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UTILITY OF CYCLODEXTRIN IN MOBILE 

CHROMATOGRAPHIC SEPARATION 
OF C21 STEROIDS 

PHASE FOR HIGH-PERFORMANCE LIQUID 

KAZUTAKE SHIMADA* AND MICHJRU NONAKA 
F a d &  of Pharmaceutical Sciences 

KaMzawa University 
13-1 Takara-machi 

Kanazawa 920, Japan 

ABSTRACT 

The c h r o m a t o g r a p h i c  b e h a v i o r  o f  CZ1 s t e r o i d s ,  e s p e c i a l l y  
c o r t i c o i d s ,  and its f l u o r e s c e n t  d e r i v a t i v e s  w i t h  a n t h r o y l  cyanide  
was examined  by t h e  r e v e r s e d - p h a s e  h i g h - p e r f  o rmance  l i q u i d  
chromatography. The s e p a r a t i o n  of t h e  compounds was much improved 
by t h e  a d d i t i o n  of t h e  s u i t a b l e  c y c l o d e x t r i n  t o  t h e  mobile phase. 

INTRODUCTION 

In  r e c e n t  years cons ide rab le  a t t e n t i o n  has  been focused on 

i n c l u s i o n  chromatography us ing  host-guest i n t e r a c t i o n  i n  g a s  and 

l i q u i d  c h r o m a t o g r a p h y  [ I ] .  I n  a p r e v i o u s  p a p e r  w e  r e p o r t e d  t he  

much improved s e p a r a t i o n  of e s t rogens  [ 21, c a r d i a c  s t e r o i d s  [3] 

and b i l e  a c i d s  [4] by the a d d i t i o n  of t h e  s u i t a b l e  cyc lodex t r in  
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21 10 SHIMADA AND NONAKA 

(CD) t o  t h e  m o b i l e  p h a s e  i n  r e v e r s e d - p h a s e  h i g h - p e r f o r m a n c e  

l i q u i d  chromatography (HPLC). A s  a c o n t i n u a t i o n  of t h i s  work, t h e  

p r e s e n t  p a p e r  d e a l s  w i t h  t h e  a p p l i c a t i o n  of t h i s  method t o  t h e  

s e p a r a t i o n  of C21 s t e r o i d s ,  e s p e c i a l l y  c o r t i c o i d s ,  and  i t s  

f l u o r e s c e n t  d e r i v a t i v e s  w i t h  a n t h r o y l  c y a n i d e  [5]. 6- 

H y d r o x y c o r t i c o i d s ,  o n e  o f  t h e  m o s t  i m p o r t a n t  u n c o n j u g a t e d  

c o r t i c o i d s  i n  human u r i n e  [ 5 ] ,  were c h o s e n  as model  compounds  

t o g e t h e r  w i t h  o t h e r  f a m i l i a r  e n d o g e n e o u s  and  s y n t h e t i c  CZ1 

s t e r o i d s  (FIGURE 1). 

MATERIALS METHODS 

Materials 

C D s  and  c o r t i c o i d s  were k i n d l y  s u p p l i e d  by Nihon S h o k u h i n  

Kako Co., Ltd.  (Tokyo, J a p a n )  a n d  T e i k o k u  Hormone Mfg. Co., L td .  

(Tokyo), r e s p e c t i v e l y .  6-Hydroxycorticoids were syn thes i zed  from 

t h e  r e s p e c t i v e  c o r t i c o i d  acco rd ing  t o  t h e  procedure  desc r ibed  by 

T s u j i  et al. [ 6 ]  or J u l i a n  e t  al. [7 ] .  1- And 9-anthroyl  cyan ides  

were ob ta ined  from Wako P u r e  Chem. Ind., Ltd. (Osaka, Japan). The 

f l u o r e s c e n t  d e r i v a t i v e s  were s y n t h e s i z e d  a c c o r d i n g  t o  t h e  

procedure  d e s c r i b e d  by Goto et  al. [5]. S o l v e n t s  were p u r i f i e d  by 

d i s t i l l a t i o n  p r i o r  t o  use. 

Apparatus 

HPLC w a s  c a r r i e d  o u t  on a JASCO TRI ROTAR c h r o m a t o g r a p h  

equipped w i t h  a JASCO WIDEC-100-11 u l t r a v i o l e t  d e t e c t o r  (W: 240 

nm) ( J a p a n  S p e c t r o s c o p i c  Co., Ltd., Tokyo) or  H i t a c h i  F-1000 
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CYCLODEXTRIN IN STEROID SEPARATION 2111 

f l u o r e s c e n c e  d e t e c t o r  (FL: A ex. 360  nm, A e m .  460  nm)(Hi t ach i  

Ltd., Tokyo). A TSKgel ODs-80TM (5 urn) co lumn (15 cm x 0.46 cm 

i.d.)(MSOH, Tokyo) was used at a f low rate of 1 ml/min. 

RESULTS AND DISCUSSION 

- The Separa t ion  b~ Conventional Method 

F i r s t  w e  examined t h e  s e p a r a t i o n  of  t h e  p a i r  of C21 s t e r o i d s  

h a v i n g  t h e  s i m i l a r  s t r u c t u r e ,  s u c h  as t h e  c o r t i c o i d s  w i t h  o r  

w i t h o u t  1-ene (1 vs. 2; 3 vs.  4) and 6-hydroxy i s o m e r  (5 vs. 6 ;  7 

vs.  8 :  9 vs. 10; 11 vs .  12), by c o n v e n t i o n a l  method u s i n g  

methanol or acetonitri le as  an  o rgan ic  modifier.  The results were 

summar ized  i n  TABLE 1 and t h e  s e p a r a t i o n  of c o r t i s o l  (1) a n d  

p r e d n i s o l o n e  (2) h a s  n o t  been  done by b o t h  s o l v e n t  s y s t e m s .  On 

t h e  con t r a ry  t h e  s a t i s f a c t o r y  s e p a r a t i o n  (Rs > 1.20) of a l l  t h e  

o t h e r  p a i r s  of CPl s t e r o i d s  h a s  been o b t a i n e d  by t h e  s o l v e n t  

s y s t e m  u s i n g  e i t h e r  m e t h a n o l  o r  a c e t o n i t r i l e  as  a n  o r g a n i c  

modifier.  A l l  t h e  6 f3-hydroxy compounds (5 ,  7, 9, 11) were e l u t e d  

earlier t h a n  t h e  r e s p e c t i v e  6 a -hydroxy isomer ( 6 ,  8 ,  10, 12) 

(TABLE 1). 

R e c e n t l y  Go to  e t  al .  r e p o r t e d  t h e  d e r i v a t i z a t i o n  method 

us ing  1- or 9-anthroyl cyanide  as a f l u o r e s c e n t  l a b e l i n g  r eagen t  

a n d  t h e  a p p l i c a t i o n  t o  t h e  d e t e r m i n a t i o n  of c o r t i c o i d s  i n  

b i o l o g i c a l  f l u i d s  [5]. According t o  t h e s e  da t a ,  t h e  s e p a r a t i o n  of 

f l u o r e s c e n t  d e r i v a t i v e s  w i t h  an th roy l  cyanide  was also examined 

by convent iona l  method. The f l u o r e s c e n t  d e r i v a t i v e  l a b e l e d  a t  21- 

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



21 12 SHIMADA AND NONAKA 

TABLE 1 
Chromatographic Behavior of C21 S t e r o i d s  * 
P a i r  of Solvent System t R  Rs Solvent System t R  R s  
S t e r o i d s  MeOH-H20 (min) CH3CN-H20 (min) 

1 (4:5) 24.7 0 (1:3) 15.2 0 
2 24.4 15.2 

3 (4:5) 20.1 3.50 (1:3) 17.8 3.19 
4 17.4 15.9 

5 (4:5) 6.4 1.80 (1:7) 13.9 1.18 
6 7.2 14.7 

7 (4:5) 9.0 5.35 (1:5) 10.4 5.10 
8 12.0 13.0 

9 (2:3) 11.4 2.22 (1:4) 11.7 2.39 
10 13.1 13.6 

1 1  (3:2) 9.4 4.20 (1: l )  4.5 4.62 
12 14.4 5.6 

-~ 

* Detect ion:  UV 

pos i t i on  of s t e r o i d  with 1- o r  9-anthroyl cyanide was expressed 

a s  a o r  b, r e s p e c t i v e l y  (FIGURE l ) ,  and r e s u l t s  were summarized 

i n  TABLE 2. The s a t i s f a c t o r y  s e p a r a t i o n  of  6-hydroxy-11- 

d e o x y c o r t i s o l  i s o m e r  (9b vs. lob) and 5 - p o s i t i o n  i s o m e r i c  

t e t r a h y d r o c o r t i s o l  (13b vs. 14b) d e r i v a t i v e s  each o the r  has not  

been o b t a i n e d  by bo th  s o l v e n t  s y s t e m s .  A l l  t h e  o t h e r  examined 

p a i r s  of d e r i v a t i v e s  showed the  R s  values  of more than 1.20 w i t h  

t h e  so lven t  s y s t e m  using methanol or a c e t o n i t r i l e  as an organic  

modifier.  
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L-0 

0 

coo 
a: R4= a 

coo 
b: R4= & 

2 : Rl=rOH R2=H2, 
'H , 

4 : R1=0, RZ=HZ, R3=R4=OH, A' 

R3=R4=0H, A' 

13b: 58 

14b: 5 a  

H 

FIGURE 1. Structures of C21 steroids and its fluorescent 
derivatives 
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TABLE 2 
Chromatographic Behavior of C21 Steroid Derivatives * 
Pair of Solvent System tR Rs Solvent System t8 Rs 
Derivatives MeOH-H20 (min) CH3CN-H20 (min ) 

la (5 : l )  10.0 1.41 (2:l) 13.2 1.66 
2a 9.1 11.8 

3 a  (5: l )  11.3 1.20 (2:l) 14.8 1.39 
4a 10.4 13.4 

5b (5:2) 9.6 1.40 (1 : l )  15.3 0 
6b 11.0 15.3 

7b (5:2) 13.4 1.52 (1 : l )  21.4 0 
8b 15.4 21.4 

9 b  (10:3) 13.8 0.57 (3:2) 15.8 1.07 
lob 14.4 16.6 

1 3 b  (3 : l )  20.5 0.52 (8:5) 17.3 1.14 
14b 21.3 18.3 

* Detection: FL 

a) 

1.2 

I I 

0 10 20 min 
I I 

0 10 20min 

FIGURE 2. Separation of 1 and 2 
Conditions: detection, W; mobile phase, a) MeOH-H20 
(4:5) ,  b) MeOH-HzO (4:5) containing 5 ~MB-CD. 
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4 b) 

21 15 

I I I - 
0 10 201nin 0 10 min 

FIGURE 3.  Separation of 9b and lob 
Conditions: detection, FL: mobile phase, a) MeOH-H20 
(10:3), b) MeOH-H20 (10:3) containing 4 mMy-CD. 

I I I I I I 

0 10 20min O 10 20 min 

FIGURE 4. Separation of 13b and 14b 
Conditions: detection, FL,; mobile phase, a) MeOH-H20 
(3:1) ,  b) MeOH-H20 (3 : l )  containing 5 mMy-CD. 
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2116 SHIMADA AND NONAKA 

S e p a r a t i o n  I n c l u s i o n  Chromatography 

T h e  i n c l u s i o n  c h r o m a t o g r a p h y  u s i n g  CD as  a m o b i l e  p h a s e  

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

c o m p o u n d s  (1 v s .  2; 9b vs. l ob;  13b vs .  14b) w h o s e  s e p a r a t i o n  has 

n o t  been done by t he  c o n v e n t i o n a l  method as d e s c r i b e d  above. The 

a d d i t i o n  o f  8- o r  y-CD t o  t h e  m o b i l e  p h a s e  much i m p r o v e d  t h e  

s e p a r a t i o n  o f  these compounds, whose chromatograms were shown i n  

FIGURE 2-4. 

These  d a t a  showed t h e  method is  u s e f u l  f o r  t h e  s e p a r a t i o n  of 

C21 s t e r o i d s  and  i t s  f l u o r e s c e n t  d e r i v a t i v e s .  A p p l i c a t i o n  of  t h i s  

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

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

r e p o r t e d  e l s e w h e r e  i n  t h e  n e a r  f u t u r e .  
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