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ABSTRACT. Previous experiments in vitro have suggested that cytochrome P450 2E1 (CYP2EL1) is involved in
acetone catabolism by converting acetone to acetol and then to methylglyoxal, both intermediates in the
gluconeogenic pathway. In the present study, CYP2EI-null mice were used to demonstrate the role of CYP2E1
in acetone catabolism in vivo. The blood acetone level in male CYP2E1-null mice was 3.3 *= 0.9 wg/mL, which
was similar to levels of their sex- and age-matched parental lineage strains C57BL/6N (2.3 = 0.2 wg/mL) and
129/Sv (3.5 £ 0.3 pg/mL) mice (both are CYP2Elwild-type). After fasting for 48 hr, the blood acetone levels
in the CYP2E1 wild-type mice were increased by 2.5- to 4.4-fold, but that in the CYP2E1-null mice increased
28-fold. These results clearly demonstrate that CYP2EL plays a vital role in the catabolism of acetone under

fasting conditions.
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Cytochromes P450 are a superfamily of hemoprotein mono-
oxygenases that play a critical role in the biotransformation
of numerous endogenous and exogenous compounds.
CYP2E1S§, which is highly conserved in mammals, has been
shown to catalyze the oxidation of many low molecular
weight compounds, including alcohols and industrial sol-
vents [1-3]. CYP2E1 is constitutively expressed in various
tissues, with the liver having the highest level [2].

Acetone, produced under conditions of fasting or diabe-
tes, is both an inducer and a substrate of CYP2E1 [2, 4]. The
utilization of acetone in mammalian glucose metabolism
has been established [5, 6]. It has been demonstrated in vitro
that CPY2E1 catalyzes the conversion of acetone to acetol
and then to methylglyoxal, both intermediates in the
gluconeogenesis pathway [7-9]. In both humans and rats,
administration of disulfiram, a potent inhibitor of CYP2EI,
causes a significant increase in the blood acetone level [10,
11]. In rats treated with diallyl sulfide, another selective
inhibitor of the enzyme, elevation of the blood acetone
level also has been observed and was attributed to the
decrease of acetone catabolism [12].

Although the importance of CYP2E!L in acetone catab-
olism in wvivo was strongly implicated in the inhibition
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studies with disulfiram and diallyl sulfide, the specificity of
these inhibitors is always of concern. Recently, a transgenic
mouse line lacking CYP2E1 has been developed by gene
targeting [13]. This mouse line provides a unique model to
study the physiological and toxicological roles of CYP2E1
[13, 14]. Thus, using the CYP2El-null mice, the role of
CYP2E1 in the catabolism of acetone in vivo was investi-
gated. Sex- and age-matched C57BL/6N and 129/Sv mice,
both of which are wild-type and the parental lineage strains
of the CYP2E1-null mice, were used as controls.

MATERIALS AND METHODS
Animals and Treatments

CYP2E1-null mice were produced as described [13]. Embry-
onic stem cells of 129/Sv mouse origin were used for gene
targeting and were microinjected into the blastocysts of
C57BL/6N mice. Breeding pairs of the CYP2E1-null mice
were shipped to the Animal Facility at Rutgers University
from the National Cancer Institute, and the offspring of
these mating pairs were used to establish the CYP2E1-null
mouse lines. C57BL/6N and 129/Sv mice were purchased
from Taconic Farms. Male CYP2E1-null, C57BL/6N, and
129/Sv mice at 22 weeks of age were deprived of food for 48
hr, and their corresponding control groups were given
commercial laboratory chow. All the mice received water
ad lib. Prior to euthanasia, blood was taken from the orbital
sinus for the determination of acetone level. All experi-
ments were done in accordance with the Animal Care and
Use guidelines of Rutgers University.
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Blood Acetone Determination

Acetone in the blood was analyzed using head-space gas
chromatography as previously described [12] with some
modifications. In brief, 150 wL of heparinized blood was
added to 0.5 mL of cold 0.72 N HCIO,. The precipitated
protein was removed by centrifugation at 14,000 g at 4° for
10 min. Two hundred microliters of the supernatant was
neutralized with 50 pL of 4 N NaOH and sealed in a
septum vial with nitrogen on top of the solution. Acetone
was measured immediately in a Perkin Elmer (model 8500)
gas chromatograph with a Tenax 60/80 mesh column (1/8
in. X 6 ft, Alltech Inc.) and an HS-101 head-space
autoinjector. The injector and flame ionization detector
were at 160° and 180° respectively, while the oven
temperature was 120°. Statistical analysis was performed
using ANOVA with Statview 4.5 software (Abacus Con-

cepts, Inc.).

RESULTS AND DISCUSSION
To confirm that the CYP2El-null mice lacked CYP2E1

expression and that this P450 was the major form catalyzing
NDMA  demethylation, liver microsomes from the
CYP2El-null mice and their parental lineage strains,
C57BL/6N and 129/Sv mice, were measured for NDMA
demethylase activity. The activity in the liver microsomes
from the C57BL/6N and 129/Sv mice was 228 * 25 and
233 * 30 pmol/min/mg, respectively. In contrast, NDMA
demethylase activity was not detectable in the liver micro-
somes from the CYP2E1-null mice. This result is consistent
with the previous report that CYP2E1 protein and mRNA
are not expressed in the livers of CYP2EI-null mice [13].

[t has been reported previously that fasting, diabetes, and
consumption of ethanol result in an elevation of ketone
bodies in the blood [15], one of which is acetone. To assess
the role of P450 2E1 in the catabolism of acetone under
fasting conditions, the blood acetone levels were measured
in non-fasted mice and in mice after 48 hr of fasting. A
representative chromatogram of the blood acetone analysis
in non-fasted and fasted CYP2E1-null mice is shown in Fig.
1. There was no significant difference in the blood acetone
levels among the non-fasted CYP2E1-null, C57BL/6N, and
129/Sv mice (Table 1). In the CYP2El-null mice, the
acetone level was 3.3 = 0.9 wg/mL in the non-fasted group
but was elevated significantly (92.3 = 41.6 pg/mL; by
28-fold) in the fasting group (Table 1). Although the blood
acetone levels in the fasted CYP2El-null mice varied
widely, ranging from 34 to 125 pg/mL, the lowest level was
still significantly higher than that of the fasted C57BL/6N
and 129/Sv mice. Only 2- and 4-fold increases in the blood
acetone levels were observed for the fasted C57BL/6N and
129/Sv mice, respectively (Table 1), in comparison with
their corresponding non-fasted controls.

The blood level of acetone in an animal depends on the
balance of its production and elimination. Acetone is
produced under ketogenic conditions through the nonen-
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FIG. 1. Representative chromatogram of the blood acetone
levels in non-fasted (A) and 48-hr fasted (B) CYP2E1-null
mice. Blood was collected from the orbital sinus into a heparin-
ized tube, and the blood acetone level was determined by
head-space gas chromatography as described in Materials and

Methods.

zymatic decarboxylation of acetoacetate [16]. The elimina-
tion of acetone involves enzymatic oxidation and exhala-
tion [12, 17]. Two gluconeogenic pathways have been
proposed for the metabolism of acetone, in which the initial
step in both pathways involves the oxidation of acetone to
acetol [7]. One pathway involves the conversion of acetol
to methylglyoxal, and the other involves the conversion of
acetol to L-1,2-propanediol. In the initial hydroxylation
and in the conversion of acetol to methylglyoxal, the
involvement of a monooxygenase system has been sug-
gested [8]. Previous studies have implicated CYP2EI as a
major enzyme involved in catalyzing the initial steps in
acetone metabolism [7-10, 12]. Consistent with the reports
that acetone oxidation is catalyzed by CYP2E1 in vitro, our
present study demonstrated a significant elevation of the
blood acetone level in CYP2El-null mice, suggesting the
inability of the mice to catabolize the excess acetone

TABLE 1. Effect of fasting on blood acetone levels in
CYP2E1-null mice and their parental lineage strains

Blood acetone (pg/mL)

Treatment CYP2E1-null C57BL/6N 129/Sv
Control 33=*09 23+0.2 35*03
Fasting 92.3 + 41.6% 57+138 154+ 1.9

Values are means = SD (N = 3-5).
*Significantly different from all the control groups and from the fasted C57BL/6N
and 129/Sv groups (P < 0.0001).
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produced during fasting. It is noteworthy that fasting and
acetone are known to induce CYP2E1 in animals [18, 19],
which is expected to further increase the capability of
animals to metabolize acetone. The absence of both con-
stitutive and inducible CYP2EI in the null mice may
account for the large difference in the blood acetone levels
between the fasted CYP2E1-null and wild-type mice. These
results clearly demonstrate that CYP2E1 plays a vital role in
the catabolism of acetone under fasting conditions. Glu-
coneogenesis during prolonged starvation, utilizing the
metabolites of acetone and other ketone bodies, is impor-
tant as a source for providing energy to the body, especially
the brain. Therefore, the CYP2E1-catalyzed acetone catab-
olism could have significant impact on homeostasis in
fasted animals. The catabolism may also help eliminate
excess acetone in the body to prevent acetone toxicity.
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