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SUMMARY

The ability of 3,3’,4,4'-tetrachlorobiphenyl to stimulate bilirubin
degradation by liver microsomes from rats treated with a poly-
cyclic aromatic hydrocarbon-type inducer has been confirmed
and extended to another planar biphenyl, 3,3’,4,4’,5,5"-hexach-
lorobiphenyl. The following evidence indicates the involvement
of an inducible cytochrome P450 isoenzyme in this reaction, with
a role, specifically, for cytochrome P450IA1. (a) The biphenyl-
dependent bilirubin degradation and 7-ethoxyresorufin O-deeth-
ylase (EROD) activity were both markedly inhibited by a mono-
clonal antibody raised against cytochrome P450lA1; the two
dose-inhibition curves were essentially superimposable, with
maximum inhibition observed for both activities at a ratio of
antibody to total cytochrome P450 of about 1. (b) Treatment of
rats with 3-methyicholanthrene increased both EROD activity
and biphenyl-dependent bilirubin degradation not only in the liver
(where both cytochromes P450l1A1 and P4501A2 are inducible)

but also in the kidney (where only induction of cytochrome
P450IA1 has been reported), with similar ratios of the two
enzymatic activities in both tissues. (c) With carbon tetrachloride
and 3,5-diethoxycarbonyl-4-ethyl-1,4-dihydro-2,4-dimethyl pyri-
dine as selective suicide substrates of members of the cyto-
chrome P450IA subfamily, the biphenyl-dependent degradation
of bilirubin showed a good correlation with cytochrome P4501A1,
determined both as EROD activity and as an immunoreactive
band on immunoblotting. These findings implicate cytochrome
P450IA1 in the alternative pathway of bilirubin disposal, which
can be stimulated by 2,3,7,8-tetrachlorodibenzo-p-dioxin in Gunn
rats, and also help substantiate the hypothesis that interaction
of a poltyhalogenated aromatic compound with the induced cy-
tochrome may initiate an oxidative mechanism leading to oxida-
tion of target molecules in the cell, one of which is bilirubin.

We have recently described (1) a bilirubin-degrading system,
in the hepatic microsomal fraction, that can be induced by
treatment with TCDD in vivo and markedly stimulated by
addition of a planar polyhalogenated aromatic compound (3,4-
TCB) to the microsomes in vitro. Addition of 3,4-TCB also
caused a dose-dependent inhibition of the EROD activity of
the microsomal fraction from induced animals, suggesting that
tight binding of the chemical to the active site of the induced
cytochrome P450 might be responsible for both loss of O-
deethylase activity and production of a bilirubin-degrading
species. These findings provide a plausible mechanism for the
alternative pathway of bilirubin metabolism that can be acti-
vated by TCDD treatment (2, 3) in congenitally jaundiced
(Gunn) rats. However, direct evidence that cytochrome P450
is involved in these effects and that the fate of bilirubin in
microsomal incubations is similar to that observed in Gunn
rats in vivo has not yet been produced.

! Present address: Dipartimento di Medicina ed O le, Univ-

ersita di Torino, 10125 Torino, Italy.

logia Speri

We have now obtained evidence that cytochrome P450IA1
plays an important role in bilirubin degradation, by using an
inhibitory monoclonal antibody and selective suicide substrates
directed against members of the cytochrome P450IA subfamily.
Additional evidence for the involvement of cytochrome
P450IA1 is provided by the finding that, like this isoenzyme,
the bilirubin-degrading system is inducible not only in the liver
but also in the kidney. The degradation of bilirubin by the
microsomal fraction from induced animals in vitro leads to the
loss of both the Soret absorbance and the intensity of the diazo
reaction of bilirubin, as is observed upon TCDD treatment of
jaundiced rats in vivo (1). In addition to identifying an alter-
native pathway of bilirubin disposal via cytochrome P4501A1,
the potential importance of these studies lies in the demonstra-
tion that bilirubin, a readily oxidizable compound (1, 4), might
be of use in monitoring a more general oxidative mechanism,
which appears to be initiated by the direct interaction of
polyhalogenated aromatics with cytochrome P450 (see Ref. 5
for a recent review).

ABBREVIATIONS: TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin; 3,4-TCB, 3,3',4,4’-tetrachiorobiphenyl; 3,4,5-HCB, 3,3’,4,4',5,5'-hexachiorobi-
phenyl; 3-MC, 3-methyicholanthrene; 4-ethyl-DDC, 3,5-diethoxycarbonyl-4-ethyt-1,4-dihydro-2,6-dimethyipyridine; PBS, phosphate-buffered saline;

EROD, 7-ethoxyresorufin O-deethylase.
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Materials and Methods

Animals. Male rats of the LAC:P Wistar-derived strain (body
weight, 180-200 g) were kept on RM Expanded No. 3 breeding diet
(obtained from W. Lillico & Son Ltd., Betchworth, Surrey, UK) and
allowed food and water ad libitum until they were killed. Treatment
with inducers involved a single intraperitoneal injection of TCDD (300
ug/kg of body weight) or 3-MC (80 mg/kg), both in corn oil, and the
animals were killed 72 and 63 hr after injection, respectively. In addition
to treatment with 3-MC, some rats also received, 1.5 hr before being
killed, an intraperitoneal injection of CCl, (800 mg/kg) or 4-ethyl-DDC
(100 mg/kg) in corn oil (10 ml/kg). Microsomal fractions from liver
and kidney were isolated, washed, and stored frozen as described
previously (1).

Analytical techniques. Protein was measured by the method of
Lowry et al. (6), using crystalline bovine serum albumin as a standard,
and cytochrome P450 content according to the method of Omura and
Sato (7). Bilirubin in microsomal incubations was either monitored at
450 nm, to follow its rate of degradation, or measured (during the
period of linear rate of loss or after an additional 24- or 48-hr incubation
in the dark) by both its Soret absorbance and the intensity of the diazo
reaction. The difference in absorbance between 450 and 550 nm was
recorded for each sample, and, after addition of 0.25 ml of 1 N HCI to
each incubation mixture (3.5 ml), a 1-ml portion was added to 1.25 ml
of methanol and 0.25 ml of diazo reagent (8); absorbance at 542 nm
was then recorded 30 min later, using as a blank a sample of identical
composition from which the diazo reagent was omitted.

Sources of special chemicals and reagents. NADPH (type III),
purified control mouse IgG, 3,4,5-HCB, and bilirubin were obtained
from Sigma Chemical Co. (Poole, Dorset, UK); 7-ethoxyresorufin was
from Pierce Chemical Co. (Rockford, IL); 3,4-TCB was from Ultra
Scientific (Hope, RI); and TCDD and 4-ethyl-DDC were gifts from Dr.
J. B. Greig and Mr. A. H. Gibbs, respectively, (both of the MRC
Toxicology Unit, Carshalton, UK), and were synthesized by methods
previously described (9, 10). Cytochrome P450IA1 was purified from
the liver of rats treated with 3-MC (11) and was a gift from Dr. R. J.
Edwards (Royal Postgraduate Medical School, London, UK). Monoclo-
nal antibody 12/2/3/2, raised against rat cytochrome P450IA1, but
reacting with both cytochromes P450IA1 and P4501A2 (11), and puri-
fied by fast protein liquid chromatography (12), was used in the
microsomal inhibition studies and immunoblotting experiments de-
scribed below.

Experiments with isolated microsomal fractions. The rate of
metabolism of bilirubin by isolated microsomal fractions was studied
as described previously (1), using EDTA (2 mM final concentration) in
all experiments; liver microsomes corresponding to a concentration of
cytochrome P450 of 65 pmol/ml of incubation mixture were used,
except in the study of the inhibitory effect of the monoclonal antibody,
when the final concentration of cytochrome P450 was 32.5 pmol/ml.
Increasing concentrations of the antibody were then added, to obtain

TABLE 1
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molar ratios of IgG (assumed molecular weight, 150,000) to total
cytochrome P450 ranging from approximately 0.1 to 6. After incubation
for 5 min, biphenyl in dimethylsulfoxide (2.8 ul/ml) was added and, 5
min later, the reaction was initiated by addition of NADPH and
bilirubin. Controls received dimethylsulfoxide alone. When bilirubin
degradation by kidney microsomes was studied, a final concentration
of 190-220 ug of protein/ml of incubation mixture was used. The
EROD activity of liver and kidney microsomes was measured by a
modification (1) of the method of Burke and Mayer (13), using a final
concentration of 7-ethoxyresorufin of 2 uM and similar IgG/cytochrome
P450 molar ratios as used in the bilirubin degradation study for the
antibody inhibition experiment.

Immunoblot analysis of microsomal fractions from induced animals
was performed essentially as described by Towbin et al. (14). After
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (15), using
10% (w/v) acrylamide in the gel, the samples were transferred to
nitrocellulose membranes. After blocking with PBS containing 5%
horse serum and 0.25% gelatin (two incubations, 30 min each), the
membranes were incubated for 3 hr with 100 ug of monoclonal antibody,
in the aforementioned “blocking” PBS solution. The membranes were
then washed and incubated with a goat anti-mouse IgG-alkaline phos-
phatase conjugate, followed by staining with nitroblue tetrazolium and
5-bromo-4-chloro-3-indolyl phosphate in 100 mM T'ris, pH 9.5, contain-
ing 100 mM NaCl and 50 mM MgCl,. The intensity of the stained bands
was then quantified using an LKB 2202 Ultrascan laser densitometer,
with attached LKB 2220 recording integrator, and their electrophoretic
mobility was compared with that of authentic cytochrome P4501A1.

Results and Discussion

Stimulation of bilirubin degradation in vitro by planar
polyhalogenated biphenyls and effect of an antibody
directed against cytochrome P450IA1. When the hepatic
microsomal fraction from TCDD-treated rats was incubated
with bilirubin in the presence of NADPH, there was a loss of
bilirubin, which could be significantly stimulated by the addi-
tion of a planar biphenyl. However, the rate of bilirubin deg-
radation by microsomes from control animals was insensitive
to the addition of the biphenyl (Table 1). This confirms pre-
vious findings and extends the stimulary effect of 3,4-TCB,
already reported (1), to another planar biphenyl, namely 3,4,5-
HCB.

Additional experiments were carried out with microsomes
from TCDD-treated rats, to ascertain whether their bilirubin-
degrading activity was susceptible to inhibition by a monoclonal
antibody raised against cytochrome P450IA1. Table 2 shows
that the purified antibody inhibited the bilirubin-degrading
activity of microsomes from induced animals in the presence

Cytochrome P450 content, EROD activity, and bilirubin-degrading activity of liver microsomes from control and TCDD-treated rats
Male rats either were untreated controls or were treated with TCDD, as described in Materials and Methods. Hepatic microsomal fractions were isolated for the estimation
of total cytochrome P450 content, EROD, and bilirubin-degrading activity, the latter in the absence and presence of a planar polyhalogenated biphenyl. Results are given

as means + standard errors of the number of observations in parentheses.

e g activity
Treatment in vivo Cytochrome P-450 EROD activity
Compound added Activity
nmolmg of protein pmomin/mg of protein pmomin/mg of protein
None 0.63 £ 0.03 (3) 13.7+13(3) None 315+ 11 (3)
3,4-TCB (1 ug) 333+8(3)
TCDD 1.55+0.06 (9)" 6390 + 570 (8)" None 550 + 84 (6)
3,4-TCB (1 ug) 1174 + 94 (79
3,4,5-HCB (1 ug) 1533 + 60 (3

*p < 0.001, compared with corresponding values obtained with control microsomes.
®p < 0.001, compared with corresponding values obtained without a halogenated biphenyl.
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TABLE 2

Effect of monoclonal antibody 12/2/3/2 or control mouse IgG on the bilirubin-degrading activity of liver microsomes from TCDD-treated

rats

Hepatic microsomal fraction from TCDD-treated animais, corresponding to 114 pmol of cytochrome P450, was used to measure

or presence of a planar potyhalogenated biphenyl
dissolved in PBS; whereas PBS alone was added in the corresponding

activity in the absence

bilirubin-degrading
. Fifty micrograms of either the purified monocional antibody (MAD) or control mouse IgG were added, where indicated,
controls. A different batch of induced microsomes was used in each experiment. Results given

are means + standard errors of the number of observations in parentheses or are means with individual observations in parentheses.

Rate of biubin degradation
Compound added Further addition A. In the absence of the B. In the presence of the C. Effect of the biphenyl
biphenyl bipheny! B-A
ppmoi /min/mg of protein
Experiment1  3,4-TCB (1 ug) PBS 507 + 46 (3) 1650 + 60 (3) 1143
MAb 484 + 59 (3) 777 + 49 (4) 293
Experiment 2 3,4,5-HCB (1 ug) PBS 369 (341, 398) 1899 + 155 (4) 1530
MADb 339 (328, 350) 992 + 64 (3)" 653
Experiment 3 3,4-TCB (1 xg) PBS 766 + 26 (3) 1365 + 66 (3) 599
Control IgG 746 + 32 (3) 1228 + 16 (3) 482

*p < 0.001, compared with corresponding values with PBS.

of either 3,4-TCB or 3,4,5-HCB. In contrast, control mouse IgG
was virtually without effect. It is important to note that the
basal rate of bilirubin degradation, i.e., in the absence of the
biphenyl, was not inhibited by the antibody. Thus, the antibody
was selective for the component of bilirubin degradation stim-
ulated by the biphenyls. To exclude the possibility that the
antibody merely inhibited the uptake of biphenyl by the micro-
somes, in one experiment the order of addition of the antibody
and of the biphenyl was inverted (with the biphenyl being
added first), but the same degree of inhibition of bilirubin
degradation was observed.

The effects of the antibody on EROD activity and on bi-
phenyl-dependent bilirubin-degrading activity of microsomes
from TCDD-treated animals were compared at the same anti-
body/cytochrome P450 molar ratios. The two dose-inhibition
curves were essentially superimposible, with maximum or near-
maximum inhibition at a ratio of antibody to total cytochrome
P450 of about 1 (Fig. 1) and with approximately 20% of activity
being resistant to inhibition in both cases.

The monoclonal antibody used in this work was also tested
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Fig. 1. Inhibition of EROD and of 3,4-TCB-dependent bilirubin degrada-
tion activities of hepatic microsomes from TCDD-treated rats caused by
addition of monocional antibody 12/2/3/2. The two enzymatic activities
were assayed as described in Materials and Methods, in the presence
of increasing amounts of monocional antibody, so as to achieve the
antibody to cytochrome molar ratios indicated. EROD activity (CJ) and
3,4-TCB-dependent bilirubin degradation (@) have both been expressed
as a percentage of the corresponding values obtained in the absence of
the antibody.

with liver microsomes obtained from chick embryos treated
with S-naphthoflavone, but in this case neither the EROD
activity nor the biphenyl-induced stimulation of bilirubin deg-
radation were significantly inhibited (results not shown); there-
fore, the inhibitory effect of the antibody must involve recog-
nition of a rat-specific epitope that is essential to the catalytic
activity of the isoenzyme involved. The results of these studies
do not, however, clarify whether cytochrome P450IA1 or cyto-
chrome P4501A2 (a closely related member of the same subfam-
ily that is also induced in rat liver by TCDD, $-naphthoflavone,
and 3-MC) is involved in bilirubin degradation. This is because
the antibody recognizes both isoforms, towards which it ex-
hibits very similar binding affinities (11); thus, even though
the inhibition of bilirubin degradation correlated closely (Fig.
1) with inhibition of EROD activity [a reaction catalyzed
preferentially by cytochrome P450IA1 (16-19)], it was still
possible that cytochrome P450IA2 contributed to the loss of
bilirubin.

Bilirubin-degrading activity of kidney microsomes. In
order to ascertain which of the two possible isoenzymes of
cytochrome P450 was involved in the 3,4-TCB-dependent bil-
irubin degradation, studies were performed using kidney micro-
somes from induced animals. It has been shown previously that
treatment of rats with polycyclic aromatic hydrocarbons, for
example 3-MC, induces both cytochromes P450IA1 and
P450IA2 in the liver but only cytochrome P4501AI in the
kidney (20, 21). 3-MC treatment of rats increased both EROD
activity and 3,4-TCB-dependent bilirubin degradation not only
in the liver but also in the kidney, with similar ratios of the
two enzymatic activities in both tissues (Table 3), thus impli-
cating cytochrome P450IA1 in both reactions. In addition, as
previously reported for TCDD- and §8-naphthoflavone-induced
rat liver microsomes (1), 3,4-TCB was found to inhibit mark-
edly EROD activity of both liver and kidney microsomes from
3-MC-treated rats. This suggests that, if tight binding of 3,4-
TCB to cytochrome P450IA1 is responsible for both loss of
EROD activity and production of a bilirubin-degrading species,
then this applies not only to liver microsomes, as previously
reported (1), but also to induced kidney microsomes. These
findings clearly implicate cytochrome P450IA1 and would ap-
pear to exclude a role for cytochrome P450IA2 in the 3,4-TCB-
dependent bilirubin degradation.

Effect of suicide substrates of cytochrome P450 and
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TABLE 3
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EROD and bilirubin-degrading activities of hepatic and renal microsomes isolated from control rats and from rats treated with 3-MC
Male rats either were untreated controis or were treated with 3-MC, as described in Materials and Methods. Microsomes were prepared from liver and kidneys, and their

EROD and biiirubin-degrading
were 200 ng and 1 ug per total incubation in the case of EROD and bilirubi

activities were determined in vitro, both in the absence and in the presence of 3,4-TCB, as indicated below. Amounts of 3,4-TCB added

system, respectively. Results are given as means + standard errors of the number

birubin-degrading
of observations in parentheses. Note that, after 3-MC treatment, the ratios of 3,4-TCB-dependent bilirubin degradation to EROD activity are very similar in liver and

kidney microsomes.
Rate of biirubin degradation EROD activity
Pretreatment of rats in
Tissue vivo A. In the absence of 3 4- B. In the presence of 3,4- C. Effects of 34-TCB A. In the absence of 3 4- B. In the presence of 3.4-
TC8 TCc8 B-A TC8 TCB
pmol/min/mg of protein pmol /min/mg of protein
Liver None 35+ 13 333+8(Q3) 18 137133
3-MC 505 + 20 (4) 1300 + 46 (4) 795 7724 + 190 (4) 1550 + 59 (3P
Kidney None 1029+ 45(9) 101.8+5.7(4) 0 56+ 0.8(6)
3MC 72+29(4) 1229 + 3.3 (4 50.9 473+ 15(7) 747 £ 39 (4F
* Data from Table 1.

®p < 0.01, compared with comesponding value obtained in the absence of 3 4-TCB.
¢p < 0.001, compared with comesponding value obtained in the absence of 3,4-TCB.

evidence for diazo-negative products of bilirubin. The
effects of selective suicide substrates of cytochrome P450 were
investigated. 4-Ethyl-DDC has been reported to inhibit selec-
tively hepatic cytochrome P450IA1, causing pronounced
depression of EROD activity and loss of immunoreactive cy-
tochrome P450IA1, while having little (22) or no (23) effect on
the apoprotein of cytochrome P450IA2. Carbon tetrachloride
shows the opposite selectivity, causing marked loss of hepatic
cytochrome P450IA2 and associated monooxygenase activity
while leaving unchanged the amount and activity of cytochrome
P450IA1 (24, 25).

Administration of carbon tetrachloride or 4-ethyl-DDC to
rats pretreated with 3-MC resulted in a loss of total liver
cytochrome P450, although this was far greater with 4-ethyl-
DDC than with carbon tetrachloride (Table 4). 4-Ethyl-DDC
also caused complete loss of EROD activity and of 3,4-TCB-
dependent bilirubin degradation. In contrast, neither EROD
activity nor 3,4-TCB-dependent bilirubin degradation was de-
creased following carbon tetrachloride treatment; indeed, when
corrected for cytochrome P450, both activities were slightly
greater than the corresponding control values (Table 4), sug-
gesting selective enrichment of the responsible isoform (pre-
sumably cytochrome P4501A1).

Immunoblot experiments showed that carbon tetrachloride
caused a significant loss of immunoreactive cytochrome
P450IA2, whereas cytochrome P450IA1 was not affected. In
contrast, 4-ethyl-DDC caused a decrease in the intensity of the

TABLE 4

cytochrome P450IA1 band (which may have also been slightly
retarded on electrophoresis), whereas the band corresponding
to cytochrome P4501A2 was significantly increased in intensity
(Fig. 2). These results generally confirm previous observations
(23, 25), although the increased intensity of the cytochrome
P450IA2 band and retardation of the cytochrome P450IA1 band
(both after 4-ethyl-DDC) have not previously been reported.

Thus, the 3,4-TCB-dependent degradation of bilirubin
showed a good correlation with cytochrome P450IA1, deter-
mined both as EROD activity and as an immunoreactive band
on Western blotting. It is apparent from Table 4 that this
correlation applied only to that portion of bilirubin degradation
that was stimulated by 3,4-TCB. Whereas both EROD activity
and 3,4-TCB-dependent bilirubin degradation were completely
abolished by 4-ethyl-DDC (Table 4), the loss of immunoreactive
cytochrome P450IA1, although significant, was only partial
(Fig. 2). The most likely explanation for this is that, because
the preferential target of 4-ethyl-DDC is the heme prosthetic
group of the cytochrome (10), any remaining cytochrome
P450IA1 apoprotein will be devoid of heme and, hence, unable
to catalyze either enzymatic activity.

Some of the reaction mixtures (Table 4) were analyzed, either
during the initial linear rate of bilirubin loss or after a subse-
quent incubation period in the dark (so as to obtain a wide
range of bilirubin values), for loss of Soret absorbance and of
the typical diazo reaction of bilirubin. Fig. 3 shows that there
was a good correlation between Soret absorbance and intensity

Effect of treatment of 3-MC-induced rats with either carbon tetrachloride or 4-ethyl-DDC on total cytochrome P-450, EROD activity, and

bilirubin-degrading activity of the microsomes isolated from their livers

Male rats were induced with 3-MC and then given carbon tetrachloride or 4-ethyl-DDC dissoived in com oil, or com alone, by intraperitoneal injection, 1.5 hr before killing.
Bilkrubin degradation was measured both in the absence and in the presence of 3,4-TCB (1 ug/incubation). Results are averages + standard errors of the number of
observations in parentheses.

Rate of bilirubin degradation
Treatment Cytochrome P-450 EROD activity A. In the absence of B. In the presence C. Effect of 3.4-
3.4-TCB of 3,4-TCB TCB (B - A)
nmol[mg of protein %‘Tm’:ﬁgz pmol/min/nmol of cytochrome P-450
Oil 1.26 £ 0.03(7) 4960 + 226 (5) 324 + 40 (6) 883 + 59 (6) 560 + 32 (6)
Carbon tetrachloride 1.02 +£ 0.02 (7" 6750 + 380 (5)° 256 + 10 (5) 964 + 35.5 (5) 708 + 34 (5F
4-Ethyl-DDC 0.31 £ 0.01 (5)° Not detectable 441.7 + 50 (3) 410.7 + 34 (3) 0

*p < 0.001; % < 0.01; °p < 0.02, compared with coresponding value obtained with rats given oil alone.
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Fig. 2. Immunoblots obtained with hepatic microsomes from 3-MC-
treated rats given, 1.5 hr before killing, either con oil or a suicide
substrate of the inducible cytochromes P450. Microsomal proteins (50
ug) were separated on a 10% sodium dodecy! sulfate-polyacrylamide
gel, transferred to a nitrocellulose membrane, and blotted with antibody
12/2/3/2. The positions of cytochromes P4501A1 (7) and P450I1A2 (2)
(approximately M, 57,000 and 54,000, respectively) are indicated, the
former corresponding to the position of a purified cytochrome P4501A1
standard (not shown). Lane A, microsomes of rats given comn oil alone.
Note that CCl, (lane B) caused a loss of cytochrome P4501A2, whereas
4-ethyl-DDC (/lane C) induced a loss of cytochrome P4501A1 (with slightly
different mobility) and, at the same time, an increase in intensity of the
cytochrome P4501A2 band.

of the diazo reaction during both basal and 3,4-T'CB-stimulated
bilirubin degradation, regardless of the source of the micro-
somes and of whether measurements were made within the
linear range of rate of bilirubin loss. In Gunn rats treated with
TCDD, the decrease in plasma bilirubin is the same whether
bilirubin is measured by the diazo reaction or by Soret absorb-
ance (1); thus, the loss of bilirubin caused by microsomes in
the present study resembles that in vivo, suggesting that the
same mechanism may be involved. Loss of the absorbance of
bilirubin at 450 nm and of its diazo reactivity are both encoun-
tered either (a) on oxidative fragmentation of bilirubin accom-
panied by bleaching [as in bilirubin photodegradation (26) and
autooxidation (27)] or (b) on dehydrogenation of bilirubin to
biliverdin, when a significant increase in absorbance at both
650 and 370 nm is also seen. In these present experiments,
little or no increase in 650 and 370 nm absorbance was found,?
indicating that bilirubin was mostly converted to metabolites
other than biliverdin.

?F. DeMatteis and S. J. Dawson, Unpublished results.

General Conclusions

We have confirmed that 3,4-TCB, a planar polyhalogenated
biphenyl, can stimulate bilirubin degradation by TCDD-in-
duced rat liver microsomes and we have extended this obser-
vation to show that 3,4,5-HCB, another planar biphenyl, is also
stimulatory and that stimulation occurs in both liver and
kidney microsomes from rats treated with 3-MC. Pretreatment
of the rats with a polycyclic aromatic hydrocarbon-type inducer
is essential for this effect, presumably because synthesis must
first be increased for a specific isoenzyme of cytochrome P450,
which then interacts with a planar polyhalogenated biphenyl
and binds it tightly, so as to produce a bilirubin-degrading
species. We have now provided more direct evidence, using an
inhibitory monoclonal antibody and selective suicide substrates
of cytochromes P450IA1 and P4501A2, for the involvement of
cytochrome P450 in this reaction, with a role, specifically, for
cytochrome P450IA1. These findings provide a plausible mo-
lecular mechanism for the alternative pathway of bilirubin
disposal that is activated by TCDD in the congenitally jaun-
diced Gunn rat (2, 3). They also help substantiate the proposal
(reviewed in Ref. 5) that polyhalogenated chemicals activate a
cytochrome P450-dependent oxidative mechanism that is ca-
pable of oxidizing several target molecules in the cell, among
which is bilirubin. The hypothetical mechanism, modeled on
that originally proposed to account for the hepatotoxicity of
polyhalogenated aromatic compounds (28), is schematically
represented in Fig. 4. It proposes that the polyhalogenated
chemicals interact as poor substrates with the appropriate
cytochrome P-450, leading to accelerated reduction of molecu-
lar oxygen, so that oxidative species that are potentially toxic
are generated. Conclusive evidence that bilirubin is in fact
oxidatively degraded by the microsomal monooxygenase system
in vitro [as has been reported (2, 3) for unconjugated bilirubin
in TCDD-induced Gunn rats in vivo] must await full charac-
terization of the relevant breakdown products. For example, if
propentdyopents (26) or other hydroxylated pyrrole derivatives

Fig. 3. Relationship between intensity of diazo reaction
and Soret absorbance assays for bilirubin in bilirubin-
containing incubation mixtures. Loss of bilirubin (catalyzed
by microsomes from 3-MC-treated rats) was measured
either during the period of linear rate of loss (squares) or
after a subsequent incubation in the dark, with micro-
somes from animals treated as follows: 3-MC (diamonds),
3-MC and then CCl, (triangles), 3-MC and then 4-ethyi-
DDC (circles). Open symbols, incubations in the absence
of 3,4-TCB; closed symbols, results obtained in the pres-
ence of 3,4-TCB. +, Results obtained with bilirubin incu-
bated in the absence of microsomes.
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Fig. 4. Hypothetical mechanism for degradation of biliru-
bin by an inducible cytochrome P450IA1-dependent sys-

Planar tem. A planar potyhalogenated aromatic compound first

Polyhalogenated induces cytochrome P450iA1 and then interacts with the

Aromatic compound HLO Diazo-negative induced isoenzyme, inhibiting its monooxygenase activity

products and stimulating reduction of molecular oxygen so that an

oxidative species is produced. In addition to bilirubin,

(1) (2 other molecules may serve as targets for oxidation in the

Binding o cell by this mechanism, among them uroporphyrinogen

2 and, possibly, DNA bases, with cellular iron participating,

\ as discussed (5, 29). Note that, although hydrogen per-

Induction of oxide is invoived in chemical and enzymic model systems
Cytochrome P450lA1 Bilirubin for this reaction (1, 29), the oxidative species

were identified as products of the reaction, this would provide
strong support for an oxidative degradation mechanism.
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