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ABSTRACT 

Pre-column labelling techniques are described for the determination of  S-earboxymethyl-L-cysteine 
(CMC) and its metabolites in urine and plasma samples by high-performance liquid chromatography 
(HPLC) without prior extraction. All substances containing an amino group were converted into fluo- 
rescent fluorenylmethyl derivatives with 9-fluorenylmethyloxycarbonyl chloride (FMOC). Deaminated or 
N-acetylated carbocysteine metabolites were coupled with l-pyrenyldiazomethane (PDAM) to give fluo- 
rescent PDAM esters. Similar results were obtained with the two commercially available and stable diazo- 
methane derivatives PDAM and 9-anthryldiazomethane (ADAM). Following double derivatization with 
PDAM and FMOC, in a single chromatographic run with two fluorescence detectors connected in series, 
amines and amino(carboxy!i c) acids could be detected by their FMOC residues and, simultaneously, 
earboxylie acids were detected as fluorescent PDAM esters. The (R) and (S) enantiomers of  the sulphoxides 
of  CMC, of  methylcysteine and of  N-acetyl CMC were separated, although the reversed-phase HPLC 
system did not contain a chiral additive or stationary phase designed for the separation of  enantiomers. 
The methods do not include liquid extraction stcps and can therefore be performed either manually or 
automatically using an HPLC autosampler. These methods were used for the investigation of  a disputed 
pharmacogenetic polymorphism of  S-oxidation o f  CMC in humans, which until now has most often been 
studied using paper chromatography. The described techniques were applied to the determination of CMC 
and its metabolites in human urine and plasma samples. 

I N T R O D U C T I O N  

S-Carboxymethyl-L-cysteine (carbocysteine; CMC) is a mucolytic drug used in 
the treatment o f  chronic bronchitis. The metabolism of  CMC is known to be very 
complex [1]. It may be oxidized to (R,S)-S-carboxymethylcysteine sulphoxide, 
decarboxylated, or N-acetylated. S-Oxidation has also been described for the 
acetylated or decarboxylated metabolites, It has been reported [2] that humans 
exhibit considerable inter-individual differences in the sulphoxidation o f  this drug 
and its metabolites. Recent reports suggest tlmt differences in S,oxidation of  
CMC might be correlated with the incidence of  severe diseases such as primary 
biliary cirrhosis [3], Alzheimer's disease [4] or the occurrence o f  severe side-effects 
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Fig. 1. Structures o f  some o f  the compounds  determined by the described methods and their metabol ic  
relationships. The intermediates (shown in brackets) are hypothetice.l and require fur ther  experimental  
confirmation.  All sulphoxides with two different residues exist as enantiomers.  

during therapy with the antirheumatic D-penicillamine [5]. As the ratios between 
different CMC metabolites observed in these studies and obtained using paper 
chromatography could not be confirmed by others [6,7], further investigation 
with a highly sensitive and specific analytical alternative is necessary. The meta- 
bolic pathways of  the compounds studied are given in Fig. 1. 

Methods for the determination of  CMC, put not of its metabolites, by re- 
versed-phase ion-pair chromatography with column switching following pre-col- 
umn derivatization with o-phthalaldehyde have been described [8,9]. The serum 
kinetics of  CMC have been analysed by gas chromatography (GC) [10]. This 
method has also been used to identify thiodiglycolic acid (TGA) as a metabolite 
of CMC in urine [11]. GC is, however, not optimal for the quantification of some 
unstable metabolites, such as the S-oxides. A 13C-nuclear magnetic resonance 
(NMR) method has been developed, which may allow the determination of  the 
13C-labelled drug in urine samples without prior sample preparation steps [12]. 

The goal of the work reported here was to develop a high-performance liquid 
chromatographic (HPLC) method that would allow a study of inter-individual 
CMC metabolism in humans. For  several reasons CMC and its metabolites are 
difficult to determine. Firstly, it is difficult to detect aliphatic amino acids and 
aliphatic carbonic acids directly in urine due to the presence of  endogenous com- 
pounds that strongly absorb low-wavelength UV light. Secondly, as a result of 
their hydrophilicity, solvent extraction of these metabolites from urine is impos- 
sible. Two methods were developed for the ,determination of CMC and its metab- 
olites without prior extraction from urine. 
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One method is based on derivatization with 9-fluorenylmethylchloroformate 
(FMOC),  introduced into amino acid analysis by Einarsson et al. [13]. It allows 
the determination of metabolites containing an amino group in urine and plasma 
samples. It was possible to separate the optical enantiomers of the S-oxides using 
the F M O C  method. N-Acetylated and deaminated metabolites were determined 
using the reagent 1-pyrenyldiazomethane (PDAM), previously used in the deter- 
mination of fatty acids. 

Both methods produced highly fluorescent and stable products, which could 
be separated by gradient reversed-phase HPLC. During the optimization of the 
F M O C  and P D A M  methods it became apparent that both derivatization reac- 
tions can be performed in a single procedure, allowing the detection of amines, 
amino acids and carboxylic acids in a single chromatographic run. Methods of 
F M O C  and P D A M  single and double derivatizations are therefore described and 
applied to the determination ofmetabolites (or presumed metabolites) of CMC in 
urine and serum samples. 

E X P E R I M E N T A L  

Apparatus  
The chromatography was performed with a Series 4 gradient liquid chroma- 

tograph (from Perkin-Elmer, Norwalk, CT, USA), equipped with an ISS-100 
autosampler (Perkin-Elmer). Fluorescence was detected using an RF-530 and an 
RF-535 spectrofluoromonitor and two CR3A integrators (Shimadzu, Kyoto, Ja- 
pan). Samples derivatized with F M O C  only were separated on a Hypersil ODS 
column (Shandon, UK; 5 llm particles, 250 m m x  4.6 mm I.D.). The PDAM and 
double-derivatized samples were separated on an Ultracarb ODS column (Phe- 
nomenex, USA; 5 l~m particle size, 150 mm x 4.6 mm I.D.). 

Chemicals  
FMOC,  methylcysteine, methionine, methionine sulphoxide and methionine 

sulphone were obtained from Sigma (St. Louis, MO, USA). Carboxyethylcys- 
teine, carboxymethylcysteine and I-octanesulphonic acid were obtained from 
Fllzka (Buchs, Switzerland). Thiodiglycolic acid (TGA) was purchased from Al- 
drich (Steinheim, Germany). P D A M  and 9-anthryldiazomethane (ADAM) were 
obtained from Molecular Probes (Eugene, OR, USA) and were used without 
further purification. N-AcetyJalanine was purchased from Serva (Heidelberg, 
Germany). Triethanolamine was obtained from Pierce (Steinheim, Germany). 
(R,S)-Carboxymethylcyst, :Je sulphoxide and sulphone, N-acetylcarboxymethyl- 
cysteine, N-acetylcarboxymethylcysteine sulphoxide, as well as the sulphoxides 
and the sulphone of T G A  were synthesized as described later. Acetonitrile from 
Merck (Darmstadt,  Germany) was of HPLC grade. All other chemicals, obtained 
from the same company, were of analytical-reagent grade. 
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F M O C  method 
Reagent solutions and ehtents. The derivatization buffer contained 3.09 g of 

boric acid in 100 ml of  HPLC-grade  water  adjusted to pH 7.7 with 30% sodium 
hydroxide. The derivatization reagent was prepared by dissolving 129 mg of 
F M O C  in 50 ml of acetone to give a concentrat ion of  10 mM.  The a m m o n i u m  
acetate buffer for chromatography was prepared by the addit ion of  2 ml of  25% 
mnnaonia solution to 1 1 o f d o u b l y  distilled water, the pH was adjusted to 3.8 and 
d imethyl formamide  was added to give a final concentration of 4%. 

Derivatization. A 5-1tg sample of carboxyethylcysteine (50 ld of  a 100 ttg/rnl 
aqueous solution) was added as an internal s tandard to 50-}d samples. The stan- 
dards were added to 50-ld portions of  blank urine or plasma samples for cali- 
bration. These samples were dried in a Speed Vac (Savant Instruments,  Farming-  
dale, NY, USA) vacuum centrifuge and redissolved by the addit ion of  400 ld of 
borate buffer and 400 Ill of  F M O C  solution. The resulting mixture was allowed to 
react for 50 s. After stopping the derivatizat~on by the addit ion of  35 ttl of  0.5 M 
amnaonium acetate solution, the samples we're ready for injection. 

Separation and quantitation. The separat ion was carried out by gradient elu- 
tion on the Hypersii ODS column described under Apparatus. The eluent was 
increased linearly from a buffer/acetonitrile ratio of90:10 (v/v) to a ratio of  65:35 
(v/v) over 65 rain. The flow-rate was 0.8 ml /min  and the oven temperature 40°C. 
The wavelengths for excitation and emission were 260 and 305 nm, respectively. 

PDA M method 
Reagent sohttions and eluents. The buffer for derivatization contained 100 m M  

phosphoric acid adjusted to pH 4.0 with sodium hydroxide in 50°/'0 propan-2-ol.  
The P D A M  reagent solution was prepared freshly before use by dissolving 3.5 
mg/ml of the commercial ly available reagent (without further purification) in 
ethyl acetate to give a concentrat ion of  15 mM.  The eluent consisted of  a 25 m M  
triethylamine (TEA)-phospha te  buffer, pH 2.4, containing 5% te t rahydrofuran 
and 20% methanol.  

Derivatization. A 2.5-1tg sample of  N-acetylatanine (internal s tandard)  was 
added to 50-¢d samples of urine or plasma which were subsequently evaporarated 
to dryness under vacuum and then redissolved in 300 ~tl of  phosphate  buffer. A 
300-¢tl volume of  l -octanesulphonic  acid solution (20 ILM in propan-2-ol) and 300 
Ill of  reagent solution were then added. The mixture was gently shaken at 40"C for 
30 min and diluted to 1.5 ml with propan-2 'ol .  

Separation and quantification. The separation was performed with gradient 
elution on the Ultracarb ODS column (see Apparatus). The gradient  increased 
linearly from a ratio of  80:20 (v/v) TEA buffer/acetonitrile to 65:35 (v/v) over 70 
min at a flow-rate of  0.8 ml /min  and a co lumn temperature of  50"C. The wave- 
lengths for excitation and emission were 340 and 380 nm, respectively. The me- 
tabolites were quantified by peak-height measurements.  The reaction schemes of 
the studied compounds  are given in Fig. 2. 
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Fig. 2. Structures of  the reagents FMOC and PDAM :md their reaction with amines and carboxylic acids. 

PDA M - F M O C  double derivat&ation 
The reagent  solut ions  were the same as descr ibed for the single der ivat izat ions .  

Fo r  the c h r o m a t o g r a p h i c  separa t ion ,  a 40 m M  "CEA-phosphate  buffer  adjusted 
to p H  3.2 with phosphor i c  acid con ta in ing  5% t e t r ahyd ro fu ran  and  10% metha-  
nol was used. 

Derivatization. A 1.25-1tg sample  o f  N-ace ty la lan ine  ( internal  s t andard )  was 
a d d e d  to 25 ltl o f  urine or p lasma.  S tandard  concen t ra t ions  o f  the respective 
ca l ib ra t ion  solut ions  were added  to b l ank  p l a sma  and  urine sampl  :s, the mixtures  
were evapora ted  to dryness  in a Speed-Vat  concen t ra to r  and  teen,  .ffter redissolv- 
ing in 150/tl  o f  p h o s p h a t e  buffer,  150 ILl o f  1-octanesulphonic  acid solut ion and  
150 pl o f  P D A M  reagent  solut ion were added.  Af te r  30 mi n  at 40"C, 150 ILl o f  
propan-2-ol  were added  and  the mix ture  was adjus ted  to p H  8.0 by  the add i t ion  
of  400 ltl o f  0.5 M bora te  buffer. The  F M O C  der iva t iza t ion  was carr ied out  by  the 
add i t ion  o f  400 ILl o f  F M O C  reagent  as descr ibed previously.  A 10-tfl a l iquot  o f  
the final der ivat ive  so lu t ien  was injected into the H P L C  system. 

Separation and quantitation. C h r o m a t o g r a p h i c  separa t ion  was carr ied out  by  
gradient  e lut ion on the Ul t r aca rb  O D S  co lumn.  Elu t ion  was pe r fo rmed  with a 
l inear  grad ien t  f rom a ratio o f  75:25 (v/v) T E A  buffer /acetoni t r i le  to 50:50 (v/v) 
over 80 m i n  at a f low-rate o f  0.8 m l / m i n  and  a c o l u m n  t empera tu re  o f  60"C. 

Synthesis q/'re.ference compounds 
(R)-  and (S)-S-carbo.,cymethylcysteOle sulphoxides. To a solut ion o f  10 g (56 

mmol )  o f  C M C  in 250 ml o f  formic  acid were added  6,3 ml  (56 mmol )  o f  a 30% 
aqueous  hyd rogen  peroxide  solut ion,  The  mixture  was stirred overn ight  at 4°C. 
This  solut ion was di luted to 500 ml  with doub ly  disti l led water  and  subsequen t ly  
evapora ted .  Yield 95%;  m.p.  173°C, publ i shed  value [14] 173-175°C; C s H g N O s S  
(Mr 195.2) calculated C 30.8, H 4.65, N 7.2, found  C 30.7, H 4.66, N 7.2; IH 
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N M R  (300 MHz ,  D 2 0 / N a O D )  A B M  system, tSA = 3.08, /5i~ = 3.27, ~m = 3.69 
(3H, JA/E3 -= 13.3 HZ; JA/M = 7.0 HZ; Jn/u = 6.6 HZ). 

Frac t iona l  crys ta l l iza t ion to separa te  the R,S enan t iomers  o f  S -ca rboxymeth-  
ylcysteine su lphoxide  was carr ied out  accord ing  to Meese [14]. The  optical  pur i ty  
o f  the two isomers  was greater  than  99%.  

TGA .vulphoxide. To a solut ion o f  i0  g (67 mmol )  of  T G A  in water  were added  
8.4 rnl (74 mrnol)  ot" 30% aqueous  hydrogen  peroxide solut ion.  The  mix ture  was 
stirred overnight  at 4°C fol lowed by evapora t ion  after d i lu t ion  with water  to 100 
ml. Yield 95%;  m.p.  120*C (hygroscopic);  C4H6OsS (Mr 166.15) ca lcula ted  C 
28.9, H 3.61, found C 28.3, H 3.71. tH N M R  (300 M H z ,  D 2 0 )  AB system, ~SA = 
4.01, tSl~ = 4.15, (4H, JA/E~ = ! 5.3 Hz). 

Sulphones o./" CMC, methylcysteine and TGA. A solut ion of  l0  m m o l  o f  the 
co r respond ing  su lphide  in 1.5 ml (15 m m o l )  of  hydrogen  peroxide  and  6 ml (130 
retool) o f  formic acid was a l lowed to react at 60°C for 2 h fol lowed by evap- 
ora t ion  after d i lu t ion  with water  to 100 ml. 

CMC .s'ull~hone. Yield 90%;  m.p.  180°C; 1H N M R  (300 M H z ,  D 2 0 ) ,  t~ 3.65 
(H l, m,.), 6 = 3.98 (H-2, m~.), cS = 4.87 (H-3, m~.). 

TGA suiphone. Yield 90%;  m.p.  155"C; 1H N M R  (300 M H z ,  D 2 0 ) ,  t5 = 'I-.52 
(4H, s). 

Methj,Icy,~teine sulphone. Yield 95%;  m.p.  178°C; ~H N M R  (300 M H z ,  0 2 0 ,  
N a O D )  A B M  system, t~ A = 3.42, 6j~ = 3.67, tSM = 3.83 (3H, JAIII -~ 14.4 Hz; JAIM 
= 8.5 Hz; JB/M = 3.6 Hz). 

N-AceO,I-CMC. A solut ion o f  i0 g (56 mmol )  o f  C M C  in 6 ml  o f  acetic 
anhydr ide  was al lowed to react at r oom tempera tu re  for 12 h. After  d i lu t ion  with 
water  to 50 ml,  the react ion mixture  was percola ted th rough  a c o l u m n  (5 em x 
2.5 cm I.D.) o f  Dowex  50 W X  8, mesh  size I00-200 (Serw0 to retain free a m i n o  
groups.  The  collected f ract ion was evapora ted  under  vacuum,  leaving a syrupy  
residue which  solidified on d isso lu t ion  in m e t h a n o l  and  crys ta l l iza t ion with ace- 
tone. Yield 62%;  C T H i ~ N O s S  (M~ 221.2) calcula ted C 38.00, H 5.012, N 6.33, 
found C 38.1, H 5.019, N 6.32; ~H N M R  (300 M H z ,  0 2 0 ,  N a O D )  A B M  system, 
CSA = 3.91, oSr~ = 3.02, cSM = 4.35 (3H, JA/B = 13.7 Hz; "]'AIM = 8.3 Hz; JalM = 4.3 
HZ), c5 = 3.27 (2H, s) t5 = 2.06 (3H, s). The  acetylated p roduc t  could  be complete-  
ly conver ted to C M C  by acid hydrolys is  (6 M hydroch lor ic  acid, 100°C, 1 h) as 
de te rmined  b~) the c h r o m a t o g r a p h i c  procedures  descr ibed here. 

N-Acety l - (R,S)-CMC sulphoxide. Star t ing with racemic  or pure  (R) and  (S) 
enan t iomers ,  the acetyla t ion was carr ied out  as descr ibed above.  Yield (after final 
pur i f icat ion)  40%;  m.p.  153"C; C T H ~ N O 6 S  (M, 237.2) calcula ted C 35.41, H 
4.637, N 5.90, found  C 35.40, H 4.640, N 5.91; ~H N M R  (300 M H z ,  D 2 0 ,  

N a O D )  A B M  system, 6A = 3.21, fib = 3.48, 6M = 4.62 (3H, JAIB = 13.7 Hz; JAIM 

= 8.3 Hz;  Jalu = 5.3 Hz), t5 = 2.0I ( 3 H ,  s) .  
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R E S U L T S  A N D  124SCUSSION 

Complete separation of  the (R)- and (S)-CMC sulphoxides (as F M O C  deriv- 
atives) was obtained with different Cla reversed-phase materials tested with buff- 
ers at pH values between 3.8 and 4.5. The separation of  the enantiomers of  
S-methylcysteine was complete only at p H  values between 5 and 6. Also, the 
separation of  S-methylcysteine and its sulphoxides from other endogeneous com- 
pounds was superior with 50 m M  potassium phosphate buffer, pH 6, containing 
4% tetrahydrofuran at 50°C. 

As illustrated in Fig. 3, baseline separation of the S-oxides of  C M C  has been 
achieved. Similarly, the sulphoxides of S-methylcysteine were completely separat- 
ed when the acetate buffer was adjusted to pH 5.5. Quantification of (R)- and 
(S)-CMC sulphoxides by the described technique was sensitive enough to allow 
the analysis of the human serum kinetics of  these two minor metabolites of  CMC 
in humans. The maximum serum concentrations of these metabolites were about 
35 ng/ml (4- l0  ng/nfl S.D.) for the (S)-enantiomer and 90 ng/ml (4-30 ng/ml 
S.D.) for the (R) enantiomer following an oral dose of 1.125 g of  C M C  as in- 
vestigated in ten healthy humans. 

The analysis of  S-oxidation of sulphide-containing drugs, as well as endoge- 
nous amino acids (and C M C  obtained after the carboxymethylation of cysteine 
in amino acid analysis of proteins and peptides), may also be of interest in other 
areas of  research. For  example, the formation of  methionine sulphoxides has 
been described as a consequence of  the incorrect handling of  biologically active 
peptides. (R)- and (S)-sulphoxides of  methionine, however, could not be separat- 
ed with the reversed-phase columns described here. 

Amino acid derivatives such as the compounds described here can only be 
determined at lower concentrations by the use of  derivatization methods. Higher 
concentrations can nevertheless be determined using reversed'phase or ion-ex- 
change HPLC combined with short-wavelength UV-absorbance (200 nm) detec- 
tion (chromatograms not shown). Different pre-column derivatization methods 
and reagents were investigated by this group for the derivatization of  urine and 
plasma samples. The initial results were obtained with the chromogenic reagent 
4-dimethylaminoazobenzene sulphonylchloride (DABS) [6] and the homologous 
fluorescent reagent 5-dimethylamino-I-naphthalenesulphonyl chloride. How- 
ever, the F M O C  derivatization procedure is preferred now over these reagents 
because of  its simplicity. The 0.5 M borate buffer used in the F M O C  method 
makes the reaction insensitive to pH differences in the urine samples, and there- 
fore no prior pH adjustment of  the urine samples is required. 

The omission of  any extraction steps prior to or following the derivatization 
procedures allowed automated derivatization and aberrations due to substance- 
specific extraction yields to be circumvented. 

The new class of  relatively stab!e diazomethane derivative reagents [15] are 
also easy to use and may find even more analytical applications in the future. For  
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this purpose o f  the direct der ivat izat ion of  biological fluids, the derivat izat ion 
yields were evaluated as a funct ion of  reagent concentrat ion,  reaction time and 
temperature  and H + concentra t ion,  as welI as u r ine -mat r ix  influences (Fig. 4). 

Plateau reaction yields were seen at reagent concentra t ions  (Fig. 4A) of  4 
mg/ml  using 50 ILl of  urine or p lasma and 300 ~tl of  the 15 m M  reagent solution; 
The m a x i m u m  solubil i ty of  the reagent was 20 m M  at 40"C. These reaction yields 
were evaluated in b lank  urine samples  f rom different persons with s tandard  com- 
pounds  added. As in all the procedures described here, small  urine or serum 
volumes (50 ltI or below) were derivatized with a large excess of  reagent, as the 
derivat izat ion reagent reacts not only with the substances o f  interest, but  also 
with m a n y  endogenous  c o m p o u n d s .  

Al though  at room tempera ture  the m a x i m u m  derivat izat ion yield needed a 
reaction t ime of  2 h, more  than 70% of  the final peak heights were achieved after 
an incubat ion  period of  5 min  at room temperature  (Fig. 4B). Irrespective of  the 
reac t ion  time, the yields of the different compounds  increased propor t iona l ly  to 
one another .  This  al lowed der ivat izat ion times even shorter  than 30 min,  especial- 
ly as internal  s tandards  can always be included. The derivatives were stable for 
more  than 24 h in the buffer used for derivatization.  The reaction yields (Fig. 3) 
were opt imal  at pH values o f  a round  4, s imilar  to those described previously [15] 
for the de te rmina t ion  of  fatty acids. 

Concent ra t ions  of  the cal ibrat ion solutions for the P D A M  method  were be- 
tween 5 and  1000 ~g/ml,  as the relevant metabol i te  concentra t ions  ( >  0.5% of  the 
doses) after the admin is t ra t ion  of  a 1. l-g dose of  C M C  are expected to be above 5 
Itg/ml. The reproducibi l i ty  of  these methods  was tested by analys ing urine sam- 
ples spiked with s tandard  substances in the concentra t ion range expected in hu- 
m a n  urine samples.  The results are summar ized  in Table  I. 

Fol lowing  sequential  der ivat izat ion of  the aminocarboxyl ic  acids with PDA M 
and with F M O C ,  only F M O C  derivatives were found (Fig. 5). The reaction yields 
o f  the (non-amino)  carboxyl ic  acids, e.g. T G A ,  were identical whether  derivatized 
only with P D A M  or sequential ly  derivatized with both reagents. Steric interac- 
tions were ruled out as the reason for the h indrance  of  double  derivat izat ion by 
mono-  and double-der ivat iz ing aminohexaneca rbon ic  acid, a molecule in which 
the reactant  groups are far apart .  Similar  to the other amino  acids, this com- 
pound  yielded the respective P D A M  esters in the m o n o  derivat izat ion reaction, 
but  only the F M O C  derivatives in the double  derivat izat ion reaction. The P D A M  
ester bond  obviously becomes unstable  when amino  and carboxylic  group con- 
taining compounds  are derivatized in the second step with F M O C  at pH 8 (Fig. 
6). 

The two homologous  reagents P D A M  and  A D A M ,  gave essentially the same 
results (Fig. 7). Similar  to P D A M ,  double  der ivat izat ion only resulted in F M O C  
derivatives fo r  the aminocarboxyl ic  acids, Using these methods,  10-40% of  a 
given oral C M C  dose was found as the original substance,  5-30°4 was found as 
T G A ,  and  3 -12% as T G A  sulphoxide,  in an 8-h pooled urine sample.  The C M C  



144 B. S T A F F E L D T  e t  ¢tl. 

f l u o r e s c e n c e  

e x  " ,'340 nm 

e r a "  3 8 0  nm 

)~ ex  = 2 6 0  nm 

~ ' e m =  3 0 5  nrn 

MC s u H o x i d e s  

C M C  s u l f o x i d e s  

A c C M C  su l fox tde$  
~ T G A  su l fox ide  

~ A c M C  su l fox ldes  
II tt I T G A s u l f o n ~  

' 1 1 t ~ A¢CM'C 
,, ,, / 

f 

T G A  

I .S.  

g 

A c M C  

m e t h y l c y s t e i n e  (MC) 

b 

F I 1 
inj. 3 0  6 0  9 0  rain 

e l u t l o n  t i m e  

Fig .  5. S e p a r a t i o n  a n d  detect ion o f  th.," reference c o m p o u n d s  in a single chronaatographic run using two 
fluorimeters connected  in series. In the upper chrom~ltogram .'ill c o m p o u n d s  conta in ing  a earboxyl ie  group 
w e r e  detected as  P D A M  esters. In the lower c h r o m a t o g r a m ,  the a m i n e s  a n d  a m i n o  acids were detected a s  

F M O C  derivat:,vcs. A l m o s t  no peaks  had identical retetition times. During  the F M O C  reaction step in the 
double-dcrivat izat ion procedure the P D A M  group is removed from the a m i n o  acids. Abbreviat ions:  C M C  

= S - c a r b o x y m c t i w l - t . - c y s t e i n e :  M C  = S - m c t h y l - L - c y s t e i n e ;  A e C M C  -- N-acetyI-S-earboxymethyl-L-cys-  
teine; T G A  = thiodiglycol ic  acid; I .S.  = interred standard = N - a c e t y l u l a n i n e ;  A c M C  = N - a c e t y l - S -  

m e t h y l c y s t e i n e .  

sulphoxides, previously assumed to be a good indicator o f  the S-oxidation capac- 
ity, could always be detected, but only in amounts  which were quantitatively 
ranging around 1% of  the dose in any of  thirty volunteers. 

The specific quantitation e f  the complex pattern of  C M C  and more than eight 
of  its metabolitcs in urine samples (as described previously using paper chromato-  
graphy [1,2]) is not easy because o f  the similarity of  these compounds  with many 
endogenous substances. Using carboxyl group derivatization, the peak shape for 
all amino acids is not as good as that usually obtained fol lowing amino group 
derivatization (see, for example,  Fig. 3). If separation could be improved further, 
amino acid analysis may be replaced by carboxylic group derivatization, which 
has advantages over current methodology  only in the rare cases o f  amino group 
blocked amino acids. 

Beyond the special questions of  C M C  and its metabolism, these authors be- 
lieve that the amino and carboxylic group double-derivatization procedure de- 
scf~bed here may be useful for the determination of  a variety of  endogenous  
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Fig. 6. Chromatograms of  urine samples alter derivatization with P D A M - F M O C  and detection of PDAM 
esters (excitation 340 am, emission, 380 nm). (A) Blank urine sample. (B) Blank urine sample spiked with 
50/~g/mi o f  each of  the following standards: AcCMC sulphoxides, TGA, TGA sulphoxide, TGA sulphone, 
AcCMC and N-acetylalanine as I.S. Tile elution gradient is described under Experimental (identical to that 
in Fig. 5). (C) Urine sample collected for 8 h after oral administration of  three capsules of  CMC (I. I25 g) to 
a healthy volunteer. Note that the relatively large peaks of  TGA ::nd TGA sulphoxide can be clearly 
identified. Small peaks with the retention time of  TGA were also seen in some blank urine samples. 
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Fig. 7. Chromatograms of  a urine s:m~ple spiked with 50 pg/ml ofe:mh of  the following standards: AcCMC 
sulphoxides. CMC. TGA sulphoxidc, AcCMC and T(3A. The upper chromatogram was obtained by single 
derivatization with ADAM and the lower chromatogram was obt , ined after A D A M - F M O C  double 
derivatization. 

c o m p o u n d s  as  well  as  fo r  
samples. 
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