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Table 1. Hepatic enzyme activities 6 hr after aminotriazole (1 g/kg)

Assay method

Control Aminotriazole (ref.) % of Control
MEQOS 9.0x0.2* 7.2%0.7* 4 80
[nmol-min~'+ (mg protein)~'] 10.9x0.4 9103 5 83
Aniline hydroxylation
[nmol - min~!- (mg protein)~] 1.6 0.1 1.0x0.2 4 63
Methanol peroxidation 96 = 10 38+3 4 40
[pmol-hr™!- (g liver) '] 317 = 46 47+ 8 144 15

* Valyes are means * SE of five animals.

+ The published assay was modified as detailed in Materials and Methods.

or that this peroxisomal pathway represents a significant
contribution to ethanol metabolism as proposed by Handler
and Thurman [7}]. Even in the absence of ADH, the data
presented here, as well as previous studies {1, 3, 6], provide
in vive evidence which argues against a major role for this
pathway.

In conclusion, our study demonstrated effective inhi-
bition of in vivo ethanol elimination by the MEOS inhibi-
tor, l-butanol, but failed to confirm the effects of
aminotriazole reported by Handler et al. [4] in ADH nega-
tive deermice. Moreover, these results agree with other
published experiments conducted in the rat, and concur
with previous studies of the in vivo roles of MEOS and
catalase carried out in deermice using completely different
methods [3, 6]. Thus, our present as well as past results
clearly indicate a significant role of MEQS, but not of
catalase, for ethanol metabolism in vivo in deermice.
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Differences in the induction of carboxylesterase isozymes in rat liver microsomes
by xenobiotics*

(Received 20 April 1987, accepted 21 December 1987)

Carboxylesterase (EC 3.1.1.1) in liver microsomes cata-
Iyzes the hydrolysis of a large number of xenobiotics,
including carboxylesters, thioesters, and aromatic amides

* This work was supported in part by a grant from the
UEHARA Memorial Foundation.

[1~3], and plays an important role in drug metabolism.
Recent studies have focused on the multiplicity of this
enzyme, and more than twenty isozymes have been isolated
and characterized [3,4]. Only a few of these isozymes
of hepatic microsomal carboxylesterases are induced by
exogenous compounds such as phenobarbital {5] and DDT
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[6]. Kidney [7] and lung [8] carboxylesterases are not
induced by phenobarbital. Satoh and Moroi [9] and Raftell
et al. [8] reported that 3-methylcholanthrene has no
inducing effect on hepatic microsomal carboxylesterase
activities.

Although several xenobiotics do induce carboxyl-
esterases, there is little understanding of the mechanism of
such induction in liver microsomes because of the lack of o~ 0
specific assay methods. In a previous paper [10], we I8 &~
reported the purification of three forms of carboxylesterase
and the preparation of specific antibody to each isozyme,
and the quantitation of carboxylesterase isozymes in liver
microsomes by using a radial immunodiffusion assay.

The purpose of the present study was to clarify whether
the amounts of these three carboxylesterase isozymes in
liver microsomes are affected by well-known inducing
agents such as frans-stilbene oxide, aminopyrine, Aroclor
1254 (a complex mixture of polychlorinated biphenyls),
and clofibrate.

RL2

Isozyme contentsi
RH1
+
1=x
7.8+0.5

(ug/mg protein)
, by p.o. administration, with aminopyrine

Materials and methods

Male and female rats of the Sprague-Dawley strain were
used. Animals were fed a laboratory chow and water ad
lib. and were housed in wire-bottomed cages at constant
temperature (22-24°) and humidity (50-60%) under a 12-
hr light-12-hr dark cycle (7:00 a.m. to 7:00 p.m.). Male and
female rats at 7 weeks of age were treated by intraperitoneal
injection with frans-stilbene oxide (in corn oit, 150 mg/kg,
daily, five times) or Aroclor 1254 (in corn oil, 40 mg/kg,
daily, three times), or orally with aminopyrine (suspended
in gum arabic, 600 mg/kg, daily, six times) and clofibrate
(suspended in gum arabic, 300 mg/kg, daily, three times).
The animals were killed approximately 24 hr after the last
treatment. Preparation of the microsomal fraction was car-
ried out as described previously [10].

Carboxylesterase activities towards four substrates, i.e.
p-nitrophenylacetate, malathion, isocarboxazid, and
butanilicaine, were determined essentially according to the
methods described in previous papers [10, 11]. The hydroly-
sis of long-chain acyl-CoA* was assayed in 30 mM Hepes
buffer (pH7.4, 30°) by colorimetric determination
(412 nm) of free thiol groups by reaction with 5,5’'-dithiobis-
(2-nitrobenzoic acid) according to the method of Berge
[12], as previously described [10].

Carboxylesterases RL1, RL2 and RHI1 were purified
from liver microsomes of untreated male rats as described
previously [10]. Antibodies to these isozymes were pre-
pared as described previously [10]. Immunochemical
quantitation of the forms of carboxylesterase isozymes in
liver microsomes was conducted by the method of Thomas
et al. [13] with minor modifications [10]. Protein was deter-
mined by the method of Lowry et al. [14]. All data in this
study were statistically analyzed by Student’s t-test after
Smirnoff’s elimination test for outliers.

RL1
+
+
+
+

135 + 18**
45.4+38
112 + 4.7)

Isocarboxazid
hydrolaset
38.3+8.9

116 £ 5.0
133+ 4.0
+
+

Butanilicaine
hydrolaset
lesterase isozymes was conducted by the method of radial immunodiffusion analysis.

Specific activity

hydrolaset
52310

89.5 £ 129
27.2+83
54.1+119

Malathion

0
0
parations. Male and female rats at 7 weeks of age were treated

g, six consecutive days).

‘min.

1.47 + 0.19
* Expressed in pmol/mg protein/

hydrolase*
1.52+0.4
2.95 0.1
0.87 £0.1

Results and discussion

In a previous paper, we investigated the induction of
carboxylesterases RL2 and RH1 in liver microsomes in
male and female rats by phenobarbital treatment; RL1 was
not affected [10]. In the same paper, we also showed that
the three carboxylesterase isozymes have different catalytic
properties and are immunologically different from each
other as determined by immunochemical blotting analysis
and immunochemical inhibition of catalytic activity. Thus,
in the present work, we used a rather specific substrate for
each isozyme, i.e. p-nitrophenylacetate and malathion for
RL1, butanilicaine for RH1 and isocarboxazid for RL2, to
measure and discriminate the hepatic carboxylesterases.

Table 1 shows the carboxylesterase activities in liver

Table 1. Effects of aminopyrine on carboxylesterase activities and isozyme contents of hepatic microsomes in adult male rats
p-Nitrophenylacetate

|-** Significantly different versus control: Significantly different versus control: |[P < 0.01, P < 0.05, and **P < 0.001.

Each value is the mean *+ SE for four to six pre
(suspended in gum arabic, 600 mg/k

t Expressed in nmol/mg protein/min.

{ Expressed in nmol/mg protein/30 min.

§ Immunochemical quantitation of the forms of carboxyl

Control

Aminopyrine
Female

Control

Aminopyrine

Male

* Abbreviations: CoA, coenzyme A; IgG, immuno-
globulin G; and Hepes, N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid.
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microsomes in aminopyrine-treated rats of both sexes. In
control rats, the activities towards p-nitrophenylacetate,
malathion and butanilicaine in male rats were significantly
higher than in females; conversely, isocarboxazid hydrolase
activity in males was lower than in females. The result of
radial immunodiffusion assay for carboxylesterases reactive
with anti-RL1-, -RL2- and -RH1-IgG are aiso shown in
Table 1. It was confirmed that the amounts of RL1 and
RH1 were greater in males than in females; conversely the
amount of RL2 in females was greater than in males. This
result was similar to that obtained in the case of each rather
specific substrate. The amount of RL1 was increased more
in females than in males by aminopyrine; this resuit is
consistent with the change in malathion hydrolase activity.
Conversley, the amount of RL2 was increased more in male
rats than in female rats by aminopyrine; this result is similar
to that in the case of isocarboxazid hydrolase activity. In
both cases, butanilicaine hydrolase activity was not
increased significantly, consistent with the finding for RH1.
In a previous paper [10], We found that the amounts of RH1
and RL2, but not RL1, were increased by phenobarbital
treatment in both sexes. We previously reported that
aminopyrine is a specific inducer of gamma-glutamyl-
transpeptidase in liver [15]. It appears that the mechanisms
of enzyme induction by aminopyrine and phenobarbital are
different. These results indicate that aminopyrine has both
a sex- and an isozyme-dependent effect.

Table 2 shows the carboxylesterase activities and
immunochemical quantitation of carboxylesterase isozymes
by radial immunodiffusion assay in liver microsomes of
adult male rats treated with trans-stilbene oxide and
Aroclor 1254. These treatments caused an increase in the
amount of RL2. This result was similar to that for iso-
carboxazid hydrolase activity. Trans-stilbene oxide is also
an inducer of glutathione S-transferase in rat liver [16]. It
appears that trans-stilbene oxide and Aroclor 1254 behave
similarly in the induction of carboxylesterases in liver
microsomes.

Table 3 shows the effects of clofibrate on hepatic carboxy-
lesterase and palmitoyl-CoA hydrolase activities in liver
microsomes and cytosol in adult male rats. Administration
of clofibrate at a dose of 300 mg/kg daily to rats for 3
days caused a significant increase in the activities of p-
nitrophenylacetate, isocarboxazid and butanilicaine and
palmitoyl-CoA hydrolases in liver microsomes. p-
Nitrophenylacetate and isocarboxazid hydrolase activities
in liver cytosol were not induced by clofibrate, whereas
palmitoyl-CoA hydrolase activity was induced significantly.
These results were consistent with the finding on the
amounts of three carboxylesterase isozymes in liver micro-
somes and cytosol by radial immunodiffusion assay (Table
3). It was confirmed that clofibrate induced all three iso-

* M. Hosokawa, T. Maki and T. Satoh, unpublished
work.

t Address correspondence to: Prof. Tetsuo Satoh,
Ph.D., Department of Pharmacology and Toxicology,
Tokyo College of Pharmacy, 1432-1 Horinouchi, Hachioji,
Tokyo 192-03, Japan.
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zymes of carboxylesterases in hepatic microsomes, but not
in the cytosol. In a previous paper, we showed that the
palmitoyl-CoA hydrolase activity in microsomes was
inhibited strongly by anti-RL1 IgG, but not by anti-RH1
and -RL2-IgG {17]. On the other hand, palmitoyl-CoA
hydrolase activity in liver cytosol was not inhibited by
anti-RL1-, -RL2- or -RH1-IgG in clofibrate-treated rats.*
Carboxylesterase RL1, which was induced by clofibrate,
was found to possess palmitoyl-CoA hydrolase activity as
well as long-chain monoglyceride lipase and cholesterol-
oleate hydrolase activities.* Therefore, we consider that
RL1 may play an important role in lipid metabolism in the
endoplasmic reticulum.

In conclusion, we found that the three carboxylesterase
isozymes in rat liver microsomes were induced by amino-
pyrine, trans-stilbene oxide, Aroclor 1254, and clofibrate
to different extents.

MASAKIYO HOSOKAWA
TAKAKO MAKI
TETSUO SATOHT

Department of Pharmacology
and Toxicology

Tokyo College of Pharmacy

Tokyo 19203, Japan
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