and packed w i t h  TLC 

s i l i c a  (210 8 ) .  E l u t i o n  was c a r r i e d  out  u s i n g  reagent  grade 

n-hexane and e t h y l  a c e t a t e  (B.D.H., Poole ,  Dorse t )  programming 

l i n e a r l y  t o  50% v / v  e t h y l  acetateln-hexane i n  5 h r .  a f t e r  ho ld ing  

i n  pure n-hexane f o r  1 h r .  Solvent  flow and g r a d i e n t  programming 

w a s  produced by two r e c i p r o c a t i n g  p i s t o n  pumps, (Model 6000A, 

Waters Ass. Milford,  Mass). and a g r a d i e n t  programmer (Model 

660 so lvent  programmer, Waters A s s . )  o p e r a t i n g  t o  produce a flow 

r a t e  o f  8.0ml/min. l O G m l .  f r a c t i o n s  were c o l l e c t e d  and monitored 

by TLC. 

F u r t h e r  p r e p a r a t i v e  HPLC w a s  performed i s o c r a t i c a l l y  (lox 
e t h y l  a c e t a t e  i n  n-hexane; Analar ,  B.D.H.) u s i n g  a 25cm x l.0cm 

I. D. P a r t i s i l - 1 0  column (Jones Chromatography, Llanbradach,  
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PREPARATIVE HPLC OF TEUCRIUM CANADENSE L. 457 

Glamorgan, U . K . ) .  The f low r a t e ,  generated by a 6000A r e c i p r o c a t i n g  

pump (Waters A s s . )  w a s  4.0ml/min w i t h  t h e  samples a p p l i e d  us ing  
a v a l v e  loop i n j e c t o r  (Specac, Cambridge, U.K.) w i t h  a 5 0 0 ~ 1  

loop. 

GLC a n a l y s i s  w a s  c a r r i e d  o u t  us ing  a Perkin-Elmer F-17 

gas  chromatogram (Beaconsf ie ld ,  U.K.)  w i t h  FIE. Hydrocarbons 

were analysed on a l m  x 118 i n  SE 30 column (10% on chromsorb 

G) a t  255OC, N 2  f low r a t e  40ml/min w i t h  C185 C Z 2  and C32 as 

s tandards .  

l m  x 118 i n  OV 1 (24% on Chromosorb G) column a t  235OC w i t h  

N2 f low a t  40ml/min. 

e t h e r s  w i t h  T r i - S i l  (P ie rce ,  Rockford, I l l i n o i s )  p r i o r  t o  

a n a l y s i s .  

S t e r o i d s  and t r i t e r p e n e s  were analysed u s i n g  a 

They were converted t o  t h e i r  s i l y l  

T r i g l y c e r i d e s  were s a p o n i f i e d  and t h e  f a t t y  a c i d s  

produced were methylated wi th  an e t h e r e a l  s o l u t i o n  of diazomethane. 

GLC of t h e  e s t e r s  was c a r r i e d  o u t  on a lm x 118 i n  O V 1  (24% on 

Chromosorb G) column a t  150°C. N 2  f low 40ml/min. 

DISCUSSION AND RESULTS 

The c o n s t i t u e n t s  under d i s c u s s i o n  a r e  a l l  poor chromophores 

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

e l u a n t s  commonly used f o r  t h e i r  s e p a r a t i o n  ( p e t r o l ,  e t h y l  

a c e t a t e ,  chloroform e t c . )  p r o h i b i t  t h e  use of low wavelength 

monitor ing.  R I  monitor ing i s  excluded as g r a d i e n t  e l u t i o n  i s  
e s s e n t i a l  t o  d e a l  w i t h  t h e  range of compounds p r e s e n t .  F u r t h e r  

more such p l a n t  e x t r a c t s  a r e  o f t e n  extremely gummy o i l s  and 

d i r e c t  i n j e c t i o n  i s  c e r t a i n  t o  r e s u l t  i n  a v e r y  s h o r t  l i f e  f o r  

t h e  HPLC columns. 

A s  a consequence t h e  t r a d i t i o n a l  HPLC approach of h igh  

e f f i c i e n c y  column packings w i t h  synchronous d e t e c t i o n  appeared 

i n a p p r o p r i a t e .  

I.D. steel column packed w i t h  TLC s i l i c a  proved e f f e c t i v e .  The 

r e s o l v i n g  power of such a column i s  poor compared t o  o r d i n a r y  

HPLC columns and t h e  e l u a n t  composition i s  monitored by TLC b u t  

t h e  use of TLC s i l i c a ,  a high f low rate and g r a d i e n t  r a t h e r  than 

However an i n i t i a l  s e p a r a t i o n  u s i n g  a 4 f t  x 1 i n .  
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458 ANDERSON, DOGGETT, AND ROSS 

s t e p w i s e  e l u t i o n  r e s u l t e d  i n  a much more e f f i c i e n t  s e p a r a t i o n  

than t h a t  achieved w i t h  an o r d i n a r y  s i l i c a  column. 

i n  time f o r  t h e  s e p a r a t i o n  was approximately twenty-fold. 

One poin t  worthy of n o t e  i s  t h e  method of sample 

The reduct ion  

a p p l i c a t i o n .  It was found t h a t  o r d i n a r y  i n j e c t i o n  v i a  s y r i n g e  

o r  l a r g e  loops was n o t  p o s s i b l e  as t h e  m a t e r i a l  i n v a r i a b l y  

s o l i d i f i e d  dur ing  a p p l i c a t i o n  u n l e s s  a p p l i e d  as a very 

d i l u t e  s o l u t i o n .  The method f i n a l l y  adopted c o n s i s t e d  of 

dry packing the  column, pumping through w i t h  hexane t o  

d i s p l a c e  a i r  and then repacking t h e  top of t h e  column w i t h  

s i l i c a  which had been previous ly  coated wi th  t h e  p l a n t  e x t r a c t  

and d r i e d .  

t h e  m a t e r i a l  i n t o  f o u r  main f r a c t i o n s .  

Gradient  e l u t i o n  al lowed t h e  r a p i d  s e p a r a t i o n  of 

The hydrocarbon f r a c t i o n  was analysed by GLC ( 3 )  g i v i n g  

a range of a lkanes from C17 - C33 (Table 2 ) .  

The impure t r i t e r p e n e a n d  s t e r o l  f r a c t i o n s  could n o t  

be immediately analysed by GLC a s  t h e  t r i t e r p e n e  6-amyrin 

obscures  t h e  c l e a r  s e p a r a t i o n  of  t h e  common p h y t o s t e r o l s  

(Fig. l a ) .  However convent ional  p r e p a r a t i v e  HF'LC us ing  a 

P a r t i s i l - 1 0  column w i t h  10% v / v  e t h y l  a c e t a t e  i n  hexane 

al lows t h e  complete s e p a r a t i o n  of  t h e  s t e r o l s  from t h e  

t r i t e r p e n e .  The condi t ions  f o r  t h e  s e p a r a t i o n  were f i r s t  

e s t a b l i s h e d  us ing  a mixture  of d o t r i a c o n t a n e ,  s i t o s t e r o l  and 

6-amyrin, t h e  e l u t i o n  p a t t e r n  be ing  miriitored by TLC 

t o  determine t h e  r e t e n t i o n  times (hydrocarbon, 3;  - 5min; 

s i t o s t e r o l ,  15  - 18.5 min; 6-amyrin, 27 - 31 min).  The 

impure s t e r o l  and t r i t e r p e n e  f r a c t i o n s  were t h e n  chromatographed, 

t h e  a p p r o p r i a t e  e l u t i o n  volumes c o l l e c t e d  and, a f t e r  dry ing  

and s i l y l a t i o n ,  s u b j e c t e d  t o  GLC (F ig  l b  and 1 c ) .  A s m a l l  

amount of a t r i t e r p e n e  e l u t i n g  from the  HPLC column a f t e r  

6-amyrinwas d e t e c t e d  by TLC and on TLC i t  co-chromatogrammed 

wi th  o l e a n o l i c  a c i d  but  i n s u f f i c i e n t  m a t e r i a l  was a v a i l a b l e  

f o r  confirmatory a n a l y s i s .  

The t r i g l y c e r i d e  f r a c t i o n  w a s  saponi f ied  and t h e  f a t t y  

a c i d  composition determined by GLC of t h e  methyl esters ( 4 ) .  
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a 

b 

C 

30 20 10 0 40 

MINUTES 

FIGURE 1 

GLC separation of sterol -6-amyrin mixture (a) before 
HPLC separation, (b) sterol fraction, (c) 6-amyrin. 
A=stigmasterol, B = sitosterol, C= 6-amyrin. 
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460 ANDERSON, DOGGETT, AND ROSS 

TABLE 1 

P r e p a r a t i v e  HPLC o f  Teucrium E x t r a c t  

F r a c t i o n  No. W t  (8) Composition Eluant  ( X  EtAc i n  Hex) 

1 - 6  1 . 3 2  Hydrocarbon 0 - 2.5  

7 - 8  2 . 9 7  8-Amyrin + t r a c e  2 . 5  - 10.0 

Hydrocarbon & S t e r o l  

9 - 11 0 . 6 8  S t e r o l  + t r a c e  10.0 - 15.0  

6-Amyrin & Olean- 
o l i c  a c i d  

12  - 38  0.50 T r i g l y c e r i d e  15.0 - 25 .0  

Table  2 

Hydrocarbon Composition i n  T.Canadense ( f o r  GLC c o n d i t i o n s  see  

t e x t ) .  

Hydrocarbon 

‘18 
‘19 
c20 
c2 1 
c22 
‘2 3 
‘24 
c25 
c2 6 
c27 
‘28 
c2 9 
c30 
c31 
c32 
c 3 3  

R t  min 

1 . 6  
2 . 2  
2 . 8  
3 . 8  
5.0 
7 .0  
9 .0  

12.0 
1 5 . 6  
20.0 
27 .0  
34.2 
46 .4  
59.6 
77 .6  

100.0 

% composition 

5.1 
3 .07  
0 . 6 4  
0.24 
0 . 8 2  
0 . 3 0  
0.25 
1 . 2 8  
0 . 2 5  
6 .92  
0 .51 
9 .40  
3 .20  

12 .30  
9 . 4 8  

46 .15  

The main f a t t y  a c i d s  p r e s e n t  were Laur ic  ( 5 . 2 % ) ,  M y r i s t i c  

(12 .0%)  and P a l m i t i c  (45 .8%) .  

Although t h e  approach t o  t h e  a n a l y s i s  of t h e  l i p i d  

f r a c t i o n  from h igher  p l a n t s  has  n o t  been a l t e r e d ,  t h e  use 

of p r e p a r a t i v e  HPLC, both i n  a crude form t o  e f f e c t  i n i t i a l  
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PREPARATIVE HPLC OF TEUCRIUM CANADENSE L. 461 

s e p a r a t i o n  and, i n  a more s o p h i s t i c a t e d  form, t o  a l l o w  c l e a n -  

up o f  samples  b e f o r e  GLC a n a l y s i s ,  r e s u l t s  i n  a g r e a t l y  

reduced a n a l y s i s  t ime .  
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