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A RAPID METHOD OF QUANTITATING STEROIDS RESULTING FROM 
THE INCUBATION OF GONADAL TISSUES WITH RADIOACTIVE PRECURSORS 

Michael J. Kessler 

Department of Reproduct ive Medicine and Biology,  U n i v e r s i t y  of Texas Heal th  
Science Center  a t  Houston-Medical School ,  P.O. Box 20708, Houston, Texas 77030 

ABSTRACT 

A r a p i d  method has  been developed f o r  t h e  q u a n t i t a t i o n  of s t e r o i d  
m e t a b o l i t e s  r e s u l t i n g  from t h e  i n c u b a t i o n  of s p e c i f i c  gonadal  c e l l  types  o r  
gonadal  t i s s u e  w i t h  r a d i o a c t i v e  p r e c u r s o r s .  The method i n v o l v e s  t h e  use of 
h igh  performance l i q u i d  chromatography (HPLC) f o r  s e p a r a t i n g  t h e  s t e r o i d s  and 
a flow-through r a d i o a c t i v e  d e t e c t o r  (Flo-One HP) f o r  q u a n t i t a t i n g  t h e  radioac-  
t i v e  3H p recursor  and m e t a b o l i t e s  i n  t h e  presence  o r  absence  of 14C- 
s t e r o i d  recovery  t r a c e r s .  A comparison i s  made between t h e  r e s u l t s  ob- 
t a i n e d  d i r e c t l y  by t h e  Flo-One HP r a d i o a c t i v i t y  d e t e c t o r  and  t h e  f r a c t i o n  c o l -  
l e c t i o n  method, (count ing  a l i q u o t s  from i n d i v i d u a l  f r a c t i o n s  in t h e  l i q u i d  
s c i n t i l l a t i o n  c o u n t e r ) .  In a d d i t i o n ,  t h e  r e s u l t s  u s i n g  a n  e l e c t r o n i c  stream 
s p l i t t e r  i n  t h e  a n a l y s i s  of a percentage  of t h e  e f f l u e n t  d i r e c t l y  by Flo-One 
HP are e v a l u a t e d .  Ihe remaining percentage  i s  c o l l e c t e d  in a f r a c t i o n  c o l -  
l e c t o r  and i s  used f o r  f u r t h e r  a n a l y s i s  (e.g. r e c r y s t a l l i z a t i o n ,  RIA,  f u r t h e r  
p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n ) .  

The s e p a r a t i o n  and q u a n t i t a t i o n  of s t e r o i d s  from v a r i o u s  t i s s u e s  h a s  been 

r o u t i n e l y  done by one of s e v e r a l  t echniques  i n c l u d i n g  d i r e c t  c o l o r i m e t r i c  an- 

a l y s i s  ( l ) ,  radioimmunoassay (2), g a s  chromatography ( 3 ) ,  and g a s  chroma- 

tography-mass spec t romet ry  ( 4 ) .  These techniques  are very  s e n s i t i v e  and ac- 

c u r a t e  f o r  t i s s u e  s t u d i e s  involv ing  de termina t ion  of t h e  e x a c t  amount of var-  

i o u s  s t e r o i d s  p r e s e n t ,  b u t  f o r  metabol ic  s t u d i e s  us ing  r a d i o a c t i v e  p r e c u r s o r s ,  

t h e s e  techniques  a r e  n o t  e f f e c t i v e  f o r  q u a n t i t a t i o n .  P r e v i o u s l y ,  f o r  t h e  

q u a n t i t a t i o n  and s e p a r a t i o n  of r a d i o a c t i v e  gonadal  s t e r o i d s  r e s u l t i n g  from t h e  

i n c u b a t i o n  of s p e c i f i c  gonadal  c e l l  c u l t u r e s  O K  t i s s u e s  wi th  r a d i o a c t i v e  

p r e c u r s o r s ,  t h e  major  procedure used w a s  a combinat ion of paper  and t h i n  l a y e r  
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314 KESSLER 

chromatography. This involved  t h e  i n i t i a l  e x t r a c t i o n  of t h e  t i s s u e ;  a n d ,  t h e  

e x t r a c t  w a s  i n i t i a l l y  chromatographed on paper ,  fol lowed by r a d i o a c t i v i t y  

scanning t o  l o c a t e  t h e  r a d i o a c t i v e  zones. The zones c o n t a i n i n g  t h e  

r a d i o a c t i v i t y  (5,6) were then  e l u t e d .  Each of t h e  e l u t e d  zones was s e p a r a t e d  

f u r t h e r  by t h i n  l a y e r  chromatography. The developed t h i n - l a y e r  p l a t e s  were 

then scanned f o r  r a d i o a c t i v i t y ,  t h e  s i l i c a  g e l  removed from t h e  p l a t e  and 

e l u t e d  w i t h  s o l v e n t .  The s o l v e n t  was f i l t e r e d  through a f r i t t e d  g l a s s  f i l t e r  

t o  remove s i l i c a  g e l  b e f o r e  q u a n t i t a t i o n  by r e c r y s t a l l i z a t i o n  ( u n t i l  a con- 

s t a n t  14C/3H r a t i o  was e s t a b l i s h e d ) .  This procedure  was d i f f i c u l t  and 

time consuming, and r e q u i r e d  from one t o  f o u r  weeks f o r  complet ion ( 7 ) .  More 

r e c e n t l y ,  with t h e  development of  HFLC, t h e  s e p a r a t i o n  of r a d i o l a b e l e d  

s t e r o i d s  (8-12) h a s  become much more e f f i c i e n t  but  t h e  q u a n t i t a t i o n  s t i l l  re- 

qui red  t h e  f r a c t i o n  c o l l e c t i n g  of t h e  HPLC e l u e n t  i n t o  i n d i v i d u a l  t u b e s ,  re- 

moving an a l i q u o t  from each tube  t o  a s c i n t i l l a t i o n  v i a l ,  and then  count ing  

d i r e c t l y  i n  t h e  s c i n t i l l a t i o n  c o u n t e r  ( f r a c t i o n  c o l l e c t i o n  method). 

This paper d e s c r i b e s  t h e  use of a n  HF'LC system (8) f o r  t h e  s e p a r a t i o n  of 

gonadal  s t e r o i d s  found i n  gonadal  t i s s u e  o r  s p e c i f i c  c e l l  c u l t u r e s .  This  HF'LC 

system i s  i n t e r f a c e d  wi th  one of t h r e e  s e p a r a t e  o p t i o n s  f o r  t h e  q u a n t i t a -  

t i o n  of t h e  r a d i o a c t i v e  s t e r o i d s .  F i r s t ,  t h e  e l u e n t  from t h e  HPLC can  be co l -  

l e c t e d  i n  tubes  us ing  a f r a c t i o n  c o l l e c t o r  wi th  a r a p i d  t u b e  change ( f r a c t i o n  

c o l l e c t i o n  method). Second, t h e  e l u e n t  from t h e  HPLC c a n  be q u a n t i t a t e d  

d i r e c t l y  wi th  a f low through r a d i o a c t i v e  d e t e c t o r  ( F l o - h e  HP). ' h i s  d e t e c t o r  

permi ts  t h e  d i r e c t  q u a n t i t a t i o n  of bo th  1 4 C  and 38 l a b e l e d  s t e r o i d s  used 

i n  metabol ic  s t u d i e s  of gonadal  t i s s u e s .  Thi rd ,  t h e  e l u e n t  from t h e  HPLC i s  

s p l i t  us ing a n  e l e c t r o n i c  stream s p l i t t e r  w i t h  a c e r t a i n  percentage  being 

d i r e c t e d  t o  t h e  f low r a d i o a c t i v e  d e t e c t o r  and t h e  remaining c o l l e c t e d  i n  t u b e s  

f o r  f u r t h e r  a n a l y s i s  ( i . e .  p u r i f i c a t i o n ,  r e c r y s t a l l i z a t i o n ,  NMR, GC-mass 

spec t romet ry ,  e t c . ) .  The la t te r  two d e t e c t i o n  system i n  c o n j u n c t i o n  wi th  t h e  

HPLC permi t  t h e  s e p a r a t i o n  and q u a n t i t a t i o n  of gonadal  s t e r o i d  ( r a d i o l a b e l e d )  

i n  less t h a n  one hour. 
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RAPID QUANTITATION OF STEROIDS 315 

MATERIAL AND METHODS 

The Waters (Mi l ford ,  MA,) HPLC system was employed f o r  a l l  of t h e  s t u d i e s .  

This system c o n s i s t s  of  a U6K i n j e c t o r ,  one 6000A and one M45 pump, a 450 

var iable-wavelength d e t e c t o r ,  a 440 fixed-wavelength (254nm) d e t e c t o r ,  a 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 area and r e t e n t i o n  t ime)  and a 

720 Data C o n t r o l l e r .  A radial-Pak A ( reversed-phase permanent ly  bonded 1@m 

o c t a d e c y l s i l a n e  C 1 8  column, 8 cm i n  l e n g t h )  was used as p a r t  of a r a d i a l  

compression system. 

A 3pm reversed-phase C18 (12% ODs) column, 4.6 mm I D  x 15 cm (Custom 

LC, Houston, Texas) was employed f o r  h i g h - r e s o l u t i o n  HPLC. The Waters HPLC 

was equipped w i t h  a n  i n - l i n e  precolumn f i l t e r .  A 25 p 1  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 ,  (Supelco,  B e l l f o r t ,  PA.) 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 obta ined  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  de- 

i o n i z e d  water i n  our  l a b o r a t o r y .  Methanol ( g l a s s  d i s t i l l ed-Omni  Solv,  MCB Man- 

u f a c t u r i n g  Chemists, Inc . ,  C i n c i n n a t i ,  Ohio, Lot /llOM/4) was used. The 

s t e r o i d s  were from S t e r a l o i d s  (Wil ton,  N.H.) and t h e  r a d i o a c t i v e  s t e r o i d s  were 

obta ined  from New England Nuclear (Boston,  MA.). The b u f f e r s  and s o l v e n t s  

were f i l t e r e d  through a 0.45lIm M i l l i p o r e  f i l t e r  and t h e n  degassed.  

For  t h e  d e t e c t i o n  of r a d i o a c t i v e  m e t a b o l i t e s  one  of t h e  f o l l o w i n g  methods 

was employed. F i r s t ,  t h e  Water's HPLC system was i n t e r f a c e d  w i t h  a RediRac 

F r a c t i o n  C o l l e c t o r ,  Model 2112 (LKB,  Rockvi l le ,  MD.), wi th  f r a c t i o n s  be ing  

c o l l e c t e d  a t  0.5 min i n t e r v a l s .  A 50 p 1  a l i q u o t  was removed from each  f r a c -  

t i o n ,  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 ,  10 m l  of s c i n t i l l a t i o n  f l u i d  (PPO, 5 

g m / l i t e r  of t o l u e n e )  was  added. Each sample f r a c t i o n  was  counted  f o r  5.0 min 

i n  a Packard Liquid S c i n t i l l a t i o n  Counter. Second, t h e  Waters HPLC system was 

i n t e r f a c e d  d i r e c t l y  w i t h  t h e  Flo-One HP r a d i o a c t i v i t y  d e t e c t o r  (0.500 m l  f low 

c e l l ) ,  u s i n g  Flo S c i n t  I1 as t h e  n o n g e l l i n g  s c i n t i l l a t i o n  f l u i d  ( F l o  S c i n t  11: 

e f f l u e n t ,  3:1, v/v) .  The No. 2 pen of t h e  Waters Data Module w a s  connected 

d i r e c t l y  t o  t h e  output  of t h e  Flo-me HP. r e s u l t i n g  i n  a p l o t  of  d i s -  
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316 KESSLER 

i n t e g r a t i o n s  per  6 sec ( e i t h e r  14C o r  3H). The 3H and 14C c o u n t s  were 

determined s imul taneous ly  with t h e  Flo-One HE' which a u t o m a t i c a l l y  c o r r e c t s  f o r  

t h e  14C c r o s s o v e r  and p r i n t s  o u t  t h e  c o r r e c t e d  number of dpm of 38 and 

14C. Thi rd ,  t h e  c a l c u l a t i o n  and t h e  d a t a  o b t a i n e d  from a l i q u o t s  counted 

d i r e c t l y  i n  t h e  Packard Liquid S c i n t i l l a t i o n  Counter were compared t o  t h e  d a t a  

from t h e  Flo-One HP. This  w a s  accomplished by s p l i t t i n g  t h e  column e f f l u e n t  

a f t e r  pass ing  through t h e  Fixed Wavelength 440 d e t e c t o r  (Water Assoc ia tes ,  

Mi l ford ,  Mass.) wi th  t h e  E l e c t r o n i c  Var iab le  R a t i o  S p l i t t e r ,  Model ES 

(Radiomatic Ins t ruments  and Chemical Co., Tampa, F l o r i d a )  50% a t  2-sec i n t e r -  

v a l s .  

Human t e s t i c u l a r  biopsy t i s s u e a  were incubated  & w i t h  3H 

pregnenolone by a p r e v i o u s l y  d e s c r i b e d  technique  (13) .  The i n v o l v e s  incuba-  

t i o n  of teased  t e s t i c u l a r  t i s s u e  ( 20 mg) w i t h  a s a t u r a t i n g  c o n c e n t r a t i o n  of 

3H-pregnenolone i n  3 m l  of i n c u b a t i o n  medium i n  a n  atmosphere of 02: Cog 

(95:5) a t  37'C under  c o n s t a n t  shaking f o r  3 h r .  A t  t h e  end of t h e  i n c u b a t i o n ,  

14C-labeled recovery tracers and nonlabe led  c a r r i e r  s t e r o i d s  were added. The 

m e t a b o l i t e s  formed and remaining s u b s t r a t e  were e x t r a c t e d ,  d r i e d  and i n j e c t e d  

i n t o  the  Water HPLC system using t h e  3 u m  C18 (12% ODS column) d e s c r i b e d  ear -  

l i e r .  The procedure f o r  i n c u b a t i n g  t h e  i n t e r s t i t i a l  c e l l  c u l t u r e s  wi th  

r a d i o a c t i v e  precursors  h a s  been d e s c r i b e d  e l sewhere  (14) .  

RESULTS AND DISCUSSION 

Previous ly ,  t h e  s e p a r a t i o n  and q u a n t i t a t i o n  of gonadal  s t e r o i d s  involved  

s e v e r a l  s t e p s  ( t h i n  l a y e r  and paper  chromatography) o r  d e r i v a t i z a t i o n  ( g a s  

chromatography, c o l o r i m e t r i c ,  gas  chromatography-mass s p e c t r o m e t e r )  of t h e  

s t e r o i d s  was necessary .  These techniques  were e x c e l l e n t  f o r  q u a n t i t a t i o n  of 

l a r g e  amounts of s t e r o i d s  but  f o r  r a d i o l a b e l e d  s t e r o i d s  used i n  metabol ic  

s t u d i e s  t h e s e  techniques  could  n o t  be used,  because t h e s e  t e c h n i q u e s  were n o t  

s e n s i t i v e  f o r  t h e  q u a n t i t a t i o n  of r a d i o a c t i v i t y .  More r e c e n t l y  wi th  t h e  de- 

velopment of t h e  HPLC f o r  t h e  s e p a r a t i o n  of  gonadal  s t e r o i d s  (8,9,10), 

r a d i o l a b e l e d  s t e r o i d s  could  be q u a n t i t a t e d  by c o l l e c t i o n  of t h e  e l u e n t  from 

t h e  HPLC wi th  f r a c t i o n  c o l l e c t o r  method. This involved  f r a c t i o n  c o l l e c t i n g  of 
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RAPID QUANTITATION OF STEROIDS 317 

t h e  HPLC e f f l u e n t .  Each of t h e  i n d i v i d u a l  tubes  c o u l d  t h e n  be q u a n t i t a t e d  in 

a l i q u i d  s c i n t i l l a t i o n  counter .  These methods proved e x c e l l e n t  f o r  q u a n t i t a -  

t i o n ,  b u t  r e q u i r e d  a l a r g e  number of s c i n t i l l a t i o n  v i a l s ,  s c i n t i l l a t i o n  f l u i d ,  

t i m e  t o  a l i q u o t  t h e  samples ,  and l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  t i m e .  This 

paper  p r e s e n t s  t h e  comparison of t h e  f r a c t i o n  c o l l e c t o r  method w i t h  two o t h e r  

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

by t h e  HPLC. 

COMPARISON OF FRACTION COLLECTION AND DIRECT RADIOACTIVE DETECTION METHODS 

A s imple  method f o r  t h e  q u a n t i t a t i o n  of r a d i o a c t i v e  s t e r o i d s  a f t e r  HPLC 

i s  t o  c o l l e c t  f r a c t i o n s  a t  s h o r t  t i m e  i n t e r v a l s ,  and t o  count  a l i q u o t s  i n  

s c i n t i l l a t i o n  v i a l s ,  in a l i q u i d  s c i n t i l l a t i o n  counter .  The procedure re- 

q u i r e s  s u f f i c i e n t l y  r a p i d  tube changes so t h a t  no more than  one drop i s  l o s t  

between f r a c t i o n s .  The r e s u l t s  of f r a c t i o n  c o l l e c t i n g  a n  HPLC a n a l y s i s  of a n  

e x t r a c t  of a n  i n c u b a t i o n  of i n t e r s t i t i a l  ce l l s  w i t h  321-testosterone i s  shown 

i n  F igure  1A. I n d i v i d u a l  f r g c t i o n s  were c o l l e c t e d  every  0.5 min. Two major  

peaks and one minor peak a r e  seen.  Allowing 5 minutes  fo r  c o u n t i n g  each  f r a c -  

t i o n ,  i t  took 8-10 hours  t o  count 80 f r a c t i o n  obta ined  from each  sample. 

A comparison of t h e  f r a c t i o n  c o l l e c t i o n  method wi th  t h e  d i r e c t  a n a l y s i s  

by i n t e r f a c i n g  t h e  e l u e n t  from t h e  HPLC wi th  a flow-through r a d i o a c t i v i t y  de- 

t e c t o r  (Flo-One HP) i s  shown i n  F igure  1 A + 8. In Figure  18, ( r a d i o a c t i v e  

d e t e c t o r )  two major and f o u r  o r  f i v e  minor peaks are d e t e c t e d  and  found t o  be 

w e l l  reso lved  from each  o ther .  This g r e a t e r  r e s o l u t i o n  i s  due to  t h e  f a c t  

t h a t  t h e  Flo-One HP g i v e s  a n  updated s i g n a l  t o  t h e  r e c o r d e r  e v e r y  6 seconds.  

This  d a t a  i s  then  p l o t t e d  on Pen 2 of  t h e  Waters Data Module. To o b t a i n  

s i m i l a r  r e s u l t s  by t h e  f r a c t i o n  c o l l e c t i o n  method, f r a c t i o n s  would have t o  be 

c o l l e c t e d  every  0.1 minute  over  t h e  40 min c o l l e c t i o n  p e r i o d ,  i.e. 400 tubes .  

Thus, t h e  flow-through d e t e c t o r  i s  more r a p i d  and y i e l d s  g r e a t e r  re- 

s o l u t i o n  than  t h e  f r a c t i o n  c o l l e c t o r  method. The t i m e  and c o s t  of sample an- 

a l y s i s  i s  a l s o  lower f o r  t h e  flow-through r a d i o a c t i v e  d e t e c t o r .  

The q u a n t i t a t i v e  a n a l y s i s  by t h e  f r a c t i o n  c o l l e c t i o n  method i s  compared 

wi th  t h e  Flo-One HP method i n  Table  I f o r  two similar samples  from s t u d y  of 
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Figure  1: 

ELUTION (Minutes) 

HPLC a n a l y s i s  of an i n c u b a t e  of i s o l a t e d  t e s t i c u l a r  i n t e r s t i t i a l  

cel ls  wi th  3H-testosterone using a l 0 m  c18 r a d i a l  compression column 

e l u t i n g  with a methanol /water  g r a d i e n t .  Condi t ions :  Solvent  A = 

methanol/HZO, ( l / l ,V/V)  and Solvent  B = methanol. A l i n e a r  g r a d i e n t  2.0 

ml/min. O%B+30%B, 20 minutes  fol lowed by 30+100%B f o r  t h e  next  20 minutes. 

The upper panel  is a p l o t  of cpm/al iquot  of f r a c t i o n s  from t h e  Redi Rac 2112 

f r a c t i o n  c o l l e c t o r ,  f r a c t i o n s  a r e  c o l l e c t e d  every  0.5 min (1.0 m l  e a c h )  and 

count f o r  5.0 min each i n  l i q u i d  s c i n t i l l a t i o n  counter .  The lower panel  i s  

t h e  a c t u a l  p l o t  t h e  F l o - h e  HP r a d i o a c t i v i t y  d e t e c t o r  s i g n a l  for 3H dpm 

p r i n t e d  o u t  by Pen 2 of the  Waters Data Module. 
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RAPID QUANTITATION OF STEROIDS 319 

Table I :  Comparison o f  Counts Obtained With Flo-One HP 
Flow Radioactive Detector and Fraction Collection Followed by 

Liquid S c i n t i l l a t i o n  Counting 

Sample # Peak *# Flo-One/HP (dpm) F.C. (dpm) Flo-One dpm/F.C. dpm 

84 F 1 2,860 3,636 0.78 

2 65,400 79,070 0.82 

3 9,040 12,325 0.73 

4 48,628 58,387 0.83 
153,418 dpm 

S.D. = 0.045 S.E. = 0.023 
(99% recovery) 

84 B 2,770 

39,304 

18,810 

3,614 0.76 

52,727 0.75 

22,872 
79,213 dpm 

0.82 

(91% recovery) 
S.D. = 0.039 S.E. = 0.021 

TOTAL: S.E. = 0.039 S.E. = 0.015 

* Peak # i s  the order  o f  e lu t ion  o f  the major rad ioac t ive  peaks shown i n  Figure 1. 

t h e  metabolism of r a d i o a c t i v e  s t e r i o d s  by i n t e r s t i t i a l  c e l l  c u l t u r e s ,  The 

o v e r a l l  r e c o v e r i e s  from HPLC were 91-992, and t h e  mean r a t i o  dpm Flo-One/dprn 

s c i n t i l l a t i o n  counter  was 0.784 f o r  t h e  seven peaks (F igure  1) shown on Table 

I. Thus, t h e  o v e r a l l  e f f i c i e n c y  of t h e  flow-through d e t e c t o r  f o r  38 w a s  20% 

(0.784 x 25% e f f i c i e n c y  set on t h e  Flo-One HP) o r  about  1 / 2  t h a t  of t h e  l i q u i d  

s c i n t i l l a t i o n  counter .  I n  a d d i t i o n ,  t h e  s t a n d a r d  d e v i a t i o n  and e r r o r  are  very  

s m a l l ,  i n d i c a t i n g  t h a t  t h e  e f f i c i e n c y  f o r  t h e  f low through d e t e c t o r  is 

mainta ined  f o r  low c o u n t i n g  (2860 dpm) as w e l l  as h igh  c o u n t i n g  (48,628 dpm) 

samples. The Flo-One HP r a d i o a c t i v i t y  d e t e c t o r  can  t h u s  q u a n t i t a t e  t h e  

r a d i o a c t i v e  s t e r o i d s  in t h e  eluate from HPLC in less than  one hour  per  sample 

compared t o  5-10 h r s  f o r  t h e  f r a c t i o n  c o l l e c t i o n  method count ing  5 

minutes/ tube.  
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320 KESSLER 

ELECTRONIC SPLITTER - ANALYSIS OF A CERTAIN PERCENTAGE OF THE SAMPLE 

The major drawback of us ing  only  t h e  Flo-One HP and mixing t h e  HPLC e f -  

f l u e n t  wi th  a nongel l ing  s c i n t i l l a t i o n  i s  t h a t  t h e  e n t i r e  sample must be 

u t i l i z e d ,  t h u s ,  t h e  sample cannot be used f o r  f u r t h e r  a n a l y s i s .  Ins tead  of 

t h e  use of t h e  l i q u i d  s c i n t i l l a t i o n  mixing,  a s o l i d  s c i n t i l l a t o r  could  be 

used. This  would a l l o w  complete  recovery of t h e  sample, bu t  f o r  d e t e c t a b l e  

counts  above background 10-20,000 dpm of 38 and 250-400 dpm of  1 4 C  would 

be requi red .  The s o l i d  s c i n t i l l a t i o n  a l s o  has  t h e  d isadvantage  t h a t  t h e  

r a d i o a c t i v e  sample may i n t e r a c t  with t h e  s o l i d  suppor t  ( u s u a l l y  s i l i c a )  and 

s lowly b leed  from t h e  s o l i d  s c i n t i l l a t o r  g i v i n g  h igh  background l e v e l s ,  o r  

a c t u a l  bind t o  t h e  s o l i d  s c i n t i l l a t i o n .  

I d e a l l y ,  t h e  system of choice  should have h igh  s e n s i t i v i t y  (800 dpm f o r  

3 H )  and a l l o w  a t  l e a s t  p a r t i a l  recovery  of t h e  sample. The fo l lowing  method 

was used t o  accomplish t h i s  o b j e c t i v e .  The e l u e n t  from HPLC was d i v e r t e d  t o  

a n  e l e c t r o n i c  s p l i t t e r  (ES)  us ing  microbore tubing.  F i f t y  percent  of t h e  e l u -  

a t e  was d i v e r t e d  t o  t h e  f r a c t i o n  c o l l e c t o r  and t h e  remaining 50% t o  t h e  Flo- 

One HP r a d i o a c t i v e  d e t e c t o r .  This method was employed t o  a n a l y z e  human tes- 

t i c u l a r  biopsy specimens,  which were incubated w i t h  3H-pregnenolone f o r  3 

hours. A t  t h e  end of t h e  i n c u b a t i o n ,  before  t h e  samples  were e x t r a c t e d ,  

14C-recovery t r a c e r s  were added. The samples were e x t r a c t e d  and t h e  e x t r a c t  

analyzed by HPLC o r  paper and t h i n - l a y e r  chromatography. The r e s u l t s  o b t a i n e d  

by each technique were very  s i m i l a r  (manuscr ip t  i n  p r e p a r a t i o n ) ,  bu t  HPLC us- 

i n g  t h e  c o n d i t i o n s  shown i n  F igure  2 was much more r a p i d .  Af te r  e l u t i o n  from 

HPLC, t h e  sample was d i v i d e d  by t h e  ES (50% t o  f r a c t i o n  c o l l e c t o r ,  3A and 50% 

t o  Flo-One HP, 3B). The r e s u l t s  ob ta ined  by t h e  f r a c t i o n  c o l l e c t i o n  method, 

Figure 3 A, were c o r r e c t e d  t o  t h e  e n t i r e  sample ( m u l t t p l i e d  times two), wi th  

t h e  Flo-One HP graph n o t  c o r r e c t e d  t o  t h e  e n t i r e  sample with t h e  dpm f o r  on ly  

1 / 2  of t h e  sample. The p l o t ,  F igure  3C, showed t h e  a c t u a l  h i s togram f o r  3H 

as p l o t t e d  by t h e  Water Data Module (Pen 2) .  As can  be seen from Figure  3A, 

B ,  C ,  t h e  p r o f i l e s  f o r  t h e  two methods are a lmost  i d e n t i f i c a l  f o r  bo th  14C 

and 38. The Flo-One Ke c o r r e c t e d  t h e  3H channel  f o r  t h e  I4C c r o s s o v e r  
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RAPID QUANTITATION OF STEROIDS 321 
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Figure 2: HPLC separa t ion  of gonadal s t e ro ids  obtained by using methanol- 

/water as  the e luent  on a 3 c18 reversed-phase s t a i n l e s s  s t e e l  column. 

Solvent A = methanol/water ( l / l , v / v )  and solvent B = methanol a r e  used. A 

gradien t  e lu t ion  a t  a flow r a t e  of 1.0 m l / m i n  from 0 3 0 %  B over 20 minutes 

with Waters Curve 6 ( l i n e a r ) ,  followed by Waters Curve 2 t o  50% B i n  the next 

10 minutes, and then a l i nea r  increase  t o  100% B in the next 15 minutes is 

used. Steroid absorbance of the progesterone pathway s t e ro ids  is a r e  p lo t ted  

by a so l id  l i ne ;  t he  dashed l i n e  represents  the pregnenolone pathway s te ro ids .  

The r e l a t i v e  r e t en t ion  times a r e  shown above each peak. The number below each 

peak r e f e r s  to the iden t i ty  of each peak: (l)pregnenolone, ( 2 )  progesterone, 

(3)  dehydroepiandrosterone, ( 4 )  17-hydroxyprogesterone, (5) 17-hydroxy- 

pregnenolone, ( 6 )  androstenedione, (7)  A5-androstenedio1, (8)  tes tos te rone ,  

(9)  e s t r ad io l .  
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322 KESSLER 

ELUTION (Minutes) ELUTION TIME (Minutes) 

ELUTION (Minutes) 

Figure 3 :  HPLC of a human t e s t i c u l a r  biopsy specimen incubated  w i t h  3H- 

pregnenolone. A t  t h e  end of t h e  i n c u b a t i o n  14C recovery  t r a c e r s  were added 

t h e  sample e x t r a c t  w i t h  o r g a n i c  s o l v e n t ,  and t h e  s t e r o i d s  were ana lyzed  on t h e  

HPLC using c o n d i t i o n  shown i n  F igure  2 .  The e l u e n t  from HPLC was s p l i t  wi th  

an e l e c t r o n i c  s p l i t t e r ,  50% w a s  d i v e r t e d  t o  f r a c t i o n  c o l l e c t o r  and 50% was an- 

a lyzed  d i r e c t l y  by t h e  flow-through r a d i o a c t i v i t y  d e t e c t o r .  Panel  A i s  a p l o t  

of t h e  f r a c t i o n  c o l l e c t o r  number (0.5 m i n u t e / f r a c t i o n )  vs .  dpm, c o r r e c t e d  f o r  

t h e  e n t i r e  sample ( m u l t i p l i e d  by 2 ) .  Panel  B shows t h e  d i r e c t  a n a l y s i s  of t h e  

sample by t h e  Flo-One HP r a d i o a c t i v e  d e t e c t o r ,  a n a l y s i s  f o r  1 4 C  and 3H 

being p r i n t e d  every  0.5 minute. The 14C and 38 were then  p l o t t e d  on t h e  

same t i m e  s c a l e  as t h e  f t a c t i o n  c o l l e c t e d  samples. The dashed line r e p r e s e n t  

I 4 C  and t h e  s o l i d  line 3H.  The lower panel  is t h e  a c t u a l  p l o t  of  t h e  

Water Data Module Pen 2 (10,000 dpm f u l l  s c a l e ) .  The t i m e  s c a l e  is d i f f e r e n t  

from panel  A and B, l i n c e  i t  is a d i r e c t  reproduct ion  of actual p l o t  (0.50 

cm/minute) f o r  3H dpms. 

-- 
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W I D  QUANTITATION OF STEROIDS 323 

(number of 14C counts i n  the  38 channel) and automatically ca lcu la ted  the  

number of dpm f o r  both 14C and 3H. This f ea tu re  was advantagous, because 

a 38 precursor and 14C recovery t r ace r s  a r e  used in most gonadal s t e ro id  

metabolism s tud ie s  because of the loss of var ious  s t e ro ids  in t he  ex t r ac t ion  

and subsequent pu r i f i ca t ion  s teps .  The ove ra l l  recoveries fo r  t he  two method 

a r e  about the same f o r  3H and 14C, a s  shown i n  Table I1 wi th  a severa l  

d i f f e ren t  rad ioac t ive  s t e ro id  peaks being analyzed (dpm/peak). 

The r e s u l t s  i n  Table I1 show t h a t  the da ta  obtained by using the  f r ac t ion  

co l l ec t ion  method, compare very well  with those obtained with the  rad ioac t iv-  

i t y  flow de tec tor  when the e lua t e  is s p l i t  i n  half  f o r  each of the two modes 

of detection. The ove ra l l  r a t i o  of dpm fo r  t he  s c i n t i l l a t i o n  counting t o  the  

r ad ioac t iv i ty  de t ec to r  is about one, the  e f f i c i ency  f o r  14C is 52.42% i n  the 

14C over 38 channel. With the  25% crossover of 14C i n t o  t h e  3H chan- 

ne l  the  ove ra l l  e f f i c i ency  f o r  the complete 14C (52.42 + 25.0%) is 77.42% 

compared with 90-95% for  the  s c i n t i l l a t i o n  counter. The o v e r a l l  7H e f -  

f ic iency  f o r  the r ad ioac t iv i ty  flow de tec to r  i s  about 37.19% with  a standard 

devia t ion  of 3.56 and a standard e r r o r  of 1.26, compared to  t h e  50-60% ef -  

f ic iency  fo r  the l i qu id  s c i n t i l l a t i o n  counter. Therefore, t he  rad ioac t ive  

flow de tec tor  can be used t o  quan t i t a t e  rap id ly  14C and 3H simultaneously 

i n  a sample and using the  e lec t ronic  s p l i t t e r  a portion (1-99%) of the e lua t e  

can co l lec ted  i n  f r ac t ion  co l l ec to r  tubes fo r  fu r the r  ana lys i s .  Eight human 

t e s t i c u l a r  biopsy specimens have been analyzed by t h i s  procedure. The HPLC 

and Flo-One HP separa t ion  and quan t i t a t ion  method represents  a rapid method 

f o r  studying s te ro idogenes is  in human t e s t e s .  

In conclusion, radiolabeled s t e r o i d s  from metabolic s tud ie s  can be 

separated by HPLC and quant i ta ted  d i r e c t l y  by the  Flo-One HP. In addi t ion ,  

with the  use of an e l ec t ron ic  stream s p l i t t e r  a c e r t a i n  percentage of t he  

e l u a t e  from the  HF’LC can be d iver ted  t o  the r ad ioac t iv i ty  flow de tec to r  with 

the remaining percentage of the sample used f o r  fu r the r  analyses ( r ec rys t a l -  

l i z a t i o n ,  de r iva t i za t ion ,  o r  fu r the r  pu r i f i ca t ion  by HPLC). These methods re- 

s u l t  i n  almost i d e n t i c a l  quan t i t a t ive  data compared t o  the  previous used f rac-  
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324 KESSLER 

Table XI: Ratio of dpm s c i n t i l l a t i o n  counter t o  
dprn on Flo-One HP rad ioac t ive  flow de tec to r  and % ef f ic iency  

fo r  severa l  peaks of t e s t i c u l a r  biopsy sample (50% s p l i t )  

A. Peak*# 14C dpm sc in t i l l a t ion ldpm Flo-One HP % e f f .  l4c2 

1 1.05 52.5 

2 1.27 63.5 

3 0.93 46.5 

3 B. Peak*# - H 

1A 

2A 

3A 

4A 

5A 

6A 

7A 

8A 

0.93 

1.15 

0.96 __ 

MEAN = 1.048 

41.5 

57.5 

48 

52.42 

_- 

S.D. = 0.138 6.90 

S.E. = 0.056 2.81 

% e f f .  3H dpm sc in t i l l a t ion /dpm Flo-One HP 

2.20 44.0 

1.89 37.8 

1.68 33.6 

1.80 35.0 

2.20 

1.89 

1-68 

1.80 

MEAN = 1.89 

S.D. = 0.205 

S.E. = 0.072 

44.0 

37.8 

33.6 

36.0 

37.19 

3.56 

1.26 

14 1. Ratio of c dprn f o r  ''C/3H channel. 

2 .  

3. The % ef f ic iency  f o r  t he  r ad ioac t iv i ty  de t ec to r  was set a t  20%; thus,  
f i n a l  % ef f ic iency  is  20% times t h e  dprn sc in t i l l a t ion /dpm Flo-One HP 
The peak in  order of e lu t ion  f r o m  the  HPLC and r e l a t i v e  to  t h e  standards 
shown i n  Figure 2. 

3 % ef f ic iency  f o r  I4Cl3H channel with 25% 14C i n  H channel. 

* 

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



RAPID QUANTITATION OF STEROIDS 325 

t i o n  c o l l e c t i o n  method, wi th  o n l y  a decrease  of 30-40% i n  count ing  e f f i c i e n c y  

f o r  38. F i n a l l y ,  by employing t h e s e  methods t h e  q u a n t i t a t i o n  i s  o b t a i n e d  

immediately compared t o  t h e  lengthy  s t e p s  involved i n  t h e  f r a c t i o n  c o l l e c t i o n  

method. 
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