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DETECTION OF THIOLS AND DISULFIDES IN 
LIVER SAMPLES USING LIQUID 

CHROMATOGRAPHY/ELECTROCHEMlSTRY 

Susan M. Lunte and Peter T. Kissinger 
Department of Chemistry 

Pu rdu e University 
West Lafayette, Indiana 47907 

ABSTRACT 
T h e  d e t e r m i n a t i o n  o f  t h i o l s  a n d  d i s u l f i d e s  

independent  of one a n o t h e r  is accomplished through t h e  u s e  
of  d u a l  e l e c t  rode  1 i q u i d  chroma t o g r a p h y / e l e c t  r o c h e m i s t  r y  
a n d  N - e t h y l m a l e i m i d e .  The method can  b e  u s e d  t o  assess 
peak p u r i t y  a s  w e l l  as t o  d e t e r m i n e  t h e  o x i d a t i o n  s t a t e  of 
an  unknown t h i o l .  By t h e  a d d i t i o n  of NEM, t race d i s u l f i d e s  
can  be d e t e r m i n e d  w i t h o u t  i n t e r f e r e n c e s  from g l u t a t h i o n e  
o r  o t h e r  t h i o l s  p r e s e n t  i n  much h i g h e r  c o n c e n t r a t i o n s  i n  
i n  t h e  l i v e r .  T h i s  method is  u s e d  f o r  t h e  d e t e c t i o n  of 
mixed d i s u l f i d e s  i n  l i v e r  samples.  

I" 
T h e  d e t e r m i n a t i o n  of t h i o l s  a n d  d i s u l f i d e s  i s  

t r a d i t i o n a l l y  p e r f o r m e d  by t h e  measurement  of t h i o l s  i n  

a sample,  fo l lowed by t h e  r e d u c t i o n  of t h e  d i s u l f i d e s  and 

t h e n  a s e c o n d  t h i o l  measurement  ( 1 - 2 ) .  More r e c e n t l y ,  

enzymatic  and chromatographic  methods have been developed.  
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692 LUNTE AND KISSINGER 

Glu ta th ione  d i s u l f i d e  can be measured by t h e  r educ t ion  of 

GSSG t o  G S H  by t h e  enzyme g l u a t h i o n e  r e d u c t a s e  ( 4 ) .  

D e r i v a t i z i n g  a g e n t s  such  a s  t h e  E l l m a n  r e a g e n t  and OPA 

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

ch romatograph ic  d e t e c t i o n  of t h i o l s  ( 4 , 5 ) .  O f t e n  t h e s e  

a s s a y s  a r e  plaqued wi th  i n t e r f e r e n c e s .  Enzymatic methods 

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

b u t  a r e  l i m i t e d  p r i m a r i l y  t o  b i o l o g i c a l l y  i m p o r t a n t  

t h i o l s .  They a l s o  s u f f e r  from i n t e r f e r e n c e s ,  e s p e c i a l l y  i n  

c a s e s  where t h e  o x i d a t i o n  of NADPH is used t o  d e t e r m i n e  

t h e  t h i o l  or d i s u l f i d e  concent ra t ion .  

Liquid chromatography/electrochemistry has  been used 

p r e v i o u s l y  f o r  t h e  d e t e r m i n a t i o n  of t h i o l s  i n  l i v e r  

s a m p l e s  ( 6 - 7 ) .  G l a s s y  c a r b o n  and g o l d  e l e c t r o d e s  have  

been  employed a t  p o t e n t i a l s  be tween t800 and + l o 0 0  mV 

v s .  Ag/AgCl ( 6 , 8 , 9 ) .  However,  a g o l d  m e r c u r y  amalgam 

e l e c t r o d e  or a mercury e l e c t r o d e  can be used t o  d e t e c t  t h e  

t h i o l  a t  a t  a p o t e n t i a l  of +150 mV vs .  Ag/AgCl (7 , lO-13) .  

Enhanced s e l e c t i v i t y  and lower d e t e c t i o n  l i m i t s  a r e  two of 

t h e  advantages  ga ined  by o p e r a t i n g  a t  a lower p o t e n t i a l .  

Due t o  t h e  n a t u r e  of  t h e  r e a c t i o n ,  o n l y  compounds  

which complex w i t h  mercury such  a s  t h i o l s ,  h a l i d e s  and 

c h e l a t i n g  a g e n t s  g i v e  a r e s p o n s e  i n  t h i s  r a n g e .  The 

background cu r ren t  is a l s o  very low. 

R e c e n t l y ,  a d u a l  e l e c t r o d e  d e t e c t o r  f o r  t h e  

s imul t aneous  d e t e r m i n a t i o n  of t h i o l s  and d i s u l f i d e s  has  

been developed ( 1 2 ) .  This  d e t e c t o r  involves  t h e  use of two 

gold /mercury  e l e c t r o d e s  i n  t h e  s e r i e s  c o n f i g u r a t i o n  a s  
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THIOLS AND DISULFIDES IN LIVER SAMPLES 693 

I' GENERATOR" ( E  = - I .OOV) 

Wl: RSSR + 2H+ + 2e- ,->RSH 

"DETECTOR" (E= + O . I 5 V )  

W2: 2RSH + Hg-Hg(SR)z + 2H+ + 2e- 

Figure  1: Dual e l ec t rode  d e t e c t o r  f o r  t h e  s imultaneous 
de te rmina t ion  of t h i o l s  and d i s u l f i d e s  

i s  i l l u s t r a t e d  i n  f i g u r e  1. T h e  f i r s t  e l e c t r o d e  

i s  set  a t  -1.OV vs Ag/AgCl. T h i s  e l e c t r o d e  a c t s  as a p o s t  

column r e a c t o r  t o  reduce d i s u l f i d e s  t o  t h e i r  corresponding 

t h i o l s .  T h e  s econd ,  o r  downstream, e l e c t r o d e  i s  s e t  a t  

+150 mV i n  o r d e r  t o  d e t e c t  t h e  t h i o l  r e s u l t i n g  from t h e  

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

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

ch romatograph ica l ly ,  bo th  t h e  c o n c e n t r a t i o n  of t h e  t h i o l  

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

i n d e p e n d e n t l y .  One of  t h e  a d v a n t a g e s  o f  t h i s  
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694 LUNTE AND KISSINCER 

t y p e  of d e t e c t o r  is t h a t  one  can  d i s t i n q u i s h  t h e  t h i o l s  

from t h e  d i s u l f i d e s .  When t h e  g e n e r a t o r  e l e c t r o d e  is o f f ,  

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

t u r n e d  on ,  b o t h  t h i o l s  and d i s u l f i d e s  a r e  d e t e c t e d .  T h i s  

i n f o r m a t i o n  can b e  used  t o  i d e n t i f y  which compounds a r e  

t h i o l s  and which a r e  d i s u l f i d e s .  D i f f i c u l t i e s  w i t h  t h i s  

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

c o e l u t i n g  t h i o l s  and  d i s u l f i d e s ,  s i n c e  t h e  d i s u l f i d e s  

cannot  be de te rmined  i n d e p e n d e n t l y  of t h i o l s .  A method is 

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

independent ly  of t h e  t h i o l s .  

I n  l i v e r  s a m p l e s ,  t h e  l e v e l  of g l u t a t h i o n e  is  much 

h i g h e r  t h a n  o t h e r  endogenous  t h i o l s .  T h i s  c a n  p r e s e n t  a 

problem wi th  t h e  use  of a gold/mercury e l e c t r o d e .  I n  o r d e r  

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

h o m o g e n a t e ,  a l a r g e  q u a n t i t y  o f  g l u t a t h i o n e  m u s t  be  

i n j e c t e d  a l o n g  w i t h  t h e  d i s u l f i d e  peak. T h i s  g l u t a t h i o n e  

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

e l e c t r o d e .  The i n j e c t i o n  of s e v e r a l  l i v e r  samples  l e a d s  t o  

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

p e r i o d  of a few i n j e c t i o n s  and a cor responding  d e c r e a s e  i n  

e l e c r o d e  l i f e t i m e .  Both of t h e s e  f a c t o r s  make i t  d i f f i c u l t  

t o  q u a n t i t a t e  GSSG o r  any o t h e r  d i s u l f i d e  i n  l i v e r  samples  

T h e r e  a r e  s e v e r a l  ways of  a l l e v i a t i n g  t h i s  problem. 

One method i s  t o  d i v e r t  t h e  g l u t a t h i o n e  t o  waste when one 

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

h a s  been d i s c u s s e d  e l sewhere .  ( 1 4 ) .  A second method which 

w i l l  b e  d i s c u s s e d  i n  t h i s  p a p e r  i s  t o  d e r i v a t i z e  t h e  
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THIOLS AND DISULFIDES IN LIVER SAMPLES 695 

g l u t a t h i o n e  t o  a n o n e l e c t r o a c t i v e  c o n j u g a t e .  Once  

d e r i v a t i z e d ,  g l u t a t h i o n e  is no l o n g e r  d e t e c t a b l e  a t  +150 

mV vs .  Ag/AgCl. 

N-e thylmale imide  h a s  been used  p r e v i o u s l y  f o r  t h e  

d e t e r m i n a t i o n  of t h i o l s  i n  t i s s u e  samples  ( 1 5 - 1 9 ) .  T h e  

r e a g e n t  a b s o r b s  a t  3 0 0  nm. T h i o l s  r e a c t  w i t h  NEM t o  

p r o d u c e  a c o n j u g a t e  w h i c h  no  l o n g e r  a b s o r b s  a t  t h i s  

wavelength.  T o t a l  t h i o l  con ten t  of t i s s u e  o r  p r o t e i n s  c a n  

b e  de t e rmined  u s i n g  NEM. I t  is  most o f t e n  used  f o r  t h e  

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

b i o l o g i c a l  t h i o l .  By r e a c t i n g  t h i o l s  w i t h  N E M ,  one  can 

q u a l i t a t i v e l y  de te rmine  which peaks a r e  due t o  t h i o l s ,  and 

which peaks  a r e  due t o  h a l i d e s  o r  d i s u l f i d e s .  N-ethyl-  

male imide  coup led  w i t h  t h e  d u a l  e l e c t r o d e  d e t e c t o r  can 

provide  va luab le  informat ion  regard ing  t h e  i d e n t i t y  of t h e  

p e a k s  i n  a g i v e n  s a m p l e ,  a s  wel l  as  a n  i n d i c a t i o n  of 

peak p u r i t y .  Th i s  r eagen t  can a l s o  be  used t o  d e p l e t e  t h e  

high l e v e l s  of g l u t a t h i o n e  which a r e  p r e s e n t  i n  many types  

of t i s s u e  samples  and a r e  r e s p o n s i b l e  f o r  t h e  s h o r t e n i n g  

of t h e  gold/mercury e l ec t rode  l i f e t i m e .  

Reaqents 

Chemicals were purchased from t h e  fo l lowing  sources :  

c y s t e i n e  , c y s t i n e ,  homocysteine , homocystine , g l  u t a th ione  , 
g l u t a t h i o n e  d i s u l f i d e  and  N-e thy lma le imide  f rom Sigma 

Chemical  Company; sodium borohydr  i d e  , Aldr  i c h  Chemical  

Company ; cy 6 t i n  y l - b  i s  -g  1 y c i  n e  , V e  g a  B i o  c h e m i c a l s  ; 
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696 LUNTE AND KISSINCER 

m o n o c h l o r o a c e t i c  a c i d ,  M a l l i n k r o d t ;  sodium h y d r o x i d e ,  

F i s h e r  S c i e n t i f i c ;  e thylenediamine  t e t r a c e t a t e  and sodium 

o c t y l  s u l f a t e ,  Kodak. Methanol  was d i s t i l l e d  i n  g l a s s  

p r i o r  t o  use. 

luaauLw 
A B i o a n a l y t i c a l  Systems LC-154 l i q u i d  chromatograph 

w i t h  tandem LC-4B a p e r o m e t r i c  c o n t r o l l e r s  were used f o r  

a l l  s t u d i e s .  T h e  t h i n  l a y e r  c e l l  inc luded  two amalgamated 

g o l d  d i s k s  i n  s e r i e s .  P r e p a r a t i o n  of t h e  c e l l  h a s  been 

p r e v i o u s l y  d e s c r i b e d  ( 1 2 ) .  T h e  s y s t e m  was m o d i f i e d  t o  

exclude oxygen. A Biophase C-18 5 pm column coupled wi th  a 

C-18 guard column was employed f o r  a l l  s t u d i e s .  The mobile 

phase  was 4 %  methanol  and 9 6 %  monochloroace t ic  a c i d  pH 3 

b u f f e r  c o n t a i n i n g  1 mM sodium o c t y l  s u l f a t e  a s  an i o n  

p a i r i n g  a g e n t .  T h e  f l o w  r a t e  was 1 mL/min. A 2 0  p L  

i n j e c t i o n  loop  was used. 

of 

Mixed d i s u l f i d e s  were p r e p a r e d  by mixing  equimolar  

amounts  of t h e  two c o r r e s p o n d i n g  t h i o l s  t o g e t h e r  i n  3% 

h y d r o g e n  p e r o x i d e  ( 2 0 ) .  The r e a c t i o n  was a l l o w e d  t o  

proceed  o v e r n i g h t .  The c y s t e i n y l g l y c i n e  was produced by 

t h e  reduct ion of t h e  d i s u l f i d e  with sodium borohydride.  

ion  of l i v e r  cvtosQ1. 

Male swiss mice  were d e c a p i t a t e d  and t h e i r  l i v e r s  

removed. The l i v e r  was then  homogenized i n  Tris/KCl b u f f e r  

of pH 1 . 4 .  The mix tu re  was c e n t r i f u g e d  f o r  20  minutes  a t  
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THIOLS AND DlSULFlDES IN LIVER SAMPLES 697 

9 , 0 0 0  g .  T h e  s u p e r n a t a n t  was t h e n  c e n t r i f u g e d  f o r  6 0  

m i n u t e s  a t  1 0 0 , 0 0 0  g .  The c y t o s o l i c  s u p e r n a t a n t  was used 

t o  show t h e  u t i l i t y  of N E M  f o r  t h e  q u a l i t a t i v e  

i d e n t i f i c a t i o n  of t h i o l s  a n d  d i s u l f  i d e s  i n  t h e s e  

experiments.  

UseAfAm 

A 0 . 2 4  M s o l u t i o n  of NEM was prepared  i n  methanol and 

w a t e r .  2 0 0  p~ of t h i s  r e a g e n t  was added  t o  5 0 0  p L  of 

c y t o s o l  s u p e r n a t a n t .  The r e a c t i o n  was a l lowed t o  proceed 

f o r  approximately 1 5  m i n u t e s .  Af t e r  t h i s  time t h e  r e a c t i o n  

was quenched w i t h  1 M p e r c h l o r i c  a c i d  and t h e  sample was 

c e n t r i f u g e d  t o  remove p r o t e i n .  Fol lowing  c e n t r i f u g a t i o n  

t h e  s u p e r n a t a n t  was i n j e c t e d  d i r e c t l y  i n t o  t h e  l i q u i d  

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

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

p e r c h l o r i c  ac id  was not  added t o  t h e  r eac t ion  mixture .  

The u t i l i t y  of N E M  a s  a q u a l i t a t i v e  t o o l  f o r  t h e  

d e t e r m i n a t i o n  of d i s u l f i d e s  i s  shown i n  F i g u r e  2a .  The 

r e a c t i o n  mix tu re  of c y s t e i n e  and g l u t a t h i o n e  appeared  t o  

y i e l d  only the  homogenous d i s u l f  i des .  W i t h  both e l e c t r o d e s  

on, peaks f o r  g l u t a t h i o n e ,  c y s t e i n e ,  c y s t i n e  and G S S G  a r e  

r e a d i l y  a p p a r e n t .  The s m a l l  peak  e l u t i n g  a t  a b o u t  1 0  

m i n u t e s  was determined t o  be a t h i o l  and l a t e r  i d e n t i f i e d  

a s  c y s t e i n y l g l y c i n e ,  a h y d r o l y s i s  product  of g l u t a t h i o n e .  

F i g u r e  2 b  shows t h e  same r e a c t i o n  m i x t u r e  a f t e r  add ing  
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698 LUNTE AND KISSINGER 

5nA T 

c 
0 
0 
c 

J 

V 
v) 
u) 
(3 

t 1 1 ' 1 1 1 1 1 1 l 1 1 ' 1 1 1 ' 1  

0 4  8 1 2 1 6 0 4  8 1 2  16 
MINUTES MINUTES 

Figure  2a: React ion mixture of g l u t a t h i o n e  and c y s t e i n e  
with  hydrogen perox ide .  Mobile phase 4% methanol and 96% 
Monochloroacetic a c i d  pH 3 wi th  1 mM SOS. Both W ( 1 )  and 
W(2) a r e  on. GSH-glutathione, CSH-cysteine, Cys-gly- 
c y s t e i n y l g l y c i n e  2b: Same sample a8 f i g u r e  2 wi th  NEM 
added. GSSG-glutathione d i s u l f i d e ,  GSSC-glutathione- 
c y s t e i n e  mixed d i s u l f i d e ,  CSSC-cystine. 
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NEM. NEM r e a c t s  w i t h  t h e  t h i o l s  and  n o t  t h e  d i s u l f i d e s .  

Upon t h e  a d d i t i o n  of  N E M ,  i t  was f o u n d  t h a t  t h e  mixed 

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

t h e  g e n e r a t o r  e l e c t r o d e  o f f ,  w e  can  f u r t h e r  v e r i f y  t h a t  

t h e  p e a k  i s  d u e  t o  a d i s u l f i d e .  W i t h  W ( 1 )  o f f ,  t h e  

g l u t a t h i o n e  p e a k  i s  s m a l l e r .  I f  NEM i s  a d d e d  t o  t h e  

r e a c t i o n  m i x t u r e  a n d  o n l y  W ( 2 )  is o n ,  t h e n  we s e e  no 

endogenous peaks  or u n r e a c t e d  t h i o l s  ( F i g u r e  3 ) .  T a b l e  1 

summar izes  t h e  use of NEM f o r  t h e  d e t e r m i n a t i o n  of peak 

p u r i t y .  With b o t h  e l e c t r o d e s  on we w i l l  s e e  b o t h  t h i o l s  

and d i s n l f i d e s .  By t u r n i n g  W ( 1 )  o f f  we w i l l  d e t e c t  o n l y  

t h i o l s .  The use of NEM f u r t h e r  a i d s  i n  t h i s  i d e n t i f i c a t i o n  

p r o c e s s .  I f  NEM is  added t o  t h e  r e a c t i o n  m i x t u r e  and b o t h  

e l e c t r o d e s  a r e  o n ,  t h e n  o n l y  d i s u l f i d e s  and components  

which do n o t  r e a c t  w i t h  NEM w i l l  be  d e t e c t e d .  H a l i d e s  and 

c h e l a t i n g  a g e n t s  can b e  d i s t i n q u i s h e d  by t h e  a d d i t i o n  of 

N E M  and  o n l y  W ( 2 )  on.  I n  t h i s  c a s e ,  o n l y  h a l i d e s  a n d  

c h e l a t i n g  a g e n t s  w i l l  be  d e t e c t e d .  

F i g u r e  4 shows t h e  u t i l i t y  of t h i s  method f o r  a l i v e r  

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

d i s u l f i d e  peaks  a r e  d i s c e r n i b l e ,  w i t h  G S H  b e i n g  t h e  most 

TABLE 1 

Determinat ion of T h i o l s  and D i s u l f i d e s  using NEM and Dual 
E l e c t r o d e  Liquid  Chromatography/Electrochemistry 

Ku1 h u 2 l  
+loo0 +150 
+ l o o 0  t150 
o f f  +150 
o f f  +150 

REAGENT DETECTS 
none RSH I R S S R  
NEM R S S R  
none R S H  
NEM noth ing  
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(a) I 
v) 
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LUNTE AND KISSINCER 

L, 
t------ 0 

1 1  1 1  I I l ' ' l I ' l l l ' ' ' A  

0 4 8 12 16 0 4 8 1 2 1 6  
MINUTES MINUTES 

F i g u r e  3: ( a )  Same sample a s  f i g u r e  2 w i t h  o n l y  t h e  
" d e t e c t o r "  e l e c t r o d e  on,  ( b )  A f t e r  t h e  a d d i t i o n  of NEM 

prominen t .  T h i s  l a r g e  GSH peak can c a u s e  some problems i n  

t h e  d e t e r m i n a t i o n  of t race d i s u l f i d e s  such  a s  GSSG o r  t h e  

mixed d i s u l f i d e  GSSC. Not o n l y  d o e s  it o b s c u r e  some peaks ,  

b u t  i t  a l s o  f o u l s  t h e  m e r c u r y  e l e c t r o d e  b y  q u i c k l y  

d e p l e t i n g  t h e  s u r f a c e  mercury a f t e r  o n l y  a few i n j e c t i o n s .  

The a d d i t i o n  of NEM s o l v e s  b o t h  of t h e s e  p r o b l e m s .  The 

m i x e d  d i s u l f i d e  of g l u t a t h i o n e  a n d  c y s t e i n e  c a n  b e  
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r 
v) 
W 

MINUTES 

Figure  4 :  Liver  cy toso l  sample, both e l e c t r o d e s  on 

detected once NEM is added t o  remove t h e  g l u t a t h i o n e  peak 

( f i g u r e  5) . Although chromatographic  c o n d i t i o n s  would be 

changed i f  one was looking  p a r t i c u l a r l y  f o r  t h i s  compound, 

NEM can a s s i s t  i n  a s s e s i n g  peak p u r i t y  of any t h i o l  peak 

i n  any complex mat r ix .  Secondly,  NEM e l i m i n a t e s  t h e  l a r g e  

GSH peak so t h a t  t r a c e  d i s u l f i d e s  can be  de te rmined  more 
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5 n A  -r 

I f i 1 1 1 1 1 1 ' 1 1  

0 4  8 1 2 1 6 2 0  
MINUTES 

F i g u r e  5 :  Same c o n d i t i o n s  a s  f i g u r e  5 with NEM added 

r e p r o d u c i b l y .  I f  o n l y  t h i o l s  a r e  t o  b e  q u a n t i t a t e d ,  t h e  

g e n e r a t o r  e l e c t r o d e  c a n  b e  t u r n e d  o f f  p r o d u c i n g  a 

chromatogram f o r  t h e  l i v e r  s a m p l e  a s  shown i n  f i g u r e  6 .  

T h e  u s e  of t h e  t r a d i t i o n a l  t h i o l  r e a g e n t ,  N E M ,  

c o u p l e d  w i t h  d u a l  e l e c t r o d e  l i q u i d  c h r o m a t o g r a p h y /  

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

i n d e p e n d e n t  d e t e r m i n a t i o n  of  t h i o l s  a n d  d i s u l f i d e s  i n  
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T T 

1 1 I 1 1 I 1 ’ 1  I I 1 

0 4 8 12 16 20 
MINUTES 

F i g u r e  6:  D e t e c t i o n  of t h i o l s  i n  l i v e r  c y t o s o l .  Only W(2) 
is on. 

complex samples .  T a b l e  2 shows t h e  c a p a c i t y  f a c t o r s  of a 

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

t h e s e  t h i o l s  react w i t h  NEM. Both t h e  o x i d i z e d  and  reduced 

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

e l e c t r o d e  d e t e c t o r .  By u t i l i z i n g  b o t h  t h e  d u a l  e l e c t r o d e  

d e t e c t o r  and NEM, t h i o l s  and  d i s u l f i d e s  can b e  d e t e r m i n e d  

i n  any  b i o l o g i c a l  s a m p l e  i n c l u d i n g  a n y  t i s s u e  s a m p l e s  
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704 LUNTE AND KlSSINGER 

TABLE 2 

Capac i ty  F a c t o r s  f o r  S e l e c t e d  Hepatic T h i o l s  
and D i s u l f  i d e s  

Compound kL 
cy s t e i ne  

c y s t i n e  

homo c y s t  e i n e  

homocystine 

g l u t a t h i o n e  

g l u t  a t h i o n e  
d i s u l f  i d e  

c y s t  e i ne - 
g l y c i n e  

c y s t  i ny 1- b i  s- 
g l y c i n e  

homocys t e i n e -  
c y s t e i n e  d i s u l f  i d e  

g l u t a t h i o n e -  
c y s t e i n e  d i s u l f  i d e  

g l u t a  th ione -  
homocysteine d i s u l f i d e  

1 .06  

0.75 

3.38 

9.60 

2.38 

9.25 

4 .50  

23 . O  

3.13 

1.50 

8.70 

Yes 

no 

Yes 

no 

Yes 

no 

Yes 

no 

no 

no 

no 

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

endogenous t h i o l .  The d e t e c t i o n  of t h e  mixed d i s u l f i d e s  of 

homocysteine a n d  c y s t e i n e ,  as wel l  as t h o s e  of g l u t a t h i o n e  

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

t echn ique .  
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