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ISOLATION OF GLYCOALKALOIDS w ITH THE CHROMATOTRON'AND THEIR 

DETERMINATION BY H IGH-PERFORMANCE LIQUID CHROMATOGRAPHY 

I r v i n g  R. Hunter** and E r i c h  Heftmann 

Western Regional  Research Center, A g r i c u l t u r a l  Research Serv i ce  

U.S. Department o f  A g r i c u l t u r e ,  Berke ley,  C a l i f o r n i a  94710 

ABSTRACT 

An e x t r a c t  of  Solanum l a c i n i a t u m  leaves  was f r a c t i o n a t e d  w i t h  t h e  
Chromatotron. The m k a l o i d  f r a c t i o n  t h u s  o b t a i n e d  was analyzed by 
reversed-phase HPLC. The l o a d  c a p a c i t y  o f  t h e  Chromatotron w i t h  a 2-mm 
l a y e r  t h i c k n e s s  i s  600 mg (as determined w i t h  c h o l e s t e r o l )  and t h e  recovery 
o f  so lason ine  f rom t h e  p l a n t  e x t r a c t  (as determined by HPLC) i s  93-96%. 
The HPLC method p e r m i t s  t h e  d e t e c t i o n  o f  as l i t t l e  as 1.5 ug so lason ine  
o r  3.5 p g  so lamargine w i th  a l i n e a r  d e t e c t o r  response up t o  375 pg f o r  
t h e  fo rmer  and 250 u g  f o r  t h e  l a t t e r .  

INTRODUCTION 

I n  an e a r l i e r  p u b l i c a t i o n  (1 )  we have desc r ibed  t h e  a n a l y s i s  o f  t h e  

s t e r o i d a l  a l k a l o i d  i n  t h e  f r u i t s  o f  Solanum khasianum by a combinat ion of 

t h e  Chromatofuge*** and HPLC. 

a l k a l o i d s  occur  i n  t h e  form o f  g l ycos ides .  

o c c u r r i n g  i n  S .  l a c i n i a t u m  leaves a r e  so lason ine  ( so lasod ine  + L-rhamnose 

I n  p l a n t s ,  so lasod ine  and o t h e r  s t e r o i d a l  

Two such g l y c o a l k a l o i d s  

- 

* C e n t r i f u g a l l y  a c c e l e r a t e d  r a d i a l  t h i n - l a y e r  chromatograph manufactured 
by H a r r i s o n  Research, 840 Moana Court,  P a l o  A l t o ,  C A  94306. 

To whom correspondence should be addressed. 

C e n t r i f u g a l  Chromatograph manufactured by NSA H i t a c h i  S c i e n t i f i c  
I ns t rumen ts ,  Mounta in  View, C A  94043. 

Reference t o  a company and/or p r o d u c t  named by t h e  Department i s  o n l y  
f o r  purposes o f  i n f o r m a t i o n  and does n o t  i m p l y  approval  or recommendation 
o f  t h e  p roduc t  t o  t h e  e x c l u s i o n  o f  o t h e r s  which may a l s o  be suit-able. 

** 

*** 
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2 82 HUNTER AND REFTIIANN 

+ D-glucose + D-galactose) and so lamargine ( so lasod ine  

L-rhamnose + D-glucose). I n  connec t ion  w i t h  a p r o j e c t  

developed a method f o r  t h e  i s o l a t i o n  and d e t e r m i n a t i o n  

g l ycos ides .  

- - 
- 

+ L-rhamnose + 

i n  I s r a e l ,  we have 

o f  t h e  so lasod ine  

- 

For  t h i s  work we have chosen t o  t e s t  the.Chromatotron*, an i ns t rumen t  

p r e v i o u s l y  used by Hostettmann s. (2 )  f o r  t h e  i s o l a t i o n  o f  g insenosides 

f rom ginseng. 

t o  t h e  s o l a n i d i n e  g l ycos ides  by Bushway 9. (3-5). 

assay of  t h e  so lasod ine  g l ycos ides  i s  based on a method by Crabbe and 

F rye r  ( 6 ) .  

Q u a n t i t a t i v e  a n a l y s i s  by HPLC has p r e v i o u s l y  been a p p l i e d  

Our q u a n t i t a t i v e  

METHODS 

E x t r a c t i o n  

Freeze d r i e d  and powdered S. l a c i n i a t u m  leaves,  weighing 22.2 g, were 

e x t r a c t e d  f o r  24 hours i n  a Soxhlet  e x t r a c t o r  w i t h  250 m l  o f  5% a c e t i c  

a c i d  i n  methanol. The e x t r a c t  was f i l t e r e d  and t h e  r e s i d u e  on t h e  f i l t e r  

paper was washed w i t h  methanol. 

6.87 g o f  d i s s o l v e d  s o l i d s ,  were d i l u t e d  t o  300 m l  w i t h  methanol. A 

100-ml a l i q u o t  o f  t h i s  e x t r a c t  was evaporated t o  a volume o f  l e s s  than  10 

m l  under reduced pressure,  brought  t o  pH 7.5 w i th  conc. ammonium hydrox ide,  

and f i l t e r e d .  

methanol -ethanol  ( 9 : l ) .  

Chromatotron 

The combined f i l t r a t e s ,  which con ta ined  

The c l e a r ,  dark-green s o l u t i o n  was d i l u t e d  t o  25 m l  w i t h  

The r o t o r  o f  t h e  Chromatotron i s  a f r o s t e d  g lass  d i sk ,  ca 4 mm t h i c k  

and 24 cm i n  diameter, w i t h  a 7-mm round h o l e  i n  t h e  cen te r .  The adsorbent 

l aye r ,  2 mm i n  th i ckness ,  used f o r  t h i s  work was prepared by s l u r r y i n g  a 

m i x t u r e  o f  50 g S i l i c a  Gel HF-254+356 Type 60-Merck (E.M. Labora to r ies ,  

S c i e n t i f i c  Products ,  McGaw Park, I L  60085) and 4 g CaS04 1/2 H20 i n  50 m l  o f  

water .  The s l u r r y  was added t o  t h e  p l a t e  w h i l e  t h e  l a t t e r  was s p i n n i n g  a t  

33 rpm on a conver ted  r e c o r d  p l a y e r .  A p o l y e t h y l e n e  c o l l a r ,  made f rom a 
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I S O L A T I O N  OF GLYCOALKALOIDS WITH THE CHROMATOTRON 283 

c o n i c a l  wastebasket, prevented t h e  s l u r r y  f rom r u n n i n g  ove r  t h e  edge o f  t h e  

p l a t e .  

and f o r  3 h r s  a t  ca 80°C. 

t o o l  and f i n a l l y  w i t h  t h e  f i n i s h i n g  t o o l  s u p p l i e d  by t h e  manufacturer .  

The t h i n - l a y e r  d i s k  was mounted i n  t h e  Chromatotron and, w h i l e  i t  was 

The s i l i c a  ge l  was then  a l l owed  t o  s e t  f o r  5 h r s  a t  room temperature 

The p l a t e  was scraped w i t h  t h e  r o t a r y  s c r a p i n g  

s p i n n i n g  w i t h o u t  t h e  cover  p l a t e ,  a 5-ml a l i q u o t  o f  t h e  e x t r a c t  (one- 

f i f t h  o f  t h e  sample) was app l i ed ,  dropwise, t o  t h e  i n n e r  edge o f  t h e  

adsorbent  l a y e r ,  f o l l o w e d  by two 1-ml e thano l  r i n s e s .  The cove r  p l a t e  was 

then  i n s t a l l e d  and t h e  chromatogram was developed w i t h  250 m l  e thano l  a t  a 

r a t e  o f  2 ml/min, d e l i v e r e d  by a s i n g l e - p i s t o n  r e c i p r o c a t i n g  pump (Model 110, 

Altex-Beckrnan, Berke ley,  CA 94710). 

passed i n t o  a sump, f rom which i t  was pumped by another  A l t e x  Model 110 

pump th rough  a va r iab le -wave leng th  d e t e c t o r  (Model 155-10. Altex-Beckman), 

which was s e t  a t  210 nm and connected t o  an Omniscr ibe r e c o r d e r  (Houston 

Ins t rumen t ,  Aust in ,  TX 78753), equipped w i t h  an even t  marker. 

The e f f l u e n t  f rom t h e  Chromatotron was 

The sump was c o n s t r u c t e d  f rom t h e  b a r r e l  o f  a 3-ml hypodermic s y r i n g e  

w i t h  t h e  hub p o i n t i n g  downward. 

b a r r e l  f rom t h e  t o p  was kep t  a t  1 m l  and c o n t r o l l e d  by means o f  a capac i -  

tance sensor (Thermocap r e l a y ,  Niagara E l e c t r o n  Labora to r ies ,  Andover. 

NY 14806). 

t h e  b a r r e l  a t  t h e  d e s i r e d  l e v e l ,  and a grounded s t a i n l e s s - s t e e l  r o d  was 

p laced  i n s i d e  t h e  b a r r e l .  

connected t o  t h e  hub whenever t h e  l i q u i d  l e v e l  went p a s t  t h e  t o p  o f  t h e  

c l i p  and shu t  i t  o f f  when t h e  l i q u i d  l e v e l  f e l l  below t h e  c l i p .  The 

e f f l u e n t  f rom t h e  d e t e c t o r  was c o l l e c t e d  i n  10-ml p o r t i o n s  i n  a f r a c t i o n  

The l e v e l  o f  t h e  l i q u i d  e n t e r i n g  t h e  

The r e l a y  was connected t o  a c l i p ,  a t t a c h e d  t o  t h e  o u t s i d e  o f  

The r e l a y  a c t i v a t e d  t h e  sump pump which was 

c o l l e c t o r  (LKB Model 7000, LKB Inst ruments,  R o c k v i l l e ,  MD 20852). 

On t h e  b a s i s  o f  o u r  experiments w i t h  t h i s  system we dev ised  t h e  s imp le  

method o f  deve lop ing  t h e  chromatogram w i t h  250 m l  o f  e thanol .  The e l u a t e  

was c o l l e c t e d  and concen t ra ted  under reduced p ressu re  t o  a volume o f  l e s s  
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284 HlTNTER AND HEFTMA" 

t han  10 m l .  

and e thano l  washes were made up t o  a volume o f  10 m l  w i t h  ethanol .  

HPLC 

A p r e c i p i t a t e  which formed was f i l t e r e d  o f f ,  and t h e  f i l t r a t e  

- 
The HPLC system c o n s i s t e d  o f  an A l t e x  Model 110 pump, connected th rough  

a sample i n j e c t i o n  v a l v e  w i t h  a 100- ~1 l o o p  volume (Model 7125, Rheodyne, 

C o t a t i ,  CA 94928) t o  a Brownlee guard column (Rheodyne) and a prepacked 

s t a i n l e s s - s t e e l  column, 300 x 4.6 mm I D ,  b o t h  c o n t a i n i n g  a 5- fl  reversed-  

phase pack ing  o f  s i l i c a  gel-bonded o c t a d e c y l s i l a n e  (IBM Inst ruments,  Dan- 

bury,  CT 06810). The d e t e c t o r  was a H i t a c h i  va r iab le -wave leng th  spec t ro -  

meter  equipped w i t h  a f l o w c e l l  hav ing  10-mm p a t h l e n g t h  and a 20- 111 

capac i t y ,  which was s e t  a t  210 nm and 0.1 AUFS. 

were f e d  t o  a reco rde r ,  s e t  a t  10 mV. 

S i g n a l s  f rom t h e  d e t e c t o r  

The e l u e n t  was a m i x t u r e  o f  ace ton i t r i l e :O .O l  T r i s  b u f f e r  (9 :1) ,  

d e l i v e r e d  t o  t h e  column a t  a f l o w r a t e  o f  0.5 ml/min. 

o f  so lason ine  and so lamargine i n  methano1:ethanol ( 9 : l )  s o l u t i o n  were 

i n j e c t e d  and t h e  d e t e c t o r  response was determined. 

was based on peak area measurements. 

Microgram q u a n t i t i e s  

The q u a n t i t a t i v e  assay 

RESULTS AND DISCUSSION 

Capaci ty  and E f f i c i e n c y  o f  t h e  Chromatotron 

Most chromatographic analyses o f  n a t u r a l  e x t r a c t s  r e q u i r e  a p r e p a r a t i v e  

"clean-up' '  s tep.  

i ns t rumen ts  f o r  p u r i f y i n g  e x t r a c t s  e i t h e r  f o r  i s o l a t i o n  purposes o r  p r i o r  

t o  q u a n t i t a t i v e  a n a l y s i s .  I n  b o t h  i ns t rumen ts  t h e  s o l v e n t  f l o w  i s  

acce le ra ted  by c e n t r i f u g a l  f o r c e  and t h e  zones a r e  sharpened d u r i n g  migra-  

t i o n .  However, t hey  d i f f e r  i n  l o a d  capac i t y .  

The Chromatotron and t h e  chromatofuge a r e  b o t h  convenient  

The l o a d  c a p a c i t y  o f  t h e  2-mm l a y e r  o f  s i l i c a  ge l  was determined w i t h  

c h o l e s t e r o l  as t h e  sample and hexane:2-propanol ( 9 : l )  as t h e  e l u e n t .  The 

maximum q u a n t i t y  o f  c h o l e s t e r o l  g i v i n g  a c l e a r l y  d e f i n e d  zone w i t h o u t  

app rec iab le  t a i l i n g  was 600 mg. 

determined f o r  a 3-mm h i g h  l a y e r  o f  s i l i c a  ge l  i n  t h e  chromatofuge (1). 

Th is  i s  about t h e  same as t h e  l o a d  c a p a c i t y  
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ISOLATION OF GLYCOALKALOIDS WITH THE CHROMATOTRON 285 

I I I l l  I l l  I I I I I I I I I  I I l l  
I 

24 48 72 96 120 

MINUTES 

F ig .  1. Separat ion o f  so lasodine f rom t h e  g l y c o a l k a l o i d s ,  so lason ine  and 

solamargine. by t h e  Chromatotron. A m i x t u r e  o f  7.9 mg so lasonine,  1.4 mg 

solamargine, and 5 mg so lasod ine  was a p p l i e d  t o  a 2-mm l a y e r  o f  s i l i c a  ge l .  

E luen t  A,  hexane:acetone:ethanol (18 : l : l ) ;  E luen t  5, e thanol .  Coupl ing o f  

t h e  Chromatotron w i t h  a UV d e t e c t o r  produced t h e  t r a c i n g  (see t e x t ) .  

Thus, t h e  Chromatotron i s  equal t o  t h e  chromatofuge i n  l o a d  c a p a c i t y  f o r  

app rox ima te l y  equal l a y e r  th i ckness .  However, t h e  l a y e r  t h i c k n e s s  o f  t h e  

Chromatotron i s  l i m i t e d  t o  4 mm by t h e  cohesiveness o f  t h e  b i n d e r ,  whereas 

t h e  chromatofuge can be packed t o  1 0  mm i n  he igh t .  

F ig .  1 i l l u s t r a t e s  t h e  performance o f  t h e  Chromatotron. It i s  a 

reco rde r  t r a c i n g  o f  an exper iment  i n  which 7.9 mg so lasonine,  1.4 mg 

solamargine, and 5 mg so lasod ine  were i n t r o d u c e d  i n t o  t h e  Chromatotron, 

coupled w i t h  t h e  UV d e t e c t o r .  

( 1 6 : l : l )  f o r  66 m in  so lasod ine  was recovered (peak a t  54 min)  and by e l u t i o n  

By e l u t i o n  w i t h  hexane:acetone:ethanol 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



286 HUNTER AM, HEFTIIANN 

A 1 SOLASONINE 

SOLASODINE 

M I A  0 12 24 36 48 

MINUTES 

F ig .  2 .  HPLC o f  so lasod ine  and i t s  g l ycos ides .  Column, 300 x 4.6 mm I D ,  

prepacked w i t h  s i l i c a  ODS ( 5  m); e luen t .  a c e t o n i t r i l e : 0 . 0 1  I? Tris ( 9 : l ) ;  

f l o w r a t e ,  1 ml /min;  pressure,  50 p s i ;  UV d e t e c t o r  a t  210 nm, range 0.1; 

reco rde r  speed 3 min/cm, span 10 mV. 

- A. 

- B. 

Chromatogram of 1 0  u1 S. l a c i n i a t u m  l e a f  e x t r a c t  (see t e x t ) .  

Chromatogram o f  t h e  same e x t r a c t  a f t e r  h y d r o l y s i s .  
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ISOLATION OF GLYCOALKALOIDS WITH THE CHROMATOTRON 287 

with e thano l  so lason ine  and so lamargine were o b t a i n e d  as a m i x t u r e  (peak a t  

90 min) .  

o p e r a t i o n  o f  t h e  pump d e l i v e r i n g  e l u e n t  t o  t h e  d e t e c t o r .  

The v e r t i c a l  l i n e s  i n  t h e  t r a c i n g  a r e  due t o  t h e  i n t e r m i t t e n t  

Thus, w h i l e  t h e  g l y c o a l k a l o i d s  were n o t  separated f rom each o the r ,  

t h e y  were c l e a r l y  separated f rom t h e  aglycone. An even s i m p l e r  scheme 

s u f f i c e s  f o r  s e p a r a t i n g  t h e  g l y c o a l k a l o i d s  f rom misce l l aneous  contaminants  

i n  t h e  p l a n t  e x t r a c t  (see F ig.  2A). 

e thano l  f u r n i s h e s  m a t e r i a l  s u i t a b l e  f o r  HPLC a n a l y s i s  i n  a s h o r t e r  t i m e  

t h a n  use o f  t h e  chromatofuge (1). 

E f f i c i e n c y  o f  HPLC 

E l u t i o n  o f  t h e  Chromatotron w i t h  

The a c e t o n i t r i l e : O . O l  T r i s  ( 9 : l )  e l u e n t  produces b a s e - l i n e  s e p a r a t i o n  

o f  t h e  two so lasod ine  g lycos ides.  so lason ine  ( r e t e n t i o n  t i m e  9.5 min)  and 

so lamargine ( r e t e n t i o n  t i m e  11.2 min)  (6) .  F ig .  2 rep resen ts  two chroma- 

tograms, produced under i d e n t i c a l  cond i t i ons .  A i l l u s t r a t e s  t h e  s e p a r a t i o n  

o f  t h e  two  g l y c o a l k a l o i d s  i n  1 0  ul (one-thousandth) o f  t h e  e l u a t e  f rom 

t h e  Chromatotron, w h i l e  

amount o f  t h e  e l u a t e  as a t e s t  o f  i d e n t i t y .  

shows t h e  r e s u l t  o f  hydro:yzing an e q u i v a l e n t  

H y d r o l y s i s  was c a r r i e d  ou t  by a m o d i f i c a t i o n  o f  t h e  method o f  Crabbe 

and F r y e r  (7) .  The r e a c t i o n  was c a r r i e d  ou t  i n  a 15-1111 pear-shaped, 

s toppered f l a s k ,  k e p t  i n  a water-bath a t  7OoC f o r  3 hrs .  

a l i q u o t  o f  t h e  e l u a t e  from t h e  Chromatotron was t r e a t e d  w i t h  3 m l  o f  a 

m i x t u r e  o f  methano1:water:conc. h y d r o c h l o r i c  a c i d  (80:9:7). 

t h e  m i x t u r e  was evaporated a lmost  t o  dryness below 40°C under reduced 

pressure.  

t h e  a d d i t i o n  o f  400 p l  d ich loromethane w i t h  a g i t a t i o n ,  t h e  d ich loromethane 

l a y e r  was analyzed by HPLC. 

Accuracy o f  t h e  Chromatotron-HPLC Combination 

A 200- p1 

A f t e r  h y d r o l y s i s ,  

The pH was ad jus ted  t o  7.5 w i t h  ammonium hyd rox ide  and, a f t e r  

C a l i b r a t i o n  curves f o r  so lason ine  and so lamargine were prepared by 

a n a l y z i n g  microgram q u a n t i t i e s  o f  t h e  g l y c o a l k a l o i d s  by HPLC. 

peak area G. amount was l i n e a r  f o r  so lason ine  up t o  375 pg and f o r  so lamarg ine 

The p l o t  o f  
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up t o  250 ug. The s l o p e  o f  t h e  c a l i b r a t i o n  l i n e  (y = area i n  cm2, x = 

amount i n  ug) f o r  t h e  former was 0.198 and f o r  t h e  l a t t e r  i t  was 0.148. 

The minimum d e t e c t a b l e  q u a n t i t y  ( s i g n a l / n o i s e  = 2) was 1.5 ug f o r  so lason ine  

and 3.5 ug f o r  solamargine. 

Recovery exper iments were c a r r i e d  o u t  by adding 5.1 mg, 5.6 mg, and 

10.2 mg o f  pure so lason ine  t o  5-ml a l i q u o t s  o f  S. l a c i n i a t u m  e x t r a c t  whose 

so lason ine  and so lamargine con ten t  had p r e v i o u s l y  been determined and p rocess ing  

each sample as desc r ibed  under Methods. 

e l u a t e s  showed r e c o v e r i e s  o f  93%, 94%. and 961, r e s p e c t i v e l y ,  o f  t h e  

added so lasonine.  

mg, 590 mg, and 594 mg o f  c h o l e s t e r o l  w i t h  r e c o v e r i e s  o f  93%. 94%, and 

95%, r e s p e c t i v e l y ,  o f  t h e  added c h o l e s t e r o l .  

HPLC a n a l y s i s  o f  t h e  Chromatotron 

The exper iments were repeated w i t h  t h e  a d d i t i o n  o f  583 

Solasonine and so lamargine were i d e n t i f i e d  i n  S .  l a c i n i a t u m  by compar- 

i s o n  o f  t h e i r  r e t e n t i o n  t imes  t o  known standards and by h y d r o l y s i s  t o  

so lasodine.  

so lason ine  and 1.3% o f  solamargine. The combinat ion o f  Chromatotron and 

HPLC t h u s  pe rm i t s  t h e  p u r i f i c a t i o n  and a n a l y s i s  o f  t hese  g l k y c o a l k a l o i d s  

i n  a n a t u r a l  e x t r a c t .  

It was c a l c u l a t e d  t h a t  t h e  d r y  l eaves  con ta ined  2.2% of  
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