Biochemical Pharmacology, Vol. 34, No. 17, pp. 3029-3035, 1985.
Printed in Great Britain.

ACTIVITIES OF SEVERAL PHASE I AND PHASE II
XENOBIOTIC BIOTRANSFORMATION ENZYMES IN
CULTURED HEPATOCYTES FROM MALE AND FEMALE
RATS

Tiziano CrRoCI* and GARY M. WILLIAMST

Naylor Dana Institute for Disease Prevention, American Health Foundation, Valhalla, NY 10595,
US.A.

(Received 13 July 1984; accepted 14 December 1984)

Abstract—Hepatocytes were isolated from adult male and female rats and maintained in monolayer
culture for up to 24 hr. The degree of preservation of representative phase I and phase II xenobiotic
biotransformation enzymes was studied in these cells immediately after isolation, after attachment in
culture, and after 24 hr in culture. Regarding phase I pathways, hepatocytes during 24 hr lost 50% of
cytochrome P-450, but maintained high mixed function oxidase activities; 75% of aryl hydrocarbon
hydroxylase and 65% of benzphetamine demethylase activities were preserved in hepatocytes from
males, whereas in hepatocytes from females 70 and 50% of these activities, respectively, were maintained.
Of phase II pathways, glutathione transferase activity after 24 hr, tested toward 1,2-dichloro-4-nitro-
benzene as substrate, was diminished in male hepatocytes to 20% of the initial liver activity and in
female cells, to 35%, whereas the activity tested toward 1-chloro-2,4-dinitrobenzene as substrate was
stable. UDP-glucuronosyltransferase activities, tested toward p-nitrophenol and phenolphthalein as
substrates, were slightly increased during 24 hr of culture of hepatocytes to levels higher than in liver
before perfusion. The level of UDP-glucuronic acid, the endogenous substrate for the enzyme, was
reduced after isolation to only 6% of the initial liver value, and then increased during culture to a
level approximately 60% of normal. Thus, the changes in xenobiotic biotransformation enzymes and
associated constituents in cultured hepatocytes were not uniform, although biotransformation capability
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remained reasonably intact.

Hepatocytes in primary monolayer culture are widely
used to study mechanisms of cytotoxicity and geno-
toxicity of xenobiotics [1-8]. Metabolism and toxicity
studies indicate that cultured hepatocytes retain
much of the capability of liver to biotransform xeno-
biotics [9-14], but significant alterations do occur in
culture [10, 11, 15].

The major classes of enzymatic processes that are
involved in the biotransformation of xenobiotics are
categorized as phase I oxidation-reduction reactions
and phase II conjugative reactions. In phase I
biotransformation, the mixed function oxygenase
(MFO) system oxidizes xenobiotics, and then in
phase II conjugation enzymes convert xenobiotics to
water soluble metabolites. The oxidation of xeno-
biotics sometimes results in them being activated
to reactive toxic species. These are detoxified by
conjugation. Thus, the balance between phase I and
phase II reactions determines the final toxic effects
of a chemical to cells. However, these two pathways
are not tightly coupled [16] and, consequently, cul-
ture-dependent changes in one or the other could
substantially alter the biologic effect of a xenobiotic.
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The MFO system is dependent upon the cyto-
chrome P-450 system for oxidation reactions
[17-19]. Several studies have shown that the level of
cytochrome P-450 and the associated MFO activities
of hepatocytes in primary culture can decline rapidly
[10,20-22). A variety of approaches have been tried
to maintain either the level of P-450 or the activity
of associated enzymes [23-31]. The studies available
thus far, however, have used only male rats, which
have higher levels of P-450 and MFO activities than
females [32-34]. Moreover, comparison of activities
of different enzymes that are dependent upon cyto-
chrome P-450 has not been extensive. Also, although
cultured hepatocytes can perform phase II con-
jugation of xenobiotics [9,11-13, 30, 35, 36] few
comparisons of activity levels to those of MFO activi-
ties have been reported [30]. Furthermore, few data
[30] are available on an important hepatic detox-
ification reaction, glutathione transferase activity
[37-39] in hepatocytes in primary culture.

The present study profiles representative phase I
and II biotransformation pathways in hepatocyte
primary cultures isolated from male and female rats
during the first 24 hr in culture. Cytochrome P-450
content and MFO activities such as aryl hydrocarbon
hydroxylase and benzphetamine demethylase were
measured, and glutathione transferase and UDP-
glucuronosyltransferase were assayed for conju-
gative activities. The phase II enzymes were each
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measured toward two substrates. The results show
that hepatocytes from both male and female liver
undergo only a small to moderate decrease in the
activity of some enzymes, while others are constant
or increased.

MATERIALS AND METHODS

Young adult male or female Fischer F344 rats (13
weeks old) (Charles River Breeding Laboratories,
Wilmington, MA) were used. Rats were maintained
on NIH-07 laboratory chow (Zeigler Bros.,
Gardners, PA) and received water and food ad lib.

Isolation of hepatocytes

Isolation of hepatocytes utilized the two-step liver
perfusion method of Seglen [40] as modified in this
laboratory [41]. Animals were anesthetized with
sodium pentobarbital, 50 mg/kg body weight. The
caudal lobe of the liver was removed just before
the perfusion to determine the basal levels of liver
constituents and activities of enzymes. In the first
step of the perfusion, the portal vein was cannulated
and the liver was washed out for 4min with a
buffered, 37° solution of 0.5 mM ethylene glycol-bis-
(B-aminoethyl ether)N-N'-tetraacetic acid in Ca?*-
and Mg**-free Hanks’ balanced salt solution buf-
fered with 0.05 M N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid to pH 7.2. In the second step, a
37° buffered solution (pH 7.4) of type I collagenase
(Sigma Chemical Co., St. Louis, MO), 100 units/ml
in Williams medium E (WME) supplemented with
50 ug/ml gentamicin sulfate (Flow Laboratories,
McLean, VA), was circulated through the liver for
9-11 min. The flow rate in step 1 was 35-40 ml/min
and in step 2, 18-20 ml/min; the variation of flow
was a function of the size of the rats.

Following perfusion, cells were detached by gentle
combing into fresh collagenase solution at room tem-
perature. This procedure produces a selective recov-
ery of hepatocytes. After adding WME sup-
plemented with 10% calf serum (CS) (North
American Biological, Inc., Miami, FL), the cell sus-
pension was centrifuged at 50g for 4min, and the
pellet was resuspended in WME plus 10% CS. Hepa-
tocytes (5-8 X 10%) were then inoculated into
100 x 20 mm disposable plastic petri dishes (Falcon
Plastics, Oxnard, CA) in a final volume of 15 m! of
WME containing 10% CS and 50 ug/ml gentamicin
sulfate. Ten to fifteen dishes were seeded for each
time point. An attachment interval of 2.5 hr was used
to permit attachment of only viable cells.

After the attachment interval the unattached cells
were removed, and the viable cells were washed with
5ml of WME without CS and refed with 10 ml of
WME. Incubations were performed in a humidified
37° incubator with 95% air-5% CO,.

Initial viability of freshly isolated hepatocytes was
determined by trypan blue exclusion as previously
described [20]. Dissociates from male rats were 90—
949 viable cells, while those from female were 87—
88% viable.

Preparation of livers and cell fractions

The caudal lobe of the liver was placed in a large
volume of 4° sucrose buffer: 0.3 M sucrose, 1 mM
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EDTA and 5 mM Tris-HCI, buffered to pH 7.4. The
tissue was blotted dry, weighed and homogenized in
a small volume of cold sucrose buffer with a tight
fitting motor-driven Teflon pestle. The homogenate
was centrifuged at 9000 g for 30 min, yielding a super-
natant fraction which was recentrifuged at 100,000 g
for 60 min. Aliquots of the 100,000 g supernatant
fraction were stored in liquid nitrogen for no more
than 2 weeks. The microsomal pellet was suspended
in a final volume of 1.5ml of sucrose buffer and
stored in liquid nitrogen for no more than 2 weeks.

For assays on freshly isolated hepatocytes (1 hr
after beginning of perfusion), between 5 x 107 and
1 X 10% cells were added to a 4-fold excess of sucrose
buffer and centrifuged at 1000 g for 5 min. The cell
pellet was homogenized in sucrose buffer, and the
homogenates were treated as described above.

For assays on cultured hepatocytes, cells were
scraped off each dish in 5 ml of sucrose buffer using
a rubber policeman; then the cells were pooled
(5 % 107-1 x 108 total) and processed as described
above. Measurements were made after the 2.5-hr
attachment interval and after 24 hr from the end of
perfusion.

Enzyme assays

Aryl hydrocarbon hydroxylase (AHH). AHH was
measured in microsomal fractions using the methods

.of Nebert and Gelboin [42] with slight modifications

described by Yang et al. [43]. The assay was done in
duplicate. Under dim light, the reaction was started
by addition of 80 nmoles benzo[a]pyrene (Sigma)
dissolved in 25 ul acetone for each sample (total
volume of 1 ml). Standards with known amounts of 3-
hydroxybenzo[a]pyrene (National Cancer Institute,
Chemical Repository, Chicago, IL) in the incubation
mixture were run in paralle]l with the assay for cal-
culating the amount of product formed, which was
measured using an Aminco-Bowman spectrofluo-
rimeter of the American Instrument Co. (Silver
Spring, MD). The enzyme activity is expressed as
nmoles product formed per min per mg of micro-
somal protein *+ the standard error.

Benzphetamine demethylase (BZD). BZD was
determined in microsomal fractions according to the
procedure of Prough and Ziegler [44]. The assay
was done in duplicate. Benzphetamine (provided by
Upjohn, Kalamazoo, MI), dissolved in methanol
(20 ul each 1ml of sample), was used to start the
reaction; the concentration of the substrate was
1 mM. The formation of CH,O was measured color-
imetrically using the Nash reagent [45]. The enzyme
activity is expressed as nmoles CH,O formed per
min per mg of microsomal protein.

Glutathione transferase (GT). GT was measured
in the cytosol fraction according to the procedure of
Habig and Jakoby [46] using either 1 mM 1-chloro-
2,4-dinitrobenzene or 1mM 1,2-dichloro-4-nitro-
benzene (Eastman Kodak, Rochester, NY) as sub-
strates. The assays were done in duplicate at room
temperature in curvettes in a Beckman model 25
spectrophotometer (Fullerton, CA). The reactions
were started with an aliquot of cytosol fraction, and
the changes in absorbance reflecting disappearance
of substrate were recorded. The enzyme activity is
expressed either as nmoles 1,2-dichloro-4-nitro-
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benzene conjugated formed per min per mg of super-
natant protein *+ the standard error or as nmoles 1-
chloro-2 4-dinitrobenzene conjugate formed per min
per mg of supernatant protein * the standard error.

UDP-glucuronosyltransferase (UDP-GT}. UDP-
GT activity in microsomal suspension was measured
by a method derived from Duvaldestin et al. [47] and
Halac and Reff [48] using phenolphthalein and p-
nitrophenol (Aldrich Chemical Co., Milwaukee, WI)
as substrates. The assays were performed in
triplicate.

The reaction was started with 0.025 t0 0.035 mg of
microsomes treated with Triton X-100 (Sigma) for
30 min (final detergent concentration in the incu-
bation mixture 0.01%), pH 8, at 0° to activate the
enzyme.

The volume of the incubation mixture for phenol-
phthalein was 60 ul, containing 6 ymoles Tris—-HCl
buffer (pH 8 at 37°) 0.5 mg bovine serum albumin,
0.7nmole MgCl,, 18nmoles phenolphthalein,
16 nmoles methanol and 170nmoles uridine-5'-
diphosphoglucuronic acid (UDP-GlcUA). The vol-
ume of the incubation mixture for p-nitrophenol was
45 ul, containing 3 umoles Tris-HCl buffer (pH S8
at 37°) 0.19 mg bovine serum albumin, 0.19 nmoles
MgCl,, 30 nmoles p-nitrophenol, 3 nmoles methanol
and 170 nmoles UDP-GlcUA.

All the reaction mixtures were incubated for
20 min at 37° and the reactions were stopped with
20-25 ul of a 10% solution of trichloroacetic acid.
The reaction mixtures were then incubated for 2 min
in boiling water, and afterwards 1ml of glycine
buffer, 1.6 M (pH 10.7), was added to each tube to
develop the color. The tubes were spun for 5 min,
and the supernatant fraction was read at 555 nm for
phenolphthalein and 400 nm for p-nitrophenol. The
activity is reflected as loss of color due to dis-
appearance of substrates. The enzyme activity is
expressed either as nmoles phenolphthalein-glu-
curonide formed per min per mg of microsomal
protein or as nmoles p-nitrophenol-glucuronide for-
med per min per mg of microsomal protein. The
rates of glucuronidation varied as a function of the
methanol concentration in the incubation mixture
{(data not shown), but at the concentration used in
this study methanol did not affect the UDP-GT
activities.

Chemical assays

Cytochrome P-450 was measured in microsomal
suspensions according to the method described by
McLean and Day [49] and Schoene et al. [50].
Absorbance was measured on a DW-2 u.v. /vis spec-
trophotometer (American Instrument Co.}. Values
are given as nmoles per mg microsomal protein *
the standard error.

UDP-GlcUA was determined according to the
method of Singh et al. [51] with slight modifications
and expressed as nmoles/mg protein * the standard
error. The cells were scraped in cold sucrose buffer
(0°) containing 5 mM EDTA and then centrifuged at
1000 g for 3 min. The pellet was quickly homogenized
in a cold solution of 5 mM EDTA (pH 7.3) and then
cooked for 3 min to denature proteins. After cooling
on ice, it was centrifuged at 3000 g. The supernatant
fraction was stored in liquid nitrogen until assay.
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Liver caudal lobe was washed in cold sucrose buffer
containing 5 mM EDTA, then homogenized in a cold
solution of 5mM EDTA and treated as described
above for the cells.

Protein was determined by the method of Lowry
et al. [52]. DNA was determined according to the
methods of Burton [53] as modified by Richards [54].
The 9000 g pellet was cleaned with cold 10% TCA
and with 95% ethanel according to Schneider [55],
before the DNA assay.

RESULTS

Cytochrome P-450 content and microsomal
protein. Cytochrome P-450 content was measured in
male and female liver just before perfusion and in
hepatocytes after 24 hr in culture. Slight differences
were found between the levels of cytochrome P-450
in male and female livers, and high variability was
displayed after culture of female hepatocytes for
24hr. Male liver contained a 15% higher con-
centration of P-450 (average 0.786 nmole/mg protein
+ 0.033 from three rats) than female (average
0.667 nmole/mg protein * 0.019 from three rats).
After 24 hr in culture, approximately a 50% loss
occurred in P-450 content in both male (average
0.410 nmole/mg protein * 0.012 from three rats)
and female (average 0.377 nmole/mg protein *
0.030 from three rats) hepatocytes.

The amount of microsomal protein normalized for
the amount of DNA averaged 12.6 mg protein/mg
DNA in male hepatocytes and 11.3 mg protein/mg
DNA in female hepatocytes. The protein content of
cells was diminished markedly during cell isolation
to 3.8mg protein/mg DNA in hepatocytes from
males and 2.9 in hepatocytes from females. Sub-
sequently, during attachment and culture, the levels
remained constant.

Mixed function oxidase activities

AHH and BZD were measured in hepatocyte
primary cultures to assess phase I oxidative enzyme
activities. The basal liver activities of both enzymes
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Fig. 1. Aryl hydrocarbon hydroxylase activities in rat liver
just before perfusion (L), in dissociated hepatocytes (DH),
in attached hepatocytes after 2 hr in culture (AH). and in
cultured hepatocytes at 24 hr in culture (CH). AHH activity
is expressed as nmoles 3(OH)-benzo[a]pyrene formed per
min per mg of microsomal protein. Each bar represents the
mean * S.E. of three independent experiments. Where
no standard error is indicated, the values represent two
independent experiments. Key: (O) male, and (H) female.
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Fig. 2. Benzphetamine demethylase activities in rat liver
just before perfusion (L), in dissociated hepatocytes (DH),
in attached hepatocytes after 2 hr in culture (AH), and in
cultured hepatocytes at 24 hr in culture (CH). BZD activity
is expressed as nmoles CH,O formed per min per mg of
microsomal protein. Each bar represents the mean of two
independent experiments which did not differ by more than
15%.

were different in males and females, and these dif-
ferences were mainly preserved during isolation,
attachment and culture; both activities were greater
in male than in female liver, 5-fold for AHH activity
(Fig. 1) and 2-fold for BZD activity (Fig. 2). AHH
activity was stable during isolation and attachment,
and displayed substantial preservation in culture,
75% in male and 70% female hepatocytes (Fig. 1).
BZD activities declined slightly more than AHH
activities; in culture, the degree of maintenance
was 65% in male and 50% in female hepatocytes

(Fig. 2).
Glutathione conjugation

As an index of phase II conjugation reactions, GT
activities toward two substrates were measured. 1-
Chloro-2,4-dinitrobenzene is a substrate for GTs A,
AA, B (ligandin) and C, while 1,2-dichloro-4-nitro-
benzene is a substrate for GTs A and C as shown by
Habig and Jakoby [46]. The conjugation activity
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Fig. 3. Glutathione transferase activities toward 1-chloro-
2,4-dinitrobenzene in rat liver just before perfusion (L), in
dissociated hepatocytes (DH), in attached hepatocytes
after 2 hr in culture (AH), and in cultured hepatocytes at
24 hr in culture (CH). GT activity is expressed as nmoles
1-chloro-2,4-dinitrobenzene conjugate formed per min per
mg of supernatant protein. Each bar represents the mean
of two independent experiments which did not differ by
more than 15%.
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Fig. 4. Glutathione transferase activities toward 1,2-di-
chloro-4-nitrobenzene in rat liver just before perfusion (L),
in dissociated hepatocytes (DH), in attached hepatocytes
after 2 hr in culture (AH), and in cultured hepatocytes at
24 hr in culture (CH). GT activity is expressed as nmoles
1,2-dichloro-4-nitrobenzene conjugate formed per min per
mg of supernatant protein. Each bar represents the mean
of two independent experiments which did not differ by
more than 15%.

tested toward 1-chloro-2,4-dinitrobenzene was the
same in male and female liver (Fig. 3). No significant
loss of activity occurred during isolation and culture
of hepatocytes from either male or female livers.

Using 1,2-dichloro-4-nitrobenzene as the substrate
for GT, a markedly greater activity was present in
male liver compared to female (Fig. 4). Hepatocytes
from male rats displayed a progressive decline in
activity during isolation, attachment and culture.
Overall, 79% of the initial liver enzymatic activity
was lost. Hepatocytes from female rats maintained
their activity during isolation and attachment, but
during the 24-hr culture period a 66% decline in
activity occurred.

Glucuronidation

Another index of conjugation, UDP-GT activity,
was measured toward two substrates and the UDP-
GIcUA levels were determined. Glucuronidation
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Fig. 5. UDP glucuronyltransferase activities toward phenol-
phthalein in rat liver just before perfusion (L), in dis-
sociated hepatocytes (DH), in attached hepatocytes after
2 hr in culture (AH), and in cultured hepatocytes at 24 hr
in culture (CH). UDP-GT activity is expressed as nmoles
phenolphthalein-glucuronide formed per min per mg of
microsomal protein. Each bar represents the mean + S.E.
of three independent experiments.



Biotransformation enzymes in cultured hepatocytes

24f

nmotles product.min.” (mg protein)
5

L DH AH CH

Fig. 6. UDP glucuronosyltransferase activities toward p-
nitrophenol in rat liver just before perfusion (L), in dis-
sociated hepatocytes (DH), in attached hepatocytes after
2 hr in culture (AH), and in cultured hepatocytes at 24 hr
in culture (CH). UDP-GT activity is expressed as nmoles
p-nitrophenol-glucuronidz formed per min per mg of micro-
somal protein. Each bar represents the mean = S.E. of
four independent experiments.

tested toward phenolphthalein was greater in female
hepatocytes than male (Fig. 5), whereas with p-
nitrophenol UDP-GT was greater in male hepa-
tocytes (Fig. 6).

Phenolphthalein conjugation activity (Fig. 5) was
stable during isolation and attachment and, at 24 hr,
was even slightly increased in both male and female
hepatocytes, 24 and 32%, respectively, of the initial
liver values. p-Nitrophenol conjugation activity (Fig.
6) likewise did not change much after isolation or
attachment, and then increased at 24 hr of culture in
both male and female hepatocytes, 40 and 35%,
respectively, of the initial liver values.

Phenol-red is commonly used as a pH indicator in
commercial culture media and is a component in
WME. It is known to be conjugated by UDP-GT
[37]. In two experiments, medium without phenol-
red was used, but no differences were found in the
activities of UDP-GTase assayed in female and male
hepatocytes during 24 hr of culture (data not shown).

UDP-GIcUA levels were assayed only in male
hepatocytes. The initial level in liver averaged
2.54 = 0.08 nmoles/mg protein in three rat livers.
This was reduced dramatically by isolation to
0.14 = 0.005 nmole/mg protein (average in three
hepatocyte preparations) and then increased during
culture to a level approximately 60% of normal,
1.48 nmoles/mg protein = 0.12 (average from three
rats).

DISCUSSION

This study characterized several aspects of the
xenobiotic biotransformation capability of cultured
hepatocytes isolated from adult male and female rat
liver. A significant finding in this study was that six
enzyme activities were almost the same in isolated
cells as in intact liver. Superficially, this might appear
appropriate, but, in reality, the two populations are
quite different; isolates prepared by the techniques
used here are at least 98% hepatocytes, whereas
liver is only 60% hepatocytes, although in volume
hepatocytes constitute more than 90% of the liver.

3033

The reason for this correspondence is obscure, but it
can be concluded that isolated hepatocytes represent
well hepatic xenobiotic biotransformation systems.

In previous studies on cultured hepatocytes, many
investigators have observed a severe loss in cyto-
chrome P-450 and the related enzyme activities from
male rat hepatocytes [10, 2022, 30]. To compensate
for this, attempts have been made to maintain P-450
and MFO activities in rat hepatocytes [23-31]. In the
present study, the decline of MFO activities was less
than that observed under other conditions, although
no supplementation of the medium was employed
except for calf serum during the period of attach-
ment. A combination of improvements in the per-
fusion techniques [21,41], the use of high quality
collagenase, and culture in an enriched medium
probably contributed to these good results.

An interesting finding was that although hepa-
tocytes lost 50% of their cytochrome P-450 during
24 hrin culture, they maintained relatively high MFO
activities; 75% of AHH and 65% of BZD activities
were preserved. This correlates with our earlier
observation that in hepatocyte cultures the gen-
eration of benzo[a]pyrene metabolites is linear or
even increased over 24 hr in culture [14]. Current
studies show the same for N-2-fluorenylacetamide
metabolism (C. A. McQueen and G. M. Williams,
manuscript in preparation).

Both AHH and BZD are sex-dependent in the rat,
with males having higher activities than females [56].
During 24 hr in culture, hepatocytes maintained the
sex differences in activities of both enzymes. To
some extent, the persistence of this sex difference in
culture in the absence of sex-dependent hormones
may be due to neonatal hormonal imprinting [57, 58].
In support of this interpretation, it has been reported
that castration performed in adult rats does not
reduce the male MFO activities to the same levels
observed in females [33, 59].

Regarding phase II pathways, GT activity assayed
using 1,2-dichloro-4-nitrobenzene as substrate was
diminished from the initial activity in liver by 80%
in male or 70% in female hepatocytes. In contrast,
the GT activity using 1-chloro-2,4-dinitrobenzene
as substrate was stable. These activities probably
represent different forms of GT, which have been
purified and characterized [38, 46, 60, 61]. 1,2-Di-
chloro-4-nitrobenzene is a specific substrate for GT
forms A and C, while 1-chloro-2,4-dinitrobenzene is
also a substrate for these forms and, in addition, AA
and B (ligandin) [61, 62]. The B form is the major
form of GT present in rat liver with a level at least
three times higher than all other forms of GT com-
bined [61]. The differences in activities in cultured
hepatocytes could be accounted for if GT forms A
and C were reduced in culture while forms B and
AA activities were increased, as the sum of A, AA,
B, and C activities remained constant as shown by
1-chloro-2,4-dinitrobenzene conjugation.

Another indicator of phase II reactions, UDP-
GT activity, was assayed with p-nitrophenol and
phenolphthalein as specific substrates for two forms
of the enzyme. p-Nitrophenol is considered to be
more specific for the late fetal form and phenol-
phthalein for the neonatal form of UDP-GT [63, 64].
UDP-GT activities were slightly increased in hepa-



3034

tocytes between attachment and 24 hr in culture to
levels higher than in liver before perfusion. The
increase was greater for glucuronidation of p-nitro-
phenol than for phenolphthalein. Thus, the con-
ditions used in the present studies better preserve
this activity than those used by Schwarz et al. [39]
that led to a marked decrease of the UDP-GT tested
toward morphine and naphthol during 10 hr of cul-
ture of hepatocytes.

The level of the endogenous substrate for UDP-
GT, UDP-GIcUA, dropped dramatically during cell
isolation and then increased in culture to values close
to those of intact liver. The initial loss of UDP-
GlcUA may be caused by pentobarbital anesthesia;
recently Watkins and Klaassen [65] have reported
that hepatic UDP-GIcUA content was diminished
after treatment of rats with low doses of sodium
pentobarbital. Alternatively, the UDP-GlcUA may
have been leached out of the cells during perfusion.
Obviously, the hepatocytes recovered from the initial
perturbation of dissociation and restored their UDP-
GIcUA. The fact that the UDP-GT activities were
only slightly affected in spite of these fluctuations is
consistent with other evidence that UDP-GIcUA
does not regulate the synthesis of the enzyme
(66, 67].

In summary, during culture of hepatocytes, sig-
nificant changes in the activities of some xenobiotic
biotransformation enzymes occurred. Generally, the
changes were similar for male and female hepa-
tocytes, but they were not uniform for different
enzymes. Indeed, some activities increased while
others decreased. The overall impact of these
changes on the disposition of substrates cannot be
projected but, based on the fact that MFO activities
diminished while several conjugative activities were
stable or increased, a shift to more effective detox-
ification might occur. Clearly, therefore, the changes
documented here need to be considered in studies
of the metabolism by cultured hepatocytes of both
endogenous and exogenous substrates.
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