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SURFACTANT MEDIATED GRADIENT 
ELUTION WITH ELECTROCHEMICAL 

DETECTION FOR THE ASSAY OF 
SERUM THYROID HORMONES 

Pierre R. Bedard and William C. Purdy* 
Department of Chemistry 

Mc Gill University 
801 Sherbrooke Street West 

Montreal, Quebec, H3A 2K6, Canada 

ABSTRACT 

C l a s s i c a l  H P L C  g r a d i e n t  e l u t i o n  i s  m e d i a t e d  b y  t h e  
programming o f  pH, i o n i c  s t r e n g t h  or o r g a n i c  m o d i f i e r  
c o n c e n t r a t i o n ;  h o w e v e r ,  t h e s e  c o m p o n e n t s  ( o r  f a c t o r s )  
a f f e c t  t h e  e l e c t r i c a l  d o u b l e  l a y e r  of t h e  e l e c t r o c h e m i c a l  
d e t e c t o r .  T h i s  s t u d y  d e m o n s t r a t e s  t h e  use o f  a s u r f a c t a n t  
med ia t ed  g r a d i e n t  t o  c o n t r o l  t h e  s e p a r a t i o n  of  serum t h y r o i d  
ho rmones  and  m i n i m i s e  d r i f t  i n  t h e  b a c k g r o u n d  c u r r e n t .  I t  
i s  f u r t h e r  d e m o n s t r a t e d  t h a t  t h e  o r i g i n  o f  - t h e  o b s e r v e d  
b a c k g r o u n d  s h i f t  i s  d u e  t o  t h e  p h y s i c a l  a d s o r p t i o n  o f  t h e  
s u r f a c t a n t  on t h e  ca rbon  e l e c t r o d e  and n o t  t o  a n  i n c r e a s e  i n  
i o n i c  s t r e n g t h .  

I n t r o d u c t i o n  

T h e  a m p e r o m e t r i c  s i g n a l ,  f o r  e l e c t r o c h e m i c a l  

d e t e c t o r s ,  r e s u l t s  from a combina t ion  of F a r a d a i c  and non- 

F a r a d a i c  p r o c e s s e s .  The f o r m e r  i s  c a u s e d  b y  t h e  o x i d a t i o n  
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1972 BEDARD AND PURDY 

o r  t h e  r e d u c t i o n  o f  t r ace  e l e c t r o a c t i v e  m o l e c u l e s  i n  t h e  

m o b i l e  phase.  The l a t t e r ,  a l s o  c a l l e d  " c h a r g i n g  cur ren t" ,  

g e n e r a l l y  a r i s e s  f rom phenomena t h a t  t a k e  p l a c e  a t  t h e  

d o u b l e  l a y e r .  S i n c e  t h e  d o u b l e  l a y e r  is s i m i l a r  i n  n a t u r e  

t o  a c a p a c i t o r ,  c h a n g e s  i n  t h e  d i e l e c t r i c  c o n s t a n t  o r  t h e  

conduc tance  of t h e  m o b i l e  p h a s e  w i  11 r e s u l t  i n  c a p a c i t a n c e  

changes  and hence  a f f e c t  t h e  b a s e l  i n e  c u r r e n t .  

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

h y d r o - o r g a n i c  s o l v e n t s ,  pH o r  i o n i c  s t r e n g t h ,  t r a c e  

d e t e r m i n a t i o n s  w i l l  be d i f f i c u l t  due  t o  l a r g e  changes  i n  t h e  

b a s e l  i n e  c u r r e n t .  O b v i o u s l y ,  g r a d i e n t s  t h a t  i n v o l v e  s m a l l  

c h a n g e s  i n  c o m p o s i t i o n  w i l l  n o t  s u f f e r  a s  much f rom t h e s e  

b a s e l i n e  p r o b l e m s .  H o w e v e r ,  t h e  r e a l  a d v a n t a g e  o f  

g r a d i e n t s  r e s i d e s  i n  t h e i r  a b i l i t y  t o  c a u s e  l a r g e  changes  i n  

a d s o r p t i o n  a f f i n i t y ,  w h i c h  a l l o w s  f o r  c o n c e n t r a t i o n ,  

c l e a n - u p  and s e p a r a t i o n  o f  m o l e c u l e s  w i t h  v a s t l y  d i f f e r e n t  

r e t e n t i o n  c h a r a c t e r i s t i c s .  

O n l y  a few i n s t a n c e s  o f  LC g r a d i e n t  e l u t i o n  w i t h  

e l e c t r o c h e m i c a l  d e t e c t i o n  h a v e  b e e n  r e p o r t e d  i n  t h e  

l i t e r a t u r e .  Two a p p r o a c h e s  aimed a t  r e d u c i n g  t h e  b a s e l i n e  

problem h a v e  been  t a k e n ,  e i t h e r  t h e  d e t e c t o r  is m o d i f i e d  o r  

t h e  m o b i l e  p h a s e  components a r e  m a n i p u l a t e d .  

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

m o d i f i c a t i o n s  t o  t h e  e l e c t r o c h e m i c a l  d e t e c t o r ,  m e t  w i t h  

o n l y  l imi t ed  s u c c e s s .  The u s e  of a non-ramping d i f f e r e n t i a l  

p u l s e  d e t e c t o r  was i n v e s t i g a t e d  b y  Hadjmohammad (1) , b u t  
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SURFACTANT MEDIATED GRADIENT ELUTION 1973 

t h e  b a s e  l i n e  w a s  less s t a b l e  t h a n  t h a t  o f  a n  a m p e r o m e t r i c  

d e t e c t o r .  T j a d e n  e t  a l .  ( 2 )  s u c c e e d e d  o n l y  i n  p a r t i a l l y  

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

e l e c t r o c h e m i c a l  d e t e c t o r ,  where one  of t h e  c e l l s  o p e r a t e d  

a t  c o u l o m e t r i c  e f f i c i e n c y ,  w h i l e  t h e  o t h e r  was u s e d  t o  

s u b t r a c t  t h e  p e r t u r b a t i o n s .  A n o t h e r  p r o p o s e d  s t r a t e g y  

a l l o w e d  t h e  o r g a n i c - r i c h  e l u e n t  t o  m i x  w i t h  t h e  more aqueous  

m o b i l e  p h a s e  i n  a l a r g e  volume (351111) w a l l - j e t  d e t e c t o r  ( 3 ) .  

T h i s  p r o p o s a l  a s s u m e d  t h a t  w i t h  a l a r g e  v o l u m e  

e 1 ec t r  oc hemica 1 d e t e c t o r ,  f 1 u c  t u a  t i o n s  i n  t h e  mob i 1 e -phase  

c o m p o s i t i o n  would n o t  a f f e c t  t h e  d o u b l e  l a y e r .  However, a 20  

uA c h a n g e  i n  t h e  b a s e  l i n e  was o b s e r v e d  w i t h  a g r a d i e n t  

runn ing  be tween 60% and 100% a c e t o n i t r i l e .  

v a r i a b l e  success was a c h i e v e d  w i t h  t h e  m a n i p u l a t i o n  

of t h e  m o b i l e  phase  a d d i t i v e s  so t h a t  min imal  p e r t u r b a t i o n  

o f  t h e  s i g n a l  wou ld  b e  o b s e r v e d .  A s  d e s c r i b e d  a b o v e ,  

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

l i t t l e  u s e ,  e x c e p t  t o  r e d u c e  t h e  a n a l y s i s  t i m e  ( 4 ) .  

T y p i c a l l y ,  s u c c e s s f u l  c o r r e c t i o n  i n v o l v e s  t h e  i n c r e a s e  of 

t h e  i o n i c  s t r e n g t h  w h i l e  t h e  o r g a n i c  c o n t e n t  is  i n c r e a s e d  

( 5 ) .  

The g r a d i e n t  u s e d  i n  t h e  p r e s e n t  s t u d y  i s  m e d i a t e d  b y  

t h e  s u r f a c t a n t  CAPS ( c y c l o h e x y l a m i n o p r o p a n e  sul f o n i c  a c i d ) .  

A s  shown e l s e w h e r e  (7,8), t h e  s u r f a c t a n t  CAPS i s  a b l e  t o  

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

c o n c e n t r a t i o n s .  T h i s  low CAPS c o n c e n t r a t i o n  s h o u l d  h e l p  t o  

a v o i d  any  major  m o d i f i c a t i o n  of t h e  p a r a m e t e r s  t h a t  c o n t r o l  

t h e  background c u r r e n t .  
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1974 BEDARD AND PURDY 

A gradient experiment that takes advantage of the 

competitive behav iour between the thyroid hormones and the 

surfactant for sites on the stationary phase can be 

described in terms of the displacement, from the stationary 

phase, of the hormones by the CAPS molecule. However, it 

can be shown (6) that the displacement involved here is 

different from that described by the technique of 

I'd i sp 1 aceme n t c h r oma tog r a ph y" ( 9- 14 ) . 
Materials and Method 

Sample Preparation 

The procedure for the analysis of serum thyroid 

hormones consists of the addition of a 1 - m l  sample to a 

disposable borosilicate culture tube (Fisherbrand, cat# 14- 

962-10B, Fisher Scientific C o . ,  Montreal, Que), followed 

by the precipitation of the serum protein with 2 m l  of 

methanol (Omnisolv BDH Chemical, Toronto, Ont.). The 

mixture is mixed and allowed to stand for 5 min. The tubes 

are centrifuged with a bench top centrifuge for 20 min. The 

supernatant liquid is transferred, with a disposable 

pipette, to another disposable borosil icate culture tube. 

This supernatant liquid is evaporated to dryness with a 

Speed Vac Concentrator (model SVC-100H, Savant CO., 

Hicksville, N.Y., 11801) equipped with a refrigerated 

condensation trap (model R T - 1 0 0 A )  and a rotor (model RR40- 

12). The Speed Vac is a centrifuge in a vacuum chamber 

kept at constant temperature (45OC ). The machine is used 

to facilitate and speed up the concentration and deposition 
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SURFACTANT MEDIATED GRADIENT ELUTION 1975 

of s a m p l e s  a t  t h e  bottom o f  test tubes  by e v a p o r a t i o n .  Fo r  

t h e  a b o v e  p r o c e d u r e  and  s e r u m  s a m p l e s ,  1 4  s a m p l e  t u b e s  

r e q u i r e d  a b o u t  4 h r s  t o  e v a p o r a t e  c o m p l e t e l y .  T h e  

e v a p o r a t e d  s a m p l e s  were k e p t  i n  t h e  f r e e z e r  (-15'). 

S t o c k  s o l u t i o n s  o f  hormone  were f r e s h l y  p r e p a r e d  b y  

w e i g h i n g  r e c e n t l y  p u r c h a s e d  p u r e  c r y s t a l s  o f  T 4  a n d  T3 

(S igma  C h e m i c a l  Co., S t . L o u i s ,  MO; # T-2877 a n d  T-2376,  

r e s p e c t i v e l y ;  s t o r e d  i n  a d e s s i c o o l e r  a t  -15OC) i n  a d a r k  

g l a s s  v o l u m e t r i c  f l a s k  and  d i l u t i n g  t o  t h e  mark  w i t h  

me thano l .  The working s t a n d a r d s  were p r e p a r e d  by  d i l u t i n g  

t h e  a p p r o p r i a t e  v o l u m e  of  s t o c k  s o l u t i o n  w i t h  d o u b l y  

d i s t i l l e d  w a t e r .  The s e r u m  s t a n d a r d s  o f  T3 a n d  T4 ( B e c t o n  

Dick inson  Immunodiagnos t ics ,  D i v i s i o n  of Becton  D i c k i n s o n  

and  Co., O r a n g e b u r g ,  N.Y. 1 0 9 6 2 ;  c a t a l o g  # 6 1 1 1 1 5 ,  l o t  

JN5934, exp. d a t e  J u n e  2 4 ,  1985 and c a t a l o g  # 624179, l o t  

K N 6 0 8 4 ,  e x p .  d a t e  S e p t . 2 4 ,  1 9 8 5  f o r  T 3  a n d  T 4 ,  

r e s p e c t i v e l y )  , g r a c i o u s l y  p r o v i d e d  b y  D r .  So lomon  o f  t h e  

Royal V i c t o r i a  H o s p i t a l  ( M o n t r e a l  , Que.) , were s t o r e d  a t  

8 O C  ( a s  recommended b y  t h e  m a n u f a c t u r e r ) .  T h e s e  s e r u m  

s t a n d a r d s  a r e  t h e  same a s  r o u t i n e l y  used t o  s t a n d a r d i z e  t h e  

RIA p r o c e d u r e  a t  t h e  h o s p i t a l .  

The Chromatographic  A n a l y s i s  

The c h r o m a t o g r a p h i c  s y s t e m ,  t h e r m o s t a t e d  a t  50° ,  a n d  

t h e  s p e c i f i c  m o b i l e  p h a s e  p r e p a r a t i o n  h a v e  b e e n  d e s c r i b e d  

e l s e w e r e  (6-8). The c h r o m a t o g r a p h i c  medium PRP-1 (Hami l ton  

Co, Reno, NV 89510) was used  f o r  b o t h  t h e  a n a l y t i c a l  comlun 
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1916 BEDARD AND PURDY 

( 1 5  c m  l o n g  and  5 um p a r t i c l e  d i a m e t e r )  and  t h e  g u a r d  c o l u m n  

( 6  c m  l o n g  and  1 0  um p a r t i c l e  d i a m e t e r ) .  The l a t t e r  was 

changed when a 1000 p s i  i n c r e a s e  i n  back p r e s s u r e  w a s  no ted .  

The o u t l e t  and t h e  e l e c t r o c h e m i c a l  d e t e c t o r  were i n s u l a t e d  

w i t h  g l a s s  wool t o  m i n i m i z e  h e a t  l o s s  t h a t  e x c e s s i v e l y  

a f f e c t e d  t h e  b a s e l i n e  n o i s e .  The e l e c t r o c h e m i c a l  c e l l  was 

m o d i f i e d  i n  t h e  f o l l o w i n g  manner :  t h e  a u x i l i a r y  and  

r e f e r e n c e  e l e c t r o d e  e l e c t r i c a l  c o n n e c t i o n s  were connec ted  

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

t h i n - l a y e r  e l e c t r o c h e m i c a l  d e t e c t o r  on t h e  s i d e  o p p o s i t e  

f rom t h e  w o r k i n g  e l e c t r o d e .  The p o t e n t i a l  d i f f e r e n c e  

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

e l e c t r o d e  was set t o  0.8 V o l t .  

The g r a d i e n t  was c o n t r o l  l e d  by  a m i c r o  c o m p u t e r  b a s e d  

s y s t e m  ( 6 ,  1 5 ) .  The m o b i l e  p h a s e  s y s t e m  c o n s i s t e d  o f :  

s o l u t i o n  "A",  a 6.0% a c e t o n i t r i l e  and 0.02 m o l a r  p h o s p h a t e  

s o l u t i o n  w i t h  a pH a d j u s t e d  t o  11.5 and  s o l u t i o n  "B", a 

0.04 m o l a r  CAPS s o l u t i o n  made up  w i t h  s o l u t i o n  "A"  and 

a d j u s t e d  t o  pH 11.5.  T h e  o p t i m u m  g r a d i e n t  c o n d i t i o n  

c o n s i s t e d  o f  t h e  f o l l o w i n g  c o n d i t i o n s  and e v e n t s :  

1- Mobi l e  p h a s e  is 0 %  B f o r  4 min 

(go t o  i n i t i a l  c o n d i t i o n s ) .  

2- I n j e c t  sample.  

3- Clean-up  s t e p ,  m o b i l e  p h a s e  is 0% B f o r  6 min. 

4- E l u t i o n  o f  T3, 1 0 %  B for 8 min .  

5- E l u t i o n  of T 4 ,  26% 8. 

Each s a m p l e  is s o l u b i l i z e d  i n  0.4 m l  o f  m o b i l e  p h a s e  "A"  

b e f o r e  i n j e c t i o n .  S i n c e  e a c h  c h r o m a t o g r a p h i c  r u n  t a k e s  

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



SURFACTANT MEDIATED GRADIENT ELUTlON 1911 

a b o u t  2 5  min. ,  t h e  s a m p l e s  a r e  k e p t  f r o z e n  u n t i l  2 0  m i n  

b e f o r e  i n j e c t i o n .  

R e s u l t s  and D i s c u s s i o n  

G r a d i e n t  D e s i g n  C o n s i d e r a t i o n s  

The a n a l y t i c a l  a p p r o a c h ,  i n i t i a l l y  c o n s i d e r e d  f o r  t h e  

a n a l y s i s  o f  t h e  h o r m o n e s ,  was t o  a l l o w  t h e  u n w a n t e d  

m a t e r i a l  t o  e l u t e  w h i l e  t h e  a n a l y t e  w o u l d  b e  r e t a i n e d  b y  t h e  

c o l u m n .  F u t h e r m o r e ,  d u r i n g  t h a t  t i m e  t h e i r  l i n e a r  speed 

a c r o s s  t h e  c o l u m n  s h o u l d  be z e r o  t o  a l l o w  f o r  c o n c e n t r a t i o n  

and minimum band w i d t h  a t  t h e  i n l e t  o f  t h e  co lumn.  T h i s  is 

c r u c i a l  s i n c e  t h e  i n j e c t i o n  v o l u m e  i s  0 . 4  ml. T h e  

c o n c e n t r a t i o n  s t e p  is p o s s i b l e  o n l y  w i t h  low c o n c e n t r a t i o n s  

o f  o r g a n i c  m o d i f i e r s .  P r e l i m i n a r y  e x p e r i m e n t s  d e m o n s t r a t e d  

t h a t  m o s t  o f  t h e  u n w a n t e d  m a t e r i a l  was e l u t e d  d u r i n g  t h e  

f i r s t  5 m i n .  ( w i t h  0 %  B ) .  F o l l o w i n g  t h i s ,  t h e  h o r m o n e s  

n e e d  o n l y  t o  be s e p a r a t e d .  F o r  t h e s e  r e a s o n s ,  CAPS s t e p  

g r a d i e n t s  were i n v e s t i g a t e d  i n  more  d e t a i l  t h a n  o t h e r s .  

F o r  a s t e p  g r a d i e n t ,  i n i t i a t e d  j u s t  a f t e r  t h e  

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

s a m e  a s  f o r  a n  i s o c r a t i c  s e p a r a t i o n  ( see  t a b l e  l), i f  t h e  

f i n a l  c o n d i t i o n  o f  t h e  g r a d i e n t  is t h e  same a s  t h e  i s o c r a t i c  

c o n d i t i o n .  The i s o c r a t i c  r e t e n t i o n  v o l u m e  is s y s t e m a t i c a l l y  

s l i g h t l y  l o w e r  t h a n  t h e  g r a d i e n t  r e t e n t i o n  v o l u m e .  T h i s  

p a r t i a l l y  r e s u l t s  f rom t h e  d e l a y  b e t w e e n  t h e  t i m e  when t h e  

g r a d i e n t  i s  a c t u a t e d  a n d  t h e  t i m e  when t h e  CAPS f r o n t  
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1978 BEDARD AND PURDY 

r e a c h e s  t h e  c o l u m n ;  i t  is c a u s e d  b y  t h e  t u b e  l e n g t h  b e t w e e n  

t h e  pumps a n d  t h e  c o l u m n .  H o w e v e r ,  f o r  t h e  p u r p o s e  o f  

r a p i d  o p t i m i z a t i o n  of  t h e  c o m p o n e n t ' s  r e t e n t i o n  d u r i n g  a 

g r a d i e n t ,  t h i s  s u f f i c e s .  The same b e h a v i o u r  is a l s o  f o u n d  

f o r  m o b i l e  p h a s e s  w i t h  l o w e r  c o n c e n t r a t i o n s  o f  o r g a n i c  

mod i f  iers.  

T h i s  b e h a v  i o u r  w o u l d  s u g g e s t  t h a t  t h e  e q u i l  i b r  ium 

c o n d i t i o n s  are  e s t a b l i s h e d  r a p i d l y  b e h i n d  t h e  f r o n t  o f  t h e  

g r a d i e n t .  T h i s  is c o n s i s t e n t  w i t h  t h e  e a r l i e r  f i n d i n g  o f  

r a p i d  a d s o r p t i o n  k i n e t i c s  f o r  CAPS on t h e  s u r f a c e  o f  t h e  

s t a t i o n a r y  p h a s e .  

TABLE 1 

R e t e n t i o n  of t h y r o i d  hormones  i n  t he  i s o c r a t i c  a n d  g r a d i e n t  
mode. The e x p e r i m e n t a l  c o n d i t i o n s  are  t h e  same as d e s c r i b e d  
i n  t h e  ma te r i a l  and  method s e c t i o n ,  w h e r e  t h e  m o b i l e  p h a s e  
" A "  i s  0.02 M p h o s p h a t e ,  pH 11.5 a n d  1 0 %  a c e t o n i t r i l e  a n d  
t h e  "B" is  0.03 M CAPS. T h e  f l o w  r a t e  is 2 m l / m i n .  T h e  
r e t e n t i o n  is q u o t e d  i n  m l s .  

% B  T3 T4 

1 0 0  

7 5  

50 

40 

30 

20 

1 0  

0 

G r a d i e n t  i s o c r a t i c  G r a d i e n t  i s o c r a t i c  

6 .O 5.3 10.2 9.5 

7.5 6.7 1 2  .o 11 .o 

7.5  7.0 13 .5  13.5 

0.7 7.5 15.7 1 4 . 5  

9.5 9.0 17.5 16.5 

10.5 1 0  .o 21 .o 20.5 

1 4  .O 15.5 30.5 31.0 

23 .O 54 .O 
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SURFACTANT MEDIATED GRADIENT ELUTION 1979 

Serum Thyroid  Hormones A n a l y s i s  

The s e r u m  s t a n d a r d s  u s e d  h e r e  a r e  p r o d u c e d  b y  t h e  

m a n u f a c t u r e r  from poo led  serum drawn from v o l u n t e e r s  where 

t h e  n a t i v e  hormone  i s  s e l e c t i v e l y  r emoved  f rom t h e  p o o l .  

The e x a c t  method f o r  t h e  removal  is c o n s i d e r e d  p r o p r i e t a r y  

( 1 6 ) ;  h o w e v e r ,  i t  c a n  b e  s p e c u l a t e d  t h a t  t h e  s e r u m  i s  

t r e a t e d  w i t h  a s e l e c t i v e  a n t i b o d y .  U s i n g  t h i s  e x t r a c t e d  

s e r u m ,  t h e  n o m i n a l  amoun t  o f  ho rmone  is  a d d e d .  From t h e s e  

c o n s i d e r a t i o n s ,  i t  can  b e  assumed t h a t  t h e  b l a n k  p r o v i d e d  is 

a t r u e  b l a n k ;  i t  i s  a l s o  o f  i n t e r e s t  t o  n o t e  t h a t  a s e t  o f  

aqueous  s t a n d a r d s  produced s i m i l a r  chromatograms a s  t h o s e  of 

t h e  se rum b a s e d  s t a n d a r d s .  The a c t u a l  b a s e l i n e  f o r  e a c h  

a n a l y s i s  was d e t e r m i n e d  f rom two f a c t o r s :  ( i )  t h e  c o n s t a n t  

p o s i t i o n  ( w i t h  r e s p e c t  t o  t h e  w a l l  maximum) of a "notch"  i n  

t h e  w a l l  t h a t  s e p a r a t e s  T3 from T 4  and ( i i )  t h e  b e g i n n i n g  o f  

t h e  w a l l  maximum ( s e e  f i g u r e  1) .  U s i n g  a l l  o f  t h e s e  

c o n s i d e r a t i o n s  t h e  q u a n t i t a t i o n  o f  e a c h  s a m p l e  was made 

u s i n g  t h i s  b a s e l i n e  and t h e  peak maximum. The r e su l t s  o f  t h e  

c h r o m a t o g r a p h i c  a n a l y s i s  o f  s e r u m  T 4  a r e  shown i n  f i g u r e  1 

and t a b l e  2. 

A n a l y t e  r e c o v e r y  was a l s o  a s s e s s e d  i n  t h e  f o l l o w i n g  

manner. Aqueous s t a n d a r d s  of T 4  were r e c o v e r e d  w i t h  l o s s e s  

up  t o  1 5 %  f rom 1 m l  o f  water  o r  o f  p h y s i o l o g i c a l  b u f f e r  

(25 mM sodium c a r b o n a t e ,  1 0 0  m M  sodium c h l o r i d e  a d j u s t e d  

t o  pH 7.4 w i t h  p h o s p h o r i c  a c i d )  o r  4 %  b o v i n e  s e r u m  a l b u m i n  

i n  phys  i o  1 og ica l  b u f f e r .  
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D 

\ 
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A 4 

F i g u r e  1. Serum T4 Chromatograms. The s e r u m  c o n c e n t r a t i o n  
o f  T4 a r e :  A ,  320 ;  8 ,  1 6 0 ;  C,  8 0 ;  D, 40; E, 0 and  F, 0 
w i t h  a 160 ng s p i k e ,  r e s p e c t i v e l y .  The b a s e  l i n e  used  for  
t h e  a n a l y s i s  is a l s o  shown. The s e c o n d  g r a d i e n t  s t e p  i s  
shown by 2s. The T3 p e a k  i s  i n d i c a t e d .  The n o t c h  a n d  t h e  
w a l l  m a x i m u m  t h a t  a r e  u s e d  t o  d e t e r m i n e  t h e  b a s e  l i n e  f o r  
t h e  s p i k e d  serum is i n d i c a t e d  by  N and M, r e s p e c t i v e l y  (see 
tex t )  . 
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SURFACTANT MEDIATED GRADIENT ELUTION 1981 

TABLE 2 

S i g n a l  h e i g h t  f o r  serum-hormone and  a q u e o u s  hormone s a m p l e  
c h r o m a t o g r a p h i c  a n a l y s i s .  

amount  ( n g )  

480 

320 

1 6 0  

80  

4 0  

0 

0 + 1 6 0  

s e r u m  s i g n a l  ( n A )  a q u e o u s  s i g n a l  ( n A )  

28.4 

20.0 20.0 

12.0 12 .0  

6.4 8.8 

3.2 

1.2 

12.8  

T h e  d e t e r m i n a t i o n  o f  s e r u m  T3 i s  d i f f i c u l t  b e c a u s e  o f  

t h e  l o w  c o n c e n t r a t i o n  and p o o r  r e s o l u t i o n  f rom a l a r g e  peak.  

M a n i p u l a t i o n  o f  t h e  r e t e n t i o n  w i t h  the  c o n c e n t r a t i o n  o f  CAPS 

was n o t  s u c c e s s f u l  s i n c e  t h i s  i n t e r f e r e n c e  b e h a v e s  s i m i l a r l y  

t o  T 3 .  A l s o ,  a l a r g e  r e t e n t i o n  i n c r e a s e  w o u l d  h a v e  b e e n  

n e c e s s a r y  t o  r e a c h  t h e  r e q u i r e d  r e s o l u t i o n  which  w o u l d  h a v e  

r e s u l t e d  i n  e x c e s s i v e  b a n d  b r o a d e n i n g .  The p r o b l e m  m i g h t  be 

s o l v e d  w i t h  a new a n d  more e f f i c i e n t  c o l u m n  a n d  b y  t h e  

m a n i p u l a t i o n  o f  t h e  o r g a n i c  and s a l t  c o n t e n t .  From a q u e o u s  

s t a n d a r d s ,  t h e  d e t e c t i o n  l i m i t  h a s  b e e n  e v a l u a t e d  t o  b e  1 

n g / i n j e c t i o n .  However ,  f o r  se ra  a n d  i n  l i g h t  o f  t h e  a b o v e  

s i t u a t i o n  t h e  d e t e c t i o n  l i m i t  h a s  b e e n  e v a l u a t e d  t o  be 4 

ng/ i n  j ec t i o n .  
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1982 BEDARD AND PURDY 

L i n e a r  r e g r e s s i o n s  

serum s i g n a l  = 0.5975 amount  + 1.37 corr 0.996 

a q u e o u s  s i g n a l  = 0.4940 amount  + 4.454 corr 0.9991 

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

d e p e n d e n t ,  t o  a v e r y  l a r g e  e x t e n t ,  o n  t h e  h i s t o r y  o f  t h e  

e l e c t r o d e .  R e c e n t l y  p o l i s h e d  e l e c t r o d e s  s h o w e d  a r e d u c e d  

b a s e l i n e  c u r r e n t  s h i f t ,  up t o  1 0  times less t h a n  t h a t  shown 

i n  f i g u r e  1. H o w e v e r ,  t h e  s u c c e s s i v e  i n j e c t i o n  o f  s e r u m  

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

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

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

a m a x i m u m .  E x p e r i m e n t a t i o n  w i t h  m o b i l e  p h a s e  "A" and 'IB" o f  

t h e  s a m e  c o n d u c t a n c e  s h o w e d  t h a t  t h e  b a c k g r o u n d  c u r r e n t  

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

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

t h e  e l e c t r o d e .  I t  c a n  be r e a s o n a b l y  a s s u m e d  t h a t  t h e  

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

h y d r o p h o b i c i t y  o f  t h e  e l e c t r o d e  w h i c h  f a v o r s  t h e  a d s o r p t i o n  

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

w i t h  t h e  number of s u c h  i n j e c t i o n s .  

C o n c l u s i o n  

The a n a l y t i c a l  u s e  of s u r f a c t a n t - m e d i a t e d  g r a d i e n t s  

w i t h  e l e c t r o c h e m i c a l  d e t e c t o r s  was d e m o n s t r a t e d  t o  w o r k  

r e a s o n a b l y  w e l l  f o r  t h e  a n a l y s i s  o f  serum t h y r o i d  hormones.  

T h e  b a c k g r o u n d  c u r r e n t  s h i f t  w a s  s h o w n  t o  d e p e n d  o n  t h e  

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

is a l s o  d e p e n d e n t  on t he  h i s t o r y  o f  t h e  e l e c t r o d e .  
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