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Abstract-Pretreatment of young rats and mice with certain drugs and polycyciic 
hy~~~~ stimulates the hydroxylation of biphenyl by liver microsomal preparations. 
Phenobarbitone, nikethamide and meprobamate, ah increase the 4-hydroxyIation of 
biphenyl but have little effect on the 2-hydroxylation. In contrast, the carcinogenic 
polycyclic hydrocarbons, 3,4-benzpyrene, 20-methylcholanthrene, and 1, 2, 5, 6- 
dibenzanthracene preferentially stimulate the 2-hydroxylation of biphenyl. Non-carcino- 
genic polycyclic hydrocarbons such as 1,2,6,7_dibenzpyrene and 2,3,6,7dibenzanth- 
racene stimulate neither mode of hy~oxyiation. 

Biphenyl is metabolized in viva into ~hy~oxybipheny~ (20 per cent of the dose in 
rats, 25 per cent in mice) and 2hydroxybiphenyl (2 per cent in rats, 5.5 per cent in 
mice). Pretreatment with phenobarbitone produces moderate stimulation of the 4- 
hydroxylation in rats, but not mice: 2hydroxylation is unaffected. Pretreatment with 
benzpyrene produces stimulation of 2-hydroxylation in both species, but does not 
affect the 4-hydroxyIation. 

It is suggested that a correlation may exist between the carcinogenicity of poly- 
cyclic hydrocarbons and their induction of the hepatic microsomal enzyme responsible 
for the 2-hydroxylation of biphenyl. 

THE RATE of biological oxidation of drugs and other foreign compounds may be in- 
creased, both in vivo and in vitro, by pretreatment of the animals with a variety of 
compounds.f+ s This increase has been attributed to an induction of the microsomdt 
enzyme systems responsible for the metabolism of foreign compo~ds.3 Some of the 
most potent compounds showing this effect are carcinogenic polycyclic hydrocarbons 
but the relationship, if any, between the inductive effect and carcinogenesis has re- 
mained obscure4 as many non-carcinogenic compounds produce similar stimulation of 
the microsomal enzymes.r* 2.5 We have studied the effect of a number of carcinogenic 
and non-c~cinogenic substances on the rate and pattern of the biological hydroxyla- 
tion of biphenyl and have shown that the two classes of compound produce different 
inductive effects. Pretreatment with the carcinogenic polycyclic hydrocarbons stimu- 
lates the hydroxylation of biphenyl in the ortho position, while non-carcinogenic 
compounds stimulate puru hydroxylation. Part of this work has been published pre- 
viously in a preliminary form.6 

MATERIALS AND METHODS 

Pretreatment of animals 
The polycyclic hydrocarbons were administered as a single intraperitoneal dose to 
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weanling Wistar albino rats (1.0 mg in O-2 ml arachis oil) and weanling albino mice 
(I.C.I. strain) (0.5-1.0 mg in 0.1-0.2 ml arachis oil) 24 hr before the experiments. The 
drugs were administered by repeated injection intraperitoneally or subcutaneously. 
Control animals received the same dose of arachis oil. 

In vitro experiments 
The pretreated animals were killed, the livers quickly removed and homogenized, 

and 10,000 g supernatant preparations (microsomes + soluble fraction) were pre- 
pared.7 The biphenyl-2- and 4-hydroxylase activities of the liver preparations were 
determined as previously described.* 

In vivo experiments 
Biphenyl (2.0% w/v solution in arachis oil) at a dose level of 100 mg/kg was ad- 

ministered orally and intraperitoneally to pretreated rats, and intraperitoneally to 
pretreated mice. The urines of rats, and of groups of five mice, were collected for 
48 hr, and refluxed with an equal volume of cont. HCl for 3 hr to hydrolyse the 
conjugated phenols. The 2- and 4-hydroxybiphenyl present in the hydrolysed urines 
were determined spectrofluorimetrically as previously described.8 

Identification of biphenyl metabolites 
The quantitative spectrofluorimetric determinations of 2- and Chydroxybiphenyl 

were confirmed by separation, identification and semi-quantitative estimation of 
these two phenols on thin-layer chromatoplates of alumina as previously described.8 

Hydroxylation in vitro 

RESULTS 

The effects on hepatic microsomal hydroxylation of pretreating rats with a series 
of polycyclic hydrocarbons and the drugs phenobarbitone, meprobamate and 
nikethamide are shown in Tables 1 and 2. The drugs increase the Chydroxylation of 
biphenyl without having any effect on 2-hydroxylation. Of the hydrocarbons, 20- 
methylcholanthrene and 3, Cbenzpyrene stimulate only 2-hydroxylation; 1:2:5:6- 
dibenzanthracene, 1:2 :3 :4-, I:2 :4 :5 :-, 3:4:9:10- and 3:4:8:9-dibenzpyrenes and 
22-methylcholanthrene stimulate both 2- and Chydroxylation, but mostly the former. 
1:2:6:7_Dibenzpyrene and 2:3:6:7_dibenzanthracene show no stimulation of either 
mode of hydroxylation. Administration of ethionine (50 mg intraperitoneally to 
three rats 1 hr before administration of benzpyrene) removes the stimulatory effect 
of the latter on biphenyl 2-hydroxylation. 

When the ratio of 4-hydroxylation/2-hydroxylation is considered, it is seen that on 
pretreatment with 20-methylcholanthrene or 3, Cbenzpyrene, which stimulate only 
2-hydroxylation, the normal value of 5 is reduced to 2. The polycyclic hydrocarbons 
which stimulate both 2- and Chydroxylation show values ranging from 2 to 5. The 
drugs meprobamate, nikethamide and phenobarbitone increase the ratio to values 
of 9-13. 

In mice a similar pattern is seen (see Table 3). Benzpyrene increases only the 2- 
hydroxylation of biphenyl and lowers the ratio from 6.5 to 2, whereas phenobarbitone 
increases 4-hydroxylation and raises the ratio to 16. 
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Hydroxylation in vivo 
After oral or intraperitoneal administration of biphenyl to normal rats the urine 

contains 18-20 per cent of the dose as 4-hydroxybiphenyl and its conjugates, and 
2 per cent as 2-hydroxybiphenyl and conjugates. This is considerably less 4-hydroxy- 
biphenyl than was found by West, et aA, who isolated nearly 50 per cent of a dose of 
biphenyl from rat urine as this metabolite, and is more in accordance with the findings 
of Stroudio that in rabbits 25 per cent of the dose is excreted in the urine as 4-hydroxy- 
biphenyl. However, in our experiments only a single dose (7-7.5 mg) was administered, 
whereas West et al.,9 fed a total of 15 g of biphenyl, probably over a period of several 
weeks. The disparity in results could therefore be due to an induction of biphenyl-~ 
hydroxylation by biphenyl itself, or to an enterohepatic circulation of the compound 
and its metabolites, resulting in a prolonged urinary excretion. 

After intraperitoneal administration of biphenyl to mice the urinary excretion of 
hydroxylated products amounts to 25 per cent of the dose as 4-hydroxybiphenyl and 
5.5 per cent as 2-hydroxybiphenyl. The 4/2- ratios for the in uivo experiments agree 
with those obtained for the in vitro experiments in mice and female rats. 

Pretreatment of rats with phenobarbitone produces a moderate stimulation of the 
Lthydroxylation of biphenyl and raises the ratio of 4-hydroxylation/2-hydroxylation 
from about 10 to 13. In mice no similar stimulation was observed with phenobarbitone, 
on the contrary, a slight inhibition of both 2- and 4-hydroxylation was observed, 
with no significant change in the ratio. This is in direct contrast to the in vitro ex- 
periments and may have been due to the fact that in the in uivo experiments only a 
single dose was used. 

Pretreatment of rats with benzpyrene produces stimulation of biphenyl-Zhydroxy 
lation only, and although the ratio of 4-/2-hydroxylation is lowered from the normal 
value of 10 to about 6 this is not so marked as in the in vitro experiments where the 
ratio falls to about 2.5. Pretreatment of mice with benzpyrene results in a marked 
stimulation of 2-hydroxylation, with some inhibition of ~hy~oxylation, and a 
lowering of the ratio from 4.6 to 1.3. This shows close correlation to the in vitro 
experiments in which the ratio drops from 6.5 to 2.2. 

The in vivo experiments therefore largely confirm the findings in vitro that pretreat- 
ment with phenobarbitone stimulates biphenyl+hydroxylase, whereas benzpyrene 
stimulates the Zhydroxylase. 

DISCUSSION 

The metabolism of foreign compounds by the microsomal enzymes of the liver 
may be stimulated both in viuo and in vitro by pretreatment with many different 
compounds, including steroids, drugs, pesticides and poIycyclic hydrocarbons. The 
mechanisms of stimulation by these different classes of compound are not identical 
however, for whereas drugs and pesticides produce a non-specific induction of micro- 
somal enzymes and cause a marked proliferation of the smooth-surfaced endoplasmic 
reticulum of the liver (SER) the polycyclic hydrocarbons appear to effect a more 
specific induction of the enzymes which metabolize foreign compounds and do not 
produce any marked increase in the liver SER.ii* la 

Biphenyl is largely metaboli~d by hydroxylation at the 4-position, and in some 
species, particularly young animals, also at the 2-position. In the mouse 2-hydroxy- 
lation of biphenyl occurs in both adult and young animals, but in the rat is appreciable 
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only in immature animals. These two modes of hydroxylation have been shown to be 
effected by different microsomal enzyme systems.8 Using these two enzymic reactions 
as a model we have now shown that compounds which produce induction of micro- 
somal enzymes do not stimulate these two reactions to the same extent. Pretreatment 
with drugs ~henobarbitone, nike~~ide, or meprobamate~ stimulates predomin- 
antly the 4-hydroxyiation of biphenyl in both the rat and the mouse. In contrast, 
pretreatment with polycyclic hydrocarbons known to be potent carcinogens (3,4- 
benzpyrene, 20-methylcholanthrene, and 1,2,5,6_dibenzanthracene) preferentially 
stimulates the 2-hydroxylation of biphenyl. Polycyclic hydrocarbons known to be 
non-carcinogenic (I ,2,6,7-dibenzpyrene and 2,3,6,7-dibe~thracene) do not appear 
to stimulate either mode of hydroxylation, and those hydrocarbons with weak or 
doubtful carcinogenic activity (1,2,3,4- and 1,2,4,.Sdibenzpyrene) fall into an inter- 
mediate category and produce moderate stimulation, predominantly of the 2- 
hydroxylation. 

Tbere thus appears to be a positive correlation between the carcinogenicity of the 
polycyclic hydro~rbons we have studied and the induction of hepatic microsom~ 
enzymes responsible for the hydroxylation of biphenyl, in particular, biphenyl-2- 
hydroxylase. It is therefore tempting to speculate that the carcinogenicity of poly- 
cyclic hydrocarbons may in some way be associated with their induction of the 
enzymes which metabolize foreign compounds, particularly those concerned in the 
ortho- hydroxylation of aromatic compounds. The ingestion of carcinogenic poly- 
cyclic hy~ocarbons could thus result in quantitative changes in the metabolic fate of 
other foreign compounds by the preferential formation of ortho- hydroxylated 
metabolites. In the case of carcinogenic polycyclic amines this would result in an 
increased production of ortho-aminophenol metabolites, which are the active car- 
cinogens. An increase in the metabolism of /3-naphthylamine into the active carcino- 
gens 2-naphthylhydroxylamine and 2-amin~l-naphthol by rats after pretreatment 
with 1,2,5,6_diben~n~racene has been reported.13 It has further been suggested 
that polycyclic hydrocarbons could result in a similar increase of carcinogenic ortho- 
aminophenol metabolites of tryptophan.13 

If this correlation between the induction of ortho- hydroxylation and carcinogenicity 
is confirmed, determination of the stimulation of biphenyl-2-hydroxylase could 
provide a rapid in vitro screening technique for potential carcinogens. 
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