
Effect of ~heffobarbj~ pretreatment on the toxieit~ and m~~bo~isrn of 2,4- 
diaminoaa~ol~ 

2,4”Diaminoanisole (2,4DAA), which has both carcino- 
genic and mutagenic activities, has been a component of 
commercial hair dyes 11, 21. The reactive ~ntermediate(s~ 
of this compound, generated via the cytochrome P-450- 
dependent pathways, may bind irreversibly to protein and 
RNA and may be responsible for the mutagenic action 
[3-S]. Pretreatment of rats with inducers or inhibitors of 
the ~yto~brome P-450 system caused an alteration in the 
level of protein binding and mutagenicity [3-61. Pheno- 
barbital (PB), a broad spectrum microsomal enzyme indu- 
cer, has been shown to increase binding of 2,4-DAA to 
liver and kidney proteins in uitru and in viva ]4,5]. 

It was the purpose of this study to investigate the effects 
of phenobarbital on the acute toxicity, macromolecular 
binding, disposition and metabolism of 2,4-DAA in rats. 

2,4-Diaminoan~sole.~~SG~ [ring ““C] with a specific 
activity of 42.39 mC~/mmoles and chemical purity > 97 per 
cent was purchased from ICN Pharma~otiGals, Irvine, CA. 
It gave a single band in two t.1.c. sofvent systems fmetbylene 
chioride-ethanol. 85: IS; and ethyl acetate-methanol- 
water. 80: J-5 : 9. on nrecoated silica eel (60F-2541.0.25 mm 
plates: On high performance Ii&&l chro~ato8raph~ 
(HPLC) (Spectra-Physics model 3500) a single band was 
obtained with the solvent systems: (A) water-methanol 
9515 and (B) water-metbanol30170 run as a linear gradient 
on a reverse phase C-18 PEondapak column (Waters 
Associates). Young mate Fischer rats aged 6.5 to 75days 
old were pretreated with PB (75 mg/kg in 0.9% NaCl), 
i.p., 72,48 and 24 hr prior to the i.p. injection of2,4-DAA 
dissolved in 0.9% NaGl solution, dontiol animals received 
an eoual volume of 0.9% N&I. The dose of 2.4-DAA used 
in all experiments, except the toxicity study, was 
32.86 mg/kg (approximately-25 per cent of the LDa) dose), 
eauivaIent to 56.2 m&kg of 2.4-DAA sulfate. 

‘2,4-DAA * dihydro~hl~ride was crystaflized from hot 
water, using Norit, and gave only one band by t.1.c. The 
mass spectrum showed m/e = 138, and no peaks from 
impurities were noted. 

In the acute toxicity study, groups of five rats were 
injected i.p. with various dose levels of 2,4- 
DAA’dihydro~hlorid~ in 0.9% NaCl and were kept under 
observation for 7 days. The i,nsodoses (based on 2,4-DAA, 
free amine form) were determined according to the method 
of Litchfield and Witcoxon [7]. Acute toxicity. as thus 
assessed, was increased by PB treatment (9.5 per cent con- 
fidence limits) as evidenced by a change in the LDSO dose 
from il6rn~/k~ (range 108.6 to 123.9) to 97rn~/k~ (90.8 
to 103.6) in-the pretreated rats. 

I I. 

For metabolism studies. 2,4-DAA1i4Clsulfate 156.2 me/ 
kg, l~~~Cj/kg~ was injedted i.p. The iats were housed 
individually in stainless steel metabolism cages designed 
for separate collection of urine and feces (Acme Research 
Products, Cincinnati, OH). The urine samples were col- 
lected at 5 and 24 hr in ice-cold containers and frozen until 
analyzed. The animals were killed after urine collection, 
and selected organs were removed, weighed and hom- 
ogenized. Tissue homogenates were taken for distribution 
and bjnd~og studies. 

To analyze urinary metabolites urine was extracted with 
ethyl acetate (Hz0 saturated); the presence of glucuronide 
and s&fate conjugates was determined by incubation of 
extracted mine with ~glu~uronidase (bacterial, type II, 

Sigma Chemical Co., St. Louis, MO) and glusulase (p 
glucuronidase and sulfatase, Endo Laboratories, Garden 
City, NJ) as described by Grantham etal. [8,9}. The residue 
was dissolved in MeOH, and an aliquot was used for 
radioactivity measurement. Chromatographic analysis and 
h.p.1.c. fractionation of metabolites were carried out 
according to the procedure of Grantham et al. 1891. 

To determine the binding to macromolecules, 1 ml of 
tissue homogenate [l : 10 (w?v) in distilled water] was pre- 
cioitated with 2 ml of ice-cold acetone and 2 ml of MeOH. 
The precipitate, which was largely protein, was centrifuged 
and washed with 5 ml of MeOH until no more radioactivity 
could be extracted [5,6]. The pellets were dissolved in 
0.5 ml of 1 M NaOH by warming at 50” until clear. After 
0.5 ml of water was added, the aliquots were neutralized 
with acetic acid and were counted in Aquasol (New England 
Nuclear Corp., Boston, MA). Protein concentration was 
determined according to the method of Lowry ef a/. ]lO] 
using crystalline bovine serum albumin as a standard. _ _ 

The distribution of f’JC1-DAA in selected organs at 5 . 1 

and 24 hr after an i.p. dose of the compound is shown in 
Table 1. At both time periods the highest concentration 
in the cantrol and PB-pretreated animals occurred in the 
kidney. Lower levels were found in the liver, spleen, lung, 
heart and testis respectively, At the S-hr period, radioac- 
tivity was higher in all control tissues with the exception 
of the kidney, in which a significantly higher level was 
found in the samples fram PB-pretreated rats. The radio- 
activity decreased considerably in all tissues from 5 to 24 hr. 
Retention of the radioactivity at the 24-m period was higher 
in all tissues obtained from the PB-pretreated animals. This 
result suggests two possibilities-a slower process of elim- 
ination of 2,4-DAA from tissue depots or higher levels of 
binding to celtular constituents in PB-pretreated rats. 

Results on irreversible binding of [‘“C]-2,4-DAA to tissue 
macromolecules, mostly protein, also determined 5 and 
24 hr after i.p. administration, are given in Table 1. The 
highest concentration of bound material was in the kidney, 
followed by the liver, spleen, lung, heart and testis respec- 
tively. concentrations at 24 hr were approximately half of 
those observed at 5 hr. Pretreatment with PB significantly 
increased binding, but only in the liver and kidney and not 
in other organs. 

The urinary excretion of radioactivity and results on 
extraction and enzymic hydrolyses of urinary metabolites 
are shown in Table 2. In the controi rats, 31 per cent of 
the r4C-dose was found in the urine in 5 hr, and 69 per cent 
in 24 hr. By 24 hr the Ievefs of the free, glucuronide, sulfate 
and water-soluble fractions increased approx~m~te1~ 2-fold 
over the S-hr values. In PI&pretreated rats, the rate of 
excretion of radioactivity was somewhat faster than that 
of the control animals, for 42 per cent of total radioacti~t~ 
was in the urine at 5 hr, mostly as free and water-soluble 
fractions since the levels of glucuronide and sulfate fractions 
remained unchanged. No difference in the excretion of 
total radioactivity or of the radioactivity in each fraction 
was observed between the Pi-pretreated and control 
groups at the 24 hr period. 

The h.p.1.c. separation of the five known metabolites of 
Z,4-DAA was accomplished by the procedure of Grantham 
et al. [Q]. The levels of each metabolite formed in the 
control and PB-treated rats at 5 and 24 hr are given in 
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jugate of Metabolite IV was the major product, followed 
by the glucuronide conjugates of I, II, V and III. It appeared 
that the formation of Metabolite II was enhanced consider- 
ably between the 5- and 24-hr period. In addition to these 
five major metabohtes, h.p.1.c. separation of urinary 
extracts showed the presence of other minor metabolites; 
further investigation and identification of these metabolites 
are required to obtain a complete picture. 

PE pretreatment has been shown to increase the muta- 
genicity and binding of 2,4-DAA to protein [3-51. In our 
studies, PB pretreatment caused significant changes in the 
rate of elimination, distribution, metabolism, tissue binding 
and acute toxicity of 2,4-DAA, especially at the 5-hr period. 

The levels of radioactivity in all tissues except the kidney 
were higher in the control rats at 5 hr. Elimination of 
radioactivity from liver and kidney from control rats, how- 
ever, appeared to be more rapid than in tissues from PB- 
pretreated rats at 24 hr. This phenomenon could possiblv 
be due to higher levels of tissue binding in these’organs. 
Irreversible binding of 2.4-DAA to tissue constituents in 
uivo was found to be highest in the kidney at the dose used 

in this study (32.86 mgikg). This contrasts with the results 
of Dvbing et ~1.151, who found that the binding to kidnev 
protein was higher than to liver protein only at ‘1 high dose 
(200mgikg) of 2,4-DAA, while at lower doses (lO- 
100 mg/kg) the binding in kidney was significantly less than 
in the liver. 

It is known that PB pretreatment enhances hydroxyla- 
tion, demethylation and glucuronidation reactions [II]. 
The present study demonstrated that PB pretreatment 
stimulated acetylation of 2,4-DAA, resulting in an increase 
in the formation of the monoacetylated derivative, 4- 
acetyl-2,4-DAA (Metabolite IV). The glucuronide conju- 
gation of this derivative, believed to result in an N-glu- 
curonide, was also enhanced somewhat. A decrease in the 
level of 2,4-diacetylaminoanisole in PB-pretreated rats sug- 
gests that acetylation of the monoacetylated derivatives 
was decreased or deacetylation of the diacetylated deriva- 
tive was increased. PB may also stimulate further trans- 
formation of 2,4-diacetylaminoanisole to other deriva- 
tive(s). The last possibility is supported by the observation 
that urinary excretion of 2.4.diacetylaminophenol was 
higher in the glucuronide fraction of PB-pretreated rats. 
PB pretreatment may enhance O-demethylation of 2,4- 
diacetylaminoanisole to form 2.4-diacetylaminophenol, 
which can be readily conjugated. Ring-hydroxylation and 
w-oxidation of the N-acetyl group of 2,4-DAA, on the 
other hand, were unaffected by PB pretreatment. In this 
respect 2,4-DAA differed from the prototype carcinogenic 
aromatic amide, N-2-fluorenylacetamide (2.FAA). With 
the latter compound, PB treatment increased the amount 
of the major hydroxylated derivative of FAA, namely 7- 
hydroxy-2-FAA [ 12). 

PB pretreatment may cause other changes in metabolic 
pathway(s) of 2,4-DAA, but further characterization and 
identification of the minor metabolites will be required. 
Most carcinogenic aromatic amines are activated by means 
of N-hydroxylation [13], but in general these derivatives 
are unstable and the urinary levels are very low (141. Thus, 
it was considered that N-hydroxylated metabolites of 2,4- 
DAA might be responsible for the toxic and mutagenic 
effects, but in the present and past studies it was not 
possible to identify N-hydroxylated metabolite(s). The evi- 
dence, however, suggests that PB pretreatment increases 
the formation of toxic metabolite(s) since it enhances acute 

toxicity, nonspecific covalent binding to liver and kidney 
macromolecules, and mutagenicity of 2,4-DAA. The latter 
two variables are believed to be involved in the mechanism 
of toxicity and carcinogenicity of many compounds. 

To summarize, PB treatment of rats increased the toxicity 
of 2,4-DAA and the initial rate of excretion in the urine. 
Quantitatively, PB treatment altered somewhat the initial 
excretion of specific metabolites, especially those derived 
by demethylation and acetylation of the parent compound. 
Although the differences in excretion pattern had vanished 
by 24 hr, binding of 2,4-DAA. or a metabolite. to liver and 
kidney proteins-or cellular constituents was still higher in 
treated than in control rats at this time period. 
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