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HIGH PERFORMANCE LIQUID AFFINITY 
CHROMATOGRAPHY (HPLAC) OF STEROLS 

WITH TOMATINE CHEMICALLY BONDED 
TO MICROPARTICULATE SILICA 

Istvan Csiky and Lennart Hansson12 
Department of Analytical Chemistry 

University of  Lund 
P.O. Box 124 

S-221 00 Lund, Sweden 

ABSTRACT 

A selective HPLAC stationary phase for the separation of 
sterols was achieved by the chemical bonding o f  tomatine to 
microporous silica. Columns packed with tomatine silica have given 
promising results indicating their usefulness as well for 
selective on-column enrichment as for HPLC separations. Good 
separation was achieved with a mixture of five sterols known as 
oxidation products of cholesterol. 

INTRODUCTION 

The steroid saponins are a group of substances known for 

their ability to form equimolar "sparingly soluble" complexes with 

cholesterol (1). The determination o f  the insoluble cholesterol 

digitonide has been used. since the 30's when Schoenheimer et. a1 
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FIGURE 1. Chemical structure of tomatine. 

(2) developed a procedure for the precipitation and gravimetric 

determination of the complex. Other workers investigated the 

selectivity of the digitonide (3) and tomatide (4 ,5 )  formation and 

found that precipitation can be obtained with a large number of 

steroids, all structurally equal to the 3B-hydroxy position. The 

selectivity was also affected by the cis-trans configuration of 

the 5;bond. The P-hydroxy compounds did not precipitate with the 

saponins. 

Some papers have reported on the use of digitinonin as a 

selective stationary phase in chromatography. Digitonin-impreg- 

nated silica plates were applied at thin layer chromatographic 

separations of 3-hydroxysterol mixtures (7 ,8) .  Sterols were 

successfully removed from lipid extracts on packed beds o f  celite 

coated with digitonin (9). 
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HPLAC OF STEROLS WITH TOMATINE 811 

The aim of this investigation was the preparation and 

utilization of tomatine chemically bonded to silica gel as a 

stationary phase for high performance liquid chromatography. 

EXPERIMENTAL 

Materi a1 s 

Porous silica (LiChrosorb Si 100, 5 um) was obtained from E. 

Merck (Darmstadt, GFR), y -glycidoxpropyl trimethoxysi 1 anole 

(solane 2-6040) from Dow Chemicals (Midland, MI, USA). Tomatine, 

cholesterol, cholecalciferol (vimatin D3) and glyceroltrioleate 

were obtained from Sigma Chemical Co. (St. Louis, MO, USA). 

Keto-and hydroxysterols were purchased from Steraloids (Pawl ing, 

NJ, USA). 

All other solvents and chemicals obtained from comnercial 

sources were used without purification or dried as mentioned 

below. A reference mixture of 4-cholesten-3-one (2.6 mg/ml) 

choelst-5-ene38, 4kdiol (2.5 mg/ml ), 3B-hydroxycholest-5-ene- 

7-one (6.8 mg/ml), cholest-5-ene-38,7B-diol (2.5 mg/ml) and 

cholesterol (16.3 mg/ml) was prepared by dissolving the substances 

in hexane/propanol (99.9/0.1) and further diluting in hexane. When 

the sterols were separated in aqueous eluents, hexane was evapora- 

ted from the mixture and the sterols were redissolved in ethanol. 

Apparatus 

Separations were performed with a Varian Model 5000 liquid 

chromatograph equipped with a Valco loop injector. The eluent was 
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878 CSIKY AND HANSSON 

monitored a t  211 nm w i t h  a Pye-Unicam LC-UV-detector. A LDC 

Constsametric I1 high pressure pump w i t h  a LDC spectromonitor I 1 1  

was used i n  the breakthrough experiments. 

A Carlo Erba Elemental Analyzer-Model 1102 was used f o r  C, H, 

and N analysis.  

Synthesis o f  Tomatine-substituted S i l i c a  __ - I---- --- 

Epoxy-substituted s i l i c a  was used as s t a r t i n g  n a t e r i a l  f o r  

the synthesis. This ma te r ia l  has been described p rev ious l y  (10) .  

The elemental analys is  of the epoxy-substituted s i l i c a  d r i e d  i n  

vacuum gave C = 7.39%, H = 1.4% and N<0.02%. 

Epoxy-substituted s i l i c a  (3.0 g) and tomatine (1.5 g) were 

d r ied  a t  100°C i n  vacuum overnight, mixed w i t h  20 m l  dioxane 

(d r i ed  tvith basic alumina) and 1 m l  borontrifluorideetherate i n  a 

glass ampoule. The coupl ing reac t i on  was conducted i n  the  glass 

ampoule a t  2loC f o r  40 h. The tomat ine-subst i tuted s i l i c a  was 

f i l t e r e d  and washed thoroughly w i t h  dioxane, methanol, 

methanol/water, water, methanol, dioxane, d ie thy le the r  and f i n a l l y  

d r i ed  a t  100°C i n  vacuum. The elemental analys is  of the gel  gave 

C = 11.1%, H = 2.03% and N = 0.10% (mean o f  two determinat ions).  

Epoxy-substituted s i l i c a  (2 g) was hydrolyzed i n  40 ml 0.1 M 

sulphur ic acid-sodium hdyroxide b u f f e r  (pH 2, 5OoC, 5 h) and the  

d i o l s i l i c a  was used as a blank ma te r ia l  t o  study the  i n f l uence  o f  

ma t r i x  i n  the separations. 
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HF'LAC OF STEROLS WITH TOMATINE 879 

Columns -- L- 

Column A was a 30 mn x 4.5 mn ID glass column containing 0.3 

g tomatine silica. The void volume in the column was reduced by 

inserting a tightly fitting porous PTFE rod with the appropriate 

length. Column B was a 100 mn x 4.5 mn ID stainless steel column 

with 2 um frits in both ends and containing 2.7 g tomatine silica. 

Column C was a 100 mn x 5.0 mn ID Pharmacia glass column with 

freely adjustable ends containing 3.0 g diol silica. The columns 

were packed in methanol with the upward slurry technique. 

RESULTS ---_ 
Breakthrough curves -..- - 

In order to ascertain to what extent the bonded tomatine 

phase shows affinity to sterol structures, breakthrough 

experiments, presented in fig. 2, were made on a short column of 

tomatine silica. 

Hexane solutions of cholesterol (0.149 mg/ml), 

cholecalciferol (0.018 mg/ml) and glyceroltrioleate (0.010 mg/ml) 

were pumped through the short tomatine column (column A )  at a flow 

rate of 1 ml/min and the eluate was monitored at 210 um. 

Cholesterol was strongly held by the column. The breakthrough 

capacity (C/Co = 0.01) was about 19 umole cholesterol/g tomatine 

silica. 

The regeneration of the column from adsorbed cholesterol was 

tested by washing with 10% hexane solutions of n-propanol, 
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FIGURE 2. Breakthrough capacities of tomatine silica, a = 
glyceroltrioleate, b = cholecalciferol, c = cholesterol. Observed 
concentration (C) relative to steady state plateau concentration 
Co vs. amount of a, b, c. 

tetrahydrofurane, cyclohexane and cyclohexanol. Only the 

cyclohexanol mixture removed the adsorbed sterol effectively. The 

propanol solution desorbed the sterol very slowly and the 

cyclohexane and tetrahydrofurane solutions did not  release any 

sterol. 

C h roma t o m h  i c s e ~ ~  ar a t i on --_ - - . ~  

The chromatogram in fig. 3 demonstrates the separation of I0 

ul of a synthetic mixture of five sterols in hexane applied to a 

column (Column 8) with silica-bound tomatine. 
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FIGURE 3. Separat ion o f  s t e r o l s  on s i l i ca -bound  tomat ine. Sample: 
a m i x t u r e  o f  4-cholesten-3-one ( I ) ,  cholest-5-ene-38,4&diol (2 ) ,  
3E-hydroxycholest-5-ene,7-one (31, cholest-5-ene-%,78-diol (4 )  
and c h o l e s t e r o l  ( 5 ) .  Eluent:  n-hexane-cyclo-hexanol (98.5:1.5, 
v /v ) .  Flow r a t e  1.0 ml/min. Detec t ion :  Apll. 

The r e t e n t i o n  o f  t h e  s t e r o l s  cou ld  be c o n t r o l l e d  b y  changing 

the  amount of cyclohexanol i n  t h e  mob i le  phase as i t  i s  shown i n  

Table 1. 

Ethanol-water was a l s o  s tud ied  as mob i l e  phase. The e thano l  

con ten t  was va r ied  f rom 85-100%. The f l o w  r a t e  was 1.5 ml/min and 

20 u l  o f  t h e  re fe rence  m ix tu re  d i sso l ved  i n  ethanol  was i n j e c t e d .  

No separa t ion  was obtained. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



882 

TABLE 1 

CSIKY AND HANSSON 

K'-Values f o r  F i ve  S te ro l s  In jec ted  on Tomatine S i l i c a  Column a t  
Various Amounts Cyclohexanol i n  the Mobile Phase. 

Compound %Cyclohexanol i n  n-hexane 

5.0 3.0 1.5 

cholestero l  2.0 22.3 61.1 
cholest-5-ene-3,7-diol 0.1 7.9 41.2 
5-cholesten-7-one 0.1 1.5 18.8 
cholest-5-ene-3,4-diol 0 0.6 13.7 
cholest-4-ene-3-one 0 0.3 10.2 

To inves t i ga te  i f  t h e  s i l i c a  support i t s e l f  o r  t he  spacer 

group coupled t o  the  s i l i c a  could c o n t r i b u t e  t o  t h e  separation, 

t he  mixut re was appl ied t o  a column (Column C)  w i t h  d i o l  s i l i c a .  

The chromatographic condi t ions were as i n  F ig .  3 .  The s t e r o l s  were 

e lu ted w i t h  t h e  solvent f r o n t ;  thus t h e  h i g h l y  s e l e c t i v e  separa- 

t i o n  o f  s t e r o l s  on tomatine s i l i c a  can be ascr ibed t o  the  chemi- 

c a l l y  bonded tomatine groups. 

DISCUSSION 

I n  t h e  reac t i on  between epoxy-subst i tuted s i  1 i c a  and 

tomatine, both t h e  hydroxyl groups o f  t h e  glycosides and t h e  

secondary m i n e  group o f  t he  aglycone can be u t i l i z e d  f o r  t h e  

coupl ing t o  t h e  epoxy groups according t o  F igure 4. 
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HF'LAC OF STEROLS WITH TOMATINE 883 

tomatine tomatine 

FIGURE 4. Synthetis o f  tomatine silica and diol-silica. 

Borontrifluoride acts as a catalyst and in order to get a good 

yield, all chemicals have been carefully dried. Calculation based 

on the carbon elemental analysis of the epoxy-substituted si 1 ica 

estimates the concentration o f  epoxy groups to be ca 880 umol per 

gram. The amount o f  tomatine coupled to the epoxy-substituted 

silica was calculated from the differences o f  carbon elemental 

analysis and estimated t o  be about 60 umol tomatine per gram gel. 

Calculations based on the elemental analysis of hydrogen and 

nitrogen are also in accordance with this value. The relative low 

yield of the reaction is probably due to the steric hindrance of 

the bulky tomatine molecules and a slow reaction. 
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884 CSIKY AND HANSSON 

Since po in t  of attachment o f  tomatine t o  epoxy s i l i c a  i s  

unknown the column capaci ty  f o r  cholestero l ,  19 umole/g, i s  i n  

good agreement w i t h  the  ca lcu lated amount o f  tomatine coupled t o  

the s i l i c a .  

A promising approach i s  t o  use t h e  tomat ine -s i l i ca  column t o  

" s e l e c t i v e l y  sorb" the s t e r o l s  from a crude sample, fo l lowed by 

d i r e c t  displacement i n t o  another column f o r  t he  f i n a l  separation, 

thus u t i l i z i n g  i t  on ly  f o r  t he  i s o l a t i o n  o f  a group o f  substances. 

The preference f o r  cholestero l  on column A as shown i n  Fig.  2, 

ind icates t h a t  t h e  ma te r ia l  can be used f o r  t r a c e  enrichment. 

Tr io le ine,  chosen as a model substance f o r  f a t  components i n  l i p i d  

extracts,  was completely unaffected by the  bonded phase. The 

cho leca lc i f e ro l  was s l i g h t l y  retarded compared t o  t h e  f r o n t  

t r i o l e i n e ,  i n d i c a t i n g  a very weak i n t e r a c t i o n  w i t h  t h e  bonded 

phase. The presence o f  an epimethyl group a t  C-10 i n  cho leca lc i -  

f e r o l  prevents complex format ion w i t h  tomatine as it i s  repor ted 

i n  the  case o f  d i g i t o n i n  (11). 

I n  t h e  l i t e r a t u r e  c i t e d  both p r e c i p i t a t i o n  and t h i n  l a y e r  

chromatography are performed i n  aqueous solvent mixtures thus 

i n d i c a t i n g  t h a t  a strong i n t e r a c t i o n  between saponin and s t e r o l s  

can be expected i n  hyd roph i l i c  media. Our chromatographic 

experiments w i t h  Column B cannot conf i rm t h i s  idea. When t h e  

column was e lu ted  w i t h  ethanol-water, t h e  i n j e c t e d  s t e r o l  mix ture 

e lu ted w i t h  the  solvent f r o n t  and no r e t e n t i o n  was observed. 

However, when the  mobi le phase was n-hexane t h e  i n j e c t e d  s t e r o l s  
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HPLAC OF STEROLS WITH TOMATINE aas 

were ve ry  s t r o n g l y  re ta rded.  As i s  shown i n  Tab 

amounts o f  cyclohexanol  i n  t h e  mob i le  phase mod 

even low 

u t i o n  f rom 

t h e  column. Th is  cou ld  be due t o  t h e  compe t i t i ve  e f f e c t  o f  

cyclohexanol f o r  t h e  s e l e c t i v e  b ind ing  s i t e s  on t h e  s t a t i o n a r y  

phase. Also, nonspec i f i c  hydrophobic i n t e r a c t i o n s  are  p robab ly  

minimized by t h e  mob i le  phase. 

The s e l e c t i v i t y  o f  t h e  tomat ine  s i l i c a  i s  most s e n s i t i v e  on 

d i f f e r e n c e s  around t h e  36-hydroxy p o s i t i o n  o f  t h e  s t e r o l s ,  which 

i s  i n  accordance w i t h  o the r  r e p o r t s  (4,5) on tomat ine s e l e c t i v i t y .  

ACKNOWLEDGEMENTS 

The authors thank D r .  Lars  Haraldson f o r  va lua lbe  d iscuss ions  

and cont inuous support .  

1. L.F. F iese r  & M. Fieser,  "Natura l  Products Re la ted  t o  

Phenantrene", 3 r d  ed., p. 648, Reinhold, New York, 1949. 

R. Schoenheimer, W.M. Sperry, J. Bio. Chem. - 106, 745 (1934). 

R. Haslam, W. Klyne, Lancet, 340 (1953). 

J. J. Kabara, J.T. McLaughlin, C.A. Riegel ,  Anal. Chem. - 33, 

305 (1961). 

5. G. Schul tz,  H. Samder, Z. Phys ica l  Chem. - 308, 122 (1957). 

6. T. Taylor,  Anal. Biochem. - 41, 435 (1971). 

2. 

3. 

4. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



886 CSIKY AND HANSSON 

7. E. Bojesen, I. Bojesen, K. Capito, Biochem. BIophys. Acta, 

- 306, 237 (1973). 

8. Ts.S.  Milkova, S.S. Popov, N.L. Marenkov and G.L. Kovachev, J. 

Chrom. - 194, 429 (1980). 

D.P. Schwartz, C.R. Brevington and L.H. Burgwald, J. L i p i d .  

Res. - 8, 54 (1967). 
9. 

10. L. Hansson, M. Glad, C. Hansson, J. Chrom. - 265, 37 (1983). 

11. M.P. Kautsky, "Stero id  Analysis by HPLC", chap. 6, Marcel 

Oekker Inc., 1981 

12. Present address: P ierce Sweden AB, IDEON, P.0.Box 758, 

S-220 07 Lund, Sweden. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


