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The enterohepatic circulation of oxazepam-O-glucuronide in guinea-pigs
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Negri”s Via Eritrea, 62-20157 Milan, Italy

Pprevious studies from this laboratory have shown that
oxazepam given intravenously is present as a glucuro-
pide in the bile of guinea-pigs in relatively large amounts
(Bertagni, Marcucci & others, 1972). Since in this
speCiCS oxazepam disappears at a relatively low rate
from the blood, the existence of an enterohepatic
circulation was suggested (Mussini, Marcucci & others,
1972; Garattini, Mussini & others, 1973b). This
hypothesis can now be supported.

Twelve male albino guinea-pigs (400 g) were anaes-
thetized with pentobarbitone (40 mgkg?, i.p. as a
solution of 20 mg ml-?). After a midline incision the
cystic bile duct was ligated and the bile duct was
exposed and cannulated with two polyethylene tubes.
One tube (external diameter 0-96 mm) was placed in the
duodenum through the bile duct, the other tube
(external diameter 1-27 mm) was directed towards the
liver to facilitate bile collection. The two tubes were
passed between muscle and skin, fixed at the tissues and
joined by means of an external by-pass. Thus, the bile
circulation could be either maintained or interrupted.

Oxazepam-0O-glucuronide was purified from rabbit
urine by two chloroform extractions and two passages
through activated charcoal columns, followed by thin-
layer chromatography on silica gel preparative plates as
described in detail elsewhere (Marcucci, Bianchi &
others, 1975). The indentity of the glucuronide was
confirmed by means of gas chromatography-mass
spectrometry (Marcucci & others, 1975).

For the determination of free and conjugated
oxazepam in the tissues, bile and urine, a g.c. method
previously described by Bertagni & others (1972) was
used. The conjugated oxazepam is expressed as oxa-
2epam released after incubation with g-glucuronidase.

The animals had a good recovery from the surgical
Procedure and their apparent normal behaviour had
ddvantages over that of anaesthetized animals as
8naesthesia reduces biliary flow (Roberts & Plaa, 1967),

ilial’y excretion of a variety of compounds (Klaassen,
_1970), intestinal peristalsis and the progression of
Intestinal contents. The last point was illustrated using a

¢lva Glo-Red 103-115 suspension as an indicator of

® Correspondence.

the intestinal peristalsis (De Feo, Piccinelli & Silvestrini,
1971) (250 mg kg~*) injected through the duodenum
of 4 of the animals. By this means the progression of the
intestinal contents in animals with the artificial biliary
circulation was shown to be more than 4 times greater
than in similarly prepared anaesthetized animals. After
the surgical procedure the animals were kept in indivi-
dual restraining cages with food and water freely
available. Urine was collected during the experiments
which lasted 3 h, after which the guinea-pigs were
killed and the tissues taken for analysis. The guinea-pigs
were injected through the cannula entering the duo-
denum with oxazepam-O-glucuronide at a dose corres-
ponding to 5 mg kg~! of oxazepam. After the injection,
the animals were divided into two groups each of 4
animals. In one group (A) the circulation of bile was
interrupted. The bile was collected from the liver side
while normal bile, obtained from untreated animals,
was infused toward the intestine at the usual rate of
production (0-1 ml min=?). In the other group (B) the
bile circulation was normal.

Table 1 shows that during the 3 h of the experiment
the guinea-pigs in Group A excreted in the bile 32% of
the injected oxazepam-O-glucuronide while only about
159 was excreted in the urine. The animals with an
intact biliary circulation (Group B) eliminated in the
urine twice as much oxazepam-O-glucuronide (about
30%) as Group A. Consistent with this difference in the
amount of oxazepam-O-glucuronide excreted is the

Table 1. Percentage of the dose and concentration of
oxazepam and oxazepam glucuronide 3 h after intra-
duodenal injection of oxazepam glucuronide (5 mg kg=)
in 2 groups (A and B) of 4 guinea-pigs each.

Oxazepam in B
(4Ls.e) (&s.e)

Bile % of dose conjugated 3117 +£ 1-0 —
Urine % of dose conjugated 157 + 28 29-1 + 3-5*
Blood pg ml-! — free 0-21 + 0-03 0-8 + 0-03*
0-08 + 0-03 02 + 0:08
Brain pg g~ — conjugated 098 + 0-03 4-57 + 0-2%
Adipose tissue pg g-! free 0-41 4 007 212 + 0-3*

® P<0-01 with respect to Group A.
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higher concentration (about 4-5 times) of oxazepam in
the blood, adipose tissue and brain of the animals with
an intact biliary circulation compared with those having
the bile fistula. The concentration of oxazepam-O-
glucuronide in the blood of Groups A and B were
however not significantly different, perhaps due to the
high variability or to a high rate of clearance.

These results show that of animals injected intra-
duodenally with oxazepam-O-glucuronide those with an
intact biliary circulation, after 3 h, have a concentration
of oxazepam in the blood about four times higher than
those with an interrupted biliary circulation. This
demonstrates that oxazepam-O-glucuronide excreted in
the bile must be rapidly absorbed through the intestine
into the circulation. Since the blood concentrations of
oxazepam are higher than those of its glucuronide it
must be assumed that the glucuronide is largely hydro-
Iysed to form oxazepam. This is supported by the find-
ing of B-glucuronidase in the intestinal flora (Smith,
1966; 1970) and by the observation that the intestinal
wall is also capable of hydrolysing oxazepam-O-glu-
curonide (E. Mussini, unpublished observations).

The lower concentrations of blood oxazepam in the
animals with a biliary fistula also explain the reduced
concentrations of oxazepam in the adipose tissue and in
brain compared with the guinea-pigs with an intact
biliary circulation. Previous studies have demonstrated
a relation between blood oxazepam and brain oxazepam
concentration (Garattini, Marcucci & others, 1973a).
Furthermore the anticonvulsant activity depends on the
concentration of brain oxazepam (Garattini & others,
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1973a). That no oxazepam-O-glucuronide was detected
in these tissues probably is a reflection of its low lipig
solubility. Oxazepam-O-glucuronide is not only excret.
ed in the bile but also in the urine of guinea-pigs; thig is
consistent with the observation that most of the
compounds with a molecular weight between 350 ang
450 (mol. wt of oxazepam-O-glucuronide is 463) can be
eliminated by both routes (Hirom, Millburn & Others
1972). The higher urinary elimination of the glucuromde
in guinea-pigs with an intact biliary circulation mg,

be related to the compound’s higher availability in the
blood compared with the group of animals which Joge
oxazepam glucuronide through the biliary fistula,

That the enterohepatic circulation of oxazepam-q.
glucuronide maintains sustained concentrations of
oxazepam in blood may be extrapolated to other
animal species. It has been found previously that the
persistance of oxazepam in blood was proportional tg
the amount of oxazepam glucuronide excreted in the
bile, being in mice>guinea-pigs>rats (Marcucgi
Mussini & others, 1970). The importance of the entero:
hepatic circulation for oxazepam metabolism should pe
considered also when other benzodiazepines are
administered, since in several cases the final metabolite
is represented by oxazepam (Greenblatt & Shader,
1974). The variability in oxazepam blood concentration
in man (Garattini & others, 1973a,b) may be at least
partially ascribed to differences in the enterohepatic
circulation.
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