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SUMMARY

A quantitative assessment of the levels of cytochromes P-450 b
and P-450 c in the brains and pituitary glands of untreated and
B-naphthoflavone (BNF)-pretreated rats was made with poly-
clonal antibodies raised against hepatic P-450 b and ¢ and the
sensitive fluorometric assay of P-450 catalytic activity, namely,
the O-deethylation of ethoxycoumarin (ETC). In the microsomal
fraction of brains of untreated rats, the rate of formation of 7-
hydroxycoumarin from ETC ranged between 0.1 and 20 pmol/
min/mg of microsomal protein, which is approximately 0.01-2%
of the level of hepatic microsomes of phenobarbital-induced rats.
This brain activity was compietely inhibited by anti P-450 b
antibodies but was unaffected by anti P-450 ¢ antibodies. As
with hepatic P-450 b, metyrapone and chloramphenicol (100 um)
were good inhibitors of catalytic activity, whereas a-naphthofia-
vone (1 uM) was a poor inhibitor. No ETC O-deethylase activity
was detectable in microsomes prepared from the pituitary glands
of untreated rats. Upon pretreatment of rats with BNF, there
was induction of ETC O-deethylase activity in the pituitary gland
to a level of 3.3 + 1.5 pmoi/min/mg of microsomal protein, but
there was no significant increase in the level of activity in brain
microsomes. Despite this, there was evidence of induction of P-
450 c in both the brain and pituitary of BNF-pretreated rats since
anti P-450 c antibodies inhibited brain activity by 55% and

pituitary activity by 84%. The regional distribution of P-450 b and
c in the hypothalamic-preoptic area and olfactory bulbs was
examined. The level of ETC O-deethylase activity in the hypotha-
lamic-preoptic area was not different from that in the whole brain,
but in the olfactory bulbs activity was higher than that in whole
brain, with a range of 0.1-52 pmol/min/mg of microsomal protein.
The catalytic activity in the whole brain and in the olfactory bulbs
was inhibited by anti P-450, but not by anti P-450. antibodies.
Neither estradiol, testosterone, dehydrotestosterone, nor 5a-
androstane,33,176-diol (100 um) competitively inhibited ETC O-
deethylase activity, indicating that P-450 b is not responsible for
the steroid hydroxylations previously reported in the brain. BNS
pretreatment of rats did not cause a consistent increase in ETC
O-deethylase upon BNF induction. However, there was an in-
duction of P-450 c in the oifactory bulbs since catalytic activity
was inhibited with anti P-450, antibodies. Western immunobiots
with microsomes from whole brain, hypothalamic-preoptic area,
or oifactory bulbs of control or BNF-pretreated rats gave no
signals with either P-450 b or P-450 ¢ antibodies. This is perhaps
not surprising, since the level of these enzymes is less than 0.1%
of that in liver microsomes, which means that the P-450 proteins
constitute approximately 20 ng/mg of microsomal protein and
this is below the level of detectability of the Western immuno-
blots.

The hepatic microsomal P-450 (P-450) monooxygenase sys-
tem plays an important role in the metabolism of a wide variety
of xenobiotics as well as endogenous compounds. Multiple
forms of P-450 have been purified from livers of untreated rats
and of rats treated with different inducers (1, 2). P-450s im-
munologically similar to those in the liver are also found in
extrahepatic tissues (3-8).

The presence of P-450-catalyzed steroid metabolism in mam-
malian brain is well established (9, 10). The HPOA and the
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amygdala are the main sites for aromatization of androgens
(11), whereas the hypothalamus and the PG exhibit a high
capacity for 2/4-hydroxylation of estrogens (12, 13). Involve-
ment of multiple P-450s in the latter reaction and differential
distribution of these enzymes in rat brain have been suggested
(13).

Microsomal fractions from whole rat brain also metabolize a
variety of xenobiotic substrates, known to be substrates for
liver P-450(s), such as benzo(a)pyrene, (3), parathion (14),
aminopyrine (15), and ETC (16, 17). The specific activity of
constitutive brain monooxygenases, expressed per mg of micro-
somal protein, is very low, approximately 0.01-0.2% of the
corresponding activities in liver microsomes. Slight induction

ABBREVIATIONS: P-450, cytochrome P-450 enzyme; EDTA, ethylenediaminetetraacetate; HEPES, 4-2-(2-hydroxyethyi)-1-piperazineethanesulfonic
acid; BNF, g-naphthofiavone(5,6-benzoflavone); ANF, a-naphthoflavone(7,8-benzoflavone); 5a-A-3a,178-diol, 5-androstane-3a,178-diol; 5a-A-
38,178-diol, 5a-androstane-38,178-diol; DHT, 5a-dihydrotestosterone; ATD, 1,4,6-androstatriene-3,17-dione; ETC, 7-ethoxycoumarin; P-450., the
major P-450 inducible in the rat liver by S-naphthoflavone; P-450,, the major P-450 inducible in the rat liver by pituitary gland; OB, olfactory bulb;

HPOA, hypothalamic-preoptic area; PG, pituitary gland.
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of microsomal monooxygenase activities by BNF and methyl-
cholanthrene in rat brain has been reported (3, 16-18).

The aim of the present study was to use antibodies against
two of the major inducible hepatic forms of P-450, namely P-
450, and P-450,, to characterize the P-450(s) in rat brain. The
O-deethylation of ETC was chosen as a measure of catalytic
activity because it is a catalytic activity characteristic of both
P-450s b and ¢ and because of its sensitivity.

Materials and Methods

Chemicals. «-Naphthoflavone(5,6-benzoflavone), B-naphthofla-
vone(7,8-benzoflavone), ETC, and 7-hydroxycoumarin were obtained
from Aldrich-Chemie (Steinheim, German Democratic Republic). DL-
Isocitrate, isocitrate dehydrogenase, NADP, NADPH, chlorampheni-
col, metyrapone (2-methyl-1,2-di-pyridol-1-propanone), testosterone,
estradiol-178,5a-androstane-3a,178-diol, 5a-androstane-3(3,178-diol,
and 5a-dihydrotestosterone were obtained from Sigma Chemical Co.
(St. Louis, MO). 1,4,6-Androstatriene-3,17-dione was purchased from
Steraloids Inc. (Wilton, NH). All other chemicals used were of analyt-
ical grade.

Treatment of animals. Adult Sprague-Dawley rats were obtained
from ALAB Labtjinst AB (Stockholm, Sweden). The animals were
housed for 5 days before use in plastic cages with hardwood bedding in
a room with controlled temperature, humidity, and light (12-hr light
cycle). Food and water were available ad libitum. Male rats (2-18
animals) weighing 280-320 g were treated with two single daily intra-
peritoneal injections of 40 mg/kg BNF as a 1% (w/v) solution in corn
oil. The control rats received an identical volume of the vehicle. The
animals were sacrificed by decapitation 24 hr after treatment.

Homogenization procedures and isolation of subcellular frac-
tions. The rats were killed by decapitation and the brains were excised.
Pooled brains of 2-13 rats were washed with 0.15 M KCl and cleared
from visible blood vessels. The tissue was cut and homogenized in 4
volumes of 0.1 M Tris-acetate buffer (pH 7.4) containing 0.1 M KCI, 1
mM EDTA, and 20 uM butylated hydroxytoluene (19) by using an
Ultraturrax for 20 sec at 550 W and, thereafter, a Potter-Elvehjem
Teflon-glass homogenizer with four strokes at 1400 rpm. After addition
of phenylmethylsulfonyl fluoride to a final concentration of 0.1 mM,
the 20% (w/v) homogenate was sonicated at 15 um for 30 sec with an
MSE 150-W ultrasonic disintegrator (MSE Scientific Instruments,
West Sussex, England). This tissue homogenate (15-20 mg of protein/
ml) was used as the enzyme source in some experiments.

The following procedure was used for studies on distribution of
marker enzymes in subcellular fractions of rat brain. The tissue ho-
mogenate was centrifuged at 1,240 X g for 10 min to give pellet I (P I),
which was resuspended by hand in half the original volume of the
homogenization buffer and recentrifuged. The resulting supernatants
were pooled and centrifuged at 10,000 X g for 20 min to yield the pellet
(P II) called mitochondrial pellet and Sup II. The P II pellet was
resuspended by hand in half the original volume of the homogenization
buffer and recentrifuged to give washed pellet II (P IIw) and Sup IIw.
This supernatant was pooled with Sup II and centrifuged at 100,000 x
g for 60 min to obtain the final microsomal pellet (P III) and Sup III.

The standard procedure for preparation of microsomes from whole
brain and different regions of the brain did not include the centrifu-
gation at 1240 X g. Microsomes from different regions were prepared
as described for whole brain with tissues pooled from 2-18 animals.
The final microsomal pellet was resuspended in 10 mM Tris-acetate
buffer (pH 7.4) containing 1 mM EDTA and 20% glycerol, to give a
protein concentration of 5-20 mg/ml. All fractions not immediately
analyzed were quick-frozen as 0.5- to 1-ml aliquots in liquid N, before
storage at —70°. The protein was determined (20) following TCA
precipitation, using bovine serum albumin as the standard.

Enzymatic assays. The ETC O-deethylase activity was measured
essentially according to a previously described method (21). The incu-
bations were performed with 1-3 mg of protein of the subcellular

fractions from whole brain or with 0.1-1.5 mg of protein from homog-
enates or microsomal preparations from the discrete regions. The
incubation medium contained 0.5 umol of NADP, 4 umol of DL-
isocitrate, 15 umol of MgCl,, 0.1 umol of EDTA, 0.3 umol of ETC, and
0.6 unit of isocitrate dehydrogenase in a final volume of 1 ml of 0.05 M
HEPES buffer (pH 7.5). After 3 min of preincbuation at 37°, the
reaction was started by the addition of DL-isocitrate and allowed to
proceed for 60 min. The incubation was terminated by the addition of
0.1 ml of 2 M HCI; after extraction with chloroform and 30 mM sodium
borate, the 7-hydroxycoumarin formed was determined with a Shi-
madzu RF-510 spectrofluorophotometer. The wavelengths for excita-
tion and emission were at 368 and 456 nm, respectively. When the
substrate dependence of the microsomes was determined, ETC concen-
trations ranging between 3 and 300 uM were used. Incubations with
microsomes without NADP and DL-isocitrate, alternatively excluding
ETC, were performed and served as blanks. In some experiments
various steroids and P-450 inhibitors were added in 5 ul of acetone
(ANF) or in 10 ul of methanol to the incubation mixture. Chloroam-
phenicol was preincubated for 5 min before the assay as described
earlier (22). The enzyme activity toward ETC, which was linear with
respect to time (for at least 60 min) and protein (up to at least 3 mg)
in both microsomes and tissue homogenates, did not change as a result
of freezing and retained the same activity for at least 1 month at —70°.

Antibody inhibition of the brain ETC O-deethylase activity was
performed with microsomes from control and BNF-pretreated rats.
Preincubation was carried out for 20 min at room temperature with 2
mg and 0.1-0.4 mg of microsomal protein from whole brain and OB,
respectively, and at increasing amounts of antibodies ranging from 0
to 2 mg. The polyclonal antibodies were raised in rabbits against rat
liver P-450. and P-450,. Details of the antibodies used in this investi-
gation are described elsewhere (23). The control incubations contained
microsomes and the corresponding concentrations of preimmune IgG.
After addition of substrate, buffer, and cofactors, the incubation was
allowed to proceed for 60 min.

NADPH-cytochrome ¢ reductase activity was determined at 30° in
0.3 M potassium phosphate buffer (pH 7.7) and measured at 550 nm as
described earlier (19). KCN was included to avoid interference from
contaminating mitochondrial cytochrome c¢ oxidase. This enzyme ac-
tivity was assayed according to the method described earlier (24).
Cytochrome ¢ was reduced by addition of ascorbate and removal of
excess of Sephadex G-25 gel filtration.

Western immunoblotting. Western immunoblotting was used to
detect P-450. and P-450, in microsomes obtained from whole brain.
HPOA, and OB microsomes of control or BNF-pretreated rats (23).

Light and electron microscopic analysis. The brain homogenate
was fixed in Histofix (a buffered fixative containing formaldehyde),
embedded, sectioned, and stained according to routine procedures, and
then examined by light microscopy. The mitochondrial and microsomal
fractions were fixed in 3% (w/v) glutaraldehyde, containing 0.1 M
sucrose and 0.1 M phosphate buffer (pH 7.2), and processed for electron
microscopy according to the methods described earlier (25).

Results

Subcellular fractionation of whole rat brain. Light
microscopic analysis of fractions following each of the different
homogenization steps showed that Ultraturrax treatment for
20 sec, followed by homogenization in a Potter-Elvehjem glass
homogenizer at 1400 rpm with four up and down strokes, and
then by ultrasonication at 15 um for 30 sec was necessary for
an efficient disruption of the cells. In particular, ultrasonication
seemed to be the crucial step in obtaining microsomes in
relatively high yield since, by this approach, the recovery of
microsomal protein increased from 1.8 + 0.27 to 5.2 + 0.44 mg/
g wet weight (five experiments) of whole brain tissue. A parallel
increment of recovery of both the ETC O-deethylase and the
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NADPH-cytochrome ¢ reductase in the microsomal fraction
was observed following this treatment. Electron microscopic
analysis revealed that P III (microsomal fraction) was enriched
in microsomal vesicles mostly free of ribosomes that apparently
had been detached by the homogenization and/or ultrasonica-
tion treatment (Fig. 1a). The pattern of distribution of the
ETC O-deethylase and NADPH-cytochrome c reductase activ-
ity was similar in subcellular fractions obtained from control
and BNF-pretreated rats. The ETC O-deethylase (0.77 pmol/
min/mg) and NADPH-cytochrome ¢ reductase (24 nmol/min/
mg) activities were 3- to 4-fold enriched in the P III fraction
compared to the homogenate. The total recovery of ETC O-
deethylase and NADPH-cytochrome ¢ reductase activities from
homogenate in the microsomal fraction was 36% and 26%,
respectively (Table 1). Contamination of the microsomal frac-
tion with mitochondrial cytochrome ¢ oxidase activity was
around 10%. Ultrasonication of homogenate did not change the
specific activity of ETC O-deethylase or that of NADPH-
cytochrome ¢ reductase in the microsomal fraction, nor was
there evidence for disruption of mitochondrial membranes (Fig.
1b). The contamination of the mitchondrial fraction with mi-
crosomal vesicles was morphometrically estimated to be ap-
proximately 20%. This is consistent with the specific activity
of ETC O-deethylase in the P II fraction, which was about 20%
(0.16 pmol/mg/min) of that in the P III fraction (Table 1).

The recovery of microsomal protein from OB, HPOA, and
PG was 6.5 £ 1.0, 5.4 + 1.4, and 11.4 + 1.5 mg/g wet weight of
tissue (five experiments), respectively. The subcellular distri-
bution pattern and the microsomal recovery of ETC O-deeth-
ylase (34 = 7%) and NADPH-cytochrome ¢ reductase (27 +
1%) activities from OB homogenate were comparable to those
for the whole brain.

Control rat brain. The ETC O-deethylase activity could be
measured in microsomes from whole brain (1.6 + 5.0 pmol/
min/mg), OB (17.2 £ 19.8 pmol/min/mg), and HPOA (0.31 +
0.15 pmol/min/mg) but not in microsomes from the PG (<0.1
pmol/min/mg) (Fig. 2). The constitutive activity in the OB and
whole brain exhibited a wide variation ranging from 0.1 to 52
pmol/min/mg in OB and from 0.1 to 20 pmol/min/mg in whole
brain. This variability was observed in microsomal preparations
from pooled tissues (5-15 rats) as well as homogenates prepared
from individual animals and in both male and female rats.
Increasing the pool size when preparing microsomes did not
decrease the variability in the ETC O-deethylase activity of
different preparations. The production of 7-hydroxycoumarin
as the product in preparations with both high and low activity
was confirmed by thin layer chromatographic analyses.

P-450, antibodies completely inhibited the O-deethylation in
microsomes from OB (Fig. 3) and whole brain (Table 2), re-
spectively, whereas P-450. antibodies had no significant effect
on this activity in OB and whole brain microsomes from un-
treated animals (Fig. 4).

Inhibitors of P-450,, metyrapone (26), and chloramphenicol
(27) at 100 uM decreased the ETC O-deethylase activity in OB
microsomes by 74% and 72%, respectively. A similar effect of
metyrapone was also seen in HPOA microsomes. ANF, which
at a concentration of 1 uM preferentially inhibits P-450., was
not, at this concentration, a good inhibitor of constitutive ETC
O-deethylase activity in OB and HPOA microsomes (Table 3).

Testosterone, DHT, 5a-A-3a,178-diol, and 5a-A-38,176-diol,
and the aromatase inhibitor, ATD (28), when added to the
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incubations at a concentration of 100 uM, did not inhibit the
constitutive ETC O-deethylase activity in microsomes from OB
or HPOA (Table 4).

Testosterone significantly stimulated the ETC O-deethylase
activity 1.7- and 4.5-fold over the control value in OB and
HPOA microsomes, whereas the same concentration of this
androgen decreased the activity in liver microsomes from 0.89
to 0.66 nmol/min/mg.

BNF-pretreated brain. Upon BNF treatment, the cata-
lytic activity ranged from 0.7 to 52 pmol/mg/min in OB and
from 0.1 to 20 pmol/mg/min in whole brain. The mean values
of the activity did not differ between the control and BNF-
pretreated groups. Despite this, there was evidence of P-450,
induction since P-450. antibodies inhibited the O-deethylase
activity in OB and whole brain microsomes obtained from
BNF-pretreated rats by 55% and 60%, respectively, whereas
the catalytic activity in untreated animals was reduced only
slightly (Fig. 4). ANF, at a concentration of 1 uM, resulted in a
33, 32, and 59% inhibition of the activity in microsomes from
whole brain, OB, and HPOA, respectively, from BNF-pre-
treated rats, whereas the level of inhibition by ANF was only
10-14% in the corresponding control preparations (Table 3).

No constitutive ETC O-deethylase activity could be measured
in PG microsomes, but, upon BNF pretreatment, the catalytic
activity was clearly measurable, with a mean value of 3.3 + 1.5
pmol/min/mg. The activity was completely inhibited by
P-450. antibodies (data not shown) and 84% by ANF (1 uM)
(Table 3).

Western immunoblots with partly purified P-450 from whole
brain, HPOA, or OB obtained from control or BNF-pretreated
rats gave no signals with either P-450, or P-450. antibodies
(data not shown).

Discussion

The involvement of P-450 in the brain in both steroid (9, 10)
and xenobiotic metabolism (3, 14-16, 18) has been demon-
strated. The low P-450 catalytic activities in microsomal frac-
tions prepared from whole brain tissues may in part be due to
the heterogeneity of cells in the brain and dilution of cells that
contain the catalytic activity with those that do not. This is
the case for aromatization of androgens and 2/4-hydroxylation
of estrogens (11-13). The current estimation of P-450 content
by spectral measurements in microsomal fractions from whole
brain gives values of P-450 levels that are 100-fold lower than
those in liver (29-31), whereas the catalytic activities expressed
per mg of microsomal protein are 1000-fold lower than the
corresponding hepatic activities. In view of these results, ques-
tions arise as to which forms of P-450 are present in brain and
about the regional distribution of P-450 in the brain with regard
to region as well as cell type.

In the present study, the contribution to brain P-450 of two
well characterized forms of hepatic P-450(s), P-450, and P-
450, was evaluated by using polyclonal antibodies against P-
450, which recognizes also P-450, and P-450., which recognizes
both P-450. and P-450,. Recognition of brain P-450 by these
antibodies does not necessarily mean identity but could also be
cross-reactivity with similar forms of P-450.

ETC O-deethylase activity in the brains of untreated rats,
expressed as pmol of 7-hydroxy-ethoxycoumarin formed /min/
mg of microsomal protein, was highly variable, particularly in
microsomes from OB and whole brain, with a range from 0.1
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Fig. 1. A. Electron micrograph of the micro-
somal fraction. The fraction consists of vesic-
ular structures and free (detached) ribosomes.

microscopic

fraction. Note comparatively well preserved
mitochondria and few nonidentifiable struc-
tures. Magnification x 21,000.
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TABLE 1
Distribution of marker enzymes in subcellular fractions of the brains of BNF-pretreated rats
Ethoxycoumarin O-deethylase NADPH-cytochrome ¢ reductase Cytochrome ¢ oxidase
Fraction
pmol/mg/min ok mol/mg/min ol ol /mg/min o
Homogenate 0.27 100 5.1 100 180 100
1,240-g Peliet (P 1) 0.19 27.9 1.7 30.2 200 65.7
10,000-g Pellet (P II) 0.16 6.8 8.8 5.7 1020 314
10,000-g Pellet, washed (P II,,) 0.14 42 9.2 42 1470 31.8
100,000-g Supermnatant <0.05 ND* 6.0 20.6 1 0.1
100,000-g Pellet 0.77 35.7 241 25.7 99 28
Recovery 67.8 80.7 100
* ND, not determined.
100 7
TABLE 2

2 R - Inhibition of the ETC O-deethylase activity by polycional antibodies
FEETEE - N against liver cytochrome P-450, in whole brain microsomes from
E R N R untreated rats
2 : : The antibodies were preincubated with microsomes and buffer (10 mm Tris-acetate
2 ' ° : - buffer, pH 7.4, containing 20% glycerol and 1 mm EDTA) in a total volume of 125~

- - 200 pi for 20 min at room temperature prior to the assay. The amount of microsomal

5 protein was 1.5 mg/mi incubation.

0. : Antibody Dose Enzymeactviy o Contro
c BNF Cc BNF [+ BNF c BNF
wB 08 HPOA PG mg p”nl/m/mg

Fig. 2. Regional distribution of ETC O-deethylase activity in brain micro- Control 0.51 100
somes obtained from untreated and BNF-pretreated animals. The rats + Preimmune IgG 0.15 0.41 84
were given two single daily intraperitoneal injections of 40 mg/kg BNF in 08 0.39 76
com oil. Control animais received the vehicle only. After 24 hr, micro- 3.0 0.43 85
somes from pooled tissues of 2-13 whole brains (WB), 5-16 OBs, 5-16 + Anti P-450, 0.15 ND* 0
HPOAs, and 8-16 PGs, respectively, were prepared. The ETC O-deeth- 0.8 ND 0
ylase activity was measured by incubation in duplicate with 3 mg of 15 ND 0
microsomal protein from whole brain or with 0.1-1.5 mg from discrete 3.0 ND 0

brain regions and for 60 min. Control values were (pmol/min/mg): whole
brains, 1.6 + 5.9; HPOAs, 0.3 £+ 0.2; OBs, 17.2 + 20.0; PGs, < 0.1.
Values for BNF. rats were: whole brains, 2.4 + 5.2; HPOAs,
1.3 £ 0.9; OBs, 6.7 + 7.8; PGs, 3.3 + 1.5. Values are expressed as
mean + standard deviation.

404

v pmol / min / mg

0.04 0.08 0.12 0.16 0.2
mg IgG

Fig. 3. Effects of polycional antibodies against liver cytochrome P-450,
or P-450. on the ETC O-deethylase activity in microsomes obtained from
OBs of control rats. The antibodies and microsomes were incubated as
described in the legend to Fig. 4. The amount of microsomal protein was
0.1 mg/mi incubation and the control activity was 32 pmol/min/mg. O,
microsomes from untreated animais + preimmune IgG; ¢, microsomes
from untreated animals + anti-P-450,; B, microsomes from untreated
animals and anti-P-450,.

to 52 pmol/min/mg and from 0.1 to 20 pmol/min/mg, respec-
tively. The activity within the lower range, 0.1 pmol/min/mg,
is 10,000-fold lower than the liver value (31). This constitutive
catalytic activity was entirely mediated by a form or forms of
P-450 immunologically similar to P-450,, since there was a

* ND, none detectable (<0.1 pmol/min/mg).

complete inhibition by P-450, antibodies in microsomes from
OB and whole brain. P-450. was not constitutive since P-450,
antibodies did not affect ETC O-deethylase activity in brain
microsomes of untreated animals. Induction of P-450. in whole
brain and OB microsomes by BNF was evidenced by inhibition
of ETC O-deethylase activity by P-450. antibodies (50-55%)
and the increased sensitivity to inhibition by 1 uM ANF in
microsomes from BNF-pretreated rat than in control micro-
somes. Although the fold induction of P-450, may be infinitely
large because there is very low activity in non-induced animals,
the total activity in brain microsomes is small compared to that
found in hepatic microsomes of BNF-pretreated rats. There
are two possible explanations for this low overall content of P-
450.. The first is that there is a very low level of induction all
over the brain, and the second is that very few cells are induced,
and these cells have very high levels of P-450.. This issue can
only be resolved by immunohistochemical techniques.

It has recently been shown immunohistochemically that P-
450, immunoreactivity is present even in the brains of untreated
rats (32). It is possible that the immunoreactivity is not due to
P-450, itself but to a cross-reactivity with a similar from of P-
450. This issue could be resolved by Western immunoblotting
of brain microsomes. However, no P-450, or P-450. was de-
tected on Western immunoblots with brain microsomes of
untreated or BNF-pretreated rats. This again may be a problem
of the low concentration of these enzymes in the brain and the
heterogeneity of cells within this tissue. With immunohisto-
chemistry, individual forms of P-450 can be detected in single
cells. This degree of sensitivity is not possible with Western
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o 0.
g 0.4
.
€
°
E
Q
> 0.2
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0.25 0.50 0.75
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Fig. 4. Effects of polyclonal antibodies against liver cytochrome P-450.
on the ETC O-deethylase activity in microsomes obtained from whole
rat brain (A) and OBs (B) of untreated or BNF-pretreated animals. The
antibodies were preincubated with microsomes and buffer (10 mm Tris-
acetate, pH 7.4, containing 20% glycerol and 1 mm EDTA) in a total
volume of 125-200 ul for 20 min at room temperature prior to the assay.
The amount of microsomal protein from whole brain was 2 mg/incubation
of 1 ml and the control activities were 0.15 pmol/min/mg and 0.53 pmol/
min/mg in microsomes from untreated and BNF-pretreated rats, respec-
tively (A). The amount of microsomal protein from OBs was 0.4 mg/
incubation of 1 ml and the activities were 0.56 pmol/min/mg and 1.64
pmol/min/mg in microsomes from untreated and BNF-pretreated rats,
respectively (B). @, microsomes from untreated animals + preimmune
IgG; ¢, microsomes from untreated animals + anti-P-450.; A, micro-
somes from BNF-treated animals + preimmune IgG; A, microsomes from
BNF-pretreated animals + anti-P-450..

immunoblots because of the dilution of any one form of P-450,
which may be present only in a limited number of cells, with
other more abundant forms of the enzyme. The concentration
of P-450, in hepatic microsomes of phenobarbital-induced rats
is approximately 1.0 nmol/mg of protein (33). The concentra-
tion of this enzyme in brain microsomes where catalytic activity
is 0.01-0.2% of that in the liver is, at maximum, 1 pmol/mg of
microsomal protein. Similar levels of P-450, are also present in
the brains of BNF-pretreated rats. It is therefore not surprising
that no signals with either anti-P-450,, or anti-P-450. antibodies
could be detected upon Western immunoblots of brain micro-
somes. Positive identification of P-450, and P-450, will be done
upon purification of these enzymes from brain microsomes.

In PG, which has high levels of estrogen 2/4-hydroxylase

TABLE 3

Effect in vitro of ANF (1 um) on the ETC O-deethylase activity in
brain microsomes from control and BNF-pretreated rats

Resuilts are expressed as per cent + standard deviation of the controi incubation
without inhibitor added. Values in parentheses indicate number of experiments.

Values in brackets represent activity expressed as pmoi/min/mg + standard
deviation in the control incubation.

Control BNF-treeted

oB 86 + 12 (10)* 68 + 19 (8)*
[20 + 15] [6.4+7.9]

POA 89 (1) 41 + 30 (4)°
[0.6] [0.6 £ 0.7]

PG ND° 16 £ 17 (3)°
[2.7 £ 0.5)

Whole brain 88 + 11 (3) 67 + 25 (5)°

05+03 04+0.2

*p < 0.01 when compared to control incubation without inhibitor added.
®p < 0.05 when compared to control incubation without inhibitor added.
° ND, not detectabie (<0.1 pmoi/min/mg).

TABLE 4

Effects in vitro of inhibitors and steroids on the ETC O-deethylase
activity in brain microsomes from control rats

Microsomes were prepared from pooled tissue of whole brain, olfactory bulbs,
hypothalamic-preoptic area, and pituitary gland from 5-18 control or BNF-treated
(twice at 40 mg/kg) rats. The microsomal protein (0.1-3 mg) was incubated with
the inhibitor or steroid added in 5 ul of acetone or 10 ul of methanol. Chioramphen-
icol was preincubated with microsomes for 5 min in a complete system without
ethoxycoumarin before assay. The control incubations contained the

icance was assessed with the paired t test.

% of Control act
Test substance Concentration oy
08Bs HPOA

uM
Metyrapone 100 26 (1) 33(1)

100 28 + 20 (5)* NA®
Testosterone 100 167 £ 69 (7)° 451 £ 31(2)°
DHT 100 137 £ 64 (3) 246 (1)
ATD 100 164 + 101 (2) 115(1)
Estradiol-178 100 106 +£1(2) 127 (1)
5a-A-3a,17p-diol 100 92+7(2 123 (1)
5a-A-38,178-diol 100 92+3(2) 12(1)
Control activity 12+12(15) 0.6 £0.1(2)

(pmol/min/mg + SD)

*p < 0.01 when compared to control incubation without test substance added.
®NA, not analyzed.
°p < 0.05 when compared to control incubation without test substance added.

(10) and 3B-diol hydroxylase (34), ETC O-deethylase activity
was not detected. Upon BNF treatment, this activity was
measurable, 3 pmol/min/mg, was completely inhibited by anti
P-450, antibodies, and was inhibited by 85% by ANF.

The P-450(s) mediating aromatization of androgens, 2/4-
hydroxylations of estrogens, and 6,7-hydroxylations of 38,5a-
androstanediol probably are not involved in O-deethylation of
ETC since addition of various steroid substrates (testosterone,
estradiol, 38,5«a-androstanediol, DHT) or an aromatase inhib-
itor (ATD) did not inhibit the catalytic activity in either OB
or HPOA microsomes.

In conclusion, we have shown that, in the rat brain, P-450,
or a form of P-450 which is immunologically similar is consti-
tutive, and P-450, is induced by pretreatment of rats with BNF.
Since P-450,, and P-450. participate in activation of a variety
of xenobiotics to cytotoxic and/or carcinogenic metabolites
(35), the presence of these forms of P-450(s) in brain raises
questions about their role in central nervous system toxicity.
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The localization of these enzymes into specific cells may play
a part in in situ production of toxic compounds and may explain
the selective action of certain neurotoxic agents.

Acknowledgments

We thank Britt-Marie Pettersson, Ann-Marie Motakefi, and Stefan Westin
for valuable technical assistance.

References

1. Guegnerich, F. P., G. A. Dannan, S. T. Wright, M. V. Martin, and L. S.
Kaminsky. Purification and characterization of liver microsomal cytochromes
P-450: electrophoretic, spectral, catalytic, and immunochemical properties
and inducibility of eight i »sozymes isolated from rats treated with phenobar-
bital or 8-naphthofl hemistry 21:6019-6030 (1982).

2. Ryan,D.E,, S. Lida, A. W Wood, P. E. Thomas, C. S. Lieber, and W. Levin.
Characterization of three highly purified cytochromes P-450 from hepatic
microsomes of adult male rats. J. Biol. Chem. 259:1239-1250 (1984).

3. Guengerich, F. P., and P. S. Mason. Immunological comparison of hepatic
and extrahepatic cytochromes P-450. Mol. Pharmacol. 18:154-164 (1979).

4. Vanderslice, R. R.,J. A. Boyd, T. E. Eling, and R. M. Philpot. The cytochrome
P-450 monooxygenase system of rabbit bladder mucosa: enzyme components
and isozyme 5-dependent metabolism of 2-aminofluorene. Cancer Res.
45:5851-5858 (1985).

5. Kawabata, T. T., D. G. Wick, F. P. Guengerich, and J. Baron. Immunohis-
tochemical localization of carcinogen-metabolizing enzymes within the rat
and hamster exocrine pancreas. Cancer Res. 44:215-223 (1984).

6. Serabjit-Singh, C. J., J. R. Bend, and R. M. Philpot. Cytochrome P-450
monooxygenase system. Localization in smooth muscle of rabbit aorta. Mol
Pharmacol. 28: 72-79 (1985).

7. Voigt, J. M., F. P. Guengerich, and J. Baron. Localization of a cytochrome
P-450 isozyme (cytochrome P-450 PB-B) and NADPH-cytochrome P-450
reductase in rat nasal mucosa. Cancer Lett. 27:241-247 (1985).

8. Toftgard, R., T. Haaparanta, E. Eng, and J. Halpert. Rat lung and liver
mxcrosomal cytochrome P-450 isozymes involved in the hydroxylation of n-

Biochem. Phar L. 35:3733-3738 (1986).

9. Naftolin, F., K. J. Ryan, J. J. Davies, V. V. Reddy, F. Flores, Z. Petro, M.
Kuhn, R. J. White, Y. Takoaka and L. Wolin. The formation of estrogens by
central neuroendocrinal tissues. Rec. Prog. Horm. Res. 31:295 (1975).

10. Paul, S. M,, and J. Axelrod. Catechol estrogens: presence in brain and
endocrine tissues. Science (Wash. D.C.) 19:657-659 (1977).

11. Roselli, C. E,, W. E. Ellinwood, and J. A. Resko. Regulation of brain
aromatase activity in rats. Endocrinology 114:192-200 (1984).

12. Brown, C. G., N. White, and S. L. Jeffcoate. Oestrogen-2/4-hydroxylase
activity in the rat brain during lactation and throughout the oestrous cycle.
J. Endocrinol. 107:191-196 (1985).

13. Theron, C. N., V. A. Russel, and J. J. F. Taljaard. Evidence that estradiol-2/
4-hydroxylase activities in rat hypothalamus and hippocampus differ quali-
tatively and involve multiple forms of P-450. Ontogenetic and inhibition
studies. J. Steroid Biochem. 23:919-927 (1985).

14. Norman, B. J., and R. A. Neal. Examination of the metabolism in vitro of
parathion (diethyl p-nitrophenyl phosphorothionate) by rat lung and brain.
Biochem. Pharmacol. 25:37-45 (1976).

15. Marietta, M. P, E. S. Vesell, R. D. Hartman, J. Weisz, and B. H. Dvorchik.
Characterization of cytochrome P-450-dependent aminopyrine N-demethyl-
ase in rat brain: comparison with hepatic aminopyrine N-demethylation. J.
Pharmacol. Exp. Ther. 208:271-279 (1979).

16. Rouet, P., K. Alexandrov, P. Markovits, C. Frayssinet and P. M. Dansette.
Metabolism of benzo(a)pyrene by brain microsomes of fetal and adult rats
and mice. Induction by 5,6-benzoflavone, comparison with liver and lung
microsomal activities. Carcinogenesis 2:919-926 (1981).

17. Srivastava, S. P., and P. K. Seth. 7-Ethoxy rin O-deethylase activity in
rat brain microsomes. Biochem. Pharmacol. 32:3657-3660 (1983).

18.

19.

20.

21.

22,

23.

24.

26.

27.

29.

31.

32.

35.

Cytochrome P-450 in RatBrain 37

Cohn, J. A,, A. P. Alvares, and A. Kappas. On the occurrence of cytochrome
P-450 and aryl hydrocarbon hydroxylase activity in rat brain. J. Exp. Med.
145:1607-1611 (1977).
van der Hoeven, T. A., and M. J. Coon. Preparation and properties of partially
purified cytochrome P-450 and reduced nicotinamide adenine dinucleotide
phosphate cytoct P-450 reductase from rabbit liver microsomes. J. Biol
Chem. 249:6302-6310 (1974).
Lowry, O. H,, N. J. Rosebrough, A. L. Farr, and R. J. Randall. Protein
measurement with the Folin phenol reagent. J. Biol Chem. 193:265-275
(1951).
Greenlee, W. F., and A. Poland. An improved assay of 7-ethoxycoumarin O-
deethylase activity: induction of hepatic enzyme activity in C57BL/6J and
DBA/2J mice by phenobarbital, 3-methylcholanthrene, and 2,3,7,8-tetra-
chlorodibenzo-p-dioxin. J. Pharmacol. Exp. Ther. 205:596 (1978).
Naslund, B. M. A, and J. Halpert. Selective inhibition of chloroamphenicol
of cytochrome P-450 isozymes in rat lung and liver involved in the hydrox-
ylation of n-hexane. J. Pharmacol. Exp. Ther. 231:16-22 (1984).
Haaparanta, T., J. Halpert, H. Glaumann and J.-A. Gustafsson. Immuno-
chemical det.ectnon and quantmmon of micr I cytoch P-450 and
duced nicoti dinucleotide phosphate: cytochrome P-450
reductase in rat ventral prostate. Cancer Res. 43:5131-5137 (1983).
Ades, I. Z., and J. Cascarano. Characterization of cytochrome oxidase purified
from rat liver. J. Bioenerg. Biomembr. 9:237-253 (1977).

. Glaumann, H., A. Bergstrand, and J. L. E. Ericsson. Studies on the synthesis

and intracellular transport of lipoprotein particles in rat liver. J. Cell Biol.
64:346-377 (1975).

Testa, B., and P. Jenner. Inhibitors of cytochrome P-450’s and their mecha-
nism of action. Drug Metab. Rev. 12:1-117 (1981).

Halpert, J., C. Balfour, N. E. Miller, E. T. Morgan, D. Dunbar, and L. S.
Kaminsky. Isozyme selectivity of the inhibition of rat liver cytochromes P-
450 by chloroamphenicol in vivo. Mol Pharmacol. 28:290-296 (1985).

. Lieberburg, I., G. Wallach, and B. S. McEwen. The effect of an inhibitor of

aromatization (1,4,6-androstatriene-3,17-dione) and an anti-estrogen (Cl-
628) on in vivo formed testosterone metabolites recovered from neonatal rat
brain tissues and purified cell nuclei. Implications for sexual differentiation
of rat brain. Brain. Res. 128:176-191 (1977).

Nabeshima, T., J. Fontenot, and J. K. Ho. Effects of chronic administration
of phenobarbital or morphine in the brain microsomal cytochrome P-450
system. Biochem. Pharmacol. 30:1142-1144 (1984).

. Walther, B., J. F. Ghersi-Egea, A. Minn, and G. Siest. Subcellular distribution

of cytochrome P-450 in the brain. Brain Res. 375:338-344 (1986).

Quato, M. K., and M. D. Maines. Regulation of heme and drug metabolism
activities in the brain by manganese. Biochem. Biophys. Res. Commun.
128:18-24 (1985).

Kohler, C L G Enksson, T. Hansson, M. Warner, and J.-A. Gustafsson.
I lization of cytoch P-450 in the rat brain.
Neurosci. Lett., in press.

. Thomas, P. E.,, L. M. Reik, D. E. Ryan, and W. Levin. Induction of two

immunochemically related rat liver cytochrome P-450 isozymes, cytochrome
P-450c and P-450d, by structurally diverse xenobiotics. J. Biol. Chem.
258:4590-4598 (1983).

. Guiraud, J. M., R. Morfin, B. Ducouret, S. Samperez, and P. Jouan. Pituitary

metabolism of 5a-androstane-38,178-triol. Intense and rapid conversion to
5a-androstane-38,6a,176-triol and 5a-androstane-38,7a,178-triol. Steroids
34:241-248 (1979).

Gelboin, H. V. Benzo(a)pyrene metabolism, activation and i

role and regulation of mixed-function oxidases and related enzymes. PhyswL
Rev. 60:1107-1166 (1980).

Send reprint requests to: Dr Tiiu Hansson, Department of Medical Nutrition,
Karolinska Institute, Huddinge University Hospital F69, S-141 86 Huddinge,
Sweden.

2102 'S JaquiadaQ Uo ollduer ap Oy Op OpeIST Op apepisianiun e Bio speuinofadse wieydjow woly papeojumoq


http://molpharm.aspetjournals.org/



