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2. Hypophysectomized rats showed a decreased

recovery of labelled leucine in cytoplasmic protein,
each of the fractions sharing in this decrease. The
recovery tended to be even lower after growth-
hormone treatment in the case of the cytoplasm as
a whole and of the microsomal fraction.

3. Adrenalectomized rats showed a decreased
recovery of leucine in the protein of the cytoplasm
as a whole and of the microsomal fraction, but the
decrease was smaller than that observed after
hypophysectomy.

4. Hypophysectomized rats showed a decreased
recovery of labelled orotic acid in the RNA of the
mitochondrial fraction, the fluffy layer, and the
microsomal fraction. These effects of hypophy-
sectomy were not significantly influenced by
growth hormone.

5. Adrenalectomized rats showed a decreased
recovery of orotic acid in the RNA of the micro-
somal fraction, but an increased recovery in that of
the cytoplasm as a whole, of the supematant
fraction, and of the ultracentrifugal fraction.
The experiments were performed in the Isotope Unit ofthe

Institute at Chalfont St Giles, Bucks, by courtesy of
Professor J. A. V. Butler. Valuable help in various aspects of
the investigation was given byMr R. T. Charles, Dr P. Cohn,
Dr A. R. Crathorn, Mr C. Smith and Mrs J. Q. Tapley. The
growth hormone was provided by Dr S. L. Steelman of
Armour and Co., Chicago. The investigation was supported
bygrants to the Chester BeattyResearch Institute (Institute
of Cancer Research: Royal Cancer Hospital) from the
British Empire Cancer Campaign, the Jane Coffin Childs
Memorial Fund for Medical Research, the Anna Fuller Fund,
and the National Cancer Institute ofthe National Institutes
of Health, U.S. Public Health Service.
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The Metabolism of the Monochloronitrobenzenes in the Rabbit
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The results of a detailed study of the metabolism of
tetra- and penta-chloronitrobenzenes in the rabbit
(Bray, Hybs, James & Thorpe, 1953; Betts, James
& Thorpe, 1955) were of sufficient interest to justify
an investigation of the metabolic fate of the com-
plete series of chloromononitrobenzenes. One
feature of the metabolism of these polychloronitro-
benzenes which particularly attracted our attention

was that the mercapturic acids appeared to be
formed by replacement of the nitro group by an
acetylcysteyl group (acetylcysteyldenitration) and
not by the usual process which is, in effect, an
acetylcysteyldeprotonation and which occurs, for
example, with naphthalene (Bourne & Young,
1934; Ing, Bourne & Young, 1934; Stekol, 1935),
anthracene (Boyland & Levi, 1936) and the mono-
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halogenobenzenes (Jaffe, 1879; Baumann & Preusse,
1879; Baumann & Schmitz, 1895; Young &
Zbarsky, 1944). Another feature was the failure to
detect any excretion of chloroacetanilides, although
comparatively large amounts of polychloroanilines
were excreted. A preliminary examination of di-
and tri-chloronitrobenzenes (Bray, James & Thorpe,
1955a, b) has revealed a similar excretion of the
corresponding unconjugated chloroanilines and, in
most cases, the formation of mercapturic acids.
These mercapturic acids were, however, formed, in
effect, by acetylcysteyldechlorination, and not by
replacement of the nitro group.
The present paper describes the effect of ad-

ministration of o-, m- and p-chloronitrobenzene on
the excretion by the rabbit of glucuronic acid,
ethereal sulphate, mercapturic acid and diazotizable
amines. Several phenolic metabolites have been
identified by paper chromatography. The mono-
chloronitrobenzenes are too toxic to permit the
administration of large doses.

MATERIALS

Melting points of all compounds are uncorrected and agree
with those given in the literature unless stated otherwise.
The chloronitrobenzenes and chloroanilines were purchased.
Chloroacetanilides (m.p. o 870, m 720, p 1780) were pre-
pared by acetylation of the corresponding anilines with
acetic anhydride. The methods of preparation and melting
points of the chloronitrophenols and aminochlorophenols
which are possible metabolites of the chloronitrobenzenes
are given in Table 1. All aminochlorophenols were prepared
by reduction of the corresponding nitro compounds with
alkaline Na2S204. Only the following require comment.

3-Amino-2-chlorophenol. Schlieper (1893) gave m.p.
85-87° for an impure specimen. Our material had m.p.
110-111°. (Found: N, 9-8. Calc. for C,H6ONCl: N, 9.8%.)

3-Chloro-5-nitrophenol. The method of Hodgson &
Wignall (1926) was modified by using H2S in ethanolic
ammonia instead of sodium trisulphide for the reduction
of 3:5-dinitroanisole. The experimental details given by
Hodgson & Wignall for the demethylation of 3-chloro-5-
nitroanisole are not clear. When the sulphuric acid solution
is poured on to ice the desired product is left in solution and
not in the precipitate, which is the unchanged anisole.

2-Amino-6-chlorophenol, m.p. 740, is unstable. It gave a
red-brown colour with FeCl3. The diacetyl derivative,
2-acetamido-1-acetoxy-6-chlorobenzene, m.p. 1280, formed
long colourless needles from water. (Found: C, 53-2; H, 4-4;
N, 6-2. C1OH1003NCI requires C, 52-8; H, 4-4; N, 6.2%.)

3-Amino-5-chlorophenol, colourless needles, m.p. 1290,
which rapidly turned black in air, gave a brown colour with
FeCl3. 3-Acetamido-5-chlorophenol, m.p. 161°, formed
colourless prisms from aqueous ethanol. (Found: N, 7-8.
C8H802NCl requires N, 7.6%.)

5-Amino-2-chlorophenol, m.p. 1580, colourless needles
from aqueous ethanol, gave a brown colour with FeCl3.
(Found: C, 50-2; H, 4-0; N, 9-6; Cl, 24-3. Calc. for C6H6ONCl:
C, 50-2; H, 4-2; N, 9-8; Cl, 24.7%.) (This compound is
mentioned by Borowski (1951) but no properties or method
of preparation are given.)

Mercapturic acids were prepared according to the method
of Parke & Williams (1951). p-Nitroaniline was diazotized
by adding 5 g. to a solution ofNaNO2 (2-5 g.) in conc. H2SO4
(20 ml.) at room temp. The mixture was diluted with an
equal volume of water, with cooling, before addition to the
cuprous mercaptide solution. N-Acetyl-S-(2-nitrophenyl)-L-
cysteine had m.p. 156-1580, [a] 18+ 91+40 in ethanol (c,
0 55); Am,.. 245, 375 mu.; c.X. 13 450, 2890 in 0-1N-KOH.
(Found: C, 46-3; H, 4-5; N, 9-9; S, 11-6%; equiv. 293.
C,1H,205N2S requires C, 46-5; H, 4-3; N, 9-9; S, 11-3%;
equiv. 284.) N-Acetyl-S-(4-nitrophenyl)-L-cysteine had m.p.
156-158°, [oc]2ff +3+60 in ethanol (c, 0-33); Am... 347 m,u.;

10 230 in 0-1 N-KOH. (Found: C, 46-3; H, 4-1; N, 9-9;
S, 11.2 %; equiv. 287. C11H,20.N2S requires C, 46-5; H, 4-3;
N, 9-9; S, 11-3%; equiv. 284.)

METHODS

Animals, diet and dosage. Doe rabbits (2-3 kg. body wt.)
were maintained on a constant diet of rabbit pellets and
water (Bray, Ryman & Thorpe, 1947). Dose levels were
0-1 g./kg. for o-chloronitrobenzene and o-, m- and p-chloro-
anilines and 0-2 g./kg. form- andp-chloronitrobenzenes. No
toxic effects were observed at these levels, but larger doses
caused severe anorexia and were sometimes fatal. For most
purposes urines were collected each 24 hr. until metabolites
were no longer excreted (usually 48 hr.). To minimize con-
fusion with base-line values some urines, particularly for
mercapturic acid determinations, were collected as separate
consecutive samples from rabbits given water at intervals
(see Bray, Thorpe & White, 1951).
Ether glucosiduronic acid was determined by a naph-

thoresorcinol method and ethereal sulphate by a turbidi-
metric method (see Bray & Thorpe, 1954). Mercapturic acid
was determined by a modification (Betts et al. 1955) of the
method of Stekol (1936); the concentration of NaOH used
for the hydrolysis was 2N. Recovery of added N-acetyl-S-
(2-nitrophenyl)-L-cysteine from water was 81+t3% and of
N-acetyl-S-(4-nitrophenyl)-L-cysteine 91 + 3 %: correspond-
ing recoveries from urine were 44+ 3 and 63+ 3% re-
spectively. N-Acetyl-S-(4-nitrophenyl)-L-cysteine was also
determined in urine colorimetrically. Urine (5 ml.)
diluted with 20 ml. of water was treated with 10% (w/v)
ZnSO4,7H20 (5 ml.) and 0- N-NaOH (5 ml.), mixed and
filtered. A 10 ml. sample of the filtrate was heated with
llN-NaOH (1 ml.) for 20 min. in a boiling-water bath, with
a 'cold finger' to reduce evaporation. The absorption of the
cooled yellow solution was measured in a Spekker photo-
electric absorptiometer with an Ilford filter, spectrum violet
601 (max. transmission 430 my.). The calibration curve for
pure N-acetyl-S-(4-nitrophenyl)-L-cysteine was linear, and
a drum reading of0-1 corresponded to 5 yg./ml. [This method
is not applicable to N-acetyl-S-(2-nitrophenyl)-L-cysteine,
which gives only a feeble yellow colour after heating with
NaOH.] Urines from animals dosed with p-chloronitro-
benzene contained small amounts (equivalent to less than
1% of the dose on any day) of chloronitrophenols, which
give a yellow colour with NaOH in the cold. Correction for
this was made by measuring the absorption immediately
after addition ofNaOH and subtracting this value from that
obtained after heating. The average recovery of the mer-
capturic acid added to urine was 85+ 5 %.
The method of Bratton & Marshall (1939) was used for

determination of amino compounds. In the absence of
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METABOLISM OF MONOCHLORONITROBENZENES
certain identification of acetylated amines, the increase
obtained after hydrolysis is referred to in Table 2 as con-
jugated chloroaniline. Nitro compounds were reduced
(Bray, Thorpe & Wood, 1949) and determined as amino
compounds.

Faeces passed during two consecutive 24 hr. periods after
the administration of the compounds were ground, sus-
pended in water and steam-distilled; nitro and amino
compounds were determined in the distillates.

Paperchromatography. The procedurewas as described by
Bray, Thorpe & White (1950). The solvents and detecting
reagents used and the Rp values of reference compounds are
given in Table 1. For mercapturic acids, in addition to
comparison of the colours and Rp values of the spots with
those ofsynthetic specimens, the appropriate zones were cut
out and eluted with water. The presence of sulphur in the
dried eluates was confirmed by fusion with sodium.

Qualitative examination of urines. The general procedure
for the urines collected from rabbits dosed with chloronitro-
benzenes was to prepare ether extracts A, B, C and D.
Extract A. Urine as collected (pH 7-8) was continuously
extracted with ether for 24 hr. The extract contained
chloroanilines and unconjugated aminochlorophenols and
traces of chloronitrophenols.
Extract B. The residual urine from the preparation of
extract A was adjusted to pH 1 and re-extracted with ether.
This extract contained unconjugated chloronitrophenols
and mercapturic acids.
Extract C. The urine remaining after the preparation of
extract B was hydrolysed by refluxing for 1 hr. with an
equal volume of lON-H2S04 and then continuously ex-
tracted with ether. This extract contained chloronitro-
phenols present in the original urine as conjugates.
Extract D. The residual urine from the preparation of
extract C was adjusted to pH 7 and extracted with ether.
This extract contained aminochlorophenols originally
present as conjugates.
Extract E. Urines from rabbits dosed with chloroanilines
were hydrolysed by refluxing with an equal volume of
lON-H2SO4 for 1 hr., adjusted to pH 7 and continuously
extracted with ether. The extract contained chloroanilines
and aminochlorophenols originally present, free or con-

jugated. This procedure was also used for isolation of 2-
amino-5-chlorophenol as a metabolite of p-chloronitro-
benzene.

I8olation of metabolites
Chloroanilines. The urine was adjusted to pH 10 and

steam-distilled. The distillates were continuously extracted
with ether. The residue left after removal ofsolvent from the
extract was treated with acetic anhydride. The melting
points of the chloroacetanilides isolated were unchanged by
admixture with authentic samples.

2-Amino-5-chlorophenol. An extract E was prepared from
the urine of rabbits dosed with p-chloronitrobenzene and
applied to a cellulose powder (Whatman standard grade)
column (45 cm. long, 3 cm. diameter). Metabolites were
eluted by the organic phase of a mixture of chloroform-
acetic acid-water (3: 1: 1, by vol.) and the fractions collected
were examined by paper chromatography. p-Chloroaniline
moved with the solvent front and was separated. 2-Amino-
5-chlorophenol was then eluted and purified by recrystal-
lization from aqueous ethanol (50%, v/v). It had m.p. 1500,
and, mixed with an authentic specimen (m.p. 1520), 1510.
The yield was 20 mg. from an extract corresponding to a
dose of 500 mg. of p-chloronitrobenzene.

RESULTS

The average daily excretions of normal metabolites
by the rabbits used were of the same order as those
found previously (e.g. Bray et al. 1953). The results
obtained from the quantitative analysis of urines
are summarized in Table 2. For each compound
nearly the whole of the dose accounted for was
excreted in urine as the chloroaniline or derivatives
of phenolic metabolites. The values given for the
total percentage of the dose accounted for do not
include small amounts of phenolic metabolites
(probably equivalent to less than 5% of the dose)
which are excreted unconjugated (Table 3, extracts
A and B). The values for mercapturic acid from
m-chloronitrobenzene are of doubtful significance
since the increases observed after administration of

Table 2. Excretion of metabolites of o-, m- and p-chloronitrobenzenes by the rabbit

Results are expressed as percentages of the dose, given as means with ranges in parentheses; superior figures indicate
the number of experiments. Consecutive urine samples were analysed until excretion of metabolites ceased. The unab-
sorbed material found in faeces was completely reduced to the chloroaniline except in the case of the para-isomer, when it
consisted of approximately 1 part of p-chloronitrobenzene and 2 parts of p-chloroaniline. The values for chloroanilines
were obtained from steam-distillates of the pooled urines of six rabbits.

Chloronitrobenzene administered
Unabsorbed
Ether glucuronide
Ethereal sulphate
Mercapturic acid

Chloroaniline, free
Chloroaniline, conjugated
Total accounted for

Ortho
0-3 (0-1, 0.5)2
42 (26-56)3
24 (18-31)3
7 (0-18)3

9
0

82

Meta
0-6 (0-5, 0-7)2
33 (17-58)9
18 (4-30)6
1 (0-1)5

11
0
64

Para
2.8 (2-4, 3-2)2
19 (9-27)4
21 (15-37)4
7 (2- 1)8*
3 (0-19)9t
9
4
63

* Colorimetric method. This method was more sensitive than the Stekol method and indicated that small amounts
(1% of dose) were excreted on the fourth day after dosage.

t Values by modified Stekol method.
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the dose were, in general, within the range of values
obtained from normal urines. Furthermore, the
presence of a mercapturic acid was not detected on
paper chromatograms. The values for o- and p-
chloronitrobenzene by the Stekol method have been
corrected according to the recoveries obtained when
the synthetic mercapturic acids were added to urine
(see Methods). That these do largely represent
mercapturic acids arising from the doses given is
supported by the detection of the respective mer-
capturic acids on paper chromatograms (see below).
In the case of the para-isomer, the colorimetric
method provides additional support. The values by
this method are probably more reliable than those
from the Stekol method since the colour obtained
with normal urine is negligible. Unchanged chloro-
nitrobenzenes were apparently absent from the
urines, since the amounts of chloroanilines found
were not increased after reduction with zinc and
hydrochloric acid.
The metabolites identified by paper chromato-

graphy are listed in Table 3. The presence of 3-
chloro-4-nitrophenol in B extracts of urines from
rabbits dosed with o-chloronitrobenzene was con-
firmed by identification of 4-amino-3-chlorophenol
in a similar extract which had been treated with
alkaline sodium dithionite. There was no evidence
for loss of chlorine from any of the chloronitro-
benzenes since the corresponding aminophenols
were not detected in extracts A and D or, after
reduction, in extracts B and C. No metabolites

giving a green (catechol) colour with ferric chloride
were detected. No spots correspondingto acetamido-
phenols were detected on the paper chromato-
grams.

Attempted isolation of mercapturic acid8. Purified
ether extracts B were chromatographed on hydro-
cellulose columns eluted with solvent E. Although
fractions containing mercapturic acids (identified
by paper chromatography) were obtained from
urines of rabbits dosed with o- and p-chloronitro-
benzene, no pure mercapturic acids were isolated.

DISCUSSION

The main metabolic processes undergone by the
chloronitrobenzenes in the rabbit are reduction and
hydroxylation. The phenols formed are excreted
mainly as conjugates with sulphuric and glucuronic
acids, and there is little or no acetylation of the
chloroanilines formed. The hydroxylation products
formed from chloronitrobenzenes and chloro-
anilines (Fig. 1) suggest that hydroxylation could
precede or follow reduction of the nitro compound
in most cases. Chloronitrophenols and amino-
chlorophenols were identified as metabolites of all
the chloronitrobenzenes. Not all these amino-
chlorophenols, however, were found as metabolites
of the corresponding chloroanilines, although all
the aminophenols formed as metabolites of the
chloroanilines were found to be metabolites of
the chloronitrobenzenes. It seems likely that the

Table 3. Metabolite8 of chloronitrobenzene8 and chloroaniline8 detected
by paper chromatography of urine extracts

Compounds in parentheses were present in traces. For preparation of extracts see Methods section. Compounds in
extracts C and D are probably excreted as conjugates.

Identified
in extract Ortho Meta Para

After dosage with chloronitrobenzenes
A o-Chloroaniline

3-Amino-4-chloropheno]
4-Amino-3-chloropheno]
(2-Chloro-3-nitrophenol'
(4-Chloro-3-nitrophenol'
(3-Amino-2-chlorophenc

B 3-Chloro-4-nitrophenol
(3-Chloro-2-nitrophenol)
N-Acetyl-S-(2-nitrophei
L-cysteine

C 3-Chloro-4-nitrophenol
(2-Chloro-3-nitrophenol,

D 3-Amino-4-chloropheno]
4-Amino-3-chloropheno]
(2-Amino-3-chlorophenc
(3-Amino-2-chlorophenc

E o-Chloroaniline
4-Amino-3-chlorophenol
(2-Amino-3-chlorophenc

m-Chloroaniline
2-Amino-4-chlorophenol
4-Amino-2-chlorophenol

2-Chloro-4-nitrophenol

2-Chloro-4-nitrophenol

2-Amino-4-chlorophenol
4-Amino-2-chlorophenol

After dosage with chloroanilines
m-Chloroaniline
2-Amino-4-chlorophenol

)1) 4-Amino-2-chlorophenol

p-Chloroaniline
2-Amino-5-chlorophenol

(2-Chloro-5-nitrophenol)

N-Acetyl-S-(4-nitrophenyl)-
L-cysteine

(2-Chloro-5-nitrophenol)

2-Amino-5-chlorophenol

p-Chloroaniline
2-Amino-5-chlorophenol

42 I956
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2-amino-4-chlorophenol from m-chloronitrobenzene
and the 2-amino-5-chlorophenol from p-chloro-
nitrobenzene are formed by hydroxylation of the
chloroanilines, since the corresponding chloronitro-
phenols were not detected. On the other hand, the
3-amino-2-chloro- and 3-amino-4-chloro-phenol
formed from o-chloronitrobenzene appear to have
been formed by reduction of the corresponding
chloronitrophenols, since the aminochlorophenols
were not detected after administration of o-chloro-
aniline. Reduction of monochloronitrobenzenes in
the rabbit seems to take place less readily than with
some polychloronitrobenzenes, after administration
of which no nitro compounds could be detected in
urine (Bray et al. 1953; Betts et al. 1955). Howmuch
reduction occurs in the gut before absorption is not
known.
With regard to the position of hydroxylation, the

metabolites of the chloroanilines are all hydroxy-
lated, as would be expected, either ortho or para
to the amino group, and it is not surprising that
3-amino-2-chloro- and 3-amino-4-chloro-phenol,
products of meta hydroxylation, were not found as
metabolites of o-chloroaniline. Four nitrophenols
were detected as metabolites of o-chloronitro-
benzene. Two of these appear to have been formed

contrary to the usual ortho- or para-direction of a
chloro group and meta-direction of a nitro group.
Robinson, Smith&Williams (1951),however, showed
that in the rabbit nitrobenzene can be oxidized to
o-,m- andp-nitrophenols. Itmaybe relevant that the
chloro group is anomalous in that, while being ortho-
para-directing, it is deactivating (see Hammett,
1937). It might therefore be expectedthatthe direct-
ing influence of a chloro and a nitro group together
in the same nucleus might be complex.

Mercapturic acid formation by acetylcysteyl-
dechlorination appears to provide a minor metabolic
pathway for o- and p-monochloronitrobenzenes.
This pathway does not seem to be available for m-
chloronitrobenzene. Mercapturic acid formation in
the chloromononitrobenzene series thus differs
qualitatively as well as quantitatively from that in
the chlorobenzene series. In the former, mer-
capturic acids are formed, in effect, either by
acetylcysteyldenitration (Bray et al. 1953; Betts
et al. 1955) or by acetylcysteyldechlorination (Bray
et al. 1955a, b; present paper), whereas mercapturic
acids from the chlorobenzene series are, in effect,
products of acetylcysteyldeprotonation (Jaffe,
1879; Azouz, Parke & Williams, 1955; Parke &
Williams, 1955; Jondorf, Parke & Williams, 1955).

NO2 NH2

HO HHO

NH,

NH, Jt OH

NO2 NH2

NO,2 9JC1 cIJC
OH OH

)]Ci NH, NH2
"'Ill

HO

NH,

NO, / O

nC

NH2

OH

Cl.

NO2 NH,2 NO2

OH
___s

OH OH
Cl

Fig. 1. Phenolic metabolites excreted (free or conjugated) in urine by the rabbit after dosage with o-, m- and p-
chloronitrobenzene and o-, m- and p-chloroaniline. Broken arrows point to metabolites excreted only in very small
amounts. (Although only a small amount of 4-chloro-3-nitrophenol was excreted, it is likely that a much greater
amount was formed and reduced to 3-amino-4-chlorophenol before it was excreted.)
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The extent of mercapturic acid formation in the
chlorobenzene series appears to be greatest with
monochlorobenzene, and only little, if any, is
formed by the polychlorobenzenes (Jondorf et al.
1955). In contrast, very little mercapturic acid is
formed by the monochloronitrobenzenes but con-
siderable amounts are formed by many polychloro-
nitrobenzenes.

SUMMARY

1. The metabolism of o-, m- and p-chloronitro-
benzene has been studied in the rabbit within the
limits imposed by the toxicity of these compounds.

2. The main products excreted in urine are
phenols conjugated with glucuronic and sulphuric
acids. Several amino- and nitro-chlorophenols have
been identified by paper chromatography. 2-
Amino-5-chlorophenol has been isolated from urine
of rabbits dosed with p-chloronitrobenzene.

3. From all three isomers about 10% of the dose
was excreted as free chloroaniline.

4. Small amounts of nitrophenylmercapturic
acid are formed from o- and p-chloronitrobenzene.
We wish to thank Mrs B. G. Taylor for assistance with the

quantitative analyses. Some preliminary experiments
were performed by Dr Z. Hybs. We are indebted to the
Microanalytical Laboratory of the Chemistry Department
of the University of Birmingham for elementary micro-
analyses.
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Some Chemical and Physiological Properties of 3-Indolylpyruvic Acid
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Stowe & Thimann (1953, 1954) claim to have
demonstrated the presence of 3-indolylpyruvic acid
(IPyA) in maize endosperm and consider (1953) that
it may be identical with the accelerator-ct of
Bennet-Clark & Kefford (1953) and with other
growth promoters described by Lexander (1953)

and Terpstra (1953). Our work on the preparation,
chemical and biological properties and chromato-
graphic behaviour on paper of IPyA indicates that
the presence of IPyA cannot be demonstrated by
the methods used by Stowe & Thimann, and that it
differs from accelerator-ax in its effect on root growth.


