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AIts&&--h this reporf three types of drug oxidation reactions were studied in mice, 
rats and guinea pigs, e.g. aminopyrine ~-demethyiation, p-nitroanisofe Q-demethyla- 
tion and aniline hydroxylation. The studies in vitro show that no species emerged as a 
rapid or slow metabolizer of these prototype drug substrates. The determination of 
the activity and quantity of liver microsomal electron transport components indicate 
that cytochrome P-450 and NADPH cytochrome P-450 reductase are important 
factors in determining the activity of overall drug oxidation. However, the level of cyto- 
chrome bS and activity of NADPH cytochrome c reductase as well as the apparent 
aBnity of the microsomal system for NADPH could not account for the observed 
differences in drug metabolism. 

A study of the binding of drug substrates to cytochrome P-450 indicates that there 
are qu~~~t~ve differences in this cytochrome which may contribute to species varia- 
tion in drug metaboIism. Species differences in cytochrome P-450 are not apparent in 
the reduced c~~hrome P-4%X0 CompIex or the typical type f ~~inop~e~ and 
type II (aniline) subs~ate~~~ome P-450 binding spectra. However, prolonged 
treatment of microsomes with aminopyrine or aniline results in an atypical type Ia 
or type IIa spectrum which has a maximum absorption at different wavelengths in 
various species. 

Studies employing pheno~rb~~~ or 3-methylchoIanthrene to induce individual elec- 
tron transport components indicate that N-demethyfase and O-demethylase activities 
are dependent upon the level af cytochrome P-450 and that aniline hydroxylase activity 
is dependent upon the level of cytochrome P-450 reductase activity. 

SIWKS differences in the rate of metabolism of drugs have been demo~s~ated for 
many compounds which have a wide spectrum of pharmacological activity.‘-I3 
These differences can have profound effects on drug response in various species and, 
in fact, make it very difficult to extrapolate animal data to man. 

The data presented are concerned with attempts to determine which liver micro- 
somat electron transport components may be responsible for the observed differences 
in typical drug oxidation activities such as O-demethylase, N-demethylase and ani- 
line hydroxylase in mice, rats and guinea pigs. The experiments in oitro presented 
include the determination ofp-NO, anisole O-demethylase, aminopyrine Ndemethyf- 
ase and aniiine hydroxylase acti~ities~ the determination of the quantity of liver 
microsomal electron transport components such as cytochrome P-450, cytochrome 
bS and NADPH cytochrome P-450 reductase activity; and the determination of 
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substrate-cytochrome P-450 binding spectra. A study of the activity and quantity of 
electron transport components in several species has allowed the assignment of various 
electron transport components and the elimination of others as important deter- 
minants in the degree of oxidation of aminopyrine, p-nitroanisok and aniline. 

MATERIALS AND METHODS 

Preparation of liver ~icro~o~e~. Male albino guinea pigs (Hartley, 150-200 g 
body wt.), male mice (Swiss-Webster, 10-l 5 g) and male rats (Spra~e-Dawley, lOO- 
125 g) were decapitated, exsanguinated and their livers were removed and placed on 
ice. All following procedures were carried out at 4”. Homogenates (20x, w/v) were 
prepared in 1.15% KC1 0*02 M Tris, pH 7.4, with a Potter-Elvehjem homogenizer. 
The crude homogenate was spun at 15,000 g for 15 min. The supernatant fraction was 
spun at ~~~~ g for 60 min at 2”. The microsomaf pellet was suspended in f-15 % 
KC1 O-02 M Tris, pH 7.4, to one-half the original 15,000 g supernatant fraction vol- 
ume; the protein concentration was in the order of 8-10 mg/ml. All enzyme assays 
were performed on freshly prepared microsames. 

p-Nitroanisole O-demethylase activity. Microsomal p-nitroanisole 0-demethylase 
activity was determined by measuring the product of the reaction, p-nitrophenol, at 
415 nm as previously described.r’v15 

The specific activity of 0-demethylase is expressed as micromoles of ~-n~trophenol 
formed per hour per 100 mg of microsomal protein at 27”. 

Amimpyrine N-demethylase activity. Microsomal aminopyrine N-demethylase 
activity was determined by measuring the formaldehyde formed and measured at 
412 nm by the cotorimetric procedure of Nash, based on the Hantzsch reaction.‘$ 

The specific activity of ~-demethy~ase is expressed as micromoles of HCHO 
formed per hour per 100 mg of microsomal protein at 27”. 

Aniline hydro~yla~e activity. Microsomal aniline hydroxylase activity was deter- 
mined by measuring the product, ~-ami~ophenol, after formation of a complex with 
phenol reagent at 660 nm. I7 

The specific activity of aniline hydroxylase is expressed as micromoles of p-amino- 
phenol formed per hour per 100 mg of microsomal protein at 27”. 

NADPH cytochrome c reductase activity. Microsomal NADPH cytochrome c 
reductase activity was based on the absorbance of reduced cytochrome c at 550 nm 
according to the method of Williams and Kamin.15 

The specific activity of NADPH cytochrome c reductase is expressed as micro- 
moles of cytochrome c reduced per hr per 100 mg of microsomaf protein at 27”. 

NADPH cytochr~~e P-450 redwtase activity. The determination of microsomaf 
NADPH cytochrome P-450 reductase activity was based on the formation of reduced 
cytochrome P-450-CO by NADPH. 19s20 The reduction is performed in the presence 
of CO and followed in a Gilford 2000 recording spectrophotometer at 15”. The initial 
rate of the reaction was recorded (4 set) and was linear with time and proportional 
to enzyme concentration. Under the conditions of the assay the molar extinction 
coefhcient of cytochrome P-450X0 is 91 rnM-l cm-‘. 

The specific activity of reductase activity is expressed as micromoles of cyto- 
chrome P-450 reduced per hr per 100 mg of microsomal protein at 27”. The QIO of 
the reaction was 1.91. 
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Cytochrome P-450. The quantity of microsomal cytochrome P-450 was determined 
by the method of Omura and Sato. 21 Under the conditions of the assay the apparent 
molar extinction coefficient of the reduced P-450X0 complex is 91 mM- 1 cm-l. 

The specific activity of cytochrome P-450 is expressed as micromoles of cytochrome 
P-450 per 100 mg of microsomal protein. 

Cytochrome b5 was determined by the method of Omura and Sato.zz Under the 
conditions of the assay the molar coefficient of reduced cytochrome b5 is 171 mM- ’ 
cm-‘. 

The specific activity of cytochrome b5 is expressed as micromoles of bS per 100 
mg of microsomal protein. 

Substrate-cytochrome P-450 binding spectra. Aminopyrine (type I binding sub- 
strate) or aniline (type II binding substrate) was added to a microsomal suspension 
(2.0 mg protein/ml of 0.05 M Tris buffer, pH 7.4) as previously described.23 The final 
concentration of substrate was 5.0 mM. 

Phenobarbital and 3-methylcholanthrene induction. Groups of male, Swiss-Webster 
mice weighing 10-15 g were injected, i.p., with phenobarbital (sodium) or 3-methyl- 
cholanthrene. Phenobarbital was given at a dose of 50 mg/kg in O-9 % NaCl two times 
daily and 3-methylcholanthrene was given once a day at a dose of 80 mg/kg in corn 
oil. Livers were removed 18 hr after the last injection. 

Protein was determined by the method of Lowry et aLz4 Crystalline bovine serum 
albumin, Fraction V, was used as a standard. 

RESULTS 

Species differences in activity of drug enzymes. Drug oxidation activities and the 
level and activity of electron transport components in groups of mice, guinea pigs 
and rats are given in Table 1. Although there was a 2- to 3-fold difference in enzyme 

TABLE 1. A~TMTY OF DRUG ENZYMES AND MICROSOMAL ELECTRON TRANSPORT COMPONENTS IN 
VARIOUS SPECIES* 

Activity? Mouse Guinea pig Rat 

p-NO2 anisole O-demethylase 40 f 3.3 70 f 3.8 20 f 2.7 
Aminopyrine N-demethylase 140 h 8.3 70 & 13 140 f 11 
Aniline hydroxylase 32 f 1.3 10 f l-3 20 * 1 
NADPH cytochrome c reductase 1680 f 8.5 2190 * 150 1620 f 37 
NADPH cytochrome P-450 reductase 86 f 11 36 zt 4 10 + 1 
Cytochrome P-450: 0.6 f 0.02 0.7 f 0.04 1.0 & 0.05 
Cytochrome b& 0.3 f 0.01 0.4 f 0.02 0.3 + 0.08 

* Mean f S.E. of fifteen animals per group. 
t Enzyme activity = micromoles of product formed per hr per g of microsomal protein at 27”. 
$ Quantity of cytochrome P-450 and cytochrome b5 = micromoles per g of microsomal protein. 

activities between the species, there was no apparent correlation between the amount 
of drug oxidation activity and the various species; e.g. the guinea pig, the species 
with the highest 0-demethylase activity, did not have the highest N-demethylase and 
aniline hydroxylase activity. Furthermore, a higher level of cytcochrome P-450 in a 
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species did not necessarily lead to increased drug oxidation. For example, the rat 
which has the highest quantity of cytochrome P-450 has low 0-demethylase activity, 
intermediate aniline hydroxylase activity and high ~-demethylase activity. In addition, 
mice had the lowest quantity of cytochrome P-450 and the highest aniline hydroxylase 
activity. It should be noted that cytochrome b5 and NADPH cytochrome c reductase 
levels showed little variation between the species. In contrast, there was marked 
variation in the level of NADPH cytochrome P-450 reductase. For example, the 
reductase activity in mice was eight times greater than in the rat. In addition, the 
variation found in this activity was great enough to be responsible for some of the 
differences observed in drug oxidation. For example, NADPH cytochrome P-450 
reductase activity in the guinea pig and rat correlated well with their relative O- 
demethylase activity. However, mice which had a higher level of NADPH cytochrome 
P-450 reductase than guinea pigs had lower 0-demethylase activity. Although the 
observed differences in the level of electron transport components could eliminate 
cytochrome b, and NADPH cytochrome c reductase as important determinants for 
overall drug oxidation, these studies could explain only some of the observed species 
variation. 

The results on the determination of the apparent affinity constants (K,) of NADPH 
and p-nitroanisole with rat, guinea pig and mouse microsomes are given in Table 2. 

TABLE 2. APPARENT MICHELIS-MENTEN AFFINITY CONSTANTS (Km) FOR NADPH CYTOCHUOME c RE- 
DUCTASE AND @DEMETHYLASE IN VARIOUS SPECIES* 

Activity 
Guinea pig 

(&I 
Rat 
(Km) 

Mouse 
Wfn) 

NADPH cyt~~ome c reductaset 
p-NO2 anisole U-demethylasez 

3.0 x 1O-6 M 64 x 1O-6 M 6.5 x 1O-6 M 
1.8 x 1O-4 M 1.7 x 1O-3 M 16 x 1O-s M 

* Activities were calculated from the initial rate of the reaction which was linear with time for at 
least 15 mm. K,,, values shown are derived from a double reciprocal plot of l/velocity of product 
formed vs. l/substrate concentration. 

t The concentration range of NADPH with 0.08 mg guinea pig microsomes equals 0~05-0~0045 
mM; with O-08 mg rat microsomes equals 0*05-0*006 mM; with @08 mg mouse microsomes equals 
~03-@004 mM. 

3 The concentration range of p-nitroanisole with 0.8 mg guinea pig microsomes equals 055-O-18 
mM; with 0.8 mg rat microsomes equals 1*7-W mM; with 0.8 mg mouse microsomes equals O-l- 
0.01 mM. 

As can be observed, the K, value of NADPH cytochrome c reductase for NADPH 
did not vary markedly in the three species; at most, a 2-fold difference was found 
between the mouse and guinea pig. In contrast, the K, of 0-demethylase for p- 
nitroanisole did vary in the three species. The K,,, value for the rat was 100 times 
greater than the K,,, value for the mouse (l-7 x 10e3 compared to 1.6 x 10eJ M). 
Although the high K,,, value for p-nitroanisole in the rat may contribute to the low 
0-demethylase activity found in this species (Table l), the apparent aflinity of p- 
nitroanisole in the guinea pig and mouse did not correlate with the O-demethylase 
activity found in these species (Table 1). 

Experiments were undertaken to determine if species differences existed in the 
binding property of aniline and aminopyrine to microsomal cytochrome P-450, 
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since differences in the binding of drug substrates to this cytochrome could be an 
important contributory factor to species variation in the rates of drug metabolism. 

Aniline-cytochrome P-450 binding spectra (type II) in various species. Aniline- 
cytochrome P-450 spectra obtained from mice, guinea pigs and rats are shown in Fig. 1. 
In each of the species examined, a typical type II spectrum was observed (trough at 
390 nm; peak at 430 nm).23 Although the shapes of the spectra were similar, the 
magnitude of spectral change differed. Mice had the greatest spectral change (O-023 
O.D./2 mg microsomal protein), while the rat had the lowest (O-01 O.D./2 mg micro- 
somal protein). In addition to the usual aniline type II spectrum, it was observed that 
upon storage of aniline-treated microsomes for at least 20 hr a shift in the type II 
spectrum to an atypical spectrum occurred in all species examined (Fig. 2). In contrast 
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FIG. 1. Aniline (type II) substrate binding to microsomal cytochrome P-450 in various species. 
Difference spectra were obtained as described in Materials and Methods. The concentration of 
aniline was 5 mM; the concentration of microsomal protein was 2 mg/ml of 0.05 M Tris, pH 7.4. 

The spectra were obtained after the addition of the substrate to the microsomes. 

to the similarities observed in the typical aniline type II spectra (Fig. l), differences 
were found in the maximum absorption of the atypical type IIa spectra. The rat and 
mouse had an absorption maximum between 408412 nm while the guinea pig had an 
absorption maximum between 420-425 nm. The altered spectra reflected aniline- 
cytochrome P-450 binding in that they could be converted to cytochrome P-450 
spectra. Microsomes treated with aniline for 24 hr were reduced with sodium dithio- 
nite and complexed with CO; the appearance of cytochrome P-450 was accompanied 
by the disappearance of the atypical type IIa spectrum (Fig. 3). Similar results were 
obtained with rat or mouse microsomes treated with aniline in that the atypical 
aniline type IIa spectrum could be converted to the usual cytochrome P-450 spectrum. 

Aminopyrine-cytochrome P-450 binding spectra (type I) in various species. In general, 
a typical type I spectrum (peak, 390 nm; trough 430 nm) was difficult to obtain.23 
However, storage of the microsomes with aminopyrine for at least 20 hr resulted in 
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FIG. 2. Atypical aniline type IIa spectra after prolonged t~tment of microsomal cytochrome P-450 
with aniline in various species. Difference spectra were obtained as described in Materials and 
Methods. The concentrations of aniline was 5 mM; the concentration of microsomal protein was 
2 mg/ml of 0.05 M Tris, pH 7.4. The spectra were obtained after the storage of the microsomes with 

aniline at 5” for 3 days. 
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FIG. 3. Conversion of atypical aniIine spectrum (type IIa1 to cytochrome P-450 spectrum. Aniline 
atypical type IIa spectrum was obtained after the storage of guinea pig microsomes with aniline at 
5” for 24 hr. The concentration of aniline was 5 mM; the concentration of microsomal protein was 
2 mg/ml of O-OS M Tris, pH 7.4. Liver microsomal cytochrome P-450 was determined by measuring 
the absorbance of the aniline-treated microsomes after dithionite reduction and complexing with CO, 

as described in Materials and Methods. 
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FIG. 4. Atypical aminopyrine type Ia spectra after prolonged treatment of microsomal cytochrome 
P-450 with aminopyrine in various species. Difference spectra were obtained as described in Materials 
and Methods. The concentration of aminopyrine was 5 mM; the concentration of microsomal pro- 
tein was 2 mg/ml of 0.05 M Tris, pH 7.4. The spectra were obtained after 20 hr of storage of the 

microsomes with aminopyrine at 5”. 

atypical aminopyrine-cytochrome P-450 spectra in the mouse, rat and guina pig 
(Fig. 4). The mouse and rat had an absorption maximum at 405410 nm, while the 
guinea pig had a maximum absorption at 420 nm. As was found with atypical type 
IIa spectra in the guinea pig, the altered aminopyrine type Ia spectra could bo con- 
verted to cytochrome P-450 spectra (Fig. 5). Similar results were obtained with rat 
or mouse microsomes in that atypical aminopyrine type Ia spectra could be converted 
to cytochrome P-450 spectra; the conversion was accompanied by the disappearance 
of the type Ia aminopyrine spectrum. 

In addition to converting atypical type Ia and type IIa spectra to cytochrome P-450 
spectra, the quantity of cytochrome P-450 was not altered by prolonged treatment 
with either aminopyrine or aniline. The determination of the quantity of cytochrome 
P-450 in mouse and guinea pig microsomal preparations after prolonged storage (5 
days) with aminopyrine or aniline is given in Table 3. In the mouse or guinea pig, the 

TABLE 3. PROTECTION OF C~TOCHROME P-450 BY AMINOPYRINE OR ANILINE IN 

MOUSE AND GUINEA PIG LNER MICROSOMES 

Cytochrome P-450* 

Days of No substrate Aminopyrinet Anilinet 
storage (5’) treatment treatment treatment 

Mouse 0 (43 hr) 0.04 0.04 
5 0.01 0.04 

Guinea pig 0 (<3hr) 0.05 0.05 0.05 
5 0.01 0.05 0.05 

l Micromoles of P-450 per 100 mg of microsomal protein. 
t Microsomes (2 mg/ml of 0.05 M Tris, pH 7.4) stored with aminopyrine 

(5 mM) or aniline (5 mM) at 5”. 
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quantity of cytochrome P-450 was the same, regardless of whether the microsomes 
were treated with aminopyrine, aniline, or not treated up to 3 hr. However, after 5 
days of storage of the microsomes at 5” in the absence of aminopyrine or aniline, the 
cytochrome P-450 content decreased 75 per cent in mouse microsomes and 80 per cent 
in guinea pig microsomes. On the other hand, the quantity of cytochrome P-450 was 
completely protected when the microsomes were stored in the presence of these sub- 
strates in both species. Furthermore, N-demethylase and aniline hydroxylase activi- 
ties were stable under the storage conditions; at least 80 per cent of these activities 
were protected when microsomes were kept with either aminopyrine or aniline at 5” 
from 2-5 days. The protection of aminopyrine N-demethylase activity by amino- 
pyrine treatment for 2 days is shown in Table 4. 

TABLE 4. PROTECTXON OF AMINOPYRINE ~-DEME~YLASE ACTWITY OF 
MOUSE, GUXNEA PIG AND RA-I' MICROSOMES BY A~INOPYR~ 

Aminopyrine N-demethylase activity* 

Days of 
storage (5’) 

No aminopyrine Aminopyrinet 
treatment treatment 

Mouse 0 22.9 22.9 
2 4‘0 15.2 

Guinea pig 0 4-6 4.6 
2 2.6 3.5 

Rat 0 11.0 11.0 
2 1.9 7.8 

* Enzyme activity = micromoles of product formed per hr per 100 
mg of microsomal protein at 27”. 

t Microsomes (2 mg/ml of @05 M Tris, pH 7.4) stored with amino- 
pyrine (5 mM) at 5”. 

The possibility was also examined that specific electron transport components 
influenced the rate of a particular type of drug oxidation reaction (0demethylation, 
iV-demethylation or ring hydroxylation). This problem was investigated with the use 
of drug enzyme inducers such as phenobarbital and 3-methylcholanthrene since these 
agents can cause an increase in the quantity of specificmicrosomal electron transport 
components. Time course studies were carried out to observe if an increase in a 
specific component resulted in an increase in a particular type of drug oxidation 
activity. 

Induction studies. Swiss-Webster, male mice (lo-15 g) were given phenobarbital 
(50 mg/kg) two times each day. Groups of six mice were sacrificed after the first day 
of phenobarbital treatment, other groups after the second, third and fourthday. Cyto- 
chrome P-450 content, NADPH cytochrome P-450 reductase, O-demethylase, iV- 
demethylase and aniline hydroxylase activities were determined in phenobarbital- 
and non-phenobarbital-treated mice. As can be observed in Fig. 6, the quantity of 
cytochrome P-450 reached its highest Ievel after 2 days, remaining at that level on the 
third and fourth day. N-demethylase and 0-demethylase activities were also at their 
highest level on the third and fourth day. In contrast, NADPH cytochrome P-450 
reductase required 2.5 days to reach its maximum activity and dropped almost 4-fold 
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FIG. 5. Conversion of atypical aminopyrine (type Ia) spectrum to cytochrome P-450 spectrum. 
Aminopyrine type Ia spectrum was obtained after storage of guinea pig microsomes with amino- 
pyrine at 5” for 24 hr as described in Materials and Methods. The concentration of aminopyrine was 
5 mM; the concentration of microsomal protein was 2 mg/ml of 0.05 M Tris, pH 7.4. Liver micro- 
somal cytochrome P-450 was determined by measuring the absorbance of the aminopyrine-treated 
microsomes after dithionite reduction and complexing with CO, as described in Materials and 

Methods. 

by the fourth day. Its time course of induction and decline correlated well with aniline 
hydroxylase activity (Fig. 7). A difference also existed in the time sequence of induc- 
tion between NADPH cytochrome c reductase activity and NADPH cytochrome 
P-450 reductase activity. NADPH cytochrome c reductase activity showed an in- 
crease in activity on each of the 4 days while NADPH cytochrome P-450 reductase 
activity had a peak value between the second and third day followed by a decrease 
on the fourth day (Table 5). These results would indicate that the reductase activity 
responsible for the reduction of cytochrome P-450 is not identical with that respons- 
ible for the reduction of cytochrome c.1g*25*26 

TABLE 5. NADPH cy~ocnao~ P-450 REDUCTASE AND NADPH CYTOCHROME c RBDUCTASE ACXM~Y 
AT VARIOUS TIMES AFTER PHENOBARBITAL TREAThfENT 

Activity* 
No PB 

Phenobarbital? 
(days of treatment) 

1 2 3 4 

NADPH cytochrome c reduc- 
tase 168 f 8.5 235 f 14 346 f 18 370 f 20 444 f 24 

NADPH cytochrome P-450 8.6 f 1.1 14 f 1.0 42 f 24 32 f 1.7 18 f 1.2 
reductase 

* Enzyme activity = micromoles of product formed per hour per 100 mg of microsomal protein 
at 27”. 

t Groups of twelve Swiss-Webster, male mice (10-U g) were injected, i.p., with phenobarbital 
(50 mg/kg) twice each day for the days given in the Table. The activity of NADPH cytochrome c 
reductase and NADPH cytochrome P-450 reductase was determined on six liver preparations; each 
preparation of microsomes was prepared from two livers. Mean f SE. of six determinations. 
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FIG. 6. Cytochrome P-450, NADPH cytochrome P-450 reductase activity, aminopyrine N-demethyl- 
ase andp-nitroanisole 0-demethylase activities in mice at various times after phenobarbital adminis- 
tration. Groups of twelve Swiss-Webster, male mice (10-15 g) were injected, i.p., with phenobarbital 
(50 mg/kg) two times each day for the days given in the figure. The quantity of cytochrome P-450 
and enzyme activities were determined on six liver preparations; each preparation of microsomes was 
prepared from two livers. 

Results are expressed as per cent increase over control level. Control levels: cytochrome P-450 = 
0.6 5 0.02 pmoles/g microsomal protein; NADPH cytochrome P-450 reductase activity = 86 & 1 I 
pmoles product formed/hr/g microsomal protein; aminopyrine N-demethylase activity = 140 5 
8.3 pmoles product formed/hr/g microsomal protein; p-nitroanisole 0-demethylase activity = 40 

rmoles & 3.3 product formed/hr/g microsomal protein. 

The use of 3-methylcholanthrene as an inducer gave similar results to those found 
with phenobarbital in that the rate of 0-demethylation was dependent upon the 
quantity of cytochrome P-450 and the activity of NADPH cytochrome P-450 reduc- 
tase determined the rate of aniline hydroxylation (Table 6). The quantity of cyto- 
chrome P-450 and 0-demethylase activity reached their highest level 24 hr after 
3-methylcholanthrene administration, maintaining that level up to 42 hr. In contrast, 
aniline hydroxylase activity was dependent upon the activity of NADPH cytochrome 
P-450 reductase. The reductase activity had a peak level at 24 hr as did aniline hy- 
droxylase activity, and both activities declined to control levels by42 hr. As was found 
with phenobarbital, 3-methylcholanthrene induction resulted in differences in the 
time sequence of induction of NADPH cytochrome c reductase and NADPH cyto- 
chrome P-450 reductase activities; in 42 hr NADPH cytochrome P-450 reductase 
activity had returned to control levels while NADPH cytochrome c reductase activity 
showed a 90 per cent increase over control levels. 
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FIG. 7. NADPH cytochrome P-450 reductase activity, cytochrome P-450 and aniline hydroxylase 
activity in mice at various times after phenobarbital administration. Groups of twelve Swiss-Webster, 
male mice (10-15 g) were injected, i.p., with phenobarbital (50 mg/kg) two times each day for the days 
given in the figure. The quantity of cytochrome P-4.50 and enzyme activities were determined on six 
liver preparations; each preparation of microsomes was prepared from two livers. 

Results are expressed as per cent increase over control level. Control levels: cytochrome P-450. 
= 0.6 f 0.02 moles/g microsomal protein; NADPH cytochrome P-450 reductase = 86 + 11 
pmoles product formed/hr/g microsomal protein; aniline hydroxylase activity = l-4 i O-1 pmoles 

product formed/hr/g 15,000 g supematant fraction protein. 

TABLE 6. ACTIVITY OF DRUG ENZYMES AND MICROSOMAL ELECTRON TRANSPORT COMPONENTS IN MICE 
ATVARIOUsTlMESAFlBR 3-METHYLCHOLANTHReNEADMPEWRATION* 

Activity? 
No 3-MC 

(0 Time) 12 hr 

With 3-MC 

24 hr 42 hr 

Cytochrome P-450 0.06 o-07 0.10 O*ll 
p-NO3 anisole O-demethylase 1.9 1.7 3.8 3.4 

NADPH cytochrome P-450 reductase 8.6 8.0 420 
Aniline hydroxylase$ o-14 0.08 O-27 t::: 
NADPH cytochrome c reductase 168 250 322 307 

* Assay conditions and 3-methylcholanthrene treatment (80 mg/kg, once a day) are given in 
Materials and Methods. 

t Cytochrome P-450 = micromoles per 100 mg miorosomal protein; pNOs anisole O-demethylase, 
NADPH cytochrome P-450 reductase and NADPH cytochrome c reductase = micromoles of produd 
formed per hour per 100 mg of microsomal protein at 27”. 

$ Aniline hydroxylase = micromoles of product formed per hr per 100 mg of 15,000 g super- 
natant protein. 

DISCUSSION 

The studies reported on typical drug oxidation reactions are in keeping with previous 
studies in that there is no obvious correlation in the microsomal oxidation of such 
substrates as aminopyrine, aniline, or p-nitroanisole in a number of species, i.e. the 
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species which exhibited the highest rate of p-nitroanisole 0-demethylase activity, 
did not necessarily have the highest rate of aminopyrine N-demethylase or aniline 
hydroxylase activity. 26 Investigation of the quantity and activity of liver microsomal 
electron transport components in various species did, however, allow the elimination 
of certain electron transport components as important rate determinants and enabled 
a more critical evaluation of those electron transport components which play a role in 
drug oxidation. For example, the quantity of microsomal cytochrome b, and NADPH 
cytochrome c reductase activity, as well as the apparent affinity of the microsomal 
system for NADPH or drug substrate, such as p-nitroanisole, could not, in general, 
account for the observed species variation (Tables 1 and 2). Recent evidence by 
Estabrook et aL2’ has indicated that cytochrome b5 may act as the donor of an 
electron to oxygenated P-450. Although the precise role of cytochrome b, in drug 
hydroxylation must still be determined, 28-31 the present studies indicate that it is not a 
critical factor for overall drug oxidation. The level of NADPH cytochrome c reductase 
activity also does not appear to be an important rate determinant of drug oxidation. 
The difference in NADPH cytochrome c reductase activity was only 35 per cent in the 
mouse, rat and guinea pig, yet overall drug oxidation as determined by 0-demethylase, 
iV-demethylase and aniline hydroxylase activities in these species varied up to 3-fold 
(Table 1). 

A greater correlation exists between overall drug oxidation and the quantity of 
cytochrome P-450 reductase activity and cytochrome P-450 in various species. For 
example, the level of cytochrome P-450 reductase activity in the guinea pig and rat 
(36 pmoles/hr/g microsomal protein compared to 10 pmoles) correlated with the 
0-demethylase activity in these species (70 pmoles/hr/g microsomal protein compared 
to 20 pmoles, Table 1). NADPH cytochrome P-450 reductase activity in the mouse 
and guinea pig (86 pmoles/hr/g microsomal protein compared to 36 pmoles) could 
also account for their relative N-demethylase activity (140 pmoles/hr/g microsomal 
protein compared to 70 pmoles, Table 1). However, the quantity of reductase activity 
in the rat could not explain the high N-demethylase activity in this species. Differ- 
ences in the quantity of cytochrome P-450 can also account for some of the species 
variation found in overall drug oxidation. The higher quantity of cytochrome P-450 
in the rat compared to the guinea pig (1.0 pmoles/g microsomal protein compared to 
0.7 pmole) can account for the higher N-demethylase and aniline hydroxylase acti- 
vities in this species (Table 1). Although the quantity of cytochrome P-450 and 
NADPH cytochrome P-450 reductase activity were, in general, the most important 
factors involved in determining drug oxidation activity, they could not account 
for all the observed species variation, 

The drug substrate-cytochrome P-450 binding studies indicate that this initial 
step in drug oxidation may play an important role in species differences. The general 
importance of drug binding to cytochrome P-450 has been known for some time.‘3*32-35 
In fact, recently it has been suggested that substrate-cytochrome P-450 spectral 
changes may be visible representations of Michaelis-Menten complexes.36 Of par- 
ticular interest in the present studies were the differences in the atypical substrate 
binding spectra obtained after prolonged treatment of microsomes with either a 
type I substrate (aminopyrine) or type IT substrate (aniline) (Figs. 2 and 4). The atypical 
spectra may reflect a qualitative difference in the form of cytochrome P-450 in various 
species and explain the inability to account for variation in drug oxidation solely 
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by the quantity of cytochrome P-450. Previously, qualitative differences in cyto- 
chrome P-450 were not apparent since a comparison was generally made between 
the reduced cytochrome P-450X0 complex or usual type I and type II substrate 
binding spectra in various species. Atypical type Ia spectra (aminopyrine) and atypical 
type IIa spectra (aniline) of guinea pig microsomes had a maximum absorption at 
longer wavelengths (420 nm) compared to mouse or rat microsomes (405-410 nm). 
In addition, it was possible to convert the atypical spectra to the usual cytochrome 
P-450-CO spectrum, and this conversion was accompanied by the disappearance of 
the atypical spectra. Furthermore, the cytochrome P-450 present after prolonged 
treatment with substrate was active and able to function in the oxidation of drugs. 
Of interest, in light of these spectral differences, is the observation that the guinea pig 
had a lower rate of metabolism of both aminopyrine and aniline than the mouse or 
rat. Our studies are in keeping with those of Alvares et aL3’ who found species differ- 
ences in the oxidized spectra of microsomal cytochrome P-450 induced by phenobar- 
bital. These investigators reported that the spectrum of oxidized cytochrome P-450 
of mice and rats had a maximum absorption at 418 nm while oxidized cytochrome 
P-450 of the guinea pig had a maximum absorption at 421 nm. 

It is also apparent that the type of hydroxylation reaction studied (N-demethyla- 
tion, O-demethylation or aniline hydroxylation) is an important consideration in 
determining the role of particular electron transport components in overall drug 
oxidation. Our studies employing phenobarbital or 3-methylcholanthrene to induce 
individual electron transport components have indicated that N-demethylase and 
0-demethylase activities are dependent upon the quantity of cytochrome P-450 and 
that aniline hydroxylase activity is dependent on the activity of NADPH cytochrome 
P-450 reductase. Furthermore, the time course of induction of cytochrome P-450 
correlated with the time course of induction of 0-demethylase and iV-demethylase 
activities while the pattern of induction and decline of aniline hydroxylase activity 
was dependent on NADPH cytochrome P-450 reductase activity. In this regard, 
perhaps animal data would be more meaningful in its extrapolation to man if both 
the quantity of individual electron transport components and the type of drug oxida- 
tion reaction under study are considered. 
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