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Abstract—Mammary gland and liver microsomes of lactating rats were examined for the components
of mixed function oxidase and related enzyme activities. Cytochrome bs, NADH- and NADPH-
dependent cytochrome ¢ reductase activities were 15-, 6- and 10-fold lower, respectively, in the mammary
gland than in the liver microsomes. The determination of cytochrome P-450 (P-448) in the mammary
gland microsomes required elimination of the spectral interferences by hemoglobin and cytochrome
aas. The presence of the latter in this fraction was also shown by cytochrome c¢ oxidase activity.
Cytochrome aa; was reduced by anaerobic incubation of mammary gland microsomes, in the presence
of antimycin A, with sodium succinate, phenazine ethosulfate, and sodium ascorbate for 30 min at room
temperature. Spectral resolution of the dithionite-reduced cytochrome P-450 (P-448) carbon monoxide
complex occurred 30 min after gassing. The basal level of cytochrome P-450 was about 500-fold greater
in the liver than in the mammary gland microsomes. Pretreatment of lactating rats with the inducers
of hepatic cytochrome P-448, 3-methylcholanthrene and B-naphthoflavone, increased the cytochrome
content 3- to 10-fold and 2-fold, in the mammary gland and liver microsomes, respectively. The induction
of cytochrome P-448 in microsomes of both tissues was also shown by type I binding spectra obtained
with N-2-fluorenylacetamide. Using hydroxylation of benzo[a|pyrene and N-2-fluorenylacetamide as a
measure of mixed function oxidase activity, we found that the basal activities, which were 4- to 8-fold
greater in the liver microsomes, were increased in both tissues after treatment of rats with the inducers.
The induced activities were inhibited by 0.1 mM a-napthoflavone in vitro, indicating a dependence on
cytochrome P-448. The data suggest that the mammary gland, an extrahepatic target for carcinogens,
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is capable of their metabolism.

Several investigators have reported the induction of
aryl hydrocarbon hydroxylase activity in the rat
mammary gland with the inducers of the hepatic
enzyme [1-5]. Hence, it has been assumed than an
enzyme system similar to that of the hepatic mixed
function oxidase metabolizes xenobiotics in the
mammary gland. A component of this enzyme sys-
tem, NADPH-dependent cytochrome c¢ reductase,
had been found and characterized in the mammary
gland microsomes of the rat along with other redox
constituents [6, 7). However, cytochrome P-450(P-
448), a terminal catalyst of the oxidation reactions,
could not be detected in the mammary gland micro-
somes with the procedures routinely used for the
assay of hepatic cytochrome P-450(P-448) [7, 8].
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Since the content of cytochrome P-450 is generally
low in extrahepatic tissues [9], we directed our efforts
at spectral resolution of concentrated suspensions of
mammary gland microsomes and establishment of
suitable conditions for detection of the reduced
cytochrome P-450(P-448) carbon monoxide com-
plex. By eliminating interference from hemoglobin
and the mitcchondrial contaminant, cytochrome aa;,
we showed cytochrome P-450 and its 3-
methylcholanthrene- (3-MC)§ or B-NF-inducible
form, cytochrome P-448, in the mammary gland
microsomes of lactating rats. We also found that
mammary gland and liver microsomes of 3-MC- or
B-NF-treated rats had increased cytochrome P-448-
dependent capacities for hydroxylation of the car-
cinogens, BP and 2-FAA.

MATERIALS AND METHODS

Labeled and unlabeled compounds. BP and 2-FAA
were purchased from the Aldrich Chemical Co.,
Milwaukee, WI. BP, m.p. 182-183°, was mixed with
[7,10-“C]BP (16 mCi/mmole) (California Bionuclear
Corp., Sun Valley, CA) to obtain the desired activity
of the labeled substrate for the enzyme assays. 2-
FAA was recrystallized from ethanol-water (7:3),
had a m.p. of 196-198° and was chromatographically
pure [10]. 2-[1"-“C]JFAA, m.p. 194-196°, specific
radioactivity of 1.30 mCi/mmole, was prepared as
described previously {10]. 3-MC, m.p. 181-182°, was
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purchased from the Eastman Kodak Co., Rochester,
NY. a-NF and $8-NF, the sodium salts of ascorbic
and succinic acids, antimycin A (type III), phenazine
ethosulfate, cytochrome ¢ from horse heart (type
III), NADH, NADPH and dithionite were pur-
chased from the Sigma Chemical Co., St. Louis,
MO.

Animals, maintenance and treatment. Sprague—
Dawley rats (Holtzman Co., Madison, WI), 4-6
months old, were maintained on regular Purina
Chow Pellets and water ad /ib. The rats were mated
and pregnant dams were transferred to individual
breeding boxes. Those with ten to fourteen offspring
were selected at different stages of lactation. The
lactating rats were injected twice or thrice i.p. with
3-MC or #-NF disolved in corn oil at concentrations
of 8 or 16 mg/ml to achieve dose levels of 20 or
40 mg/kg of body weight. Food was withdrawn 12 hr
before decapitation of rats.

Preparation of microsomal and mitochondrial frac-
tions. All buffers were cooled in ice and all pro-
cedures were carried out at 4° except where noted.
The mammary gland was excised at room temper-
ature and immersed in cold 154 mM KCl, 50 mM
Tris—HCI buffer, pH 7.4. The gland was cleaned of
muscle and lymph nodes and was minced in a small
volume of the above buffer. The mince was washed
thrice with the same buffer to remove hemoglobin
and filtered through 0.2 mm nylon mesh. The mince
was then suspended in three parts (w/w) of the same
buffer and homogenized with a Polytron hom-
ogenizer (type PT 10, Kinematica GMBH, Lucerne,
Switzerland) for three intervals of 3sec each at a
speed setting of 3.0. The homogenate was centri-
fuged at 600 g for 10 min and the pellet was resus-
pended in a small volume of the same buffer and
homogenized for an additional 3 sec. The combined
supernatant fractions were then centrifuged at
16,000 g for 20 min to obtain the mitochondria. The
supernatant fraction was centrifuged at 105,000 g for
60 min to separate the microsomes. To further
remove hemoglobin, both mitochondrial and micro-
somal fractions were suspended in 1 mM Tris-HCI
buffer, pH 7.4, and homogenized gently in a Teflon
pestle homogenizer [11]. The suspensions were cen-
trifuged at 105,000 g for 60 min. The washed pellets
were then suspended in 10 mM potassium phosphate,
2 mM MgCl, 2 mM DTT buffer, pH 7.5, containing
20% glycerol to a protein concentration of 30 mg/
ml. The liver was perfused with 154 mM KCI, 50 mM
Tris~HCI buffer, pH 7.4, excised, and immersed in
the same buffer. After removal of connective tissue,
the liver was minced in four parts (w/w) of the same
buffer and homogenized as above. The liver hom-
ogenate was treated identically to the mammary
gland homogenate except that the homogenization
of the pellet from the 600 g centrifugation was omit-
ted. For electron microscopy, small portions of the
washed microsomal pellets from the tissues of rep-
resentative rats were fixed and processed as
described previously [12].

Determination of protein and cytochromes bs, aa;
and P-450(P-448). Protein was determined by the
procedure of Lowry er al. [13] with bovine serum
albumin as a standard. For spectrophotomeric deter-
minations of cytochromes, the mitochondrial and
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microsomal suspensions were diluted with 300 mM
sodium phosphate buffer, pH 7.4, containing 50%
glycerol to protein concentrations of 1 mg/ml and
6-10mg/ml for liver and mammary gland prep-
arations respectively. Cytochrome levels were meas-
ured at room temperature. Cytochrome bs was
determined from the NADH-reduced spectrum (&,
185 mM ™! em™") [14]. The content of cytochrome aa;
was estimated from the 605 minus 630 nm absorb-
ances of the dithionite-reduced versus oxidized spec-
trum (g, 13.1 mM~'cm™") [15]. Anaerobic conditions
were maintained in the reduced sample in a
septum-covered cuvette by bubbling nitrogen treated
with Oxiclear (Pierce Chemical Co., Rockford, IL)
for 2 min. Cytochrome P-450(P-448) in the liver was
determined from the reduced hemoprotein—carbon
monoxide complex (g, 91 mM ™' em™!) [14].

The determination of cytochrome P-450(P-448) in
the mammary gland was modified as follows: to
1.2 ml of the membrane preparation in the reference
cuvette were added 10 ul of 0.6 mM antimycin A in
95% ethanol and 20 ul each of 370 mM sodium suc-
cinate, 0.37 mM phenazine ethosulfate, and 37.5 mM
sodium ascorbate. The same additions were made
to the sample except that the antimycin A was
replaced by 10 ul of 95% ethanol. Oxygen-free nitro-
gen was then bubbled for 2min through both
septum-covered cuvettes, which were then allowed
to stand for 30 min. After the initial 20 min, a few
crystals of dithionite were added to the sample
cuvette, followed by bubbling with nitrogen for
Z2min. Carbon monoxide (Matheson, research
grade) was then gently bubbled through both
cuvettes for 2 min and the spectra were recorded 10.
30 and 45 min after bubbling. The content of cyto-
chrome P-450(P-448) was calculated from the dif-
ference in absorbances at the maximum of 450~
448 nm and the minimum of 465-462 nm with the
use of an extinction coefficient of 104 mM™! cm™!
[16]. Total heme content was determined by the
method of Paul et al. [17]. The spectra of mammary
gland and liver preparations were recorded with a
Varian Cary 219 spectrophotometer with automatic
baseline correction and a Beckman Acta VI spec-
trophotometer fitted with a scattered transmission
accessory respectively.

Assays of reductase and cytochrome ¢ oxidase
activities. The rates of cytochrome ¢ reduction were
determined at room temperature essentially as
described [18], using 300 mM potassium phosphate
buffer, pH 7.5, containing 0.10 mM EDTA, 0.07 mM
cytochrome ¢ and 0.10mM NADPH or 0.12mM
NADH in a 1.0ml volume. NADH-ferricyanide
reductase activity was measured as described [19],
except that 50 mM potassium phosphate buffer, pH
7.5, 0.43 mM potassium ferricyanide and 0.24 mM
NADH were used. NADH- and NADPH-cyto-
chrome ¢ reductase activities were measured in the
absence and presence of 1 mM potassium cyanide.
The NADH-cytochrome ¢ and NADH-ferricyanide
reductase activities were also measured with and
without 0.01% rotenone. Cytochrome ¢ oxidase
activity was determined spectrophotometrically as
previously described [20]. The cytochrome ¢ was
reduced immediately before use with a small amount
of dithionite. Excess dithionite was removed by bub-
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bling air through the solution for 2-3 min. To prevent
oxidation of the reduced cytochrome ¢, the solution
was then bubbled with oxygen-free nitrogen and kept
in a septum-covered vial for a maximum of 30 min.

Determination of binding of 2-FAA to mammary
gland and liver microsomes. Microsomes from tissues
of 3-MC- or -NF-treated lactating rats were sus-
pended in 300 mM sodium phosphate buffer, pH 7.5,
containing 50% glycerol, at a concentration of 8.0
or 4.0 mg protein/ml for the mammary gland or liver
respectively. 2-FAA in propylene glycol (20 i) was
added at a concentration of 0.12 mM to the sample
cuvette containing 1.2 ml of the microsomal suspen-
sion. The reference cuvette contained only the
microsomes in 1.2 ml buffer and propylene glycol
(20 ul). The mixtures were allowed to stand at room
temperature for 10-30 min before the spectra were
recorded from 450 to 380 nm. A Hitachi 110 com-
puterized double beam ratio recording spectropho-
tometer was used.

Determination of hydroxylation of BP. A modified
radioactive assay [21] for measurement of BP
hydroxylation was employed. The microsomes,
1.2 mg protein, suspended in 0.95ml! of 100 mM
potassium phosphate buffer, pH 7.2, were placed in
scintillation vials. The suspensions were preincu-
bated with 0.10 mM o~NF in 10 ul of 95% ethanol
or with the solvent alone for 5 min at 37° before the
additions of 40 nmoles [7,10-“C]|BP, containing
approximately 100,000 dpm, in 30 gl of acetone and
of 0.84 mM NADPH in 50 ul of the buffer. Incu-
bations to measure microsomal activities of liver and
mammary gland were carried out for 10 and 30 min,
respectively, in a Dubnoff metabolic incubator at 37°
in darkness in vials open to air. The control incu-
bations contained microsomes that had been
immersed in a boiling water bath for Smin. All
incubations were carried out at least in duplicate.
The assays were performed under conditions of lin-
earity with respect to time and protein concentration.
The reactions were stopped by addition of 1 ml of
acetone, followed immediately by 3 ml of hexane.
The vials were then capped, shaken for 10 min at
37° in the incubator, subjected to vigorous mixing
with a Vortex mixer for 20sec, and placed in an
ice-bath. The hexane layer was aspirated into a new
set of vials and extracted with 2 ml of 1 N NaOH by
rapid mixing with a Vortex mixer. The hexane layer
was again removed by aspiration and the aqueous
phase containing the phenolic metabolites of [7,
10-"“C]BP was mixed with the scintillator described
previously [22].

Determination of hydroxylation of 2-FAA. The
composition of the incubation mixtures was the same
as above except that the buffer (pH 7.4) and the
substrate 2-[1"-"*C]JFAA were used. The reactions
were stopped by addition of 1 ml of cold 1 M sodium
acetate buffer, pH 6.0, The mixtures were extracted
twice with 3 ml of ethyl ether by rapid mixing with
a Vortex mixer. The ether phases were aspirated,
combined, and extracted once with 2mi of 0.1N
NaOH again by vigorous mixing. After removing
the ether phase, the aqueous phase containing
the phenolic and N-hydroxy metabolites of
2-[1"-"CJFAA was mixed with the scintillator
described previously [22].
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Radioactivity measurements. Radioactivity was
determined using a Packard Tri-Carb Liquid Scin-
tillation Spectrometer, model 3255. The counts were
corrected for quenching by means of an external
standard. The counting efficiency was 68-73%.

RESULTS

Reduction of cytochrome P-450(P-448) in the
microsomes is a prerequisite for its complexation
with carbon monoxide [14]. When spectra of the
reduced microsomes from mammary gland were
compared to those from the liver, marked differences
were noted. Reduction of the hepatic microsomes
with NADH or dithionite gave nearly identical spec-
tra with absorbance maxima at 555 and 424 nm,
which indicated the presence of cytochrome bs. In
the dithionite-reduced mammary gland microsomes,
maxima were located at 607-603, 558-555, 530, 443
and 430428 nm, whereas in the NADH-reduced
microsomes, the maxima were located at 560
(shoulder), 554 and 426424 nm. The absorbances
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Fig. 1. Reduced versus oxidized difference spectra of the
mammary gland microsomes of a lactating rat. Microsomes
suspended in 300 mM sodium phosphate buffer, pH 7.5,
containing 50% glycerol (4.0 mg protein/ml) were divided
between two cuvettes (1.2 ml each) and the baseline was
recorded. To the sample cuvette, which was kept anaerobic,
were added a few grains of NADH, followed by bubbling
with oxygen-free nitrogen for 2min (——). Then a few
grains of dithionite were added to the same cuvette, fol-
lowed by bubbling with nitrogen for 2min (-———- ).
Throughout, the reference cuvette was open to air. A
Varian Cary 219 spectrophotometer with automatic base-
line correction was used (1.8 nm band width}).
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corresponding to cytochrome bs (426424 nm) and
to the o band of the b-cytochrome (555 nm) were
considerably less with NADH used as the reducing
agent than with dithionite. Saturation with carbon
monoxide of the dithionite-reduced mammary gland
microsomes shifted the 443 nm peak to 430 nm, and
saturation of the unreduced microsomes produced
apeak at 420 nm. This suggested that our preparation
of mammary gland microsomes was contaminated
by hemoglobin and cytochrome aa;. Because of the
generally low content of cytochrome P-450(P-448)
in microsomes of extrahepatic tissues [9] and small
amounts of cytochrome bs in mammary gland [7],
the effects of the above contaminants on measure-
ments of the cytochromes could be significant and
had to be eliminated.

Hemoglobin which is reduced by dithionite has
absorbance maxima at 555 and 430 nm, and in the
unreduced state forms a carbon monoxide complex
with an absorbance maximum at 420-418 nm [23].
To minimize contamination of mammary gland
microsomes by hemoglobin, the minced tissue was
washed with a buffer containing 154 mM KCl and
the microsomal pellet was washed once with a hypo-
tonic buffer, 1 mM Tris-HCI (pH 7.4}, a procedure
found effective for removal of hemoglobin in lung
microsomes [11]. Additional washings did not further
decrease the contamination. The effectiveness of
these washings in minimizing contamination of mam-
mary gland microsomes with hemoglobin was deter-
mined by the relative absorbance at 420 nm of the
carbon monoxide-saturated microsomes. The
removal of hemoglobin resulted in a decrease in the
absorbances at 555 and 430 nm and a shift of the
430 nm peak to 428-426 nm in the dithionite-reduced
microsomes (Fig. 1). The absorption peaks at 603
and 443 nm in the dithionite-reduced spectrum of
the mammary gland microsomes and the shift in the
443 nm peak to 430nm after gassing the reduced
sample with carbon monoxide were ascribed to
cytochrome aa; [24]. The content of cytochrome aa;
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was estimated from the reduced spectrum to be about
100 pmoles per mg of protein. Using the conven-
tional method of cytochrome P-450(P448) determi-
nation [14], a trough appeared in the spectrum at
443 nm from the dithionite-reduced cytochrome aas
in the reference which was not compensated for in
the carbon monoxide-treated sample. Thus, even
slight contamination by cytochrome aa; could drast-
ically affect the spectral determination of low levels
of cytochrome P-450(P-448).

The extent of contamination of the microsomal
fraction by the mitochondrial enzyme can be esti-
mated from cytochrome c¢ oxidase activity. The
measurements indicated that mitochondrial enzyme
activity was greater in the mammary gland than in
the liver microsomal fraction (Table 1). Attempts
to separate mitochondria through two consecutive
centrifugations of the 600 g supernatant fraction, at
10,000 g for 10 min and at 16,000 g for 20 min, did
little to decrease the mitochondrial enzyme contam-
ination of the mammary gland microsomal fraction.
Since the electron micrograph of the mammary gland
microsomal fraction showed no mitochondrial struc-
tures, we assumed that mitochondrial enzymes were
released during the homogenization. Omission of
the additional homogenization of the mammary
gland 600 g pellet did not decrease cytochrome ¢
oxidase activity in the microsomal fraction. Conse-
quently, our efforts were directed toward eliminating
the spectral interference by cytochrome aa;. Our aim
was to selectively reduce the cytochrome aa; while
maintaining cytochrome P-450 in its unreduced state.
Since antimycin A, a mitochondrial electron trans-
port uncoupling agent, has been reported to prevent
the backflow of electrons from ascorbate to NADH
and cytochrome P-450 [25], it was added to the
reference cuvette before the reducing agents. How-
ever, no differences were detected in measurements
taken in its absence. The reduction of cytochrome
aaz was accomplished by anaerobic incubation with
6.0mM sodium succinate, 0.006 mM phenazine

Table 1. Cytochrome ¢ oxidase activity in the mammary gland and liver of lactating rats

Cytochrome ¢ oxidase activity (nmoles - min~!- mg™)+

Mammary gland

Liver

Pretreatment Microsomal Mitochondrial Microsomal Mitochondrial

of rat* fraction fraction Ratio} fraction fraction Ratiot
Corn oil§ 91 = 57 250 = 42 0.36 61 =4 387 £ 57 0.16
Corn oill| 189 + 68 667 = 100 0.28 44 = 10 435 = 244 0.10
3-MC§ 126 = 22 261 =102 0.48 67 =24 450 = 179 0.15
3-MC|| 305 =91 895 + 57 0.34 40 = 10 1123 + 291 0.04
B-NF§ 147 + 48 304 = 135 0.48

B-NF]| 177 =43 638 = 306 0.28 32+20 640 = 175 0.05
B-NFY 101 = 27 290 = 216 0.35 13+4 346 = 113 0.04

* Rats received i.p. injections of the vehicle (corn oil) or of the compound (20 or 40 mg/kg of body

weight) for 3 consecutive days.

T Values are the means = S.D. from assays on the fractions of three to seven rats.
 The ratio of the cytochrome oxidase activities of the microsomal and mitochondrial fractions.
§ The microsomal and mitochondrial pellets were washed by resuspension in 10 mM potassium

phosphate, 2 mM MgCl;, 2mM DTT buffer, pH 7.5.

| The microsomal and mitochondrial pellets were washed by resuspension in | mM Tris=HCI buffer,

pH 7.4, as described in Materials and Methods.

{l Mitochondria were removed by consecutive centrifugations at 10,000 g for 10 min and at 16,000 g
for 20 min; the mitochondrial peliets were combined and washed as described in the || footnote.
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Fig. 2. Carbon monoxide difference spectra of the reduced
mammary gland microsomes from a f-NF-treated lactating
rat. Microsomes in 300 mM sodium phosphate buffer, pH
7.5, containing 50% glycerol (6.0 mg protein/ml) were
divided between two cuvettes (1.2 mi each) and the baseline
was recorded. To the reference cuvette were added 10 ul
0.6 mM antimycin A in 95% ethanol and 20 ul each of
370 mM sodinm succinate, 0.37 mM phenazine ethosulfate
and 37.5 mM sodium ascorbate, followed by bubbling with
oxygen-free nitrogen for 2 min. The mixture was allowed
to stand at room temperature for 30 min. To the sample
cuvette all the reagents above except antimycin A were
added and dithionite was added after the initial 20 min.
The dithionite-reduced spectrum  (~~——-— ) was then
recorded. Oxygen-free carbon monoxide was then bubbled
through both cuvettes for 2 min. Spectra were recorded
after 10 min ( N, 25 min (—7), 40 min (——) and
7@ min { ). A Varian Cary 219 spectrophotometer with
automatic baseline correction was used (1.97nm band
width).

ethosulfate and 0.6 mM sodium ascorbate at room
temperature for 30 min. When both the sample and
reference were reduced under these conditions,
incubation of the sample with dithionite for 10 min
produced no change in the baseline at 443 nm,
indicating complete reduction of cytochrome aa; by
the above reagents. In many spectral determinations,
the absorbance of the dithionite-reduced sample was
noted to decrease gradually from 500 to 460 nm (Fig.
2}. This phenomenon has been reported by other
investigators and has been attributed to the reduction
of flavoprotein and non-heme iron protein [6, 26].
When carbon monoxide was bubbled through both
the reference and sample, the effect of the reduced
carbon monoxide cytochrome aa; complex would be
balanced in both cuvettes, whereas only the
dithionite-reduced cytochrome P-450(P-448) in the
sample could form a carbon monoxide complex
absorbing at 450 (448) nm. We observed that the
complexation of the reduced cytochrome P-450
(P-448) in the mammary gland microsomes with car-
bon monoxide improved with time (Fig. 2). An
acceptable resolution of the 450 (448) nm peak was
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usually obtained about 30 min after gassing with
carbon monoxide. A distinct peak at 448 nm was
obtained with mammary gland microsomes from 3-
MC- or B-NF-treated rats, whereas often only a
shoulder at 450 nm was recorded with microsomes
from control (corn oil-treated) rats. The possibility
of partial reduction of cytochrome P-450(P-448) by
the reagents used to reduce cytochrome oxidase, in
spite of the presence of antimycin A in the reference
cuvette, was considered. However, no reduction of
hepatic cytochrome P-450(P-448) took place under
the same conditions and, after reaching a maximum
value, the levels of cytochrome P-450(P-448) in the
mammary gland remained fairly constant. The pres-
ence of cytochrome P-448 in the mammary gland
microsomes of 3-MC- or §-NF-treated lactating rats
was also evidenced by binding spectra obtained with
2-FAA, a type I substrate for binding to the hepatic
cytochrome P-448 [10]. The addition of 2-FAA to
mammary gland microsomes of a f-NF-treated lac-
tating rat gave a type I binding spectrum similar to
that given by the hepatic microsomes, with the
amplitude corresponding to the lower content of
cytochrome P-448 in the mammary microsomes {Fig.
3).

The contents of cytochrome bs and cytochrome
P-450 in the mammary gland microsomes of control
{(corn oil-treated) lactating rats were about 15 and
500 times less, respectively, than the contents of
their hepatic microsomes (Table 2). Pretreatment of
lactating rats with 3-MC or §-NF increased the con-
tent of cytochrome P-448 3- to 10-fold in the mam-
mary gland microsomes and about 2-fold in the
hepatic microsomes. The dose of the inducer, 20 or
40 mg of compound per kg of body weight, had only
a marginal effect on the extent of the induction of
cytochrome P-448 in the microsomes of both tissues
and the stage of lactation was without effect on its
induction. Pretreatment of rats with 3-MC or §-NF
(40 mg/kg of body weight) increased 1.3-fold the
content of cytochrome bs in the hepatic microsomes
(Table 2). Whereas in the hepatic microsomes the
values for total heme nearly equaled the sums of
cytochrome bs and cytochrome P-450(P-448), in the
mammary gland microsomes the values for total
heme were much greater than the sums of these
cytochromes, We considered the possibility that
mammary gland microsomal fraction contained a
substance which partially degraded its cytochrome
P-450(P-448). We therefore examined the effects of
mammary gland microsomes on the hepatic cyto-
chrome P-450(P-448) after incubations of equal
amounts of microsomal protein from both tissues for
periods of 4-16 hr at 4°. Because incubations with
mammary gland microsomes were without effect on
the spectral measurements of hepatic cytochrome
P-450(P-448) (data not shown), we assumed that a
degradation of cytochrome P-450(P-448) in the mam-
mary gland microsomes probabily did not occur and
that the relatively high values for total heme are
from contamination of this fraction with cytochrome
aas and possibly catalase and residual hemoglobin,
In addition, cytochrome P-420 has been reported in
the mammary gland microsomes [7] and could con-
tribute to the total heme values.

A comparison of the NADH-cytochrome ¢ reduc-
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Fig. 3. Binding spectra given by 2-FAA on addition to mammary gland (@——@) and liver
(O----0) microsomes of a -NF-treated lactating rat. Mammary gland or liver microsomes were
suspended in 300 mM sodium phosphate buffer, pH 7.5, containing 50% glycerol (8.0 or 4.0mg
protein/ml respectively) and divided between two cuvettes (1.2 ml each). The baseline was then recorded.
2-FAA in propylene glycol (20 ul) was added to the sample cuvette at a concentration of .12 mM and
the vehicle alone was added to the reference cuvette. The spectra were recorded after 30 min at room
temperature with a Hitachi 110 computerized double beam ratio recording spectrophotometer with
automatic baseline correction (2.2 nm band width).

tase activities indicated that the mammary gland
microsomes had about 50-fold lower activity than
the liver microsomes (Table 2). Because this assay
depends on cytochrome bs and the mammary gland
had a 15-fold lower content of cytochrome bs, the

reductase activity was also measured with potassium
ferricyanide, which can accept electrons directly
from the reductase [27]. In this assay, we used twice
as much NADH to ensure that its concentration was
not rate-limiting. Under these conditions, in which

Table 2. Effects of pretreatment of lactating rats with 3-MC and $-NF on the microsomal enzymes of the mammary
gland and liver

Cytochromet
No. NADH-cyto- NADH- NADPH-cyto-
of Dayof Pretreatment P-450 Total chrome ¢ K3Fe(CN)g chrome ¢
rats lactation of rats* bs (P-448) hemet reductaset reductaset reductaset
Mammary gland
3 4-6 Corn oil 22.8+6.3 1.3x+0.1 72.3+19.4 43.1%10.7 639 * 42 12.0+ 3.1
4 8-9 Corn oil 19.7+9.6 1.3+0.8 444251 27.6*11.4 883 + 381 13.1+x4.2
4 11-14  Corn oil 222=+7.1 3.0+1.2 75.8£16.9 26.6*+11.3 779 £ 212 18.8+3.2
3 5-6 3-MC§ 30.3x3.2  12.0 = 4.0| 104 = 32 37.9+6.0 710 = 141 19.6 £ 1.0
3 8-9 3-MC§ 242+273 7.8+1.9 86.3 £33 29.9+6.9 758 £ 129 20.4 49
3 11 3-MC 194+ 4.8 83+33 97.0 + 44 27.1+6.9 872 + 300 237+54
3 7-10  B-NF§ 187 +11.7 6.1x43|] 115 = 49 26.1+6.5 587 =70 12.0+5.4
7 89 B-NF 27.1+10.2 13.9+6.1 180 = 77 31.6 £13.0 759 +233 18.1+2.0
5 11-15 B-NF 179+44 156x7.7 129 + 24 21.7+3.7 881 + 452 20.7x3.7
Liver
3 4-6 Corn oil 346 + 15 554 + 148 993 + 75 1272 £ 176 3772 = 399 173 + 27
4 89 Corn oil 362 + 74 533 £ 191 1181 + 183 1310 =437 5350 + 1336 160 = 90
4 11-14  Corn oil 319+75 548 + 88 1101 £250 1413+ 98 6089 * 1242 186 = 25
3 5-6 3-MC§ 414 =439 873 x 146 162571 1401 + 32 3006 + 1083 151 =90
3 8-9 3-MC§ 461 £ 124 1050 = 132 1600 =259 1314 =258 5177 = 666 180 = 25
3 11 3-MC 430 = 48 1068 + 187 1683 = 164 1363 * 145 4394 + 1416 193 = 35
2 7-10  B-NF§ 373+ 88 919 = 274| 1310+ 28 2147 £ 172 3793 = 374 208 = 57
7 8-9 B-NF 440 = 76Y 1046 * 161 1620 = 184 1418 = 652 4884 *+ 1249 203 + 82
5 11-15 B-NF 359 + 74 961 + 137 1484 £ 79 1517 £ 377 5656 = 1622 181 £43

* Rats received i.p. injections of the vehicle (corn oil) or of the compound (40 mg/kg of body weight) for 3 consecutive

days, unless stated otherwise.

+ Units are pmoles/mg protein. Values are means = $.D.

1 Units are nmoles of substrate reduced - (mg protein) ™' - min~!. Values are means + S.D.
§ The dose of i.p. injected compound in corn oil was 20 mg/kg of body weight for 3 consecutive days.
| Differences between the combined groups of control (corn oil-treated) rats and the combined groups of 3-MC- or

B-NF-treated rats were statistically significant at P < 0.001.

1l Differences between the combined groups of control (corn oil-treated) rats and the combined groups of 3-MC-
treated rats or the group of 7 f-NF-treated rats were statistically significant at P < 0.01.
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Fig. 4. Effects of pretreatment of lactating rats with 3-MC and B-NF on hydroxylation of BP and 2-
FAA by mammary gland and liver microsomes. Rats received i.p. injections of the vehicle (corn oii)
or of the compound (40 mg/kg of body weight) for 3 consecutive days before being killed unless stated
otherwise. Groups A, B and C consisted of three, four and four rats each on days 4-6, 8-9 and 11-14
of lactation respectively. Groups D, E and F consisted of three rats each on days 5-6, 8-9 and 11 of
lactation respectively. Rats in groups D and E received three i.p. injections of 3-MC at a dose level
of 20 mg/kg of body weight. Groups G and H consisted of two rats each on days 7-10 and 34 of
lactation respectively. Rats in groups G and H received three and two i.p. injections of -NF at a dose
level of 20 and 40 mg/kg of body weight respectively. Groups 1, J and K consisted of seven, two and
three rats each on days 8-9, 11 and 13-15 of lactation respectively. The differences in hydroxylation
of both BP and 2-FAA between mammary gland and liver microsomes of control groups A, B and C
were significant at P < 0.001. The differences in hydroxylation of both compounds by mammary gland
and liver microsomes between groups A and D, B and E, and C and F were significant at P < 0.001.
The differences in hydroxylation of both compounds by mammary gland and liver microsomes between
eroups A and H, B and G. B and I, C and J, and C and K were significant at P < 0.001. except for the
differences in hydroxylation of 2-FAA by mammary gland microsomes between groups A and H. and
B and G that were significant at P <0.025. In the mammary gland microsomes, the differences in
hydroxylation of BP between groups D and F (P < 0.025) and E and F (P < 0.001). and in bydroxylation
of 2-FAA between groups D and F (P < 0.001) and E and F (P < 0.005), were significant. The differences
in hydroxylation of both compounds between the groups G + H and I. G + H and J. and G + H and
K were significant at P < 0.005. The inhibition of hydroxylation of BP and 2-FAA by 0.1 mM a-NF in
vitro was significant in all groups examined at P < 0.001.

the reductase was rate-limiting, the mammary gland
microsomes showed a 6-fold lower activity than the
hepatic microsomes. These data indicated that both
cytochrome bs and its NADH-dependent reductase
activity were indeed much lower in the mammary
gland microsomes. The NADPH-dependent cyto-
chrome ¢ reductase activity was also lower, about
10-fold, in the mammary gland than in the liver
(Table 2). The measurements of reductase activities
were rotenone-insensitive and were unaffected by
the addition of cyanide. In neither mammary gland
nor liver microsomes did the NADH- or NADPH-
dependent reductase activities change after pretreat-
ment of lactating rats with 3-MC or B-NF.
Hydroxylation of carcinogens may serve as a meas-
ure of mixed function oxidase activity. We measured
hydroxylation of BP and 2-FAA in the mammary
gland and liver microsomes of lactating rats on days
4-6, 8-9 and 11-14 of lactation (Fig. 4). The basal
activity of the liver microsomes was 4- to 8-fold

greater than that of mammary gland microsomes.
The stage of lactation had no effect on the magnitude
of hydroxylation of BP or 2-FAA. Pretreatment of
lactating rats with 3-MC or §-NF increased hydrox-
ylation of BP and 2-FA A about 15-fold in the hepatic
microsomes. The magnitude of induction of the
hydroxylating activity in the liver was independent
of the dose of either inducer. By contrast, the induc-
tion of hydroxylation in mammary gland microsomes
varied with the inducer and its dose. Pretreatment
of rats with 3-MC, 20 and 40 mg compound per kg
of body weight, increased hydroxylation of BP 6-
and 10-fold, and of 2-FAA 2- and 4-fold, respec-
tively. Pretreatment of rats with -NF at the lower
dose and the higher dose levels increased the hydrox-
ylation of BP 4- and 16-fold, and of 2-FAA 2- and
6-fold, respectively. The optimal induction of
hydroxylating activity in the mammary gland micro-
somes was measured between days 8 and 11 of lac-
tation. The hydroxylation of BP and 2-FAA induced
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by 3-MC or B-NF in the mammary gland and liver
microsomes was inhibited by 0.1 mM o-NF in vitro
(Fig. 4). This inhibitor had no significant effect on
the basal hydroxylating activity of the mammary
gland and liver microsomes (data not shown).
Because a-NF is a specific inhibitor of cytochrome
P-448-dependent aryl hydrocarbon hydroxylase in
hepatic microsomes [28], these results indicated that
the increased hydroxylating activities of mammary
gland and liver microsomes of 3-MC- or 8-NF-treated
lactating rats were dependent on the cytochrome
P-448 induced in these tissues.

DISCUSSION

Although mammary gland microsomes of lactating
rats showed lower enzyme activities than their
hepatic microsomes, a considerable redox potential
was still indicated in this fraction. This confirmed
the earlier reports of the presence of cytochrome bs
and NADH- and NADPH-dependent reductase
activities in the rat mammary gland [6,7]. In the
latter, cytochrome P-420 was also identified based
on its characteristic absorbances in the carbon
monoxide- and the dithionite-difference spectra and
by the reaction with cyanide. We have observed
similar spectral characteristics and ascribed them, at
least in part, to a persistent contamination of mam-
mary gland microsomes with bound hemoglobin.
Since both hemoglobin and cytochrome P-420 were
reduced by ascorbate and dithionite, but not
NADH, and absorbed at 560-555 and 430-428 nm
in the reduced state, and at 420418 nm after com-
plexation with carbon monoxide, it was difficult to
distinguish between them. Moreover, cytochrome
aas, which we found to be present in mammary gland
microsomes, further complicated the interpretation
of the spectra. Cytochrome aa; also interfered with
our attempts to identify spectrally cytochrome P-420
complexes with cyanide.

Our earlier efforts to detect cytochrome
P-450(P-448) in the mammary gland microsomes of
the rat were unsuccessful chiefly because of instru-
ment limitations to analyze spectrally microsomal
suspensions in which protein concentration exceeded
2 mg per ml. Newer spectrophotometers with their
improved optic systems have given us more accurate
resolution and allowed us to analyze microsomal
suspensions of 10 mg protein per ml. Therefore, our
limit of detection of cytochrome P-450(P-448)
improved from about 20 pmoles [8] to 0.5 pmole per
mg of microsomal protein. On the other hand, the
spectral interference by the contaminants, chiefly
hemoglobin and cytochrome aas, in the concentrated
microsomal suspensions increased and necessitated
modifications in the preparation of microsomes as
well as in the spectral assays. The procedure for
eliminating interference by hemoglobin [29] and its
application to the detection of cytochrome P-450 in
rat mammary gland microsomes [30] were reported
recently. With this method, we obtained a spectrum
similar to that reported, with an absorbance maxi-
mum at 450445 nm. However, further investigation
indicated that this absorbance is not of the
dithionite-reduced cytochrome P-450 complex with
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carbon monoxide, but of the dithionite-reduced
cytochrome aas. Elimination of spectral interference
by cytochrome aa; required reduction of mammary
gland microsomes in both the reference and sample
with sodium succinate in the presence of phenazine
ethosulfate and sodium ascorbate as described here.
We also found that the resolution of the absorbance
of the reduced cytochrome P-450(P-448) complex
with carbon monoxide in the mammary gland micro-
somes improved with time. This might be due to
time-dependent complexation with carbon monoxide
[25] and/or settling of microsomes after bubbling
with gas.

In this work, we showed that the classical inducers
of cytochrome P-448 in liver microsomes, 3-MC and
B-NF [31], also induced cytochrome P-448 in the
mammary gland microsomes of lactating rats. This
is evidenced by the following data: (1) the absorb-
ance at 448 nm of the carbon monoxide complex of
the reduced mammary gland microsomes from
3-MC- or B-NF-treated lactating rats increased sub-
stantially; (2) 2-FAA, a type I binding substrate for
the hepatic cytochrome P-448, produced a type I
binding spectrum with mammary gland microsomes
of 3-MC- or #-NF-treated rats; and (3) the hydrox-
ylation of BP and 2-FAA increased markedly in the
mammary gland and liver microsomes of lactating
rats after their pretreatment with 3-MC or f-NF.
The increased hydroxylating activities, but not the
basal activities, were inhibited by a-NF in vitro, a
specific inhibitor of cytochrome P-448-dependent
aryl hydrocarbon hydroxylase [28]. The metabolic
assays indicated that mammary gland microsomes
of 3-MC- and especially those of -NF-treated lac-
tating rats had a substantial capacity for hydrox-
ylation of the carcinogens. Since in this work we
determined only the overall conversion of BP and
2-FAA to the hydroxy metabolites, and not their
individual metabolite profiles, it is as yet unknown
if any of the hydroxy products formed are carcino-
genic. It is of particular interest to answer this ques-
tion in the case of 2-FAA, the conversion of which
to N-hydroxy-2-FAA determines its carcinogenicity
for the rat mammary gland [8]. Mammary gland
microsomes of lactating rats, chronically treated with
2-FAA, had a low capacity for N-hydroxylation of
2-FAA [32].

Mammary gland mitochondrial fraction had a
cytochrome ¢ oxidase activity similar to that of liver
mitochondria. This enzyme has been shown to oxi-
dize certain metabolites of 2-FAA, i.e. o-amino-
phenols, to o-quinoneimines that were capable of
covalent binding to proteins in vitro [33]. Because
such interactions are implicated in carcinogenesis,
this oxidative metabolic pathway leading to a reactive
species remains to be investigated in mammary
gland.
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