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The duration of action of a large number 
of drugs can be correlated with their rate of 
detoxication by specific liver enzymes. The 
activity of these enzymes is dependent on the 
age, dietary intake, and previous drug treat- 
ment of the animal (1-3). The rate of drug 
detoxication can be increased by treating ani- 
mals with any of a variety of agents which 
induce microsomal drug-metabolizing enzymes. 
In a previous report, it was shown that 
the capacity of such agents to decrease 
hexobarbital sleeping time in mice was also 
dependent on the age and dietary status of 
the animal (4). The decrease in hexobarbital 
sleeping time was assumed to be due to an 
increase in microsomal mixed function ox- 
idase activity. The activity of this enzyme 
system is related to the presence of cyto- 
chrome P-450 in the liver microsomes. In the 
present study it has been observed that the 
age and dietary status of the mouse not only 
influences the degree of enzyme induction 
but also may determine the type of cyto- 
chrome P-450 that is induced in the liver by 
these agents. 

Material and Methods. Adult and 21-day- 
old weanling CD 1 male mice were kept in 
air-conditioned animal quarters and main- 
tained on Purina laboratory chow. Food, but 
not water, was withheld for 48 hr from one 
group of adult mice prior to sacrifice. Wean- 
ling mice were maintained on isocaloric pro- 
tein diets of either 8 or 2 7 %  casein for 7 
days before the beginning of the experimen- 
tal study. 

The induction studies were accomplished 
by the daily intraperitoneal administration of 
equimolar doses (in a volume of 0.01 ml/g 
of body wt) of one of the following agents for 

1 Supported by U.S. Public HeaEth Service Grant 
06953. 

3 consecutive days: Na phenobarbital (25.7 
mg/kg) , chlorcyclizine HCl ( 3  7.3 mg/kg) , 
Na hexabarbital (25 .8  mg/kg) , or antipyrine 
( 18.8 mg/kg) , The 3, 4-benzpyrene was ad- 
ministered at  a dose of 100 pg/kg. All agents 
were given in water except 3, 4-benzpyrene 
which was given in corn oil. Control groups 
were similarly injected with water or corn oil. 

Twenty-four hr after the last injection of 
the pretreatment agent the mice were sac- 
rificed by decapitation and bled. Livers were 
excised, placed in ice-cold 0.2 M potassium 
phosphate buffer (pH 7.4), blotted on filter 
paper and homogenized in 2 vol of either this 
same buffer or in 0.1 mM EDTA in 0.25 A4 
sucrose solution. The homogenates were cen- 
trifuged at  9OOOg for 20 min in a Sorvall 
refrigerated centrifuge. Supernates were read- 
justed to their original volumes with the cor- 
responding media, and recentrifuged for 60 
min a t  105,OOOg in a Spinco Model L re- 
frigerated ultracentrifuge. The remaining pel- 
lets containing microsomes were resuspended 
to an approximate protein concentration of 1 
mg/ml, either in the phosphate buffer or in a 
0.2 M tris( hydroxymethy1)aminomethane 
(Tris) buffer (pH 7.4) for the EDTA 
prepared fraction. Microsomal protein was 
determined according to the method of Low- 
ry et aE. (5) .  

For the cytochrome P-450 determination, 3 
ml of both sample and reference microsomal 
suspensions in the Tris buffer were reduced 
with sodium dithionite. The sample was bub- 
bled with carbon monoxide for 30 sec, and 
absorption at 450 m p  was recorded in the 
Aminco Chance Dual Wavelength recording 
spectrophotometer. Cytochrome P-450  con- 
centration was calculated using the extinction 
coefficient of 91 mM-l cm-l (6 ) .  Either 
aminopyrine or aniline to a final concentra- 
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TAB:LE I. The Influence of Iiiducing Agents on Microsomal Protein per Gram of Liver (A) 
and per Liver (B)." 

Adult Weanling 

27 % Casein ; 8% Casein; 
Fed; (%) Starved; (%) (%) ( % l o )  

Pretieeatment A B A B A B A B 

Phenobarbital 
Chlor cyclizine 
H ex6b arbi t a1 
Antipyrine 
3,4-Bengpyrene 

Water 
Corn oil 

Wate:r 
Corn oil 

$30 +60 + 2 2 O  +40° $23 +70 
+48 +I10  +43" +74 4-24 4-85 

+13 +51 -2" +3" +12" +46 
+ 1 2 c  + 44" -5" - +2" $21 

-8" 4-3" +18 +30" -16' -5c 

Controls (mg of microsoinal protein/g of liver) 

Fed Starved 27% Casein 

5.11 2 0.07b 4.61 2 0.10 4.64 -F- 0.06 
5.26 0.25 4.38 -t- 0.08 4.86 2 0.16 

Controls (mg of microsomal protein/liver) 

11.01 -t- O.Ogb 5.25 e 0.20 8.24 4 0.36 
11.21 + 0.32 4.64 rt 0.16 8.31 f. 0.23 

+z=  $48 
+27" +81 

+ac -1-36 
+I2 +15" 

-8' $18' 

8% Casein 

3.84 k 0.12 
3.69 2 0.01 

3.84 +- 0.17 
3.80 -t 0.02 

~~~~~~~~~~~ 

a Values indicate percentage difference between control mean, based on 4 separate determi- 
nations from livelrs of 15 to 20 mice, and experimental mean, based on 2 separate determina- 
tions from livers of 30 to  40 mice. 

Mean 2 standard deviation of the mean. 
O p ( t )  = NS; all other values p ( t )  A 0.05. 

tion of 3.8 rn.M was added to 3 ml of the 
microsomes suspended in the 0.2 M Tris 
buffer and the difference spectra was recorded 
for the determination of substrate binding to 
cytochrorne P-450. 

Resdts. The microsomal protein content 
per gram of liver and in the total liver was 
decreased by starvation and by feeding the 
8% casein diet (Table I). Chlorcyclizine, a 
potent enzyme inducer, caused a significant 
increase in rnicroscomal protein in the fed 
adult mice and in the weanlings fed the 27% 
casein diet. I t  was less effective in the starved 
adults and in the weanlings fed the low 
protein diet. Phenobarbital, an equally effec- 
tive microsomal enzyme inducer, acted simi- 
larly. Hexobarbital only increased the total 
microsornal protein in the 27% casein-fed 
weanlings, whereas antipyrine increased it in 
all but the starved adult mice. The adminis- 
tration of 3,  4-benzpyrene resulted in an in- 
crease in microsomal protein per gram of 
liver in both the starved adult mice and in 

the weanlings fed the low protein diet. 
Cytochrome P-450 levels per gram and per 

liver were decreased by starvation as well as 
by feeding the low protein diet (Table 11). 
Phenobarbital and chlorcyclizine both caused 
marked increases in the concentration of 
this cytochrome in all groups studlied. The 
largest percentage increases were found in the 
weanling animals regardless of their dietary 
intake. Hexobarbital increased the cyto- 
chrome P-450 level per gram of liver in all 
groups while antipyrine did so in all but the 
weanling mice fed the 8% casein diet. The 
3,  4-benzpyrene was primarily active in the 
weanling mice fed the 27% casein diet. 

When the amount of cytochrome was cal- 
culated per milligram of microsomal protein, 
it was again evident that chIorcyclizine was 
the most effective inducer and that its influ- 
ence was very pronounced in the starved and 
in the weanling groups. With phenobarbitad 
pretreatment, the largest increases were also 
noted in the weanling animals. 
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A binding pattern of aminopyrine to cyto- 
chrome P-450 could only be obtained in the 
starved adult mice pretreated with either 
chlorcyclizine or phenobarbital. Binding pat- 
terns of aniline to cytochrome P-450 were 
recorded in all control and pretreatment 
groups (Table 111). The aniline difference 
spectra were reproducahIe (wavelength differ- 
ence constant peak to trough) when the en- 
tire study was repeated a second time. Analy- 
sis for outliers indicated that the only differ- 
ences in binding patterns are in the water 
and corn oil controls of the starved adult mice 
and in the two adult groups pretreated with 
3, 4-benzpyrene. In the weanling groups, 3,  
4-benzpyrene administration did not alter the 
aniline difference spectra from that seen with 
other pretreatments. 

Discussion. In the earlier study the starved 
adult and weanling mice had much longer 
hexobarbital sleeping times than the chow-fed 
adult mice. Consistent With this was the 
current observation that the livers from the 
starved adults and weanling mice were smaller 
and contained less microsomal protein and 
cytochrome P-450 than the chow-fed adult 
mice. 

It was evident from this study that al- 
though the restriction of the diets did influ- 
ence the ability of agents to stimulate micro- 
soma1 protein synthesis, it had less effect on 
the synthesis of cytochrome P-450. With the 
more potent stimulators, there was an in- 
creased synthesis of the cytochrome in the 
starved adults. Approximately the same per- 
centage increases were found in the low and 
high protein-fed weanling mice pretreated 
with phenobarbital or chlorcyclizine. These 
agents were the least active in the chow-fed 
adult mice. With the weaker agents, however, 
dietary restrictions tended to decrease the 
synthesis of the cytochrome. 

On an equimolar basis, chlorocylizine was 
the most effective of the agents studied in 
increasing the cytochrome P-450 level per 
milligram of microsomal protein. When 
hexoharbital sleeping time was studied under 
the same experimental conditions, chlorcy- 
clizine was also the most effective in shorten- 
ing sleeping time. Although antipyrine ad- 
ministration did not cause a significant 
change in the cytochrome P-450 level per 
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milligram of microsomal protein in the wean- 
ling mice, it did significantly decrease 
hexobarbital sleeping time. Hence, it is obvi- 
ous that there are other factors besides the 
cytochrome level which ultimately determine 
the rate of hexobarbital metabolism in vivo. 

With 3 ,  4-benzpyrene7 there was also no 
correlation between sleeping time observed 
and the cytochrome P-4.50 per milligram of 
microsomal protein. This agent is known to 
increase the detoxication of zoxazolamine but 
not to affect the metabolism of hexobarbital. 
In  the adult fed mice, the cytochrome con- 
centration significantly increased but 3 
4-benzpyrene had no effect on hexobarbital 
sleeping time in these adult mice. In wean- 
ling mice fed 2 7 %  casein, however, 3 ,  
4abenzpyrene increased the cytochrome con- 
centration and i t  decreased hexobarbital 
sleeping time in these mice 75%. This may 
indicate that 3,  4-benzpyrene induces the syn- 
thesis of a different type of cytochrome in 
adult and weanling mice. Polycyclic hydro- 
carbons like 3, 4-benzpyrene are beIieved to 
induce the synthesis of a different form of 
cytochrome P-4.510 (cytochrome P1 450) in 
animals (8) .  

The aniline binding difference spectra re- 
corded from microsomes obtained from wean- 
ling mice pretreated with 3 ,  4-benzpyrene was 
no different from that obtained with other 
pretreatments. However, in the adult mice, the 
aniline spectra in the 3 ,  4-benzpyrene group 
were slightly different from those seen with 
other agents. A similar peak shift towards 
shorter wavelengths in the ethylisocyanide 
difference spectra has been noted in adult 
mice pretreated with 3-methylcholanthrene 
(9). This difference in the binding spectra 
may be related to the induction of primarily 
PI 450 in adult mice by these agents. If little 
or no Pl 450 is produced in weanling mice, 
further studies with such animals may be of 
value in elucidating the difference between 

the nature of this cytochrome and that of 
cytochrome P-450. 

Summary. Pretreating mice for 3 days with 
equimolar doses of various inducing agents 
resulted in an increase in liver size, micro- 
soma1 protein, and cytochrome P-450. The 
largest increases were produced by chlorcy- 
clizine and phenobarbital and could be corre- 
lated with a decrease in hexobarbital sleeping 
time noted in a previous study. These agents 
were more active in weanling and dietary 
restricted mice than in fed adult mice. 
Hexobarbital and antipyrine caused smalIer 
increases in microsomal protein and cyto- 
chrome P-450 and were not as effective in 
decreasing hexobarbital sleeping time. Pre- 
treatment with 3,  4-benzpyrene increased the 
cytochrome concentration in both the fed 
adult and 27% casein-fed weanling mice but 
decreased hexobarbi tal sleeping time only in 
the weanling mice. The microsomes derived 
from adult mice pretreated With 3, 
4-benzpyrene gave an aniline difference bind- 
ing spectrum which differed from that seen 
in the weanling mice. 
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