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A RAPID H I G H  PERFORMANCE L I Q U I D  CHROMATOGRAPHY SYSTEX FOR 
THE SEPARATION OF GONADAL STEROIDS 

Michae l  J. Kessler 

Department o f  Reproduct ive  Medicine and  Bio logy  
U n i v e r s i t y  of Texas  H e a l t h  S c i e n c e  C e n t e r  a t  Houston-Medical School  

P.O. Box 20708 
Houston. Texas 77025 

A r a d i a l  compress ion  r e v e r s e  phase  (C-18)  column sys tem i n  c o n j u n c t i o n  w i t h  
a h i g h  per formance  l i q u i d  chromatograph  h a s  been d e v e l o p e d  which s e p a r a t e s  e i g h -  
t e e n  d i f f e r e n t  g o n a d a l  s t e r o i d s  i n  a s i n g l e  run  of f o r t y  minutes .  I n  a d d i t i o n ,  
t h r e e  o t h e r  g o n a d a l  s t e r o i d s  c o - e l u t e  w i t h  t w o  of t h e  o r i g i n a l  e i g h t e e n  b u t  t h e y  
c o u l d  be  s e p a r a t e d  by rechromatography on  a n  a l k y l  (C-8) HPLC column. T h i s  com- 
b i n a t i o n  o f  two columns a l l o w s  t h e  c o m p l e t e  s e p a r a t i o n  o f  twenty-one  g o n a d a l  
s t e r o i d s  o r  m e t a b o l i t e s  of t h e  p r o g e s t e r o n e ,  p r e g n e n o l o n e ,  5-a r e d u c t a s e ,  and 
a r o m a t o s e  pathways i n  l e s s  t h a n  one  hour  compared t o  a few weeks r e q u i r e d  when 
t h i n  l a y e r  and paper  chromatorgraphy a r e  used  t o  s e p a r a t e  t h e s e  s t e r o i d  as i n  
t h e  p r e s e n t  method employed. 

INTRODUCTION 

h e  c o n c e n t r a t i o n  o f  v a r i o u s  g o n a d a l  s t e r o i d s  i n  serum a n d / o r  t i s s u e  h a s  

been de termined  by e x t r a c t i n g  t h e  s t e r o i d  and q u a n t i f y i n g  them by r a d i o -  

imnunoassay. D e s p i t e  t h e  f a c t  t h a t  h i g h l y  s p e c i f i c  a n t i s e r a  a r e  used  i n  t h e  

radioimmunoassay, c r o a s  r e a c t i o n s  o c c u r  which i n t e r f e r e  w i t h  t h e  q u a n t i f i c a t i o n  

of s p e c i f i c  g o n a d a l  s t e r o i d s ,  t h u s ,  a c h r o m a t o g r a p h i c  s y s t e m  i s  r e q u i r e d  t o  

s e p a r a t e  t h e  gonadal  s t e r o i d s  ( F i g u r e  1 )  p r i o r  t o  radioimmunoassay. Numerous 

t e c h n i q u e s  f o r  p u r i f i c a t i o n  and  s e p a r a t i o n  o f  g o n a d a l  s t e r o i d s  ( i .e.  p a p e r  c h r o -  

matography and t h i n  l a y e r  chromatography [ l -41 ,  have  been  d e v e l o p e d  b u t  a l l  o f  

t h e s e  p r o c e d u r e s  a r e  c o m p l i c a t e d  and t ime consuming. U t i l i z i n g  t h e  t e c h n i q u e s  

of h i g h  per formance  l i q u i d  chromatography (HPLC) i n  c o n j u n c t i o n  w i t h  t h e  r a d i a l  

c o m p r e s s i o n  column s y s t e m ,  i t  i s  p o s s l b l e  t o  d e v e l o p  a r a p i d  s y s t e m  f o r  q u a l i t a -  

t i o n  and  q u a n t l t a t i o n  by rad io inmunoassay  of c o l l e c t e d  f r a c t i o n s ,  or d i r e c t  

a b s o r b a n c e  o f  g o n a d a l  s t e r o i d s  i n  serum o r  t i s s u e .  Also, t h e  s y s t e m  c a n  be 

used f o r  q u a n t i f i c a t i o n  of r a d i o l a b e l e d  m e t a b o l i t e s  formed i n  t h e  I n c u b a t i o n  of 
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Figure I :  The v a r i o u s  pathways (pregnenolone, progesterone ,  5u-reduced, and 

aromatise) f o r  the  convers ion c h o l e s t e r o l  t o  v a r l o u s  gonadal s t e r o i d s  f rom d i f -  

f e r e n t  t e n t i c u l a r  Lissue8. The righthand column shows the A and the  l e f t  

hand column the ~5 pathway. Each convers ion from l e f t  t o  r i g h t  i n v o l v e s  an 

isomerase and 3-F-hydroxysteroid dehydrogeoane. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF GONADAL STEROIDS 127 

t i s s u e  w i t h  l a b e l e d  p r e c u r s o r s  by c o u n t i n g  a n  a l i q u o t  of e a c h  f r a c t i o n  c o l l e c t e d  

from t h e  HPLC e l u e n t .  S e v e r a l  r e s e a r c h e r s  r e p o r t e d  on t h e  a p p l i c a t i o n  o f  HPLC 

f o r  s e p a r a t i o n  of v a r i o u s  gonadal  s t e r o i d s  u s i n g  i s o c r a t i c  s y s t e m s  [ 5 , 7 ] .  

e l u t i o n  g r a d i e n t s  w i t h  a non-polar r e v e r s e  phase s y s t e m  [ a ] ,  and D I O L  columns 

191. These r e p o r t e d  t e c h n i q u e s  do n o t  a l l o w  a d e q u a t e  s e p a r a t i o n  o f  g o n a d a l  

s t e r o i d s  commonly found I n  serum o r  formed i n  t i s s u e  d u r i n g  m e t a b o l i c  s t u d i e s  

(1.e.  p r o g e s t e r o n e ,  pregnenolone ,  5a r e d u c t a s e  and a r o m a t a s e  pathway f o r  g o n a d a l  

s t e r o i d s ) .  T h i s  p a p e r  p r e s e n t s  a n  HPLC s e p a r a t i o n  s y s t e m  for  t h e  s e p a r a t i o n  o f  

twenty-one d i f f e r e n t  gonadal  s t e r o i d s  u s i n g  t h e  r a d i a l  compress ion  r e v e r s e  phase  

(C-18 and C-8) column chromatographic  sys tem.  

MATERIAL AND METHODS 

The Waters ( M i l f o r d ,  MA, U.S.A) HPLC s y s t e m  was employed fo r  a l l  o f  t h e  

s t u d i e s .  T h i s  s y s t e m  c o n s i s t s  o f  a U 6 K  i n j e c t o r ,  two 6000A s o l v e n t  d e l i v e r y  

s y s t e m s ,  450 v a r i a b l e - w a v e l e n g t h  d e t e c t o r ,  440 f i x e d  wavelength  (254nm) de- 

t e c t o r ,  730 Data Module ( f o r  p l o t t i n g  and a n a l y s i s  of peak a r e a  a n d  r e t e n t i o n  

t i m e )  and t h e  720 Data C o n t r o l l e r .  A r a d i a l - P a k  A column p a r t  o f  t h e  r a d i a l  

compress ion  sys tem ( r e v e r s e  phase permanent ly  bonded o c t a d e c y l s i l a n e  ((2-18) c o l -  

umn -8 c n  l e n g t h  - 10 ;1 p a r t i c l e  s l z e )  o r  a r e v e r s e  phase  permanent ly  bonded oc- 

t a s i l a n e  (C-8) column ( 8  cm l e n g t h  - 10 p p a r t i c l e  s i z e ) .  T h i s  r a d i a l  compres- 

s i o n  s e p a r a t i o n  sys tem o f f e r s  s e v e r a l  a d v a n t a g e s  o v e r  t h e  prepacked  s t a i n l e s s  

s t e e l  columns: (1 )  enhanced r e p r o d u c i b i l i t y  and r e l i a b i l i t y ,  ( 2 )  e l i m i n a t i o n  

o f  column c h a n n e l i n g ;  and  (3)  c o n s i s t e n t  h i g h  e f f i c i e n c e s .  A L L  e x p e r i m e n t s  were 

per formed a t  ambient t e m p e r a t u r e .  The Waters  HPLC was a l s o  e q u i p p e d  w i t h  a n  

i n - l i n e  precolumn f i l t e r .  The P r e c i s i o n  Sampling p r e s s u r e  l o c k  s y r i n g e ,  2 5 ~ 1 ,  

( S u p e l c o ,  B e l l f o r t ,  PA., U.S.A.) was used f o r  sample i n j e c t i o n s .  

Highly p u r i f i e d  water was o b t a i n e d  by t r i p l e  g l a s s  d i s t i l l a t i o n  of d e i o n i z e d  

w a t e r  i n  o u r  l a b o r a t o r y .  The methanol ,  g l a s s  d l s t l l l e d - O m n i  S o l v  (MCB Man- 

u f a c t u r i n g  Chemis ts ,  I n c . ,  C i n c i n n a t i ,  Ohio,  U.S.A.) l o t  #lOM/4 was used .  The 

i s o p r o p a n o l ,  g l a s s  d i s t i l l e d - h n i - S o l v  was p u r c h a s e d  from MCB l o t  lilNl6. The 

a c e t o n i t r i l e  was o b t a i n e d  from Waters A s s o c i a t e  ( M i l f o r d ,  MA, U.S.A.) number 

84905. The s t e r o i d s  ( n o n r a d i o l a b e l e d )  were o b t a i n e d  from S t e r a l o i d s  ( W i l t o n ,  

N.H. 03086) and t h e  r a d i o a c t i v e  s t e r o i d s  were o b t a i n e d  from New England Nuclear  
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Figure 2: The HPLC sepa ra t ion  of gonadal s t e r o i d s  using methanol-HgO as t h e  

e l u t i n g  so lven t  on a C-18 ( l o p )  r eve r se  phase r a d i a l  compression column. Solv- 

e n t  A = methanol/H20, (l/l,V/V). Solvent B - methanol. A l i n e a r  g rad ien t  2.0 

mllmin. O % B J O X B ,  20 minutes followed by 30400XB f o r  t he  next 20  minutes.  The 

A4-pathvays s t e r o l d s  and va r ious  o the r  r e l a t e d  s t e r o i d s  a r e  shown i n  the  

s o l i d  l i n e s .  The dashed l i n e s  r ep resen t  absorbance a t  210 nm. The r e l a t i v e  re-  

t e n t i o n  t imes a r e  shown above each peak. The numbers below each peak r e f e r  t o  

t h e  names and numbers of t h e  s t e r o i d s  found i n  abbrev ia t ion  t ab le .  

(Boston, MA, U.S.A.). The b u f f e r s  and so lven t s  were f i l t e r e d  through 0.5 urn 

Mi l l i po re  to  remove s o l i d  p a r t i c l e s  and degassed i n  o rde r  t o  avoid bubble fonna- 

t i on .  

RESULTS AND DISCUSSION 

The pathway of gonadal s t e r o i d  syn thes i s  is s t m i l a r  t o  t h a t  found i n  a l l  

s t e r o i d  forming t i s s u e s .  Two major sources  of gonadal s t e r o i d s  a r e :  a c e t a t e ,  

e i t h e r  formed from ace ty l roenzyme  A during t h e  metabolism of glucose o r  der ived 

d i r e c t l y  from blood; and c h o l e s t e r o l ,  formed elsewhere i n  the  body and t rans-  
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SEPARATION OF GONADAL STEROIDS 1 2 9  

p o r t e d  t o  t h e  gonads.  The r e l a t i v e  impor tance  of t h e  two s o u r c e s  seems t o  de- 

pend on t h e  s p e c i e s  s t u d i e d  [ l o ] .  C h o l e s t e r o l  i s  d i f f e r e n t  from t h e  g o n a d a l  

s t e r o l d s  i n  t h a t  i t  h a s  a l o n g  s i d e  c h a i n  a t t a c h e d  t o  t h e  C-I7 a tom of t h e  

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

of t h i s  s t e r o l  t o  t h e  f i r s t  s t e r o i d  A5-pregnenolone [ I I ] .  

Pregnenolone  is  c o n v e r t e d  t o  t e s t o s t e r o n e  (121 a l o n g  v a r i o u s  pathways 

( F i g u r e  I ) .  The p r o g e s t e r o n e  pathway ( A 4 )  i n v o l v e s  c o n v e r s i o n  of pregnenolone  

t o  p r o g e s t e r o n e ,  which can  be c o n v e r t e d  t o  17-hydroxyproges te rone  (17  

h y d r o x y l a s e ) ,  t h e n  t o  a n d r o s t e n e d i o n e  by a 17-20 l y a s e  and f i n a l l y  t o  tes- 

t o s t e r o n e  by a 17f ihydroxys tero id  dehydrogenase .  The pregnenolone  (A5) pathway 

i n v o l v e s  t h e  c o n v e r s i o n  of pregnenolone  t o  17-hydroxypregnenolone, t h e n  t o  de-  

h y d r o e p i a n d r o s t e r o n e .  and f i n a l l y  t o  a n d r o s t e n e d i o l  by t h e  same enzymes found i n  

h 4  and As pathway s t e r o i d s ,  5 a r e d u c t a s e  pathway (DHT), h y d r o x y l a t e d  t e s -  

t o s t e r o n e s ,  e s t r o g e n s  ( a r o m a t a s e  pathway) i n  a d d i t i o n  t o  t e s t o s t e r o n e  esters 

(e.g. p r o p i o n a t e  and  e n a n t h a t e ) .  These two l a t t e r  s t e r o i d s  were added  because  

t h e y  a r e  used  e x p e r i m e n t a l l y  ( t e s t o s t e r o n e  p r o p i o n a t e )  f o r  i n j e c t i o n  i n t o  r a t s ,  

[I61 and c l i n i c a l l y  ( t e s t o s t e r o n e  e n a n t h a t e )  f o r  i n j e c t i o n  i n t o  humans t o  

i n c r e a s e  t e s t o s t e r o n e  l e v e l s  [ I 7 1  b u t  v e r y  l i t t l e  work h a s  been done  t o  q u a n t i -  

t a t e  t h e s e  s t e r o i d s  a f t e r  i n j e c t i o n  i n  t h e  r a t  o r  human. 

The HPLC was f i r s t  se t -up  t o  f i n d  a column and  s o l v e n t  t h a t  would s e p a r a t e  

most o f  t h e  s t e r o i d s  i n  a s i n g l e  r u n  of 4 5  m i n u t e s  o r  less. A C-18 r a d i a l  com- 

p r e s s i o n  column s y s t e m  was used  w i t h  methanol  a s  t h e  s o l v e n t  ( F i g u r e  2 ) .  T h i s  

s e p a r a t i o n  i n v o l v e s  a g r a d i e n t  s y s t e m  ( A  = 50% methanol /50% H20, B = methanol )  

s t a r t i n g  a t  O%B and p r o c e e d i n g  o v e r  20 m i n u t e s  t o  30% B (70%A) t h e n  i n  20 

m i n u t e s  t o  1OO%B . T h i s  g r a d i e n t  e l u t i o n  sys tem s e p a r a t e s  e s t r o g e n s  and  t h e  

h y d r o x y l a t e d  t e s t o s t e r o n e  from t h e  s t e r o i d s  of t h e  A4 and d pathway and  DHT 

from t e s t o s t e r o n e .  The component s t e r o i d s  of t h e  A 4  pathway ( p r o g e s t e r o n e ,  

17-hydroxyproges te rone ,  a n d r o s t e n e d i o n e  and  t e s t o s t e r o n e )  are w e l l  s e p a r a t e d  as 

w e l l  a s  a r e  t h e  s t e r o i d s  of t h e  A5 pathway, b u t  s e v e r a l  o v e r l a p s  o c c u r  between 

t h e  s t e r o i d s  of t h e  A 4  and d pathways.  These i n c l u d e  t h e  c o e l u t i o n  of 

pregnenolone  and p r o g e s t e r o n e ,  t e s t o s t e r o n e  and 17-hydroxypregnenolone and  t h e  

c l o s e  e l u t i o n  of a n d r o s t e n e d i o n e  and  d e h y d r o e p i a n d r o s t e r o n e .  T h i s  s y s t e m  r e -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



130 

m 

YI 

t 0 

Ln 

KESSLER 

.. ; 

c 19 
9.1 1 15 

10 20 30 40 
TIME (Minutes) 

F i g u r e  3:  The HPLC s e p a r a t i o n  of  g o n a d a l  s t e r o i d s  u s i n g  methanol-H*O a s  t h e  

e l u t i n g  s o l v e n t  on a C-8 ( lo l l )  r e v e r s e  phase compress ion  column. S o l v e n t  A = 

methanol/H20 (l/l,V/V). S o l v e n t  B = methanol .  An i s o c r a t i c  e l u t i o n  u s i n g  

85%A/15%B a t  a f l o w  r a t e  of 3.0 m l / m i n  i s  employed. The  pathway s t e r o i d s  

and o t h e r  r e l a t e d  s t e r o i d s  dre shown i n  t h e  s o l i d  l i n e s .  The dashed  lines re- 

p r e s e n t  absorbance  a t  210 nm. The r e l a t i v e  r e t e n t i o n  t i m e s  a r e  shown above e a c h  

peak. The numbers below e a c h  peak r e f e r  t o  t h e  names of t h e  s t e r o i d  found i n  

a b b r e v i a t i o n  t a b l e .  

s o l v e d  e x t r e m e l y  w e l l  t e s t u s t e r o n e  from t e s t o s t e r o n e  p r o p i o n a t e  ( 1 0  m i n u t e s )  and 

t e s t o s t e r o n e  e n a n t h a t e  ( 1 5  m i n u t e s )  so t h a t  s t u d i e s  of t h e s e  d e r i v a t i v e s  i n  t h e  

p r e s e n c e  of t e s t o s t e r o n e  c a n  e a s i l y  be accompl ished .  

T h e r e f o r e ,  e i g h t e e n  of t h e  s t e r o i d s  c o u l d  be s e p a r a t e d  i n  a s i n g l e  r u n  of 

f o r t y  minutes  b u t  a few o v e r l a p s  o c c u r r e d .  At tempts  t o  a d j u s t  t h e  g r a d i e n t  us- 

ing methanol f a i l e d  t o  s e p a r a t e  t h e  o v e r l a p p i n g  peaks.  T h e r e f o r e ,  two methods 

were t r i e d  i n  o r d e r  t o  r e s o l v e  t h e s e  o v e r l a p p i n g  peaks ;  f i r s t ,  change  t o  a C-8 
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Figure 4 :  Ttie HPLC separation of gonadal steroids using acetonitrlle-H20 as 

the eluting solvent on a C-18 ( lop)  reverse phase radial compression column. 

Solvent A = acetonitrilelH20 ( 1 / 9 , V / V ) .  Solvent B - acetonitrile. A n  

isocratic elution using 65ZA and 35%B at a flow rate of 3.0 mllmin is employed. 

The A4-pathway and related steroids are shown by the solid ltnes. The dashed 

lines represent absorbance at 210 nm. The relative retention times are shown 

above each peak. The numbers below each peak refer to the names of the steroids 

as identified in abbreviation table. 

type packing in the column, second, change to a different polarity solvent 

(acetonitrile o r  isopropanol). 

The first approach was to change to a different column packing, namely, the 

C-8 radial compression column using the same solvent methanol. The optimum 

separation i s  shown in Figure 3. The column resolven the pregnenolone and 

progesterone by 1 5  minutes and separates the DHEA and 17-hydroxypregnenolone 

from the A4 pathway steroids by 3-5 minutes with these steroids merging into a 
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8 
d 

I 9 1 1  16 19 

10 20 30 
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Figure 5 :  The HPLC sepa ra t ion  of gonadal s t e r i d s  using a c e t o n i t r i l e  - H20 a s  

t h e  e l u t i n g  so lven t  on a C-8 (1%) r eve r se  phase r a d i a l  compression column. 

Solvent A = a c e t o n i t r i l e l H 2 0  ( 1 / 9 , V / V ) .  Solvent B - a c e t o n i t r t l e .  An 

i s o c r a t i c  e l u t i o n  using 7 0 X A  and 30XB a t  a flow r a t e  of 3.0 mllmin is employed. 

The The dashed 

l i n e s  represent  absorbance a t  210 nm. The r e l a t i v e  r e t e n t i o n  t imes a r e  shown 

above each peak. The numbers below each peak r e f e r  t o  t h e  names of the  s t e r o i d s  

a s  i d e n t i f i e d  i n  abbrev ia t ion  t a b l e .  

&-pathway and r e l a t e d  s t e r o i d s  a r e  shown by the s o l i d  l i n e s .  

s i n g l e  peak. Therefore ,  t he  h 4  and h5-pathway s t e r o i d s  can be separated by 

using the  C-8 column with methanol a s  so lven t  in an i s o c r a t i c  e l u t i o n  with 

methanollwater.  This system a l s o  seems t o  compress the  hydroxylated t e s -  

t o s t e rone  and merges i n t o  a s i n g l e  peak e s t r a d i o l  and androstenedione,  a s  we l l  

a s  t e s tos t e rone  and 17-hydroxyprogesterone. 

Next, changing the  e l u t i o n  so lven t  from methanol t o  a c e t o n i t r i l e  was t r i e d  

on t h e  o r i g i n a l  C-18 r a d i a l  cornpression column (Figure 4 )  i n  o r d e r  t o  f i n d  a 

s i n g l e  column f o r  t h e  e l u t i o n  of a l l  twenty-one s t e r o i d s .  The r e s u l t s  shown i n  

Figure 4 i n d i c a t e  t h a t  the s t e r o i d s  of t he  h4 and aS-pathway a r e  s t i l l  
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Figure  6 :  The HPLC sepa ra t ion  of gonadal s t e r o i d s  using isopropanol-H20 a s  

t h e  e l u t i n g  so lven t  on a C-18 ( 1 0 ~ )  r e v e r s e  phase r a d i a l  compression column. 

Solvent  A - isoproponal/H20 ( 1 / 9 , V / V ) .  Solvent  B - i sopropanol .  A l i n e a r  

g r a d i e n t  e l u t i o n  s t a r t i n g  a t  8 5 % A  and 15%B and i n c r e a s i n g  t o  60XA and 40ZB over  

a f o r t y  minute per iod  a t  a f low r a t e  of 3.0 mltmin. The A4-pathway and re -  

l a t e d  s t e r o i d s  are shown by the  s o l i d  l i n e s .  The dashed l i n e s  r e p r e s e n t  absorb- 

ance a t  210 nm. The r e l a t i v e  r e t e n t i o n  times a r e  shown above each  peak. The 

numbers below each peak r e f e r  t o  t h e  names of t he  s t e r o i d s  a s  i d e n t i f i e d  i n  ab- 

b r e v i a t i o n  t a b l e .  

s epa ra t ed  bu t  w i th  some ove r l ap  p a r t i c u l a r l y  of pregnenolone and proges te rone .  

In comparison wi th  t h e  e l u t i o n  us ing  methanol t he  a c e t o n i t r i l e  i n v e r t s  t h e  o r d e r  

of e l u t i o n  of 17-hydroxyprogesterone and t e s t o s t e r o n e .  The e l u t i o n  d i s t a n c e  be- 

tween t e s t o s t e r o n e  and  proges te rone  has  been inc reased  from ? minutes wi th  

methanol t o  2 2  minutes  with a c e t o n i t r i l e  t hus  a l lowing  b e t t e r  s e p a r a t i o n  of 

s t e r o i d s  which e l u t e  i n  t h i s  a r e a ,  namely, DHT, Scr-diol, 20B-hydroxylated 

proges te rone .  Therefore ,  t h i s  system o f f e r s  a n  advantage  i f  t hose  p a r t i c u l a r  
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134 KESSLER 

s t e r o i d s  a r e  t h e  o n e s  of i n t e r e s t .  

The a c e t o n i t r i l e  was used  t o  e l u t e  t h e  C-8 r a d i a l  compress ion  w i t h  t h e  r e -  

s u l t s  shown i n  F i g u r e  5. Compared t o  t h e  m e t h a n o l ,  a c e t o n i t r i l e  a p p e a r s  t o  n o t  

he as  good a n  e l u t i n g  s o l v e n t  because  t h e  pregnenolone  and p r o g e s t e r o n e  a r e  

s e p a r a t e d  hy on a b o u t  t h r e e  minutes .  The DHEA and 17 hydroxypregnenolone  a r e  

separaLed from a l l  t h e  A 4-pathway s t e r o i d s  e x c e p t  a n d r o s t e n e d l o n e .  

F i n a l l y ,  i s o p r o p a n o l  was used t o  e l u t e  t h e  C-I8 r a d i a l  compress ion  column. 

The r e s u l t s  ( F i g u r e  6 )  a r e  v e r y  s imilar  t o  t h o s e  found w i t h  methanol e x c e p t  t h e  

d i s t a n c e  between t h e  e l u t i o n  of t e s t o s t e r o n e  and p r o g e s t e r o n e  h a s  been i n c r e a s e d  

trom 7 minutes  t o  13 minutes .  I t  c a n  a l s o  b e  s e e n  t h a t  pregnenolone  and 

v r o g e s t e r o n e  a r e  s l i g h t l y  s e p a r a b l e  by a b o u t  one minute .  T h c r e f o r c ,  t h e  u s e  o t  

l s o p r o p a n o l  seems t o  o f f e r  o n l y  l i m i t e d  advantage  o v e r  t h e  u s e  of methanol .  

I t  i s  concluded  t h a t  s e p a r a t i o n  of t h e  twenty-one g o n a d a l  s t e r o i d s  of  t h c  

pregnenulone ,  p r o g e s t e r o n e ,  5 a  r e d u c t a s e ,  and aromatane  pathway r e q u i r e d  two 

columns. E l u t i o n  trom t h e  C-18 column and rechromatography o f  c e r t a i n  a r r a s  on 

t h e  C-8 column u s i n g  methanol a s  s o l v e n t  w i l l  r e s u l t  i n  t h e  s e p a r a t i o n  o f  t h e  

major  gonadal  s t e r o i d s  i n  2-3 h o u r s  compared t o  t h e  s e v e r a l  weeks r e q u i r e d  w i t h  

t h e  p r e s e n t  sys tem of papcr  and t h i n - l a y e r  chromatography. 

T h i s  sys tem of s e p a r a t i o n  of g o n a d a l  s t e r o i d s  h a s  been a p p l i e d  t o  two d i f -  

f e r e n t  t y p e s  of samples .  F i r s t ,  serum a n d / o r  t e s t t c u l a r  t i s s u e  from r a t s  

i n j e c t e d  w i t h  v a r i o u s  amounts of  t e s t o s t e r o n e  p r o p i o n a t e .  The t i s s u e  and serum 

were i n d i v i d u a l l y  e x t r a c t e d ,  and  t h e  r e s u l t a n t  sample  was i n j e c t e d  i n  t h e  HPLC 

u s i n g  t h e  c o n d i t i o n s  shown i n  F i g u r e  2. F r a c t i o n s  were c o l l e c t e d ,  d r i e d  and as- 

sayed  to r  t e s t o s t e r o n e  u s i n g  a s p e c i f i c  radioimmunoassay [ 181. Three  peaks  of  

K I A  r e a c t i v e  m a t e r i a l  a r e  s e p a r a b l e  by HPLC ( F i g u r e  7). These p e a k s  a r e  ten-  

t a t i v e l y  i d e n t i f i e d  a s  t e s t o s t e r o n e ,  5a reduced  a n d r o g e n s  (DHT,  S a d i o l ) ,  and 

p o s s i b l y  t e s t o s t e r o n e  p r o p i o n a t e  ( m a n u s c r i p t  i n  p r e p a r a t i o n ) .  T h e r e f o r e ,  t h i s  

HPLC s e p a r a t i o n  sys tem c a n  be used t o  s e p a r a t e  s t e r o i d s  p r i o r  t o  R I A  i n  o r d e r  t o  

remove any c o n t a m i n a n t s  from serum o r  t i s s u e  which might i n t e r f e r e  i n  t h e  R I A  

d e t e r m i n a t i o n  of s t e r o i d s .  Thus,  t h e  e x a c t  c r i t e r i a  f o r  q u a i i t i t a t i o n  of 

s t e r o i d s  would be f i r s t  e l u t i o n  a t  t h e  p r o p e r  p o s i t i o n  on t h e  HPLC and K I A  of 
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f o l l o w e d  by 3 0 + 1 0 0 % B  f o r  t h e  n e x t  20 m i n u t e s  a t  a f l o w  r a t e  of 2.0 ml/min. was 

used  t o  s e p a r a t e  t h e  s t e r o i d s .  F r a c t i o n s  (0.5 min)  were c o l l e c t e d  i n  a LKB 

R e d i r a c  F r a c t i o n  C o l l e c t o r .  The f r a c t i o n s  were d r i e d  and a s s a y e d  f o r  

t e s t o s t e r o n e  u s i n g  t h e  double-an t ibody radioimmunoassay (RIA). 

o n l y  t h a t  peak p o s i t i o n ,  s i n c e  most c o n t a m i n a n t s  would be  removed. Second, 

samples  o b t a i n e d  from m e t a b o l i c  s t u d i e s  where r a d i o a c t i v e  p r e c u r s o r s  were used  

t o  d e t e r m i n e  t h e  s t e r o i d s  c o n v e r s i o n  i n  s t u d y i n g  t h e  metabol i sm o f  t h a t  s t e r o i d  

by a s p e c i f i c  t i s s u e  o r  c e l l  c u l t u r e s .  F o l l i c l e s  o b t a i n e d  from b o v i n e  o v a r i e s  

were i n c u b a t e d  f o r  3 h o u r s  w i t h  [4-3H] p r o g e s t e r o n e .  The t i s s u e  and  media 

were e x t r a c t e d  and i n j e c t e d  i n t o  t h e  HPLC,  u s i n g  t h e  c o n d i t i o n s  shown i n  F i g u r e  

2. F r a c t i o n s  were c o l l e c t e d  a t  0.5 m i n u t e  i n t e r v a l s .  The r e s u l t s  are s h o r n  i n  
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136 KESSLER 

TIME (Minutes) 

Figure 8: The WLC sepa ra t ion  of s t e r o i d s  r e s u l t i n g  from the  incubat ion of 

[4-3H] progesterone with bovine f o l l i c l e s .  The incubat ion media from t h e  

incubat ion of 500 mg of f o l l i c l e  with 3 m l  of  media con ta in ing  [4-3H]- 

progesterone. (95 Ci/mmole). The media is e x t r a c t e d  and then i n j e c t e d  onto a 

C-18 ( L O U )  r eve r se  phase r a d i a l  compression column. Solvent A = methanol/H*O 

(l/l,V/V). Solvent B * methanol. A l i n e a r  g rad ien t  (k30XB f o r  20 minutes f o l -  

lowed by 30-1OOXB f o r  t he  next  20 minutes a t  a flow r a t e  of 2.0 ml/min. i s  used 

t o  sepa ra t e  the s t e r o i d s .  F rac t ions  (O.5min) were c o l l e c t e d  i n  by a LKB Redirac 

F rac t ion  Collector .  An a l t q u o t  ( S o d )  was removed from each f r a c t i o n ,  a i r -  

d r i e d ,  i n  a s c i n t i l l a t i o n  v i a l ,  and 15  ml of s c i n t i l l a t i o n  f l u i d  (PPO, 5 g/ 1 of 

to luene )  was added t o  each f r a c t i o n  before  count ing in a Packard Tr i ca rb  Liquid 

S c i n t i l l a t i o n  Counter. 
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SEPARATION OF GONADAL STEROIDS 137 

F i g u r e  8 ( a l s o  a s  shown by c o l d  mass) .  The predominant  p r o d u c t s  were tes- 

t o s t e r o n e  and  17 h y d r o x y p r o g e s t e r o n e  w i t h  a small amount of e s t r a d i o l  a l so  b e i n g  

formed. The e x a c t  d e t a i l s  w i l l  be p r e s e n t e d  e l s e w h e r e  ( m a n u s c r i p t  i n  p r e p a r a -  

t i o n ) .  

These two t y p e s  of e x p e r i m e n t s  d e m o n s t r a t e  t h a t  HPLC p r o v i d e s  a q u a n t i t a t i v e  

and r a p i d  t e c h n i q u e  f o r  t h e  s e p a r a t i o n  o f  g o n a d a l  s t e r o i d s  p r i o r  to R I A  and  t h a t  

t h i s  t e c h n i q u e  c a n  be used f o r  t h e  s t u d y  of s t e r o i d  metabol i sm i n  g o n a d a l  t i s -  

s u e ,  and  s p e c i f i c  gonadal  c e l l  c u l t u r e s .  F u r t h e r  s t u d i e s  of v a r i o u s  g o n a d a l  

t i s s u e ,  serum s a m p l e s ,  and gonadal  c e l l  c u l t u r e  are p r e s e n t l y  i n  p r o g r e s s  and  

d e s i g n e d  t o  t a k e  a d v a n t a g e  of t h e  r a p i d  s e p a r a t i o n  o f  t h e  HPLC of g o n a d a l  

s t e r o i d s .  
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T r i v i a l  Name Abbrev Peak Number Chemical Name 
i a t i o n  i n  F igures  

E s t r i o l  

7-a-Hydroxytestosterone 

19-Hydroxytestosterone 

11-a-tiydroxytes tos  te rone  

11-0-Hydroxytestosterone 

16-~-Hydroxytestosterone 

E s t r a d i o l  

17-Hydroxyprogesterone 

17-Hydroxypregnenol one 

Tes tos terone 

Dehydroepiandrosterone 

Androstenedione 

D i  hyd ro tes tos te rone  

20-a-Hydroxyprogesterone 

Andros te rone 

205-Hydroxyprogesterone 

5a-Andros tand i  0 1  

Progesterone 

Pregnenolone 

Tes tos terone p rop i  onate  

Tes tos terone enanthate 

E3 

7 OH-T 

19 OH-T 

1 1 ~ ~  OH-T 

116 OH-T 

166 OH-T 

E2 

17 OH-P 
17 OH-P 

17 OH f i 5  

T 

DHEA 

A 

DHT 

ZOUOH - P 

A D  

ZOBOH-P 

5ad io l  

P 

A 5  

TP 

TE 

E s t r a  - 1 ,3,5 ( 10 ) - tr i ene- 3, 16a, 
1 7 6 - t r i o 1  

4-androsten-7a, 17 - d i o l - 3 -  
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