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Abstract—The effect of multiple doses of phenobarbital or of a single dose of
3-methylcholanthrene on bilirubin glucuronyltransferase (EC 2.4.1.17) activity was
studied with liver microsomal preparations from guinea pigs. A significant increase in en-
zyme activity of the liver occurred after 10 days of phenobarbital administration, but
enzyme activity per milligram of protein was unchanged. In contrast, a single
dose of 3-methylcholanthrene produced an increase in specific activity of the enzyme.
Untreated mice, rats, rabbits and cats were also studied and significant differences
were found for the apparent X, and V., values of the various species.

PHENOBARBITAL is one of many drugs that stimulate varied pathways of metabolism
by liver microsomes, whereas polycyclic aromatic hydrocarbons such as 3-methyl-
cholanthrene stimulate a more limited number of reactions.! Studies in several
laboratories have shown that total serum bilirubin is decreased in humans after the
administration of phenobarbital.?~7 Such indirect evidence has been used to support
the hypothesis that phenobarbital enhances bilirubin glucuronyltransferase (UDP
glucuronate glucuronyltransferase, EC 2.4.1.17) activity in the liver,

The investigations reported here were undertaken to evaluate the role of pheno-
barbital and 3-methylcholanthrene as stimulators of glucuronyltransferase activity
in liver microsomes using bilirubin as substrate. Although the guinea pig microsomal
system was studied in more detail, comparisons of enzymatic activity in untreated
mice, rats, cats and rabbits were also obtained.

METHODS AND MATERIALS

Animals and drug pretreatment. Adult male rats (Long Evans, 200400 g), mice
(Swiss Webster, 2040 g), Dutch rabbits (1-0-1-7 kg), guinea pigs (250-500 g) and
cats (1-5-3-5 kg) were allowed access to food and water ad /ib. Animals were maintained
in local animal facilities for 3-5 days prior to use. The guinea pigs were divided into
groups of equivalent weights and distribution of weight for the drug studies. One
group received daily intraperitoneal injections of sodium phenobarbital (80 mg/kg)
while the control group received 0-99/ saline solution (5 ml/kg/day). The intra-
peritoneal route was also used for 3-methylcholanthrene (Sigma Chemical Company;
40 mg/kg) and control guinea pigs received a similar intraperitoneal injection of the
corn oil vehicle (5 ml/kg).

* This work was supported by funds from the United States Public Health Service (Research Grant
NB 04925 and Training Grant 5-T1-GM-141).
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Enzyme preparation. The animals were sacrificed by cervical fracture 24 hr after the
last injection of phenobarbital or 48 hr after the single dose of 3-methylcholanthrene.
Washed microsomes were prepared as previously described.® The pellet was diluted
with isotonic alkaline KCI to give a suspension of microsomes equivalent to 1 g
liver/ml. Microsomal protein concentrations were determined by the method of Lowry
et al.,’ with bovine serum albumin (Sigma) serving as the standard.

Enzyme assay. The total incubation volume was 1-22 ml. Expressed as concentration
per milliliter of incubate, samples from both treated and untreated animals contained
2-4 mg microsomal protein, 50 pmoles Tris buffer (pH 8-0 at 25°) and bilirubin. The
bilirubin (Calbiochem) was prepared by rapidly dissolving 95 mgin 2-5ml of -2 N
NaOH and diluting with 7-13 ml of distilled water. A volume of 0-2 ml of this bilirubin
solution yielded a concentration of 160 ug or 275 mumoles/ml of incubate. Variable
concentrations of uridine-5'-diphosphoglucuronic acid (UDPGA, ammonium salt;
Sigma Chemical Company) were added as described in the Results section. An equiva-
lent amount of water was added when UDPGA was deleted. It should be noted that
the interspecies comparisons were performed with a total incubate content of washed
microsomes from 0-2 g liver without reference to protein content.

Incubations were performed for 30 min in a Dubnoff metabolic shaking incubator
at 37°. The unconjugated and conjugated bilirubin was determined immediately after
incubation according to the method of Weber and Schalm,'® with the following
modifications: (1) samples were centrifuged at 1700 g for 20 min and (2) unconjugated
bilirubin was determined using the concentrated diazo reagent. Samples were read at
555 nm in a Spectronic 20 colorimeter. The amount of enzymatic conjugation was
determined by the difference between the matched samples with and without UDPGA.

Statistics. Data from the drug treatment studies were analyzed by the Student group
t-test except where F ratios were significant in testing for the equality of variance. A
two-sample rank test was used in the latter case. Both procedures are described by
Goldstein.!! The acceptable significance level was P < 0-05 and one-tail tables were
used, since an increase in conjugation of bilirubin was expected with both pheno-
barbital and 3-methylcholanthrene.

Kinetic constants for the various species were determined by procedures described
by Wilkinson!? and programmed by Cleland*®® to conform to the equation v == VA/
(K 4- A). Statistical variations were evaluated by a completely random design analysis
of variance, and significant differences (P < 0-05) between means were determined
by Duncan’s new multiple range test.!*

RESULTS

Parameters of the conjugating system. The amount of bilirubin conjugated was found
to be linear with respect to time during a 30-min incubation period for the guinea pig,
rat, mouse, rabbit and cat. In addition, there was a linear relationship between the
amount of bilirubin conjugated and the concentration of guinea pig microsomal protein
(0-2-4 mg/ml) when bovine serum albumin was used to maintain a constant protein
concentration. Although it was not pursued in detail, initial pilot studies had indicated
that the use of less than 2 mg/ml of protein could result in aberrant data. It was not
established whether this influence occurred primarily during incubation, in the separa-
tion process, or both. No such effects were noted when total protein concentration was
maintained at 2-4 mg/ml. The apparent K, for UDPGA was 2-7 + 1-3 pmoles/ml of
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incubate and the V,,,, for the variable UDPGA was 4-5 -4 0-7 mpmoles of bilirubin
conjugated per mg protein per 0-5 hr of incubation, when the bilirubin concentration
was 275 mumoles/ml of incubate. Ten pmoles UDPGA/ml of incubate has been the
usual concentration used throughout these studies. The apparent K, for bilirubin was
25 4+ 9 mpmoles/ml of incubate and the V,, was 48 4 0-3 mpumoles bilirubin
conjugated per mg of protein per 0-5 hr of incubation at this concentration of UDPGA.
The usual bilirubin concentration used throughout these studies was 275 mpmoles/mi
of incubate.

Phenobarbital pretreatment. A significant increase in guinea pig total liver bilirubin
conjugating capacity was demonstrated after 10 days of phenobarbital pretreatment
(Table 1). Although animals were initially matched for body weight as closely as

TABLE 1. BILIRUBIN GLUCURONYLTRANSFERASE ACTIVITY IN GUINEA PIG HEPATIC MICROSOMAL FRACTIONS
AFTER PRETREATMENT WITH PHENOBARBITAL

Bilirubin conjugated*
Days of Phenobarbital/
pretreatment Saline Phenobarbital Saline
2 098 + 011 1-05 + 018 1-07
4 0-67 L 006 076 4+ 0-06 1-15
6 0-89 £ 007 111 £ 012 1-24
8 090 £ 013 1-13 £ 0-09 1-25
10 081 4 009 1-04 £ 0:06 1-29%

* Data are shown as the mean - S.E. and are expressed as umoles per total liver per 0-5 hr incuba-
tion with eight to ten animals per mean for both treated and control groups.

t Phenobarbital-pretreated (80 mg/kg/day) are significantly different from saline-pretreated animals
at P < 0-05 by the one-tail Student’s 7-test. No significant differences occurred between treated and
control liver weights at the stated intervals.

possible, the experimental variability is still quite evident. Even though the daily
variation in total activity was large, a comparison of groups at each respective time
interval shows a progressively increasing ratio of enzyme activity in phenobarbital-
pretreated vs. saline-pretreated animals. There were no significant differences between
treated and control groups in terms of bilirubin conjugated per milligram of micro-~
somal portein. Protein content in milligrams per gram of liver for saline-treated animals
averaged 19-2 + 0-3 (mean + S.E.) over the five time intervals tested as compared
to 20-7 4 1-2 after 2 days and 25-6 - 0-7 after 10 days of phenobarbital treatment.
The effects of phenobarbital on other hepatic microsomal drug-metabolizing systems
in the guinea pig have not been studied in detail. The potential effect of phenobarbital
treatment on the metabolism of aniline, benzphetamine and aminopyrine by guinea
pig microsomes was therefore investigated using methods described by Gram et al.'3
for the rat and rabbit. These results (Table 2) indicate that all three pathways were
stimulated in guinea pig liver microsomes after phenobarbital treatment.
3-methylcholanthrene pretreatment. Experiments performed 48 hr after a single dose
of 3-methylcholanthrene showed an increase in enzyme activity in terms of bilirubin
conjugated per milligram of microsomal protein. This effect was studied at several
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TABLE 2. EFFECT OF PHENOBARBITAL PRETREATMENT ON GUINEA PIG HEPATIC DRUG-
METABOLIZING ENZYME ACTIVITIES*

Activity
(mpmoles/mg microsomal protein/0-5 hr)

Substrate Control Phenobarbital

Aniline 2L 4 3) 125+ 77t (%)
Benzphetamine 285 + 70 2 880 4 104t 3)
Aminopyrine 460 4+ 5 ) 1080 + 137t 3)

* Guinea pigs were treated with phenobarbital (80 mg/kg/day, i.p.) for 3 days. Data
are expressed as mean 4 S.E. with number of animals in parentheses.
T Means are significantly different from control by Student’s z-test at P < 0-05.

TABLE 3. BILIRUBIN GLUCURONYLTRANSFERASE ACTIVITY IN GUINEA PIG HEPATIC MICROSO-
MAL FRACTIONS AFTER PRETREATMENT WITH 3-METHYLCHOLANTHRENE FOR VARIABLE
BILIRUBIN CONCENTRATIONS*

Bilirubin concn Bilirubin conjugation
(mumoles/ml incubate)
Control 3-MC
17 1-66 + 0-10 220 £ 0-11%
34 225 + 015 3-85 £+ 0-21t
68 2:55 £ 014 4-50 + 0-27t
138 292 + 0-22 5:67 £ 0277
275 379 £ 032 7-85 £ 0-49%

* Data are shown as the mean 4 S.E. and are expressed as mumoles of bilirubin
conjugated per mg of microsomal protein per 0-5 hr incubation. Nine corn oil con-
trol and nine 3-MC-(40 mg/kg) treated animals were used 48 hr after intraperitoneal
injection, with each animal studied at each substrate concentration.

1 Means are significantly different from control by Student’s #-test at P < 0-05.

TABLE 4. BILIRUBIN GLUCURONYLTRANSFERASE ACTIVITY IN GUINEA PIG HEPATIC
MICROSOMAL FRACTIONS AFTER PRETREATMENT WITH 3-METHYLCHOLANTHRENE FOR
VARIABLE UDPGA. CONCENTRATIONS*

Bilirubin conjugation

UDPGA concn
(pmoles/ml incubate) Control 3-MC
0-62 1-21 + 014 270 4 0241
1-25 172 £ 013 3-56 4 0-251
2-5 209 4- 015 4-56 + 0-351
5-0 277 + 0-31 629 4 0-51%
10-0 3-96 1 0-34 8:15 £ 0-52%

* Data are shown as the mean 3- S.E. and are expressed as mumoles of bilirubin
conjugated per mg of microsomal protein per 0-5 hr incubation. Eight control and
eight treated animals were used, with each animal studied at each substrate
concentration.

T Means are significantly different from control by Student’s s-test at P < 0-05.
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different concentrations of bilirubin, and in each case the preparations from 3-methyl-
cholanthrene-pretreated animals showed significantly greater activity as compared to
control (Table 3). Similar increases in conjugating activity were found when the bilirubin
concentration was maintained at 275 mpmoles/ml of incubate and the concentration
of UDPGA was varied (Table 4). The 3-methylcholanthrene pretreatment also
increased the liver/body weight ratio (3-7 4+ 0-1-4-0 4- 0-1) and the protein content
of the washed microsome preparations (22-1 4 0-6-24-3 4- 0-5).

TABLE 5. BILIRUBIN KINETICS

No. of Apparent K, Apparent Vi,
Species animals (mean + S.E.)* (mean + S.E.){
Rat 5 77+ 22 107 + 12
Rabbit 4 5+ 11 73 4+ 06
Guinea pig 4 254+ 9 48 + 03
Mouse 4 37+ 9 42 + 03
Cat 5 23 4+ 20 16 + 03

* Apparent K, is expressed as mumoles/m! incubate. Rat is significantly different
from all other species at P < 0-05; no other significant comparisons. UDPGA concen-
tration used was 10 pmoles/ml of incubate.

+ Apparent V. is expressed as mumoles/mg microsomal protein/0-5 hr incubation.
All species are significantly different from each other at P < 0:05, except between the
guinea pig and mouse.

Interspecies comparisons. A compilation of the bilirubin conjugating capacity of
microsomal preparations from various species is presented in Table 5. These were
performed with washed microsomes from a total of 0-2 g of liver with a UDPGA
concentration of 10 umoles/ml of incubate. The apparent K, and V,,, values were
highest for the rat among the five species tested.

DISCUSSION

Several recent studies have implied that phenobarbital may enhance the hepatic
capacity for bilirubin conjugation as a result, in part, of the induction of bilirubin
glucuronyltransferase.2-7 “These findings suggest that the decrease in bilirubin con-
centration may be the result of drug-mediated enhancement of pigment conjugation
in the liver” but “a demonstrable increase in the hepatic glucuronyitransferase system,
using bilirubin as substrate, would seem to be a minimum requirement for the
validation of this concept™.'® This position stems from the indirect nature of many
phenobarbital studies and the possibility that more than one glucuronyltransferase
may exist, since variations in substrate specificities have been found.!7-18

‘Daily injections of phenobarbital produced an increase in guinea pig hepatic
glucuronyltransferase activity and an increased protein content of the liver microsomes
in the present study. However, the enzyme activity per unit of protein was not
significantly different in phenobarbital-treated guinea pigs and saline-treated controls.
These results indicate that bilirubin glucuronyltransferase specific activity is not
altered by phenobarbital treatment. Other workers using different techniques with

B.P. 20/4—x&



866 RoBerT F. PoTrREPKA and James L, SPraTT

rat liver homogenates®® or slices2® have also reported increased bilirubin conjugation
after barbiturates. Only one laboratory has reported an increase in activity per
milligram of hepatic protein.?! The last study mentioned was performed with mouse
liver homogenates.

Differing results following phenobarbital pretreatment using p-nitrophenol as
glucuronide acceptor have also been reported. Zeidenberg et al.2? reported increased
p-nitrophenol conjugation with rat liver microsomes, whereas Gram et /.22 found no
increase using p-nitrophenol, o-aminophenol or phenolphthalein with either rough or
smooth-surfaced rabbit liver microsomes. The 3-methylcholanthrene studies (Tables 3
and 4) showed a rapid enhancement of bilirubin glucuronyltransferase activity per
unit of protein. Stimulation of other glucuronyltransferase activities by 3-methyl-
cholanthrene have also been shown. Inscoe and Axelrod?* used g-aminophenol with
rat liver slices and Howland and Burkhalter?® used o-aminophenol and morphine
with rat and guinea pig microsomes.

The potential therapeutic application of 3~-methylcholanthrene in hyperbilirubinemic
conditions is obviously doubtful due to its carcinogenic properties. However, the
demonstration of this effect with bilirubin as substrate may still be therapeutically
relevant, since less hazardous agents may also possess this action on bilirubin
glucuronyltransferase. Such agents could prove to be much more efficacious than the
delayed and less impressive effect of phenobarbital on bilirubin glucuronyltransferase
activity.

Although different strains were used, the apparent X, values in the species com-
parison experiments (Table 5) are consistent with those reported for the rat?6:27
and rabbit.?® It should also be noted that the cat has a very limited ability to form
bilirubin glucuronide. This observation is consistent with other reports on glucuronide
formation by the cat using other substrates,?9-30
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