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Abstract—Studies on the metabolism of ['*C]biphenyl and of 2-hydroxy and 4-hydroxybiphenyls con-
firm that preincubation of fresh hepatic microsomal preparations from rats or hamsters with chemical
carcinogens such as safrole, benz[a]pyrene and 2-acetamidofluorene and a NADPH regenerating system
produces an increase in the levels of 2-hydroxybiphenyl. through a specific increasc in its formation
from biphenyl. These data also support the validity of the fluorimetric assay method for monitoring
this reaction. The addition of oestradiol or glutathione to the incubation mixture and the use of
various preincubations and time periods with the carcinogens and NADPH prior to adding biphenyl
indicate that production of an active metabolite of the carcinogens is probably a pre-requisite for
the in vitro enhancement of biphenyl 2-hydroxylase to occur.

The lack of effectivencss of EDTA in enhancing bipheny! 2-hydroxylase and the complete destruction
of this enhancement by short-term storage of microsomal preparations at —20" suggests that the
phenomenon is different from that of degranulation of the endoplasmic reticulum by carcinogens.

Increased biphenyl 2-hydroxylation activity has been
observed in hepatic microsomes isolated from rats
treated with safrole or 3.4-benz[a]pyrene 2hr pre-
viously [1]. A similar elevation of this biphenyl 2-hyd-
roxylase was also found following the in virro addition
of a number of carcinogenic but not non-carcinogenic
chemicals to rat. hamster or mouse hepatic micro-
somes. Other hepatic microsomal drug metabolising
mixed function oxidases were not affected in this
manner [2,3]. Although the mechanism of this en-
hancement has not been established, NADPH
appears to be required in the in vitro system and the
possibility arises that these carcinogens require meta-
bolism before they can mediate their effect on
biphenyl 2-hydroxylase activity, This is compatable
with the fact that many carcinogens are known to
exert their carcinogenic effect via the formation of
active metabolites produced by the enzymes of the
endoplasmic reticulum [4, 5].

The purpose of this present paper is primarily to
investigate whether metabolism of the carcinogen is
required for the in vitro enhancement of biphenyl
2-hydroxylase to take place, and to appraise the
mechanism by which this enhancement might occur.

MATERIALS AND METHODS

Materials were employed as described previously.
Glutathione was purchased from Sigma Chemicals
(London) Ltd., oestradiol from Steraloids Ltd., Croy-
don, Surrey and ['*C]biphenyl (sp. act. 2.7 uCi/mg;
989, chemically pure and 999, radiochemically pure)
was kindly provided by Dr. A. Monro, Pfizer Limited.
Sandwich, Kent.

Reprint requests should be addressed to: Dr. J. W.
Bridges, Department of Biochemistry, University of Surrey.
Guildford, Surrey GU2 5XH.

Assessment of the influence of test compounds on
biphenyl hydroxylation. Freshly prepared rat or ham-
ster hepatic microsomes were added to an NADPH,
regenerating system containing glucose-6-phosphate
(25mM), NADP 500nM, glucosc-6-phosphate de-
hydrogenase (2 units/ml) together with magnesium
sulphate (0.5 mM) to give a final hepatic microsomal
protein content of 2 mg/ml.

Test compounds (benz{a]pyrene. | mM, safrole or
CCl,, 1 mM-0.1 uM) were added in either ground nut
oil (for safrole and 3.4-benzpyrene) or in 1.15%, KCl
(phenobarbitone, EDTA and 2-acetamidofluorene)
and the system preincubated (typically for 10 min) at
37 in a shaking water bath (100 cycles/min). After
this preincubation period, biphenyl (13 mM in 1.15%
KCl containing 1.5%, Tween 80) was added and the
incubation continued for a further 5 min. The reaction
was then terminated by the addition of | ml 4 N H(l,
the 2- and 4-hydroxybiphenyl metabolites extracted
and determined fluorimetrically [6]. Separate controls
were run in which either test substances or biphenyl
was omitted from the system, or test compound was
added after termination of the reaction.

In vitro metabolism of [**Clbhiphenyl. Preincuba-
tions with ['*Clbiphenyl were as above except for
the following modifications:

Following preincubation, 0.5 ml of a | mM solution
of ["*CYbiphenyl (in 1.15%, KCl and 1.5", Tween 80)
was added and the reaction terminated after 5min
with HCL The mixture was then extracted with 7 ml
n-heptane for 20 min, the heptane extract (5 ml) eva-
porated to dryness at 40° by bubbling through with
nitrogen and the residue redissolved in 0.l ml of
methanol containing 1.5 mg/ml unlabelled 2- and
4-hydroxybiphenyl, 2,2’- and 4.4’-dihydroxybiphenyl.
The methanol extract (50 ul) was applied to a Silica
gel HF,s, thin-layer chromatography (tlc.) plate,
which was then developed in benzene-ethanol (95:5).
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The hydroxybiphenyl metabolites and unchanged
biphenyl were located under u.v. light by the observed
quenching at 254 nm. The relevant areas of the plate
were scraped off into 0.8 ml of a 1%, Tween 80 solu-
tion and shaken for 10 min. The supernatant was then
decanted into scintillation vials and mixed with 10 ml
toluene-Triton X-100 (2:1) scintillant containing
0.55°, (w/v) PPO (2-5 diphenyl oxazole) and counted
in a Packard Scintillation Counter (Packard Instru-
ments, Reading). (Addition of 0.1 ml ['*CJtoluene as
internal standard indicated a counting efficiency of
78+ 4°,)

Conditions of storage. For storage cxperiments.
freshly prepared liver microsomal preparations from
hamsters or rats were stored either as microsomal
pellets. overlaid with 0.3 M phosphate buffer. pH 7.4,
containing 1", glycerol, or as 1-ml aliquots in 1.5%,
K1 buffered to pH 7.4 with 0.3 M phosphate buffer,
to a final microsomal protein content of [5mg/ml
Samples were initially stored at —40° for 1 hr and
then transferred to —207 for the remaining storage
period.

In an attempt to reduce damage to the material
as much as possible thawing of material was carried
out in two stages. firstly the material was allowed
to equilibrate to " and then to 4 .

Lffects of oestradiol and glutathione upon the in vitro
enhancement of biphenyl 2-hydrox ylase. These were in-
vestigated by the addition of glutathione (1 mg/ml)
or ocstradiol (0.5 mg/ml) to the preincubation system
simultaneously with the carcinogen test compounds.

RESULTS

Effects of pre-incubation upon the microsomal meta-
bolism of ['*Clhiphenyl. To confirm that the detect-
able increase in fluorescence measured at 290 nm cxci-
tation and 415 nm emission was attributable solely
to 2-hydroxy biphenyl. the effects of pre-incubating
rat hepatic microsomes with the carcinogens safrole
or 34-benz[a]pyrene or the non-carcinogen pheno-
barbitone upon ['*CJbipheny! mctabolism was inves-
tigated. In control microsomal preparations 5.6 per
cent of ['*Cbiphenyl was metabolised to a product
having 1dentical R, and fluorescence characteristics
to 2-hydroxybiphenyl and 30.9 per cent was converted
to 4-hydroxybiphenyl. 2.2"-dihydroxybiphenyl and
4.4-dihydroxybiphenyl were tentatively identified as
minor metabolites. However, after pre-incubation of
microsomes with 3.4-benz{a]pyrene (I mM). 2-hyd-
roxybiphenyl accounted for 18.9 per cent of metabo-
lised biphenyl (Table 1) representing approximately
a 2.5-fold increase compared to control values. while
only a slight decrease in the amount of 4-hydroxy
formed (28.8 per cent) was noted. These changes were
comparable with those observed using the fluori-
metric assay method. thus validating the fluorimetric
technique for assessing modifications in biphenyl 2-
and 4-hydroxylation. It can be seen from Table | that
the increase in formation of 2-hydroxybiphenyl fol-
lowing pre-incubation with 3.4-benz[a]pyrene 1s due
to increased metabolism of ['*CJbiphenyl reflecting
an increase in enzyme activity rather than a conver-
sion of “biphenyl 4-hydroxylase’ to "biphenyl 2-hyd-
roxylase’. The above findings were substantiated using
microsomes preincubated with safrole or acetamido-
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Table 1. Kinetics of biphenyl hydroxylation: The cffect of

preincubation of 3.4-benzpyrene with hamster hepatic mic-

rosomes in vitro on the characteristics of 2- and 4-biphenyl
hydroxylase activities

Bipheny! 2-hydroxylase K, 107 p00?
Control 434+ 14 1.2 +02
Benz[alpyrene imcubated 0.14 4 0.2 6.7 + 0.6

Biphenyl 4-hydroxylase

0.3

Control 2.0 + 1.1 20
+ 0.2

Benz[a]pyrene preincubated 2.3

[+ 1+

fluorene and ['*Clbiphenyl for which a smaller but
significant enhancement of biphenyl 2-hydroxylasc
was apparent (see Table 3). In the case of safrolc.
but not of acetamidofluorene. a marked decrease in
the amounts of 4-hydroxybiphenyl produced was
found. The inhibitory properties of methylenedioxy-
phenyl compounds such as safrole upon P-450 depen-
dent mixed function oxidase enzyme systcms is well
documented [7-9] and it seems likely that the inhibi-
tion of biphenyl 4-hydroxylase is explicable in these
terms. In contrast. pre-incubation with phenobarbhi-
tone provoked no significant changes in cither 2- or
4-hydroxybiphenyl levels.

Effects of preincubation upon the metabolism of
2-hydrox v and 4-hydroxy biphenyl. The possibility was

investigated that carcinogenic compounds might
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Fig. 1. Effects of preincubation with 3.4d-benz[ajpyrene
upon the in vitrro metabolism of 2-hydroxy and 4-hydroxy
biphenyl (1 mM). Studies were carried out in male mature
Syrian hamsters (6 animals). No significant differences
between test and control incubations were detectable for
either 2-hydroxy or 4-hydroxy biphenyl metabolism.
Results shown are for control microsomes using 2-hydroxy
biphenyl as substrate (A——A) or 4-hydroxy biphenyl as
substrate (O——O), and for microsomes preincubated
with 3.4-benz{a]pyrene (1 mg/ml) in groundnut oil using
2-hydroxy biphenyl as substrate (A—— A) or 4-hydroxy
biphenyl as substrate (B-----H).
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Table 2. Kinetics of further hydroxylation of hydroxybiphenyls: Effect of in virro preincuba-
tion upon kinetic parameters of further microsomal hydroxylation of 2-hydroxy and 4-hyd-
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roxy biphenyl

In vitro
preincubation

Further metabolism of
2-hydroxybiphenyl

4-hydroxbiphenyl

Compound K, Vinax K, i

Safrole* 132 + 34 6.4 4+ 1.7 99 + 5.1 23+ 1.7
3.4-benz[a]pyrenet 143 + 6.1 6.2+ 19 8.4 + 38 27+ 1.0
Phenobarbitone* 157 + 3.1 84 + 27 6.9 + 4.1 31 +13
Nikethamidet 149 + 2.1 74+ 18 74 427 20+ 1.2

* Dissolved in 1.15%

7o

KCI plus 1.5% Tween 80 to a final concentration of 5 x 10 * M.

+ Added in groundnut oil (Saladin®) 1 mg/ml, 0.5 ml, added to incubate.
Results are as shown for hamster hepatic microsomes. mean + S.E.M. § animals. Values
are expressed as K,, 10° mole/l and V,,,, 10° mole/min/mg microsomal protein.

Table 3. The effects of preincubation of rat liver microsomal preparations with 3.4-benzpyrene. safrolc and phenobarbi-
tone on the metabolism of [!*C]J-biphenyl in vitro and the effects of intraperitoneal safrole on the cnhancement of
['#C]-biphenyl metabolism in male Wistar rats

(a) In vitro Preincubation

Preincubation of 4-hydroxy 2-hydroxy 4.4'-hydroxy 2.2-hydroxy
microsomes biphenyl biphenyl biphenyl biphenyl biphenyl origin
Control 583 £ 04 307 £ 04 6.2 + 0.3 31+ 01 L1 +01 1.0+ 01
3.4-benz{a]pyrene 472 + 02 28.8 + 0.6 188 + 0.5 3.0+ 02 1.2+ 0.1 .1 +0.1
Safrole 64.0 + 0.2 21.0 £ 03 10.2 + 0.6 32402 .1+ 02 1.2 + 0.1
Phenobarbitone 58.6 + 0.3 304 + 04 53 +04 32402 1.1+ 0l 21 4+ 0.1
(b} In riro studics 2 hr after intraperitoneal administration of Safrole

4-hydroxy 2-hydroxy 4 4'hydroxy 2.2-hydroxy
Microsomes biphenyl biphenyl biphenyl biphenyl biphenyl origin
Control 58.6 + 0.5 302 £ 06 6.5+ 04 32+02 1O+ 0.1 1.2 + 0.1
Safrole 63.8 + 0.6 211 £ 04 1.1 +£05 32 +03 1.2+ 0.1 i4403

Results of two experiments (3 animals per experiment) are expressed in terms of percentage of total activity added

to the tlc. plate.

cause an apparent increase in the in vitro biphenyl
2-hydroxylase activity by partially interfering with the
further metabolism of 2-hydroxybiphenyl.

Figure | shows that -on preincubation of micro-
somes with 34-benz[alpyrene, (the most potent in
vitro enhancer of biphenyl 2-hydroxylation), and
adding 2- or 4-hydroxybiphenyl rather than biphenyl
as substrate, no significant effect on the further meta-
bolism of 2-hydroxy- and 4-hydroxybiphenyl was dis-
cernable. Moreover, although in vitro preincubation
with 3.4-benz[a]pyrene caused significant changes in
both the K, and J;,, of biphenyl 2-hydroxylase
(Table 1), when 2-hydroxy- and 4-hydroxybiphenyls
were substituted for biphenyl no significant changes
in either the K, or V., for further hydroxylation
of either compound was detectable after pre-incuba-
tion with either carcinogenic or non-carcinogenic
compounds (Table 2).

Effects of preincubation of rat liver microsomal prep-
arations with benz[a]pyrene or safrole on ethyl iso-
cyanide and carbon monoxide difference spectra. To in-
vestigate whether the effects of preincubation of liver
microsomal preparations with 3.4-benz[a]pyrene or
safrole on biphenyl 2-hydroxylation could be mani-

Absorbance

| | | | | |
330 440 450

420

Wavelength, nm

Fig. 2. Effects of preincubation with carcinogenic and non-
carcinogenic compounds upon cytochrome P-450-c¢thyliso-
cyanide binding spectra in hepatic microsomes prepared

. . . . from male Wistar rats. Results shown are (------ ) control
fested by a major modlﬁcatlon n 'Cytochr.ome P"4_50~ values; (——) preincubation with phenobarbitone. and
the carbon monoxide and ethyl isocyanide binding (—-__) preincubation with 3.4-benz[alpyrence. Plots are

spectra were determined (Fig. 2) using control micro-

arbitarily displaced to facilitate presentation.
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Table 4. Effects of storage on the in vitro effects of safrole invoked biphenyl 2- and
4-hydroxylase activity in hepatic microsomes prepared from Wistar Rats

Storate time

biphenyvl 2-hydroxylase

Pellet stored
biphenyl 4-hydroxylase

(hr) control test control test
0 0.27 + 0.02 0.46 + 0.04 2.1 +0.09 1.6 + O.11
24 0.21 + 0.03 0.20 + 0.03 2.0 +0.10 1.5 + 0.07
72 0.19 + 0.01 0.18 + 0.02 1.6 + 0.11 1.2 + 012
120 0.21 £ 0.02 0.22 4+ 0.01 1.4 + 0.08 1.0 + 0.10

Storate time

Suspension stored
biphenyl 2-hydroxylase

biphenyl 4-hydroxylase

(hr) control test control test

0 0.29 + 0.03 0.47 + 0.06 2.3+ 0.06 1.5 + 0.08
24 0.20 + 0.02 0.19 + 0.05 1.9 + 0.1 1.1 + 012
72 0.18 + 0.03 0.16 + 0.02 1.3 + 018 1O+ 001
120 0.16 + 0.0] 1.2 4010 1.0 + 0.09

Materials were stored at —40

0.13 + 0.0t

either as a suspension of protein concentration

10 mg/ml in media containing 0.0l M f-mercaptoethanol. 0.25 M sucrose and 0.1 M
magnesium sulphate or as a microsomal pellet overlaid with 0.1 M phosphate buffer

—20%, v/v glycerol buffer, pH 7.4.

Results are expressed as nmoles/mg microsomal protein/min. Percentage variation

from control are expressed in parentheses.

somal preparations and microsomes preincubated for
10 min with benz[a]pyrene. safrole or phenobarbi-
tone. The compounds were added either to liver
homogenates or to microsomes and preincubated. In
no instance could a change in the ethyl isocyanide
or carbon monoxide spectra be distinguished. in con-
trast with the situation pertaining 48 hr after pretreat-
ing the whole animal with benz[a]pyrene or safrole
in which P-448 is formed [ 10, I1].

Stability studies. To ascertain the stability of the
enhancement of biphenyl 2-hydroxylation in virro.
studies were made comparing freshly prepared micro-
somes with those which had been stored at —20°
prior to usage. It can be seen from Table 4 that 24 hr
after storage of rat microsomes at — 20" cither as pel-
lets or suspension, no in vitro enhancement of
biphenyl 2-hydroxylation was detectable following
preincubation with either safrole or 3.4-benz[ajpyr-
ene. although the activity of basal levels of biphenyl
2- and 4-hydroxylase were not greatly affected under
these storage conditions. Similar results were noted
using hamster microsomes.

DISCUSSION

The findings using ['*C]labelled biphenyl confirm
that the use of fluorimetry to evaluate carcinogen in-
duced changes in 2- and 4-hydroxylation is a valid
one. Safrole. benz[a]pyrene and acetamidofluorene all
rapidly enhance biphenyl 2-hydroxylation when
preincubated with washed microsomes and NADPH.
The specific nature of this enhancement is indicated
by the fact that no change in biphenyl 4-hydroxylase
or in the further hydroxylation of 2- and 4-hydroxybi-
phenyl was observed with either benz[a]pyrene or
acetamidofluorene. Furthermore, no alteration in the
CO or ethylisocyanide P-450 binding spectrum was
detectable supporting the view that a major change
in P-450 is not involved. This agrees with previous
studies which showed that the activities of P-450-

dependent drug metabolising enzyme systems such as
7-ethoxycoumarin de-ethylase. ethoxyresorufinde-eth-
ylase, p-nitroanisole demethylase and aniline hydrox-
ylase are also unchanged under these conditions [].

[t 1s generally accepted that carcinogens adminis-
tered in rvivo clicit damaging cffects through their con-
version to an active electrophilic or free radical inter-
mediate. this metabolism probably being primarily
dependent upon a NADPH cytochrome P-450 hyd-
roxylating system[2, 3]. Tt is not readily possible to
determine directly whether carcinogen metabolism is
a pre-requisite for the enhanced biphenyl 2-hydroxy-
lase activity since obvious approaches such as the use
of inhibitors of cytochrome P-450 cannot be employed
because they would also interfere with the biphenyl
2- and 4-hydroxylation which is also thought to be
at least partly cytochrome P-450-dependent. That
metabolism of the carcinogen may be required is indi-
cated by the time dependency of preincubation of rat
hepatic microsomes with  2-acetamidofluorene  or
safrole for optimal enhancement of biphenyl 2-hyd-
roxylase (Fig. 3).

Further evidence that the carcinogens require prior
metabolism in order to cause an enhancement of
biphenyl 2-hydroxylase activity was obtained from an
examination of cofactor requirements. An unusual
characteristic of biphenyl 2-hydroxylase is that, unlike
most drug metabolism systems. it is not entirely
dependent upon NADPH, being able to utilise
NADH to a much greater cxtent than typical P-450
substrates such as ethylmorphine. When NADH was
substituted for a NADPH regencrating system for
safrole, the enhancement of biphenyl 2-hydroxylasc
was not detectable although the control level acti-
vity of this enzyme was not significantly altered
(Table 5). In the absence of NADPH, safrole is not
metabolised [9], thus the lack of enhancement using
NADH is presumably due to the failure to form the
active safrole metabolite(s) which provokes the en-
hancement.
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Fig. 3. Variation of preincubation time and its effect upon
2-acetamidofluorene and safrole mediated changes in
biphenyl 2-hydroxylase and biphenyl 4-hydroxylase acti-
vity in rat hepatic microsomes. Results shown are for
changes with time produced by safrole addition (1 mM on
biphenyl metabolism indicated by (l——M®) for biphenyl
2-hydroxylase and (A——A) for biphenyl 4-hydroxylase,
whereas changes caused by acetamidofluorene addition
(1 mM) are (0——0) for biphenyl 2-hydroxylase and
(@——@) for biphenyl 4-hydroxylase).

Glutathione has been shown to exert a protective
influence against the toxic effect of various com-
pounds upon microsomal membranes. probably
either by a general protective effect on the micro-
somes against oxidative damage or by reducing the
availability of active mctabolites to interact with the
microsomes [ 12]. In Kkeeping with this observation.
glutathione in high concentrations reduced the in
vitro enhancement of biphenyl 2-hydroxylase (Table
6) produced by safrole and 34-benzy[a]pyrene.
Biphenyl 4-hydroxylase on the other hand showed
little response to either carcinogens or to glutathione,
again emphasing the apparent differences between the
inducible biphenyl 2-hydroxylase and biphenyl 4-hyd-
roxylase.

The addition of oestradiol (0.5 mg/ml) (Table 6)
with 3.4-benz[a]pyrene also produced a decreased
level of cnhancement of biphenyl 2-hydroxylase acti-
vity although no significant change was observed
when safrole rather than benzpyrene was added. This
effect of oestradiol upon 3.4-benz[alpyrenc initiated
biphenyl 2-hydroxylase enhancement may be because
oestradiol can serve as a competitive substrate for
benz[apyrenc metabolism.

However, oestradiol has also been implicated in
maintaining the association of ribosomes with the
liver endoplasmic reticulum whereas carcinogens in
the presence of NADPH cause dissociation of ribo-

Table 5. Showing the effects of Safrole* preincubation with either NADH or NADPH
(0.9 m-mole/l} upon biphenyl 2-hydroxylase in rat and hamster hepatic microsomes

Rat Hamster

Control + NADPH

Control + NADH

Safrole preincubation + NADPH
Safrole preincubation + NADH

0.23 + 0.04
0.20 + 0.03
0.39 + 0.06 (+70)
0.24 + 0.02 (+17)

031 + 0.02

0.32 +0.03

0.46 + 0.04 (+48)
0.35 + 002 (+9)

* Dissolved in 1.15%; KCI + 1.5% Tween 80 to a final concentration of 5 x 10" *M.
Results are expressed as nmoles/mg microsomal protein/min. Percentage value relative
to control arc expressed in parentheses.

Table 6. Showing the effects of glutathione and oestradiol upon biphenyl

2-hydroxylase activity in preincubated microsomes

Glutathione concn.

{mg/ml) Safrole 34-Benz[a]pyrene
0 0.50 + 0.03 (+88) 091 4+ 003 (+237)
0.4 0.39 + 0.07 (+47) 0.64 + 0.04 (+140)
0.8 0.38 + 0.04 (+43) 0.59 + 0.02 (+118)
1.2 0.37 + 0.02 (+40) 0.58 + 0.02 (+115)
1.6 0.36 + 0.04 (+37) 0.57 + 0.04 (+112)
2.0 0.33 + 0.03 (+25) 0.55 + 0.03 (+106)

Ocstradiol concen.
(mg/ml)
0 0.50 + 0.05 (+88) 091 4+ 0.05 (+237)
0.4 0.46 + 0.04 (+73) 0.76 £+ 0.06 (+180)
0.8 0.44 + 0.03 (+69) 0.70 £ 0.04 (+162)
1.2 0.43 + 0.04 (+58) 0.67 + 0.03 (+148)
1.6 0.41 + 0.02 (4 50) 0.62 + 0.07 (+130)
2.0 0.40 + 0.02 (+49) 0.59 + 0.04 (4 120)

Test compounds and either glutathione or oestradiol were added simul-

taneously.

Biphenyl 2-hydroxylase activity is expressed as nmoles/mg microsomal pro-

tein/min.

Percentage variations from control are expressed in parentheses.
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somes (degranulation) [13. [4]. A possible explanation
of our results might be that biphenyl 2-hydroxylase
is at the ribosomal binding sites and that the active
metabolites of the carcinogen cause its enhancement
through the displacement of the ribosomes. This
hypothesis would rationalise the specificity of the
effect for the endoplasmic reticulum. the time depen-
dency of the reaction and the protective effect of oes-
tradiol. However, a closer comparison of our findings
with those of Rabin and Williams for degranulation
reveals some important dissimularities between the
two systems. A very much shorter time period is
required for the maximum effect of benz[a]pyrene on
biphenyl 2-hydroxylase (<10 min) than for its opti-
mal degranulation activity (~ ! hr). Preincubation
with EDTA (up to 10 mM)} has no effect and carbon
tetrachloride (100 mM)[3] a very weak effect on
biphenyl 2-hydroxylase whereas these agents cause
very extensive degranulation. Furthermore, short
term storage of the microsomes does not unduly effect
the ability of these carcinogens to cause degranulation
whereas it totally destroys biphenyl 2-hydroxylase en-
hancement.

A less direct relationship between our system and
that of degranulation should not be completely dis-
counted because our studies {cited herc and else-
where} like those of Rabin and Williams indicate that
a relatively specific, rapid and probably irreversible
change in the endoplasmic reticulum membrane is in-
voked by carcinogens such as benz[alpyrene. aceta-
midofluorene and safrole following their metabolism,
whereas no such changes are seen using claimed non-
carcinogens in the rat like phenobarbitone or 1,2,3.4
dibenz(o)pyrene. the precise nature of these changes

F. J. McPuersoN. J. W, BriDGes and D. V. Parke

and their relationship to carcinogenicity provoked by
chemical agents must await further study.
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