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STUDIES ON STEROIDS CLXXXII. 
DETERMINATION OF 68 -HYDROXYCORTISOL I N  URINE BY HIGH-PERFORMANCE 

L I Q U I D  CHROMATOGRAPHY WITH FLUORESCENCE DETECTION 

J u n i c h i  Goto, Faze1 Shamsa and Toshio Nambara* 
Pharmaceutical I n s t i t u t e  

Tohoku Universi ty  
Sendai 980, Japan 

ABSTRACT 

A new s e n s i t i v e  method fo r  the determinat ion of 68-hydroxy- 
c o r t i s o l  i n  u r ine  by high-performance l i q u i d  chromatography with 
f luorescence d e t e c t i o n  has been developed. 66-Hydroxycortisol 
and i t s  C-6 epimer ( i n t e r n a l  s t anda rd )  were transformed quant i -  
t a t i v e l y  i n t o  the 21-(9-anthroyl) d e r i v a t i v e s  when t r e a t e d  with 
9-anthroyl n i t r i l e  i n  the presence of t r i e thy lamine  i n  aceto- 
n i t r i l e .  The r e s u l t i n g  f luo rescen t  esters were r e a d i l y  separated 
on a C o s m s i l  5SL column using e t h y l  acetate/hexane (2:1) as a 
mobile phase with a d e t e c t i o n  l i m i t  of 25 pg. The e f f i c i e n t  
clean-up was  achieved by the combined use of Bond E lu t  and C l in  
E l u t  c a r t r i d g e s .  The present  method is app l i cab le  t o  the quan- 
t i f i c a t i o n  of 6f3-hydroxycortiol i n  human u r ine  with s a t i s f a c t o r y  
accuracy and precis ion.  

INTRODUCT I0 N 

6 6-Hydroxycortisol i s  ' a po la r  unconjugated metabol i te  of 

c o r t i s o l  i n  human u r ine  ( 1 ) .  The u r ina ry  exc re t ion  is s i g n i f i -  

c a n t l y  e levated i n  the newborn, pregnancy and cancer a s  w e l l  as 

i n  humans who administered drugs such a s  diphenylhydantoin,  phe- 

n o b a r b i t a l  and o ,p'-DDD. Several  methods which involve radio-  

immunoassay (2 ,3 )  and enzyme immunoassay (41, have a l r eady  been 
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developed f o r  the determinat ion of 6#3-hydroxycortisol i n  b io log i -  

c a l  f l u i d s .  For t h i s  purpose high-performance l i q u i d  chromato- 

graphy (HPLC) has a l s o  been employed (5 ) .  The procedure,  how- 

e v e r ,  is s t i l l  u n s a t i s f a c t o r y  with r e s p e c t s  t o  the s e n s i t i v i t y  

and s impl i c i ty .  The p resen t  paper dea l s  with a new method for  

the determinat ion of 66-hydroxycort isol  i n  u r ine  by HPLC with 

f luorescence d e t e c t i o n  using 9-anthroyl n i t r i l e  as a pre-column 

l abe l ing  reagent.  

MATERIALS AND METHODS 

Apparatus 

The apparatus  used was a Waters 6000A solvent  d e l i v e r y  sys- 

t e m  (Waters Assoc., Milford,  MA, U.S.A. equipped with a H i t ach i  

650-10 LC f luorescence spectrophotometer (Hi t ach i  Ltd. ,  Tokyo, 

Japan) ( e x c i t a t i o n  wavelength 360 nm; emission wavelength 460 

nm). The test  samples were appl ied t o  the chromatograph by a U6K 

sample loop i n j e c t o r  (Waters Assoc.) with e f f e c t i v e  volume of 

2 m l .  The Cosmosil 5SL ( 5  pm) (150 mm x 4 mm i . d .1  (Nakarai 

Kagaku Co., Kyoto, Japan) and LiChrosorb RP-18 ( 5  urn) (125 mm x 4 

mm i .d.1 (E. Merck AG, Darmstadt, F.R. Germany) columns were used 

under ambient condi t ions.  

Chemicals and Reagents 

6#3-Hydroxycortisol and 6a-hydroxycortisol were prepared i n  

these l a b o r a t o r i e s  by the known methods and p u r i f i e d  by repeated 

r e c r y s t a l l i z a t i o n .  9-Anthroyl n i t r i l e  was synthesized i n  the 

manner descr ibed i n  the previous paper (6 ) .  A l l  o the r  chemicals 

employed were of ana ly t i ca l - r eagen t  grade. Solvents  were puri-  

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. The C l in  E l u t  CElOOOM and 

Bond Elut  C18 607101 c a r t r i d g e s  were purchased from Analytichem 

I n t e r n a t i o n a l ,  Inc.  (Harbor C i t y ,  CA, U.S.A.). A Bond E l u t  car- 

t r i d g e  w a s  washed success ive ly  with e thano l  (10 m l )  and water (10 

ml) before  use. 
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D e r i v a t i z a t i o n  with 9-Anthroyl Nitri le 

To a test  sample was  added a s o l u t i o n  of 9-anthronyl n i t r i l e  

(100 pg) i n  5% triethylamine/acetonitrile (100 p l ) ,  and the  whole 

was kept a t  room temperature f o r  1 h r .  Af t e r  removal of the so l -  

vent with an a id  of n i t rogen  gas stream, the  r e s idue  was r ed i s -  

solved i n  acetone (100 pl), mixed with hexane ( 2  ml),  and heated 

a t  70-80 C f o r  a few minutes t o  remove acetone. The s o l u t i o n  was 

appl ied t o  a C l in  E lu t  c a r t r i d g e  which was previously impregnated 

with 0.1 N NaOH (0.3 ml). The c a r t r i d g e  w a s  washed with hexane 

(4 m l )  t o  remove the excess r eagen t ,  and the des i r ed  f r a c t i o n  was 

e l u t e d  with dichloromethane (4 ml). The e l u a t e  obtained was d r i -  

ed i n  vacuo and r ed i s so lved  i n  e t h y l  a c e t a t e  (0.5 ml). A 10 1-11 

a l i q u o t  of the s o l u t i o n  was i n j e c t e d  i n t o  the chromatograph. 

0 

Procedure f o r  the Determination of 6f3-Hydroxycortisol i n  Urine 

A u r ine  sample (0.5 ml) was p ipe t t ed  i n t o  a test  tube con- 

t a i n i n g  a known amount of 6cr-hydroxycortisol (ca .  50 ng) i n  phos- 

phate bu f fe r  (pH 7) ( 1  ml). The mixture was appl ied t o  a Bond 

E lu t  c a r t r i d g e  impregnated with phosphate bu f fe r  (pH 7) ( 1  ml). 

The c a r t r i d g e  was  washed success ive ly  with water (3  ml) and 5% 

e thano l  ( 3  ml) ,  and the des i r ed  f r a c t i o n  was e l u t e d  with 70% 

e thano l  ( 2  ml). The e l u a t e  obtained was dr i ed  i n  vacuo and 

redissolved i n  e t h y l  a c e t a t e  (0.3 ml). The s o l u t i o n  was app l i ed  

t o  a C l in  E lu t  c a r t r i d g e  impregnated with 15% ammonium carbonate 

(0.3 ml). The des i r ed  f r a c t i o n  was e l u t e d  with e t h y l  a c e t a t e  ( 4  

ml). The e l u a t e  obtained was subjected t o  pre-column d e r i v a t i -  

z a t i o n  followed by HPLC i n  the  manner descr ibed above. 

RESULTS AND DISCUSSION 

I n  the previous papers we r epor t ed  the r e a c t i v i t i e s  of 9- 

an th roy l  n i t r i l e  and 1-anthroyl n i t r i l e  toward va r ious  hydroxyl 

groups on the s t e r o i d  nucleus ( 6 , 7 ) .  The former reagent  is capa- 
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b l e  of r e a c t i n g  s e l e c t i v e l y  with the primary hydroxyl groups a t  

C-21 i n  c o r t i s o l  and co r t i sone  i n  triethylamine/acetonitrile. 

Therefore,  9-anthroyl n i t r i l e  appeared t o  be a l s o  promising f o r  

d e r i v a t i z a t i o n  of 66-hydroxycort isol .  I n i t i a l l y ,  t he  s u i t a b l e  

condi t ion f o r  a c y l a t i o n  of 6 6-hydroxycortisol with 9-anthroyl 

n i  t r i l e  i n  tr ie thylamine/ace t o n i t r i l e  was i n v e s t i g a t e d  (Figure 

1). The excess of t he  reagent  which would d i s t u r b  the chromato- 

gram, could be e f f i c i e n t l y  removed by passing the r e a c t i o n  mix- 

t u r e  through a C l i n  E l u t  c a r t r i d g e .  The e f f e c t s  of concen t r a t ion  

of t r i e thy lamine  i n  a c e t o n i t r i l e  and r e a c t i o n  t i m e  on the  forma- 

t i o n  of the ester w e r e  examined. The r e a c t i o n  r a t e  was s i g n i f i -  

c a n t l y  inf luenced by the concen t r a t ion  of t r i e thy lamine  where the 

maximum y i e l d  was obtained with 5% t r i e thy lamine  i n  a c e t o n i t r i l e .  

I n  a d d i t i o n ,  the formation of the ester increased with the reac- 

t i o n  t i m e  up t o  60 min and reached a p l a t eau  as  i l l u s t r a t e d  i n  

Figure 2. 

The HPLC sepa ra t ion  of d e r i v a t i z e d  66-hydroxycortisol and 

6a-hydroxycortisol was more s a t i s f a c t o r i l y  achieved on a normal 

phase column (Cosmosil 5SL) using e t h y l  acetate/hexane ( 2 : l )  a s  a 

mobile phase r a t h e r  than on a reversed phase column (LiChrosorb 

RP-18 1. 
A c a l i b r a t i o n  curve was constructed by p l o t t i n g  the  r a t i o  of 

peak a rea  of 6 6-hydroxycort isol  t o  t h a t  of 6 a  -hydroxycort isol  

( i n t e r n a l  s t anda rd )  a g a i n s t  t he  amount of the former where a 

l i n e a r  response was observed i n  the range of 50 t o  400 ng of 66- 

hydroxycort isol .  

The combined use of Bond E lu t  and Clin Elut  c a r t r i d g e s  

proved t o  be e f f e c t i v e  f o r  the clean-up of u r ina ry  66-hydroxy- 

c o r t i s o l .  As i l l u s t r a t e d  i n  Figure 3,  the des i r ed  66-hydroxy- 

c o r t i s o l  was recovered a t  the r a t e  of 95% when e l u t e d  with 2 m l  

of 70% e thano l  a f t e r  washing with 5% e thano l .  The t y p i c a l  

chromatograms of 66-hydroxycort isol  t oge the r  with 6a-hydroxy- 

c o r t i s o l  a r e  shown i n  Figure 4. A known amount of 68-hydroxy- 
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c=o 

0 
OH OH 

FIGURE 1 Reaction of 6@-Hydroxycortisol with 9-Anthroyl N i t r i l e  

30 60 90 120 

Time (min) 

FIGURE 2 T i m e  Course for  Der iva t i za t ion  of 6 8-Hydroxycortisol 
with 9-Anthroyl N i t r i l e  

c o r t i s o l  w a s  added t o  human u r ine  specimens a t  two l e v e l s  and 

t h e i r  recovery r a t e s  were determined by the s tandard procedure.  

It is evident  from the d a t a  i n  Table I t h a t  the s a t i s f a c t o r y  

r e s u l t s  a r e  ob ta inab le  by the proposed method. 

The present  method w a s  then appl ied t o  the determinat ion of 

6 6-hydroxycortisol i n  u r ine  specimens c o l l e c t e d  from seven male 

hea l thy  vo lun tee r s .  As l i s t e d  i n  Table 11, the  u r i n e  l e v e l s  of 

6 ~ - h y d r o x y c o r t i s o l  w e r e  observed i n  the  range previously esti-  

mated by the enzyme immunoassay method (4). 
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1 2 3  

1 
h 

4 5 6  

Effluent (mL) 

FIGURE 3 Elut ion Pattern of 6@-Hydroxycortisol on a Bond Elut 
Cartridge 
Eluent: a )  5% ethanol; b) 70% ethanol .  

d 

1; 8 1 
Time (min 1 

FIGURE 4 Chromatograme of 66 -Hydroxycortisol and 6a-Hydroxy- 
c o r t i s o l  Derivat ives  formed with 9-Anthroyl Nitrile 
a> Standard sample; b) urine sample. 1 :  6phydroxy- 
c o r t i s o l ,  2: 6a-hydroxycortisol ( i n t e r n a l  standard).  
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TABLE I 
Recovery of 66-Hydroxycortisol added t o  Human Urine 

Urine Added Expected Found Recovery 

(ng/0.5 ml) (% 2 S . D . * )  

101 + 1.6 

193 100 293 2 70 92 2.1 

- 86 50 136 137 

* n=8 

TABLE I1 
Urine Levels of 66-Hydroxycortisol i n  Healthy Male Volunteers 
( d 2 4  h r )  

Subject  A B C D E F G Me an 

407 254 503 212 278 219 246 303 2 45 

TABLE I11 
The k '  Values and Peak Area Ra t ios  of 66-Hydroxycortisol i n  
Human Urine t o  I n t e r n a l  Standard 

A B C 

S U S U S U 

6~-Hydroxycort isol  0.77 0.77 0.79 0.79 0.84 0.84 

6Ct-Hydroxycortisol 0.80 0.80 0.83 0.83 0.86 0.86 

Peak a r e a  r a t i o  (6@/6a)  1.32 0.82 - - 1.32 0.80 

S: s tandard sample, U: u r ine  sample. 
Conditions:  A) Cosmosil SSL, e t h y l  acetate/hexane ( 2 : 1 ) ,  1 m l /  
min; B) Cosmosil 5SL, e t h y l  acetate/chloroform (3 :4 ) ,  1.5 m l /  
min; C) LiChrosorb RP-18, methanol/water (3 :1 ) ,  0.6 ml/min. 
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The disadvantage of HPLC i n  s t r u c t u r a l  e l u c i d a t i o n  , because 

the information provided i s  i n s u f f i c i e n t ,  has a l r eady  been point-  

ed out.  I n  order  t o  solve these problems, s e v e r a l  methods have 

a l r eady  been devised. P rev ious ly ,  we demonstrated an attempt f o r  

unequivocal c h a r a c t e r i z a t i o n  of b i l e  ac id  s u l f a t e s  i n  ' b i l e  by 

HPLC using mobile phases of varying pH (8). In t h i s  s tudy ,  a 

s i m i l a r  approach was done f o r  s t r u c t u r a l  c h a r a c t e r i z a t i o n  of 66- 

hydroxycort isol  i n  u r ine .  The e l u a t e  corresponding to  the  peak 

on the chromatogram was c o l l e c t e d  and, a f t e r  the a d d i t i o n  of the 

d e r i v a t i z e d  6 ~ - h y d r o x y c o r t i s o l ,  was  subjected t o  WLC under t h r e e  

d i f f e r e n t  condi t ions.  As l i s t e d  i n  Table 111, k '  values  of 68- 

hydroxycort isol  i n  human u r i n e  were completely i d e n t i c a l  with 

those of t he  a u t h e n t i c  sample. Moreover, the peak a rea  r a t i o  of 

the two epimers showed the same value under two d i f f e r e n t  HPLC 

condi t ions.  These r e s u l t s  imply t h a t  the p re sen t  method under- 

goes no i n t e r f e r e n c e s  with coex i s t ing  substances and is favorable  

fo r  the determinat ion of 66-hydroxycortisol i n  ur ine.  

The newly developed method f o r  the determinat ion of 6 8 -  

hydroxycort isol  i n  b i o l o g i c a l  f l u i d s  is h igh ly  s e n s i t i v e ,  conve- 

n i en t  and may be use fu l  f o r  monitoring the e f f e c t s  of  hormones 

and drugs a c t i n g  as  inducers of microsomal enzymes. 
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