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Abstract—Pretreatment of young rats and mice with certain drugs and polycyclic
hydrocarbons stimulates the hydroxylation of biphenyl by liver microsomal preparations.
Phenobarbitone, nikethamide and meprobamate, all increase the 4-hydroxylation 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, 7-dibenzanth-
racene stimulate neither mode of hydroxylation.

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

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.

Tue 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.ls 2 This increase has been attributed to an induction of the microsomal
enzyme systems responsible for the metabolism of foreign compounds.? 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 obscure? as many non-carcinogenic compounds produce similar stimulation of
the microsomal enzymes.1: 2, 5 We have studied the effect of a number of carcinogenic
and non-carcinogenic 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 para hydroxylation. Part of this work has been published pre-
viously in a preliminary form.®

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 0-2 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.” 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 conc. HCI for 3 hr to hydrolyse the
conjugated phenols. The 2- and 4-hydroxybiphenyl present in the hydrolysed urines
were determined spectrofluorimetrically as previously described.?

Identification of biphenyl metabolites
The quantitative spectrofluorimetric determinations of 2- and 4-hydroxybiphenyl

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

RESULTS
Hydroxylation in vitro

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 4-hydroxylation of
biphenyl without having any effect on 2-hydroxylation. Of the hydrocarbons, 20-
methylcholanthrene and 3, 4-benzpyrene stimulate only 2-hydroxylation; 1:2:5:6-
dibenzanthracene, 1:2:3:4-, 1:2:4:5:-, 3:4:9:10- and 3:4:8:9-dibenzpyrenes and
22-methylcholanthrene stimulate both 2- and 4-hydroxylation, 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, 4-benzpyrene, which stimulate only
2-hydroxylation, the normal value of 5 is reduced to 2. The polycyclic hydrocarbons
which stimulate both 2- and 4-hydroxylation 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 65 to 2, whereas phenobarbitone
increases 4-hydroxylation and raises the ratio to 16.



The stimulation of aromatic hydroxylation

“ULIW 9Y} JO JOLId PIepue}s SY) T USAIS a1e sonfea UBSIA "9s0p SBMIS © M Jusuneanald J)e paureiqo
9SOY} YA [EOTIUSPI S)[Nsal 9AeS (sep ¢ J0] Avp/Sw [) SUAIYIUR[OYSIAYIOW-07 Y Jusuneanard pajesdoy] uswnadxe o3 Joud Jy $7 PoIoIsjunupe Suq
as0p I8¥] oY) “*AfjeouoiLadenul sAep ¢ JOJ ATiep (W §.7) SPTWRYIONIU IO *A[Snosveinogns sfep € J0J Aqep (3w () Syewmreqordouwt M 30 ‘JUSWILIdGXS d10J0q
I 7 SUOqIB00IPAY oToAdkjod snotrea ayl Jo (8w ()-1) wonodfur eouoitodenyur oSuls e Yim pajeanadid s1om (3ySomipoq 8 gL-0¢) siel ofem Fumueop

Lot 0 oct L 700 F 1£-0 I0F ¢ SpIIRYININ
28 0 09 9 80-0 F 67-0 STO0F §T spenreqordopy
(ousoeyuad)

[l 0 0 € $0-0 F 92-0 €0 T ¥1 UORIYIUEZII-L ‘9 ‘€ T
b 0 0 € €00 F 2€0 $0-0 F St-1 QUIAAZUSICT-L ‘9 ‘T ‘]
9¢ oL <1 € 900 -+ 150 s00 T 81 SUIAdZUOQI(Y-S ‘¥ T T
$€ £01 oy Al 700 F 790 I0F 7¢ SUAIAAZUICT-Y ¢ ‘T ‘I
8 oov A 9 $00 F ST STOF Ty duaIgIuL|oYd JAYIRN-ZT
SLT 0£C SL T 200 F 01 $0-0 F SL-T SUAIAdzUGI(I-6 ‘Q ‘Y ¢
(A4 $9Z s (4! 100 F 11 10T ¢ QUAIAAZAAqICI-0T ‘6 ‘b ‘C
1T oy 0zt Tt 00 F 91 I0F b€ SUSORINITRZUNI-9 ‘S T ]
0T 051 0 8 00 F SL-O 10 F 081 SUSRJIUR[OYS [ATIPIN-0T
TS - — 8 00 F 0£-0 10 F §61 onuo)

(y/xeaq 8/ojourd)  (y/1sAy 3/spoun)

VONRIAXOIPAH~Z UONRIAXOIPAH -7 UONEAXOIpAH-y  sjeunue AuaydigAxopAg-7  [AuoqdiqAXoIpAH-+

oy Jo 'oN oRunranalgy
UORPIAXOIPAH - JO uopBILS SFRIUR0Ig JOpPPRIX

YAAIT Lvd X4 TTANHHJIG 30 NOILVIXOYAAH HHIL NO INIWILVEILINd 40 LOF4dy °[ TI14V],



P. J. CreaveN and D. V. PARKE

10

T 913 JO JOXIR PIBPURIS Sy} T UsAId o1e senjea ey "(Bw (-1 X ¢€) suoygreqousyd jo saonoeful
Aep 0ANOOSUOD %01y} pue (S @.]) usIAdzung-p ‘g Jo uonosfur [eauoisdeNuy JjFuls © Yum payesxard slom (YSPMAPOq B OL-0S) STer oJeway Surweos

9-£1 £ SL 14 200 F 9¢-0 0T 6 SUONqIEqOLYY
€T osy 0 s LO0 F 921 10T 62 ouaIkdzusg-y °¢
o<l - - € 100 F €20 20T 8T jonmod
(3q/30AT 8/oj00) (y/10A1] 8/o10UNT)
VONeAXOIPAH~Z UOnR[AXOIPAH-Z UONPIAXOIPAH~y  s[eunoe AuoydiqAxoIpAH-g  JAUYdIqAXOIPAH -
oney Jo "oN JUSUNBALOId
UONLIAXOIPAH-{ Jo voneums s8eusosg 30 ppLA

»

YHALT IVE A9 NOILVIAXOUIXH ‘TANGHJIE NO ENOLYMVEONIHJI (INV ANSUAJZNAE HIIM INGWLVAYIAYd 40 LOdd4Af] °7 AT8v],



1t

The stimulation of aromatic hydroxylation

syuawradxs 03 Jo1d Iy g pasaisruImpe Sursq 1se] Yy (Bwx €.0 X €) suoqreqousyd yo suorsafur
A[IBP 9AIINOASUOD 92XY] YIM JO (Sw ()-1) dudIkdzusg-f ‘¢ JO uondfur JesuolIadenur 93uls © Yum paealrdld axom (JUSomApoq 8 07—ST) 901 Sunueom
*30TW SUI[URIM XIS JO SIOAT] Pajood aY3 Jussaxdal yoed usAIF sonfeA oYy ],

6-S1 (4 061 SL-0 611 uoNqIeqouJ
(A4 <91 01— 89-1 L€ ouolAdzuog
59 - - £9-0 |84 jonuc)
UONR[AXOIPAH-T UONRIAXOIPAH-Z UONEIAXOIPAH-+ 1AuoydiqAxoIpAH-z  [Ausydiq xoIpAH-H
—_———oney JusWIeINaIg
UoTIR[AXOIPAH - JO uonenums 282)ua0Iog Jo poIx.

WHAIT HSOOW A€ NOILVIAXOYAXH TANHHJIE NO INOLIFYVEONHHd ANV INFIAIZNHE HLIM INTWLVAUIAYd 40 IDdH44q ‘¢ AT14V],



P.J. CrReavN and D). V., PARKE

12

-sasoqyuared

Ul SoNfeA SULIUIY ) Yjim S[EUNUE ¢ JOJ UBALI oY) ST onjeA Yoey “jAusydiq oY) Jo uonensiUIwpe 1o)je Iy g 10§ PAIOY[00 atom sauwif) “(By/Sut 00r) 1Auaydiq
Jo uonensaruipe 9x0Jeq 1y 7 (8w 1) smojqreqousyd Jo susiAdzuaq Jo osop ofwis B YIm pajeanioxd axom (JYBromApoq 8 ¢/ —0/) Siel ofewo) Surueapy

€1 0 o @81 0T (5-LT-ST) 9T ‘a1 SU0HqIeqOUSY
89 9 §¢— PT-6nNTT SI-$v1) SI a1 susiAdzusg
$01 - - W6l (oz-61) 0C 4’1 010D
€1 0 0 rT-9n0C (6T-€7) 9¢ felo |uoNqIEqOuY
0 0L 0 (S-£-2-€) £+€ (LT-91) §91 [e1o owarAdzuog
6 - - 0L 61 (81-591) S-L1 Jelo fonuosy
(350p %) (e50p %)
VONCIAX0IPAH-T UONRIAXOIPAH-C UONEBIAXOIPAH-¥ 1K0aydIqAX0IpAH-C  [AuaydiqAXO0IpAH-H 1Auaydiq jo
oney UonensIIIpY jueuneandld
UONRIAXOIPAH-p JO uonenuuys 982IUd0I0g JO oULIn U GONOIONY Jo amoy

0a1a W SLVY X4 IANAHAIE 40 NOLLVIAXO¥OAH HHL NO LVAWLVINIANd 40 IOHAdY ‘¢ FI4V]



13

The stimulation of aromatic hydroxylation

"[Auaydiq JO UONENSTUUDE JYje N g JOJ PAII03 Sram sourin) “(83/8uw go1) 1Audydiq jJo uonensurupe jeouoiaderiuy

21034 Iy 7 (Bw §-p) suoqieqoudyd 10 Suaiidzusg Jo SSOp S[BUIS  Yiia pajesniaad s10m oAy jo sdnoid u (JyBamipog § $7-07) 0T ofewusy Surjuesp

O 007
1§ ot~ 0z~ 5§ 61 JUONOILQOUNJ
€1 01 S€1
001 oY~ 611 S-St susfdzusg
9 9 9.6
e b i Y 06T sjonuoy)
(3s0p 70} (esop %)
UBONRIAXOIPAH-L UONVIAXOIPAH-Y  WONEAXOIPAH- 1AuoydigAXOIpAH-L  [AusgdigAXOIDA-H
R U £ 13 § JusuneaNSIg
VONRIAXOIPAH - Jo vonemums 53e1u0018g JO SuLm Ul wopdIxy

oma ur AOIN X4 TTANAHJAE 40 NOLLVIAXOUdAH HHL NO JHIWLVIYIIYd 40 IDd4dg ¢ d1av]



14 P. J. Creaven and D. V. PARKE

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, e al.,? 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 Stroudi9 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 ef al.,? 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-4-
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 vivo 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
4-hydroxylation 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 vivo experiments only a
single dose was used.

Pretreatment of rats with benzpyrene produces stimulation of biphenyl-2-hydroxy-
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 4-hydroxylation, and a
lowering of the ratio from 4-6 to 1-3, This shows close correlation to the in wvitro
experiments in which the ratio drops from 65 to 2-2.

The in vivo experiments therefore largely confirm the findings in vitro that pretreat-
ment with phenobarbitone stimulates biphenyl-4-hydroxylase, whereas benzpyrene
stimulates the 2-hydroxylase.

DISCUSSION

The metabolism of foreign compounds by the microsomal enzymes of the liver
may be stimulated both in vivo and in vitro by pretreatment with many different
compounds, including steroids, drugs, pesticides and polycyclic 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
reticalum 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.1%, 12

Biphenyl is largely metabolized 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 exient. Pretreatment
with drugs (phenobarbitone, nikethamide, or meprobamate) stimulates predomin-
antly the 4-hydroxylation 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 (1,2,6,7-dibenzpyrene and 2,3,6,7-dibenzanthracene) do not appear
to stimulate either mode of hydroxylation, and those hydrocarbons with weak or
doubtful carcinogenic activity (1,2,3,4- and 1,2,4,5-dibenzpyrene) fall into an inter-
mediate category and produce moderate stimulation, predominantly of the 2-
hydroxylation.

There thus appears to be a positive correlation between the carcinogenicity of the
polycyclic hydrocarbons we have studied and the induction of hepatic microsomal
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 hydrocarbons 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 -naphthylamine into the active carcino-
gens 2-naphthylhydroxylamine and 2-amino-1-naphthol by rats after pretreatment
with 1,2,5,6-dibenzanthracene has been reported.?® 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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