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Abstract

2,5-Diphenylo ;tasole (PPO) is an inducer and
inhibitor of aryl bydrocarban hydroxyl4se . We report
that PPO is itself metabolized to an alkali-
extractable metabolite with intense fluorescence .
The fluorescence spectra of excitation,and emission
indicate peaks at 345 nm and 510 nm, respectively .
The reaction is libear with respect to time and
enzyme concentratibn. NADPN is required for activity
and the reaction ip' inhibited by carbon monoxide
and 7,8-bensoflavone but not by SRP-525A or
hexubarbital. The,intensity of fluoreocence
produced is similar to that of benzo(a)pyrene . PPO
may be a useful model co~ound in studies of drug
metabolism by the mixed function oxidase .

The observations (1-3) that dipltenyloxOsole (PPO) is
both an effective indu6er and inhibitor of dryl hydrocarbon
hydroxylase led us to study this compound for possible
metabolism by the microsomal enzyme complex . The present
report shows that PPO ii metabolized by the cytochrome P~-450
ensyme cqmplex and that the principal oetabolite of PPO formed
by mouse microsomes can be detected by a method similar Lo
that used by Nebert and Gelboin (4) for 3-hydroxybenzo(a)pyrene .

MetAods

lNteriaist Benso(Opyrene tBP), 1,2-ben$anthracene(9A),
hexoba'r3Ur-and NADPH were purchased from Sigma Chemical Co .t
2,5-dipIIenyloxasole was purchased from Fisher Chemical Co .t
and 7,8-benaoflavone aeb obtained from Aldrich . 8HP-525A
was a gift from Smith, ltline, and French. Pbenobarbital was
obtained locally . Male C57PT,/6J mice were tlbtained from the
Jackson Laboratory, bar Harbor, Idaine . , .

Procedurese Group~ of five mice were treated with BA,
PPO, or PB (as descpibed In the figure legeids) prior to
sacrifice by cervical dislocation. Nepatic microsomee were
prepared.from a l0e liver homogenate in TMS,buffer (50 inN Tris,
IIN 7.5, containing 3 mM NgC12 and 200 eM sucrose) . Microsomes
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were also prepared from five control mice. The microsomes vere,
diluted in TMS buffer to a protein concentration of approxl.mately
0.5 mo/ml . Dilutions were made from these stocks .

Metabolism of BP and PPO was determined as follows .
Duplicate 1 .0 ml aliquots of microsomes were incubated with
shaking at 37° with substrate in the presence of 1 .0 mg of NADPE
under conditions indi+,cated for the various experiments . Ttpe
enzyme reaction aag stopped by the addition of 3 .0 ml of 10%
acetone in hexane,; and the tubes were vortex-mixed for 20 seconda'.
After centrifuging to separate the phases, the upper, organic
phase was transferred to 1 .0 ml of 1N tiaOH in a 13 x 100 mm
culture tube, vortex-mixed for 15 seconds, and centrifuged to
separate the phases . The fluorescence of the lower aqueous phase
was determined in an Aminco-Eowman spectrophotofluorometer .
The wavelength maxima for excitation and emission of 3-hydroxy-
ben$o(a)pyrene (BPOH) were 396 nm and 522 nm, respectively . The
maxime for the PPO metabolite were 345 nm and 510 nm .

Results and Discussion

TAe excitation and emission spectra of the metabolite of
PPO is,shown in Figure la . Under the conditions of the study,
the peak of excitation in IN Na08 was at 345 nm, and the peak
of emission was at 510 nm . A shoulder may be seen on the ,
emission peak at approximately 420 nm . After neutralizing the
Na08 with an equal volume of 1N HC1, the fluoresFence peaks
were shifted to 330 nm for excitation and 400 nm for emission
(Figure lb) . .in hexane, the peak of excitation was further
shifted to 312 nm, and a double emission peak appeared at 355 nm
and 365 nm.

°I0. l.
SYCitation and emission spectra of PY+O metabolite . (a) An
aliquot of the m+etabolite was extracted as described in Methods
into 1.0 ml of 1N Na08 and the excitation spectrum recorded ,
with the emission wavelength set at the emission peak . The ,
emission spectrum was recorded with thd excitation wavelength
set at the excitation peaA . (b) An equal volume of '1N NC1
was added to the above cuvette and the excitation-emission
spectra determined as indicated by the shaded peaks . Subseqoent
extraction into hexane produced spectra indicated by the
unshdded areas .
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The enzyme reaction was linear with time for at least
15 minutes, and with respect to enzyme protein concentration
over dt least two orders of magnitude (5-500 yg/ml) . The
reaction required NADPH (Table 2) and was inhibited by carbon
monorade and by 1 .8-ben:oflavoue (alphas-naphthoflavone),
both of which arq inhibitora of the micYOsomal mixed function
oxidases. The reaction was not inhibited by SHP-525A or hexo-
barbital .

TABLB I

Effect ef Cofactors and Inhibitors on PPO Metabolism
BA-Induced Microsomes

F uorescence
5-5 0 em

Contro .0min01 JLA
C;omplete Mixturea 184 .

less micrOscmes 1 .9
less NADPlt 0.9
less PPO 1 .2
plus 80% CO 15.
pius 7,8-laenzoflavone 107.
plus hexobarbital 195 .
plus SKF-525A 185 .
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$The complete reaction mixture was incubated 15 mins at 37°
and contained 0 . 8 mg caicrosomal protein, 1 mg NADPB and 10 ug PPO
in 1 .1 ml TMS Ouffer, pH 7.5 . Concentrations of each inhibitor
reree 7,8-bentoflavone 12 .5 Ng/ml, hexobarbital 12 µg/ml and
.SRP-525A 15 Ug/ml.

Benso(a)pyrebe hydroxylase is also called aryl hydrocarbon
bydroxylase (AM) because this enzyme complex can metabolisu
a variety of aromistic hydrocarbons, mainly by aromatic hydroxy-
lation. In view of the findings that 7,8-ben:oflavone and
carbon,monoxide were effective inhibitors of PPO metabolism but ,
hexobaybital and 8KF-525A did not inhibit PPO metabolite forma tion,
and that the ensyme reaction was NADPA depenelent, we concluded
that this reaction is mediated by the cytochrcme P1-450 (P-448)
dependent mixed fiutction oxidase (A8E) . That the reaction is
.tin 41 romatic hydroxylation is also supported by the observation
rf ai red shift in,'the fluorescence spectra at high p8, as is
the case with 3-hydroxybenso(a)pyrene .

The Nichaelie constant (10m) for metabolism of PPO was
similau:tp that,,fQr metabolism of HP in microsomes obtained
from untrwated mice (Table II) . The observation that BA-treated
microsqmes had le0s affinity for PPO than for BP may reflect
differences in chazacteristics of the induced P1-450 or may be
related to experimental variability (5) .

Witbont a standard for reference, the PPo metabolite can
caly bQ quantitated as fluorescence producedt .therefore, a
coqxr$son of •Vimax' for metabolism of pP0 and BP is expressed
in relative fluorescence units (P) . 1Pa otherwise express a
wit cE AU as fluorescence equivalent to a picomole of
3-Sydrazybenso(a)pyrene per minute and one picomole per ml
produces one fluorescence unit .
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TABLE II
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Kinetics of BP and PPO Metabolism by 8epatic Microsomhs
from Control and BA-Induced Mice

Control $P
Km
3.8
NM Vmax F n )

27
Control FPO 3.8 16
BA-induced $P 4 .0 44
BA-induced PPO 6.9 30
One a quots e m croso.ues copta ng 95 ;g prote n were
incubated for 15 mins with 1 .0,mg NADPB in 1 .0 ml of TMS buffer .
Varying concentrations of substrate were added at zero time
to start the reaction .

PPO was previously reported to be an inducer of AHH ini
fetal hamster cells (1), mouse prostate celle (2), and rat i
derived hepatoma and hepatocyto cell lines (3) . we have fo~nd
that AHB is also,induced by PPO in cultured human lymphocytes (6) .
In contrast to the induction of AHH in culture, PPO pretreatment
of mice resulted , in depressed levels of BP and PPO aietabolism
by hepatic microsomeB (Figure 2) . BA and PB,were effective
inducers of BP and PPO metabolisrp by mouse microsomes . i
Cytochromes P1-450 ab.d P-450 were induced by BA and PB, respect-
ively. No change in levels of cytochromes was seen after PPO
treatment .

PIG. 2
Effects of inducers and PPO on metabolism of BP and PPO by i
mouse hepatic microsomea . Groups of five C5yBL/6J'mice werg
injected intraperitone,ally on four consecative days prior to
sacrifice. Doses were as followee PB 80 mg/kg, BA 50 mg/k4f,
PP0 5o mg/kg, and PPO 200 mg/kg . Duplicate 1 .0 ml aliquotslof
micrusomes containing appr+oximately 100 ug protein were I
incubated 1S mine with either BP 10 Wi or PPO 10 ug . The I
nerticai lines depict the S .B .l1 . ;

. .
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Although PPO was not an inducer of A8B in vivo it serves
as a substrate for the enzyme cos:plex ., The 4fTT-nTty for the
binding sites was similar to that of BP in cOntrol microsordes .
but less than that of BP in BA-induced microaomes . The
fluorescence intensity of the metabolif:e of PPO is nearly
that of the BP rnetabolite, 3-hydroxybenzo(a)Pyrene . The
low toxicity of PPO (7) and its posaible lack of carcino-
genicity may provide some indication fpr PPO in studies of
chemical carcinogenesis and drug metabolism in model systems .
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