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FOREWORD

The protection of our estuarine and coastal areas from damage caused
by toxic organic pollutants requires that regulations restricting the intro-
duction of these compounds into the environment be formulated on a sound
scientific basis. Accurate information describing dose-response relation-
ships for organisms and ecosystems under varying conditions is required.
The Environmental Research Laboratory, Gulf Breeze, contributes to this
information through research programs aimed at determining:

. the effects of toxic organic pollutants on individual species

and communities of organisms;

. the effects of toxic organics on ecosystems processes and compo-

nents;

. the significance of chemical carcinogens in the estuarine and

marine environments;

Increasingrgo11ution of aquatic environments has led to the develop-
ment of bio]ogicél assays desiagned to monitor toxic, mutagenic, and carcin-
ogenic effects of contaminating chemicals. This report describes the

investigation of a biochemical (in vitro) prescreen test for determining

carcinogenic compounds.
////yﬁ <r—;2<27
/177.\,--’} g

Henry F.~Enos

Director

Environmental Research Laboratory
Gulf Breeze, Florida
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ABSTRACT

The objective of this research program was to develop an
enzymatic screen for chemical carcinogens based on the selective in
vitro stimulation of microsomal biphenyl-2-hydroxylase by known chemi-
cal carcinogens.

An attempt was made to repeat published work using a spec-
trophotofluorometric assay for biphenyl metabolites. It was found that
this assay system is not valid for use with complex mixtures, and that
metabolites must be separated from interfering compounds prior to
quantitation. A high pressure liquid chromatography methoud was de-
veloped which permitted rapid separation of metabolites. Nanogram
quantities of metabolites were detectable using this chromatographic
separation in conjunction with a spectrophotofluorometric detector.
Using this method, it was not possible to demonstrate in vitro stimula-
tion of biphenyl-2-hydroxylase by chemical carcinogens.

Alternative assays were also examined. Terphenyl is meta-
bolized to at least three different compounds by hamster microsomes.
Further work is necessary to validate the utility of this substrate in an

enzymatic screen for carcinogens. A marine protozoan, Parauronema

acutum metabolizes biphenyl in vivo to 2- and 4-hydroxybiphenyl. This
organism may provide a reliable, inexpensive source of biphenyl hy-
droxylase for an in vitro enzymatic assay system.

This report was submitted in fulfillment of Contract No.
R8-05671010 by Environmental Research Laboratory under the sponsor-
ship of the U.S. Environmental Protection Agency. This report covers
a period from November 1, 1977 to December 31, 1978, and work was
completed as of April 11, 1979.
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SECTION 1
INTRODUCTION

GENERAL

Awareness of increasing chemical pollution of both aquatic and
terrestrial environments has led to the development of biological assays
designed to monitor toxic, mutagenic, and carcinogenic effects of indus-
trial effluents. It is reasonable to assume that the potential hazards to
the biosphere, and especially the marine environment which serves as
the ultimate repository of the majority of pollutants, will continue to in-
crease with expansion of technological productivity and with rapid and
intensified developments in the area of alternate energy sources.
Therefore, biological systems useful for screening effluents should be
simple, sensitive, reliable, rapid and inexpensive. In addition, these
systems should be directly useful for testing the effect of noxious
materials upon the marine environment. Detection of harmful pollutants
will permit detoxification of the material before release into the
biosphere.

Current bioassays use a number of different systems in-

cluding bacteria (Salmonella, Escherichia coli), yeast, Drosophila,

mammalian cell cultures, and mice. A "tier" approach (Epler, 1976) to
biological testing has been designed in order to screen material for
potentially hazardous effects. The rationale of the tier system is to
identify potentially harmful material by initial testing in relatively rapid
and inexpensive assays prior to evaluation of effects in time-consuming
and expensive in vivo mammalian systems. This approach begins with a
microbiological assay and proceeds to other tiers (levels) of increasing
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organismal complexity. The ultimate objective of the tier approach is to
reduce the amount of time and number of tests which must be conducted
in order to assess the potential biological hazard of a given material.

Tests using living organisms or cells suffer from a high
sensitivty to toxic effects caused either by the active compound itself
or by impurities present in complex mixtures. These toxic effects may
thus be secondary, and may mask mutagenic or carcinogenic activities
of the material. Complex mixtures therefore must often be fractionated
prior to testing in order to reduce toxicity, and the number of tests to
be conducted on a given sample may be extremely large. In addition,
the spectrum of substances which can be effectively tested in a given
system is frequently limited.

It would therefore be desirable to have available a rapid
biochemical (in vitro) prescreen test of high sensitivity, broad spectrum
of applicability, and simplicity which would be independent of secondary
toxic effects. This type of system would permit rapid identification of
compounds or fractions to be tested at higher tiers. Such-a test would
save considerable time and expense in monitoring effluents and their
fractions for harmful effects.

Oxidative drug-metabolizing enzyme systems appear to fulfill
the requirements for a biochemical assay for carcinogens and mutagens.
These enzymes are associated with the microsomal fraction of a number
of organisms, and have been shown to be selectively affected by known
mutagens and carcinogens. A closer investigation of this effect could
lead to the development of an in vitro system suitable for use as a

rapid prescreen for mutagens and carcinogens.



MICROSOMAL BIPHENYL METABOLISM

Microsomal mixed function oxidases of a variety of animals are
able to use biphenyl as a substrate for formation of hydroxybiphenyl
compounds. In general, 4-hydroxybiphenyl is the major metabolite, and
2-hydroxybiphenyl is a secondary metabolite, with ratios of 26:1 to 2:1
being found depending on the specific species examined (Basu et al.,
1971; Creaven et al., 1965; Willis and Addison, 1974).

It has been found by a number of investigators that bi-
phenyl-2-hydroxylase is specifically stimulated by chemical carcinogens.
This effect has been demonstrated in vivo in animals and in vitro using
microsomes from both animals and plants. Administration of chemical
carcinogens and mutagens to test animals resulted in a selective stimu-
lation of biphenyl-2-hydroxylase as measured by an increase of 2- to
20-fold in the amount of 2-hydroxybiphenyl produced (Atlas and
Nebert, 1976; Burke and Bridges, 1975; Burke and Prough, 1976;
Friedman et al., 1972; Nebert et al., 1975; Tredger and Chhabra,
1976). The production of 4-~hydroxybiphenyl was not affected by the
treatment.  The stimulation of biphenyl-2-hydroxylase by chemical
carcinogens occurred in two phases: enzyme activation followed by
enzyme induction (McPherson et al., 1976; Parke, 1976).

An in vitro system which permits determination of the activity
of biphenyl-2-hydroxylase and biphenyl-4-hydroxylase was developed by
McPherson and coworkers (1976). This system involves preparation of
purified microsomes, incubation with an NADPH-regenerating system in
the presence of biphenyl, extraction and spectrophotofluorometric

determination of the 4- and 2-hydroxybiphenyl metabolites (Creaven
et al., 1965).



In order to examine the effect of chemical carcinogens and
mutagens on biphenyl hydroxylase in vitro, microsomes from animals or
plants were preincubated with test compounds, biphenyl added, and the
amount of 2- and 4-hydroxybiphenyl compared to control incubation
mixtures. It was reported that in vitro preincubation of microsomes
with known carcinogens resulted in a 60% to 300% increase in
2-hydroxybiphenyl production (Burke and Bridges, 1975; McPherson et
al., 1976, 1975 a,b,c, 1974 a,b). Noncarcinogens had no effect on the
hydroxylases, and biphenyl-4-hydroxylase was not affected by the
carcinogens.

The biphenyl hydroxylase system which is apparently selec-
tively stimulated by chemical carcinogens would appear to be ideal for
the purpose of providing a preliminary screen for environmental carcin-
ogens. The assay system is simple, the in vitro effects correlate well
with the in y_iv_(') effects, and the reaction substrate (biphenyl) and

products are themselves noncarcinogenic and easily detectable.

PROGRAM OBJECTIVES

The over-all program objectives include:

1. Compile a bibliography related to the biphenyl
hydroxylase reaction and related subjects.

2. Investigate the utility of the biphenyl hydroxylase
system as an enzymatic prescreen for chemical
carcinogens and mutagens.

a. Repeat the work of McPherson and coworkers
with a small number of known carcinogens and
non-carcinogens in order to validate the in
vitro assay.

b. Refine the test system:
--- investigate other sources of microsomes
--- examine the metabolism of  other
polyphenyls



--- study the metabolism of derivatives of
biphenyl

--- examine algal biphenyl metabolism

--- compare the results of the biphenyl assay
system with the Ames/Salmonella system
for sensitivity to toxic effects and
mutagenesis.

Validate the system for use with complex
mixtures such as leachates from retorted oil
shale.

Examine the ability of a marine protozoan,
Parauronema acutum, to metabolize biphenyl.




SECTION 2
CONCLUSIONS

Attempts to reproduce the experimental data of others (Burke
and Bridges, 1975; McPherson et al., 1976, 1975 a,b,c, 1974 a,b;
Creaven et al., 1965) as a preliminary step in the development of an
enzymatic screen for chemical carcinogens were negative. In all but
one published report (McPherson et al., 1975a), the spectrophotofiuoro-
metric assay of Creaven and coworkers (1965) was used to determine in
vitro production of 2- and 4-hydroxybiphenyl in complex mixtures
without prior separation of the metabolites. It was found that this
method cannot be used with complex mixtures contaiﬁing fluorescent
metabolites of carcinogens because these metabolites contribute fluores-
cence at the wavelength used to measure 2-hydroxybiphenyl. Our
results are in agreement with the data of Tong and coworkers (1977).

Methods of separating biphenyl metabolites prior to quantifi-
cation were investigated. High pressure liquid chromatography using a
spectrophotofluorometric detector permitted reliable separation and
quantification of metabolites. Using this method, it was not possible to
repeat published work which demonstrated a stimulation of hepatic
microsomal biphenyl-2-hydroxylase by chemical carcinogens. Microsomes
were prepared from the same organisms used in previously published
work (rat, hamster, and mouse liver; avocado mesocarp) as well as new
sources (cauliflower, apple). Further experimentation will be necessary
in order to reconcile the results presented in this report with the data
of McPherson and coworkers (1975a) which demonstrated a 2.5 fold

increase in  2-hydroxybiphenyl using !4C-labeled biphenyl as a

substrate.



Terphenyl is metabolized to a minimum of three different
compounds by hamster hepatic microsomes. This substrate may prove
useful as a supplement to biphenyl in an enzymatic screen for carcino-
gens. However, further experimentation is necessary to elucidate the
nature of the metabolites and enzymes involved, and the effect of
chemical carcinogens on metabolite production.

The marine protozoan, Parauronema acutum metabolizes bi-

phenyl to 2- and 4-hydroxybiphenyl. It does not metabolize BaP
(Lindmark, 1978). Preliminary experiments indicate that BaP at low
concentrations may protect the organism from the lethal effects of
biphenyl. This sytem may therefore prove useful in the study of
carcinogen-induced membrane changes. In addition, hydroxylases of P.
acutum are both soluble and membrane-bound (Lindmark, 1978).

Parauronema acutum may prove to be a source of stable, easily re-

covered hydroxylases which could be used in an enzymatic screen for

carcinogens when coupled with a carcinogen activating system.



SECTION 3
RECOMMENDATIONS

Because the in vivo stimulation of biphenyl-2-hydroxylase by
chemical carcinogens is well documented, it would be useful to develop a
rapid in vitro procedure using this system. Therefore, experiments
should be performed using %C-labeled substrates and both TLC and
HPLC separation techniques to determine whether or not biphenyl-2-
hydroxylase is selectively stimulated in vitro by chemical carcinogens.
In addition, simpler, more rapid methods of preparing plant or animal
microsomes should be investigated. If the stimulation can be reliably
demonstrated, further‘ work should be performed to allow this system to
be used as a routine assay.

Metabolism of terphenyls should be studied as a possible
alternative or complement to biphenyl metabolism. The enzymatic sys-
tem(s) responsible for terphenyl metabolism may prove to exhibit a
different sensitivity to carcinogens or may be more stable than the
biphenyl hydroxylases. This would prove extremely wuseful in the
development of an enzymatic screen.

The metabolism of biphenyl by Parauronema acutum should be

confirmed, and an investigation of the nature and stability of the en-
zymes involved should be carried out. Studies should be conducted to
determine the response of these enzymes to activated and unactivated
carcinogens both in vivo and in vitro. This organism could provide an

excellent source of biphenyl-2-hydroxylase and biphenyl-4-hydroxylase

for an enzymatic screen.



SECTION ¢4
ANALYTICAL METHODS

GENERAL

A number of different analytical approaches to quantitative
measurement of 2- and 4-hydroxybiphenyl are possible. Initially the
spectrophotofiuorometric (SPF) method of Creaven and coworkers (1965)
was employed in an effort to validate the assay system. This method
was used in the majority of the in vitro work published by McPherson
and coworkers, and has the advantage that metabolite separation is not
necessary. It became apparent that the SPF method does not provide a
valid measurement of the amount of 2-hydroxybiphenyl present when
fluorescent carcinogens and their metabolites are -present in reaction
mixtures. Therefore two different techniques for separation of the
metabolites were examined: thin layer chromatography (TLC) and high

pressure liquid chromatography (HPLCj.

SPECTROPHOTOFLUOROMETRY

Background
Creaven and coworkers (1965) demonstrated that 2-hydroxy-

biphenyl and 4-hydroxybiphenyl can be determined fluorometrically in
mixtures of the two compounds because .the 2-isomer exhibits excited
state ionization whereas the 4-isomer does not. At pH 2-9, 2-hydroxy-
biphenyl absorbs light in the unionized form (excitation wavelength =

)‘Ex = 295 nm), but emits the fluorescence of the anion (emission



wavelength = )‘EM = 415 nm) whereas 4-hydroxybiphenyl absorbs
(AEX = 275 nm) and emits (}‘EM = 338 nm) in the unionized form.
Figure 1 shows the excitation and emission spectra of the pure 2- and
4-hydroxybiphenyls determined using an Aminco Bowman spectrophoto-
fluorometer equipped with a high pressure xenon lamp. The excitation
and emission maxima of 290 nm and 412 nm for 2-hydroxybiphenyl, and
274 nm and 335 nm for 4-hydroxybiphenyl are within the limits of
instrument variability of the values reported by Creaven and coworkers
(1965) given above. The quantities of the two compounds present in a

mixture are therefore determined fluorometrically at an acid pH using

two different combinations of excitation and emission wavelengths.

Materials and Methods

All chemicals were either reagent grade or of the highest
purity available. For detailed information concerning purity, see
page 1x.

Incubation of microsomes with substrate and test compounds
was performed as described in Section 5. The method of extracting the
biphenyl metabolites from microsome incubation mixtures used by
Creaven and coworkers (1965) and all subsequent investigators was
followed exactly. It is summarized in Figure 2.

After the incubation period was completed, the reaction was
lerminated by addition of 1 ml of 4N HCl, and the mixture immediately
extracted with n-heptane. The incubation procedure and heptane
extraction were carried out in 20 ml glass tubes with teflon lined screw
caps. After the initial centrifugation, the tubes were stored in the

cold overnight. The samples were extracted and analyzed with a mini-
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Figure 1.
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incubation mixture

acidify, extract with 10 ml n-heptane by shaking
for 5 minutes at room temperature, centrifuge at
2,000 rpm for 15 minutes to separate the layers

aqueous layer n-heptane layer
(discard)

2 ml aliquot
extract with 10 ml of 0.1N NaOH for 5 minutes
at room temperature, centrifuge at 2,000 rpm
for 15 minutes to separate the layers

[ 7}

n-heptane layer NaOH layer

(discard) J
2 ml aliquot 2 ml aliquot

adjust to pH 5.5 by
adding 0.5 ml of 0.5N
succinic acid

measure fluorescence measure fluorescence
Aex = 272 nm Apy = 290 nm

XEM = 335 nm AEM = 413 nm
(4-hydroxybiphenyl) (2-hydroxybiphenyl

+ 4-hydroxybiphenyl)

Figure 2. Extraction procedure for SPF analysis of 2- and 4-hy-
droxybiphenyl (Creaven et al., 1965).

-12-



mum of exposure to ultraviolet light. Therefore incandescent light
pulbs were used when necessary.

The tubes containing the heptane extract were removed from
storage and allowed to come to ambient temperature. The 2 ml aliquots
of the n-heptane layer were transferred to 14 ml glass tubes with teflon
lined screw caps. The tubes containing the remaining 8 ml of n-hep-
tane were returned to cold storage. After extraction and centrifuga-
uon, the heptane was removed by pipetting and discarded. A 2 ml
aliquot of the NaOH extract was transferred to a 5 ml quartz cuvette,
and adjusted to pH 5.5 by addition of 0.5 ml of 0.5N succinic acid.
Fluorescence was measured using an Aminco Bowman spectrophotofluoro-
meter. Fluorescence of the 4-isomer was measured first because 4-hy-
droxybiphenyl was less stable in the basic NaOH solution than was
2-hydroxybiphenyl. @ The instrument was corrected for background
solvent fluorescence using 2 ml of 0.1N NaOH to which 0.5 ml of 0.5N
succinic acid was added.

Calibration curves were prepared using three standard solu-
tions: 24.8 pg/ml of 4-hydroxybiphenyl, 6.0 ug/ml of 2-hydroxybi-
phenyl, and a mixture containing 24.8 ug/ml of 4-hydroxybiphenyl and
6.0 pg/ml of 2-hydroxybiphenyl. The standards were dissolved in an
dqueous 5% (v/v) ethanol solution. Following HCI addition, 1 ml of each
standard solution was added to each of three microsome incubation tubes
from which the biphenyl substrate had been omitted. The solutions
were then extracted as described in Figure 2. Three dilutions of each
standard were used to construct quantitative calibration curves. A set
of standard curves was constructed for each experiment. This method

f .
! preparing standard curves allows the calculation of absolute amounts

-13-



of metabolites present in the unknown reaction mixtures without the
need to determine efficiency of extraction because all samples are
treated in an identical manner.

The quantities of the two metabolites present in the extract
were calculated according to the method of Creaven and coworkers
(1965). The 2-isomer does not interfere with fluorometric determination
of the 4-isomer. However, the 4-isomer contributes fluorescence at the
wavelength used to measure 2-hydroxybiphenyl. Therefore, the fol-

lowing measurements and calculations must be performed:

1. Determine the percent fluorescence of the unknown
solution using '\EX = 274, }‘EM = 335 nm. Read the
quantity of 4-hydroxybiphenyl present from the
standard curve.

2. Determine the percent fluorescence of the 4-hy-
droxybiphenyl standard at =290, Apy =

AEX EM
412 nm.

3. Determine the percent fluorescence of the unknown
solution using }‘EX = 290, Apm = 412 nm. This is
the sum of the emissions of both isomers.

4. Calculate the amount of 2-hydroxybiphenyl present

in the mixture from the equation (Creaven et al.,
1965):

C =B - (Ax/Y)

where: C = percent fluorescence of 2-hydroxybi-
phenyl at 412 nm

B = percent fluorescence of the mixture
at 412 nm

A = percent fluroescence of the standard
4-hydroxybiphenyl solution at 412 nm

-14-



X = concentration of 4-hydroxybiphenyl in
the unknown

y = concentration of 4-hydroxybiphenyl in
the standard

The concentration of 2-hydroxybiphenyl in the
unknown mixture can then be determined from the
standard curve.

Results

Because the results obtained using this method were anoma-
lous, excitation and emission spectra of several different mixtures were
examined.

Initially it was thought that the peanut oil present in the
microsome incubation mixture might contribute fluorescence at the
wavelengths used to measure the biphenyls. In addition, it was also
possible that unaltered carcinogens such as benzo[a]pyrene (BaP) could
interfere with the fluorescence measurements. Therefore, 0.5 ml of
peanut oil and 0.5 ml of 1 mM BaP dissolved in peanut oil were dis-
solved in 10 ml each of n-heptane and extracted as described in
Figure 2. The excitation and emission spectra of these extracts are
shown in Figure 3. The results show that material extracted from
peanut oil does fluoresce at the wavelength used to measure 2-hydroxy-
biphenyl. However, the peanut oil is present in all samples, including
the standards, and this effect is therefore corrected for when the
s‘andard curves are constructed. The sample containing BaP in oil
showed the same spectrum as the oil alone. Therefore unaltered BaP
does th contribute to fluorescence at the wavelength used to determine

"¢ l-isomer. In addition, BaP is apparently not hydroxylated during

N oex i
‘ extraction procedure.
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Figure 4 shows excitation and emission spectra of material
extracted from incubation mixtures containing purified hamster micro-
somes. As expected, both 2- and 4-hydroxybiphenyl were formed from
the biphenyl (Figure 4A). However, the emission peak for 2-hydroxy-
biphenyl was shifted to 418 nm, and 4-hydroxybiphenyl appeared as a
broad shoulder at 335 nm. Incubation mixtures containing BaP (Fig-
ure 4B) had a broad emission peak from 380 to 470 nm when excited at
290 nm. Material which was extracted from mixtures containing BaP and
biphenyl (Figure 4C) again had the 418 nm peak, but lacked the 335 nm
shoulder.

It is apparent that metabolites of BaP formed during incuba-
tion with the microsomes are coextracted with the hydroxylated bi-
phenyls, and contribute significant fluorescence at the wavelength used
to measure 2-hydroxybiphenyl. Determination of 4-hydroxybiphenyl is
relatively unaffected by the fluorescence of these metabolites.

In the case of material extracted from incubation mixtures
containing plant microsomes and biphenyl (Figure 5A), two emission
optima were observed. Excitation at 290 nm gave an emission peak at
405 nm, and excitation at 272 nm gave an emission peak at 367 nm. A
similar pattern was observed in material extracted from microsomes
incubated with BaP in oil (Figure 5B) or methylcholanthrene (MC) in oil
(figure 6A). Incubation mixtures containing both carcinogen and
biphenyl yielded material which had an increased fluorescence in the 405

0 410 nm region. The emission spectrum obtained by exciting at

-

~ i

"2 nm showed essentially no discrete peaks in the case of BaP plus
v:phenyl (Figure 5C), and a broad shoulder (350 to 450 nm) in the case
9! MC plus biphenyl (Figure 6B).

-17-
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Excitation and emission spectra of material extracted from incubation mixtures contain-
ing purified cauliflower microsomes and (A) oil plus biphenyl; (B) BaP in oil; (C) BaP

in oil plus biphenyl.

Figure 5.
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stcussion

It is obvious that the spectrophotofluorometric method of
creaven and coworkers (1965) is not useful for determining hydroxybi-
phenyls in the presence of carcinogens whose metabolites fluoresce at
‘ne wavelengths used to measure the hydroxylated biphenyls. This
conclusion agrees with the findings of Tong and coworkers (1977) which
were published after the conclusion of the SPF work presented in this
report.

It is therefore necessary to separate the metabolites of bi-
phenyl from each other and from other fluorescent material extracted
from incubation mixtures prior to making quantitative measurements.

Two such possible separation methods were examined next.

THIN LAYER CHROMATOGRAPHY

Background

McPherson and coworkers (1975a) used thin layer chromato-
graphy (TLC) to separate !4C-labeled metabolites of biphenyl. Initial
experiments therefore employed the same silica gel substrate (HFjzg54)
and solvent system (benzene:ethanol, 95:5, v/v) as these investigators
inorder to validate the separation technique. Subsequently other
so.vent systems were examined as a preliminary step in selecting the

opimal solvents to be used in the high performance liquid chromato-

3raphic separation of metabolites on a silica gel column.
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\aterials and Methods

A slurry containing 30 g of silica gel HF,54, type 60 (EM Re-
agents), 96 ml deionized water, and 4 ml acetone was mixed in a Virtis
biendor at high speed for 2 minutes. The slurry was spread using a
Desaga spreader onto 20 x 20 cm glass plates to a thickness of
025 mm. The plates were air dried for at least 8 hours. Standards
were dissolved in methanol. Plates were examined under a Mineralight
LVS-54 lamp at a wavelength of 254 nm. All chemicals were reagent

grade.

Results

Table 1 gives the Rf wvalues obtained using a number of
different solvent systems. As can be seen, several of the solvent
systems gave good separation of the four hydroxylated biphenyls. Both
p- and m-terphenyl were also examined in the benzene:ethanol (95:5)
system, and were found to have the same Rf values as biphenyl.

Use of TLC to quantitate biphenyl metabolite production
requires removal of the spot from the plate and analysis either by
scintillation counting (McPherson et al. 1975a) of labeled material or
lluorescence of unlabeled compounds. In order to examine the possi-
b:lity of using fluorescence measurements, the silica gel alone was
straped from the plate, eluted with benzene, and fluorescence deter-
mined. It was found that material was eluted which would interfere

»ith measurement of the hydroxylated biphenyls.

-22-
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TABLE 1. SEPARATION OF BIPHENYLS BY TLC
Rf values for solvent systems!:
benzene: CClyg: CCl,: CCly: CHCl;3:n-hexane: dioxane: dioxane: dioxane:
ethanol® acetone methanol methanol methanol n-hexane iso-octane cyclohexan.
compound _Hg 95:5 20:1 20:1 95:10 45:30:5 20:80 20:80 20:80
biphenyl 14.3 0.71 0.54 0.58 0.63 0.72 0.57 0.45 0.49
2-hydroxybiphenyl 14.1 Q.55 0.24 0.30 0.39 0.55 0.26 0.19 0.26
4-hydroxybiphenyl 19.3 0.38 0.12 0.15 0.27 0.39 0.19 0.14 0.19
2,2'-dihydroxybiphenyl 16.1 0.30 0.06 0.12 0.24 0.34 0.12 0.09 0.12
4,4'-dihydroxybiphenyl 10.3 0.12 0.01 0.02 0.08 0.10 0.04 0.03 0.05
THF: THF: THF: THF: THF: THF: THF:
THF cyclohexane cyclohexane dioxane iso-octane  iso-octane n-hexane n-hexane
compound pg  100% 50:50 10:90 10:90 50:50 10:90 50:50 10:90
biphenyl 14.3 0.63 0.52 0.39 0.63 0.53 0.44 0.61 0.55
2-hydroxybiphenyl 14.1 0.60 0.45 0.15 0.59 0.43 0.13 0.52 0.20
4-hydroxybiphenyl 19.3 0.60 0.41 0.08 0.57 0.39 0.08 0.48 0.12
2,2'-dihydroxybiphenyl 16.1 0.60 0.36 0.05 0.59 0.37 0.04 0.44 0.07
4,4'~dihydroxybiphenyl 10.3 0.59 0.35 0.04 0.62 0.36 0.02 0.37 0.03
1 Each compound was placed in a separate spot. Abbreviations: CCl4 = carbon tetrachloride, CCl; = chloroform,

THF = tetrahydrofuran.
Total amount of material spotted on the plate.

Values are the average of four different determinations.



piscussion

Thin layer chromatography is a valid method for separating
nydroxylated biphenyls. However, unless radioactive material is used,
quantitation appears to be difficult. The method is not useful in con-
junction with a routine assay system because the amount of material
present cannot be determined directly on the plate. A more direct

method for separation and quantitation of metabolites is required.

HIGH PRESSURE LIQUID CHROMATOGRAPHY

Background

High pressure liquid chromatography has recently been used
to separate and identify polycyclic aromatic hydrocarbons in complex
mixtures (Burchill et al., 1978; Dong and Locke, 1976; Thomas et al.,
1978). This method combined with either an ultraviolet or fluorometric
detection system would appear to provide several advantages as an
analytical means for quantitating biphenyl metabolite production.
Sample handling would be minimal because the n-heptane extract of the
microsomal incubation mixture could be used directly. An SPF detection
system would permit selective quantitative measurement of material at
wavelengths specific for a given compound thus minimizing interfer-

ences. The SPF system also allows detection of very small amounts of

material.

Materials and Methods

A Perkin-Elmer 220 high pressure liquid chromatograph

®quipped with an ultraviolet detector (254 nm) was used. The chroma-

-24-



tograph was attached to the spectrophotofluorometer by means of a
150 pl flow through cell having a 2 mm path length. Three different
columns (Whatman) were assessed: Partisil 10, Partisil PSX 10/25 PAC,
and Partisil ODS/2. All were 25 cm long X 4.6 mm inside diameter.
The temperature was ambient. The location of compounds in the chro-
matographic fractions was recorded using a Linear Instrument Company
strip chart recorder at a chart speed of 16 inches per hour. Ten
microliters of the n-heptane extract of the microsome incubation mix-
tures was injected directly into the chromatograph. All chemicals were

of the highest purity available, and all solvents were spectrophotometric

grade, distilled in glass.

Results

Table 2 shows that the hydroxybiphenyls can be separated
from each other and from biphenyl using HPLC. The best separation
was obtained using a Partisil PSX 10/25 PAC column and a solvent
system of THF:n-hexane of 15:85. The retention time of BaP under
these conditions was 4.2 minutes.

The optimum fluorescence wavelengths for detection of the
hydroxybiphenyls in this solvent system were determined, and the

following standard conditions were therefore used in all subsequent

analyses:
column: Partisil PSX 10/25 PAC flow rate: 2 ml/min.
solvent: THF:n-hexane, 15:85 pressure: 300 psi
fluorescence detector: Apx = 300 nm range: 0.33
Aem = 335 nm

-25-
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TABLE 2. SEPARATION OF BIPHENYL STANDARDS BY HPLC!?

retention time (minutes) of:

flow
rate 4-hydroxy- 2-hydroxy-
column solvent system (ml/min) biphenyl biphenyl biphenyl
Partisil 10 dioxane:n-hexane 10:90 1 -- 9.9 5.8
THF :isooctane 15:85 1 -- 6.8 4.4
13:87 1 -- 8.4 5.0
Partisil PSX THF 100% 1 -- 3.8 3.6
10/25 PAC THF :n-hexane 50:50 1 -- 6.0 5.5
25:75 1 -- 11.2 9.7
15:85 1 -- 21.4 17.6
15:85 2 2.2 14.32 10.5
Partisil ODS/2 methanol: water 80:203 1 10.2 5.7 5.9
85:15 1 7.6 4.6 4.2
90:103% 1 9.2 6.2 4.4
90:103 0.5 9.8 6.5 4.4

1 Except as noted, compounds were monitored with an ultraviolet light detector at 254 nm. A line
indicates that the retention time was not determined.

2 The retention times for 2- and 4-hydroxybiphenyl are an average of three separate
determinations.

3 Compounds were monitored fluorometrically at AEX = 300 nm, )‘E‘.M = 335 nm.



an example of the chromatogram of 2- and 4-hydroxybiphenyl standards
,ptained using this system is shown in Figure 7.

The separation of 2- and 4-hydroxybiphenyl in an extract
from an incubation mixture containing purified hamster microsomes is
shown in Figure 8. The positions of the 2- and 4-isomers are clearly
defined, and well separated from earlier peaks (Figure 8A). Most of
:he early peaks represent material extracted from the complex incuba-
uon mixture as is shown in Figure 8B.

Using this system, 2- and 4-hydroxybiphenyl can be identi-
fled unequivocably, and there is no interference from metabolites of the
carcinogens added to the incubation mixtures (Figures 9 and 10). In
order to be certain that this was true, an extract of an incubation
mixture containing purified hamster microsomes, BaP in oil and biphenyl
was chromatographed using the standard conditions except that }‘EM was
422 nm. This is the optimum wavelength for detection of potential BaP
metabolites. Figure 11 shows that there are no BaP metabolites at the
retention times of the hydroxybiphenyls.

In order to ascertain whether the supernatant oxygen present
during the extraction of the incubation mixture could produce oxidation
products which would interfere with the detection of the hydroxybi-
phenyl compounds, a standard solution of BaP was exposed to air and
sunlight and subsequently chromatographed. The conditions were
standard with the exception that the emission wavelength was 422 nm.
il can be seen (Figure 12) that even under these extreme conditions,
*fly traces of materials have been formed which have retention times

S:Tiar to those of the hydroxybiphenyls.
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Column - PartisilTM PAC

Column length - 25 cm

Solvent - n-Hexane:THF (85:15)

Flow Rate - 2 ml/min

Pressure - 300 psi

Flucrescence Detector:
Excitation - 300 nm
Emission - 335 nm

Range 0.33
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Figure 7. Separation of 2- and 4-hydroxybiphenyl standards by

HPLC. The sample contained 2.4 ng of each standard.
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figure 8. Material separated by HPLC and obtained from reaction

mixtures containing purified hamster microsomes and
(A) oil plus biphenyl; (B) oil alone.

-29-



-08-

PEAK MEISNT
PEAX HEIONT
T

PEAX WEWNT

U '/\WMK oW e

[ ) 1] 0 s s 20 s 0 3 20
({11 3] {IN.) tann)
Figure 9. HPCL of material extracted from purified hamster microsomes incubated with biphenyl

and (A) BaP in oil; (B) safrole in oil; (C) 3-methylcholanthrene in oil.
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Figure 10. HPLC of material extracted from purified hamster micro-

somes incubated with biphenyl and (A) o-naphthylamine
in oil; (B) B-naphthylamine in oil.
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Figure 11. HPLC of material extracted from purified hamster micro-

somes incubated with BaP in oil. The emission wave-
length was optimum for detection of BaP metabolites.
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Figure 12. HPLC of a standard BaP solution exposed to oxygen and

light for several hours.
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Discussion

HPLC combined with SPF would appear to be the analytical
method of choice for determining the amounts of 2- and 4-hydroxybi-
phenyl produced in complex reaction mixtures. Because of problems
with the Partisil PSX 10/25 PAC column in terms of stability, it may be

necessary to use the Partisil ODS/2 column for long term studies.
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SECTION 5
ENZYMATIC HYDROXYLATION EXPERIMENTS

GENERAL

A second major objective of this work was the duplication of
in vitro stimulation of biphenyl-2-hydroxylase by chemical carcinogens
as described by others.

The in vivo stimulation of microsomal biphenyl-2- and 4-hy-
droxylase by chemical carcinogens is well documented for a number of
animals (Creaven et al., 1965; Atlas and Nebert, 1975; Hook et al.,
1975; Burke and Prough, 1976; Burke and Bridges, 1975). The in
vitro stimulation of biphenyl-2-hydroxylase has also been reported for
both animal and plant microsomes (Creaven et al., 1965; McPherson et
al., 1976, 1975 a,b,c 1974 a,b; Tredger et al., 1976; Tong et al.,
1977).

We have examined the ability of chemical carcinogens to stim-
ulate production of 2-hydroxybiphenyl in vitro using both plant and
animal microsomes. The first series of investigations were carried out
to duplicate the experiments and data reported by McPherson, Bridges
and Parke (1976) on the in vitro effects of benzopyrene and safrole on
biphenyl-2-hydroxylase and other drug-metabolizing enzymes using liver
microsomal extracts and microsomes from avocado pear (Persea
americana) (McPerson et al., 1975b). The method used by these
authors was followed exactly.

The investigation of substrates other than biphenyl was also

initiated. Because of the somewhat labile nature of the biphenyl-2-
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hydroxylase, it was thought that a higher order polyphenyl substrate

such as terphenyl might provide useful information.

ENZYMATIC METHODS

Chemicals

Benzo(a)pyrene (BaP) and safrole (SA) were purchased from
Aldrich Chemical Company, o-naphthylamine (¢~-NA) and B-naphthylamine
(B-NA) were from Sigma, and 20-methylcholanthrene (MC) was from K&K
Chemicals. All were of the highest purity available. These compounds
were dissolved in peanut oil (Planter's) to provide stock solutions at
1 mM. Biphenyl was dissolved in 1.5% (w/v) Tween 80 and 1.15% (w/v)
KCl to make a 13 mM stock solution. Stock solutions of the hydroxy-
lated standards were made in 5% (v/v) aqueous ethanol at the following
concentrations: 4-hydroxybiphenyl, 0.146 pmoles/ml; 2-hydroxybi-
phenyl 0.0342 pmoles/ml; 2-hydroxybiphenyl and 4:hydroxybiphenyl,
0.146 umoles/ml and 0.146 umoles/ml, respectively. A thin layer chro-
matogram of the substrate and standard compounds at 0.1 mg material
per spot showed no impurities in the biphenyl or 2-hydroxybiphenyl,
but trace amounts of biphenyl and 2-hydroxybiphenyl in the 4-hydroxy-
biphenyl standard. Meta-terphenyl was recrystallized, and p-terphenyl
(99+4%) was purchased from Aldrich Chemical Co. Stock solutions at

13 mM in Tween 80 and 1.15% KCI were made as for biphenyl.

Animals

Swiss-Webster mice (mean weight 37.9 g), Sprague-Dawley

rats (mean weight 172.5 g) and Syrian hamsters (mean weight 118.7 g)
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were obtained from commercial breeders. Water and food (Wayne Lab

Blocks) were provided ad libitum. Animals were sacrificed between 8:30

and 10:30 a.m. by decapitation.

Preparation of Hepatic Microsomes

Microsomes were prepared by the method of McPherson and
coworkers (1976). The livers were rapidly removed into cold buffered
KC1 (1.15% w/v KC1, 0.3 M NaH,PO,4, 0.3 M K,HPO,4, pH 7.6), blotted,
weighed, and placed in fresh cold buffered KCl. The weighed livers
were homogenized with a motor-driven teflon pestle using 10 strokes of
10 seconds each at 1,200 rpm. The homogenate was diluted with cold
buffered KCl to 250 mg tissue per ml of homogenate and centrifuged
(2°C) for 10 minutes at 15,000 g. In one case, this low speed pellet
was resuspended in buffered KC1 at 25 mg protein/ml and used in a
hydroxylation experiment. The low speed supernatant was decanted
and centrifuged. The supernatant was discarded and the pellet washed
with cold buffered KC1, resuspended in cold buffered KC1l, and again
centrifuged (2°C) for 60 minutes at 104,000 g. The final pellets were
resuspended in cold buffered KC1 at a protein concentration of
10 mg/ml. Protein was determined by the method of Lowry and co-

workers (1951).

Preparation of Plant Microsomes

Plant Microsomes were prepared according to the method of
McPherson and coworkers (1975b). Plant material was obtained
24 hours prior to use and stored in the cold. Cauliflower heads were

soaked in cold water for 1 hour before storage to rehydrate the tissue.
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The mesocarp portion of both avocado and apple were used; rosettes of
cauliflower were shaved from the head. The tissue was weighed, placed
in cold phosphate buffer (0.1 M NaH,PO,, pH 7.4), and homogenized in
either a Virtis homogenizer or Waring blender. Tissues were homo-
genized at 0.5 to 2 g tissue per ml phosphate buffer. The homogenate
was filtered through muslin and centrifuged (2°C) for 20 minutes at
13,500 g. The supernatant was decanted and centrifuged (2°C) for
90 minutes at 80,000 g. The pellets were resuspended in cold phos-
phate buffer and adjusted to 1-10 mg/ml protein with cold buffered

KC1l. Protein was determined by the method of Lowry and coworkers

(1951).

Hydroxylation Reactions

Hydroxylation reactions were performed according to the
method of McPherson and coworkers (1976, 1975c). All reactions were
carried out at 37°C in a shaking water bath at 100 cpm. The micro-
somal mixtures were warmed for 60 seconds after addition of the
NADPH-regenerating system. The tenfold concentrated NADPH-regener-
ating system consisted of: glucose-6-phosphate dehydrogenase,
20 IU/ml; glucose-6-phosphate, 25 mM; NADP, 5 mM; MgSO4 0.5 mM,
dissolved in buffered KCl. In the case of the crude homogenates, low
speed supernatants and pellets, and plant microsomes, 1.8 ml of the
preparation was used directly. The final protein concentration in the
2 ml reaction mixture for these preparations is given in Table 3.
Four-tenths ml of the first high speed pellets and purified animal micro-
somes (second high speed pellets) at 10 mg protein/ml was added to
1.4 ml of cold buffered KCl to provide a final protein concentration of
2 mg/ml in the 2 ml reaction mixture.
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TABLE 3. PROTEIN CONCENTRATIONS IN
HYDROXYLATION EXPERIMENTS

Preparation Protein Concentration?!
(mg/ml)
Mouse Homogenate 29.7
Rat Homogenate 27.0
Hamster Homogenate 29.7; 35.9
Mouse Low Speed Pellet 22.5
Hamster Low Speed Supernatant 13.3
Avocado Microsomes 5.8
Apple Microsomes 1.0
Cauliflower Microsomes 5.0; 9.1
Cauliflower Low Speed Supernatant 2.2

Two numbers indicate the concentrations in two separate experi-
ments. Protein is given as the final concentration in 2 ml of
reaction mixture.

Each tube received 0.2 ml of the ten-fold concentrated
NADPH-regenerating system. Five-tenths ml of test compound in oil, or
oil alone, was added and incubated for 10 minutes. Biphenyl or ter-
phenyl (0.3 ml of 13 mM) was added, and incubation continued for an
additional 5 minutes. The reaction was terminated by the addition of
1 ml of 4 M HCI to each tube.

The incubation mixtures used in each hydroxylation experi-
ment are given in Table 4.

Following the addition of HClI (and standards where indi-
cated), the tubes were immediately extracted with n-heptane as de-

scribed in a previous section of this report.

Separation and Analysis of Metabolites

In the case of the SPF determinations, standard curves were

contructed for each different biological preparation and for every ex-
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TABLE 4.

INCUBATION MIXTURES USED IN
HYDROXYLATION REACTIONS!

Microsomal System?

No.
No.
No.

No.

No.

No.

1
2
3

+ Qil
+ QOil

+ Test Compound
In Qil

+ Test Compound
In Qil

+ QOil

+ Biphenyl4

+ Biphenyl

+ Biphenyl

+

HCI3
HCI
HCl

HCI

HCI

HCl

+ Test Compound
In Qil

+ 2- or 4-Hydroxy-
biphenyl + biphenyl

Materials are listed in order of addition from left to right. The micro-

somal system and HCl were added to all tubes.
no addition, but continued incubation.

A blank space indicates

Microsomes or homogenate fractions plus NADPH-regenerating system.

HCl was added at the end of the incubation period to terminate the
reaction.

Terphenyl was added in place of biphenyl in some experiments. Tube #6
was omitted in these experiments.
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periment using dilutions from the tubes containing known concentrations
of 2-hydroxybiphenyl or 4-hydroxybiphenyl.

Quantitation of metabolites using the HPLC method was accom-
plished by constructing standard curves using three different concen-
trations of 2- and 4-hydroxybiphenyl in the range of 1 to 5 ng per
injection.

Terphenyl metabolites were examined at several excitation-

emission wavelengths.

BIPHENYL HYDROXYLATION

Experimental Results Using Fluorometric Analysis (SPF)

The results obtained from a relatively large number of exper-
iments carried out to either attempt to duplicate the results published
by others or to obtain an initial evaluation of other microsomal extracts
in conjunction with the biphenyl substrate are summarized in Tables 5
and 6.

Table 5 shows the results of three different hydroxylation
experiments using various fractions of hepatic homogenates from mice,
rats, and hamsters. The quantity of 2-hydroxybiphenyl and 4-
hydroxybiphenyl present in each of the reaction mixtures was deter-
mined fluorometrically by the method of Creaven and coworkers (1965).
Benzo(a)pyrene (BaP) was included in all experiments as a known
carcinogen, and where possible, o-Naphthylamine (a-NA) was included
as an example of a non-carcinogen. All other test compounds are

known carcinogens (McCann, et al., 1975).
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TABLE 5. EFFECT OF TEST COMPOUNDS ON PRODUCTION OF 4-HYDROXYBIPHENYL
AND 2-HYDROXYBIPHENYL BY LIVER FRACTIONS

Reaction n Mole/Min/mg Protein
Fraction Animal Mixture 4-Hydroxybiphenyl 2-Hydroxybiphenyl Corrected!?
Crude Mouse Oil 0.007 1.05
Homogenate BaP 0.014 1.41

Oil + Biphenyl 0.026 2.55

Biphenyl + BaP2 0.033 1.03

BaP + Biphenyl 0.005 1.58 0.17

Rat Oil 0.016 0.19

BaP -0- 0.54

Oil + Biphenyl 0.018 0.34

Biphenyl + BaP 0.024 0.86

Bap + Biphenyl 0.011 0.92 0.38

Hamster3 Oil 0.004 0.19

BaP -0- 0.37

SA 0.006 -0-

Oil + Biphenyl 0.022 0.29

Biphenyl + BaP 0.018 0.22

Biphenyl + SA 0.034 0.005

BaP + Biphenyl 0.007 0.78 0.41

SA + Biphenyl 0.021 -0- -0-
Low Speed Hamster Oil 0.016 0.008
Supernatant BaP 0.011 0.020

Oil + Biphenyl -0- 0.020

Biphenyl + BaP 0.142 0.122

BaP + Biphenyl 0.055 0.075 0.055
Low Speed Mouse Oil 0.005 0.003
Pellet BaP 0.009 0.008

Oil + Biphenyl 0.032 0.005

Biphenyl + BaP 0.045 0.006

BaP + Biphenyl 0.032 0.008 -0-
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TABLE 5 (continued)

. Reaction n Mole/Min/mg Protein
Fraction Animal Mixture 4-Hydroxybiphenyl 2-Hydroxybiphenyl Corrected?
First High Hamster Oil -- ==
Speed Pellet BaP -0- 0.56
SA -0- 0.07
MC -0- 0.37
Oil + Biphenyl 0.47 0.26
Biphenyl! + BaP -- --
Biphenyl + SA 1.58 0.85
Biphenyl + MC 1.32 1.43
BaP + Biphenyl 0.51 0.54 -0-
SA + Biphenyl 0.66 0.32 0.25
MC + Biphenyl 0.56 0.65 0.28
Second High Mouse?3 Oil 0.21 0.06
Speed Pellet BaP 0.09 0.10
SA 0.82 -0-
MC 0.29 0.12
aNA 0.26 0.07
BNA 0.07 0.29
Oil + Biphenyl 2.54 0.008
Biphenyl + BaP 2.23 0.13
Biphenyl + SA 3.85 -0-
Biphenyl + MC 2.68 0.26
Biphenyl + aNA 3.12 0.03
Biphenyl + BNA 3.38 0.04
BaP + Biphenyl 2.86 0.034 -0-
SA + Biphenyl 1.15 0.07 0.07
MC + Biphenyl 4.00 0.03 -0-
aNA + Biphenyl 2.97 -0- -0-
BNA + Biphenyl 1.10 0.28 -0-
Rat Oil 0.54 -0-
BaP 0.13 0.10
Qil + Bipheny! 1.25 0.015
Biphenyl + BaP 1.10 0.044
BaP + Biphenyl 1.01 0.074 -0-
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TABLE 5 (continued)

Reaction n Mole/Min/mg Protein

Fraction Animal Mixture 4-Hydroxybiphenyl 2-Hydroxybiphenyl Corrected!
Second High Hamster? Qil 0.12 0.008
Speed Pellet BaP 0.15 0.20
SA 0.62 0.06
MC 0.25 0.42
aNA 0.21 0.13
BNA 0.71 0.58
Oil + Biphenyl 0.93 0.17
Biphenyl + BaP 1.46 0.40
Biphenyl + SA 2.08 0.23
Biphenyl + MC 1.29 0.44
Biphenyl + aNA 1.57 0.68
Biphenyl + BNA 1.72 0.65
BaP + Biphenyl 0.78 0.32 0.12
SA + Biphenyl® 1.07 0.18 0.12
MC + Biphenyl® 1.03 0.30 -0-
oNA + Biphenyl® 1.04 0.28 0.15
BNA + Biphenyl® 0.78 0.56 -0-
1 The contribution of test compound metabolites as determined in reaction mixtures containing test com-

pound alone was subtracted from the quantity of 2-hydoxybiphenyl apparently present in the test
compound plus biphenyl reaction mixtures.

2 When the test compound follows the substrate, it was added to the reaction mixture after the addition
of HCI.

3 Results are the average of two experiments for the oil, oil and biphenyl, and BaP mixtures.

4 Results are the average of two experiments, 2 to 3 replicates for the oil, oil and biphenyl, and BaP
mixtures.

S Results are the average of two replicates in one experiment.
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TABLE 6. EFFECT OF TEST COMPOUNDS ON PRODUCTION OF
4-HYDROXYBIPHENYL AND 2-HYDROXYBIPHENYL BY PLANT MICROSOMES

Reaction n Mole/Min/mg Protein
Fraction Plant Mixture 4-Hydroxybiphenyl Corrected! 2-Hydroxybiphenyl Corrected?’
Low Speed Cauliflower Oil 0.53 0.27
Supernatant BaP 0.80 - 0.39
SA 0.80 ‘ 0.18
Oil + Biphenyl 0.27 0.18
Biphenyl + BaP2 0.49 0.66
BaP + Biphenyl 0.43 -0- 0.31 -0-
SA + Biphenyl 0.61 -0- 0.12 -0~
Purified Cauliflower®  0il 0.18 0.085
Microsomes BaP 0.21 0.075
SA 0.25 0.032
MC 0.036 0.039
Oil + Biphenyl 0.15 0.003
Biphenyl + BaP 0.065 0.026
Biphenyl + SA 0.081 -0~
Biphenyl + MC 0.048 0.27
BaP + Biphenyl 0.12 -0- 0.032 -0-
SA + Biphenyl 0.21 -0- 0.012 -0-
MC + Biphenyl 0.048 0.012 0.036 -0-
Avocado Oil 0.102 0.010
BaP 0.082 0.031
Oil + Biphenyl 0.077 0.005
Biphenyl + BaP 0.113 0.031
BaP + Biphenyl 0.087 0.005 0.005 -0-
Apple Oil 0.34 -0-
BaP 0.31 0.31
Oil + Biphenyl 0.54 -0-
Biphenyl + BaP 0.57 0.20
BaP + Biphenyl 0.43 0.12 -0- -0-

1 The contribution of test compound metabolites as determined in reaction mixtures containing test com-
pound alone was subtracted from the quantity of 2- or 4-hydroxybiphenyl apparently present in the
test compound plus biphenyl reaction mixtures.

2 When the test compound follows the substrate, it was added to the reaction mixture after the addition
of HCI.

3 All except MC are the average of results from two experiments.



It is apparent that the oil which serves as the solvent for the
test compounds can contribute fluorescence at the wavelengths used to
measure both hydroxylated biphenyls. However, the oil is included in
all reaction tubes, including those containing the standard concentra-
tions of the hydroxylated biphenyls, and is therefore corrected for
when the standard curves are constructed. Of more significance is the
observation that incubation mixtures containing the test compound alone
show fluorescence at the wavelength used to determine 2-hydroxybi-
phenyl, and to a lesser extent at the wavelength used to determine
4-hydroxybiphenyl. In essentially each case, the apparent increase in
the amount of 2-hydroxybiphenyl produced in the presence of the test
compound was accounted for by the contribution of the test compound.

The effect of various test compounds on 4- and 2-hydroxy-
biphenyl production by plant microsomes was also examined fluoro-
metrically because McPherson and coworkers (1975¢) had reported a
stimulation of 2-hydroxybiphenyl production by 3,4-benzopyrene in
avocado microsome reaction mixtures. The results are presented in
Table 6. In this case, the test compound contributed significantly to
the determination of both 2- and 4-hydroxybiphenyl.

Experimental Results Using High Pressure Liquid Chromatography (HPLC)

Because of the inconsistent and erratic results obtained using
the fluorometric analysis by Creaven et al. (1965), an alternate method
of analysis was investigated. Quantitative HPLC was used to determine
the amount of 2- and 4-hydroxybiphenyl present in incubation mixtures
of hamster microsomes (first and second high speed pellet). Figure 7

shows that this method provides a complete separation of the two hy-
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droxylated biphenyls in a known mixture. Figures 9 and 10 show
typical chromatograms obtained from incubation mixtures containing test
compounds and biphenyl. The test compounds did not contribute fluor-
escent material to the 2- and 4-hydroxybiphenyl peaks under the con-
ditions of this assay. Table 7 presents quantitative data obtained from
these chromatograms. It can be seen that using this method, the
amounts of 2- and 4-hydroxybiphenyl produced in the reaction contain-
ing substrate alone agree with the amounts determined using the fluor-
ometric method (Table 5). However, production of 2-hydroxybiphenyl
was not stimulated by preincubation with test compounds.

In the case of BaP, an attempt was made to determine
whether the test compound itself or its metabolites were contributing to
the fluorescence at the 2-hydroxybiphenyl wavelength using the HPLC
method. Samples from reaction mixtures containing BaP were chroma-
tographed on the HPLC and examined at the excitation-emission couples
of: Ex 300, Em 405 and Ex 300, Em 422. Although BaP itself was
detected at these wavelengths (average retention time 5.6 minutes), no
metabolites could be detected. It is possible that the metabolites were

present in undetectable amounts or that they eluted with the early

material.

Discussion

Using a high pressure liquid chromatography system which
Permits unequivocal identification of hydroxylated biphenyls, it has
been possible to demonstrate, in contrast to the findings of others
(Creaven et al., 1965; McPherson et al., 1976, 1975 a,b,c, 1974 a,b;
Tredger et al., 1976; Tong et al., 1977), that the amount of 2-
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TABLE 7.

EFFECT OF TEST COMPOUNDS ON

PRODUCTION OF 4- AND 2-HYDROXYBIPHENYL
AS DETERMINED BY QUANTITATIVE HPLC

n Mole/Min/mg-Protein Ratio of
Reaction Mixture?! 4-Hydroxybiphenyl 2-Hydroxybiphenyl 4-OH/2-OH
first High Speed Pe