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Abstract-A new metabolite of chloramphenicol (CAP) has been isolated from incubation mixtures 
containing CAP and liver microsomes from phenobarbital-pretreated rats. This compound has been 
identified as the oxamic acid derivative of CAP by reverse isotope dilution. high pressure liquid chroma- 
tography. and isobutane chemical ionization mass spectroscopy. It has also been identified as a product 
of the chemical hydrolysis of radiolabeled microsomal protein. These results support the proposal 

that CAP is metabolically activated by liver miaosomes lo an oxamyl chloride reactive intermediate 
which either hydrolyzes lo the oxamic acid or acylates protein. 

Previous studies with the antibiotic chloramphenicol 
(CAP) revealed that this compound is bound irrevers 
ibly to tissue proteins when it is either incubated with 
liver microsomes of rat or is given to rats [l, 23. A 
recent study on the mechanism of the binding of CAP 
to liver microsomes in vitro using specifically labeled 
14C and -‘H derivatives of CAP [3,4] established 
that intact CAP is activated by a cytochrome P 450 
monooxygenase. which is induced by phenobarbital. 
Moreover, the C-H bond of the dichloromethyl car- 
bon of CAP appeared to be the position of activation. 
These findings suggested to us that CAP is hydroxy- 
lated to yield a hydroxydichloroacetamido inter- 
mediate which spontaneously eliminates hydrochloric 
acid to produce an oxamyl chloride (Fig. 1). This 
reactive compound would be expected to acylate 
microsomal protein [l-4]. 

If the oxamyl chloride, compound 3, were an elec- 
trophilic intermediate in the bioactivation of CAP, 
it seemed reasonable that this compound would react 
not only with tissue macromolecules such as protein, 
to form compound 5. but also with water to yield 
the hydrolyzed product, CAP oxamic acid, compound 
4. In order to test this possibility, we have studied 
the ‘biotransformation of radiolabeled CAP by liver 
microsomes of rat. In addition, we have investigated 
the composition of radiolabeled products that were 
isolated from the chemical hydrolyzate of radio- 
labeled microsomal protein. 

MATERIALS AF~D M~~-HODS 
Materials 

Chemicals. [‘4C]chloramphenicol [( 1 R,2R)-( +)- 
I-p-nitrophenyl-2-[l,2-‘4C]dich1oroacetamido-l,3- 
pro-panediol], 4.87 mCi/m-mole, was purchased from 
New England Nuclear, Boston, MA. [1-3H]ch10r- 
amphenicol [(lR,2R)-l-p-nitrophenyl-2dichloroaceta- 
mido- 1.3-C 1 -3H]propanedio1], 23.4 mCi/m-mole, was 
synthesized previously [4]. These compounds were 
found to be radiochemically pure (99 per cent) by 

thin-layer chromatography (t.1.c.) with solvent sys- 

tems l-3 (refer to Thin-Layer chromatography in 
Methods). NADP, NADH. glucose 6-phosphate. nico- 
tinamide. chloramphenicol and chloramphenicol base 
[(lR,ZR)-( - )-p-nitrophenyl-2-amino-1,3-propanediol] 
were purchased from Sigma Biochemicals, Saint 
Louis, MO. Glucose 6-phosphate dehydrogenase was 
purchased from CalBiochem, La Jolla, CA. Methyl 
oxalyl chloride and Diazald were purchased from 
Aldrich, Milwaukee, WI. Scintillation fluid. which 
consists of a mixture of 0.4% BBOT [2,5-bis (S-tert- 
butyl-benzoxyzoyl) thiopcne, 0.8% naphthalene. and 
40% methylcellulose in toluene], was purchased from 
Yorktown Research, Ensack. NJ. 

Annlytical equipment. Melting points were deter- 
mined on a Fisher-Johns melting point apparatus 
and are uncorrected. High pressure liquid chroma- 
tography (h.p.1.c.) was performed with a Spectra-Phy- 
sics model 3500 instrument. Radioactivity was 
measured by scintillation counting with a Tri-Carb 
model 3375 spectrophotometer. using I5 ml of scintil- 
lation mixture. ‘H n.m.r. spectra tetramethylsilane in- 
ternal standard) were obtained with a Varian A-60 
nuclear magnetic spectrophotometer and U.V. spectra 
with a Cary 15 spectrophotometer. Chemical ioniz- 
ation mass spectrometry (c.i.m.s.) was performed by 
direct insertion probe on a VG Micro Mass l6F at 
an accelerating voltage of 4 kV, an electron energy 
of 1OOeV. an ionizing current of 2OOpA. and an ion 
source pressure of approximately 0.3 Torr (isobutane 
reactant gas). Chemical analysis was performed at the 
microanalytical laboratory of the National Institute 
of Arthritis, Metabolic and Digestive Diseases, Beth- 
esda, MD. 

Methods 

Thin-layer chromatography. Thin-layer chroma- 
tography was performed using Eastman 6060 or Anal- 
tee GF Silica gel plates The chromatograms were 
usually developed I5 cm with one of the following 
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The structure of CAP oxamic acid was further con- 
firmed by chemical degradation and synthesis. 

Hydrolysis of CAP oxamic acid. CAP oxamic acid 
(100 mg) was refluxed in 1 N hydrochloric acid for 
1 hr. The reaction mixture was extracted with ethyl 
acetate, then basified with 1 N sodium hydroxide and 
re-extracted with ethyl acetate. The ethyl acetate 
extract of the alkaline solution was dried (MgSOJ 
and evaporated under vacuum to give a pale yellow 
solid which was recrystallized from water to yield 
CAP base: pale yellow plate crystals, lOmg, m.p. 
160-62” (lit. [S] 16@62”). 

Methylation of CAP oxamic acid with diazomethane. 
CAP oxamic acid (5OOmg) was methylated with dia- 
zomethane which was generated from Diazald follow- 
ing the directions given on the reagent bottle. The 
resulting ethyl ether solution was evaporated to dry- 
ness to give a pale yellow solid which was recrystal- 
lized from ethylene dichloride to yield white crystals, 
222 mg (42 per cent), m.p. 14245” (nearly t.1.c. pure). 
The n.m.r. and isobutane c.i.m.s. analyses of the 
product were consistent with CAP methyl oxamate. 

Preparation of microsomes. Male Sprague-Dawley 
rats (16&2OOg) obtained from Hormone Assay 
Laboratories (Chicago, IL) were used in the experi- 
ments. Animals were allowed free access to water and 
food (Purina Lab Rat Chow). Rats were pretreated 
with phenobarbital (80 mg/kg, in saline, i.p.) 72, 48 
and 24 hr before the experiment. The rats were killed 
by decapitation and their livers were removed im- 
mediately and washed in 0.9% saline. The livers of 
three rats were combined, homogenized in 3 vol. of 
0.25 M sucrose and the microsomes were isolated by 
the calcium aggregation method [6,7]. The micro- 
somal pellet was resuspended in 1.15% KC1-0.02 M 
Tris-HCl, pH 7.4 (Tris-KCl) to a concentration of 
microsomal protein of 2 mg/0.8 ml. Protein concen- 
tration was determined by the method of Lowry et 
al. [S]. 

Incubation of CAP in vitro. The incubations were 
conducted using the same basic procedure that was 
previously described [ 1,2,4]. Each incubation vial 
contained 2 mg of microsomal protein, 0.1 mM 
NADH, 2.0 mM nicotinamide, 0.2 mM NADP, 
2.0 mM glucose 6-phosphate, and 1 unit of glucose 
6-phosphate dehydrogenase in a total volume of 1 ml 
of Tri-KC1 buffer (pH 7.4). The mixture was preincu- 
bated at 37” for 1 min and the reaction was started 
by the addition of a mixture of [14C]CAP (5.2 dis./ 
min/pmole) and [1-3H]CAP (25.9 dis./min/pmole) in 
10 d dimethylformamide to give a final concentration 
of CAP of 0.1 mM. The incubation was performed 
at 37” in air for 20 min and the reaction was stopped 
by the addition of absolute ethanol (3 ml). 

Biotransformation of CAP in vitro. To obtain a suf- 
ficient amount of metabolite for characterization, 100 
incubations were conducted with microsomes from 
phenobarbital-pretreated rats as described in the pre- 
vious section. After addition of ethanol the reaction 
mixtures were centrifuged and the ethanol supema- 
tants were combined and evaporated under vacuum. 
The residue was dissolved in water (15 ml, approxi- 
mately pH 6) and extracted with ethyl acetate (30 ml, 
five times). The extracted aqueous phase was acidified 
with concentrated hydrochloric acid (2ml) and 
extracted with ethyl acetate (3Oml, five times). The 

combined ethyl acetate extract was filtered through 
magnesium sulfate, evaporated under vacuum to give 
an oily residue, which was dissolved in methanol 
(100 4) and chromatographed on an Analtec Silica 
gel GF, 1 mm, t.1.c. plate. The plate was developed 
with solvent system 1, air dried and re-developed in 
the same dimension with system 4. A fraction corre- 
sponding to authentic CAP oxamic acid (dark blue 
band under u.v.) was scraped from the t.1.c. plate and 
eluted with water (3 ml). The aqueous extract was 
acidified with 6 N hydrochloric acid (1 ml), and ex- 
tracted with ethyl acetate (10 ml, four times). The 
ethyl acetate extract was then evaporated under 
vacuum to give a small amount of pale yellow oil, 
which was further characterized by the following 
three criteria: (1) reverse isotope dilution with authen- 
tic CAP oxamic acid, using ethanol: ethylene dichlor- 
ide as the recrystallization solvent, (2) high pressure 
liquid chromatography, and (3) isobutane c.i.m.s. after 
derivatization with diazomethane. 

Chemical hydrolysis qf radiolabeled microsomal pro- 
tein. The radiolabeled microsomal protein from the 
above 100 incubation mixtures containing [‘4C]- and 
[1-3H]CAP was collected as a pellet after the reac- 
tions were stopped with ethanol (3 ml) and the reac- 
tion mixtures centrifuged. The protein pellets were 
washed with methanol-ether (3: 1, 5 ml) ten times, as 
described in the previous investigations on covalent 
binding [1,4]. After aspiration of the final wash, 
which contained virtually no radioactivity, the protein 
was dissolved in 1 ml of 1 N sodium hydroxide. The 
covalently bound radioactivity was determined by 
counting an aliquot (0.5 ml) of the alkaline solu- 
tion [ 1,4]. Protein was determined by the method of 
Lowry et al. [S]. 

Acid hydrolysis: a sample (10 mg) of washed micro- 
somal protein was hydrolyzed with 6N hydrochloric 
acid (5 ml) at 110 + 2”, under an atmosphere of 
nitrogen, for 25.5 hr. The reaction mixture was 
extracted with ethyl acetate (5 ml, five times), basified 
with 10N sodium hydroxide (5 ml) and extracted with 
ethyl acetate (12 ml, four times). The radiochemical 
composition of the ethyl acetate extracts was investi- 
gated by scintillation counting, reverse isotope dilu- 
tion and comparative t.1.c. with synthetic standards. 

Base hydrolysis: another sample (IO mg) of washed 
microsomal protein was hydrolyzed in 1 N sodium 
hydroxide at room temperature under an atmosphere 
of nitrogen for 17 hr. The reaction mixture was acidi- 
fied with concentrated hydrochloric acid, and 
extracted with ethyl acetate (5 ml, five times). The 
radiochemical composition of the extract was investi- 
gated by scintillation counting and comparative t.1.c. 
with synthetic standards. 

RESULTS 

Identification of CAP oxamic acid as a metabolite of 
CAP in vitro by reverse isotope dilution, h.p.l.c., and 
isobutane c.i.m.s. 

A radioactive fraction, with the solubility properties 
of a carboxylic acid, was isolated by extraction and 
preparative t.1.c. from the incubation mixture of 
[ 14C]- and [ 1-3H]CAP with microsomes from pheno- 
barbital-pretreated rats. Recrystallization of this frac- 
tion to constant specific activity with authentic CAP 
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Fig. 2. High pressure liquid chromatography of a metabo- 
lite of chloramphenicol (CAP) isolated by extraction and 
preparative t.1.c. from the incubation mixture of [‘4C]- and 
[I-3H]CAP with liver microsomes from phenobarbital- 
pretreated rats. The isolated metabolic fraction was dis- 
solved in water and chromatographed on an ODS Spheri- 
sorb, 3 mm x 2.50 mm. 5-pm column with an eluant of 
0.02 M phosphate buffer. pH 4.0. and a flow rate of 
I ml/min. The instrument was equipped with a dual wave 
length U.V. detector, 280 and 254 nm: l-ml samples were 
collected for 30 min. and aliquots were taken for scintilla- 
tion counting. Authentic CAP oxamic acid had the same 

retention volume and U.V. properties as the metabolite. 

oxamic acid (Fig. I. compound 4) revealed that the 
sample contained [‘“Cl and C3H] labels in a ratio 
of I : 1 ; calculations based on the specific activity indi- 
cated that nearly 100 per cent of the radioactivity 
in the fraction was associated with CAP oxamic acid. 
High pressure liquid chromatography of the fraction 
indicated that the radioactivity in the sample was as- 
sociated with a component that had a relative U.V. 
absorption at 28&254 nm of 2.5 1 (Fig. 2). The reten- 
tion volume and U.V. properties of this component 
were identical to authentic CAP oxamic acid. The 
eluted radioactive fraction (Fig. 2) was isolated from 
the aqueous solution, methylated with diazomethane 
and analyzed by isobutane c.i.m.s. (Fig. 3). The c.i.m.s. 
of the metabolite derivative (Fig. 3b) was nearly iden- 
tical to the methyl ester of CAP oxamic acid (Fig. 
3a). with an ion at m/e 299. corresponding to the 
molecular ion (MH+), and fragment ions at m/e 281 
(MH+ - 18, H20), 251, 223. 221. I80 and 122. 

When a mixture of [‘4C’J- and [l-3H]CAP was in- 
cubated with microsomes from untreated rats, no 
radioactive fraction corresponding to CAP oxamic 
acid could be detected in the reaction mixtures by 
t.1.c.; nor was there any covalent binding of the radio- 
activity to protein. 

Identification I.$ o.yalic acid. CAP base arld CAP 
oxamic acid as products of the chemical hydrolysis of 

radiolaheled microsomal protein 

Microsomal protein was isolated from the incuba- 
tion mixture of [‘“Cl- and [l-3H]CAP with micro- 
somes from phenobarbital-pretreated rats and was 
found to contain both [i4Cj and C3H] labels irrevers- 
ibly bound in a ratio of 1: 1. After the protein was 
treated with 6 N hydrochloric acid for 25.5 hr at 110”. 
nearly all of the bound radiolabel was extracted from 
acidic and alkaline solutions with ethyl acetate. The 
extract of the acidic solution contained only [i4C] 
label. At least 65 per cent of this fraction was identi- 
fied as [‘4C]-oxalic acid by reverse isotope dilution 
with authentic oxalic acid. In contrast. the extract of 
alkaline solution contained only [3H] label. Approxi- 
mately 70 per cent of the fraction was identified as 
[I-3H]CAP base by comparative t.1.c. with authentic 
CAP base, using solvent system 2, R, = 0.19 and sol- 
vent system 3. R, = 0.58. 

Another sample of microsomal protein was treated 
with I N sodium hydroxide for I7 hr at room tem- 
perature. The ethyl acetate extract of the acidified 
reaction mixture contained approximately 50 per cent 
of the [jH] and 70 per cent of the [‘“Cl label which 
was bound originally to protein. Nearly 80 per cent 
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Fig. 3. lsobutane chemical ionization mass spectra 
(c.i.m.s.): (a) authentic methyl ester of CAP oxamic acid, 
(b) metabolite of CAP in oitro purified by h.p.1.c. and deri- 
vatized with diazomethane. Ions with an m/e of 5 120 and 
a relative intensity of 5 IO per cent of the base peak are 
reported. The c.i.m.s. of the authentic ester was performed 
at a source temperature of 210” and a probe temperature 
of 120”; the metabolite was analyzed at 230 and 60” re- 
spectively. The metabolite was quantitatively extracted 
with ethyl acetate from the phosphate buffer eluant of 
h.p.1.c. after the solution was acidified with 3 N hydro- 
chloric acid. The ethyl acetate extract was then evaporated 
under vacuum and the residue was derivatized with 

diazomethane. 
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.19 ii 
HO-C-C-OH 

Fig. 4. Products isolated from the chemical hydrolysis of [‘*Cl- and [‘HI-labeled microsomal protein. 
Compound 5 is the proposed covalently bound product of the metabolism of CAP by liver microsomes 
from phenobarbital-pretreated rats. The X represents an 0, S or N atom of an amino acid in the 
protein. The asterisks represent the positions of [‘*Cl and [‘H] labels. The procedures used for the 

hydrolysis and identification of products are represented in Methods. 

of the extract was identified as [“CJ- and 
C3H]-labeled CAP oxamic acid by comparative t.1.c. 
with authentic compound on Analtec silica gel 
250qm plates, using solvent system 3, R, = 0.51, and 
solvent system 4, R, = 0.64. 

DISCUSSION 

In this investigation, a new metabolite of CAP was 
isolated from the incubation mixture of [‘*Cl- and 
[ l-3H]CAP with microsomes from phenobarbital- 
pretreated rats. This compound was identified as CAP 
oxamic acid by reverse isotope dilution and h.p.1.c. 
(see Fig. 2) with authentic CAP oxamic acid. This 
assignment was confirmed by the isobutane c.i.m.s. 
of the methylated derivative of the metabolite (see 
Fig. 3). Derivatization of the metabolite with diazo- 
methane was performed prior to c.i.m.s., since it was 
found that the spectrum of authentic CAP oxamic 
acid did not contain a characteristic protonated mol- 
ecular ion, MH + ; instead, this compound underwent 
thermolysis upon analysis to yield ions of lower m/e. 
Moreover, authentic CAP oxamic acid was not appre- 
ciably volatile and therefore was relatively insensitive 
to detection. The more volatile and stable methyl 
ester of CAP oxamic acid, however, was readily 
detected and yielded a characteristic protonated mol- 
ecular ion at m/e 299 (see Fig. 3a). The presence of 
this ion in the c.i.m.s. of the derivatized metabolite 
(see Fig. 3b) was consistent with the metabolite being 
CAP oxamic acid. The differences observed in the 
relative abundance of ions in the c.i.m.s. of authentic 
CAP methyl oxamate (see Fig. 3a) and the methylated 
metabolite (Fig. 3b) were probably due to the differ- 
ences in source and probe temperature which were 
used for analyses (see Fig. 3); small changes in these 
temperatures were found to effect the c.i.m.s. of auth- 
entic CAP methyl oxamate. 

The isolation and identification of CAP oxamic 
acid, as a metabolite of CAP, support the proposed 
pathway for the bioactivation of CAP in vitro by liver 
microsomes from phenobarbital-pretreated rats [l-4] 
(see Fig. 1). In this mechanism, the reactive oxamyl 
chloride, compound 3, either acylates protein to form 
compound 5, or is hydrolyzed by water to CAP oxa- 
mic acid, compound 4. Therefore, a correlation 
should exist between the level of covalent binding and 
the amount of CAP oxamic acid formed Indeed, 
when CAP was incubated with microsomes from con- 

* L. R. Pohl and G. Krishna, unpublished report. 

trol rats, no binding was observed and CAP oxamic 
acid was not detected by t.1.c. analysis of the reaction 
mixture. 

The formation of the oxamyl chloride is also sug- 
gested by the products isolated from chemical hydro- 
lyzates of radiolabeled microsomal protein. The ox- 
amyl chloride would be expected to bind covalently 
to microsomal protein by forming ester, thioester or 
amide bonds to amino acids in protein (Fig. 4). When 
the radiolabeled protein is hydrolyzed exhaustively in 
hydrochloric acid, [l-3H]CAP base, compound 6, 
and [‘4C]-oxalic acid. compound 7, would be 
expected to be formed. In fact, these products not 
only were isolated and identified by t.1.c. and isotope 
dilution analysis after this chemical treatment was 
performed but actually accounted for the majority of 
the radiolabel which was bound initially to the micro- 
somal protein. 

The hydrolysis of the radiolabeled protein under 
mild alkaline conditions would be expected to hydro- 
lyze selectively ester and thioester bonds. If this 
occurred, CAP oxamic acid which was covalently 
linked to protein through an ester or a thioester bond 
would be released (see Fig. 4). When this experiment 
was conducted, the amount of [i4C]- and 
[jH]-labeled CAP oxamic acid released accounted for 
approximately 50 per cent of the radioactivity that 
was extracted from the protein. Enzymatic hydrolysis 
of the radiolabeled microsomal protein with Pronase, 
and separation of the solubilized radiolabeled 
products on a Sephadex G-10 column, revealed that 
free CAP oxamic acid was not present in the hydroly- 
zate.* This observation confirms the idea that CAP 
oxamic acid is covalently bonded to microsomal pro- 
tein through an ester, thioester or amide bond (see 
Figs. 1 and 4) and not merely entrapped by micro- 
somal protein. 

The results presented in this study are consistent 
with the findings of previous investigations [l-1] and, 
therefore, support the proposal that CAP is metaboli- 
cally activated by liver microsomes of phenobarbital- 
pretreated rats by an oxidative dechlorination mech- 
anism (see Fig. 1). The relevance of this pathway of 
biotransformation to the pharmacologic and toxicolo- 
gic properties of CAP is currently being investigated. 
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