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S t e r o i d  Analys is  by High-Perf ormance 

Liquid  Chromatography 

E r i c h  Heftmann and Jiann-Tsyh Lin  

Western Regional  Research Center ,  A g r i c u l t u r a l  Research S e r v i c e ,  

U.S. Department of A g r i c u l t u r e ,  Berkeley,  CA 94710, U.S.A. 

1. INTRODUCTION 

Liquid-column chromatography (LCC), which was t h e  ear l ies t  chromato- 

g r a p h i c  technique  t o  be a p p l i e d  t o  s t e r o i d s ,  has  become t h e  most r e c e n t  

and most promising a d d i t i o n  t o  t h e  armamentarium of  t h e  s t e r o i d  a n a l y s t  

i n  t h e  form of high-performance l i q u i d  chromatography (HPLC). 

column chromatography (CC) has s u r v i v e d  t h e  c o m p e t i t i o n  w i t h  p l a n a r  and 

g a s  chromatography ( G C )  i n  t h e  s t e r o i d  f i e l d ,  because i t  o f f e r s  g r e a t e r  

c a p a c i t y  and a g r e a t e r  v a r i e t y  of exper imenta l  c o n d i t i o n s .  

advantages a r e  impor tan t  i n  t h e  a n a l y s i s  of s t e r o i d s ,  because i n  n a t u r e  

s t e r o i d s  occur  a s  complex mixtures  of d i s p a r a t e  c o n c e n t r a t i o n s  and p o l a r i t e s .  

by v i r t u e  of t h e i r  r e l a t i v e l y  large c a p a c i t y ,  columns can  be loaded  w i t h  

enough crude  mixture  t o  a l l o w  t h e  d e t e c t i o n  of  t r a c e  amounts o f  c e r t a i n  

components. 

range of  s o r b e n t s  and e l u e n t s ,  e.g., by g r a d i e n t  e l u t i o n .  Highly p o l a r  

Conventional 

Both of  t h e s e  

S t e r o i d s  of d i v e r s e  p o l a r i t i e s  c a n  be f r a c t i o n a t e d  by a wide 

Presented  a t  t h e  I n t e r n a t i o n a l  Symposium on H.P.L.C. and its A p p l i c a t i o n  

i n  Endocrinology,  London H o s p i t a l  Medical C o l l e g e ,  London, England, 

December 1, 1981. 
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122 HEFTMA" AND LIN 

compounds, such as conjugated  s t e r o i d  hormones, b i l e  a c i d s ,  and p l a n t  

g lycos ides ,  can be chromatographed wi thout  h y d r o l y s i s  o r  d e r i v a t i z a t i o n ,  

and s e n s i t i v e  compounds a r e  p r o t e c t e d  from l i g h t ,  a i r ,  and h e a t .  Also,  t h e  

column e f f l u e n t  c a n  be c o l l e c t e d  and f u r t h e r  ana lyzed  by any a p p r o p r i a t e  

chemical ,  p h y s i c a l ,  o r  b i o l o g i c a l  method. 

I f  LCC has  n o t  been used more e x t e n s i v e l y  i n  t h e  p a s t ,  i t  was because 

convent iona l  CC was less e f f i c i e n t  and s lower  t h a n  p l a n a r  and GC and because 

monitor ing of s t e r o i d s  i n  t h e  e f f l u e n t  was more l a b o r i o u s  than  i n  GC. The 

e f f i c i e n c y  of  l i q u i d  chromatography (LC) was g r e a t l y  i n c r e a s e d  by t h e  

i n t r o d u c t i o n  of m i c r o p a r t i c u l a t e  s o r b e n t s  ( e s p e c i a l l y ,  s p h e r i c a l  beads) ,  

which cause  a minimum of  eddy d i f f u s i o n ,  and of  sur face-coa ted  packing 

m a t e r i a l s  ( e s p e c i a l l y ,  bonded s t a t i o n a r y  phases) ,  which permit  r a p i d  exchange 

wi th  t h e  mobile phases .  To i n c r e a s e  t h e  f low rate through f i n e l y  powdered 

s o r b e n t s ,  high p r e s s u r e s  are needed. I n s t r u m e n t a t i o n  f o r  sample i n j e c t i o n  

and automation f o r  t h e  a n a l y s i s  of column e f f l u e n t s  were p a t t e r n e d  a f t e r  

GC a p p a r a t u s  and,  a s  a r e s u l t ,  LCC is beginning t o  r i v a l  GC i n  convenience. 

A t  t h e  same t i m e ,  t h e  r i s i n g  c o s t  of HPLC equipment has  de layed  its 

acceptance  by poor ly  endowed l a b o r a t o r i e s .  Another o b s t a c l e  t o  t h e  wider 

a p p l i c a t i o n  of HPLC in t h e  s t e r o i d  f i e l d  is t h a t  t h e  c h o i c e  of d e t e c t o r s  

is very  l i m i t e d ,  t h e  r e f r a c t i v e  index (RI) and v a r i a b l e - u l t r a v i o l e t  ( W )  

d e t e c t o r s  being p r a c t i c a l l y  t h e  only  ones s u i t a b l e  f o r  most a n a l y s e s .  

Before d i s c u s s i n g  t h e  HPLC of s p e c i f i c  classes of s t e r o i d s ,  we w i l l  

review p u b l i c a t i o n s  on HPLC of s t e r o i d s  i n  g e n e r a l .  The world l i t e r a t u r e  

on t h e  chromatography of s t e r o i d s  was surveyed Fn 1976 [ l ]  and 1982 [21 ,  

and HPLC of s t e r o i d s  was reviewed i n  1979 [31.  S i n c e  1979, t h e  number of 

p u b l i c a t i o n s  on t h e  a n a l y s i s  of s t e r o i d s  by HPLC has  more than  doubled. 

Kautsky 's  book [ 4 ]  c o n t a i n s  a series of a u t h o r i t a t i v e  reviews on HPLC of 

s t e r o i d s ,  which w i l l  be c i t e d  in t h e  a p p r o p r i a t e  s e c t i o n s .  One of them 

d e a l s  wi th  t h e  s e p a r a t i o n  of s t e r o i d  epimers  by HPLC [5, cf. also 61 and 

another  one with  t h e  s tudy  of enzyme-catalyzed s t e r o i d  r e a c t i o n s  by HPLC 

[7] .  HPLC of s t e r o i d s  was a l s o  reviewed i n  connec t ion  wi th  pharmaceut ica l  

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



STEROID ANALYSIS 123 

I8,9l and c l i n i c a l  [10-141 ana lys i s  and with the ana lys i s  of various na tu ra l  

products [12,15], including the  l i p i d s  of i n sec t s  and a lgae  [161. 

A number of publications have dea l t  with prepara t ive  HPLC of s t e ro ids  

A s  a r u l e  of thumb, the  weight of sorbent should be a t  l e a s t  [17-281. 

1000 times the  sample weight. 

experiments with s t e ro ids ,  which a r e  des i r ab le  test substances [291. 

The water content of the eluent changes the  a c t i v i t y  of adsorbents 

[30] and the  mechanism of sorp t ion  [311. A change from adsorption t o  

p a r t i t i o n  is obtained by a gradual increase  in  the  water content of dichloro- 

methane [32], as  it e lu t e s  s t e ro ids  from a s i l i c a  column. When s i l v e r  

n i t r a t e  is  incorporated in the  e luent ,  a column of bonded oc tadecyls i lane  

(ODS) serves fo r  a rgenta t ion  chromatography [331.  The s e l e c t i v i t y  toward 

s t e ro ids  of ODS-coated beads, which a r e  the  most common column packing 

mater ia l s  now used [34], depends on the  manufacturing process as w e l l  a s  on 

the  method of operation [35]. They a r e  often r e fe r r ed  t o  a s  reversed-phase 

(R)) packing, although they may a c t  both as  l i p o p h i l i c  adsorbents and a s  

carriers of the  l e s s  polar phase in p a r t i t i o n  systems (361. 

The l i t e r a t u r e  on sorbents a l s o  contains 

There have been considerable e f f o r t s  t o  make the  choice of mobile 

phases more r a t iona l  [37-471. 

fo r  t he  separa t ion  of 43 na tu ra l  s t e ro ids  on an ODs column [481. 

the  composition and flow r a t e ,  but a l s o  the  temperature may be varied t o  

improve reso lu t ion  [491. Corre la t ions  of s t e ro id  s t ruc tu re  with r e t en t ion  

behavior in adsorption and p a r t i t i o n  HPLC have been attempted by Hara and 

Hayashi [501. The complexity of mobile/stationary phase in t e rac t ions  

with compounds having numerous poss ib le  isomers and epimers makes pred ic t ions  

very hazardous [61. 

A gradient e lu t ion  scheme has been devised 

Not only 

Der iva t iza t ion  of s t e ro ids  may improve t h e i r  chromatographic behavior 

or f a c i l i t a t e  t h e i r  detection. Thus, UV absorption is increased by 

converting hydroxylated s t e ro ids  t o  benzoates or E-nitrobenzoates [51], 

ketonic s t e ro ids  t o  2,4-dinitrophenylhydrazones [52,531, and carboxylic 

ac ids  to  phenacyl e s t e r s  [541 or 1-nitrobenzyl e s t e r s  [55,561. The 
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HEFTMA" AND LLN 124 

f l u o r o m e t r i c  d e t e c t i o n  of k e t o s t e r o i d s  i n  t h e  form of dansylhydrazones 

t57-601 i n c r e a s e s  t h e  s e n s i t i v i t y  of t h e  a n a l y s i s .  For e l e c t r o c h e m i c a l  

d e t e c t i o n ,  k e t o s t e r o i d s  have been conver ted  t o  E-ni t rophenylhydrazones 

[ b l j  and c a r b o x y l i c  a c i d s  t o  2-hydroxyani l ides  1621. D e r i v a t i v e s  are 

u s u a l l y  formed p r i o r  t o  i n j e c t i o n ,  but  i t  is a l s o  p o s s i b l e  t o  d e r i v a t i z e  

t h e  column e f f l u e n t .  

ke tones  t o  i s o n i c o t i n y l h y d r a z o n e s  p e r m i t s  t h e i r  a n a l y s i s  i n  t h e  picomole 

range by f luorometry  [63-65]. Other  post-column r e a c t i o n s  w i l l  be d i s c u s s e d  

i n  t h e  a p p r o p r i a t e  s e c t i o n s  o f  t h i s  review. 

mentioned, t h e  moving-wire f lame- ioniza t ion  d e t e c t o r  is a l s o  a p p l i c a b l e  

t o  s t e r o i d s  [66 ,67] ,  and a hea ted  t h i n - l a y e r  p l a t e ,  moving s lowly  p a s t  t h e  

column o u t l e t ,  may s e r v e  as a poor  man's t r a n s p o r t  d e t e c t o r  [68j .  

more r a r e l y  used d e t e c t i o n  methods f o r  s t e r o i d s  i n c l u d e  polarography 1691, 

f i e l d  d e s o r p t i o n  [70J  and a tmospher ic  p r e s s u r e  i o n i z a t i o n  (71J  mass s p e c t r o -  

metry (721 ,  and nephelometry [73,74]. Automatic  HPLC a n a l y t i c a l  systems can 

handle  l a r g e  series of  r o u t i n e  a n a l y s e s  (75-771. 

2 .  STEROLS 

For i n s t a n c e ,  t h e  post-column convers ion  o f  A'-3- 

I n  a d d i t i o n  t o  t h e  d e t e c t o r s  

Other ,  

The s t e r o l s  and t h e i r  t r i t e r p e n e  a n a l o g s  are t h e  least p o l a r  s t e r o i d s ,  

c o n t a i n i n g  only  1-2 oxygen atoms p e r  26-30 carbon atoms. Isomerism may o c c u r  

a t  p o s i t i o n s  3,5, and  24. Except f o r  s t e r o l s  c o n t a i n i n g  conjugated  double  

bonds, they  a r e  n o t  d e t e c t a b l e  w i t h  f ixed-wavelength UV d e t e c t o r s .  Thus, 

i n  t h e  absence of a far-UV d e t e c t o r ,  a R 1  d e t e c t o r  o r  UV-absorbing d e r i v a t i v e s  

may be r e s o r t e d  t o .  S e p a r a t i o n  a c c o r d i n g  t o  t h e  number of double  bonds was 

achieved by a r g e n t a t i o n  chromatography of s t e r y l  benzoates  on a s i l i c a  column, 

conta in ing  5% AgN03, and g r a d i e n t  e l u t i o n  w i t h  CH2C12 i n  petroleum e t h e r  

(781. S t e r y l  a c e t a t e s ,  d i f f e r i n g  n o t  o n l y  i n  t h e  number but  a l s o  i n  t h e  

l o c a t i o n  of double  bonds, were s e p a r a t e d  on  a n  A1203-AgN03 (5:l) column, 

e l u t e d  wi th  C6H14 - PhMe mixtures  a t  100 p s i  1791. 

Rees u. [80] have chromatographed f r e e  s t e r o l s  as w e l l  as s t e r y l  

benzoates  and a c e t a t e s  on an ODS column w i t h  m i x t u r e s  of MeOH, CHCl-j, and 

H20. This  method has  been adapted  t o  t h e  a n a l y s i s  of t h e  s t e r o l s  in marine 
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STEROID ANALYSIS 125 

inver tebra tes  [El ] ,  cholestenone i n  r a t  adrenal6 [82] ,  s i t o s t e r o l  and 

s i t o s t e r y l  glucoside in  whiskey [831, and cho le s t e ro l  i n  foods [84]. 

RP p a r t i t i o n  HPLC with MeCN in  the  mobile phase has been applied t o  f r e e  

s t e r o l s  by severa l  Inves t iga tors  [85-87]. It forms the  bas i s  f o r  the  

ana lys i s  of f r e e  and e s t e r i f i e d  cho le s t e ro l  i n  blood serum [88]. 

More recently,  four groups have independently reported the  separa t ion  

of individual choles te ry l  esters on ODS columns. Swaczyna and Montag [89] 

separated eight e s t e r s  with 2-PrOH-MeCN (11:9), and Perkins Gal. [go] found 

tha t  MeCN-CHC13-MeOH (1 : l : l )  e l u t e s  the  sa tura ted  e s t e r s  i n  the  order 

of increasing chain length and the  unsaturated ones i n  the  order of decreasing 

number of double bonds, the  =-isomers being e lu ted  ahead of t h e  --isomers. 

Helmich 3. [91] analyzed complex mixtures of t r i t i a t e d  cho le s t e ry l  

e s t e r s  i n  picomole quan t i t i e s  with MeOH-Me2C0 (17:3) a s  e luent ,  and Carro l l  

and Rude1 [YZ] were ab le  t o  determine the  individual cho le s t e ry l  esters in 

blood quan t i t a t ive ly  by t h e i r  absorption a t  213nm following e lu t ion  with 

a l i nea r  gradient of H20 ( 3  + 0%) in MeCN-THF (13:7). 

Having found t h a t  double bond isomers and c e r t a i n  other s t e r o l s  a r e  

not resolved by RP p a r t i t i o n  HPLC, Hansbury and Scallen [Y3,94] ace ty la ted  

f r ac t ions  from the RF' chromatogram and subjected them t o  adsorption HPLC 

on a s i l i c a  column. Thowsen and Schroepfer [951 have demonstrated earlier 

tha t  double bond isomers of s t e r y l  ace t a t e s  a r e  eluted from a Poras i l  

column by CgHl,$-CgHg ( 9 : l )  i n  the  order:  so, A5, P8(14), A', A7, A537,  

A 7 9 1 4 ,  

Our approach has been t o  chromatograph f r e e  s t e r o l s ,  r a the r  than 

t h e i r  der iva t ives ,  on a Bondapak C18-Porasil B column [961. 

2-PrOH in g-C6H14 was  used a s  an e luent ,  t he  separa t ion  was based on 

hydrophobic adsorption ra ther  than RP p a r t i t i o n  chromatography and the  

column e f f luen t  could be monitored a t  205nm. Such a system not  only 

separa tes  the  A5-, A7-, and A5B7-C27-sterols, but a l so  s t e r o l s  d i f f e r i n g  

from each other by the number of carbon atoms and double bonds (Fig. 1).  

Aside from permitt ing the  separa t ion  of underivatized s t e r o l s ,  t h i s  

When 0.5% 
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SITOSTEROL 

L I  I I I I 1 I I I I I 
0 1 2  3 4 5 6 7 8 9 10 11 I ?  

HOURS 

Fig.  1. hPLC of S t e r o l s  [961. A column (16 f t  x 1 / 8  i n .  I D )  of Bondapak- 

P o r a s i l  B (37-7511m) was e l u t e d  w i t h  0.5% 2-PrOH i n  n-C6H14 a t  0.4mllmin. 

The s t e r o l s ,  ranging  i n  amounts from 99 t o  37$g, were d e t e c t e d  by t h e i r  

a b s o r p t i o n  a t  205nm. 

system has  t h e  advantage of a r e l a t i v e l y  h igh  l o a d  c a p a c i t y .  

us, e.g., t o  i s o l a t e  18 p g  of c h o l e s t e r o l  i n  a 10-mg sample of commercial 

s i t o s t e r o l .  Col in  3. [971 have eva lua ted  v a r i o u s  approaches t o  t h e  

HPLC of f r e e  s t e r o l s  and dec ided  t o  use  columns packed wi th  pyrocarbon- 

coa ted  s i l i c a  g e l .  Such columns are capable  of s e p a r a t i n g  homologous 

s t e r o l s  and geometr ic  isomers .  

It  al lowed 

The ke tone  ana logs  of t h e  s t e r o l s  absorb  W r a d i a t i o n  a t  254 and 280 nm. 

We have s t u d i e d  t h e i r  chromatographic  behavior  w i t h  two UV d e t e c t o r s  in 

tandem by e l u t i n g  a s i l i c a  column wi th  C H ~ C ~ ~ - " - C ~ H ~ ~ - E ~ O A C  ( 9 4 : 5 : 1 )  [981. 
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38 .HYDROXV-Ss -CHOLESTAN-I-ONE 

jgfl 3p.HYDRoxY-ss .CHOLESTAN-6-ONi 

Fig. 2. 

OD) of LiChrosorb 60 (1CPm) was e lu t ed  with CH2C12-EtOAc ( 9 9 : l  and, a f t e r  

6 hr 2G min, 3 : l )  at 0.5ml/min. The ketones, ranging i n  amounts from 6.5 

t o  475@g, were detected by t h e i r  absorption a t  254 and 280nm. 

HPLC of Keto Analogs of Cholesterol 1981. A column ( 2  f t  x 1/4 in .  

A s  expected 161, h-cholestan-3-one was more s t rongly  adsorbed than i t s  

5B-epimer. and t h i s  pa i r  was followed by 5-cholesten-3-one, which was less 

s t rongly  adsorbed than its double-bond isomer 4-cholesten-3-one. 

chromatogram in  Fig. 2 was obtained by changing the  eluent (arrow) from 

1% t o  25% E t O A c  in CH2ClZ.  

f o r  s t e r o l  separations.  

The 

HPLC on s i l i c a  ge l  is being used ex tens ive ly  

It has enabled Redel and Capillon [99,100] t o  
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128 HEFTMANN AND LIN 

s e p a r a t e  2 5 ~ ( ( & ) ,  26-hydroxycholesterol  from i t s  s l i g h t l y  less polar  258(S)- 

epimer by r e c y c l i n g  2.5% Et20 in C6H14 through a M i c r o p o r a s i l  column, 

60 c m  in length .  It w a s  a l s o  used f o r  t h e  d e t e r m i n a t i o n  of t h e  s t e r o l  

composi t ion of v e g e t a b l e  o i l s  [101,102]. Ansar i  and Smith [ lo31  have used 

both a s i l i c a  column, e l u t e d  with:-C6€il4-2-PrOH ( 2 4 : l )  o r  w i t h  g r a d u a l l y  

i n c r e a s i n g  c o n c e n t r a t i o n s  of 2-PrOh, and an ODS column, e l u t e d  w i t h  10 

o r  20% aq. heCN t o  s e p a r a t e  c h o l e s t e r o l  a u t o x i d a t i o n  products .  which were 

d e t e c t e d  a t  212nm. They succeeded i n  r e s o l v i n g  t h e  i somer ic  5 ,6-epoxides  

and t h e  5a- and 7a-hydroperoxides. Oddly, t h e  3B-benzoate of t h e  5 8 ,  

68-epoxide was t h e  more mobile geometr ic  isomer i n  both a d s o r p t i o n  and RP 

p a r t i t i o n  chromatography. 

Okazaki Qal. [lO4-108] have developed a h i g h l y  s p e c i f i c  and s e n s i -  

t i v e  method f o r  t h e  a n a l y s i s  of c h o l e s t e r o l  i n  human serum l i p o p r o t e i n s .  

It r e q u i r e s  only  10-2Ol.11 of serum and i s  based on p r o t e i n  f r a c t i o n a t i o n  

by high-performance g e l  permeat ion chromatography. C h o l e s t e r o l  i n  each 

f r a c t i o n  i s  a u t o m a t i c a l l y  determined by a n  enzymatic  r e a c t i o n  performed 

on  t h e  column e f f l u e n t  a f t e r  i t  l e a v e s  t h e  UV d e t e c t o r  f o r  p r o t e i n  

a n a l y s i s  (280 nm). A post-column enzyme r e a c t o r ,  c o n t a i n i n g  c h o l e s t e r o l  

ox idase  immobilized on cont ro l led-pore  g l a s s ,  was a l s o  designed f o r  

t h e  de te rmina t ion  of c h o l e s t e r o l  and i t s  a u t o x i d a t i o n  products  (1091. 

HPLC on a magnesium hydroxide column has  been sugges ted  a s  a method f o r  

s e p a r a t i n g  wax esters from s t e r y l  e s t e r s  in s k i n  l i p i d s  [110]. 

The UV d e t e c t o r  may show some s p e c i f i c i t y ,  e.g., when i t  i s  used t o  

d e t e c t  fungal  contaminat ion  of g r a i n s  (1111. S e t  a t  282nm, i t  c a n  

i n d i c a t e  t h e  presence  of  e r g o s t e r o l  i n  a m i x t u r e  of  s t e r o l s  having no 

i n t e r f e r i n g  absorp t ion .  A nephelometr ic  d e t e c t o r  has  been proposed by 

Smith u. [ 7 3 , 7 4 ]  f o r  c h o l e s t e r o l  and  o t h e r  l i p i d s  f r a c t i o n a t e d  

by hPLC, and a chemical  i o n i z a t i o n  mass s p e c t r o m e t e r ,  i n t e r f a c e d  w i t h  

t h e  l i q u i d  chromatograph by a moving-wire t r a n s p o r t  system, has  a l s o  

been used f o r  t h e i r  a n a l y s i s  L1121. 
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Fig. 3. HPLC o f  

Zorbax SIL (6um) 

Vitamin D3 Analogs [ l l8] .  

was e l u t e d  w i t h  2% MeOH i n  CH2C12 a t  0.4mllmin. 

A column (250 x 2.lmm I D )  of  

The 

v i tamins  ( l @ g  o f  each)  were d e t e c t e d  by t h e i r  a b s o r p t i o n  a t  254nm. 

3. V I T A M I N S  D 

The Vanhaelens [I131 have c o n t r i b u t e d  a s u p e r b  review o f  t h e  a n a l y s i s  

o f  t h e  v i tamins  D (D), and d e t a i l e d  d e s c r i p t i o n s  o f  such  methods have 

been publ i shed  i n  Methods i n  Enzymology [114-116] and i n  t h e  Symposium 

Proceedings of  t h e  Assoc ia t ion  of  Vitamin Chemists [1171. 

s u r ~ r i s i n g  t h a t  more work has  been done on t h i s  p a r t i c u l a r  a p p l i c a t i o n  

t h a n  on  any o t h e r  a p p l i c a t i o n  o f  HPLC i n  t h e  s t e r o i d  f i e l d .  

D are l a b i l e  s u b s t a n c e s  w i t h  c h a r a c t e r i s t i c  UV a b s o r p t i o n  and, t h u s ,  i d e a l  

o b j e c t s  f o r  t h i s  a n a l y t i c a l  method. Adsorp t ion  chromatography i s  very 

e f f e c t i v e  i n  r e s o l v i n g  t h e  i somer ic  hydroxyla ted  m e t a b o l i t e s ,  but 

inadequate  f o r  s e p a r a t i n g  D2 from D3. 

I t  is  n o t  

The v i t a m i n s  

Fig. 3 [118] i n d i c a t e s  some of  t h e  p o s s i b i l i t i e s  of a d s o r p t i o n  HPLC 

on a s i l i c a  column. The p o l a r i t y  of t h e  D3 a n a l o g s ,  which depends on t h e  
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130 HEFTMA" AND LIN 

number and position of the hydroxyl groups, increases in the order D3 < 24 

< 25 < la < 24,25 < 1,24 & < 1,242 < 1,25. 

are not resolved, while the la, 24-dihydroxy-D3 epimers are separated from 

each other. 

groups [119-1241. Jones [125], who made a study of ternary solvent mixtures 

for silica HPLC, recommended C6H14-2-PrOH-keOH (87:10:3) for samples of 

high lipid content and C6H14-EtOH-CHC13 (8:l:l) for differentiating D2 and 

D3 analogs. 

by converting the D metabolites to isotachysterol derivatives prior to 

IiPLC and setting the detector to 290nm (1261. 

Thus, the less polar 24-epimers 

Similar results have been reported by several other research 

The sensitivity of detection by UV absorption can be doubled 

RP partition HPLC separates D2 completely from D3 if 90% aq. MeOH [1271 

or ReCN-CH2C12 (7:3) containing 0.5-2 ml ReOH/l [1281 are used as mobile 

phases. 

a linear gradient of aq. MeOH from 30 to 80% (1291. 

The hydroxylated derivatives of D3 were separated by RP HPLC with 

The analysis of biological products understandably requires some 

preliminary purification, depending on the nature of the other lipids 

present. In the analysis of blood, Sephadex LH-20 [130-1351 low-pressure 

[ 136-1431 or high-pressure [ 144-1471 silica, and Celite [ 137,1481 CC, 

affinity chromatography [149], or RP partition HPLC [150,151] are used 

for preliminary purification of the extract. The analysis is then carried 

out in a Rp HPLC system if normal-phase HPLC was used for the preliminary 

fractionation and vice versa. 

samples [152,153]. 

blood [154], to determine the configuration at C-24 of 24,25-dihydr0~y-D~ 

in human blood [1551, and to prepare [3H]-labeled D3 from kidney tissue 

homogenates [156]. Of course, there is also a great deal of interest in 

the use of HPLC for the analysis of D in vitamin concentrate preparation 

[77,157-1691, in milk [170-1741 and mllk products [175,1761, in eggs [177], 

fish [ 1781, margarine [1791, and in livestock feed [180-1841. 

Similar methods are applicable to skin 

HF'LC was also used to prepare 25-hydroxy-D2 from animal 

4. PREGNANE DERIVATIVES 

The hormones in the pregnane serles have a h4-3-keto group, which 

allows their detection at 254nm. Because they are so important in medi- 
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STEROID ANALYSIS 131 

cine and so easy to chromatograph, there has been a multitude of 

publications on HPLC of pregnane derivatives. 

used slight variations of the method of Hesse and Hzvermann [37, cf. Fig. 91 

for the quantitative analysis, based on W absorption, of individual corti- 

costeroids in biolgical extracts by partition chromatography [185-1951. 

Gradient elution not only speeds up elution, but also sharpens the later 

peaks [ 196-2001. 

Several investigators have 

RP partition tends to give sharp and symmetrical peaks, and it has 

the additional advantage that polar impurities in the extracts are quickly 

eliminated from the column. 

is bonded ODS [201-2071. For the greatest efficiency, adequate coverage 

of the silica by ODS groups seems to be essential [ZOO]. 

Duke 11981 have compared various bonded stationary phases and have opted 

for the polar Diol columns [197,200,208,209]. 

residues include cyanopropylsilane 12101, nitro 1211 1, and phenyl [212-214 1 

groups. Chromatography at elevated temperature is also rarely used [2151. 

Assay methods include, in addition to UV absorption, the RI for satu- 

rated C21 steroids [209,216] and the acid-induced fluorescence in the case 

of cortisol [2171. A high degree of specificity is obtained by combining 

HPLC with radioimmunoassay methods [218-2201. HPLC methods are now available 

for progesterone and its metabolites [209,216,221,222] (see Fig. 4 ) ,  the 

18-hydroxylated pregnane derivatives IZOO] ,  @-hydroxycortisol [2231, and 

the cortoic acids 12241. Even the tautomeric forms of aldosterone can be 

at least partially resolved by HPLC [225]. 

The column material preferred by most analysts 

SchSneshifer and 

The more rarely used bonded 

HPLC has been used for the assay of pharmaceutical preparations of 

deoxycorticosterone acetate [2261, hydrocortisone phosphate 12271, cypionate 

12281, and acetate [229,23G], and other corticoid acetates [231]. Numerous 

semisynthetic analogs of C21 steroids have been analyzed by HPLC [232-236], 

e.g.: prednisone and prednisolone [237-2461, methylprednisolone and its 

hemisuccinate [247-2491, flucartolone [250], fludrocortisone acetate 1251,2521, 

dexamethasone [238,253,2541 and betamethasone [255-2571 and their esters, 
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y2 I co 

y .5U .pr.gnon.ZO.ono 

HO d+ 
3 # .HydroryS.pr~pnon~ZO-ono 

( Propnonolono) I 
( Progostorone ) 

I 

0 20 40 60 

. 
no.' 

H 

3u 4lydroxy.S B .prognon.ZO-ono 

TIME (MINUTES ) 

Fig. 4 .  HPLC of Progesterone Metabolites [216] .  A column (600 x 4mm ID) 

of Zorbax SIL ( 4 m )  was eluted with 0.25% E t O H  i n  CHZC12 a t  lml/min. 

The metabolites ,  ranging i n  amounts from 17 t o  135pg, were detected by 

the ir  absorption a t  280nm. 
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STEROID ANALYSIS 133 

halcinonide [258], triamcinolone acetonide [259,2601, canrenone [2611, the 

budesonide epimers [206,262-2641, medrogestrone [2651, and alphadione [266]. 

In the RP HPLC of the decomposition products of prednisolone, sulfite was 

added to the mobile phase [267], and the decomposition products of hydro- 

cortisone was separated with a mobile phase containing an ion-pairing 

reagent [268 I .  

5. ANDROSTANE DERIVATIVES 

Numerous ClgO2 and C1903 compounds are known, which may be isomeric 

at positions 3, 5 ,  and 17. Lafosse a. [269], who made the first 

systematic study of free and conjugated 17-ketosteroids by RP HPLC, used 

a R I  detector. In our work, both absorption [270,271] and Rp partition [271] 

systems kere used with UV as well as RI detectors. Fig. 5 I2701 shows the 

separation of 11 androstane derivatives by HPLC on a silica column, eluted 

with CH2C12-MeCN-2-PrOH (179:ZO:l). 

series, one set at 280nm and the other one at 254 nm. 

of 17-ketosteroids was: 

expectation, Scl-androstanedione was eluted before 56-androstanedione and 

the 17@-hydroxysteroid, testosterone, was eluted before its 17u-epimer, 

epitesterone. Upon reinvestigation of the adsorption HPLC of androstane 

derivatives with 3% EtOH in C6H14 as the eluent [2711, we found that this 

solvent mixture elutes 3-androstenedione before W-androstenedione, and 

epitestosterone before testosterone, while the order of the other 

17-ketosteroids was unchanged. Fig. 6 12711 shows a RP chromatogram of 

CI9O3 compounds obtained by use of a RI detector. 

Two UV detectors were connected in 

The order of elution 

38,582 38, A5> 38, 5a >331,5cL> % , 5 8 .  Contrary to 

One of the Important applications of HPLC in the androgen field is the 

determination of testosterone and its metabolites in biological extracts 

[272-2751. 

assayed by UV absorption following HPLC (2761. 

devised for norgestrel [277], methandienone (278-2801, norethandrolone 

[281], norethindrone [282], andmlbolerone 12831, for trenbolone residues 

[284,285], and for various other 19-norsteroids [286], for testolactone 12871, 

Pharmaceutical preparations of testosterone esters are readily 

Specific methods have been 
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136 HEFTMA" AND LIN 

6. ESTROGENS 

The IiPLC of estrogens was aFtly reviewed by Schmidt 1291). Steroidal 

estrogens, having aromatic character, are easily detected by their UV 

absorFtion at 280 nm. 

of hydroxyl groups and double bonds in the molecule. 

permaphase ETH (292,2931 and silica [294-297] columns as well as RP parti- 

tion IiPLC on ODS (257-3061 and bonded pyrrolidone 13011 columns have been 

used for estrogen separations earlier. We have observed [3G2] that the two 

chromatographic principles are complementary. 

silica adsorption column is less influenced by keto groups and double bonds 

than it is in RP systems, epimeric estrogens are generally better resolved 

by adsorption than by partition. Fig. 7 (3021 illustrates this in the 

se~aration of epimeric estriols on a silica column with C-C6&14-EtOH (9:l) 

and Fig. 8 (3021 in the resolution of the equine estrogens on a RP column 

with 35% aq. keCN. 

Their polarity is determined in general by the number 

Adsor~tion HPLC on 

khile the retention on a 

To increase the sensitivity of detection for biological applications, 

Schmidt-. 13031 and Roo6 [304,365] chromatographed the estrogens in 

the form of their dansyl derivatives. This permits as little as 400pg of 

estrogen to be detected by fluorometry, but poor resolution requires the 

borohydride reduction of the 17-ketoestrogens. Taylor ~t 8.1. 13061 have 

taken advantage of the natural fluorescence of estrogens when excited by 

W radiation at 220nm, which allows the detection of as little as 1OOpg. 

Another approach to increased sensitivity is the electrochemical oxidation 

of the phenyl group that ChaKaCteKiZeS the estrogens. The minimum quantity 

of estrogen detectable by an electrochemical detector, which can be built 

for about $75 13071 is long for urinary estriol [308] and may be as low 

as 0.5pg for estrogens in meat [309,310]. 

separated catechol estrogens by HPLC on an ODS column, and were able to 

determine them at the manogram level with an electrochemical detector. 

Shimada gt. [311,3121 have 

The separation of estrogen conjugates by HPLC was pioneered by Van 

der Wal and Huber [313,314], who found that although cellulose and poly- 
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Fig. 7. 

or Zorbax BP-SIL ( N m )  was eluted with ;-C6H14-EtOH (9:l) at 2ml/min. 

The estrogens, ranging in amounts from 1.5 to 1%g, were detected by 

Adsorption HPLC of Estrogens [302]. A column (250 x 4.6mm ID) 

their absorption at 2bGnm. 
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Fig. 8. 

Zorbax BP-ODS ( 8 p )  was e luted with 35% aq. MeCN at 2ml/min. 

estrogens,  ranging in amounts from 1 t o  3pg. were detected by the ir  

absorption a t  28Gnm. 

RP HPLC of Estrogens 13021. A column (250 x 4.6m ID) of 

The 
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STEROID ANALYSIS 139 

styrene anion exchangers have the  g rea t e s t  s e l e c t i v i t y  f o r  the  s i t e  of 

conjugation, ODS, coated with a l i qu id  anion exchanger, w i l l  a l s o  

serve [315] .  Musey a. [3161 made s imi la r  observations.  Fransson 

e t  al .  [317]  devised a sys t em f o r  separating estrogen s u l f a t e s  and 

ghcuronides ,  based on l iqu id- l iqu id  ion-pair HPLC, but l a t e r  work with 

s imi l a r  systems by Hermansson [318,319]  i nd ica t e s  t h a t  the  underlying 

mechanism may be adsorption. The determination of e s t r i o l  16a- 

glucosiduronate i n  urine is based on RF' p a r t i t i o n  [320] .  By sequent ia l  

chromatography i n  adsorption and RF' systems Sl ikker  Q. [3211 have 

succeeded i n  resolving a s  many a s  25 conjugated and f r e e  estrogens. 

- 

Among the s t e r o i d a l  estrogen analogs f o r  which HPLC methods a r e  now 

ava i l ab le  a r e  e thynyles t rad io l  [ 3 2 2 ] ,  qUh?StKOl [323] ,  and estramustine 

[324] .  Williams and Goldzieher 13251 have devised a scheme of following 

the metabolsim of ethynylestrogens by means of HPLC. 

7. MISCELLANEOUS STEROID HORMONES 

In  t h i s  sec t ion  w e  review l i t e r a t u r e  dea l ing  with more than one Class 

of s t e ro id  hormones. HPLC of s t e ro id  hormones has previously been reviewed 

by F i t zpa t r i ck  [326] and HPLC of sex hormones by Douglas [3271. O'Hare and 

Nice [328] have summarized the HPLC of s t e ro id  hormones in  adrena l  and 

t e s t i c u l a r  c e l l s  and t i s sues ,  and Jaglan and Krzeminskf [3291 have contrib- 

uted a review on HPLC of na tu ra l  and synthe t ic  hormones i n  food and feed. 

Fig. 9, adopted from one of the e a r l i e s t  publications on HPLC of 

s t e ro id  hormones [371,  i l l u s t r a t e s  the  kind of r e s u l t s  ob ta inable  by simple 

e lu t ion  of a s i l i c a  column with a se lec ted  solvent mixture and W detection. 

Kautsky a. [330,3311 have used HPLC fo r  t he  pu r i f i ca t ion  of ovarian 

hormones, Sch&~esh'dfer and Duke 11981 have compared various HPLC systems 

fo r  the  pu r i f i ca t ion  of adrenal and gonadal s t e ro ids  pr ior  t o  radioimmuno- 

assay, and Cochran and Ewing 13321 have devised a method of i so l a t ing  14 

t e s t i c u l a r  s t e ro ids  by HPLC following C e l i t e  CC. I n  a study of pregnenolone 

metabolism, paper chromatography was used pr ior  to  HPLC 13331. TLC served 

Okumura [3341 as  a guide in the se l ec t ion  of chromatographic systems 
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$Ha 

PROGESTERONE 
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0" \ d 
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CORTISONE 

PREDNISONE 
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Fig. 9. HPLC of S t e r o i d  Hormones I371. A column (300 x 3mm I D )  of 

Spheros i l  XOA-400 (4-8pm) was e l u t e d  wi th  CH2C12-EtOH-H20 (936:47:17) a t  

1.14ml/min. The hormones were d e t e c t e d  a t  240nm. 

s u i t a b l e  f o r  HPLC of var ious  s t e r o i d  hormones. HPLC ha6 been used f o r  t h e  

s e p a r a t i o n  of c18 and C19 s t e r o i d s  [3351. 

norethindrone 13361 and of e t h y n y l e s t r a d i o l  and nore th indrone  [3371 have 

been assayed by HPLC. 

8. BILE ACIDS 

Mixtures of mestranol  and 

HPLC of b i l e  a c i d s  has been reviewed by Nambara and Goto [338-3401 and 

Because the c a r b o x y l i c  or s u l f o n i c  a c i d s  a r e  by E l l i o t t  and Shaw [ 3 4 1 ] .  

very polar  and because most b i l e  a c i d s  l a c k  W chromophores, d e r i v a t i z a t i o n  

was used i n i t i a l l y .  The phenacyl 13421, 4-ni t robenzyl  [55,56,343-3451,  

1-naphthylmethyl [346], and 7-methoxy-4-methylenecoumaryl [3471 ester8 not  
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STEROID ANALYSIS 141 

o n l y  have d e s i r a b l e  chromatographic  p r o p e r t i e s  b u t  a l s o  a b s o r b  s t r o n g l y  

i n  t h e  n e a r  UV o r  e x h i b i t  a f l u o r e s c e n c e .  Solvent  systems f o r  HPLC have 

been d e r i v e d  from TLC d a t a  13431, and g r a d i e n t  e l u t i o n  has  been employed 

o c c a s i o n a l l y  1347,348 1. 

Although s a t i s f a c t o r y  s e p a r a t i o n s  have been accomplished w i t h  s i l i c a  

columns 156,342,3441, w i t h  i o n  exchangers  1350,3511, and by l i q u i d - l i q u i d  

ion-pa i r  HPLC [352], t h e  overwhelming m a j o r i t y  o f  c u r r e n t  a n a l y t i c a l  work 

is performed on u n d e r i v a t i z e d  b i l e  a c i d s  w i t h  RP columns. 

now e x p l o i t  t h e  W a b s o r p t i o n  of  b i l e  a c i d s  a t  210 nm o r  even s h o r t e r  wave- 

l e n g t h s  (353-3571 i n s t e a d  of  r e l y i n g  on t h e  R I  d e t e c t o r .  

made t o  i n t r o d u c e  t h e  polarographic  d e t e c t o r  i n t o  b i l e  a c i d  a n a l y s i s  13581, 

and post-column d e r i v a t i z a t i o n  i n  a fixed-enzyme r e a c t o r  h a s  r e c e n t l y  been 

accomplished. The l a t t e r  i n v o l v e s  p a s s i n g  t h e  e f f l u e n t  th rough a column, 

c o n t a i n i n g  immobilized k - h y d r o x y s t e r o i d  dehydrogenase,  and t h e n  de termining  

t h e  reduced nicot inamide-adenine d i n u c l e o t i d e  (NADH) formed by f luorometry  

[359-3621. 

Most a n a l y s t s  

A n  a t t e m p t  has  been 

A s  l i t t l e  a s  long of b i l e  a c i d s  can  be d e t e c t e d  by t h i s  method. 

Fig. 10, adapted  from Shaw and E l l i o t t  I3491, i l l u s t r a t e s  t h e  separa-  

t i o n  of conjugated  b i l e  a c i d s  o b t a i n a b l e  by RP p a r t i t i o n  chromatography. 

A s  c a n  be seen ,  n o t  on ly  are t h e  g l y c o  c o n j u g a t e s  wel l  s e p a r a t e d  from t h e  

cor responding  t a u r o  conjugates ,  bu t  p o s i t i o n  i somers  are a l s o  reso lved .  

Shaw a. [363] have c a l c u l a t e d  " r e l a t i v e  c a p a c i t y  f a c t o r s "  f o r  

a-hydroxy b i l e  a c i d s ,  but  t h e i r  c o r r e l a t i o n s  between t h e s e  f a c t o r s  and 

b i l e  a c i d  s t r u c t u r e  break down when t h e  hydroxyl  groups a r e  spaced t o o  

c l o s e l y  o r  when o t h e r  f u n c t i o n a l  groups are a l s o  F r e s e n t .  RP HPLC has  

been a p p l i e d  t o  t h e  f r e e  13641 and s u l f a t e d  [357,365.366] b i l e  a c i d s  and 

t o  t h e  f r e e  and conjugated  b i l e  a c i d s  i n  human b i l e  1350,355,367-3771 

and serum [356,373,37b-360]. 

9 .  CARDIAC GENIhS AND GLYCGSIDES 

hPLC of c a r d i a c  g l y c o s i d e s  has  been reviewed by S e i b e r  st. 13811. 

The u n s a t u r a t e d  l a c t o n e  r i n g  i n  t h e  c a r d e n o l i d e s  and b u f a d i e n o l i d e s  a l l o w s  

t h e i r  d e t e c t i o n  a t  220nm. Both normal and RP p a r t i t i o n  HPLC are a p p l i -  
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Min. 

TAUROCHENODEOXYCHOLATE 

TAURODEOXYCHOLATE 

TAUROLITHOCHOLATE 

GLYCOCHENODEOXYCHOLTE 
n o '  

\w,&cT:- 
GLVCODEOXYCHWTE 

Fig. 10. HPLC of Conjugated Bile Acids 13491. A Fatty Acid Analysis 

Column (haters) (300 x 4mm ID) was eluted with 8.8mE phosphate buffer 

(FH 2.5) -2-propanol (17:8) at lml/min. The bile acids were detected 

by Rl. 
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cable to their fractionation. An example of the former is the separation 

of cardiac genins and glycosides on a silica column with 2- pentanol-MeCN- 

isooctane-H20 (35:12:124:2) is shown in Fig. 11 L3821. 

4-nitrobenzoates made these compounds detectable at a concentration of 

20ng/ml without changing their order of elution [383,3641. Post-column 

detection of cardiac glycosides with hydrochloric acid, which produces 

an intense fluorescence, has been proposed L3651. 

Conversion to the 

Other silica HPLC methods are  in the literature (386-3681, but com- 

parison of normal and RP partition systems has indicated that the latter 

are superior (3b91. By now, RP HPLC has been arplied to the cadiac 

glycosides by several investigators 1390-3951, and the method has been 

used to trace tritiated digoxin in patients 

specific procedure for the analysis of metabolites isolated by HPLC is 

the radioimmunoassay 1399-4021. 

1396-3981. A sensitive and 

The bufadienolides are also best chromatographed in RP systems. 

Both the half esters and the genins occurring in toads L4C3-4G5) and the 

glycosides occurring in plants 14061 could be separated in this manner. 

10. PJSCELLANEOUS PLANT STEROIDS 

Ecdysteroids, like other steroid hormones, are easily detected by 

their UV absorption. 

of ecdysteroids, which differ mainly in the number and location of hydroxyl 

groups. 

chromatography. 

HPLC of ecdysteroids. Fig.  12 (4091 shows the first application of HPLC 

to steroids. Amberlite XAD-2 for the 1.5-m long column was pulverized and 

sifted in the laboratory, and gradient elution with aq. EtOH took 12 hrs, 

but several ecdysteroids could be isolated by this method. Ecdysteroids 

have subsequently been separated by HPLC on silica [410-4131 and on RP 1411- 

4141 columns with equally satisfactory results. 

applied to plants(4141 as well as insects L415-4171. 

In contrast to insects, plants contain a large variety 

They are generally quite polar and easy to separate by partition 

Hashimoto L4071 and Lafont g a. 14081 have reviewed the 

These methods have been 
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DlGOXlGENlN 

HEFTMANN AND LIN 

DlGlTOXlGENlN 

GlTOXlGENlN 

DIGITOXIN 

H 

DIGOXIN 

DIGINATIN 

D-D-D 

D-D-D 
H 

Fig .  11. HPLC of Cardiac Genins and Glycosides (3821. A column 

(250 x 3mm ID) of LiChrosorb SI-60 (10 pm) was e l u t e d  withn-pentanol-MeCN- 

isooctane-H20 (35:12:124:2)  a t  1.3ml/min. 

were de tec ted  a t  220nm. 

The card iac  gen ins  and g l y c o s i d e s  
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Dloagenln -1 
Acetate 

Saraaaapogenin 
~ . / Acetate 

0 30 60 90 120 

TIME (MINUTES) 

Fig. 13. hPLC of Sapogenin Aceta tes  [41b]. A column (160 x 4.6mm ID) 

of Zorbax SIL (6pm) was e l u t e d  w i t h  1% Me2C0 I n  C6H14 a t  2ml/min. 

The sapogenin a c e t a t e s ,  ranging  i n  amounts from 28 t o  1153lJg, were 

d e t e c t e d  by t h e i r  a b s o r p t i o n  a t  210nm. 

S t e r o i d a l  sapogenins  and a l k a l o i d s  o c c u r  in p l a n t s  i n  t h e  form of  

g l y c o s i d e s ,  t h e  saponins  and g l y c o a l k a l o i d s ,  r e s p e c t i v e l y .  The sapogenins  

e x h i b i t  isomerism a t  C-5 and C-25, and a d d i t i o n a l  isomerism o c c u r s  a t  C-22 

i n  t h e  a l k a l o i d s .  The g e n i n s  are r e l a t i v e l y  nonpolar ,  and t h e  s a t u r a t e d  

ana logs  are d i f f i c u l t  t o  d e t e c t  by UV a b s o r p t i o n  wi thout  d e r i v a t i z a t i o n .  

For  t h e  hPLC o f  sapogenins ,  w e  have t h e r e f o r e  chosen t o  u s e  t h e  acetates, 

which are somewhat easier t o  d e t e c t  [418]. Fig.  13 i l l u s t r a t e s  t h e  r e s o l u -  

t i o n  of two p a i r s  of  isomers  by a d s o r p t i o n  HPLC. 

which have conformati,ons similar to  d i o s g e n i n  and y a m g e n i n ,  r e s p e c t i v e l y ,  

are n o t  s e p a r a b l e  from t h e  l a t t e r  under  t h e s e  c o n d i t i o n s .  

such a s e p a r a t i o n ,  hydrophobic  a d s o r p t i o n  HPLC on a n  ODS column w i t h  MeCN- 

Tigogenin and neot igogenin ,  

To accomplish 
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0 

n 

5-TOMATIDENO1 

TOMATilliDlNE 

SOLASODINE 

0 60 90 

MINUTES 

Fig.  14. 

of Zorbax SIL (6pm) was eluted with 1?-C6H14-MeOH-Me2C0 ( 1 8 : l : l )  a t  

0 . 3  and then a t  l.)ml/rnin. The a l k a l o i d s ,  ranging in amounts from 

6 . 3  t o  Z l w g ,  were detected by t h e i r  absorption a t  213nm. 

HPLC of Steroidal  Alkaloids [ 4 2 2 ] .  A column (500 x 4.6mm I D )  
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C6H14-tetrahydrofuran (17:Z: l )  was used. 

e l u t e d  ahead of t h e  %,-analog. Such methods have been found a p p l i c a b l e  

t o  p l a n t  e x t r a c t s  [419-4211. 

I n  e a c h  case, t h e  A5-analog was 

Fig.  14 (4221 shows t h e  s e p a r a t i o n  of s t e r o i d a l  a l k a l o i d s  by a d s o r p t i o n  

hPLC on  a s i l i c a  column by i n c r e a s i n g  t h e  f l o w r a t e  of  t h e  mobile  phase from 

0.3 t o  1.5 ml/min a f t e r  1 hr .  Q u a n t i t a t i v e  a s s a y s ,  based on  HPLC 14231 and 

a combinat ion of c e n t r i f u g a l  chromatography and HPLC (4241 have been devised .  

The Bushways [425,426] have used HPLC t o  a n a l y z e  p o t a t o e s  f o r  g l y c o a l k a l o i d s .  

The k i t h a n o l i d e s  have both a n  a , @ - u n s a t u r a t e d  6- lactone group and an 

a ,B-unsa tura ted  carbonyl  group i n  t h e  molecule  and are t h e r e f o r e  e a s i l y  

d e t e c t e d  by t h e i r  UV absorp t ion .  They d i f f e r  from each  o t h e r  mainly i n  

t h e  p o s i t i o n  and number of double  bonds and oxygen f u n c t i o n s .  Fig.  15 14271 

is a n  example of  t h e  t y p e  of  s e p a r a t i o n  o b t a i n e d  by HPLC on s i l i ca .  

method was found t o  be a p p l i c a b l e  t o  p l a n t  e x t r a c t s  1427-4291. The 

p h y s a l i n s ,  i n  ana logy  t o  t h e  w i t h a n o l i d e s ,  a re  a l s o  e a s i l y  d e t e c t e d  by 

t h e i r  a b s o r p t i o n  a t  254nm, due t o  t h e i r  a ,@-unsa tura ted  carbonyl  group. 

Sen gal. (4301 have s e p a r a t e d  s e v e r a l  p h y s a l i n s  by RP p a r t i t i o n  HPLC 

on an ODS column w i t h  MeOH-H20 (3:2)  as t h e  e l u e n t .  
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