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SUMMARY

Rats pnetneated with xylene on phenobarbital, and then exposed to n-hexane, exhibited a
markedly increased peak serum concentration of the neurotoxic metabolite 2,5-hexane-
dione. In order to elucidate the mechanism underlying this synergistic effect, the major
liven microsomal cytochrome P-450 isozyrnes induced by xylene and phenobarbital,

respectively, were purified. In a reconstituted system both isozymes showed a high

enzymatic activity with n-hexane as the substrate. Turnover numbers for the formation
of 2-hexanol were 24 and 27 for the xylene- and phenobarbital-induced isozyrne, respec-
tively. The turnover numbers for 7-ethoxycoumanin, benzo[a]pyrene, and 1,1,2,2-tetra-
chioroethane were also in the same range for the two cytochrome P-45O preparations.

The isozyme induced by xylene had an amino acid composition very similar to that of the
phenobarbital-induced isozyme, and the purified proteins had identical electrophonetic
mobilities on polyacrylamide gels in the presence of sodium dodecyl sulfate. Furthermore,
similar peptide maps were obtained following digestion with a-chymotnypsin and papain,
and each isozyrne yielded a single immunopnecipitin band upon reaction with the
imrnunoglobulin G fraction from rabbits immunized with the phenobarbital-induced

enzyme. We conclude that xylene induces a rat liven microsomal cytochrome P-450
isozyme very similar to the major isozyme induced by phenobarbital and that this
induction is the probable explanation for the enhanced formation of 2,S-hexanedione from

n-hexane in vivo.

INTRODUCTION

Many toxic compounds, including several chemical
carcinogens, require metabolic activation in order to
exert an adverse effect (1). Of major importance with
regard to this activation process is the cytochrome P-
450-dependent enzyme system, which is composed of a
family of isozymes with different but often overlapping
substrate specificities (2, 3). The level of individual iso-
zyrnes can be modified by exogenous chemicals which
possess inductive or repressive properties (2, 3). Such a
modification of the isozyme pattern may have a profound
influence on the preferred metabolic pathways of poten-
tially toxic compounds (4, 5).

Recently, we and others have shown that the widely
used industrial organic solvent xylene can induce the
cytochnome P-450 enzyme system in rat liven after inha-
lation exposure (6-8).

The present study was prompted by our observation
that pretreatment with xylene gives rise to a markedly

This study was supported by a grant from the Swedish Work

Environment Health Fund.

I Department of Medical Nutrition.
2 Department of Pharmacology.

increased in vivo serum concentration of the neurotoxic

metabolite 2,5-hexanedione when rats are subsequently
exposed to n-hexane. In an effort to investigate the
biochemical basis for this effect and to evaluate which
cytochrome P-450 isozyrne(s) is induced, we now report
the purification and characterization of the major cyto-
chrome P-450 isozyme in rat liver induced by xylene.

METHODS

Materials

[1,2-’4CJ1,1,2,2-tetrachlonoethane (9.4 mCi/mmole >

99% pure) was purchased from New England Nuclear
Corporation (Boston, Mass.) and [G-3H]benzo[a]pyrene

(26 Ci/mmole) from the Radiochemical Centre (Amen-
sham, United Kingdom). Dilauryl L-3-phosphatidylcho-
line, Lubrol PX, NADPH, and papain were purchased

from the Sigma Chemical Company (St. Louis, Mo.).
DEAE-Sephacel and Sepharose 4B were purchased from
Pharrnacia Fine Chemicals (Uppsala, Sweden) and 2’,5’-
ADP agarose and 2’-AMP from P-L Biochemicals (Mil-
waukee, Wisc.). Sodium deoxycholate, sodium cholate,
diethyl ether p.a., and n-hexane p.a. were purchased from
Merck (Darmstadt, West Germany). The sodium cholate
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3 J. Halpert, unpublished observations.

was used without recrystallization. 1,8-Diaminoctane,
cyanogen bromide, 1-hexanol, 2-hexanol, 3-hexanol, 4-

heptanol, and 2,5-hexanedione were obtained from Fluka

AG (Buchs, Switzerland), and 2,4-hexanedione from
Pfaltz & Bauer Inc. (Stamford, Conn.). Bio-Beads SM-2
were purchased from Bio-Rad Laboratories (Richmond,

Calif.), and 7-ethoxyresorufin and resorufin from Pierce
Eurochemie BV (Rottendam, Holland). 7-Ethoxycou-
main and 7-hydnoxycoumanin were obtained from Al-
dnich Chemical Company (Milwaukee, Wisc.), and nef-
enence benzo[a]pyrene metabolites were provided by the
National Cancer Institute Chemical Repository under a
contract to ITT Research Institute (Chicago, ill.). a-
Chymotrypsin was purchased from Worthington Bio-
chemical Corporation (Freehold, N.J.), and Staphylococ-

cus aureus V8 pnotease from Miles Laboratories Inc.
(Elkhart, md.) Xylene p.a. was obtained from BDH
Chemicals Ltd. (Poole, United Kingdom). Upon gas-liq-
uid chromatognaphic analysis the xylene was shown to
contain 2% o-xylene, 64.5% m-xylene, 10% p-xylene, 23%
ethyl benzene, 0.5% toluene, and 4 ppm of benzene.

Treatment ofAnimals and Preparation of Microsomes

Adult male Sprague-Dawley rats (200 g) were treated
with phenobarbital on xylene. Phenobarbital tneatment
consisted of the addition of 0.1% (w/v) sodium pheno-
barbital to the drinking water for 5 days on of single daily
i.p. injections of 80 mg/kg for 3 days. Treatment with
xylene vapor (2000 ppm, 6 hr daily for 3 days) was
performed as described by Toftg#{226}nd et al. (7). Micro-

somes were prepared essentially as described by van den
Hoeven and Coon (9).

For the determination of serum concentrations of 2,5-
hexanedione, animals were exposed to 2000 ppm of n-
hexane for 1 hr in the morning the day after the last
xylene or phenobarbital treatment. At different time
points after n-hexane exposure the animals were killed
by decapitation and serum was collected.

Purification of Enzymes

Epoxide hydrolase, NADPH-cytochrome P-450 neduc-

tase, and the major form of cytochrome P-45O wene
purified from liven microsomes of phenobarbital- or xy-
lene-tneated rats according to the method of Guengerich
and Martin (10), with the following modifications. After
sample application the octylamino Sepharose column
was washed with buffer containing 0.5% rather than
0.42% sodium cholate. The cytochrome P-450 was then
eluted with buffer containing 0.08% rather than 0.06%
Lubrol PX and 0.40% rather than 0.33% sodium cholate.
The reductase was eluted with buffer containing 0.40%
rather than 0.35% cholate and 0.20% rather than 0.15%
sodium deoxycholate. The cytochnome P-450 fraction
from octylamino Sepharose was chromatographed on a
column (2 x 90 cm) of DEAE-Sephacel.

A 1.5-liter linear gradient of 25 rnM-100 mM NaCl in
buffer was used to eluate the various P-450 forms. The

altered conditions were necessary to separate the major
P-450 fraction (B2) from a later fraction of slightly higher
molecular weight (B3) found in the microsomes from
both the phenobarbital- and xylene-tneated rats. The B3
isozyme from the phenobarbital-treated rats cross-reacts

with antibodies to the B2 isozyme but has a much lower
turnover number toward a number of different sub-
strates.3 In these respects the B2 and B3 fractions from
Spnague-Dawley rats appear similar to isozymes b and e
isolated by Ryan et al. (11) from Long-Evans rats.

The cytochrome P-45O B2 fractions, the epoxide hydro-
lase Fraction II, and the neductase used in this study
were �95% pure as judged by sodium dodecyl sulfate/

polyacrylamide gel electnophoresis according to the
method of Laemmli (12). The specific content of the P-
450 preparations was 15 nmoles/mg of protein based on
the protein concentration determined by the method of

Lowry et al. (13), using bovine serum albumin as the
standard. The specific activity of the neductase was 44
�Lmoles of cytochrome c reduced/mm/mg of protein as
assayed in 300 nmi potassium phosphate buffer (pH 7.7)
at 25#{176}.The specific activity of the epoxide hydrolase
used was 215 nmoles of stynene glycol pen minute pen
mfflignam (14).

Assays of Metabolism

General. All assays were performed in SO nmi 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid buffer
(pH 7.5) containing 15 nmi MgCl2, 0.1 miii EDTA, dilauryl
phosphatidyicholine (30 �tg/mi), and sodium deoxycho-

late (100 �tg/mi). Blanks contained all components except
NADPH. Samples were preincubated for 3 mm at 37#{176}
prior to the addition of NADPH to start the reaction.
Individual assays were carried out as follows.

7-Ethoxycoumarin. The O-deethylation of 7-ethoxy-
coumarmn was assayed by the method of Greenlee and
Poland (15). Incubations were carried out for 5 mm at

37#{176}using 0.05 nmole of cytochnome P-450, 0.3 units of
neductase, 300 ,�M substrate, and 0.2 mi�i NADPH in a
final volume of 1 ml.

1,1,2,2-Tetrachioroethane. The conversion of [“C]1,-
1,2,2-tetnachionoethane to soluble metabolites was as-
sayed as described by Halpert (16). Incubations were
carried out for 2 mm at 37#{176}using 0.5 nmole of cytochrome
P-450, 1.7 units of neductase, 100 ,�M substrate, and 0.2
mM NADPH in a final volume of 0.5 ml.

7-Ethoxyresorufin. The O-deethylation of 7-ethoxyre-

sorufin was assayed as described earlier (17). Incubations
were carried out directly in the fluonometnic cuvette at
37#{176}using 0.1 nmole of cytochrome P-450, 0.5 units of

neductase, 4 �LM substrate, and 0.2 mi�� NADPH in a final
volume of 2.5 ml.

n-Hexane. Assays ofn-hexane hydnoxylation were per-
formed as previously described (17). Incubations were
carried out for 5, 7.5, and 10 mm at 37#{176}using 0.05 n.mole
of cytochrome P-450, 0.25 units of neducta.se, 10.2 mi�i
substrate, and 0.2 rnr�i NADPH in a final volume of 1 ml.

Benzo[a]pyrene. The hydnoxylation of [3H]benzo[a]
pynene was assayed by the method of Holder et al. (18).
In the high-pressure liquid chromatognaphic separation

of metabolites, phenol Fraction I and Fraction II eluted
with the same retention times as 3-hydroxy- and 9-hy-
dnoxybenzo[a]pynene, respectively. Incubations were

carried out for 5, 7.5, 10, and 12.5 mm at 37#{176}using 0.1
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nmole of cytochrome P-450, 1 unit of reductase, 0.1 mM
substrate (2 x 106 dpm) and 0.2 mi�i NADPH in a final
volume of 1 ml. Incubations were carried out both in the
presence and absence of 50 �tg of epoxide hydrolase.

Peptide mapping. Limited proteolysis of cytochromes

P-450 in sodium dodecyl sulfate and analysis by gel
electnophonesis were performed according to the method
of Cleveland et al. (19). The purified cytochrome P-450

was concentrated to 0.5 mg/mi by precipitation with

tnichlonoacetic acid. This procedure was shown in a sep-
arate experiment not to influence the peptide maps.
Cytochrome P-450 (9 �tg) was incubated with 2, 2, and
0.2 ,�g of a-chymotrypsin, Staphylococcus aureus V8 pro-
tease, and papain, respectively, in a total volume of 55
I_LI.The peptides were separated on 12.5% sodium dodecyl
sulfate/polyacrylamide gels according to the method of
Laemmli (12).

Amino Acid Analysis

Samples were dialyzed for 24 hr against three 1-liter
volumes of distified water, and triplicate aliquots con-

taming 50-100 �tg of protein each were removed and
lyophilized. Hydrolysis was performed in sealed, evacu-
ated tubes for 24 on 72 hr at 110#{176}with 6 N HC1 containing
phenol (10 mg/mi). The hydnolysates were notary-evap-

orated to dryness and analyzed with a Dunnum D-500

analyzer. Threonine and senine were calculated by linear
extrapolation to zero-time of the values from the 24- and
72-hr hydrolyses. Valine and isoleucine were determined
from the 72-hr hydrolysis only. Cysteine was determined
as cysteic acid after performic acid oxidation and 24-hr

hydrolysis. The number of residues was calculated on the
basis of a molecular weight of 53,000 for the protein
moiety excluding tryptophan, which was not determined.

Other Assay Methods

Antibodies to the cytochrome P-450 B2 fraction from
the phenobarbital-treated rats were raised in New Zea-
land White rabbits. Immunoglobulin G fractions were
prepared from the antisera by chromatography on Pro-
tein A Sepharose (20). The immunoglobulin G fractions
were used for Ouchtenlony double-diffusion analysis,
which was performed as described by Guengenich et al.

(21).
Serum concentrations of 2,5-hexanedione were deter-

mined by gas-liquid chromatography after extraction

with ethyl acetate. Prior to extraction, 2,4-hexanedione
was added as an internal standard. Separation was pen-
formed on a column packed with 10% Carbowax 20M on
100/120 Supelcoport. The retention time was 4.5 mm and
the detection limit was 0.1 �tg/mi.

RESULTS

Influence ofXylene and Phenobarbital Pretreatment on

Serum Concentrations of 2,5-Hexanedione

When rats pretneated with xylene or phenobarbital
were exposed to n-hexane and the serum concentration
of 2,5-hexanedione determined, it was apparent that
much higher peak concentrations were found after both
pnetreatments as compared with untreated rats (Fig. 1).
The highest concentration was observed after phenobar-
bital pretreatment, which is consistent with the fact that

FIG. 1. Influence ofxylene and phenobarbital treatment on serum
concentrations of 2,5-hexanedione

Rats were pretreated by exposure to xylene, 2000 ppm 6 hr daily for

3 days, or by i.p. injections of phenobarbital, 80 mg/kg daily for 3 days.

In the morning of the day after the last pretreatment the animals were

exposed to 2000 ppm of n-hexane for 1 hr. At the indicated time points

after cessation of the n-hexane exposure the rats were decapitated, and

serum was collected and analyzed for 2,5-hexanedione as described

under Methods. Each value represents the mean from three rats. �,
Phenobarbital-treated rats; 0, xylene-treated rats; 0, untreated rats.

phenobarbital is a more effective inducer of hepatic cy-
tochrome P-450 than xylene. The maximal serum con-
centnation was reached 1-2 hr after cessation of the n-

hexane exposure. The half-life for the rapid elimination
of 2,5-hexanedione from serum was approximately 1 hr
for both pretneated and untreated rats.

Purification and Chacterization of Liver Microsomal

Cytochrome P.450

Exposure of rats to xylene according to the schedule
used in this study (2000 ppm, 6 hr daily for 3 days) causes
an increase in the total liven microsomal content of

cytochrome P-450 from 0.56 to 1.03 nmoles/mg of micro-
somal protein as compared with 1.7 nmole/mg of micro-
somal protein after phenobarbital treatment.

The elution pnoffles obtained upon DEAE-Sephacel
chromatography of the octylamino Sepharose fractions
derived from microsomes from phenobarbital- on xylene-
treated rats were very similar. In both cases the B2
fractions were quantitatively the most prominent, and
these fractions were then compared by several different
biochemical methods.
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Amino acid composition. As seen in Table 1, the amino
acid compositions of the cytochrome P-450 B2 fractions
from the xylene- and phenobarbital-treated rats were
strikingly similar. The only noteworthy incongruity is
the slightly higher number of cysteine residues in the
preparation from the xylene-treated rats. This could eas-
iy reflect a slight degree of contamination by a cysteine-
rich protein. A difference index of 1.67 for the two pro-
teins indicates that they could be the same enzyme (22).

Peptide maps. The purified cytochrome P-450s have
identical mobiities during sodium dodecyl sulfate/poly-
acrylamide gel electrophoresis (Fig. 2) and an estimated
subunit molecular weight of 54,000. As shown in Fig. 2
the peptide maps after digestion with a-chymotrypsin
and papain seem identical, and both cytochrome P-450
preparations are quite resistant to digestion by S. aureus

V8 protease.

Reactivity with antibodies. As seen in Fig. 3, the
cytochrome P-450 B2 fractions from the phenobarbital-
and xylene-tneated rats each yielded a single imrnunopre-
cipitin band upon reaction with the immunoglobulin G

fraction from rabbits immunized with the phenobarbital-
induced enzyme, whereas the corresponding P-450 frac-
tion from rats treated with $-naphthoflavone gave no
band. Furthermore, the immunoprecipitin bands pro-
duced by the B2 fractions from the phenobanbital- and
xylene-treated rats formed a line of identity; the absence

of spurs at the intersection of the lines indicates that
these two cytochnome P-450 enzymes have identical an-
tigenic sites.

Substrate specificity. Both cytochrome P-450 fractions
had high and similar turnover numbers using 7-ethoxy-
coumanin and n-hexane as substrates, as can be seen in
Table 2. With n-hexane primarily 2-hexanol was formed.
The turnover numbers for 1,1,2,2-tetrachloroethane and
benzo[a]pyrene were lower but also in the same range

TABLE 1

Amino acid compositions of cytochrome P.450 B,

The amino acid analyses were performed as described under

Methods

Amino acid

�

Residues/molecule

Phenobarbital Xylene

Aspartic acid 37 37

Threonine 24 25

Serine 33 33

Glutamic acid 48 47

Proline 27 28

Glycine 34 32

Alanine 24 24

Cysteine 6 8

Valine 24 24

Methionine 11 12

Isoleucine 26 26

Leucine 58 56

Tyrosine 12 14

Phenylalanine 36 34

Histidine 15 15

Lysine 24 25

Arginine 30 29

Total 469 469

for the two P-450 fractions. Generally the cytochrome P-
450 B2 fraction from xylene-treated rats showed the same
substrate specificity as the corresponding fraction from
phenobarbital-treated rats, but the specific activities
were approximately 20% lower. The one apparent excep-

tion from this was the O-deethylation of 7-ethoxyreso-
rufin, for which the P-450 fraction from xylene-tneated
rats was clearly more active.

When incubations with benzo[a]pyrene were carried
out in the absence of epoxide hydrolase, primarily the

4,5-epoxide and phenols were formed. In the presence of
epoxide hydrolase the 4,5-epoxide was converted to the
corresponding dihydnodiol, and small amounts of the 7,8-
dihydrodiol were also detected.

DISCUSSION

n-Hexane is a known neurotoxic agent, and the metab-
olite 2,5-hexanedione has been identified as the probable
mediator of this effect (23). This metabolite is also Ca-
pable of causing atrophy of testicular germinal epithe-
hum (24) and is the main metabolite found in the urine
of workers exposed to n-hexane (25). Our results show

that the peak serum concentration of 2,5-hexanedione is
markedly increased after pretreatment of rats with either

xylene or phenobarbital and that the formation of 2-
hexanol, a metabolic precursor to the 2,5-hexanedione, is
effectively catalyzed by the major cytochrome P-450
isozyme induced by either agent. Since phenobarbital
does not induce alcohol dehydrogenase (26), it is sug-
gested that the induction of this isozyme is of major

importance with regard to the increased formation of 2,5-
hexanedione in vivo. A second possibility, although less
likely, is that xylene and phenobarbital induces (an)other

enzyme(s) involved in the conversion of 2-hexanol to 2,5-
hexanedione and that this enzyme is the one which is
rate-limiting.

The present results strongly indicate that xylene in-
duces a cytochrome P-450 isozyme very similar to, if not
identical with, the major isozyme induced by phenobar-
bital. This conclusion is supported by the results of amino

acid analysis, peptide mapping, reactivity with anti-
bodies, and substrate specificity studies. The only differ-

ence worthy of notice between the two cytochrome P-450
fractions is that the 7-ethoxyresorufin O-deethylase ac-
tivity is higher for the xylene-induced cytochrome P-450
fraction. The reason for this discrepancy is not known,
but two possibilities are the existence of slight structural
differences between the two proteins or a minor contam-
ination of the xylene-induced P-450 fraction with another
isozyme. It should be noted that the catalytic turnover
for this substrate is quite low, especially as compared
with what has been reported for partially purified cyto-
chrome P-450 fractions from fl-naphthoflavone-treated
rats (27).

It is interesting to note that the cytochrome P-450
enzymes induced by both phenobarbital and xylene have
considerable activity toward benzo[a]pyrene, which is
primarily metabolized to phenols and the 4,5-epoxide.
The latter is effectively hydrolyzed to the 4,5-dihydrodiol
by epoxide hydnolase. The turnover number for forma-
tion of benzo[a]pyrene metabolites obtained with the
present assay method are significantly higher than those
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XYLENE AND CYTOCHROME P-450 269

FIG. 2. Sodium dodecyl sulfate/polyacrylamide gel (12.5%) electrophoresis of peptides generated by digestion of cytochrome P.450 B,

fractions with a-chymotrypsin, papain, and Staphylococcus aureus V8 protease

Digestion and electrophoresis were performed as described under Methods. Molecular weight standards included the following: phorphorylase

B, 94,000; bovine serum albumin, 68,000; ovalbumin, 45,000; carbonic anhydrase, 30,000; and soybean trypsin inhibitor, 21,000. Samples were

digested for the times indicated. S, molecular weight standards; C, a-chymotrypsin; P, papain; V8, S. aureus Vs protease; PB, cytochrome P-450

B2 fraction from phenobarbital-pretreated rats; X, cytochrome P-4�O B, fraction from xylene-treated rats. Three micrograms of the cytochrome

were applied to each well.

reported for the phenobarbital-induced isozyme utilizing
the fluorimetnc assay (28). As compared with the phe-
nobarbital-inducible cytochnome P-450 isozymes in nab-
bit liven, the rat isozyme is approximately 10 times more
active (17)-although in both cases the dominating di-
hydrodiol formed upon incubation of benzo[a]pyrene in

the presence of epoxide hydrolase is the 4,5-isomer.
Using immunological techniques it has been shown

that in rat liven the phenobarbital-inducible isozyme
represents between 30% and 60% of the total microsomal
cytochrome P-450 in induced animals, whereas it is quite
low in untreated animals (29, 30). Based on the rate of

formation of 2- and 3-hexanol from n-hexane and of
benzo[a]pyrene-4,5-dihydnodiol from benzo[a]pyrene
relative to the total cytochrome P-450 content in liven

microsomes from rats treated with phenobarbital or xy-
lene (7), it appears that after xylene exposure this iso-
zyme represents a similar percentage of the total cyto-
chrome P-450. Phenobarbital is a more effective inducer
than xylene, which, under the conditions used in this
study, caused a 2-fold increase in the cytochrome P-450
content. However, an inducing effect on the liven micro-
somal cytochrome P-450 enzyme system has been re-
ported even after exposure to concentrations of xylene as

low as 75 ppm for 3 days (31) or to 300 ppm 5 days per
week for 18 weeks (6).

The observed induction of a specific cytochrome P-450
isozyme by xylene forms a molecular basis for possible
synergistic effects with other organic solvents to which a

person might be exposed concomitantly. Examples are
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TABLE 2

Metabolic activity of the cytochrome P.450 B, fractions from
phenobarbital- and xylene-treated rats

Assays were performed as described under Methods. The data

represent the means of two or three separate experiments. The activity

of the cytochrome P-450 B, fraction from xylene-treated rats as a

percentage of the corresponding value from phenobarbital-treated rats

is given in parentheses. Incubations with benzo[a]pyrene were per-

formed with and without added epoxide hydrolase (EPH) as indicated.

Substrate Turnover number

Phenobarbital Xylene

nmoles metabolite/nmole P.450/mm

7-Ethoxycoumarmn 28 24.5 (88)

7-Ethoxyresorufin 0.17 0.45 (265)

1,1,2,2-Tetrachloroethane 1.9 1.6 (84)

n-Hexane

1-Hexanol 1.2 1.3 (108)

2-Hexanol 27 24 (89)

3-Hexanol 6 5 (83)

4,5-Dihydrodiol ND” ND

4,5-Dihydrodiol, + EPH 0.9 0.7 (78)

7,8-Dihydrodiol ND ND

7,8-Dihydrodiol, + EPH 0.2 0.1 (50)

Benzo[a]pyrene�

4,5-epoxide 1.2 1.0 (83)

4,5-epoxide, + EPH ND ND

quinones 0.2 0.2 (100)

quinones, + EPH 0.2 0.1 (50)

phenol fraction I 0.8 0.7 (88)

phenol fraction I, + EPH 0.6 0.5 (83)

phenol fraction II 4.9 3.7 (76)

phenol fraction II, + EPH 3.9 3.2 (82)

Total metabolites 7.1 5.6 (79)

Total metabolites, + EPH 5.8 4.6 (79)

,, ND, Not detectable.
h Formation of pre-9,10-dihydrodiol metabolites was less than 0.01

in all instances. Small amounts of benzo[alpyrene-9,10-dihydrodiol

were detected at one time point in the presence of EPH only, for both

cytochrome P-450 fractions.

the described increase in the formation of 2,5-hexane-

dione in vivo and the enhancement of the in vitro met-
abolic activation of 1,1,2,2-tetrachiorethane by pretreat-
ment of rats with xylene (16). As this isozyme seems to
be very similar to the major isozyme induced by pheno-
barbital, the vast literature on the enhancement on sup-
pression of toxic effects by pretreatment with phenobar-
bital may be relevant also for xylene. In this context, a
good knowledge of the dose-response relationship for the
induction of cytochrome P-450 by xylene is of course
essential, and such studies are in progress.

In conclusion, this study has shown that xylene induces
a rat liver microsomal cytochrome P-450 isozyme very
similar to the major isozyme induced by phenobarbital,
and that this induction is the probable explanation on
the molecular level for the enhanced formation of the
neurotoxic metabolite, 2,5-hexanedione from n-hexane in
vivo and for the enhanced in vitro metabolic activation
of 1 , 1 ,2,2-tetrachloroethane.

FIG. 3. Ouchterlony double-diffusion analysis ofcytochrome P.450

B, fractions purified from liver microsomes of rats treated with phe-

nobarbital, xylene, or f3-naphthoflavone

The preparation of the cytochrome P-450 B, fraction from fl-naph-

thofiavone-treated rats is described in ref. 10. The center well contained

0.21 mg of immunoglobulin G from rabbits immunized with the phe-

nobarbital-induced enzyme. The outer wells contained the following:

Wells 1 and 2, 0.03 nmole of phenobarbital-induced enzyme; Wells 3

and 4, 0.03 nmol of xylene-induced enzyme; Wells 5 and 6, 0.03 nmol of

fl-naphthofiavone-induced enzyme.
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