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HPLC OF STEROIDS IN NON-AQUEOUS 
MOBILE PHASE AT SUBAMBIENT TEMPERATURE 

Sana U. Sheikh and Joseph C .  Touchstone 
Department of  Obstetrics and Gynecology 

School of Medicine 
Hospital of University of Pennsylvania 

PhiledelphiQ, Pennsylvania 19104 

ABSTRACT 

I n c r e a s e d  r e s o l u t i o n  of s t e r o i d  mixtures  was found i n  h i g h  performance 

With aqueous l i q u i d  chromatography of s t e r o i d s  a t  subambient tempera tures .  

mobile  phase  u s i n g  a r e v e r s e d  phase column i t  was n o t  p o s s i b l e  t o  d e c r e a s e  

tempera tures  below -1OOC due t o  increased  v i s c o s i t y .  

f u r t h e r  i n c r e a s e  i n  r e s o l u t i o n  a t  -5OOC u s i n g  a non-aqueous mobile  phase f o r  

t h e  s e p a r a t i o n  of s t e r o i d s .  R e t e n t i o n  times were s h o r t e r  s e v e r a l  f o l d  w h i l e  

r e s o l u t i o n  was improved. 

T h i s  r e p o r t  d e s c r i b e s  

INTRODUCTION 

The e f f e c t  of  c o o l i n g  on  r e s o l u t i o n  i n  l i q u i d  chromatography has  been 

r e p o r t e d  from t h i s  l a b o r a t o r y  (1). Other  r e p o r t s  i n d i c a t e  improved r e s o l u t i o n  

of some compounds a t  subambient tempera tures  (2 -4) .  Mazzo e t  a 1  ( 5 )  and Beyer 

e t  a1 ( 6 )  s e p a r a t e d  enant iomers  a t  lower tempera tures  i n  HPLC, e i t h e r  cool ing  

2489 

Copyright 0 1987 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2490 SHEIKH AND TOUCHSTONE 

t h e  mobile  phase o r  reducing  t h e  column tempera ture .  

r e s o l v e d  racemic drugs  a t  subambient temperature .  

Bishop e t  a 1  (7)  

The p r e s e n t  r e p o r t  i s  a c o n t i n u a t i o n  of our p r e v i o u s l y  r e p o r t e d  work 

showing increased  s e p a r a t i o n  of s t e r o i d s  c o r t i s o n e ,  c o r t i s o l ,  

d e s o x y c o r t i c o s t e r o n e  and e s t r o n e  and estradiol-17B p a i r s  a t  subambient 

tempera tures  w i t h  methanol - water  (65 : 35 v / v )  a s  mobile  phase.  A 

comparat ive s tudy  has  been done wi th  a non-aqueous mobile  phase i n  which 

column tempera ture  down t o  -50°C was used .  I t  was not p o s s i b l e  w i t h  t h e  

aqueous phase t o  u s e  t h i s  tempera ture  due t o  i n c r e a s e  of column hack p r e s s u r e  

and i n c r e a s e  of v i s c o s i t y .  I n  t h e  theory  of  chromatography, c o n s t a n t  

tempera ture  i s  always assumed, because t h e  d i f f u s i o n  c o e f f i c i e n t s ,  v i s c o s i t i e s  

and c a p a c i t y  r a t i o s  a r e  a f u n c t i o n  of tempera ture  (8 ) .  

summarized t h e  changes i n  r e t e n t i o n  a s  a r e s u l t  of e l e v a t i o n  of temper ture .  

Snyder (9) has  

MATERIALS AND METHODS 

A l l  chemicals  were reagent  grade .  A l l  chromatographic  s o l v e n t s  i n c l u d i n g  

water  were HPLC grade .  

H a r r i s o n  L t d . ) ,  es t rad io l -17R (Sigma Chemical, Co), c o r t i s o n e ,  c o r t i s o l ,  and 

d e s o x y c o r t i c o s t e r o n e  (Mann Research L a b o r a t o r i e s ,  NY, NY) were d i s s o l v e d  i n  

methanol and k e p t  a t  4OC. 

Stock s o l u t i o n s  of e s t r o n e  (Ayers t  McKenna and 

A modular l i q u i d  chromatograph equipped w i t h  a LDC pump, a KRATOS 

s p e c t r o f l o w  773 v a r i a b l e  wavelength d e t e c t o r ,  and a Rheodyne loop i n j e c t o r  was 

used .  

of 1 .5  ml/min wi th  a r e v e r s e d  phase HPLC (Whatman P a r t i s i l  10,ODS-3-(4.6 nm x 

25 cm) column. A l l  s t e r o i d s  were i n j e c t e d  a f t e r  s t a b i l i z a t i o n  of column 

tempera tures .  L iquid  n i t r o g e n  b l e e d i n g  i n t o  a g l a s s  j a c k e t  was used  f o r  

cool ing  i n  an i n s u l a t e d  chamber i n  which t h e  column was suspended. Column 

Absorp t ion  was recorded  a t  245 nm and 280 nm w i t h  a mobi le  phase f low 
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Figure 1. Separation of Estrogens at Subambient Temperatures. Mobile Phase: 
Methanol-Water 6 5 : 3 5  v/v.  

temperature was 

a VWR digital thermo-couple. A l l  conditions of the mobile phases and pressure 

were identical for flow rate (1.5 mllmin) and various temperatures for the 

methanol-water (65:35 v / v )  and acetonitrile-methanol (65:35 vfv) systems. 

0.5OC from ambient to subambient temperature as assessed by 

RESULTS AND DISCUSSION 

The data for resolution obtained on decreasing the temperature from 

ambient (25OC) t o  -15OC for aqueous and non-aqueous phases are shown in Table 

1. Table 1 indicates that both pairs were poorly resolved at ambient 
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Table 1 

EFFECT OF SUBAMBIENT TWPERATURES ON RESOLUTION OF STEROIDS 

Mobile Phase Flow. 1.5 mL/min. 

Detection. 245m and 280 nm. 

Temperature 

OC 

25 

10 

0 

-10 

-15 

25 & 10 

0 

-10 

-20 

-3 0 

-40 

-50 

Resolution 

R,EF RSElE2 

Mobile Phase: Methanol : Water (65 : 35 v/v 

1.30 0.95 

1.56 1.21 

1.70 1.41 

2.14 1.50 

- 2.40 

Mobile Phase: Acetonitrile : Methanol (65 : 35 v/v) 

* * - - 

0.64 0.72 

0.74 0.91 

1.02 1.11 

1.20 1.90 

1.32 2.31 

1.65 2.80 

* NO separation. 
E = Cortisone, F = Cortisol, and D = Desoxycorticosterone. 

El = Estrone and E2 = Estradiol - 17B 

Column: Whatman C18 Partisil 10 ODS-3 (4.6 mm x 25 cm) 

Rs = Resolution. 
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t empera ture  w i t h  e i t h e r  mobile  phase.  

phases  increased  t h e  r e s o l u t i o n  more than  two f o l d  a t  -15OC but  f u r t h e r  

c o o l i n g  caused i n c r e a s e  of column back p r e s s u r e  presumably due  t o  i n c r e a s e  of 

v i s c o s i t y .  A t  subambient tempera tures  r e t e n t i o n  time ( tR)  i n c r e a s e d  i n  a l l  

c a s e s  a s  shown i n  F i g u r e s  1-3. The r e s o l u t i o n  (Rs) a t  - lO°C f o r  c o r t i s o n e ,  

c o r t i s o l  RsEF was 2.14 and a t  -15% f o r  e s t r o n e ,  e s t r a d i o l - 1 7 6 ,  RsE1E2 was 

2.40 w i t h  t R D  46.5 and t ~ E 2  75.07 minutes  r e s p e c t i v e l y .  

Decreases  of tempera ture  w i t h  aqueous 

With t h e  non-aqueous mobile  phase  no s e p a r a t i o n  was observed from 25OC t o  

10°C; E,R, and E l ,  E2 p a i r s  showed s i n g l e  peak. 

s e p a r a t i o n  i n  both  t h e  p a i r s  was n o t i c e d  and they  were completely r e s o l v e d  a t  

-5OOC. 

2.80. 

t h a n  w i t h  t h e  aqueous mobile  phase a t  -15OC. 

A t  O°C t h e  beginning of a 

The r e s o l u t i o n  shown i n  F i g u r e s  2 and 3 i n d i c a t e  R,EF 1.65, RsE1E2  

The t R D  9.10 and t ~ E p  10.36 r e s p e c t i v e l y  which were s e v e r a l  t imes  l e s s  

With d e c r e a s e  i n  tempera ture  r e s o l u t i o n  i n c r e a s e d  wi th  both  mobile  

phases .  Values  a r e  summarized i n  Table  1 and t h e  s e p a r a t i o n  t rend  i s  shown i n  

t h e  chromatograms. The improvement of  r e s o l u t i o n  is i n  c o n t r a s t  t o  r e p o r t s  

t h a t  i n c r e a s e  of column tempera ture  improves t h e  e f f i c i e n c y  (9). J i n n o  and 

H i r a t a  ( 2 )  r e p o r t  t h a t  a d e c r e a s e  i n  tempera ture  improves s e l e c t i v i t y  whi le  

d e c r e a s i n g  e f f i c i e n c y .  Beyer e t  a1  ( 6 )  r e p o r t e d  t h a t  r e s o l u t i o n  was reduced 

t o  z e r o  wi th  t h e  i n c r e a s e  of tempera ture  and it was unchanged between 10°C t o  

65OC. These f i n d i n g s  i n d i c a t e  t h a t  r e s o l u t i o n  can be  enhanced by opt imiz ing  

mobi le  phase- temperature  i n t e r r e l a t i o n s h i p s  i n  HPLC. However, a s  Katz  e t  a1 

(10) p o i n t  ou t  f o r  more a c c u r a t e  measurements and c o n t r o l  of column 

tempera ture  t h e  u s e  of a microbore column may be  d e s i r a b l e .  
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