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DETERMINATION OF SOUSODINE I N  FRUITS OF SOMUM KHASUNUM BY A 

COMBINATION OF CHROMATOFUGE AND HIGH-PRESSURE 

L I Q U I D  CHROMATOGRAPHY 

W. David Nes, Erfch Heftmann*, Irving Re Hunter  and 

Mayo K. Walden 

Western Regional Research Center ,  S c i e n c e  and Educat ion  

Adminis t ra t ion ,  U.S. Department of A g r i c u l t u r e ,  

Berkeley,  C a l i f o r n i a  94710 

ABSTRACT 

An e x t r a c t  of Solanum khasianum f r u i t s  w a s  f r a c t i o n a t e d  w i t h  
a chromatofuge. The f r a c t i o n  c o n t a i n i n g  s o l a s o d i n e  was a p p l i e d  
t o  a HPLC column and t h e  e f f l u e n t .  was monitored by W. 
h e i g h t  gave a n  a c c u r a t e  measure of t h e  amount present .  
c iency  and load  c a p a c i t y  of t h e  chromatofuge, as  w e l l  as t h e  
accuracy  and p r e c i s i o n  of t h e  HPLC method were determined.  

T?e peak 
The e f f i -  

INTRODUCTION 

We have so  f a r  used t h e  chromatofuge (1) o n l y  f o r  t h e  prepar-  

a t i v e  s e p a r a t i o n  of amino a c i d s  ( 2 ) .  When a n  i n s t r u m e n t  s p e c i f i -  

c a l l y  manufactured € o r  c e n t r i f u g a l  p r e p a r a t i v e  chromatography 
** 

*To whom correspondence should  be addressed.  
** H i t a c h i  C e n t r i f u g a l  Chromatograph. Reference t o  a company 

and/or  product named by t h e  Department is o n l y  f o r  purpose9 of 
i n f o r m a t i o n  and does not  imply approval  o r  recommendation of t h e  
product  t o  t h e  e x c l u s i o n  of o t h e r s  which may a l s o  be s u i t a b l e .  

1687 

Copyright 0 1980 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1688 NES ET AL. 

became a v a i l a b l e ,  we were i n t e r e s t e d  i n  t e s t i n g  i t s  a p p l i c a b i l i t y  

t o  t h e  a n a l y s i s  of s o l a s o d i n e  i n  f r u i t s  of Solanum khasianum. 

This is a problem i n  connec t ion  w i t h  a p r o j e c t  i n  which our  

l a b o r a t o r y  c o l l a b o r a t e s  w i t h  a n o t h e r  l a b o r a t o r y  i n  Israel. 

E a r l i e r  methods f o r  t h e  q u a n t i t a t i v e  a n a l y s i s  of s o l a s o d i n e  

i n  p l a n t  extracts involved  pre l iminary  p u r i f i c a t i o n  by chromatog- 

raphy on a d s o r p t i o n  (3) and ion-exchange (4) c o l u w s  o r  by 

th in- layer  chromatography (TLC) (5).  For t h e  e s t i m a t i o n  of t h e  

a l k a l o i d  c o n c e n t r a t i o n ,  o t h e r  i n v e s t i g a t o r s  have used c o l o r i m e t r y  

( 6 ) ,  t i t r i m e t r y  ( 7 1 ,  planimet ry  (81, and gravimet ry  (9 ) .  

Because our  earlier procedure f o r  i s o l a t i n g  s t e r o i d a l  alka- 

l o i d s  by p r e p a r a t i v e  high-pressure l i q u i d  chromatography (HPLC) 

(10)  is too  time-consuming f o r  r o u t i n e  a n a l y s e s ,  we developed a 

r a p i d  HPLC technique f o r  t h e i r  s e p a r a t i o n  (11). In combinat ion 

wi th  t h e  r a p i d  i s o l a t i o n  by t h e  chromatofuge, t h i s  new HPLC tech-  

nique h a s  proved t o  be a f a s t  and r e l i a b l e  method f o r  t h e  r o u t i n e  

q u a n t i t a t i v e  a s s a y  of plant e x t r a c t s .  

METHODS 

E x t r a c t i o n  

Ten l y o p h i l i z e d  2. khasianum f r u i t s ,  weighing 20.58 g ,  were 

powdered i n  a mortar  and t h e n  b o i l e d  under  r e f l u x  i n  1 l i t e r  of 

2 h y d r o c h l o r i c  a c i d  f o r  2 hrs .  The cooled h y d r o l y z a t e  was 

made a l k a l i n e  t o  l i t m u s  by t h e  a d d i t i o n  of 5 1 sodium hydroxide 

s o l u t i o n .  Solasodine  was e x t r a c t e d  w i t h  3 p o r t i o n s  of 500 m l  

d ichloromethane,  which were washed by e x t r a c t i o n  w i t h  a 1-liter 
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SOLASODINE DETERMINED BY CHROMATOFUGE AND HPLC 1689 

p o r t i o n  of water. The canbined e x t r a c t s  were d r i e d  over  sodium 

s u l f a t e  and evaporated under reduced pressure .  The r e s i d u e  w a s  

d iv ided  i n t o  20 e q u a l  p o r t i o n s  of “Solanurn extract”. 

Chromatofuge 

The chrauatofuge was a Model CLC-5 C e n t r i f u g a l  Chromatograph 

(NSA Hi tachi  S c i e n t i f i c  Ins t ruments ,  Mountain View,  Calif.) w i t h  

a 3-mm spacer .  With t h e  r o t o r  sp inning  a t  400 rpm, i t  was packed 

by f i r s t  pouring 4 g dry s i l i ca  (Si l icAR, Mal l inckrodt ,  100-200 

mesh) i n t o  t h e  chamber, then  i n c r e a s i n g  t h e  speed t o  600 rpm and 

pouring a s l u r r y  of 50 g s i l i c a  g e l  (Woelm, “less t h a n  0.08 nun“) 

i n  150 m l  a b s o l u t e  e t h a n o l  cont inuous ly  i n t o  t h e  chamber. The 

e l u e n t  was d e l i v e r e d  by means of a s o l v e n t  pump (Model 110, Altex, 

Berkeley,  Cal i f .  ) d i r e c t l y  i n t o  t h e  chamber wi thout  us ing  t h e  

s o l v e n t  d i s t r i b u t o r .  The f r a c t i o n  c o l l e c t o r  was kept  a t  8 mini 

f r a c t i o n ,  while  t h e  speed of r o t a t i o n  was var ied  and t h e  pumping 

ra te  was a d j u s t e d  accord ingly  t o  prevent  f l o o d i n g  o r  d r y i n g  of t h e  

adsorbent .  

HPLC - 
The HPLC a p p a r a t u s  c o n s i s t e d  of a 300 x 4.6-m i.d. s t a i n l e s s  

s t ee l  tube ,  packed w i t h  Zorbax-Sil ( 6  u m ,  Du Pont de Nemours, 

Wilmington, Del.), preceded by a 50-m precolumn, packed wi th  

P o r a s i l  A (37-75  u m ,  Waters Assoc ia tes ,  Mi l ford ,  Mass.). An A l t e x  

Model 110 pump was connected t o  t h e  column through a sample i n j e c -  

t i o n  valve (Model 7125, Rheodyne, Berkeley,  C a l i f . )  w i t h  a 500-p1 

l o o p  volume. The d e t e c t o r  w a s  a H i t a c h i  var iable-wavelength spec-  

trometer (Model 155, Altex) ,  equipped w i t h  a f low-cel l  having a 
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1690 NES ET AL. 

l O - m m  p a t h l e n g t h  and a 20-ul volume, which was set a t  212 nm, 

0.1 AUFS. 

channel  r e c o r d e r  (Model 335, Linear ,  I r v i n e ,  C a l i f . ) ,  which was 

set a t  10 mV. 

The s i g n a l  from t h e  d e t e c t o r  was f e d  i n t o  a s i n g l e -  

The e l u e n t  was a mixture  of 2-hexane, methanol ,  and a c e t o n e  

(18: 1: 1 )  ("Dist i l led- in-Glass"  q u a l i t y ,  Burdlck & Jackson ,  

Muskegon, Elich.), which was d e l i v e r e d  a t  a f low-ra te  of 3 ml/min. 

Microgram q u a n t i t i e s  of s o l a s o d i n e  (K & K Labs Div., I C N  

Pharmaceut ica ls ,  P la inview,  NY.) i n  d ich loromethane  s o l u t i o n  were 

i n j e c t e d  i n t o  t h e  HPLC a p p a r a t u s  and t h e  d e t e c t o r  response  was 

recorded. Solasodine  was e l u t e d  about  5 min a f t e r  i n j e c t i o n .  A 

p l o t  of peak h e i g h t s  2 amounts of s o l a s o d i n e  i n j e c t e d  was l i n e a r  

from 0 t o  500 ug. This c a l i b r a t i o n  was used f o r  a l l  subsequent  

experiments. 

Thin-Layer Chromatography 

Precoated S i l i c a  G e l  G p l a t e s  (250 urn, Anal tech ,  Newark, 

Del.) were developed w i t h  2-hexane-ethyl  a c e t a t e  (l:l), t h e n  

sprayed w i t h  50% aqueous s u l f u r i c  a c i d  and hea ted  (12). 

RESULTS AND DXSCUSSION 

E f f i c i e n c y  of t h e  Chromatofuge 

In  a d d i t i o n  t o  W-absorbing c a r o t e n o i d  pigments, which are 

removed i n  t h e  ear l ies t  f r a c t i o n s  from t h e  chromatofuge, t h e  

"Solanum extract" may be  expected t o  c o n t a i n  c e r t a i n  c y c l i c  poly- 

i s o p r e n o i d s ,  which could  conce ivably  i n t e r f e r e  w i t h  t h e  assay .  

I n  o r d e r  t o  t es t  t h e  e f f i c i e n c y  of t h e  chromatofuge i n  removing 
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SOLASODINE DETERMINED BY CHROMATOFUGE AND WLC 1691 

such compounds, a mixture of 1 mg each of so lasodine  and of the  

following “c on t aminan t s ** wa s prepared : s t i g  ma s t e r o l  , o-amyr i n ,  

diosgenin,  tomatidine,  cyc loa r t eno l ,  and 3~-hydroxy-5,16- 

pregnadien-20-one. 

methane and introduced i n t o  the  chr-tofuge, which had previously 

been flushed with 100 m l  of 25% e thanol  i n  2-pentane (Eastman, 

Rochester, N.Y.). 

f r a c t i o n ,  while pumping rate and speed of r o t a t i o n  were ad jus ted  

a s  shown i n  Table 1. 

The mixture was dissolved i n  7 ml dichloro- 

The f r a c t i o n  c o l l e c t o r  was kept a t  8 mini 

TABLE 1 

Eff ic iency  of t h e  I s o l a t i o n  of Solasodine by Chromatography 

Frac t ion  Volume Pump Spin Solvent Frac t ion  
r a t e  r a t e  composition composition 

n-pentane 
No. m l  mllmin rpm % e thano l  i n  - 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 

19 
la 

14 
20 
15 
15 
16 
16 
1 7  
28 
27 

28 
28 
30 
30 
30 
30 
30 
46 
36 

2a 

5.5 
3.0 
3.0 
3.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
5.5 
5.5 
5.5 
5.5 
5.5 

350 
35 0 
350 
350 
350 
35 0 
450 
450 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 

25 
25 
25 
25 
25 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
100 
100 
100 
100 

0 
0 

contaminants 
contaminants 
contaminants 

0 
0 
0 

so la so dine  
so l asodine  
so l a  sodine 
solasodine 
so l a  sodine 
so l asodine  
so lasodine  
solasodine 
so lasodine  

0 
0 
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1692 NES ET AL. 

Each f r a c t i o n  was c o n c e n t r a t e d  under  a streau of n i t r o g e n  and 

examined by TLC. The i n d i v i d u a l  "contaminants"  were d e t e c t e d  by 

t h e i r  f l u o r e s c e n c e  under W l i g h t  (366 nm). 

t h e  "contaminants" were e l u t e d  i n  F r a c t i o n s  3-5,  whereas so laso-  

d i n e  was found i n  F r a c t i o n s  9-17. S t i g m a s t e r o l  and c y c l o a r t e n o l  

were e l u t e d  ahead of d i o s g e n i n  and 3phydroxy-5,16-pregnadien- 

2 0 a n e ,  but  no a t tempt  was made t o  i n c r e a s e  r e s o l u t i o n .  

P r e c i s i o n  

A s  shown i n  Table  1,  

The p r e c i s i o n  of t h e  method was t e s t e d  by both  HPLC assay  

( s e e  above)  and gravimetry.  Five samples  of s o l a s o d i n e ,  each con- 

t a i n i n g  2 0  mg i n  2 m l  dichloromethane,  were in t roduced  i n t o  t h e  

chromatofuge, which was e l u t e d  e s s e n t i a l l y  as descr ibed  i n  t h e  

foregoing  s e c t i o n ,  i.e., w i t h  5 0  m l  259; and 5 0  ml 50% e t h a n o l  i n  

n-pentane and t h e n  w i t h  300 m l  e t h a n o l ,  but  t h e  e n t i r e  e t h a n o l  

e l u a t e  was pooled. 

t h e  rest f o r  gravimetry. Table 2 shows t h e  r e s u l t s .  Although t h e  

amounts recovered were h i g h e r  by gravimet ry ,  t h e  p r e c i s i o n  of t h e  

HPLC assay  m s  g r e a t e r .  The h i g h e r  amounts found by gravimetry 

a re  probably t h e  result of contaminat ion  by s i l i c a ,  which i s  

s l i g h t l y  s o l u b l e  i n  e thanol .  

Accuracy 

- 
A I%-por t ion  was used f o r  t h e  HPLC assay and 

The accuracy of t h e  method was t e s t e d  by recovery exper i -  

ments. Nine equal  p o r t i o n s  of t h e  "Solanum extract" ( s e e  above) 

were in t roduced  i n t o  t h e  chromatofuge. Varying amounts of s o l a s o -  

dine had been added t o  s i x . o f  them and t h e  t o t a l  amounts of 

s o l a s o d i n e  were then  determined by HPLC i n  each of t h e  fo l lowing  
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SOLASODINE DETERMINED BY CHROMATOFUGE AND HPLC 1693  

TABLE 2 

Recovery of 20-mg P o r t i o n s  of Solasodine  
from t h e  Chromatofuge 

Recovery by 
Experiment HPLC Gravimetry 

No. mg x mg x 

1 19.44  97.2 20.6 103.0  
2 19.90 99.5 20.0 100.0 

3 19.44 97.2 19.5 97.5 
4 19.58 97 .9  20.0 100.0 
5 19 .90  99.5 21.5 ' 107.5 

Mean 
S.D. 

19.65 
t 0.22  

20.3 
2 0 .79  

4 f r a c t i o n s  from t h e  chromatofuge: 100 m l  of 2YL and 100 ml of 

50% e t h a n o l  in 2-pentane,  250 ml and 50 m l  of 1OOX e t h a n o l .  tio 

s o l a s o d i n e  was found i n  t h e  f i r s t  and l a s t  f r a c t i o n .  The amounts 

of s o l a s o d i n e  i n  F r a c t i o n s  2 and 3 were added t o  g ive  t h e  r e s u l t s  

shown in Table 3. The a s t e r i s k s  i n  t h e  Table  d e s i g n a t e  e x p e r i -  

ments i n  which t h e  chromatofuge was reused  a f t e r  one sample 

had a l r e a d y  been analyzed. For  t h e  remaining experiments  t h e  

chromatofuge was always f r e s h l y  packed, as  descr ibed  under  

Chromatofuge above. Reusing t h e  chromatofuge s a v e s  time b u t  

decreases t h e  recovery  sgmewhat. 

can  be reused f o r  a long t ime,  provided t h e  forecolumn i s  p e r i -  

o d i c a l l y  changed. 

In c o n t r a s t ,  t h e  HPLC column 
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1694 NES ET AL. 

TABLE 3 

Accuracy of t h e  Chromatofuge-?iPLC Combination in 
So l a  so d i n e  Recovery 

Experiment Added Rec overed Percent  
No. mg mg Re cove ry 

1 
2 
3 
4 
5* 

6 
7*  
8 
9* 

0 
0 
0 
1.50 
1.50 

10.00 
10.00 
18.75 
18.75 

1.52 
1.50 
1.52 
3.05 
2.82 

9.80 
9.10 

19.82 
19.05 

100.0 
98.7 

100.0 
100.0 
93.4 

85.1 
79.0 
97.8 
94.0 

* Chroma tof uge packing reused. 

Load Capaci ty  

The load c a p a c i t y  of t h e  chromatofuge depends on t h e  s i z e  or 

t h e  s p a c e r ,  o t h e r  c o n d i t i o n s  being kept  c o n s t a n t .  The l a r g e s t  

spacer a v a i l a b l e  is 10 mm high. A d e t e r m i n a t i o n  of t h e  load 

c a p a c i t y  is meaningless i f  t h e  recovery  i s  u n s p e c i f i e a .  The 

p e r c e n t  recovery w i l l  d e c r e a s e  w i t h  i n c r e a s i n g  load.  

To test t h e  load  c a p a c i t y  with t h e  3-m s p a c e r ,  500 mg of 

c h o l e s t e r o l  was "spiked" w i t h  51,700 cpm c h o l e s t e r 0 1 - 4 - ~ ~ C .  

i t  had passed through t h e  chromatofuge, t h e  r a d i o a c t i v i t y  OF t h e  

e l u t e d  c h o l e s t e r o l  waa determined. This showed a recovery of 

98.8%. When t h e  experiment was r e p e a t e d  w i t h  1.OOg of choles -  

t e r o l ,  t h e  recovery dropped t o  90%. 

A f t e r  
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SOLASODINE DETERMINED BY CHROMATOFUGE AND HPLC 1695 

Conclusions 

The chromatofuge-HPLC combination is suitable for the deter- 

mination of solasodine in a plant extract. However, the amount 

of solasodine in the plant is not accurately determined by this 

method because the extraction is not quantitative. We have used 

an adaptation of conventional methods for the extraction of 2. 
khasianum fruits. This includes the hydrolysis of the glycoalka- 

loids by boiling the plant material in 2 1 hydrochloric acid for 
2 hrs ( 7 ) .  None of the hydrolytic methods presently available 

gives quantitative yields of steroidal alkaloids. Hydrochloric 

acid converts some of the solasodine into solasodiene, which is 

always found in the forefractions from the chromatofuge. It 

should be emphasized that our method does not address the problem 

of glycoalkaloid hydrolysis. 
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