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Abstract—The components of the microsomal mixed-function oxidase system in Wistar and
Gunn rats were the same, as were the overall hydroxylation reactions (p-nitroanisole O-
demethylase, aryl hydrocarbon hydroxylase). The Gunn rat was, however, almost totally
devoid of bilirubin glucuronidation activity. The UDP glucuronosyltransferase activity to-
wards p-nitrophenol in the Gunn rat was in liver about 60 per cent and in the small intestinal
mucosa about 10 per cent of that in the Wistar rat. The mono-oxygenation step in hepatic
microsomal drug metabolism was induced in a similar way by phenobarbital treatment in
both Wistar and Gunn strain rats, but no significant enhancement of the mono-oxygenase
activity could be observed in the gut. The trypsin digestion of hepatic microsomes increased
the specific UDPglucuronosyltransferase activity. Phenobarbital treatment enhanced the p-
nitrophenol glucuronidation in livers of both Wistar (3-fold) and Gunn strain (2-fold) rats,
but the bilirubin glucuronidation was enhanced (2-fold) only in Wistar rats. Phenobarbital-
enhanced transferase activities could be detected only if the microsomes had been digested
with trypsin before determination of the enzyme activity. The UDPglucuronosyltransferase
activity in the small intestinal mucosa was not enhanced by phenobarbital. The results sug-
gest that bilirubin and p-nitrophenol are conjugated by distinct enzymes and that the
enzyme activities for mono-oxygenation and glucuronidation are controlled by different
mechanisms. The microenvironment of the UDPglucuronosyltransferase is most probably
similar in Gunn and Wistar rats.

THE GUNN rat has chronic nonhemolytic unconjugated hyperbilirubinemia, and for
example, the liver and intestine of this mutant are unable to form the glucuronide
of bilirubin either in vivo or in vitro.!~> On the other hand the Gunn rat is able to
form glucuronides of p-nitrophenol,*®.and o-aminophenol in vitro,” although the
activity is comparatively low.8! A number of drugs and xenobiotics are excreted
in the urine and bile as glucuronides, either after direct conjugation or after prior
hydroxylation,'?

Phenobarbital is a potent inducer of both the hepatic mono-oxygenase and the
UDPglucuronosyltransferase.!-1# It increases bilirubin conjugation and excretion
in new-born and adult animals®>-'¢ and in man.!”~!° However, the administration
of phenobarbital to Gunn rats has been shown not to alter serum bilirubin con-
centrations or bilirubin excretion in bile although barbiturate oxidation was greatly
increased.?0-2!

The induction of enzyme activity would be an attractive therapy for some of the
enzyme deficiency diseases, e.g. in Crigler—Najjar syndrome.?? In a previous paper!!
we have shown that no enhancement could be obtained in p-nitrophenol glucuroni-
dation in Gunn rats by 3-methylcholanthrene administration. The oxidation step in
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microsomal drug metabolism, ie. the demethylation of p-nitroanisole to p-nitro-
phenol was, however, greatly increased. The present study was designed to examine
the effect of phenobarbital treatment of Gunn and Wistar rats on drug hydroxylation
(p-nitroanisole O-demethylase, aryl hydrocarbon hydroxylase, cytochrome P-450
and NADPH cytochrome ¢ reductase) and on UDPglucuronosyltransferase activity
using both bilirubin (ester glucuronide) and p-nitrophenol (ethereal glucuronide) as
aglycones. The enzyme activities were measured in liver microsomes and duodenal
10,000 ¢ supernatant. We have also taken advantage of the trypsin digestion of the
hepatic microsomes in vitro in order to reveal the latent UDPglucuronosyltransfer-
ase activity.?3

MATERIALS AND METHODS

About 2-months-old female Wistar (total number 12) and homozygous Gunn (13)
rats, fed on commercial pellets (from Hankkija Ltd., Turku, Finland) ad lib. were
used. The Gunn rats were originally donated by Dr. Irwin Arias and were bred in
our laboratory through heterozygous generations. Phenobarbital (obtained from
Schering AG, Berlin, Germany) was administered in the drinking water (as a 0-025%,
{w/v) aqueous solution) ad lib. for 2 weeks.

The rats were killed by a blow on the head and the renal vessels were cut to bleed
the animal. The liver was removed into ice-cold -25 M sucrose, weighed, and homo-
genized in 0-25 M sucrose with a Potter—Elvehjem type teflon-glass homogenizer to
give a 20% (w/v) homogenate. The microsomal cell fraction was harvested with the
CaCl,-precipitation method?#2° as previously described.2® A 10 cm long segment
from the upper small intestine was aiso removed, and the mucosa was scraped off
with an ampoule file. The mucosal preparation was homogenized with a Potter—
Elvehjem homogenizer to give a 209, homogenate (w/v). The homogenate was centri-
fuged at 10,000 g for 15 min in a Sorvall RC2-B refrigerated centrifuge, and the super-
natant was used in the determination of enzyme activities. Proteins were determined
by the biurct method using bovine serum albumin as a standard.?”

The trypsin (type XII from bovine pancreas, 2 times crystallized, purchased from
Sigma Chemical Co., St. Louis, Mo., U.S.A.) digestion of microsomes was done
essentially as described by Hinninen and Puukka?® and Vainio.?? After the digestion
the microsomes were harvested by centrifugation at 27,000 ¢ for 15 min.

The UDPglucuronosyltransferase (EC2.4.1.17) activity with bilirubin asan aglycone
was determined with the spectrophotometric method based on coupling with di-
azotized ethylanthranilate as described by Heirwegh et al.>® Bilirubin was dissolved
in a small amount of 0-05 M NaOH and added to the incubation mixture with bovine
serum albumin as described earlier.>® The final concentrations of bilirubin (Eastman
Organic Chemicals, Rochester, New York, U.S.A.) and UDPglucuronic acid (triam-
monium salt, Sigma) were 0-14 mM and 2-2 mM, respectively. The 10,000 g superna-
tant (200 pl, equivalent to 40 mg of mucosa fresh weight) and the hepatic microsomal
suspension (100 ul of non-activated and 50 ul of trypsin-treated) were added to start
the reaction. When p-nitrophenol (0-35 mM) was used as the aglycone, a modification
of the method of Isselbacher®! was used as previously described®? with 22 mM
UDPglucuronic acid.

The aryl hydrocarbon hydroxylase (EC 1.14.14.2) activity was determined using
3,4-benzpyrene (0-16 mM, added in 25 44 of ethanol, obtained from Sigma) as a sub-
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strate by the method of Nebert and Gelboin®* as previously described.?® The p-
nitroanisole O-demethylase activity was measured by the method of Netter®# as de-
scribed by Vainio.?3

Cytochrome P-450 was determined by recording the difference spectrum of the
reduced carbon monoxide complex in a Unicam SP-800 spectrophotometer.?>
NADPH cytochrome ¢ reductase (EC 1.6.2.4) was assayed by monitoring the reduc-
tion of cytochrome ¢ at 550 nm3® in a Unicam SP-800 spectrophotometer connected
to an external recorder.?”

Student’s t-test was used to determine the statistical significance of the results.

RESULTS

The liver/body weight ratio in control animals was significantly higher in female
Gunn strain rats than in female Wistar rats (Table 1). The phenobarbital treatment
increased the liver:body wt ratio in both rat groups. The phenobarbital-treated
Gunn rats exhibited considerably greater livers in proportion to their body weights
than the corresponding Wistar rats (Table 1). The microsomal protein content per
gram of wet liver weight was equal in both Wistar and Gunn strain rats, but only
in normal Wistar rats was the phenobarbital treatment able to increase it (Table 1).
During the phenobarbital treatment the rats gained weight in a similar way in both
groups (Table 1).

The cytochrome P-450 concentration in hepatic microsomes was increased about
3-fold both in normal Wistar and Gunn strain rats by phenobarbital feeding (Fig.
1). NADPH cytochrome ¢ reductase activity was doubled by the phenobarbital treat-
ment in liver microsomes of both Wistar and Gunn rats (Fig. 1). The p-nitroanisole
O-demethylase activity was enhanced about 5-fold, and aryl hydrocarbon hydroxy-
lase activity doubled by the same treatment in both Wistar and Gunn-strain rats.
The levels of the microsomal mixed-function oxidase components were almost iden-
tical in livers of Wistar and Gunn rats (Fig. 1). There was, however, a general tend-
ency to slightly higher activities in Gunn strain rats (Fig. 1).

The NADPH cytochrome ¢ reductase activites were similar i.e., about 10 per cent
of that in liver microsomes, in the duodenal supernatant of the normal Wistar and
Gunn strain rats. Phenobarbital treatment had no effect on them (Table 2). The aryl
hydrocarbon hydroxylase activity was significantly higher in duodenum of the Gunn

TABLE 1. INFLUENCE OF PHENOBARBITAL TREATMENT (0-025%, IN DRINKING WATER FOR 2 WEEKS) ON MICRO-
SOMAL PROTEIN CONTENT AND ON LIVER :BODY WT RATIO BOTH IN WISTAR AND GUNN RATS

Increase in body

Phenobarbital wt in 2 weeks Microsomal protein Liver wt:body wt
Rat strain treatment %) (mg/g liver wet wt) (%)
Wistar (6) - 31 280 + 1-1* 44 + 01t
Wistar (6) + 36 316 £ 1-2* 55+ 0-1%
Gunn (6) - 32 289 + 11 58 + 0-3%
Gunn (7) + 41 295+ 11 7-7 + 0-6%

The means + S.E.M. are indicated, number of rats is in parentheses. The phenobarbital treated rats
are shown by (+) and respective controls by (—).

* 2P < 0-05.

+2P < 001

1 2P < 0-001.
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FiG. 1. Influence of phenobarbital treatment (0-025 per cent in drinking water for 2 weeks) on drug-meta-
bolizing enzymes in liver microsomes of both Wistar (JJ) and Gunn (jj) rats. The activity in the Wistar
control group has been denoted to be 100. The vertical bars indicate the S.E.M. for 6-7 rats. The control
activities were: 53 + 4 nmoles cytochrome c¢ reduced min~! mg microsomal protein,”! 0-39 + 004
nmole/mg microsomal protein,”! 12-3 + 3-6 nmoles p-nitrophenol formed hr~! mg microsomal pro-
tein,” ! and 0-11 nmoles hydroxylated benzpyrene formed hr~! mg microsomal protein~—! for NADPH
cytochrome ¢ reductase, cytochrome P-450, p-nitroanisole O-demethylase and aryl hydrocarbon hydroxy-
lase, respectively. Open bars: phenobarbital treated rats, hatched bars: controls. *** = 2P < 0-001; * =
2P < 0-05: NS = not significantly different, -

rats than in Wistar rats. No enhancement could, however, be observed in the pheno-
barbital-treated rats (Table 2).

Only traces of bilirubin conjugation could be found in the liver microsomes or in
10,000 g supernatant of duodenal mucosa of Gunn strain rats (Tables 2 and 3). The
activity could not be increased by phenobarbital treatment. The trypsin digestion of
the hepatic microsomes in vitro doubled the measurable bilirubin UDPglucuronosyl-
transferase activity in control Wistar rats. In phenobarbital-treated Wistar rats, how-
ever, the activation caused by trypsin digestion was about 4-fold (Table 3). Thus the
phenobarbital-induced increase (2-fold) in hepatic bilirubin glucuronidation in Wis-
tar rats could be observed only if the microsomes were digested with trypsin before
the determination of the enzyme activity (Table 3). No significant enhancement of
the duodenal bilirubin glucuronidation in Wistar rats by phenobarbital treatment
could be observed (Table 2). Also the slight hepatic bilirubin glucuronidation activity
of Gunn rats could be activated (3-fold) in vitro by trypsin digestion. Phenobarbital
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treatment had. however, no effect on bilirubin glucuronidation in Gunn rats (Tables
2 and 3).

When p-nitrophenol was used as a substrate, the trypsin digestion of hepatic mic-
rosomes caused a 5-fold increase in the specific activity of UDPglucuronosyltransfer-
ase both in Wistar and Gunn strain rats (Table 3). In phenobarbital-treated rats the
activation was even greater (about 10-fold in Wistar rats and 6-fold in Gunn rats).
Phenobarbital treatment was able to increase the hepatic p-nitrophenol glucuronida-
tion both in Wistar rats (about 3-fold) and in Gunn rats (2-fold) compared with res-
pective controls when measured from trypsin-activated microsomes (Table 3). The
p-nitrophenol glucuronidation in the duodenal homogenate of Gunn rats was only
about 10 per cent of that in Wistar rats (Table 2) and was not altered by phenobarbi-
tal treatment. (Table 2).

DISCUSSION

Gunn rats were observed to have normal or slightly increased activities of the
mono-oxygenase components, though lacking the bilirubin glucuronidation capa-
city. This is in accord with our earlier results'! and those of others.>°*® The two
phases of the microsomal drug biotransformation, oxidation and subsequent glucur-
onidation, have been suggested to be controlled by different mechanisms (different
operons).11:14:3%:4% The present data add further evidence to this assumption in
showing distinct normal levels and induction patterns for drug oxidation and conju-
gation in Gunn rats.

The multiplicity of UDPglucuronosyltransferase has been suggested by many
authors,*!*? although opposite views have also been presented.*3**4 The Gunn rat
seems to possess some UDPglucuronosyltransferase activity towards p-nitrophenol,
though lacking that for bilirubin (cf. ref. 45). In Wistar rats both of these transferase
activities are present. Even here, however, the enzymes seem to differ in their proper-
ties; i.e. they are activated to a different extent by trypsin digestion. The difference
can be in the catalytic protein itself, or only in the microenvironment of the specific
enzyme. The activation takes place similarly both in Wistar and Gunn rats suggest-
ing that the microenvironments of the UDPglucuronosyltransferase(s) are most
probably similar in these two rat strains (cf. ref. 11), in contrast to the suggestion of
Zakim et al.*®

The hepatic hydroxylation and glucuronidation of xenobiotics have been shown
to be inducible by a number of chemicals, i.e. by a variety of drugs, insecticides, and
carcinogenic hydrocarbons (for reviews, see refs. 13,47). There exist, however, con-
siderable differences between various groups of inducing compounds. Some are
active in all tissues studied, whereas some, like phenobarbital, have a restricted tissue
specificity.*®-4° In the present study it was found that although phenobarbital was
given in the drinking water, it had no effect on the drug metabolizing enzymes in
the small intestine of the rat (cf. refs. 50,51). There appears to exist some species varia-
tion in this matter, since Lehrmann et al. have shown that the mucosal mono-oxy-
genase complex can be induced by phenobarbital in mice.>?

Phenobarbital treatment of Gunn strain rats increased the hepatic drug hydroxyl-
ation to a similar extent as in normal Wistar rats. In Gunn rats it has been suggested
that bilirubin oxygenase(s) is involved in producing an increased conversion of biliru-
bin to dihydroxyl derivatives.>® The ability of phototherapy to increase the excretion
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of bilirubin derivatives in bile of Gunn rats has been suggested to be based on the
enhanced bilirubin oxidation.>* In the Gunn rat an attempt to compensate the defec-
tive bilirubin glucuronidation by increasing the proportional liver weight was
observed. The phenobarbital treatment was able to increase further the liver:body
wt ratio in Gunn rats.

In the Wistar rats, phenobarbital caused a 2-fold rise in the specific activity of bili-
rubin glucuronosyltransferase. The rise could, however, be observed only if the micro-
somes were treated with trypsin before determination of the transferase activity. In
non-activated microsomes no increase in the specific activity of bilirubin transferase
could be observed (cf. also ref. 55). Phenobarbital in drinking water was unable to
stimulate the negligible bilirubin glucuronosyltransferase activity in Gunn rats,
although it enhanced the p-nitrophenol glucuronidation to some extent (cf. also
20,21,45). In our previous study we used 3-methylcholanthrene as an inducing com-
pound, and found no induction in p-nitrophenol glucuronidation in Gunn rats.!!
Thus it seems difficult to induce the genetically deficient UDPglucuronosyltransferase
in Gunn rats by external chemical compounds. However, Liiders®® has observed a
decrease in serum bilirubin following phenobarbital treatment for about 2 weeks.
This may be due to the stimulation of bilirubin pathways other than glucuronidation
(cf. ref. 56). The only way which has so far produced some success in therapy of Gunn
rats in the liver grafting.>”->8 Those results, and the data from induction experiments,
add evidence to the hypothesis of the lack of a possible stable derepressor substance
in the livers of Gunn rats.
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