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Hepatic metabolism of doxorubicin in mice and rats
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SUMMARY

We have studied the metabolism of doxorubicin in rat and mouse liver, heart and hepatocytes. Doxorubicinol was present in all
cases at very low levels and 7-deoxyaglycones were present only in extraphysiological conditions : no aglycones were found either in
fresh livers or in hearts of animals treated with the drug, but they were produced in large amounts when the organs were left at room
temperature after the death of the animal. Hepatocytes grown in primary cultures or hepatoma cells grown in continuous lines pro-
duced no 7-deoxyaglycones. Freshly isolated hepatocytes synthesized small amounts of 7-deoxyaglycones; however, when these
hepatocytes were homogenized prior to incubation, high levels of 7-deoxyaglycones were produced. We conclude that 7-deoxyagly-
cone formation is possible only in injured tissue and is not, therefore, a normal pathway for doxorubicin.

INTRODUCTION

The metabolism of doxorubicin in humans and
animals has been much debated since the introduc-
tion of this anthracycline antibiotic in clinics. Early
studies by the group of Bachur (1-3) evidenced a
considerable number of metabolites in urine,
plasma, bile or tissues, and in significant amounts.
These metabolites were of two types: a reduced
glycoside (13-dihydrodoxorubicin, doxorubicinol)
and several aglycones or 7-deoxyaglycones origi-
nating from the parent drug or its dihydroderiva-
tive, and which could be present in a conjugated
form. The development of non-degrading tech-
niques of extraction and analysis has dramatically
reduced the number of metabolites found in body
fluids of humans or laboratory animals. Only dox-
orubicinol as a unique metabolite has been ident-
ified by several authors, especially Israel’s group
and our group (4-6). At least two steps could be
involved in the artefactual production of metabo-
lites of the aglycone type: the extraction, which
was performed with acidic mixtures (methanol/0.5
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N HCI) by several authors ; and thin-layer chroma-
tography, which was frequently performed with
acidic solvents (containing as much as 10% acetic
acid) on acidic stationary phases (silicagel). It is
now generally admitted by the groups working on
anthracycline pharmacokinetics that aglycones or
7-deoxyaglycones are barely found in the plasma
or urine of patients treated with these drugs.

It has been clearly established, however, that the
liver potentially had the capacity of enzymatic clea-
vage of anthracyclines to aglycones (7, 8). This gly-
cosidase activity has been demonstrated as taking
place in a particulate microsomal fraction. When
looking for this activity in cultured hepatocytes, we
were led to evaluate this metabolic pathway in mice
and rats in vivo instead of in vitro; our results show
that the aglycone formation is obtained only after
the liver has been injured and is not an actual path-
way of anthracycline metabolism in the living ani-
mal.

MATERIALS AND METHODS

Animals

Sprague-Dawley rats and Swiss CD1 mice were
purchased from Charles River (Rouen, France).
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Chemicals

Doxorubicin hydrochloride was given by Roger-
Bellon Laboratories. Collagenase was purchased
from Boehringer-Mannheim. Media and sera for
cell culture originated from Seromed. All chemicals
and solvents were of analytical grade.

Experiments with whole animals

Doxorubicin hydrochloride was injected in the
tail vein of the animals (10 mg/kg). One or two
hours later, the animals were killed and the liver
and heart quickly removed. A part of the organs
was immediately homogenized with a Potter-
Elvehjem system maintained at 0°C. The other part
of the organs was left at room temperature in a
sterile beaker for 1-4 hours and was then homogen-
ized. Anthracyclines and metabolites were
extracted from the homogenates as described
below.

Experiments with hepatocytes

For the preparation of isolated or cultured
hepatocytes, animals were first anesthetized with 50
mg/kg intraperitoneal pentobarbital. The liver was
perfused through the portal vein with Ca?* and
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Mg?* free Hank’s medium, then with 150 ml of
0.05% collagenase in Hank’s medium as described
by Berry and Friend (9) and by Klaunig et al. (10).
The liver was removed, dilacerated and the cells
were filtered through a nylon gauze. Hepatocytes
were freed from contaminating non-parenchymal
cells by repeated low speed centrifugations (45 sec
at 800 g). The viability of the cells was assessed by
their ability in excluding trypan blue. These hepat-
ocytes were either used as freshly isolated cells and
incubated directly with doxorubicin, or seeded on
Petri dishes in order to obtain primary cultures. In
other experiments, cells were homogenized with a
Potter prior to incubation with doxorubicin.

For the primary cultures (11), 7 x 10°¢ living
cells were plated on 64 cm? Petri dishes in Ham
F12 medium supplemented with 20% fetal calf
serum. The cultures were performed at 37°C in a
CO, incubator. Four hours after seeding, the viable
cells were attached to the Petri dish, and the
medium was replaced with fresh medium. Incuba-
tions with doxorubicin (0.1-1 /ml) were performed
either immediately or 20 hours later and lasted 1-4
h. Anaerobic experiments were performed as fol-
lows : hepatocytes were seeded in 25 cm? flasks
(Falcon) ; 4 hours after seeding, the medium was
replaced by 50 ml nitrogen-saturated medium con-
taining 1 pg/ml doxorubicin ; therefore, incubation
was performed for 1 h without the medium coming
into contact with ambiant air.
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Fig. 1: Doxorubicin metabolism in pre- and post-mortem rat liver. Doxorubicin (10 mg/kg) was injected at 0 time in the tail vein of rats ;
1 hour later, the animal was killed and the liver quickly removed. The liver was immediately homogenized and an aliquot
immediately extracted ; the remainder of the liver was incubated at 37°C in a sterile flask ; aliquots were removed after 30 min.,
1h, 2h, 3h and 4 h of incubation. Doxorubicin and metabolites were extracted and analyzed as described in « Materials and

Methods ».
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Hepatoma cell culture

HTC cells (12) were routinely grown in 64 cm?
Petri dishes with Dulbecco-modified Eagle’s
Medium supplemented with 5% fetal calf serum, in
a humidified atmosphere containing 5% CO. They
were replicated each week and a change of medium
occurred once or twice between two passages. Incu-
bation with doxorubicin (0.1-1 pg/ml) was per-
formed for 1 or 4 h,

Extraction and analysis of doxorubicin
and its metabolites

Doxorubicin and its metabolites were extracted
from homogenates of tissues or cells by the tech-
nique of Baurain et al. (13). Homogenates were
brought to alkaline pH by addition of 1 vol. of
borate buffer, pH 9.8, and immediately extracted
with 18 vol. of chloroform/methanol 4/1 (vol/vol).
The mixture was shaken and centrifuged ; the lower
organic layer was evaporated to dryness under a
stream of nitrogen and dissolved in a small amount
of the mobile phase of the liquid chromatograph.

High performance liquid chromatography was
performed with a Waters apparatus, with a Perkin-
Elmer LS1 fluorometer as detector (excitation : 480
mn, emission: 592 mn). The stationary phase was
microbondapak-phenyl (Waters) packed in 30 x
0,4 cm metal columns. The mobile phase was a
mixture of acetonitrile and 0.1% ammonium for-
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Fig. 2: Chromatograms of doxorubicin and metabolites.

mate buffer (32/68, vol/vol) as described by Israel
et al. (14).

RESULTS

When the liver or heart of doxorubicin-treated
animals was removed, homogenized and extracted
immediately after the sacrifice of the animal, the
only metabolite which was found was doxorubici-
nol ; this represented 1-3% of the total anthracyc-
line fluorescence. When the organ was removed,
homogenized and left at 37°C in a sterile tube for
up to 4h after sacrifice, the extracts contained
large amounts of 7-deoxyaglycones (Fig. 1):
unchanged doxorubicin represented only about
10% of the total fluorescence in the liver one hour
after death ; this value then remained stable. Dox-
orubicin- 7-deoxyaglycone represented more than
50% of total fluorescence one hour after sacrifice,
and this percentage decreased thereafter to the ben-
efit of doxorubicinol-7-deoxyaglycone which pro-
gressively increased and became the main aglycone
4 hours after death (Fig. 1).

Several experiments were performed with hepat-
ocytes in various conditions. When intact freshly
isolated hepatocytes were incubated with doxorubi-
cin for up to 4h, the main compound in the
extracts was doxorubicin itself ; doxorubicin and
both 7-deoxyaglycones were also found in the chro-
matograms, but at very low concentrations (less
than 10% of total fluorescence). In contrast, when
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A. Intact hepatocytes were prepared and cultivated for 24 h as described in « Materials and Methods» and incubated for 1
hour with 1 pg/ml doxorubicin. Doxorubicin and metabolites were then extracted and analyzed.

B. Freshly isolated hepatocytes were homogenized in a Potter and incubated for 1 hour with 1 pg/ml doxorubicin, as
described in « Materials and Methods». Doxorubicin and metabolites were then extracted and analyzed.
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the freshly isolated hepatocytes were homogenized
prior to incubation with doxorubicin, large
amounts of 7-deoxyaglycones were obtained. Fig.
2B shows a typical chromatogram of an extract of
homogenized hepatocytes incubated with doxoru-
bicin. When the isolated hepatocytes were plated
on Petri dishes, freed 4 hours later from cell debris,
and incubated either immediately or 20 h later with
doxorubicin, no metabolites were detected either in
the cell extracts or in the culture medium; only
traces of doxorubicinol (about 1% of total fluores-
cence) were present (Fig. 2A). When incubation
was performed in anaerobic conditions, no change
of this metabolic pattern occurred. A similar result
was obtained from hepatoma cell cultures incu-
bated with doxorubicin; traces of doxorubicinol
were detected as the only metabolite in cell or
medium extracts.

DISCUSSION

Israel et al. (15) were the first to suggest that arte-
factual formation of aglycones in animals and
humans fluids or tissues was due to the acidic sol-
vents which are used for extraction and thin-layer
chromatography of anthracyclines. As a general
feature, it must be emphasized that those authors
using thin-layer chromatography (1-3, 16-18) syste-
matically found much more doxorubicin-7-deoxy-
aglycone than authors using high performance
liquid chromatography (4-6, 19-21). The artefactual
production of aglycones was evident in a paper by
Tavolini and Guarino (16) who found up to 12% of
doxorubicin metabolites in the « dosing solution »
administered to animals; this never occurs with
HPLC techniques.

The presence of aglycones in tissues is less docu-
mented than in body fluids. Four authors working
with acidic extraction and thin-layer chromatogra-
phy (16, 22-24) observed high amounts of various
aglycones in liver tissue of mice or rats. To our
knowledge, no tissue distribution of doxorubicin
has been studied with an HPLC technique before
the present study, in which no aglycone was
observed. We believe that the controversy about
liver doxorubicin metabolism might be dissipated
by careful in vivo and in vitro studies. The enzy-
matic cleavage of anthracyclines to 7-deoxyagly-
cones by liver microsomes has been demonstrated
by the laboratory of Bachur (7, 8). This pathway,
however, does not seem functional in normal con-
ditions. This was in fact recognized by Loveless et
al. (8) who pointed out that « in vivo, relatively little
of either adriamycin or daunorubicin is in the agly-
cone form», and that «the role of these activities
in normal cellular physiology is unknown ». It has

to be emphasized that several types of cultured
cells have been studied (25-29), and that they never
presented a pathway for the transformation of dox-
orubicin to 7-deoxyaglycones. We think that this
phenomenon may, in fact, represent the general
physiological situation, and not a degenerative evo-
lution of the tissue in culture, as has been sug-
gested.

Neither the rat liver in situ nor the intact hepato-
cytes synthesize aglycones ; however, homogeniza-
tion of the liver or of the hepatocytes triggers agly-
cone synthesis. The most probable hypothesis that
can be made is the sequestration of the glycosidases
in a cell compartment which is not available for
anthracyclines in the intact cell. The ocurrence of
small amounts of 7-deoxyaglycones after incuba-
tion of freshly isolated hepatocytes may be
explained by the fact that not all cells are intact
(90% viable cells after trypan blue exclusion). Sim-
ilarly, Hartman (30) and Gewirtz (31) observed
significant amounts of 7-deoxyaglycones after
incubation of freshly isolated hepatocytes with
doxorubicin. These observations cannot be attri-
buted to technical artefacts since an HPLC tech-
nique was used. We think that cytolysis may have
occurred between cell isolation and the end of
incubation with doxorubicin. Spontaneous, dis-
crete cytolysis may also explain the fact that an iso-
lated perfused rat liver contains signficant amounts
of 7-deoxyaglycones after injection of doxorubicin
in the system (F. Ballet, personal communication).

The primary culture of hepatocytes in anaerobic
conditions did not enhance the formation of
7-deoxyaglycones ; this had already been observed
in sarcoma cells by Kennedy et al. (32). The
absence of biotransformation of doxorubicin that
we observed in cultured cells is therefore not due to
the oxygen inhibition of the reductive glycosi-
dases (7).
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