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SUMMARY 

When aerobically incubated with liver microsomes and NADPH, chloro- 
form produces a stable adduct with cysteirmas a nucleophilic trapping agent. 
The adduct was identified by thin layer chromatography, gas-liquid chromato- 
graphy and combined gas chromatography-mass spectrometry as the reaction pro- 
duct of cysteine with phosgene. 

INTRODUCTION 

Chloroform (CHC13) hepatotoxicity has been associated with the co- 

valent binding of reactive metabolites to tissue macromolecules. There is 

ample evidence to suggest that such metabolites are formed during microsomal 

cytochrome P 450-dependent oxidation of chloroform (1, 2, 3). The nature of 

the reactive metabolites is not yet known ; however they should be electro- 

philic as indicated by the decrease of hepatic glutathione levels observed 

in CHC13-treated rats (4). Moreover, recent studies in our laboratory indica- 

ted that 14 
II C -CHC13, incubated aerobically with microsomes and NADPH, forms 

stable adducts with low molecular weight nucleophiles, e.g. cysteine, added 

to the incubation medium (5). 

Among the possible reactive intermediates formed upon CHC13 oxida- 

tion, phosgene, which has been previously postulated as a chloroform metabo- 

lite (6, 3), appeared to us as a very probable reactive intermediate which 

could mediate chloroform hepatotoxicity for the following reasons : it is a 

well known product of chemical oxidation of CHC13 ; it may derive from micro- 

somal hydroxylation of CHC13 to CC130H followed by a fast loss of HCl ; it 

is a highly reactive electrophile. 
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In the results presented here, we have used cysteine as a nucleo- 

philic trapping agent in order to detect the formation of this postulated 

metabolite during microsomal oxidation of chloroform, 

MATERIALS AND METHODS 

Male adult rats (Sprague Dawley Strain) weighing between 200 and 
250 g were used throughout this study, Liver microsomes were prepared from 
phenobarbital-treated rats (80 mg/kg i.p. daily for 3 days) as previously 
described (7). Microsomal suspensions (25 nmoles of cytochrome P 450 per ml 
of 50 mM Tris-HCl buffer, pH 7.4, containing 10 mM MgC12 and 150 mM KCl) we- 
re incubated for 15 min with 0.4 mM NADPH or a NADPH-generating system, 2 mM 
chloroform (freshly purified on alumina column) with or without 2 mM cysteine 
(Sigma) in st_opped glass tubes with air as gas phase. For thin layer chroma- 
tography [14C]-CHC13 from New England Nuclear (lOO~Ci/mmol) was used. Incu- 
bation was stopped by addition of 2 vol of absolute ethanol. After centrifu- 
gation, the supernatant was evaporated to dryness and washed twice by pure 
CHC13. The residue was dissolved in HCl-acidified water (pH 2-3)and extrac- 
ted three times by ether. Thin layer chromatography (TLC) was performed on 
TLC plastic sheets cellulose F254 (Merck) with butanol-acetic acid-water 
4/l/5 (v/v/v) as solvent. Each 13 cm plate was divided into 13 adjacent parts 
which were scraped off and counted for radioactivity in a Packard spectrome- 
ter after addition of 5 ml of toluene-PPO-POPOP. Ethereal extracts of incuba- 
tion mixtures were methylated by addition of an excess of ethereal diazome- 
thane at ambiant temperature (8). Gas chromatography analyses (GLC) were per- 
formed in a Varian 3 700 gas chromatograph with a hydrogen flame ionization 
detector. Two columns were used : a stainless steel column (I,5 m x 3 mm I.D.) 
packed with 3 % OV 1 on chromosorb gas chrom Q (column temperature 130°C, in- 
jector and detector temperature 170°C, gas carrier N2 at a flow rate of 
30 ml/min) or a glass column (2 m x 3 mm I.D.) packed with 10 % OV 17 on 
chromosorb gas chrom Q (column temperature 190°C, injector and detector tem- 
perature 2OO'C and N2 flow of 15 ml/min). For combined gas chromatography- 
mass spectrometry, a Girdel chromatograph 30 (equipped with an OV 17 column, 
operating conditions as above except that He replaced N2 as a carrier gas) 
was coupled with a Riber 1000 mass spectrometer (electron ionization, elec- 
tron energy 100 eV, trap current 200 @) and a PDP 8 computer. 

RESULTS 

When a mixture of CHC13, NADPH and liver microsomes from phenobar- 

bital-treated rats was aerobically incubated with cysteine, a stable adduct 

was formed, and shown to be identical with the product of chemical reaction 

of phosgene with cysteine, 4-carboxy-thiazolidine-2-one, '. In fact, we pre- 

pared an authentic sample of the carboxylic acid, ', mp : 170°C (dec), by 

reaction of phosgene with cysteine in 7 M potassium hydroxide. Its methyl 

ester was obtained by treatment of an ethereal solution of I with an excess 

of diazomethane. The structure and purity of these two compounds were veri- 

fied by I.R. and N.M.R. spectroscopy, mass spectrometry and elemental ana- 

lysis. 

As shown by TLC analysis, the ethereal extracts of the incubation 
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Fig 1 : Mass spectrum of the major product present in the methyZated 
ethereal! extracts of microsomes incubated with cysteine, 
chZoroform and NADPH. 

The mass spectrum corresponds to the GLC peak which has the same 
retention time as the methylated authentic acid, r. Experimental conditions 
are described under material and methods. The mass spectrum of the methylated 
authentic acid, ', was strictly identical. 

Fig 2 : Computerreconstructed maSs chromatogrwns of the products of 
the methyzated etherea2 extract of a cysteine-chZoroform 
microsoma2 incubation mixture, exhibiting a mass spectrum peak 
at m/e = 161 (a), 102 (b) or 74 Cc). 

Conditions as in Fig 1. Solid lines : incubation in the presence 
of NADPH ; dashed lines : incubation without NADPH. 

mixtures of microsomes with Cl 14 C -CHC13 and NADPH (after ethanolic deprotei- 

nization) contained one major product with a Rf 0.70 + 0.01 (for conditions 

see materials and methods) identical with that of authentic 4-carboxy-thia- 

zolidine-2-one. After elimination of excess c 1 14C -CHCl 3, 50-60 % of the to- 

tal ether-extracted radioactivity was recovered in this spot where no radio- 

activity was detectable when NADPH had been omitted in the incubation mixtu- 

re. As measured by total radioactivity after blank subtraction, about 0.2 

nmoles of phosgene were formed per mg protein in I min and trapped by cys- 

teine (5). 

Ethereal extracts were also analyzed by gas chromatography after 

diazomethane methylation of the cysteine-derived carboxylic acid. The chroma- 

togrsms obtained on two columns (OV 1 and OV 17) exhibited a peak showing re- 

tention times identical with those of the methylated authentic acid, I. This 

peak was not observed when cysteine or NADPH had been omitted in the incuba- 

tion mixture. 
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The mass spectrum of the product corresponding to this chromato- 

graphic peak, monitored by combined gas chromatography-mass spectrometry, 

was identical with the mass spectrum of the methyl ester of the authentic 

acid 1, and exhibited three characteristic ions at m/e 161 (M+), 102 and 74 

(Fig 1). The computer-reconstructed chromatograms of the ether-extractable 

product exhibiting an ion at m/e 161, 102 or 74 showed a major peak, with 

the same retention time as that of the methylated authentic acid 1. However 

the presence of the methylated acid 1 could not be detected, even by this 

very sensitive technique, in the ethereal extract of incubation mixture 

without NADPH (Fig 2). 

DISCUSSION 

Results show that phosgene is formed during NADPH and oxygen de- 

pendent microsomal oxidation of CHC13. It probably derives from a hydroxyla- 

tion of CHC15 followed by a rapid loss of HCl (Scheme 1). In this respect, 

it is noteworthy that we could detect the formation of phosgene during oxi- 

dation of CHClS by peracids like p-nitroperbenzoic or trifluoroperacetic 

acids (D. MANSLIY and M. LANGE, unpublished results) which are considered as 

models of cytochrome P 450-dependent monooxygenases (9). 

In the liver , phosgene, a very reactive electrophilic compound, 

will react with all possible nucleophiles (scheme I) : it can be hydrolyzed 

to C02' the major metabolite of CHClS in vivo (IO, 11, 12), or react with 

some nucleophilic groups of the tissue macromolecules with formation of ir- 

reversible covalent bonds. This could explain, at least in part, the hepato- 

toxicity of chloroform. 

Scheme 1 

microsomes 
CHCl 

NADPH, O2 

a 

+ H20 

- co2 

- 2 HCl 

\ 
covalent binding 
to nucleophilic 
groups of tissue 
macromolecules 

4-carboxy-thiazolidine-2-one. 
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