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SUMMARY: In this report we have examined the ability of ethanol to induce
UDP-glucurconyltransferase activity in male rabbits using p-nitrophenol as
substrate. The rabbit was found to be an excellent species for studies of
ethanol induction since almost 3-fold increases in activity were observed
relative to controls. Ethanol induction of p-nitrophenol
UDP-glucuronyltransferase activity was even greater than induction by
3-methylcholanthrene, the prototypic inducer of this type of activity.
Thus, the rabbit shows promise for studies of UDP-glucuronyltransferase
isozymes that are induced by chronic ethanol consumption.

Chronic ethanol consumption induces a unique, isolable set of hepatic
cytochrome P-450 monoxygenase isozymes in rabbits (1). Since inducers of
P-450 such as phenobarbital (PB) and 3-methylcholanthrene (3-MC) are also
inducers (2} of UDP-glucuronyltransferase (UDP-GT)(EC 2.4.1.17), ethanol
could be an effective inducer of UDP-GT isozymes in the rabbit. Ethanol
induces p-nitrophenol UDP-GT activity in man (3) and rat (4), and the
induction of UDP-GT activity (phenol red as substrate) by ethanol in
cultured chick embryo hepatocytes was recently reported (5). In spite of
these reports, however, some doubts remain as to the general phenomenon of
induction of UDP-GT by ethanol (2,6) since bilirubin UDP-GT activity was
induced by ethanol only in Wistar rats (7) and not in Sprague-Dawley rats
(3) or man (3). It seems plausible, however, that the alcohol-induced
UDP-GT isozymes are species and/or substrate selective as are the PB and

3-MC induced isozymes (8).
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Human alcoholism significantly alters drug metabolic processes and
therefore therapeutic drug regimens may require alterations (9,10).

Although the increased rates of drug metabolism observed in alcoholics are
generally ascribed to the induction of the cytochrome P-450 enzymes
(1,9,10), significant effects would be observed with drugs that are subject
to first-pass glucuronidation if UDP-GT enzymes were likewise induced by
ethanol (3-5). A recent report (11) described significant increases in
metabolism of propranclol but not sotalel in humans after ethanol
consumption. Propranolol is primarily eliminated as its glucuronide while
sotalol is mostly excreted unchanged, thus, UDP-GT induction by ethanol may
be a clinically important phenomenon.

The purpose of this study was to evaluate ethanol induction, using the
rabbit as a model species, and to compare the p-nitrophenol UDP-GT
activities of the ethanol induced animals to control and to PB and 3-MC
induced animals. In addition, partial characterization of the UDP-GT
isozymes from differently induced rabbits was accomplished by evaluating the
p-nitrophenol activities of unactivated and Lubrol-activated microsomes from
each type of induction treatment.

METHODS

Uridine 5'-diphosphoglucuronic acid ammonium salt {UDPGA), Lubrol PX,
p-nitrophenol (spectrophotometer grade), and 3-methylcholanthrene (practical
grade) were purchased from Sigma (St. Louis, MO). TRIS buffer, MgCl,-6 H,0,
NaOH, acetic acid, and ethanol (95%) were all analytical grade chemi%a]s gnd
were purchased from Baker chemicals (Phillipsburg, N.J.). Sodium pheno-
barbital was purchased from Merck (Rahway, N.J.). A1l chemicals and
reagents were used without further purification.

Male New Zealand white rabbits fed with normal rabbit chow and weighing
2-3 Kg were induced with PB {0.1% in drinking water for 1 week), 3-MC
{40 mg/Kg in 4 ml corn 01l i.p. - sacrifice after 3 days), or ethanol (10%
in drinking water for 2 weeks). Hepatic microsomes were prepared from
induced and control rabbits by the method of Coon et al (12) and stored at
-70°C after dilution to approximately 10 mg protein/ml solution. When
needed, the microsomes were thawed, centrifuged at 100,000 g for 1 hr, and
the pellet resuspended in the original volume of Tris acetate (50 mM,
pH 7.4) without glycerol or EDTA. Protein concentrations were determined
with the Bio-Rad (Richmond, CA) Protein Assay Kit. Blood alcohol
concentrations were determined from rabbit ear vein blood samples taken at
various times during the two weeks of ethanol induction. Blood ethanol
concentrations were measured with the Sigma (St. Louis, MO) ethyl alcohol
diagnostic kit.

Incubations of the microsomes from the differently induced rabbits and
from controls were performed essentially as in the method of Dutton (13). A
typical incubation of 5.00 m1 total volume in 50 mM Tris acetate (pH 7.4)
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contained 1.2 mg/ml Lubrol PX, 10 mM MgC]Z, 1.0 mM p-nitrophenol, 2.0 mM
UDPGA, and 1.0 mg/ml microsomal protein. “Appropriate changes were made when
unactivated microsomal incubations were performed, i.e. deletion of MgCl
and/or Lubrol PX. Incubations were initiated at 37°C in a shaker bath in
the dark by substrate addition. Aliquots of 0.5 ml were withdrawn at 2 min
intervals and the enzymatic reaction was quenched by transferring the
aligouts to tubes containing 1.5 ml ethanol. 1.0 M NaOH (0.25 ml) was then
added to each tube to raise the pH and the precipitated protein was pelleted
by centrifugation. The absorbance at 400 nm of the supernatant was then
determined for each time point. A1l manipulations were carried out in
gl?sswﬁre wrapped in aluminum foil. An extinction coefficient of 18,300

M "cm ' was used to calculate the rate of disappearance of p-nitrophenol,
and thus the rate of conjugation,

RESULTS

Ethanol induction of rabbit hepatic UDP-GT enzymes was accomplished by
using a 10% solution of ethanol in the drinking water for a two week period
which gave rise to a constant blood alcohol content of 0.02%. Water
consumption by the rabbits remained constant after inclusion of ethanol in
the diét.

The catalytic capabilities of the ethanol induced UDP-GT were measured
(Table 1) using p-nitrophenol as substrate. The rates of p-nitrophenol
glucuronidation were measured in control microsomes as well as ethanol, PB,

and 3-MC induced microsomes. The rates of p-nitrophenol glucuronidation

Table 1

Effects of Induction and Activation on

Glucuronyltransferase Activities1

Microsomes Microsomes + MgC12 Microsomes + MgC]2 + Lubrol
Control 3.1+0.9 6.3+ 0.1 69.0 =+ 7.9
PB 4.3 £ 0.5 10.4 + 1.4 75.1 ¢ 6.0
3-MC 6.5+ 1.6 20.6 = 5.6 92.3 + 11.9
Ethanol 9.0 = 1.1 25.5 £+ 3.1 158.4 = 9.2

1 Activities (p-nitrophenol as substrate) are expressed as nmol/min-mg

microsomal protein = S.D., and are the mean values of at least three
animals.
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were evaluated for each type of inducer with unactivated, Mg+2-activated,

and Lubrol-activated (Mg+2

included ) microsomes (Tabie 1). Phenobarbital
showed no significant induction of p-nitrophenol UDP-GT activity, which was
anticipated since PB is an inducer of UDP-GT specific for GT, type (8)
substrates like morphine. A recent study, however, has reported a 60%
increase in hepatic microsomal p-nitrophenol UDP-GT activity in Fauve de
Bourgogne rabbits given 35 mg/kg doses of PB for 4 days (14). Also as
anticipated, 3-MC induced the GT, type (8) activity (p-nitrophenol)
approximately 2-fold. Significant induction by ethancl was observed in the

rabbit. Induction of approximately 3-fold in the alcchol treated animals

provided convincing evidence that ethanol is an inducer of UDP-GT.

DISCUSSION

The results demonstrate that ethanol effectively induces p-nitrophenol
UDP-GT activity in phe rabbit. The ability of ethanol to stimulate UDP-GT
activities seems to be significantly substrate and species related (2,6).

We are therefore currently evaluating the induction process using other
UDP-GT substrates.

A 10% agueous solution of ethanol was used to induce the rabbits, but
this procedure increases the total caloric intake and possibly leads to some
changes in UDP-GT enzymes. It is unlikely however, that the almost 3-fold
increases that we observed could totally be the result of nutritional
factors. For example, cytochrome P-450 induction in rats by ethanol has
been recently attributed primarily to ethanol and not to nutritional
requirements (15). To reduce nutritional effects, the induction process
will be evaluated using liquid isocaloric diets (16) for control and ethanol
(36% of the total calories) induced rabbits.

We have found no published accounts of 3-MC induction of rabbit hepatic
UDP-GT activities using p-nitrophenol or other substrates. This paucity of
literature is unfortunate since we were surprised that 3-MC was not a better
inducer in the rabbit, and we wished to compare our results with the results

of others. Phenobarbita] has been evaluated as an inducer of UDP-GT in
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rabbits, however, and PB demonstrated no inducing capabilities in one study
(17), thus paralleling our results. It appears that in the rabbit a
species-related phenomenon is occuring whereby ethanol emerges as the best

inducer of p-nitrophenol UDP-GT activity when compared to PB and 3-MC.
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