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Pregnancy-related changes in oxidative metabolism of several xenobiotics including pesticides
were examined in the hepatic microsomes of CD, mice. The effect of pregnancy on hepatic mi-
crosomal cytochrome P-450-catalyzed substrate oxidation was found to be dependent upon the
type of reaction examined. Not all substrates undergoing the same reaction showed identical
changes during pregnancy. Those enzyme activities which exhibited a decline in specific activity
during pregnancy generally exhibited no change in total hepatic capacity. Enzymes posting no
change in specific activity throughout gestation generally showed large increases in total hepatic
activity. Phorate S-oxidation was catalyzed by both microsomal flavin-containing monooxygenase
(MFMO) and cytochrome P-450. Moreover, there was no pregnancy-related change in either

MFMO or total enzymatic (MFMO plus cytochrome P-450) phorate S-oxidation.

Press, Inc.

INTRODUCTION

There have been several reports showing
changes in the rates of hepatic microsomal
cytochrome P-450-dependent xenobiotic
oxidations during pregnancy (1-10). These
changes appear to be dependent upon spe-
cies of animal, substrate examined, means
of expressing data, and gestational age. All
the available information originates from
studies carried out with drugs or model
compounds. Little is known about in vitro
pesticide metabolism during pregnancy.
Moreover, there are only two reports on the
dynamics of the microsomal flavin-con-
taining monooxygenase (MFMO)? during
pregnancy (11, 12). This pathway has been
recently shown to be important in the sulf-
oxidation of thioether-containing organo-
phosphorus insecticides (13). The relative

! Present address: Inhalation Toxicology Labora-
tory, Alberta Environmental Centre, Bag 4000, Vegre-
ville, Alberta TOB 4LO, Canada.

2 Abbreviations used: MFMO, microsomal flavin-
containing monooxygenase; DMA, N,N-dimethylani-
line; NOA, n-octylamine; EPN, O-ethyl-O-p-nitro-
phenylphenyl phosphonothioate
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contribution of the microsomal cytochrome
P-450 and MFMO in this reaction has not
yet been documented.

In our earlier work (12) we reported the
changes in the microsomal MFMO-depen-
dent N-oxidation of N,N-dimethylaniline
(DMA) in various tissues from pregnant
CD; mice. In this paper, data obtained from
hepatic microsomes for both the cyto-
chrome P-450 and MFMO-mediated S-oxi-
dation of the thioether moiety of the widely
used pesticide, phorate, are presented. In
addition, pregnancy-related changes in the
hepatic microsomal cytochrome P-450-me-
diated oxidation of several xenobiotics, in-
cluding pesticides, were investigated.

MATERIALS AND METHODS

Chemicals. Aldrin (recrystallized) was
obtained from City Chemical (New York,
N.Y.). The pesticides carbaryl, EPN (O-
ethyl-O-p-nitrophenyl phenylphosphono-
thioate), nicotine, parathion, and phorate
were purchased from Chem Service (West
Chester, Pa.), and were of the highest pu-
rity available. All other chemicals were of
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reagent grade and were obtained from
Sigma Chemical Company (St. Louis,
Mo.).

Animals. CD, mice weighing 25-30 g,
purchased from Charles River Breeding
Laboratories (Wilmington, Mass.), were
used. Mice were maintained on a 12-hr day/
night cycle and had access to food and
water ad libitum. The day a mating plug
was observed was designated as Day 0 of
pregnancy. Animals were sacrificed at Days
12 or 18 of pregnancy.

Tissue preparation. Immediately after
sacrifice by cervical dislocation, livers
were removed and homogenized in a me-
dium containing ice—cold 0.25 M sucrose,
50 mM Tris buffer, pH 7.4, 0.1 mM EDTA.
The homogenate was centrifuged at 9000g
for 20 min, and the supernatant was de-
canted and centrifuged at 105,000g for 60
min. The microsomal pellets were washed
by resuspending in homogenization me-
dium and recentrifuging at 105,000¢ for 60
min. The washed microsomes were sus-
pended in an appropriate buffer and used
immediately for the different assays. Pro-
tein estimation was by the biuret meth-
od (14).

‘Enzyme assays. Published methods were
used for assays of cytochrome P-450 (15);
aldrin epoxidase (16); aminopyrine-, car-
baryl-, and nicotine-N-demethylase (17);
DMA-oxidase (12), EPN and parathion
dearylase (18); and 7-ethoxycoumarin-O-
deethylase (19). The optimum assay con-
ditions for phorate S-oxidation included in-
cubation (total volume, 0.5 ml) of washed
microsomes (~1.0 mg protein/ml) in 100
mM Tris—HC] buffer, pH 7.4, and a
NADPH generating system consisting of
2.5 mM glucose 6-phosphate, 1.0 mM
NADP*, and 1 unit of glucose-6-phosphate
dehydrogenase. Reaction mixtures were
preincubated at 37°C with shaking for 3 min
and reactions were started with the addition
of phorate (250 pM) in 2.5 pl acetone. In-
cubations were for 10 min with shaking at
37°C. To discriminate between MFMO- and
cytochrome P-450-mediated oxidations, 2.4
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mM n-octylamine (NOA), an inhibitor of
cytochrome P-450-catalyzed reactions (20),
was added to some incubations. Reactions
were terminated with 0.5 ml ice-cold ace-
tone. Phorate S-oxide was extracted with
2.5 ml ethyl acetate (extraction efficiency,
>90%). Quantification of phorate S-oxide
was done by gas chromatography using a
Varian Vista 4600 gas chromatograph,
equipped with a 3-ft column of OV-101 and
an electron capture detector. Gas chro-
matographic conditions were as follows: in-
jector temperature, 220°C, detector tem-
perature, 300°C column oven temperature
programmed from 150 to 190° at 10°min;
carrier gas (helium) flow, 30 ml/min. Reten-
tion times for phorate, internal standard
(methyl parathion), and phorate §-oxide
were 2.7, 4.3, and 5.0 min, respectively.
Authentic phorate S-oxide (U.S. Environ-
mental Protection Agency Reference Stan-
dard no. 5502) was used for calibration.

Data. Rates of xenobiotic metabolism
are expressed relative to nonpregnant con-
trols (represented on histograms as Day 0).
The values reported are means = SE (n =
5 in all cases). Specific activity refers to
nanomoles of product formed/minute/milli-
gram microsomal protein. Total hepatic
content represents nanomoles of product
formed/minute/liver and was calculated by
multiplying specific activity by microsomal
yield per liver. Data was analyzed by a one-
way analysis of variance (21). Comparison
of means was done by the Bonferroni
method (21). A P value of =0.05 was con-
sidered significant.

RESULTS

Compared to nonpregnant females, the
body weight and the liver weight of preg-
nant mice increased by 34 and 47%, re-
spectively, by Day 12 of gestation (Table 1).
The pregnant animals continued to gain
weight; however, the percentage liver
weight increase was minor on Day 18 com-
pared to the total body weight. Although
microsomal yield expressed on a milligram
microsomes/gram liver basis did not change
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TABLE 1
Changes in Weight Values during Pregnancy
Pregnant
Parameter Nonpregnant Day 12 Day 18
Body weight (g) 28.4 + 0.5 38.2 =+ 0.57* 50.9 + 1.8
(100) (134) (179)
Liver weight (g) 1.93 + 0.06 2.83 = 0.10* 3.12 = 0.12%
(100) (147) (162}
Microsomes (mg)/whole liver 4.5 + 3.5 61.7 + 2.8* 703 £ 3.7%
(100) 139 (158)
Microsomes (mg)/g liver 23.1 = 1.7 21.8 = 0.5 225 =07
(100) (94) 97)

Note. Values represent means = SE (n = 10). Relative values in parentheses below means.

* Significantly different from nonpregnant, P < 0.05.

with gestation, total hepatic microsomal
protein did rise in parallel with hepatic
weight.

The specific content of cytochrome P-
450 remained unchanged throughout ges-
tation (Fig. 1). However, the specific ac-
tivity of aldrin epoxidase decreased by Day
18 to 57% of the level observed in nonpreg-
nant mice. Total hepatic content of cyto-
chrome P-450 increased with gestation
(+60% by Day 18 of gestation), whereas
total hepatic aldrin epoxidase stayed con-
stant.

Oxidative dearylation reactions were
rather refractory to changes in the specific
activity with only EPN-dearylase showing
a significant (30%) decline at Day 12 of ges-
tation (Fig. 2). In contrast, the total ca-
pacity of the liver to dearylase EPN and
parathion rose 57 and 69%, respectively,
over nonpregnant levels by Day 18.

The specific activity of demethylases to-
ward pesticide substrates declined signifi-
cantly during pregnancy (Fig. 3). The spe-
cific activity of nicotine N-demethylase de-
creased by 50% by Day 12 in contrast to a
relatively modest 20% decrease in carbaryl
N-demethylase. As compared to the non-
pregnant mice, both activities posted lower
values at Day 18 of gestation. Despite the
significant decreases observed in specific
activities determined for both the sub-
strates at Days 12 and 18 of gestation, the

total hepatic capacity to perform oxidative
demethylation was not altered except at
Day 12 for nicotine.

The specific activity of aminopyrine N-
demethylase and 7-ethoxycoumarin-O-de-
ethylase underwent comparable decreases
(—16 and —11%, respectively) at Day 12
(Fig. 4). However, 7-ethoxycoumarin-O-
deethylase activity declined considerably
further by Day 18 (—39%) than did ami-
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FI1G. 1. Hepatic microsomal cytochrome P-450 and
aldrin epoxidase during pregnancy. Values observed
in nonpregnant mice were cytochrome P-450 specific
content (P450 5C), 0.83 + 0.05 nmol/mg protein; total
hepatic content of cytochrome P-450 (P450 TC), 37.4
+ 2.2 nmollliver; aldrin epoxidase specific activity
(AE SA), 1.54 = 0.07 nmol min~—' mg protein; total
hepatic content of aldrin epoxidase, 63.8 + 4.0 nmol
min liver—\. Bars depict means + SE (n = 5). *Sig-
nificantly different from nonpregnant values;
P < 0.05.
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FiG. 2. Hepatic microsomal oxidative dearylation
during pregnancy. Values observed in nonpregnant
mice were EPN dearylase specific activity (EPA SA),
3.48 = 0.36 nmol min—! mg protein™'; EPN dearylase
total hepatic content (EPN TC), 144 += 13.4 nmol
min~! liver~'; parathion dearylase specific activity
(PARA SA), 2.41 + 0.19 nmol min~' mg protein~!;
parathion dearylase total hepatic content (PARA TC),
110 = 13.4 nmol min=" liver~\. Bars represent means
+ SE (n = 5). *Significantly different from nonpreg-
nant values; P < 0.05.

nopyrine N-demethylase (—20%). Despite
these changes in specific activities, there
was no statistically significant change in the
total hepatic capacity to dealkylate either
substrate (Fig. 4).

Both hepatic MFMO and cytochrome P-
450 appear to catalyze the S-oxidation of
phorate. If it is presumed that NOA causes
complete inhibition of the cytochrome P-
450-mediated reaction, then it seems that a
major portion (about 80%) of the phorate
sulfoxidation in hepatic microsomes from
nonpregnant mice is catalyzed by the
MFMO system (Fig. 5). However, the same
concentration of NOA produced a 62% in-
hibition of aldrin epoxidase, a reaction
known to be catalyzed by cytochrome P-
450 (22). The fact that NOA appears to
cause only partial inhibition of cytochrome
P-450-mediated metabolism suggests that a
precise quantitation of the relative contri-
bution of microsomal cytochrome P-450
and MFMO to phorate S-oxidation cannot
be accomplished using NOA as the discrim-
inating agent.

331

The data for the S-oxidation of phorate
during pregnancy are given in Fig. 5. There
was no change in the specific activity of the
MFMO-catalyzed S-oxidation during ges-
tation. In contrast, there was a statistically
significant (50%) decline in cytochrome P-
450-dependent activity by Day 12; how-
ever, activity increased to control levels by
Day 18. The total hepatic content of
MFMO catalyzed as well as total enzymatic
(both the cytochrome P-450 plus MFMO-
dependent) phorate S-oxidation increased
with gestation. The total hepatic cyto-
chrome P-450-dependent activity, however,
declined at Day 12 but recovered by
Day 18.

DISCUSSION

Our observation that liver weight in-
creases during pregnancy (Table 1) is con-
sistent with that of other workers (2—4, 23).
The elevation in liver mass is generally at-
tributed to the proliferation of parenchymal
cells (24) and, indeed, we have observed
that this enlargement is accompanied by an
increase in total microsomal yield per liver.
This is important when evaluating xeno-
biotic metabolism during pregnancy since
this increase may represent a concomitant
increase in the xenobiotic-metabolizing en-
zyme complements of the tissue. However,
in the past the question of whether the in-
crease liver mass results in a parallel incre-
ment of xenobiotic-metabolizing enzymes
has not been satisfactorily investigated.

The data presented show that there are
several pregnancy-related changes in the
hepatic microsomal oxidative enzymes in
CD, mice. These changes are substrate spe-
cific and depend upon how the activity is
expressed, i.e, specific activity (nmol
product/min/mg microsomal protein) or
total hepatic activity (nmol product/min/
liver).

Although the specific content of cyto-
chrome P-450 as determined by CO differ-
ence spectra does not change during preg-
nancy, we did note declines in the specific
activity of the following reactions: N-deal-
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FiG. 3. Hepatic microsomal oxidative dealkylation
during pregnancy. Values observed in nonpregnant
mice were carbaryl demethylase specific activity
(CARB SA), 0.89 + 0.12 nmol min~' mg protein=!;
total hepatic content of carbaryl demethylase (CARB
TC), 35.4 = 6.2 nmol min=" liver=; nicotine demeth-
ylase specific activity (NIC SA), 0.78 = 0.07 nmol
min~! mg protein=1; total hepatic content of nicotine
demethylase (NIC TC), 33.2 = 3.5 nmol min~!
liver™\. Bars represent means = SE (n = 3). *Signif-
icantly different from nonpregnant values; P < 0.05.

kylation of aminopyrine, carbaryl, and nic-
otine; epoxidation of aldrin; and O-deal-
kylation of 7-ethoxycoumarin. The finding
that the specific content of cytochrome P-
450 does not change during pregnancy (Fig.
1) confirms previous reports (3, 5, 9), but
is in contrast to other investigations
showing pregnancy-related decreases in the
concentration of hepatic microsomal cyto-
chrome P-450 (1, 2, 4, 6, 8, 23). A possi-
bility exists that these conflicting results
may be due to differences in the animal spe-
cies, strains used, and the day of gestation
on which the experiments were performed.

Significant differences were observed in
the metabolism of substrates that undergo
the same class of biotransformation during
pregnancy (Fig. 2). Although the N-dealky-
lase activity toward aminopyrine, carbaryl,
and nicotine decreased, the magnitude of
decline was different with each substrate.
These findings are consistent with the well-
accepted concept of cytochrome P-450
multiplicity in the hepatic microsomes (25),
and suggest that distinct species of cyto-
chrome P-450 may be involved in cata-
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Fic. 4. Hepatic microsomal N-dealkylases during
pregnancy. Values observed in nonpregnani mice
were ethoxycoumarin deethylase specific activity (EC
SA), 1.87 £ 0.12 nmol min~" mg protein='; total he-
patic content of 7-ethoxycoumarin-O-deethylase (EC
TC), 85.5 = 4.7 nmol min~' mg protein=!; amino-
pyrine demethylase specific activity (AP SA), 6 81 *
0.28 nmol min~! mg protein~!; total hepatic content
of aminopyrine demethylase (AP TC), 345 = 22.9
nmol min~" liver~'. Bars represent means + SE (n =
6}. *Significantly different from nonpregnant values;
P <005

lyzing the dealkylation of these xeno-
biotics. Pregnancy-related differences in
the amount of enzyme present or in the
modulation of the individual forms of cy-
tochrome P-450 responsible for the demeth-
ylations may explain these results. Alter-
natively, there may be pregnancy-related
changes in the rate-limiting steps in mono-
oxygenation for one substrate and not an-
other.

Unlike the specific activities for the sub-
strates discussed above, there was no major
pregnancy-related change in the specific ac-
tivity of EPN or parathion dearylase (Fig.
2). Considered along with our earlier ob-
servation that the specific activity of he-
patic microsomal cytochrome P-450-me-
diated DMA demethylation did not change
during pregnancy (12), our present findings
indicate that the depression of cytochrome
P-450-mediated xenobiotic metabolism
during pregnancy is not a general phenom-
enon but is specific for certain substrates.

The data showing no change in the spe-
cific activity of hepatic MFMO-dependent
phorate S-oxidation during pregnancy (Fig.
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FiG. 5. Hepatic microsomal phorate S-oxidation
during pregnancy. Values observed in nonpregnant
mice were cytochrome P-450-dependent specific ac-
tivity (P450 TC), 64.2 + 0.34 nmol min~' mg pro-
tein~!; specific activity of MFMO-catalyzed phorate
S-oxidase (MFMO TC), 216 = 11.0 nmol min~!
liver~'. Bars represent means + SE (n = 6). *Signif-
icantly different from nonpregnant values; P < 0.05.

5) are consistent with our earlier report on
the MFMO-catalyzed N-oxidation of DMA
(12). Taken together, these data imply that
the MFMO may be insensitive to the en-
dogenous modifiers present in pregnant an-
imals that act to depress the rates of several
cytochrome P-450-mediated xenobiotic ox-
idations.

In general, declines in the specific ac-
tivity of several oxidative enzymes were
offset by corresponding increases in liver
weight during pregnancy. Hence, when
considering the intact animal, it is possible
that the overall oxidation of these sub-
strates may not change with pregnancy. In-
deed, Weitman and Lech (26) reported a
50% drop in the rate of hepatic elimination
of parathion on a per gram liver basis; how-
ever, they did not find pregnancy-related
differences in the total in situ elimination of
parathion from perfused rat liver.

In contrast to the above situation, those
substrates for which specific activity did
not decline during pregnancy exhibited a
substantial increase in the total hepatic ca-
pacity to oxidize the compounds. This may
mean increased total detoxification for
compounds such as EPN and parathion via
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oxidative dearylation in pregnant animals
(27). Similar data are needed on the
changes in the activities of other pathways
involved in the metabolism of these pesti-
cides and on changes in cholinesterase sys-
tems to better understand the overall toxi-
cological significance of these observa-
tions. It is interesting to note that although
we report no change in the specific activity
of hepatic parathion dearylase during preg-
nancy, Weitman et al. (28) observed a 51%
decline in the specific activity of hepatic
microsomal parathion desuifuration during
pregnancy in the mouse. The converse tox-
icological consequence is expected for a
compound such as phorate which also ex-
hibited a substantial increase in total he-
patic S-oxidation during pregnancy. In this
case, metabolism produces the phorate S-
oxide, which is a more potent inhibitor of
acetylcholinesterase than is the parent
compound (13, 27).
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