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DETERMINATION OF CYSTEINE AND 

LIQUID CHROMATOGRAPHY WITH 
INDIRECT AMPEROMETRIC DETECTION 

N-ACETYLCYSTEINE IN URINE BY 

XINJIAN HUANG AND W. TH. KOK* 
Lkprtment of Analytical ChemisQ 

University of Amsterdam 
Nieuwe Achtergracht 166 

1018 WVAmsterdam, The Netherlad 

ABSTRACT 

Cysteine (CYS) and N-acetylcysteine (NAC) can be determined by 
liquid chromatography with indirect amperometric detection with 
iodine as oxidizing reagent. The linear range of detection can be 
adapted to the analytical requirements by adaptation of the 
generating current. With a generating current of 25 FA detection 
limits were found of 2 ng for CYS and 1.5 ng for NAC. Detector 
responses were linear up to 110 and 80 ng injected, respectively, 
with correlation coefficients better than 0.9998. The precision o f  
the analysis, as assessed by repeated injection of a standard 
solution, was 0.6 %. After reduction of the sulphur compounds with 
dithiothreitol (DTT), urine samples were analyzed without further 
pretreatment using an ion-pair separation system. Endogenous 
levels o f  CYS and NAC in urine could be determined easily. The 
application to serum samples is also demonstrated. 

INTRODUCTION 

Sulfhydryl compounds (thiols) play an important role in several 

biological processes. For clinical and pharmaceutical analysis 
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2208 HUANG AND KOK 

many methods have been developed to determine these compounds in 

biological fluids and tissues (1) .  In most cases a method 

including a separation by high-performance 1 iquid chromatography 

is used (2). Still, a generally accepted method with adequate 

sensitivity, precision and reliability is not yet available. Since 

many biologically important thiols do not absorb UV light, pre- or 

post-column derivatization procedures are often used for detection 

(3-9). An alternative detection mode is amperometry with mercury- 

film electrodes ( 1 0 , l l ) .  Due to the involvement of the electrode 

material itself in the electrochemical reaction, detection can be 

performed at a selective potential. With a dual-electrode detector 

both the reduced and the oxidized form o f  the thiols can be 

detected (12 -15 ) .  Disadvantageous aspects of this detection method 

are the experimental cumbersomeness o f  the electrode preparation, 

electrode poisoning and the often unsatisfactory reproducibility 

of the measurements. 

Previous studies (16-20) have shown that indirect 

amperometric detection can be successfully applied for the 

determination of oxidizable compounds with unfavourable 

electrochemical characteristics such as sulphur compounds. The 

principle of indirect electrochemical detection is that an 

oxidizing reagent, bromine or iodine, is generated 

electrochemically in the column effluent, while its concentration 

is monitored amperometrically downstream. Compounds eluting from 

the column which react with the reagent cause a decrease in 

amperometric response in proportion to their concentration. 
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CYSTEINE AND N-ACETYLCYSTEINE IN URINE 2209 

In a preliminary study (18) it was shown that thiols can be 

detected by indirect amperometry with iodine as the reagent. The 

method is superior to the mercury-film electrode detector in 

respect to reproducibility, and the sensitivity is adequate for 

the determination of N-acetylcysteine in human serum at 

therapeutic concentration levels (21). In the work presented here, 

the applicability of the method is studied for the determination 

of the endogenous concentrations of cysteine and N-acetylcysteine 

in urine. 

EXPERIMENTAL 

ADD ara t u s 

The chromatographic equipment consisted of a Gynkotek (Germering, 

FRG) Model 300C pump with an extra home-made pulse damper, 

operated at a flow rate of 1.8 ml min”, and a Rheodyne injection 

valve with a 30 pl loop. Two different columns (A and B ) ,  150 x 

4.6 rnm i.d., slurry packed with Hypersil ODS (5 pm), have been 

used. Small differences in retention behaviour of the two columns 

were observed. 

A KOBRA generating cell (Lamers en Pleuger, ’s-Hertogenbosch, 

The Netherlands), which has a double thin-layer construction with 

the electrode compartments separated by an ion-exchange membrane 

( 2 2 ) ,  was used for the generation of iodine in the column 

effluent. The current source for the generating current was a 
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Metrohm (Herisau, Switzer land) E585 o r  a UCS6-2F from E lek t ron i ca  

(Amsterdam, the  Netherlands). The downstream de tec to r  was an AMOR 

amperometric de tec to r  (Spark, Emmen, The Netherlands) w i t h  a 

g lassy  carbon working e lec t rode and an i n  s i t u  Ag/AgI reference 

electrode. The PTFE reac t i on  c o i l  between generat ing c e l l  and 

de tec to r  c e l l  provided a reac t i on  t ime o f  6 s a t  a f l ow  r a t e  o f  

1.8 ml/min. 

Experiments were conducted a t  room temperature (20 f 2'C). 

Chemicals and So lu t ions  

N-Acetylcysteine (NAC) and sodium o c t y l  s u l f a t e  were obtained from 

Aldrich-Chemie. Glutathione (reduced, GSH) and d i t h i o t h r e i t o l  

(DTT) were obtained from Janssen Chimica. Cysteine (CYS) was 

purchased from Merck. The other reagents were o f  a n a l y t i c a l  grade 

p u r i t y  . 
Unless s ta ted  otherwise the  mobi le phase consisted o f  a 0.03 

mol 1-' phosphate b u f f e r  (pH 2.0) w i t h  3 mmol 1-' sodium o c t y l  

s u l f a t e ,  1 mmol 1-' potassium iod ide  and 2 % (v/v) methanol. 

Sam1 e PreDarat i on 

Ur ine  samples were f i l t e r e d  through a 0.8 pm M i l l i p o r e  f i l t e r .  To 

1 m l  o f  a f i l t e r e d  sample, 80 p l  o f  a 0.1 mol 1-' DTT s o l u t i o n  and 

400 p l  o f  a 0.25 mol 1-' sodium phosphate b u f f e r  o f  pH 8.0 were 

added and the  mix tu re  was shaken. A f t e r  30 min an a l i q u o t  o f  250 

p l  was taken and mixed w i t h  1.5 m l  o f  water before i n j e c t i o n .  

Serum samples were prepared as proposed by Johansson (8). To 

400 p l  o f  serum i n  a 1 m l  capped v i a l ,  80 p l  o f  a 0.4 mol 1-' 
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sodium hydroxide s o l u t i o n  and 300 p l  o f  a 0.4 mol 1-' DTT so lu t i on '  

were added. The mix tu re  was l e f t  a t  room temperature f o r  20 min, 

then 200 p1 o f  1.7 mol 1" pe rch lo r i c  ac id  was added. A f t e r  

shaking f o r  10 s, the  sample was cent r i fuges  f o r  3 min a t  14000 

rpm. The supernatant was i n j e c t e d  d i r e c t l y  o r  d i l u t e d  w i t h  water 

before i n j e c t i o n .  

RESULTS AND DISCUSSION 

ODtimization o f  SeDarat i o n  and Oetect i  on 

Since g lu ta th ione  (GSH) may i n t e r f e r e  i n  the  ana lys is  o f  

b i o l o g i c a l  samples other than ur ine,  and d i t h i o t h r e i t o l  (DTT) i s  

used f o r  the  reduc t ion  o f  CYS and NAC present i n  the  ox id ized  form 

i n  the  samples, t he  separat ion o f  CYS, NAC, GSH and DTT was 

studied. A reversed-phase system was used w i t h  an a c i d i c  mobi le 

phase and o c t y l  s u l f a t e  as an i on -pa i r i ng  reagent f o r  CYS and GSH. 

The s e l e c t i v i t y  o f  the  separation depended on the  pH and the  o c t y l  

s u l f a t e  concentrat ion o f  the  mobile phase as shown i n  Figure 1. 

Increasing the  methanol o r  the  b u f f e r  concentrat ion resu l ted  i n  a 

general decrease o f  t he  r e t e n t i o n  times o f  the  f o u r  su l fhyd ry l  

compounds studied. The optimal mobile phase contained 0.03 mol 1-' 

phosphate b u f f e r  o f  pH 2.0, 3 mmol 1-' o c t y l  su l fa te ,  1 mmol 1-' 

potassium iod ide  and 2 % (v/v) methanol. The r e t e n t i o n  t imes o f  

NAC, DTT, CYS and GSH were 2.1, 3.8, 6.7 and 9.8 min, 

respec t ive ly ,  w i t h  a f l ow  r a t e  o f  1.8 m l  min-' (Figure 2 ) .  
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FIGURE 1. 
factors .  Mobile phase with 0.03 mol 1-' phosphate b u f f e r  qnd 2 % 
(v/v) methanol. Column A. (a) Effect o f  the pH; 3 mmol 1- octy l  
sul fa te .  (b) E f f e c t  o f  the octy l  s u l f a t e  concentration; pH = 2 . 3 .  
CYS (+), NAC (m), GSH (A) and DTT (4 ) .  

E f f e c t  of the mobile phase composition on capacity 
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NAC 

L I I 
0 4 8 

t [minl  

FIGURE 2. Chromatogram o f  a standard so lu t i on  o f  CYS (80 ng), NAC 
(80 ng), GSH (240 ng) and DTT (260 ng). Mgbi1.e phase w i t h  0.03 mol 
1-' phosphate b u f f e r  (pH = 2.0),  3 mnol 1- o c t y l  s u l f a t e  and 2 % 
(v/v) methanol. Column A. 

I r r e v e r s i b l e  adsorption o f  t he  t h i o l s  on the  ODS s ta t ionary  phase 

as reported prev ious ly  (23) was no t  observed. 

To opt imize the  i n d i r e c t  amperometric detect ion,  t he  

hydrodynamic voltammogram was measured o f  t he  iod ine  produced i n  

the  mobile phase. A cur ren t  plateau was observed between de tec t ion  

po ten t i a l s  o f  +0.05 t o  +0.45 V YS. Ag/AgI. A p l o t  o f  t he  de tec t ion  

basel ine-current v s .  the  generating cur ren t  i n  the  range 0 - 100 
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t .  1 -  

3 

t 

a 

+ 

A 
A 

0 m 0 20 40 Bo 
D 

FIGURE 3. 
stoichiometric ratio (iodine : sulfhydryl) of the reaction of 
CYS (+), NAC (m) and GSH (A). Reaction time 6 s. Experimental 
conditions as in FIGURE 2. 

The influence of the generating current on the 

PA was linear with a slope of 0.058 and passed through the origin. 

This indicates that iodine is produced from iodide in the mobile 

phase with 100 X current efficiency. 

To study the stoichiometry and kinetics of the reaction of 

iodine with the sulfhydryl compounds, peak areas were measured 

with different generating currents in the range 10 - 75 ,uA. From 

the peak areas the stoichiometric ratio, the number of iodine 

molecules reacting with one sulfhydryl molecule, was calculated by 

applying Faraday's Law. The results are given in Figure 3. The 

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



CYSTEINE AND N-ACETYLCYSTEINE IN URINE 2215 

TABLE 1 

Sensitivities, Limits of Detection and Upper Limits of Linearity 
with a Generating Current o f  25 ,uA. 

Compound Sen s i ti v,i t y LOD' Upper Limit 
[nA ng- 1 [ngl [ngl 

CYS 
NAC 
GSH 

12.1 2.0 110 
16.3 1.5 80 
1.6 15 800 

': limit of detection, signal : noise = 3 

stoichiometry of the reaction o f  CYS and NAC (2 : 1) is different 

from that of GSH (1 : 1). From the fact that the peak areas do not 

increase with the generating current it can be concluded that the 

reaction is virtually complete in the hold-up time of the reaction 

coil (6 s). 

Sensitivitv. 1 inearitv and Precision 

Calibration of the system was carried out with a detection 

potential of t0.15 V and a generating current of 25 1A. In Table 1 

the observed sensitivities, detection limits and upper limits of 

the linear range for CYS, NAC and GSH are given. The lower 

sensitivity for GSH is due to its lower stoichiometric ratio and 

its longer retention time. 

Linear responses were obtained up to peak heights o f  about 

90 X of the baseline current value. In this current range 
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NAC 

d 
CYS 

I 

L 1 I 1 
0 4 8 12 

t [min] 

NAC 

n, 

1 1 2 5  nA 

CYS 

GSH 

I 1 I 
0 4 8 1 

t [min] 

FIGURE 4. Chromatograms o,f urine sample?. (a) Blank urine., (b) 
Urine spiked with 8 pg rnl- CYS, 8 pg ml- NAC and 50 pg ml- GSH 
Conditions as in FIGURE 2. 

correlation coefficients of the calibration plots were > 0.9998 

for the three compounds. However, the linear range can be changed 

by a change of the generating current i,. Since the noise measured 

is proportional to the generating current, and the sensitivity i s  

independent of i, (see Figure l ) ,  detection limits change also 

proportional with i,. In this way a dynamic range of almost two 
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( a )  

250 n A  

C Y S  I 

NAC 

1 
8 12 4 
t 

t [min] 

2217 

N A C  

0 4 8 12 8, t [min] , 
FIGURE 5.  Chromatograms of a serum sample. (a)  Supernatant 
diluted with water (1  t 4)  before injection; (b) Direct injection 
of the supernatant. Column 6.  Other conditions as in FIGURE 2 .  
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orders o f  magnitude can be maintained, wh i l e  the  system can be 
adapted t o  the  expected concentrat ion range o f  t he  samples. 

The p rec i s ion  was assessed by seven successive i n j e c t i o n s  o f  
a standard s o l u t i o n  o f  CYS (2.6 pg ml - ’ ) ,  NAC (2.6 pg m l - ’ )  and GSH 

(8 pg  ml- ’) .  The r e l a t i v e  standard dev ia t ions  o f  the  peak he igh ts  
were 0.6 %, 0.6 % and 2.0 %, respec t i ve l y .  

ADDl icat ion t o  Ur ine  and Serum SamDles 

As has been shown before (8) ,  the  r a t e  o f  reduc t ion  o f  d i s u l f i d e s  
by d i t h i o t h r e i t o l  i s  h igher  a t  a h igh  pH. When on ly  a DTT s o l u t i o n  
was added t o  a u r i n e  sample, the  amount o f  CYS and NAC recovered 
reached a maximum a f t e r  a 3 hours incubat ion  t ime. However, when a 
b u f f e r  o f  pH 8.0 was added together w i t h  the  DTT so lu t i on ,  an 
incubat ion  t ime o f  30 min was s u f f i c i e n t .  

The recovery o f  the  su l fhyd ry l  compounds i n  the  reduced form 
from u r i n e  was s tud ied  w i t h  the  standard a d d i t i o n  method. 
D i f f e r e n t  concentrat ions o f  CYS and NAC, cover ing the  e n t i r e  
l i n e a r  range o f  the  method, were added t o  7 a l i q u o t s  o f  a u r i n e  
sample be fore  the  DTT treatment. For CYS the  recovery was 105.0 2 

3.2 %, and f o r  NAC a recovery o f  93.3 2.6 % was found. These 
r e s u l t s  may i n d i c a t e  t h a t  p a r t  o f  the NAC i s  hydrolysed dur ing  the  
DTT treatment i n  basic so lu t ion .  Endogenous concentrat ions o f  5.6 
pg m l - ’  o f  NAC and 15.1 pg m l - ’  o f  CYS were found i n  t h i s  
p a r t i c u l a r  u r i n e  sample. These values are i n  the  normal range as 
repor ted  i n  the  l i t e r a t u r e  (24). As expected endogenous u r i n a r y  
GSH was no t  detected. Figure 4 shows representa t ive  chromatograms 
o f  b lank  and spiked u r i n e  samples. 

t o  the  ana lys is  o f  serum samples. However, due t o  the  l a r g e  
d i f f e r e n c e  i n  the  endogenous serum concentrat ions o f  CYS and NAC, 
t he  two compounds have t o  be determined i n  d i f f e r e n t  
chromatographic runs, w i t h  d i f f e r e n t  d i l u t i o n s  o f  t he  sample. 
Endogenous ( t o t a l )  concentrat ions found i n  t h i s  p a r t i c u l a r  serum 
sample were 32.6 pg m l - ’  o f  CYS and 1.3 pg m l - ’  o f  NAC. 

F igure  5 shows t h a t  i s  poss ib le  t o  apply the  method presented 
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