
[CANCER RESEARCH 30, 2346-2352, September 1970]
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SUMMARY

The hydroxylating activities of liver microsomes for proges
terone and testosterone were markedly decreased in male and
female rats bearing Walker carcinosarcoma 256. The decreases
in the hydroxylating activities were greater in the male rats
than in the female rats. The content of cytochrome P-450 in
liver microsomes was decreased in the tumor-bearing male and
female rats. Moreover, the binding capacity of P-450 with
progesterone and testosterone was decreased in the liver micro
somes from tumor-bearing male rats, but not in those from
female rats. The administration of 17-methyltestosterone to
the tumor-bearing male rats did not prevent the decrease in the
binding capacity of P-450 or in the hydroxylating activities for
progesterone and testosterone.

These results appear to correlate the decrease in the hy
droxylating activities for steroid hormones in the male rats
with the decrease in the content of P-450 and the binding
capacity of P-450 with steroid hormones, while the decrease in
the female rats is correlated with the decrease in the content
of P-450. Since the binding capacity of P-450 for steroid hor
mones is regulated by androgen, these results suggest that the
ability of androgen to cause an increase in the binding capacity
of P-450 appears to be impaired in the tumor-bearing male
rats.

INTRODUCTION

A number of lipid-soluble foreign compounds are oxida-
tively metabolized by liver microsomes in the presence of
NADPH and oxygen (3,4). Recently, Kuntzman et al. (15,16)
have suggested that steroid hormones are hydroxylated by
liver microsomes through a mechanism similar to that of the
hydroxylation of foreign compounds. However, it has not yet
been determined whether the same enzyme hydroxylates both
the steroid hormones and foreign compounds (16).

In a previous paper, it was reported that the oxidations of a
number of drugs by liver microsomes are markedly decreased
in rats bearing Walker carcinosarcoma 256 (13). Moreover, the
activity of the microsomal NADPH-Ã¼nkedelectron transport
system and the content of cytochrome P-450 are decreased in
the livers of the tumor-bearing rats (13). Recent studies have
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established that the microsomal hemoprotein called cyto
chrome P-450 (19) is involved in the hydroxylation of drugs
and steroid hormones as an oxygen-activating component and
substrate-binding site (2, 6, 20, 21). These results therefore
suggested that the hydroxylation of steroid hormones by liver
microsomes may be decreased in rats bearing the Walker
tumor.

The alterations in the metabolism of progesterone and
testosterone and the substrate-induced spectral changes of
P-450 in liver microsomes from rats bearing the Walker car
cinosarcoma 256 are described in this communication. A pos
sible mechanism for the decreased hydroxylation of steroid
hormones is discussed.

MATERIALS AND METHODS

Materials. Male and female rats (60 days old) of the Wistar
strain, weighing about 180 and 160g, respectively, were used.

NADP, glucose 6-P, and glucose 6-P dehydrogenase were
purchased from BÃ¶hringer and Soehne GmbH, Mannheim,
Germany. Progesterone-4-14C (specific activity, 58.5 mCi/
mmole) and testosterone-4-14C (specific activity, 29.2 mCi/

mmole) were purchased from Daiichi Kagaku Co., Ltd.,
Tokyo, Japan. 16a-Hydroxyprogesterone was kindly supplied
by Professor H. Solomon, Department of Biochemistry and
Experimental Medicine, McGill University, Montreal, Canada;
6ÃŸ-hydroxytestosterone, 7a-hydroxytestosterone, and
16a-hydroxytestosterone were kindly supplied by Dr. A. H.
Conney, The Wellcome Research Laboratories, Burroughs
Wellcome and Co., Inc., Tuckahoe, N. Y., and Dr. A. Nehr,
Ciba Research Institute, Basel, Switzerland. The other metabo
lites of progesterone and testosterone were purchased from
Sigma Chemical Co., St. Louis, Mo. The other chemicals were
of reagent grade and were purchased from commercial sources.

The rats were given s.c. implantations of pieces of Walker
carcinosarcoma 256 and sacrificed 12 to 13 days later. At this
time, the tumor weights were approximately 7% of the total
body + tumor weights.

Preparation of Microsomes. The rats were decapitated and
the livers were removed, chopped into small pieces, washed
thoroughly, and homogenized with 3 volumes of 1.15% K.C1
solution in a Teflon-glass homogenizer (19). The homogenate
was centrifuged at 10,000 X g for 20 min. The supernatant
fraction was then centrifuged at 105,000 X g for 1 hr, and the
microsomal fraction thus obtained was suspended in 1.15%
KC1.

Metabolism of Progesterone and Testosterone by Liver
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Microsomes. A typical incubation mixture consisted of micro-

somal suspension equivalent to 250 or 500 mg of liver tissue,
20 AmÃ³les of glucose 6-P, 1.0 Â¿/moleof NADP, 1.5 i.u. of
glucose 6-P-dehydrogenase, 50 jumÃ³les of nicotinamide, 25
jumÃ³lesof MgCl2, 1.4 ml of 0.2 M sodium phosphate solution
(pH 7.4), 1 /umole (0.6 /Â¿Ci)of progesterone-4-l4C or testos-
terone-4-14C, 1.5 ml of 1.15% KC1, and water to final volume

of 5.0 ml. The mixture was incubated aerobically for 10 min
at 37Â°.With longer incubation times, the linear relationship

between formation of hydroxylated metabolites and incuba
tion time was lost.

The steroids and their metabolites present in 5 ml of the
incubation mixture were extracted by shaking with 30 ml of
dichloromethane for 20 min. A portion (20 ml) of the organic
phase was evaporated to dryness in a rotary evaporator below
50Â°,and the residue was dissolved in 0.20 ml of ethanol. An

aliquot (0.05 ml) of the ethanol solution was applied to Toyo
No. 50 filter paper for chromatography. Progesterone and its
metabolites were chromatographed (ascending) overnight at
25Â°with the upper layer of a cyclohexane:dioxane:methanol:

water system (100:25:100:10, by volume) as described by
Conney and Klutch (1). Testosterone and its metabolites were
chromatographed (descending) for 4 hr at 25Â°with the upper

layer of a toluene:methanol:water system (2:1:1, by volume)
as described by Conney and Klutch (1). The radioactivity on
the chromatogram was measured by a Packard 7201 radio-
chroma togram scanner.

The further separation and identification of the metabolites
of progesterone and testosterone were carried out with thin-
layer chromatography of the metabolites and their acetylated
and oxidized derivatives, as described in previous papers (11,
12) according to the method of Shikita et al. (23).

Determination of Substrate-induced Difference Spectra. The
spectral changes induced by testosterone and progesterone
were determined according to the method of Schenkman et al.
(21) as described in previous papers (12, 14). The concentra
tion of microsomal protein was about 1.2 mg/ml, and the
concentrations of progesterone and testosterone were 0.1 mM.
The difference spectra were recorded at room temperature in a
Hitachi EPS-3T recording spectrophotometer with an integral
sphere attachment. The results were expressed as AA/mg
microsomal protein or m/umoles P-450/ml.

Assays of Microsomal Protein, Cytochrome P-450, and
NADPH-Cytochrome c ReducÃase. The content of microsomal
protein was measured according to the method of Lowry et al.
(17). The content of cytochrome P-450 was determined from
the difference spectrum of the carbon monoxide complex of
P-450, and the results are expressed as m|Â¿moles/mgof micro
somal protein according to the method of Omura and Sato
(19). The activity of NADPH-cytochrome c reducÃase was
determined by the method of Williams and Kamin (25).

RESULTS

Content of Cytochrome P-450 and Activity of NADPH-
Cytochrome c ReducÃase in Liver Microsomes from the
Tumor-bearing Male and Female Rats. The content of hepatic
microsomal protein was not significantly decreased in the

tumor-bearing male and female rats (Table 1). In confirmation

of data reported in a previous paper (13), the content of
cytochrome P-450 in microsomes from the tumor-bearing male

and female rats was decreased by 47 and 33%, respectively.
The activity of NADPH-cytochrome c reducÃasewas decreased
by 25 and 17%, respectively.

Hydroxylalion of Progesterone by Liver Microsomes from
the Tumor-bearing Male and Female Rats. The pattern of
progesterone metabolism by liver microsomes from the

Table 1
The contents of microsomal protein and cytochrome P-450 and

activity of NADPH-cytochrome c reducÃasein liver microsomes
from male and female rats bearing Walker carcinosarcoma 256

The average weight of the tumors at sacrifice was about 12 g. The
results are given as averages Â±S.E. The numbers in parentheses indicate
the number of determinations; asterisks, significant differences (p <
0.05) from control values.

A. Male rats
Control
Tumor-bearing
Difference (%)

B. Female rats
Control
Tumor-bearing
Difference (%)Microsomal

protein
(mg/g, wet

weight)29.1

Â±0.4 (22)
27 .4 Â±0.6(21)
-628.8

Â±0.4(12)
27.3 Â±0.5 (12)

_5Cytochrome

P-450
(mjumole/mg

protein)0.98

Â±0.04(18)
0.52 Â±0.05 (17)
-47*0.73

+ 0.03 (12)
0.49 Â±0.04 (12)

33*NADPH-

cytochrome c
reducÃase

(mamÃ³les/mg
protein)412

Â±25(18)
308 Â±22(17)
-25*304

Â±16(12)
253 Â±18(12)

-17*

l *J

3-1

>

IHi

Prog Control

TumoF-bearing rats

D'one

Front Origin

Chart 1. Separation of progesterone and its metabolites by paper
chromatography. Liver microsomes obtained from normal and the
tumor-bearing male rats were incubated with progesterone-4-1 4C (1
jumÃ³le)for 10 min in the presence of a NADPH-generating system as
described in "Materials and Methods." After extraction with

dichloromethane and evaporation to dryness, the residue was redis-
solved in 0.20 ml of ethanol, and an aliquot (0.05 ml) was applied to
Toyo No. 50 filter paper. Metabolites were chromatographed (ascend
ing) with a cyclohexane:dioxane:methanol:water (100:25:100:10, by
volume) system. The radioactivity on the chromatogram was measured
by a Packard 7201 radiochromatogram scanner. (Prog, progesterone
fraction; P, to P3, P, to P3 fractions; Diane, 5a-pregnan-3,20-dione;
Prog., progesterone; 20ÃŸ-oland 20a-o/, 20(3 and 20a-hydroxypregn-4-
en-3-ones; 6ÃŸ-ol,6(3-hydroxyprogesterone; la-ol, 16a-hydroxypro-
gesterone.)

SEPTEMBER 1970 2347

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2387068/cr0300092346.pdf by guest on 19 M

ay 2023



Ryuichi Kato and Atsushi Takahashi

Table 2
The metabolism of progesterone by liver microsomes of male and female rats bearing Walker carcinosarcoma 256

The results are given as averages Â±S.E. The numbers in parentheses indicate the number of determinations; asterisks, significant differences (p <
0.05) from control values.

Nonpolar metabolites
(nuimoles/mg protein/10 min)

Polar metabolites (mamÃ³les/mg protein/10 min)

Peak I Peak 11 Peak 111

A. MaleratsControlTumor-bearingDifference

(%)B.
FemaleratsControlTumor-bearingDifference

(%)6.3

Â±0.6(12)19.5
Â±2.2(11)+220*18.3Â±

1.4(8)20.4
Â±2.1(7)+
114.3

Â±0.4(12)2.2
Â±0.3(11)-49*2.6

Â±0.2(8)2.2
Â±0.2(7)-1611.3

Â±0.6(12)4.2
Â±0.4(11)-63*4.5

Â±0.5(8)2.9
Â±0.3(7)-36*18.1

Â±1.6(12)6.0
Â±0.7(11)-67*6.2

Â±0.3(8)4.3
Â±0.3(7)31*

tumor-bearing male rats was markedly altered as shown in
Chart 1 and Table 2. Peaks II and III (P2 and P3, respectively,
in Chart 1) consist of hydroxylated metabolites of proges
terone and contain 6/3-hydroxyprogesterone and 16a-hydroxy-
progesterone, respectively (12). Both of these peaks were
absent when the incubations were carried out under a nitrogen
atmosphere. Peaks II and III were markedly decreased in
hepatic microsomes from the tumor-bearing male rats. Simi
larly, Peak I (Pi in Chart 1), which contains mainly 20a- and
20/3-reduced metabolites of progesterone, was decreased in
incubation mixtures from livers of tumor-bearing male rats. In
contrast, the peak of nonpolar derivatives, which contains
mainly 5a-pregnan-3,20-dione, was increased in microsomes
from the tumor-bearing rats.

The pattern of progesterone metabolism by liver micro
somes from normal female and male rats differed markedly as
shown in Table 2. The hydroxylation of progesterone was
higher in male than in female rats and, in contrast, the A4-

reducing activity was higher in female than in male rats (5,
12).

The pattern of metabolism of progesterone in the tumor-
bearing male rats was altered towards that in control female
rats. The activities for progesterone hydroxylation and the
20a- and 200-reductions of progesterone were increased and
the activity of A4-reduction of progesterone was decreased by

androgen treatment (5, 10). These results suggested that the
action of androgen on these 3 metabolic pathways of proges
terone was impaired in the tumor-bearing male rats. However,
the hydroxylation of progesterone was decreased, but to a
lesser extent, in microsomes from the tumor-bearing female
rats.

Hydroxylation of Testosterone by Liver Microsomes of the
Tumor-bearing Male and Female Rats. The pattern of testos
terone metabolism by liver microsomes from the tumor-
bearing male rats was markedly altered as shown in Chart 2
and Table 3. Peaks I, 11, and 111(7\, T2, and T3, respectively,
in Chart 2) consisted of hydroxylated metabolites of testos
terone. Peak I probably contained 2|3-hydroxytestosterone (1),
Peak II contained 6/3-hydroxytestosterone, and Peak III con
tained 16a-hydroxytestosterone and 7a-hydroxytestosterone,
as reported previously (11). Upon incubation under nitrogen
atmosphere, these polar peaks were absent. Peaks I, II, and III,
containing hydroxylated metabolites, were markedly de
creased in microsomes from the tumor-bearing male rats. In

Test

I
V

Ã¶

X 2

Control

Tumor-bearing rats

NT

Front Origin

Chart 2. Separation of testosterone and its metabolites by paper
chromatography. Liver microsomes obtained from normal and the
tumor-bearing male rats were incubated with testosterone-4-14C (1
jumÃ³le)for 10 min in the presence of a NADPH-generating system as
described in "Materials and Methods." After extraction with dichloro-

methane and evaporation to dryness, the residue was redissolved in 0.2
ml of ethanol, and an aliquot (0.05 ml) was applied to Toyo No. 50
filter paper. Metabolites were chromatographed (descending) with a
toluene:methanol:water (2:1:1, by volume) system. The radioactivity
on the chromatogram was measured by a Packard 7201 radiochromato-
gram scanner. (NT, nonpolar fraction; Test, testosterone fraction; 7", to

T3, T! to T 3 fractions; Diane, 5a-androstan-3,17-dione; Stanai, 5a-
androstan-17/3-01-3-one; Test., testosterone; 6ÃŸ-ol,7oc-ol, and 16a-ol,
6/3-,la-, and loa-hydroxytestosterone.)

contrast, the peak of nonpolar metabolites, which contained
mainly 5a-androstan-17/3-ol-3-one and a small amount of
androstan-3,17-dione, was increased in microsomes from the
tumor-bearing male rats.

The pattern of testosterone metabolism by liver microsomes
from normal female and male rats differed markedly, as shown
in Table 3. The hydroxylation of progesterone was higher in
male than in female rats and, in contrast, A4-reducing activity

was higher in female than in male rats (5, 10).
The pattern of testosterone metabolism in the tumor-

bearing male rats was altered towards that in control female
rats. Since the activity for testosterone hydroxylation was
stimulated and the activity for A4-reduction of testosterone

was decreased by androgen, the action of androgen of these
metabolic pathways of testosterone appeared to be impaired in
the tumor-bearing male rats. However, the hydroxylation of
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Table 3
The hydroxylation of testosterone by liver microsomes of male and female rats bearing the Walker carcinosarcoma 256

See the legends for Table 2.

Polar metabolites (m/jmoles/mg protein/10 min)

Nonpolar metabolites
(m;umoles/mg protein/10 min) Peak! Peak II Peak 111

A. MaleratsControlTumor-bearingDifference

(%)B.
FemaleratsControlTumor-bearingDifference

(%)13.4Â±

1.0(12)30.8
Â±2.2(12)+

130*34.1

Â±3.4(8)40.3
Â±4.3(8)+

188.0

Â±0.8(12)3.
3 Â±0.4(12)-59*3.2

Â±0.2(8)2.1
Â±0.2(8)-36*12.8

Â±0.7(12)4.6
Â±0.5(12)-64*4.4

Â±0.5(8)2.8
Â±0.3(8)-34*29.8

Â±1.5(12)9.8
Â±1.2(12)-67*12.1

Â±0.8(8)7.2
Â±1.0(8)-40*

testosterone was decreased, but to a lesser extent, in micro
somes from the tumor-bearing female rats.

Difference Spectra of Cytochrome P-450 Induced by Pro
gesterone and Testosterone in Liver Microsomes of the
Tumor-bearing Rats. Schenkman et al. (21) and Imai and Sato
(6) have reported that a number of drugs which are substrates
of hepatic microsomal hydroxylase react with microsomal
cytochrome P-450 to give 2 characteristic types of spectral
change. These results have suggested that the spectral change is
indicative of substrate interaction with cytochrome P-450, pre

sumably representing the primary binding of the substrate for
enzymic hydroxylation (7, 22). The magnitudes of spectral
changes induced by progesterone and testosterone were
markedly decreased in liver microsomes isolated from the
tumor-bearing male rats as shown in Chart 3. However, the
shapes of the difference spectra induced by progesterone and
testosterone in liver microsomes from the tumor-bearing male
rats were the same as those in microsomes from control. The
minima of the difference spectra induced by progesterone and
testosterone were at 424 and 420 mju, respectively, in both the
control and the tumor-bearing rats. Moreover, the magnitudes
of the spectral changes per unit of P-450 were decreased in
microsomes from tumor-bearing rats (Tables 4 and 5). These
results suggest that the capacity of P-450 to bind with pro
gesterone and testosterone may be decreased in microsomes
from the tumor-bearing male rats.

On the other hand, while the magnitudes of the spectral
changes (AA/mg of protein) induced by progesterone and
testosterone were decreased for liver microsomes isolated from
the tumor-bearing female rats (Tables 4 and 5), the magnitude
of the spectral changes per unit of P-450 was not significantly
altered. Thus, the magnitude of the spectral changes induced
by progesterone and testosterone in microsomes from the
tumor-bearing female rats seems to be correlated with the
decrease in content of P-450, but it is not correlated with the
decrease in the capacity of P-450 to bind with the steroids.

Relationship between the Hydroxylating Activities and the
Difference Spectra Induced by Progesterone and Testosterone.
The hydroxylation of progesterone and testosterone per unit
of P-450 was decreased in microsomes from the tumor-bearing
male rats (Tables 4 and 5). However, the hydroxylating activi
ties per unit of magnitude of spectral change in microsomes
from the tumor-bearing male rats were not significantly dif
ferent from those obtained with control male rats (Tables 4

Progesterone
difference spectrum

Testosterone
difference spectrum

Chart 3. The difference spectra of cytochrome P-450 produced by
progesterone and testosterone in liver microsomes from the tumor-
bearing male rats. The difference spectra were recorded after addition
of progesterone or testosterone (0.1 mM) to microsomal suspensions
(1.2 mg protein/ml) isolated from control rats and tumor-bearing rats.

and 5). The hydroxylation of progesterone and testosterone
per unit of P-450 and per unit magnitude of the spectral
change were not significantly altered in microsomes from the
tumor-bearing female rats.

These results, therefore, suggest that the decrease in the
hydroxylation of progesterone and testosterone in liver micro
somes from the tumor-bearing rats is correlated with a de
crease in the amount of steroid-binding with P-450 in the
hydroxylating reactions.

Effect of 17-Methyltestosterone on the Hydroxylation of
Progesterone and Testosterone by Liver Microsomes of the
Tumor-bearing Male Rats. In a previous paper, we observed
that castration of male rats reduced the activities for pro
gesterone and testosterone hydroxylation to about one-half of
the levels obtained with the liver microsomes of intact male
rats and that the activities were restored by administration of
testosterone or 17-methyltestosterone (10). Therefore, the
effect of 17-methyltestosterone on the activities for the
steroid hydroxylations in the tumor-bearing rats was investi
gated in the present experiments. Administration of 17-
methyltestosterone to the tumor-bearing male rats did not
prevent the decrease in the activities for progesterone and
testosterone hydroxylation (Table 6).

Effect of 17-Methyltestosterone on the Magnitude of the
Spectral Change Induced by Progesterone and Testosterone in
Liver Microsomes of the Tumor-bearing Male Rats. The admin-
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Table 4
The relationship between total hydroxylation activity and the difference spectrum induced by

progesterone in male and female rats bearing Walker carcinosarcoma 256

The results were given as average Â±S.E. The figures in parentheses indicate the number of determinations; asterisks, significant differences (p <
0.05) from control values.

MaleratsCytochiome

Â¥-450(
mufliÃ³le/mgprotein)Spectral

change(AAX10~3/rngprotein)Spectral

change(AAX10 -r/m//moleP-450)Total
hydroxylation0(m/imole/mg

protein)Total
hydroxylation"(mfimole/m/imole

P-450)Total
hydroxylation0(m/imole/AA

X 10 -')&Control0.98

Â±0.05(12)7.3

Â±0.6(12)8.5

Â±0.5(12)29.4

Â±2.1(12)30.0

Â±1.9(12)4.2

Â±0.3 (12)Tumor-bearing0.51

Â±0.05(11)-48%*2.1

Â±0.4(11)-72%*4.1

Â±0.4(11)-52%*10.2

Â±1.9(11)-65%*20.0

Â±1.5(11)-33%*4.9

Â±0.3(11)+
17%Female

ratsControl0.73

Â±0.04(8)3.5

Â±0.2(8)4.9

Â±0.3(8)10.8

Â±1.0(8)14.6

Â±0.8(8)3.1

Â±0.3 (8)Tumor-bearing0.48

Â±0.04(7)-34%*2.0

Â±0.3(7)-43%*4.2

Â±0.3(7)-14%7.0

Â±1.4(7)-35%*14.0

Â±1.2(7)0%3.5

Â±0.3(7)+
13%

"Total hydioxylation is the sum of the hydroxylated metabolites in Peaks II and III in Table 2.
''Total hydroxylation is expressed as a fraction of the magnitude of the spectral change.

Table 5
The relationship between the activity of total hydroxylation and the difference spectrum induced by

testosterone in male and female rats bearing the Walker carcinosarcoma 256
The results were given as averages Â±S.E. The figures in parentheses indicate the number of the determinations; asterisks, significant differences (p
< 0.05) from control values.

Male rats Female rats

ControlCytochrome

P450(m/amole/mg
protein)Spectral

change(AAX
10~3/mgprotein)Spectral

change(AA
X 10-3/iruimoleP-450)Total

hydroxylation0(m/imole/mg
protein)Total

hydroxylation0(rnjumole/mMmole
P-450)Total

hydroxylation0(rruimole/AA
X IO'3)0.9511.812.450.653.24.3Â±0.06Â±0.9Â±

0.9Â±

4.1Â±4.3Â±0.4(12)(12)(12)(12)(12)(12)Tumor-bearing0.543.25.317.732.85.4Â±0.0743%*Â±0.473%Â±

0.457%*Â±2.565%*Â±3.038%*Â±

0.5+25%(12)(12)(12)(12)(12)(12)Control0.725.47.519.627.23.7Â±0.05Â±

0.4Â±0.6Â±

2.2Â±2.6Â±0.4(8)(8)(8)(8)(8)(8)Tumor-bearing0.50

Â±0.06-31%*3.1

Â±0.5-43%*6.3

Â±0.616%12.1

Â±1.5-38%*24.2

Â±2.2-11%3.9

Â±0.4+5%(8)(8)(8)(8)(8)(8)

"Total hydroxylation is the sum of hvrirowlated metabolites in Peaks, I, II, and III in Table 3.

Table 6
The effect of 17-methyltestosterone treatment on the activities of

progesterone and testosterone hydroxylations in liver microsomes
of male rats bearing Walker carcinosarcoma 256

The average weight of the tumors at the sacrifice was about 11 g.
One-half of the rats were treated s.c. with 17-methyltestosterone (5
mg/kg) for 10 days before sacrifice. The results are given as averages Â±
S.E. for analyses on 8 rats, asterisks, significant differences (p < 0.05)
from control values.

Methyltes
tosterone

treatmentControl

Control +
Tumor-bearing
Tumor-bearing +Proges

terone Differ.
hydroxyl- ence

ation (%)
(m/jmoles/mg

protein)30.5

Â±2.4
31.4Â±2.1 +3
10.8 Â±1.5 -65*
12.4 Â±1.7 60*Testos

terone Differ.
hydroxyl- enee

ation (%)
(nyimoles/ mg
protein)54.1

Â±3.8
52.5 Â±4.6
19.9 Â±1.921.5

Â±2.5-363* 60*

istration of 17-methyltestosterone slightly increased the con
tent of P-450 in the livers of castrated male rats (10) but did
not increase this cytochrome in the livers of intact and tumor-
bearing male rats (Table 7). The magnitude of spectral changes
induced by progesterone and testosterone per unit of P-450
was dependent on the action of androgen, and the magnitude
was increased by the administration of the methyl testosterone
to castrated rats (10). However, the administration of the
methyltestosterone did not increase the magnitude of spectral
change in the tumor-bearing rats as it did in control rats.

DISCUSSION

We have previously demonstrated that the activity of drug-
hydroxylating enzymes and content of cytochrome P-450
were markedly decreased in rats bearing the Walker carcino-
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Table 7
The effect of 17-methyltestosterone treatment on the content ofP-450 and the magnitude of the spectral

change induced by progesterone and testosterone in liver microsomes from male rats

See the lengends for Table 6.

Spectral change (AA X 10"3/mg protein Spectral change (AA X 10~3/mMmoleP450)

Methyltestosteione P-450 content
treatment (m/jmole/mg protein) Progesterone Testosterone Progesterone Testosterone

ControlControl
+Tumor-bearingTumor-bearing

+0.92

Â±0.050.97
Â±0.040.56
Â±0.070.64
Â±0.067.4

Â±0.57.5
Â±0.72.3
Â±0.42.0
Â±0.312.2

Â±0.712.3
Â±1.23.4
Â±0.43.7
Â±0.58.0

Â±0.47.7
Â±0.34.1
Â±0.34.5
Â±0.213.2

Â±0.512.6
Â±0.76.1

Â±0.45.7
Â±0.3

sarcoma 256 (8, 13). In the present paper, marked decreases in
the hydroxylating activities for progesterone and testosterone
in male and female rats bearing the Walker tumor have been
described. Moreover, decreases in the magnitudes of spectral
changes induced by progesterone and testosterone were
observed with microsomes from these tumor-bearing male and
female rats (Tables 4 and 5). The hydroxylation of proges
terone and testosterone per unit of spectral changes was not
significantly altered in microsomes from the tumor-bearing
male and female rats. Thus, the decrease in the amount of
steroid binding to P-450 appears to be correlated with the
decreased capacity for the hydroxylation of progesterone and
testosterone in the livers of tumor-bearing male and female
rats.

The decrease in the hydroxylation of progesterone and
testosterone in liver microsomes from the tumor-bearing rats
was greater in the males than in the females. Since the magni
tudes of the spectral changes induced by progesterone and
testosterone per unit of P450 are increased by androgen and
since castration of male rats decreases the magnitudes of the
spectral changes per unit of P-450, androgen administration
appears to increase the capacity of P-450 to bind with proges
terone and testosterone (10). The decrease in the binding
capacity of P-450 from liver microsomes of tumor-bearing
male rats suggests that there may be an impairment of andro-
gen-induced stimulating action on cytochrome P-450 in the
tumor-bearing male rats. Therefore, the decrease in the binding
capacity of P450 with progesterone and testosterone in micro
somes from the tumor-bearing male rats may be responsible
for the greater decrease of the hydroxylating activity in male
rats.

The mechanism of the decrease in the hydroxylation of the
steroid hormones may depend on an endogenous protein
deficiency and impairment of gonadal function in the tumor-
bearing male rats since these 2 factors appear to reduce the
hydroxylation of the steroid hormones in tumor-bearing male
rats (9, 10). However, the results presented in Tables 6 and 7
suggest that a decrease in available androgen is probably not
responsible for the decrease in the binding capacity of P-450
for the steroid hormones and in the activities of the steroid
hydroxylalions, but the ability of androgen to increase the
binding capacity of P-450 with the steroid hormones and the
activity of the steroid hydroxylations may be impaired in
tumor-bearing male rats. Moreover, the hydroxylation of the
steroid hormones in microsomes from the tumor-bearing male
rats given a high-protein diet and treated with methyltestos-

terone were even lower than in those from control rats (R.
Kato and A. Takahashi, unpublished observation).

Recently, we have demonstrated that the hydroxylation of
steroid hormones and drugs, the content of P-450, and the
magnitude of spectral changes induced by steroid hormones
and drugs are markedly decreased by the administration of
toxohormone isolated from Walker carcinosarcoma 256 and
purified according to the methods of Nakahara (18, 24). The
decrease in the capacity for hydroxylation of steroids and
drugs in these tumor-bearing rats or toxohormone-treated rats
is parallel to that of the liver catalase activity, but the magni
tude of the decrease is apparently greater for the hydroxyla-
ling activities for steroids and drugs (R. Kato and A.
Takahashi, unpublished observation). These results thus
suggest that toxohormone-like substance(s) may be a factor
responsible for the decrease in the hydroxylation of proges
terone and testosterone in these tumor-bearing rats.
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