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Abstract--The major "male specific" species of cytochrome P-450 (P-450ml) was purified and an 
antibody against it used to evaluate the involvement of this isozyme in alterations of drug metabolism 
in senescence. P-450ml exhibited strikingly high imipramine (IM) N-demethylase activity while it 
showed no IM 2-hydroxylation, which is an alternate pathway of IM metabolism in rat liver microsomes. 
The antibody to P-450ml inhibited 80% of imipramine N-demethylation in young male rats. In old male 
rats, which have been shown to have lower IM N-demethylase activity, a 60% inhibition was observed. 
The inhibitable portion of this activity in old male rats is about one third of that in young rats, but the 
remaining portion not inhibited by this antibody is almost identical in young and old rats. IM 2- 
hydroxylation on the other hand was not inhibited by this antibody at all. It also inhibited about 30% 
of diazepam(DZ) N-demethylation in young rats but showed no inhibition in old rats, resulting in the 
loss of the age difference in the remaining portion. DZ 3-hydroxylation was not inhibited by this 
antibody, in spite of the fact that it showed a markedly higher activity in young male than in young 
female rats with a subsequent reduction in old age in male rats. This study provides the first direct 
evidence that differences in the amount of the major male specific P-450 isozyme (P-450ml) are 
responsible for the age- and sex-associated differences in some of the drug metabolizing activities. It 
also became apparent that P-450ml may not be the only isozyme responsible for these differences. 

Alteration of drug metabolism with senescence is of 
clinical importance. While investigating age-associ- 
ated alterations in drug metabolizing enzyme activi- 
ties in rat liver microsomes, we have recognized 
that only activities which show large sex difference 
(male > female) in young animals decrease markedly 
in senescent male rats, while no marked alteration 
in enzyme activity is observed in female rats [1- 
5]. In fact the sex difference in drug metabolism 
completely disappears in two-year-old rats due to 
the marked decrease in activity in male rats. 

Sex difference in metabolism of xenobiotics has 
been well documented [6]. The presence of at least 
two male specificz~ forms of cytochrome P-450 was 
first recognized by Fujita et al. using EPR spectro- 
scopy [7]. They proposed that the difference in rela- 
tive abundance of multiple species of cytochrome P- 
450 in liver microsomes from male and female rats 
may be responsible for the sex difference in drug 
metabolism. Subsequently, several laboratories have 
purified sex specific forms of cytochrome P-450 [8- 
15]. The male specific form has been shown to possess 
higher steroid and xenobiotic metabolizing activities 
in reconstituted system than the female specific form 
[10, 16}. The difference in the quantity of the male 

* To whom reprint requests should be addressed. 
:~ "Male specific" or "female specific" species of cyto- 

chrome P-450 refer to cytochrome P-450 isozymes present 
in male or female rat liver microsomes, respectively, in 
exceedingly larger quantity than in liver microsomes from 
rats of the other gender. 

specific form of P-450 in male and female rat liver 
microsomes has been invoked the cause of sex dif- 
ferences in metabolism of xenobiotics in rat liver 
microsomes. The direct evidence for this hypothesis 
has been obtained by the use of monospecific anti- 
body for the sex difference of testosterone 16oL 
hydroxylase activity in rat liver microsomes [12]. As 
for the sex difference in metabolism of xenobiotics, 
however, only circumstantial evidence such as the 
close correlation between the quantity of the male 
specific P-450 isozyme in liver microsomes and the 
magnitude of metabolic activity of the corresponding 
microsomes has been shown, but no direct evidence 
has been reported [16]. 

Since the senescence-associated sharp decline of 
drug metabolism was observed only in male rats, 
Fujita et al. have proposed that this may be due to 
the decrease in male specific form(s) of cytochrome 
P-450 [1,4]. They have demonstrated that the rela- 
tive abundance of P-450 isozymes in old male rat 
liver is almost identical to that of females of any age, 
but different from that of young male rats by the 
pattern analysis of HPLC elution profiles of solu- 
bilized liver microsomes [17]. Kamataki et al. [18] in 
the same year demonstrated the parallel decrease of 
their male specific P-450 isozyme (P-450 male) with 
the age-associated decrease in drug metabolism. 

These findings strongly support the above hypoth- 
esis, but the crucial evidence that the male specific 
P-450 isozyme is indeed engaging in the drug metab- 
olism tested in liver microsomes has been lacking. 
This has been a subject of criticism from the inves- 
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tigators who support other hypotheses of the mech- 
anism of the age-associated alteration of drug 
metabolism. The decreased functional cytochrome 
P-450 reductase [19] resulting in the decrease in 
activities of P-450 mediated reactions or the altered 
microsomal membrane fluidity [20,21] affecting 
activities of microsomal enzymes have been pro- 
posed as the alternative cause for alterations of drug 
metabolism with old age. Unless evidence indicating 
that the metabolic activities observed in liver micro- 
somes are carried out by the male specific cyto- 
chrome P-450, is provided, the parallelism between 
the decrease in the activities and the decrease in the 
content of the P-450 isozyme does not necessarily 
mean that the latter phenomenon is the cause of the 
former. 

The present investigation was undertaken to pre- 
pare an antibody to the major male specific P-450 
isozyme which is capable of inhibiting drug metab- 
olism and with the use of this antibody, to confirm 
and to evaluate the involvement of this P-450 iso- 
zyme in sex- and age-associated difference in drug 
metabolism. 

MATERIALS AND METHODS 

Chemicals. NADPH,  glucose-6-phosphate (G6P), 
and G6P-dehydrogenase were purchased from 
Oriental Yeast Co. (Tokyo). Dilauroylphosphat- 
idyicholine, amitriptyline HCI and imipramine HC1 
were obtained from Sigma (St Louis, MO). Desi- 
pramine and 2-hydroxyimipramine were gifts from 
Ciba Geigy (Basel). Diazepam, temazepam (3- 
hydroxydiazepam), nordiazepam (N-desmethyl- 
diazepam) and nitrazepam were gifts from Japan 
Rosh Co. Ltd (Tokyo). Nortriptyline HC1 (Dainippon 
Pharmaceutical Co., Tokyo), cis- and trans-lO- 
hydroxyamitriptyline HC1 (Lundbeck, Copenhagen) 
were also gifts. Other chemicals used were all of ana- 
lytical grade. 

Animals. Male Sprague-Dawley rats were raised 
under SPF condition. Young and old (3- and 24- 
month-old) rats were used to prepare liver micro- 
somes [22]. A group of young rats was treated with 
i.p. injection of phenobarbital (100 mg/kg/day) for 4 
days. Another group of young rats were treated with 
i.p. injection of 3-methylcholanthrene dissolved in 
corn oil (40 mg/kg/day) for 4 days. Microsomes pre- 
pared from treated and untreated young rats were 
used to prepare purified cytochromes P-450. 

Purification of cytochromes P-450. P-450b and P- 
450c, the major species of P-450 induced by pheno- 
barbital and 3-methylcholanthrene, respectively, 
were purified according to previously described 
methods [23, 24]. The specific P-450 contents of the 
final samples were 12 and 14nmol/mg protein, 
respectively. 

P-450ml was purified from uninduced 3-month-old 
male rat liver microsomes by cholate-solubilization 
(3 mg/mgprotein), polyethylene glycol 6000 (8-18%) 
precipitation, followed by the standard P-450 male 
purification procedure described by Kamataki et al. 
[10] with modifications. After w-amino-n-octyl- 
Sepharose 4B column chromatography, P-450m 1 was 
eluted from the DE52 column isocratically with 3 mM 

phosphate buffer containing 20% glycerol, 0.2% 
Emulgen 911, l m M  dithiothreitol, 0.5% sodium 
cholate, and 0.1 mM EDTA. The P-450ml containing 
fraction was rechromatographed through the DE52 
column with the same buffer, and a third time with the 
same buffer except that it contained 0.2% (instead 
of 0.5%) sodium cholate. P-450m1 contained in this 
fraction at this stage was electrophoretically homo- 
geneous. After the P-450ml containing fraction was 
eluted from the column, the sodium cholate con- 
centration in the elution buffer was raised to 0.5% 
to elute the remaining P-450 species which showed 
different molecular weight (Mr = 47,000) from P- 
450ml. The P-450ml containing fraction was then 
subjected to hydroxyapatite column chromatography 
to concentrate the sample and for further purification 
followed by another such column to remove Emulgen. 
The specific content of the final P-450ml preparation 
was 14.4 nmol/mg, and the apparent Mr---51,000. 
Judging from the N-terminal sequence, the apparent 
Mr, chromatographic behavior and spectral charac- 
teristics, P-450ml appears to be identical to the major 
male specific isozyme designated as RLM5 [8], P-450 
UT-A [9], P-450 male [10], P-450h [11], P-450 2c [12], 
P-450 16o: [13], P-450M1 114] and P-450 UT-2 [15]. 
The female specific species of cytochrome P-450, P- 
450fl was purified from liver microsomes from 3- 
month-old female rats by essentially the same pro- 
cedure as above. The apparent Mr was 49,000. SDS- 
polyacrylamide gel electrophoresis [25] was used for 
molecular weight determination. Protein concentra- 
tion was determined by the method of Lowry et al. 
[261. 

Preparation of anti-P-450ml antibody. Antibody 
against P-450ml was raised in a male Japan White 
rabbit according to the method of Noshiro and Omura 
[27]. The IgG was purified from antiserum with 
ammonium sulfate (20-35%) precipitation followed 
by DE52 column chromatography according to 
Noshiro and Omura [27] and Kamataki etal. [28]. This 
antibody did not cross react with cytochrome P-450c, 
P-450b, or P-450fl, the female specific P-450 isozyme 
in Ouchtelony double diffusion plates. It formed a 
precipitation line with male rat liver microsomes and 
with cytochrome P-450m1. 

Assay procedures for catalytic activities of liver 
microsomes and of the reconstituted monooxygenase 
system with purified cytochromes P-450. Amitrip- 
tyrine N-demethylation and trans- and cis- 10 hydroxy- 
lation were assayed after l min incubation of 
amitriptyline with liver microsomes (1 mg protein/ 
ml) or the reconstituted system with a purified P-450 
in 0.1M sodium phosphate buffer (pH7.4)  con- 
taining NADPH generating system. An HPLC pro- 
cedure capable of simultaneously detecting all three 
primary metabolites of amitriptyline as well as c/s- and 
trans-lO hydroxy nortriptyline, the secondary metab- 
olites, was used to quantitate the metabolites. After 
termination of the reaction, which was linear for 
5 min, with 1 M borate buffer (pH 10), amitriptyline 
and its metabolites were extracted with ethylacetate, 
evaporated to dryness, and dissolved in an HPLC 
mobile phase (H20 : CH3CN: MeOH = 53 : 48 : 50 
plus 2% butylamine). The sample was applied to 
reversed-phase ODS column (Inertsil ODS, Gasu- 
kuro Kogyo Ltd, Tokyo). The substrate and its metab- 
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olites formed were detected at a wavelength of 
239 nm. The HPLC system consisted of a Shimadzu 
LC 3A pump, injector and Shimadzu SPD-2A 
spectrophotometric detector. 

Assay procedures for aminopyrine N-demethyl- 
ation, p-nitroanisole O-demethylation, hexobar- 
bital oxidation, diazepam 3-hydroxylation and N- 
demethylation and imipramine N-demethylation and 
2-hydroxylation in liver microsomes were described 
previously [1, 3, 29]. Assay methods for these activi- 
ties with a reconstituted P-450 monooxygenase system 
were essentially the same as those employed for 
microsomal assays. Reconstituted P-450 monooxy- 
genase system generally consisted of P-450 (0.1 nmol/  
ml) ,  cytochrome c reductase (0.4 unit/m1), dilau- 
roylphosphatidylcholine (5 pg /ml ) ,  sodium cholate 
(0 .1mg/ml) ,  G6P (20raM), G6P-dehydrogenase 
(1.5 units/m1), MgC12 (3 mM) and substrates. In p- 
nitroanisole O-demethylase system, dilauroylpho- 
sphatidylcholine concentration was 0.75 ~tg/ml. Sub- 
strate concentrations used were, aminopyrine, 
1.0, mM; p-nitroanisole, 1.0 mM; hexobarbital,  
1.0mM; imipramine, 5 and 700/tM; diazepam, 
100/~M; and amitriptyline, 125/~M. 

Catalytic assays in the presence of  anti- P-4 50m 1 anti- 
body. Hepatic microsomal imipramine N-demethyl- 
ation and 2-hydroxylation, and diazepam N- 
demethylation and 3-hydroxylation in liver micro- 
somes from 3-month-old rats were assayed in the pres- 
ence of various concentrations of anti-P450ml 
antibody (1-8 mg/mg microsomal protein). Substrate 
concentration used was 100 ~tM for both reactions. 
For aging study, 5 mg of anti-P-450m1 antibody was 
added to 1 ml  incubation mixture containing 0.5 mg 
microsomal protein (i.e. 10 mg antibody/rag micro- 
somal protein) to ascertain the maximal inhibition. 
Other assay procedures were the same as described 
above. 

RESULTS AND DISCUSSION 

The major species of cytochrome P-450 in male rat 
liver microsomes (P-450ml) was purified to elec- 
trophoretic homogeneity. Table 1 summarizes the 
activities of P-450m1 in comparison with P-450b and 
P-450c in the reconstituted monooxygenase system 
and of liver microsomes from male and female 
Sprague-Dawley rats. Aminopyrine N-demethylase 
activity of P-450m 1 corresponds to that of P-450 male 
reported by Kamataki et al. [10]. Hexobarbital  oxi- 
dase activity of P-450ml was of the same magnitude 
as that of P-450h reported by Ryan et al. [11]. P-450b 
showed a higher turnover rate for this reaction. 

Exceptionally high activities were observed with P- 
450ml for N-demethylations of imipramine (IM) and 
amitriptyline (AT) ,  which showed large sex dif- 
ferences in young rats (Table 1). The P-450 turnover 
number for these reactions at high substrate con- 
centrations showed the highest values ever reported 
for a P-450 activity. However,  those activities in male 
rat liver microsomes (<  10 nmol/min/nmol P-450) 
were not as high as can be expected from P-450 turn- 
over numbers obtained from the reconstituted system 
with P-450m1. Differences in the NADPH-cyto-  
chrome P-450 reductase to P-450 ratio between that 
in the reconstituted system and that in the micro- 

somal assay system or the unfavorable topology of 
cytochrome P-450ml in liver microsomal membrane 
for catalytic activity may have caused this dis- 
crepancy. IM 2-hydroxylation showing only a small 
sex difference in rat liver microsomes [5, 29, Table 
1], on the other hand, was not detected at all in the 
reconstituted system with P-450ml. Cytochromes P- 
450b and P-450c did not show such a strong regio 
selectivity in IM metabolism. 

Only low AT 10-hydroxylase activity was observed 
in the reconstituted system with this male specific 
form of P-450. Cytochrome P-450b showed high 
stereo-selectivity in 10-hydroxylation of AT. 
Trans-lO-hydroxylase activity was about 20 times 
as high as cis-lO-hydroxylase activity. 

In the reconstituted monooxygenase system with 
P-450m1, DZ N-demethylase activity was almost 3 
times as high as DZ 3-hydroxylase activity. In 
contrast, in male rat liver microsomes, the former 
(N-demethylase activity) was less than a half of the 
latter (3-hydroxylase activity) (Table 1). This dis- 
crepancy between activity of P-450ml and of male 
rat liver microsomes is of importance especially in 
view of the fact that DZ 3-hydroxylase activity 
showed larger sex difference than DZ N-demethylase 
activity. It is suggested that the contribution of P- 
450ml to the sex difference in DZ 3-hydroxylation 
in rat liver microsomes is smaller than to that in N- 
demethylation. 

The effect of varying concentrations of anti-P- 
450ml antibody on IM N-demethylation and 2- 
hydroxylation as well as DZ N-demethylation and 3- 
hydroxylation in microsomes from 3-month-old male 
Sprague-Dawley rats was tested to see the extent of 
involvement of P-450ml in these reactions (Fig. 1). 
A marked decrease in IM N-demethylase activity 
was observed by the addition of the antibody, while 
no effect was observed in IM 2-hydroxylase activity 
even after the antibody concentration was raised to 
the level which caused a maximum (80%) inhibition 
of N-demethylation (Fig. 1). This is consistent with 
the result of the reconstitution study above, where 
extremely high IM N-demethylase activity and no 2- 
hydroxylase activity were observed (Table 1). The 
same antibody did not inhibit IM N-demethylation 
or 2-hydroxylation in female rat liver microsomes. It 
is clear from these observations that about 80% of IM 
N-demethylase activity and none of 2-hydroxylase 
activity is catalysed by P-450ml in liver microsomes 
from 3-month-old male rats. This provides a bio- 
chemical base for our previous observation that while 
IM N-demethylase activity is markedly higher in 
male rat liver than in female rat liver microsomes, 
such sex difference is absent in IM 2-hydroxylation 
[5, 29, Table 1]. 

A significant sex difference in DZ 3-hydroxylase 
activity was also observed (Table 1). The average 
value for DZ N-demethylase activity in male rat liver 
microsomes was higher than that in female rat liver 
microsomes, but the difference was not statistically 
significant (P -- 0.052). The anti-P-450ml antibody, 
however, inhibited DZ N-demethylation only up to 
35% and did not inhibit 3-hydroxylation (Fig. 1), 
although the latter showed larger sex difference than 
the former. This suggests the possibility that another 
male specific species of P-450 is involved in DZ 3- 
hydroxylation. It should be noted that several other 
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Table 1. Catalytic activity of cytochrome P-450ml as compared with activities of cytochromes P-450b and P-450c and of 
liver microsomes from 3-month-old male and female rats 

Substrate (mM) Reaction 

Activities 

Liver microsomes 
P-450m1 P-450b P-450c male female 

(nmol/min/nmol P-450) a (nmol/min/mg protein) ~ 

Aminopyrine 
p-Nitroanisole 
Hexobarbital 
Amitriptyline 

Diazepam 

Imipramine 

(1.0 mM) 
(1.0 mM) 
(1.0 mM) 
(125 #M) 

(100 ~M) 

(5.0 F,M) 
(100 #M) 
(700 #M) 
(5.0/gM) 
(100/JM) 
(700/JM) 

N-Demethylation 9.84 12.9 6.30 4.21 - 0.26 2.14 +-- 0.14"* 
O-Demethylation 0.96 1.57 10.9 0.51 --- 0.23 0.58 +-- 0.15 
Oxidation 23.0 30.9 2.03 1.29 --- 0.11 0.36 --- 0.05** 
N-Demethylation 381 38.0 30.1 6.05 ± 1.21 1.37 ± 0.39** 
t-10-Hydroxylation 7.14 15.3 6.78 0.97 ± 0.08 0.73 ± 0.15" 
c-10-Hydroxylation 4.93 0.88 3.54 0.14 ± 0.02 0.09 ± 0.03* 
N-Demethylation 8.96 - -  - -  0.38 ± 0.11 0.27 ± 0.05 
3-Hydroxylation 3.19 - -  - -  0.88 - 0.18 0.44 ± 0.05** 
N-Demethylation 13.2 - -  - -  0.43 ± 0.07 0.17 ± 0.02** 

242 - -  - -  2.55 ± 0.37 0.77 ± 0.07** 
389 9.84 19.9 3.88 -+ 0.63 2.21 --- 0.17"* 

2-Hydroxylation ND - -  - -  0.77 ± 0.14 0.81 ± 0.17 
ND - -  - -  1.14 ± 0.13 0.91 ± 0.14 
ND 5.14 11.3 1.28 ± 0.15 0.87 ± 0,05** 

Averages of duplicate or triplicate deternlinations (variabilities were < 20%). 
b Activities are expressed as mean --- SD (N = 4). 
*, ** Significantly different from the corresponding monooxygenase activities in male rat liver microsomes (* P < 0.05, 

** P < 0.01). 
ND: not detectable. 
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Fig. 1. Effects of anti-P-450m 1 antibody on imipramine and diazepam metabolism in rat liver microsomes. 
Varying concentrations of anti-P-450ml IgG were added to the microsomal assay mixture (final volume 
1 ml)  containing 1 mg protein/ml equivalent of microsomes obtained from three 3-month-old male rats, 
NADPH generating system, and 100 pM imipramine (left) or desipramine (right) as substrates. Typical 
results obtained using the same preparation of microsomes for both imipramine and diazepam metab- 
olism are shown. The activity was expressed as the percentage of control activity which was determined 
under the same conditions as above except in the presence of preimmune IgG in the place of anti-P- 
450ml IgG. Preimmune IgG did not exert any inhibitory effect to these reactions. Control activities for 
imipramine N-demethylation were 1.85 nmol/min/mg in the absence and 1.88 nmol/min/mg in the 
presence of 5 mg/ml  preimmune IgG, and for imipramine 2-hydroxylation were 0.650 nmol/min/mg in 
the absence and 0.654 nmol/min/mg in the presence of 5 rag/m1 preimmune IgG. Those for diazepam 
N-demethylation were 0.37 nmol/min/mg in the absence and 0.39 in the presence of 5 mg/ml  preimmune 
IgG, and for diazepam 3-hydroxylation were 0.93 in the absence and 0.88 in the presence of 5 mg/ml  
preimmune IgG. Open circles indicate hydroxylation activities and filled circles, demethylation activities. 

male  specific fo rms  of  P-450 (P-450M2, M3 [14], P- 
450RLM2 [30], P-a50g [31], P-450 2 a / P C N - E  [32]) 
has  b e e n  repor ted .  I t  awaits  f u r t he r  inves t igat ions  to 
e lucidate  the  cause of  age-associa ted  decrease  of D Z  
3-hydroxyla t ion.  

Since senescence-assoc ia ted  decl ine in drug  
metabol iz ing  e n z y m e  activit ies is l imi ted to those  
which show marked ly  h igher  activity in young male  

than  in young female  rats  [1-5],  the  decrease  in P- 
450ml  may be  responsible  for  this p h e n o m e n o n .  To  
tes t  this possibili ty,  anti-P-450 an t ibody  was added  
to the  IM or D Z  metabo l ic  reac t ion  mix ture  with 
mic rosomes  f rom young and  old male  rats. In the  
absence  of the  an t ibody,  the  IM N-demethy la se  
activity in old rats  is less than  a hal f  of young  rats. 
A b o u t  80% of activity in young rats and  60% of 
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Fig. 2. Effect of anti-P-450ml antibody on imipramine metabolism in liver microsomes from young and 
old male rats. Anti-P-450ml IgG in a concentration (5 mg/ml)  which can give maximum inhibition of 
imipramine N-demethylase activity was added to assay mixtures for imipramine metabolism using young 
and old male rat liver microsomes. Activities in the presence of 5 mg/ml  preimmune IgG are shown by 
open bars and those in the presence of anti-P-450ml IgG are shown by shaded bars. The error bars 
represent the standard deviations from the mean of 4 determinations using liver microsomes from 
different rats. The remaining activities (in percentage of controls) of IM N-demethylase and 2-hydroxy- 
lase in liver microsomes from young and old rats in the presence of this antibody were indicated in the 
figure. *, ** Significantly different from control activities in the presence of preimmune IgG (P < 0.05, 
P < 0.01, respectively). * , * *  Significantly different from the activity of liver microsomes from 3- 

month-old male rats (P < 0.05, P < 0.01, respectively). 
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Fig. 3. Effect of anti-P-450ml antibody on diazepam metabolism in liver microsomes from young and 
old male rats. Anti-P-450ml IgG in a concentration (5 mg/ml)  which can give maximum inhibition of 
diazepam N-demethylase activity was added to assay mixtures for diazepam metabolism using young 
and old male rat liver microsomes. Activities in the presence of 5 mg/ml  preimmune IgG are shown by 
open bars and those in the presence of anti-P-450ml IgG are shown by shaded bars. The error bars 
represent the standard deviations from the mean of 4 determinations using liver microsomes from 
different rats. The remaining activities of DZ N-demethylase and 3-hydroxylase in liver microsomes 
from young and old rats in the presence of this antibody were indicated in the figure. *, ** Significantly 
different from control activities in the presence of preimmune IgG (P < 0.05, P < 0.01, respectively). 
* ,  ~r* Significantly different from the activity of liver microsomes from 3-month-old male rats (P < 0.05, 

P < 0.01, respectively). 

activity in old male  ra ts  were  inh ib i t ed  by this  anti-  
body  (Fig. 2). The  abso lu te  va lue  of  an t ibody-  
inh ib i ted  po r t i on  in old  ra ts  is abou t  one  th i rd  of  tha t  
in young rats ,  indica t ing  a m a r k e d  decrease  in P- 
450ml  med ia t ed  IM N - dem e t hy l a t i on  in old age. 
The  r ema in ing  po r t i on  not  inh ib i t ed  by this an t ibody ,  
and  the re fo re ,  p r e sumab ly  not  cata lysed by P -450ml  
did not  a l ter  wi th  age. IM 2-hydroxylase  activity was 
not  inh ib i t ed  by the  an t i body  in e i the r  young  or  
old rats. These  resul ts  clearly show tha t  the  age- 
associated a l t e ra t ion  in i m i p r a m i n e  me tabo l i sm is 
due  to the  decrease  in P - 450m l  level with  age. 

In the  absence  of an t i -P-450ml  an t ibody ,  D Z  N- 
demethy lase  activity was abou t  30% h igher  in young  
than  in old rats,  while D Z  3-hydroxylase  activity was 
abou t  2-fold h igher  in young  t han  in old rats  (Fig. 
3). In the  presence  of the  an t ibody ,  30% of  the  
activity in young rats  was inhib i ted ,  bu t  in old rats,  
no  inhib i t ion  was observed .  This  resul ted  in the  
d i sappea rance  of the  age dif ference in the  unin-  
h ib i ted  por t ion  of N-demethy la se  activity, indica t ing  
tha t  the  age-associated a l t e ra t ion  in D Z  N-demethy l -  
ase activity was due  to the  decrease  in P-450m1 with 
age. D Z  3-hydroxylase activity was not  inh ib i t ed  
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by this  an t ibody  at all in e i the r  young  or  old rats,  
indicat ing tha t  D Z  3-hydroxylase  activity is no t  cata-  
lysed by P -450ml  and  tha t  age-associa ted  a l te ra t ion  
in D Z  3-hydroxylase  activity is no t  due  to the  
decrease  in P -450ml  con ten t .  The re fo re ,  in this case,  
the  cri t icism raised against  the  a s sumpt ion  tha t  the  
paral lel  decrease  in a P-450 isozyme con ten t  with  
activit ies of  d rug  me tabo l i sm represen t s  the  cause 
and  the  effect  re la t ionsh ip  was correct .  A n o t h e r  male  
specific P-450 isozyme [14, 30-32] may  be  involved  
in D Z  3-hydroxyla t ion  and  in its a l t e ra t ion  with age. 

The  presen t  obse rva t ions  p rov ide  a conclusive 
answer  to the  long d e b a t e d  cause  for  the  senescence-  
associated a l t e ra t ion  of  drug me tabo l i sm.  W e  were  
able to ob ta in  direct  ev idence  tha t  the  senescence-  
associated decrease  in the  con ten t  of P -450ml  is 
respons ib le  for the  senescence-assoc ia ted  decrease  
in enzyme activit ies invo lved  in the  me tabo l i sm of  
some drugs. 

These  results  are cons i s ten t  with  our  hypothes is  
tha t  the  senescence-assoc ia ted  a l t e ra t ion  in drug  
me tabo l i sm is caused  by senescence-assoc ia ted  alter-  
at ions in the  re la t ive  a b u n d a n c e  of  mul t ip le  species 
of P-450 in l iver mic rosomes  in to  female  type  com- 
posi t ion [1-5]. This  would  resul t  in the  funct ional  
feminiza t ion  of  male  ra t  liver. This  agrees  well with  
our  prev ious  observa t ions :  d rug  metabo l iz ing  
enzyme activit ies which  are h igher  in young male  
than  in young  female  rats  decrease  with age while  
a n d r o s t e n e d i o n e  5ol-reductase activity which is 
h igher  in young  female  than  in young male  rats  
increases  with  age in male  rats ,  resul t ing in the  
d i sappearance  of the  sex d i f ference  in these  activit ies 
[3]. It appea r s  tha t  neona t a l  and rogen ic  impr in t ing  
of male  ra t  l iver is r eversed  in old male  rats, con t ra ry  
to the  cu r ren t  no t ion  tha t  it is i r revers ib le  [33]. 
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