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Summary : The characteristic nature of the drug-metabolizing system in fetal
Tiver microsomes of rats was investigated. The aminopyrine(AM)- and the hexo-
barbital(HB)-metabolizing activities in fetal liver microsomes of the 21st day
of pregnancy were induced by the maternal administration of 3-methylcholanthrene
(3-MC) once daily on the 18th and the 19th day of pregnancy, while they were in-
hibited in maternal liver microsomes. The inductions of the AM- and the HB-meta-
bolizing enzymes in fetal Tiver microsomes of rat by the maternal administration
of 3-MC occurred exclusively in fetal period and simultaneously hemoprotein like
phenobarbital-induced type P-450 different from that in maternal liver micro-
somes was newly induced in fetal Tiver microsomes of rats.

INTRODUCTION

It is well established that activities of drug-metabolizing enzymes and
cytochrome P-450 contents in fetal liver microsomes of rats are very low(1-3).
Most of the studies on the drug-metabolizing system in fetal rat have been
concerned with the induction of the drug-metabolizing activities and cyto-
chrome P-450 levels by the maternal administration of various inducers(4-6).
The nature of the drug-metabolizing system in fetal 1iver microsomes of rat
have not been well examined. We have been engaged in the investigation of the
drug-metabolizing system in fetal liver of rat(7). Previously, we have
obtained the results that aminopyrine{AM}- and the hexobarbital(HB)-metabo-

Tizing activities in fetal liver microsomes of the 21st day of pregnancy were

Abbreyiations used are: AM, aminopyrine, HB, hexobarbital, 3-MC, 3-
methylcholanthrene, PB, phenobarbital, CO, carbon monoxide, EtCN,
ethylisocyanide, 1i.p., intraperitoneally.
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induced by the maternal administraiton of 3-methylcholanthrene(3-MC) once
daily on the 18th and the 19th day of pregnancy. In addition, administration
of 3-MC to newborn rats once daily on the Oth and the 1st day of age inhibited
the AM- and the HB-metabolizing activities in liver microsomes of 3 day-old
neonates( Sunouchi et al., manuscript in preparation ). Based on these results,
the characteristic nature of the drug-metabolizing system in fetal liver

microsomes of rats was investigated.

MATERIALS AND METHODS

Animals and treatments Experimental animals used were Wistar strain rats
weighing 250-350 g. Five females were mated with two males overnight. The next
day was considered as day 0 of pregnancy and the birthday was considered as

day 0 of age. 3-MC(25 or 40 mg/kg) dissolved in olive 0il and phenobarbital(PB)
sodium(60 mg/kg) dissolved in normal saline were intraperitoneally(i.p.)
administered.

Preparation of liver Both the maternal and the fetal or neonatal livers
pooled by Titter were homogenized with 3 vol. of 1.15 % KC1 solution and cen-
trifuged at 10,000 x g for 20 min. For the preparation of microsomal fractions,
the resulting supernatant fractions were then centrifuged at 105,000 x g for
60 min. Microsomal precipitates were resuspended in 1.15 % KC1 solution to
adjust the concentration of 250 mg Yiver/ml(7).

Assays of drug-metabolism The determinations of the AM- and the HB-metabo-
1izing activities were performed by a slight modification of the method pre-
viously reported(7). The contents of cytochrome P-450 in maternal liver micro-
somes were determined by the method of Omura and Sato(9). The contents of cyto-
chrome P-450 in fetal and neonatal liver microsomes were determined by the
method of Johannessen and DePierre(10). The protein contents of the 10,000 x g
super?atgnt and microsomal suspensions were determined by the method of Lowry
et a3 (16).

Preparation of the microsomal fraction through Sepharose 2B and characteri-
zation of spectral properties of cytochrome P-450 For the characterization
of the induced cytochrome P-450 in fetal and maternal Tiver microsomes of the
21st day of pregnancy, each microsomal fraction was prepared according to the
method of Tangen et al(11). The carbon monoxide(CO)-difference spectra of
cyto:hrome P-450 were measured in a microsomal suspension containing 1 mg
protain/ml as discribed by Omura and Sato(9). The ethylisocyanide(EtCN)-
difference spectra were determined in a similar manner that EtCN{final concen-
tration, 10 mM} was used as the Tigand as previously reported(12). Data was
presanted as the ratio of 455/430 nm(the differences between absorption at
429-1490 nm and 450-490 nm were used as estimates of the 430 and 455 peaks,
respactively). The diethylphenylphosphine-difference spectra were also deter-
mined as described previously using 0.1 M Tris/HC1-buffer pH:7.6 as a suspension
buffer and diethylphenylphosphine(final concentration, 1.5 mM) as the ligand(15)
Protein was measured by the method of Lowry et al(16). A1l the spectral,deter-
minations were performed on a Union SM-401 spectrophotometer using 1-cm
cuvettes.

RESULTS AND DISCUSSIONS

The first experiment was designed to examine the dose-response for the
inductions of the AM- and the HB-metabolizing activities in fetal Tiver micro-
somes by the maternal administration of 3-MC. 3-MC was administered(i.p.) to
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Table 1 Effect of the maternal administration of 3-methylcholanthrene on the drug-metabolizing

activities in fetal and maternal liver microsomes of rats

Source of AM-metabolizing HB-metabolizing P-450 hemoprotein
livers Treatment activities activities
(nmoles/mg protein/30 min) (nmoles/mg protein})
Fetal rat None 1.71 £ 0.09 0.87 + 0.06 0.042 + 0.002
3-MC(25 mg/kg) 2.53 £ 0.16** 1.31 £ 0.10** 0.136 = 0.011**
3-MC(40 mg/kg) 3.79 * 0.36** 2,171 £ 0.34** 0.160 + 0,020**
Maternal rat None 37.75 £ 1.11 25.81 £+ 1.04 0.488 + 0.009
3-MC(25 mg/kyg) 33.46 * 1.75* 22.90 + 1.02* 0.880 + 0.019**
3-MC(40 mg/kg) 35.14 + 2.16 24.40 £ 0.12 0.862 + 0.071**

3-MC(25 or 40 mg/2 ml of olive 0il/kg of body weight, i.p.) was administered
to pregnant rats once daily on the 18th and the 19th day of pregnancy. For
control, olive 0il was administered only. Pregnant rats were sacrificed on the
21st day of pregrnancy. Both maternal and fetal livers were immediately excised.
Each value is mean * s. e. An asterisk indicates a significant difference from
control(* P<0.05, ** P<<0.01).

pregnant rats on the 18th and the 19th day of pregnancy. As shown in Table 1,
the AM- and the HB-metabolizing activities in fetal liver microsomes of the 21st
day of pregnancy were induced and the extents of the inductions were dose-
dependent, while any inductive effect on them was not observed in maternal Tiver
microsomes. The AM- and the HB-metabolizing activities are known to be inhibited
in rats treated with 3-MC(8). In contrast, it is worth noting phenomena that the
AM- and the HB-metabolizing activities were induced in fetal liver microsomes by
the maternal administration of 3-MC. The present results, together with the
findings so far reported, suggest that the inductions of the AM- and the HB-
metabolizing activities occur only during fetal period. In this respects,
second experiments were performed.

3-MC was administered(i.p.) to the pregnant rats on the 19th and the 20th
day of pregnancy and the inductive effects on the AM- and the HB-metabolizing
activities were examined to ascertain whether the inductive effects would be
observed in newborn liver microsomes immediately after birth. As presented in
Table 2, any inductive effect of 3-MC on the AM- and the HB-metabolizing
activities was not observed in newborn liver microsomes although 3-MC was

administered during fetal period. The disappearance of the inductive effect of
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Table 2 Effect of the maternal administration of 3-methylcholanthrene on the drug-metabolizing

activities in liver microsomes of newborn rats

Source of Treatment AM-metabolizing HB-metabolizing P-450 hemoprotein
livers activities activities
(nmoles/mg protein/30 min) (nmoles/mg protein)
Newborn rat None 1.70 £ 0.17 4.85 + 0.33 0.112 £ 0.007
3-MC(25 mg/kqg) 1.50 + 0.18 4.58 + 0.38* 0.170 + 0.010**

3-MC(25 mg/2 m1 of olive 0il/kg of body weight, i.p.) was administered to
pregnant rats once daily on the 19th and the 20th day of pregnancy. Immediately
after. parturition, the newborn rats were sacrificed and Tivers were excised.
Each value is mean + s. e. An asterisk indicates a statistically significant
difference from control(* P<<0.05, ** P<0.01).

3-MC on the AM- and the HB-metabolizing activities after birth suggests that
hemoprotein different from that induced in maternal liver microsomes is induced
in fetal liver microsomes by the maternal administration of 3-MC.

The contamination by hemoglobins and the Tow levels of cytochrome P-450
make it difficult to characterize the spectral properties of the cytochrome
P-450 induced in the microsomes of fetal liver obtained by conventional differ-
ential centrifugation. Thus, we prepared liver microsomes by passing 10,000 x g
supernatant fraction through Sepharose 2B column to rule out hemoglobin(11).
The results summarized in Table 3 clearly indicate that the hemoprotein induced
in fetal Tiver microsomes by the maternal administration of 3-MC is different
from the hemoprotein induced in maternal liver microsomes. Surprisingly the
maximum of CO-difference spectra of 3-MC-induced cytochrome P-450 induced in
fetal Tiver microsomes was at 450 nm. Cytochrome P-450 from 3-MC-pretreated
maternal Tiver, however, yielded the peak at 448 nm. In addition, cytochrome
P-450C from PB-pretreated maternal liver yielded the peak at 450 nm. The hemo-
protein induced in fetal liver microsomes by the maternal administration of 3-
MC appeared to be the same hemoprotein induced in maternal Tiver microsomes
pretreated with PB. This finding prompted us to characterize the property of the
hemoprotein induced in fetal liver microsomes by the administration of 3-MC
using EtCN as the ligand. As shown in Table 3, treatment with 3-MC resulted
in a marked increase in the ratio of 455/430 nm of the difference spectra of

hemoprotein induced in maternal liver microsomes. In contrast, with PB-induced
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Table 3 Spectral properties of microsomal P-450 hemoprotein: the maxima correspond

to the absorption peaks in the difference spectra(nm)

Ligand PB-treated 3-MC-maternal-treated 3-MC-treated
maternal liver fetal liver maternal liver
Carbon monoxide 450 450 448
Ethylisocyanide 429, 454 429, 454 430, 454
(Ratio of 455/430) 0.40 0.42 1.23
Diethylphenylphosphine 459 458 -

3-MC(25 mg/2 ml of olive 0il/kg of body weight, i.p.) was administered to
pregnant rats once daily on the 18th and the 19th day of pregnancy. PB sodium
(60 mg/2 ml of normal saline/kg of body weight, i.p.) was administered to preg-
nant rats once daily on the 18th, the 19th and the 20th day of pregnancy. The
3-MC-treated or PB-treated pregnant rats of the 21st day of pregnancy were
sacrificed. Both maternal and fetal livers were immediately excised.

hemoprotein in maternal liver microsomes, the ratio was 0.40. The data obtained
with 3-MC- and PB-induced hemoprotein in maternal liver microsomes are similar
to those previously reported(13,14). With the hemoprotein induced in fetal liver
microsomes by the maternal administration of 3-MC, the ratio of 455/430 nm was
0.42 which was about the same that observed in PB-pretreated maternal liver
microsomes. In addition, the peak positions of EtCN-difference spectra of 3-MC-
induced hemoprotein in fetal Tiver microsomes and PB-induced hemoprotein in
maternal liver microsomes were the same of 429 and 454 nm. The results of EtCN
as the ligand presented a strong evidence as the hemoprotein like PB-induced
type cytochrome P-450 is induced in fetal liver microsomes by the maternal
administration of 3-MC. Further examination was performed to characterize the
hemoprotein induced in fetal 1iver microsomes by the use of diethylphenyl-
phosphine as the ligand. Diethylphenylphosphine has been reported to react with
the hemoprotein induced in male 1iver microsomes by pretreatment with PB and
show characteristic difference spectra(15). Table 3 shows that the induced hemo-
protein in fetal 1iver microsomes by the maternal administration of 3-MC also
reacted with diethyiphenylphosphine and showed similar difference specta. From
these results, we would like to conclude that the hemoprotein induced in fetal
liver microsomes by the maternal administration of 3-MC is different from that

induced in maternal Tiver microsomes and has a property of cytochrome P-450
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induced in male liver microsomes pretreated with PB. The diethylphenylphosphine-
difference spectra, however, showed a small difference spectra by 1 nm between
the hemoprotein induced in fetal liver microsomes by the maternal administra-
tion of 3-MC and the hemoprotein induced in maternal liver microsomes pre-
treated with PB. Thus, we propose here that the maternal administration of 3-
MC induces hemoprotein in fetal liver microsomes which is different from cyto-
chrome P-448 induced in maternal Tiver microsomes and the property is Tike a
PB-induced cytochrome P-450. As the result of the induction of hemoprotein 1ike
PB-induced cytochrome P-450 in fetal liver microsomes by the maternal admin-
istration of 3-MC, the AM- and the HB-metabolizing activities are induced in

a different manner to maternal 1iver microsomes. The conclusive proof of the
identity of species of 3-MC-induced hemoprotein in fetal Tiver microsomes with
PB-induced hemoprotein in maternal Tiver microsomes would be achieved by the
use of purified cytochrome P-450 in fetal liver microsomes. We are now under

the purification of cytochrome P-450 in fetal Tiver microsomes.
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