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COMPARISON OF REVERSED PHASE HIGH 
PERFORMANCE LIQUID CHROMATOGRAPHY 

AND COMPETITIVE PROTEIN BINDING 
ASSAY IN THE QUANTIFICATION OF 

CORTISOL IN BOVINE PLASMA 

S. K.  Gutenberger,' D. P. Olson,l 
and R. A. Kage12 

'Department of Veterinary Science 
'Department of Chemistry 

University of Idaho 
Moscow, Idaho 83843 

ABSTRACT 

A r e v e r s e d  phase  h i g h  p e r f o r m a n c e  l i q u i d  (HPL) chromato-  
g r a p h i c  method was deve loped  f o r  q u a n t i f i c a t i o n  o f  c o r t i s o l  i n  
b o v i n e  p lasma.  The r e l i a b i l i t y  of t h i s  method was compared t o  
t h a t  o f  a c o m p e t i t i v e  p r o t e i n  b i n d i n g  assay (CPBA).  Samples were  
a d j u s t e d  t o  > pH 12 w i t h  NaOH, e x t r a c t e d  w i t h  methy lene c h l o r i d e ,  
e v a p o r a t e d  t o  d r y n e s s  and r e c o n s t i t u t e d  i n  m e t h a n o l / w a t e r  
(55%/45%) f o r  HPLC d e t e r m i n a t i o n .  S a t i s f a c t o r y  s e p a r a t i o n  and 
s e n s i t i v i t y  were achieved u s i n g  an A l t e x  U l t r a s p h e r e  C-8 co lumn 
( 1 5  cm x 4.6 mm) w i t h  i s o c r a t i c  e l u t i o n  o f  m e t h a n o l / w a t e r  
(57%/43%) and UV d e t e c t i o n  (242 nm). The d e t e c t i o n  l i m i t  o f  t h e  
C P B A  ( 0 . 1 6  ng )  was lower  t h a n  f o r  t h e  HPL chromatographic method 
(0.54 ng); however, p r e c i s i o n  was s i g n i f i c a n t l y  b e t t e r  f o r  t h e  HPL 
chromatographic method than  f o r  t h e  CPBA. Values f o r  t h e  CPBA were 
s i g n i f i c a n t l y  h i g h e r  than  those  ob ta ined  u s i n g  HPL chromatography, 
p r o b a b l y  due t o  t h e  p o s i t i v e  i n t e r f e r e n c e  o f  n o n - s p e c i f i c  b i n d i n g  
o f  plasma components i n  t h e  CPBA. The s p e c i f i c i t y  o f  HPL chromato- 
graphy f o r  c o r t i s o l  was v a l i d a t e d  b y  mass spect rometry .  

Ms. G u t e n b e r g e r ' s  c u r r e n t  address i s  M.P. 3.50 R, Cook, WA 98605. 
D r .  K a g e l ' s  c u r r e n t  add ress  i s  6242 S i e r r a  S iena ,  I r v i n e ,  C A  
92715. Send r e p r i n t  reques ts  t o  D r .  Olson. 
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108 GUTENBERGER, OLSON, AND KAGEL 

INTRODUCTION 

I n  a r e c e n t  s t u d y  des igned  t o  determine t h e  e f f e c t s  o f  c o l d  

s t r e s s  on c o r t i s o l  l e v e l s  i n  newborn c a l v e s  (l), t h e  r e l i a b i l i t y  
o f  a c o m p e t i t i v e  p r o t e i n  b i n d i n g  a s s a y  (CPBA) was found t o  be 

u n s a t i s f a c t o r y .  Problems assoc ia ted  w i t h  b o t h  s h o r t  t e r m  and l o n g  

t e r m  p r e c i s i o n  p l u s  a l a c k  o f  s p e c i f i c i t y  f o r  c o r t i s o l  were found 

t o  be t h e  major  drawbacks w i t h  t h e  CPBA. P r e v i o u s l y  p u b l i s h e d  

c o m p a r i s o n s  o f  r e v e r s e d  phase h i g h  p e r f o r m a n c e  1 i q u i d  (HPL) 

chromatography versus t h e  CPBA and t h e  CPBA-re1 a t e d  r a d i o i m m u n o -  
assay  ( R I A )  i n d i c a t e d  t h a t  more  s a t i s f a c t o r y  r e s u l t s  m igh t  be 

ob ta ined  u s i n g  HPL ch romatog raphy .  S e v e r a l  s t u d i e s  have  shown 
t h a t  HPL ch romatog raphy  o f f e r s  g r e a t e r  p r e c i s i o n  and s p e c i f i c i t y  
t h a n  t h e  R I A  i n  t h e  d e t e r m i n a t i o n  o f  c o r t i s o l  i n  human p l a s m a  

( 2 - 4 ) .  S c o t t  and D i x o n  ( 5 )  r e p o r t e d  poor c o r r e l a t i o n  between a 

reversed phase HPL chromatographic t e c h n i q u e  and a c o m m e r c i a l l y  
a v a i l a b l e  CPBA k i t  f o r  measurement o f  c o r t i s o l  i n  human plasma. 

Whi le  these r e p o r t s  i n d i c a t e  t h a t  HPL ch romatog raphy  has c e r t a i n  
p o t e n t i a l  advan tages  o v e r  t h e  CPBA, no  t h o r o u g h  s t a t i s t i c a l  

a n a l y s i s  comparing these two approaches has been repo r ted .  
A s i d e  f r o m  t w o  n o r m a l  phase HPL chromatographic s t u d i e s  on 

r a t  adrenals  (6) and ho rse  and r a b b i t  s e r a  (7), a p p l i c a t i o n  o f  HPL 
c h r o m a t o g r a p h i c  methods f o r  q u a n t i f i c a t i o n  of c o r t i s o l  l e v e l s  i n  

animals i s  v i r t u a l l y  unexplored. I n  t h i s  r e p o r t ,  a reve rsed  phase 
HPL c h r o m a t o g r a p h i c  me thod  was d e v e l o p e d  f o r  q u a n t i f i c a t i o n  o f  

c o r t i s o l  l e v e l s  i n  bov ine  plasma and i t s  r e l i a b i l i t y  was compared 
t o  t h a t  o f  t h e  CPBA. 

MATERIALS AND METHODS 

P1 asma Samples 
H e p a r i n i  zed b lood  samples were ob ta ined  by j u g u l a r  venipunc- 

t u r e  o f  23 cows and 21 newborn ca l ves .  Plasma was c o l l e c t e d  and 
f r o z e n  a t  -90°C u n t i l  analyzed. 
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QUANTIFICATION OF CORTISOL IN BOVINE PLASMA 109 

Cont ro l  Sera 
Sera  f r o m  f o u r  cows were p o o l e d .  O n e - t h i r d  o f  t h e  pooled 

serum was l e f t  u n t r e a t e d  and l a b e l e d  as t h e  normal poo l .  Decolor -  

i z i n g  charcoal  ( 4  g/100 mL) was added t o  t h e  rema in ing  poo led  se ra  

and s t i r r e d  f o r  2 hours a t  room temperature t o  remove endogenous 
c o r t i s o l .  C h a r c o a l  was then  removed b y  c e n t r i f u g a t i o n  o v e r n i g h t  
(75,000 X g a t  1O'C) and by  seve ra l  f i l t r a t i o n s  w i t h  vacuum. The 
serum was d i v i d e d  i n  h a l f  and c o r t i s o l  (S igma C h e m i c a l s )  i n  

methanol/water (55%/45%) was added t o  p repare  t h e  h i g h  p o o l  ( 1 0 0  

ng/mL) and t h e  low pool  (10 ng/mL) c o n t r o l s .  

Inst rument  a t  i on 
A Var ian 5000 Ser ies  Chromatograph w i t h  a Waters U6K i n j e c t o r  

was programmed t o  d e l i v e r  an i s o c r a t i c  m o b i l e  p h a s e  o f  57% 

m e t h a n o l  i n  water  a t  1.5 mL/minute a t  room temperature.  An A l t e x  
U l t r a s p h e r e  C-8 column (15 cm x 4.6 llll~l w i t h  5 pm p a r t i c l e s )  and a 

g u a r d  co lumn ( 7  cm x 9.4 mm, packed  w i t h  C o : P e l l ,  40 pm O D s  

p a r t i c l e s  [Whatman]) were used  f o r  a n a l y s i s  o f  samp les .  A 

S c h o e f f e l  SF  770 v a r i a b l e  wavelength d e t e c t o r  was s e t  a t  242 nm, 

0.02 AUFS and a t  a f a s t  t i m e  cons tan t  s e t t i n g .  

E x t r a c t i o n  Procedure 
E x t r a c t i o n  procedures were c a r r i e d  o u t  on a l l  plasma samples, 

c o n t r o l  se ra  and d i s t i l l e d  water analyzed b y  t h e  HPL c h r o m a t o g r a -  

p h i c  me thod  and t h e  CPBA. For  t h e  HPL chromatographic ana lys i s ,  

2.5 mL o f  sample was added t o  5 mL o f  water  c o n t a i n i n g  500 ng  o f  

dexamethasone as an i n t e r n a l  s tandard.  F i v e  c o r t i s o l  s tandards,  

each i n  55% m e t h a n o l  and c o n t a i n i n g  6.25, 12.5, 25, 50 o r  100 
ng /100  pL c o r t i s o l  and 200 ng/100 pL dexamethasone, were added t o  
water o r  serum and used t o  p repare  t h e  s tandard cu rve  f o r  t h e  HPL 

c h r o m a t o g r a p h i c  method. For  t h e  CPBA, 0.5 mL o f  sample was added 

t o  1 mL o f  water c o n t a i n i n g  5000 cpm/100 pL [1,2-3H(N)] c o r t i c o s t -  
erone ( s p e c i f i c  a c t i v i t y  58.9 pCi/mmole, New England Nuc lea r ) .  

A l l  m i x t u r e s  were ad jus ted  t o  pH 2 12 w i t h  1N NaOH (approx i -  
m a t e l y  200 pL/mL sample). G l a s s - d i s t i l l e d  methylene c h l o r i d e  ( 5  
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110 GUTENBERGER, OLSON, AND KAGEL 

mL f o r  CPBA samples, 13 mL f o r  HPL c h r o m a t o g r a p h i c  s a m p l e s )  was 
t h e n  added t o  e x t r a c t  t h e  c o r t i s o l  i n  t h e  samples. A l l  m i x t u r e s  

were hand-shaken 50 t imes  and then  c e n t r i f u g e d  f o r  15 m i n u t e s  a t  
5000 X g a t  room tempera tu re .  The t o p  aqueous l a y e r  was removed 

and t h e  rema in ing  sample was washed w i t h  water and r e c e n t r i f u g e d .  

The b o t t o m  1 a y e r  c o n t a i n i n g  methy lene c h l o r i d e  and c o r t i s o l  was 

p i p e t t e d  i n t o  12  x 75 mm t u b e s  and evaporated under N2 gas i n  a 

45°C water ba th .  Samples used f o r  t h e  CPBA were r e c o n s t i t u t e d  
w i t h  500 pL p h o s p h a t e  b u f f e r e d  s a l i n e  s o l u t i o n  (0.5M, pH 7)  and 

250 pL were added w i t h  s c i n t i l l a t i o n  f l u i d  f o r  a t e s t  o f  recove ry .  

Samples used f o r  t h e  HPL chromatographic assay were r e c o n s t i t u t e d  

w i t h  250 pL o f  55% methanol. 

Determinat ion o f  C o r t i s o l  

F o r  t h e  CPBA, e x t r a c t e d  samples (12.5 - 50 pL) were d i l u t e d  
t o  make 500 pL. F i v e  hundred  p L  o f  2% c o r t i c o s t e r o i d  b i n d i n g  

g l o b u l i n  f r o m  dog plasma, l a b e l e d  w i t h  40,000 cpm/mL [1,2-3H(N)] 

c o r t i c o s t e r o n e ,  was added t o  each tube .  Tubes were i ncuba ted  i n  a 
45°C w a t e r b a t h  f o r  10 m i n u t e s  t h e n  i n  an i c e  w a t e r b a t h  f o r  10 

minutes. F l o r i s i l ,  40 mg, was added t o  remove unbound c o r t i c o -  
s t e r o i d s  and t h e  t u b e s  were r a p i d l y  shaken e x a c t l y  1 m i n u t e .  

Fo l l ow ing  a 30 m inu te  i n c u b a t i o n  i n  i c e  w a t e r ,  0.5 mL f r o m  each  

tube  was p i p e t t e d  i n t o  a v i a l  w i t h  s c i n t i l l a t i o n  f l u i d  (Omni f luor ,  

New Eng land  N u c l e a r ) .  C o r t i s o l  va lues  were determined f rom t h e  

s tandard curve and c o r r e c t e d  f o r  e x t r a c t i o n  l osses  ( 8 ) .  
Before a n a l y s i s  b y  HPL chromatography, samples were son ica ted  

f o r  10 minutes and t h e n  a s p i r a t e d  i n t o  100  pL m i c r o p i p e t s  t h a t  

were s t o p p e r e d  w i t h  a Dade M i n i s e a l  ( A m e r i c a n  S c i e n t i f i c  Pro- 
d u c t s ) .  These were c e n t r i f u g e d  f o r  5 m i n u t e s  i n  an A u t o c r i t  

c e n t r i f u g e  ( C l a y  Adams). The c l a r i f i e d  samples were then  e j e c t e d  
i n t o  tubes ( 9 ) .  A l l  samples were r u n  i n  d u p l i c a t e .  An i n j e c t i o n  

volume o f  100 pL ( e q u i v a l e n t  t o  1 mL o f  plasma) was used. C o r t i s o l  
and dexamethasone peaks  were i d e n t i f i e d  b y  t h e i r  r e s p e c t i v e  
r e t e n t i o n  t i m e s  ( 3 . 8  cm and 5 .5  cm). There was no ev idence o f  
con tamina t ion  o f  t h e  c o r t i s o l  and dexamethasone peaks  w i t h  o t h e r  
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QUANTIFICATION OF CORTISOL IN BOVINE PLASMA 111 

components.  Peak h e i g h t s  were measured t o  compute c o n c e n t r a t i o n s  

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

( c o r t i s o l / d e x a m e t h a s o n e  r a t i o  v e r s u s  ng  c o r t i s o l )  p e r m i t t e d  

c a l c u l a t i o n  o f  c o r t i s o l  v a l u e s  i n  unknown samp les  f r o m  t h e i r  

c o r t i s o l  /dexamethasone r a t i o .  

RESULTS 

The r e c o v e r y  o f  3 H - c o r t i c o s t e r o n e  f r o m  t h e  c o n t r o l  s e r a  

showed t h e  e x t r a c t i o n  procedure t o  have  an e f f i c i e n c y  o f  64.9 f 

7.0% ( M * S . D . ,  N=30) .  Because r e c o v e r y  c o u l d  range f r o m  46.8% t o  

80.0%, i n t e r n a l  s t a n d a r d s  ( 3 H - c o r t i c o s t e r o n e  i n  t h e  CPBA; dexa- 

methasone i n  t h e  HPL c h r o m a t o g r a p h i c  m e t h o d )  were added t o  t h e  

samples b e f o r e  e x t r a c t i o n .  

I n  t h e  HPL c h r o m a t o g r a p h i c  method,  t h e  i n t e r n a l  s t a n d a r d  

(dexamethasone) e x t r a c t e d  4.8% more e f f i c i e n t l y  t h a n  c o r t  i s 0 1  so  

t h a t  use o f  a nonex t rac ted  s tandard c u r v e  a r t i f i c i a l l y  lowered t h e  

c o r t i s o l  va lues.  Th is  n e c e s s i t a t e d  t h e  e x t r a c t i o n  o f  t h e  s tandard  

c u r v e  w i t h  e v e r y  a n a l y s i s  t o  o b t a i n  t h e  g r e a t e s t  accuracy.  An 

unpai red t - t e s t  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e  (PCO.01) i n  

c o r t i s o l /  dexamethasone e x t r a c t i o n  f r o m  e i t h e r  w a t e r  o r  serum 

mat r i ces .  

R e s u l t s  o f  c o r t i s o l  c o n c e n t r a t i o n s  ob ta ined  b y  HPL chromato- 

graphy and t h e  CPBA o f  plasma from cows and ca l ves  a r e  summar ized 

( T a b l e s  I and 1 1 ) .  P a i r e d  t - t e s t  r e s u l t s  i n d i c a t e d  t h a t  t h e  mean 

va lues o f  c o r t i s o l  es t ima ted  f rom a n a l y s i s  o f  cow and c a l f  samples 

b y  t h e  C P B A  were s i g n i f i c a n t l y  g r e a t e r  (PCO.01) than  t h o s e  va lues  

c a l c u l a t e d  by  HPL chromatography. The mean d i f f e r e n c e  i n  c o r t i s o l  

c o n c e n t r a t i o n s  be tween  t h e  t w o  assays  was 3.46 ng /m l  f o r  cow 

p lasma and 14.11 ng/ml  f o r  c a l f  samp les .  L i n e a r  r e g r e s s i o n  

a n a l y s i s  a l s o  i n d i c a t e d  t h a t  d i f f e r e n c e s  e x i s t e d  between t h e  two 

methods ( s l o p e  = 0.805, y i n t e r c e p t  = 2.59). 
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112 GUTENBERGER, OLSON, AND KAGEL 

TABLE I 
Concentrat ions o f  C o r t i s o l  i n  Cow Plasma as Determined b y  High 
Performance L i q u i d  Chromatography (HPLC) and t h e  Compet i t i ve  

P r o t e i n  B ind ing  Assay (CPBA) 

Mean C o r t i s o l  
Concentrat ion (ng/mL) 

Batch No. Samples/Batch HPLC CPBA 

1 5 20.24 22.76 

- 

2 4 21.57 23.30 

3 6 9.83 12.04 

4 3 12.88 22.09 

5 5 6.78 10.63 

Overa l l  Mean 13.87 17.33 

Standard D e v i a t i o n  f 8.78 f 9.15 

TABLE I1  

Performance L i q u i d  Chromatography (HPLC) and t h e  Compet i t ive 
P r o t e i n  B ind ing  Assay (CPBA) 

Concentrat ions o f  C o r t i s o l  i n  C a l f  Plasma as Determined b y  High 

Mean C o r t i s o l  
Concentrat ion (ng/ml) 

Batch No. Samples/Batch HPLC CPBA 

1 4 85.74 81.64 

2 5 85.83 93.15 

3 5 70.75 102.38 

4 5 104.11 120.84 

5 2 76.38 93.50 

Overa l l  Mean 85.69 99.78 

Standard D e v i a t i o n  f 21.69 f 29.79 
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QUANTIFICATION OF CORTISOL IN BOVINE PLASMA 113 

The c o r r e c t e d  r e c o v e r y  o f  c o r t i s o l  ( i .e.,  a f t e r  ad justment  b y  

t h e  r e c o v e r y  o f  t h e  i n t e r n a l  s tandards )  by t h e  two methods v a r i e d  

no more than  *5% f rom i d e a l  and was n o t  i n f l u e n c e d  b y  t h e  q u a n t i t y  

of c o r t i s o l  p resen t  (Table 111). The mean r e c o v e r y  o f  c o r t i s o l  

added t o  serum was 96% f o r  HPL ch romatog raphy  and 105% f o r  t h e  

CPBA. 
The p r e c i s i o n  was g e n e r a l l y  g r e a t e r  f o r  HPL chromatography 

t h a n  f o r  t h e  CPBA (Table I V ) .  The a v e r a g e  d a y  t o  d a y  p r e c i s i o n  

f o r  t h e  t h r e e  c o n t r o l  s e r a  i n  s i x  t e s t s  was 16.6% f o r  t h e  CPBA and 
8.6% f o r  HPL chromatography.  W i t h i n  b a t c h  p r e c i s i o n  ave raged  

7.4% f o r  t h e  CPBA and 4.4% f o r  HPL chromatography. 

The degree of s p e c i f i c i t y  appeared t o  d i f f e r  between t h e  two  

methods.  A n a l y s i s  b y  mass spec t romet ry  o f  t h e  c o r t i s o l  peak f rom 
s e v e r a l  poo led  plasma samples f rom t h e  HPL chromatographic  e l u e n t  
v e r i f i e d  t h e  i d e n t i t y  and p u r i t y  o f  t h e  c o r t i s o l  p e a k .  The 

r e t e n t i o n  t i m e s  f o r  c o r t i s o l  and dexamethasone were 3.8 minutes 

and 5.5 minutes, r e s p e c t i v e l y  ( F i g .  1 ) .  Several peaks o t h e r  t h a n  
c o r t i s o l  and dexamethasone occurred i n  t h e  t y p i c a l  plasma sample 

chromatogran (F ig .  2 ,  peaks 1, 2, 3) ;  however, t h e  appearance  o f  
one o r  more o f  these peaks on a sample chromatogram d i d  n o t  always 
c o r r e l a t e  w i t h  an i n c r e a s e d  c o r t i s o l  v a l u e  f o r  a samp le  i n  t h e  

CPBA. One peak, p o s s i b l y  c o r t i c o s t e r o n e ,  was seen o c c a s i o n a l l y  as 
a shoulder  o f f  t h e  dexamethasone peak b u t  d i d  n o t  a l t e r  c o r t i s o l  

q u a n t i f i c a t i o n  ( F i g .  3 ) .  The apparent n o n s p e c i f i c i t y  o f  t h e  CPBA 
was demonstrated i n  another experiment i n  which serum c o r t i s o l  was 

a n a l y z e d  b y  t h e  CPBA b e f o r e  and a f t e r  separa t i on  b y  HPL chromato- 

graphy. A p a i r e d  t - t e s t  i n d i c a t e d  t h a t  t h e  amount (%) o f  c o r t i s o l  
b e f o r e  s e p a r a t i o n  by  HPL ,chromatography was g r e a t e r  (P(O.01) t h a n  
t h a t  ob ta ined  a f t e r  t r e a t m e n t  b y  HPL c h r o m a t o g r a p h y  ( T a b l e  V ) .  

T h i s  s u g g e s t s  t h a t  t h e  CPBA was q u a n t i f y i n g  o t h e r  s u b s t a n c e s  
bes ides c o r t i s o l .  The values from t h e  CPBA b e f o r e  HPL c h r o m a t o -  

g r a p h i c  s e p a r a t i o n  averaged 25.5% more t h a n  those measured b y  t h e  
CPBA a f t e r  HPL chromatographic separa t i on .  
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114 GUTENBERCER, OLSON, AND KACEL 

TABLE 111 
Comparison o f  Corrected Recovery Between High 

Performance L i q u i d  Chromatography (HPLC) and t h e  Compet i t i ve  
P r o t e i n  B i n d i n g  Assay (CPBA) 

Amount C o r t i s o l  
o f  Recovered Aver age 

C o r t i s o l  (ng) % Recovery % Recovery 
Ex t rac ted  Added 
Sample (ng) HPLC CPBA HPLC CPBA HPLC CPBA 

C o r t i s o l  i n  50 47.75 50.60 95.5 101.2 
Serum M a t r i x  100 95.70 110.30 96.4 110.3 96.0 105.0 

200 192.80 204.00 96.4 102.0 

TABLE I V  
W i th in  Batch and Day t o  Day P r e c i s i o n  o f  High Performance 

L i q u i d  Chromatography (HPLC) and t h e  Compet i t i ve  P r o t e i n  
B i n d i n g  Assay (CPBA) 

C o e f f i c i e n t  o f  V a r i a t i o n  (%) 

W i t h i n  Batch P r e c i s i o n  Day t o  Day P r e c i s i o n  
Ex t rac ted  
Samples HPLC CPBA HPLC CPBA 

High Pool 2.8 17.0 2.9 24.6 
Normal Pool 4.1 3.3 4.3 20 .o 
Low Pool 4.7 6.0 18.5 5.2 
Calves 3.5 6.6 
cows 6.7 4.0 

-- -- 
-- -- 

Me an 4.4 7.4 8.6 16.6 
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INJECTION 

TIME (HIN) 

F i g u r e  1 Chromatogram o f  e x t r a c t e d  c o r t i s o l  s t a n d a r d .  A = 
s o l v e n t  f r o n t ,  B = c o r t i s o l  (50 n g ) ,  C = dexamethasone 
( 2 0 0  n g ) .  Column, A l t e x  U l t r a s p h e r e  C-8 ( 5  pm); m o b i l e  
phase, 57% MeOH:43% H20; f l o w  r a t e ,  1.5 m l / m i n ;  detec-  
t o r ,  Schoe f fe l  770 s e t  a t  242 nm, 0.02 AUFS. 
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F i g u r e  2 Chromatograms o f  a c a l f  plasma ( I )  and t h e  normal pool 
s e r a  (11) .  A = s o l v e n t  f r o n t ,  B = c o r t i s o l ,  C = 
dexamethasone,  1,2,3 = commonly o c c u r r i n g  p e a k s .  
Cond i t i ons  as i n  F i g u r e  1. 
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117 
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TIME ( H I N )  INJECTION 

Figure 3 Chromatogram o f  c o r t i s o l  standard wi th  cor t icosterone .  
A = solvent  f r o n t ,  B = c o r t i s o l ,  C = dexanethasone, D = 
cort icosterone.  Condit ions as i n  Figure 1 .  
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TABLE V 

B ind ing  Assay (CPBA) Be fo re  and A f t e r  Chromatographic Separat ion 
by  High Performance L i q u i d  Chromatography (HPLC) 

Measurements o f  Plasma C o r t i s o l  by  t h e  Compet i t i ve  P r o t e i n  

CPBA C o r t i s o l  CPBA C o r t i s o l  
Value Be fo re  Value A f t e r  Be fo re  HPLC 
HPLC (ng/ml)  HPLC* (ng/ml ) A f t e r  HPLC 

Range 1.33 - 78.78 0.00 - 80.35 83 - 202% 
(n=26) 

Me an 24.95 21.39 125.5*31 .5% 

* Values a r e  c o r r e c t e d  f o r  r e c o v e r y  l o s s  by  HPLC. 

The s e n s i t i v i t y  o f  b o t h  me thods  was more than  adequate f o r  

q u a n t i f y i n g  a l l  l e v e l s  o f  c o r t i s o l  i n  b o v i n e  p lasma.  From t h e  

f i d u c i a l  l i m i t s  (10)  c a l c u l a t e d  f o r  21 plasma samples w i t h  concen- 

t r a t i o n s  o f  c o r t i s o l  5 5.5 ng/mL, t h e  HPL chromatographic method 

had a d e t e c t i o n  l i m i t  o f  0.54 ng (P=O.Ol). When 1 ng o f  c o r t i s o l  
was i n j e c t e d  i n t o  t h e  HPL c h r o m a t o g r a p h i c  a p p a r a t u s ,  peaks  were 
o b t a i n e d  w i t h  h e i g h t s  a v e r a g i n g  5.3 t i m e s  t h e  p e a k - t o - p e a k  

b a s e l i n e  n o i s e .  W i t h  d e t e c t i o n  l i m i t s  s e t  a t  t h r e e  t i m e s  t h e  

b a s e l i n e  n o i s e ,  t h i s  would be e q u i v a l e n t  t o  0.56 ng which agrees 

f a v o r a b l y  w i t h  t h e  s e n s i t i v i t y  va lue  ob ta ined  b y  f i d u c i a l  l i m i t s .  

The w a t e r  c o n t r o l s  f o r  t h e  CPBA (11)  were used t o  determine 
s e n s i t i v i t y .  From t h e  f i d u c i a l  l i m i t s  (P=O.Ol), t h e  g r e a t e s t  
s e n s i t i v i t y  was 0.16 ng w h i l e  t h e  99% con f idence  l i m i t s  f o r  t h e  

same samples i n d i c a t e d  0.19 ng as t h e  sma l les t  m o u n t  o f  c o r t i s o l  
t h a t  t h e  method c o u l d  d i s t i n g u i s h  f rom zero.  

DISCUSSION 

R e s u l t s  o f  t h e  p r e s e n t  s t u d y  showed d i f f e r e n c e s  i n  r e l i a -  
b i l i t y  between t h e  HPL chromatographic and t h e  c o m p e t i t i v e  p r o t e i n  
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b i n d i n g  assay  me thods  f o r  q u a n t i f i c a t i o n  o f  c o r t i s o l  i n  bov ine  

plasma. The d i f f e rences  i n  r e l i a b i l i t y  be tween  t h e  two  methods  

were  more a p p a r e n t  as c o r t i s o l  l e v e l s  increased.  As ide f rom t h e  

d i f f e r e n c e  i n  i n s t r u m e n t a t i o n  used  f o r  each approach ,  o t h e r  

f a c t o r s  t h a t  c o u l d  have a c c o u n t e d  f o r  t h e s e  d i f f e r e n c e s  were 

examined. For example, s p e c i a l  e f f o r t  was t a k e n  t o  i n s u r e  t h a t  

t h e  c o r t i s o l  s t a n d a r d s  f o r  HPL chromatography and t h e  CPBA were 

q u a n t i f i a b l y  i d e n t i c a l  even t h o u g h  i t  was n e c e s s a r y  t o  p r e p a r e  

them i n  d i f f e r e n t  s o l u t i o n s  and c o n c e n t r a t i o n s .  The u s e  o f  

i n t e r n a l  s tandards i n  each  p r o c e d u r e  e l  i m i n a t e d  o t h e r  p o s s i b l e  

s o u r c e s  o f  e r r o r  i n  e x t r a c t i o n ,  p i p e t t i n g  and i n j e c t i o n .  Thus, 

t h e  d i f f e r e n c e s  be tween  t h e  v a l u e s  o b t a i n e d  b y  t h e  two methods 

c o u l d  be exp la ined  by  one o r  more o f  t h e  aspects  o f  r e l i a b i l i t y .  

R e s u l t s  f r o m  t h e  p r e s e n t  s t u d y  showed t h a t  t h e  c o r r e c t e d  

r e c o v e r y  o f  b o t h  methods was good. E x t r a c t s  o f  c o r t i s o l  s t a n d a r d  

i n  serum were u n d e r e s t i m a t e d  b y  HPL c h r o m a t o g r a p h y  (96%)  and 

overest imated by  t h e  CPBA (105%). Th is  d i f f e r e n c e  o f  9% d i d  n o t  

a c c o u n t  f o r  t h e  e n t i . r e  d i s p a r i t y  be tween  t h e  t w o  t e c h n i q u e s ,  

however. 

P r e c i s i o n  o f  t h e  HPL c h r o m a t o g r a p h i c  method was e x c e l l e n t  

over  most c o n c e n t r a t i o n  ranges o f  c o r t i s o l .  The l o w  d a y  t o  d a y  

p r e c i s i o n  o f  HPL c h r o m a t o g r a p h y  a t  l e v e l s  o f  10 ng o f  c o r t i s o l  

r e s u l t e d ,  i n  p a r t ,  f r o m  t h e  i n c r e a s e d  e r r o r  o f  measurement  f o r  

s m a l l  peaks o f  c o r t i s o l .  More i m p o r t a n t l y ,  a problem w i t h  t h e  

l i n e a r i t y  o f  t h e  s tandard cu rve  below 10 ng caused  an u n d e r e s t i -  

m a t i o n  o f  c o r t i s o l  b y  HPL chromatography, e s p e c i a l l y  i f  e i t h e r  o f  

t h e  low standard cu rve  p o i n t s ,  6.25 o r  12.5 ng, were m i s s i n g .  A 

l e a s t  s q u a r e s  p a r a b o l a  has been s u g g e s t e d  (12 )  t o  i nc rease  t h e  

l i n e a r i t y  o f  t h e  s tandard cu rve  and d e c r e a s e  t h e  i m p r e c i s i o n  a t  

l o w  c o r t i s o l  c o n c e n t r a t i o n s .  However, a t  10  ng  t h e  s t a n d a r d  

d e v i a t i o n  was k1.82 ng (18.5%) which r e p r e s e n t s  a v a r i a t i o n  t h a t  

i s  o f  l i t t l e  consequence i n  most s t u d i e s  on c o r t i s o l  l e v e l s .  

The day t o  day p r e c i s i o n  f o r  t h e  CPBA was good f o r  t h e  l o w  

l e v e l s  o f  c o r t i s o l  (5.2%), e s p e c i a l l y  when compared t o  t h e  va lues  

ob ta ined  f o r  t h e  h i g h  and normal l e v e l s  o f  c o r t i s o l  (24% and 20%, 
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120 GUTENBERGER, OLSON, AND KAGEL 

r e s p e c t i v e l y ) .  I n  c o n t r a s t ,  a p r e l i m i n a r y  s t u d y  o f  s i x  CPBAs 

r e v e a l e d  d a y  t o  d a y  p r e c i s i o n s  o f  20% f o r  each o f  t h e  t h r e e  

c o n t r o l  s e r a .  A l s o ,  1 ng o f  unex t rac ted  c o r t i s o l  s tandard had a 

day t o  day p r e c i s i o n  o f  14.1%. The unaccountab ly  h i g h  p r e c i s i o n  

o f  t h e  CPBA i n  t h e  present  s tudy  a t  low l e v e l s  o f  c o r t i s o l  cou ld  
n o t  be e x p l a i n e d .  The d i s c r e p a n c y  i n  t h e  p r e c i s i o n  v a l u e s  

o b t a i n e d  d i d  n o t  seem t o  r e s u l t  from e r r o r  i n  t h e  s tandard curve  
as a l l  t h r e e  c o n t r o l  s e r a  were w i t h i n  t h e  acceptable l i m i t s  o f  t h e  
s t a n d a r d  c u r v e .  M e c h a n i c a l  e r r o r  i n  p i p e t t i n g  and d e l i v e r y  o f  
f l o r i s i l  a c c o u n t e d  f o r  l e s s  t h a n  1.4% o f  t h e  e r r o r  observed and 

c o u l d  n o t  b e  c o n s i d e r e d  as an i m p o r t a n t  f a c t o r  i n  a l t e r l n g  
p r e c i s i o n .  E r r o r s  due t o  o ther  f a c t o r s  such as e x t r a c t i o n  losses, 

sample amounts and e f f i c i e n c y  o f  s c i n t i l l a t i o n  counts  a l s o  f a i l e d  

t o  e x p l a i n  t h e  l a r g e  range o f  day t o  day p r e c i s i o n  f o r  t h e  CPBA. 

As p r e v i o u s l y  no ted ,  t h e r e  appeared t o  b e  d i f f e r e n c e s  i n  
s p e c i f i c i t y  between t h e  CPBA and HPL chromatography and t h i s  may 

account f o r  most o f  t h e  d isc repanc ies  i n  c o r t i s o l  va lues o b t a i n e d  

b y  t h e  two methods.  Prednisolone, an analog o f  c o r t i s o l  used i n  

c o r t i c o s t e r o i d  therapy,  was t h e  o n l y  i n t e r f e r i n g  s u b s t a n c e  f o u n d  
i n  t h e  r e v e r s e d  phase HPL c h r o m a t o g r a p h i c  method used i n  t h e  

present  s tudy .  O t h e r s  (5,13) have a l s o  r e p o r t e d  i n t e r f e r e n c e  

caused b y  p r e d n i s o l o n e .  Lack  o f  s p e c i f i c i t y  o f  t h e  CPBA was 

i n d i c a t e d  b y  a n a l y s i s  o f  t h e  same samples b e f o r e  and a f t e r  
c h r o m a t o g r a p h i c  p u r i f i c a t i o n .  Cor t icosterone,  c o r t i s o n e ,  11 -de- 

o x y c o r t i s o l  and o t h e r  s t e r o i d s  can cause e r r o n e o u s l y  h i g h  v a l u e s  
f o r  c o r t i s o l  i n  t h e  CPBA unless bo th  e x t r a c t i o n  and chromatogra- 

p h i c  separa t ion  o f  these components a re  done b e f o r e  a n a l y s i s  f o r  
c o r t i s o l  (8 ,14-17) .  B e s i d e s  s t e r o i d s ,  unknown n o n s p e c i f i c  

compet i tors  t h a t  do n o t  f l u c t u a t e  p r e d i c t a b l y  w i t h  endogenous 
c o r t i s o l  may account  f o r  o v e r e s t i m a t i o n  o f  c o r t i s o l  b y  t h e  CPBA 

E x t r a n e o u s  peaks,  t h a t  cou ld  have h indered c o r t i s o l  q u a n t i -  
f i c a t i o n  by HPL chromatography and d i s t o r t e d  t h e  serum p r o f i l e  on 
t h e  sample chromatogram were de tec ted  b y  use o f  a water c o n t r o l  
e x t r a c t e d  along w i t h  t h e  samples and c o n t r o l  s e r a .  U n d i s t i l l e d  

(1 8-20). 
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m e t h y l e n e  c h l o r i d e  was found t o  produce l a r g e  UV abso rb ing  peaks 

and u l t r a p u r e  w a t e r  s t o r e d  i n  a N a l g e n e  c o n t a i n e r  was a l s o  a 

s o u r c e  o f  e x t r a  peaks.  I n  another  i ns tance ,  two s e t s  o f  c o u p l e t  

peaks, p r e v i o u s l y  i n v i s i b l e  a t  254 nm wavelength, appeared i n  t h e  
ch romatog ram a t  a w a v e l e n g t h  o f  242 nm. These c o u p l e t  peaks  

r e s u l t e d  from substances e x t r a c t e d  ( b y  55% methanol used t o  d i l u t e  
t h e  samp les )  f rom t h e  sea lan t  used t o  s topper  t h e  sample-conta in  
i n g  m i c r o p i p e t s  b e f o r e  c e n t r i f u g a t i o n .  Use o f  another  s e a l a n t  

e l i m i n a t e d  these peaks. The e x t r a c t e d  water  c o n t r o l  a l s o  r e v e a l e d  

t h e  p r e s e n c e  o f  a peak c o - e l u t i n g  w i t h  c o r t i s o l .  The source o f  

t h i s  peak was determined as some unknown s u b s t a n c e ( s )  e x t r a c t e d  
b y  m e t h y l e n e  c h l o r i d e  f r o m  t h e  p o l y e t h y l e n e  l i d  l i n e r s  o f  t h e  

e x t r a c t i o n  tube  caps. Te f l on  l i d  l i n e r s  e l i m i n a t e d  t h i s  problem. 
L a c k  o f  s e n s i t i v i t y  was n o t  a p r o b l e m  w i t h  e i t h e r  method 

a l though t h e  CPBA i s  t h r e e  t o  f i v e  t imes  inore s e n s i t i v e  t h a n  t h e  

HPL c h r o m a t o g r a p h i c  method. S e n s i t i v i t y  o f  t h e  HPL chromatogra- 
p h i c  method was improved by  u s i n g  a wavelength o f  242 nm (i .e., X 
maximum o f  c o r t i s o l )  which produced a 30% inc rease  i n  t h e  s i g n a l -  
t o - n o i s e  r a t i o  t h a n  t h a t  seen a t  254 nm. The peak h e i g h t  r a t i o  a t  

e i t h e r  wavelength remained cons tan t ,  however (21,22). 

CONCLUSION 

R e s u l t s  f r o m  t h e  p r e s e n t  s t u d y  i n d i c a t e d  t h a t  t h e  HPL 

chromatographic method was more r e l i a b l e  t h a n  was t h e  CPBA f o r  t h e  

q u a n t i f i c a t i o n  o f  c o r t i s o l  i n  bov ine  plasma. R e l i a b i l i t y  o f  t h e  
HPL chromatographic  method has been shown by s u b s e q u e n t  a n a l y s i s  

o f  c o r t i s o l  i n  o v e r  200 b o v i n e  p l a s m a  samp les .  Moreover, t h e  
s p e c i f i c i t y  o f  t h e  HPL chromatographic method a v o i d s  t h e  p r o b l e m  

o f  o v e r e s t i m a t i o n  o f  c o r t i s o l  i n  plasma. The HPL chromatographic  

method a l s o  has g r e a t e r  o v e r a l l  p r e c i s i o n  t h a n  t h e  CPBA. S e n s i t i -  

v i t y  i s  t h e  o n l y  a s p e c t  o f  r e l i a b i l i t y  i n  w h i c h  t h e  CPBA i s  
s u p e r i o r  t o  t h a t  o f  t h e  HPL chromatographic  method. However, t h e  

HPL ch romatog raph ic  method used i n  t h e  p r e s e n t  s t u d y  i s  more than  
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s u f f i c i e n t l y  s e n s i t i v e  t o  q u a n t i f y  m o s t  n a t u r a l l y  o c c u r r i n g  

c o r t i s o l  l e v e l s  and i s  more s e n s i t i v e  t h a n  o t h e r  HPL chromatogra- 
p h i c  methods r e p o r t e d  (13,22). The HPL chromatographic me thod  i s  

a l s o  more s e r v i c e a b l e  than  t h e  CPBA. For example, HPL chromato- 
graphy has t h e  p o t e n t i a l  f o r  m u l t i - c o m p o n e n t  a n a l y s i s  so  t h a t  
o t h e r  p lasma c o r t i c o s t e r o i d s  such as c o r t i s o n e ,  a ldos te rone  and 
c o r t i c o s t e r o n e  can be q u a n t i f i e d .  I n  a d d i t i o n ,  i n d i v i d u a l  p e a k s  

o f  i n t e r e s t  can b e  c o l l e c t e d  f rom t h e  HPL chromatographic e l u e n t  

and f u r t h e r  t e s t e d .  
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