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Summary. The pharmacokinetics of doxorubicin in
nude mice have been investigated following intrave-
nous and intraperitoneal administration of single doses
of 12 mgikg. The areas under the concentration curves
of doxorubicin in kidney, heart, and striated muscle
following intraperitoneal administration were approx-
imately half the areas following intravenous injection,
whereas plasma and liver showed nearly identical
concentrations after a distribution phase of 2 h. Only
minor differences in pharmacokinetics were found
between nude and normal mice. ‘

Introduction

Doxorubicin (Adriamycin) is one of the most fre-
quently used drugs in cancer chemotherapy. Clini-
cally the drug is administered intravenously. In
short-term experiments in mice reported in the
literature both intravenous (IV) and intraperitoneal
(IP) injections have been used, whereas results of
long-term administration are preponderantly based
upon IP administration [e.g., 2, 6, 7, 9, 12, 13]. The
acute LDy, is significantly higher after IV adminis-
tration than after IP administration (13—19 mg/kg
and 7—10 mg/kg, respectively) [4]. The increased
toxicity of doxorubicin administered IP as against IV
may be related to peritoneal irritation [6].

The antitumor effect after IP injection has been
reported to be inferior to the effect of IV injection [6,
11]. Based upon these observations a comparative
investigation of the pharmacokinetics of doxorubicin
in the nude mouse after I'V and IP administration has
been performed.

Pharmacokinetic data concerning doxorubicin in
the nude mouse, which is commonly used in
experimental cancer research, have not been pub-

lished previously. Data obtained in the nude mouse
have been compared with those recorded in normal
mice.

Methods

Nude mice, nu/nu-Balb/c/ABom and normal Balb/c mice weighing
18—-22 g were supplied by Friis, Bomholtgird, 8680 Ry, Denmark.
Each IV and IP injection consisted of 100 ul, containing 250 ug
doxorubicin hydrochloride (approximately 12 mg/kg) dissolved in
normal saline. Plasma and tissue samples were frozen at —20° C
and analysed within 3 weeks.

Blood samples were obtained at 5 min, 30 min, 2 h, 8 h, and 24
h after the administration of doxorubicin from the eye plexus under
ether anesthesia, 10 IU heparin/ml blood being used as anticoa-
gulant. After centrifugation (1,500 g for 6 min at room temper-
ature) 200 pl plasma were removed and 50 ul phosphate buffer (pH
8.6, ionic strength u = 1.0) and 2.0 ml chloroform: methanol 9: 1
were added. The aliquot was shaken on a Whirlimixer for 10 s and
centrifuged (600 g for 15 min at 10° C), after which the water phase
was discarded; 1.5 ml chloroform phase was removed and
evaporated under a stream of air in siliconized test tubes. The
residue was redissolved in 100 pl methanol, and 100 pl mobile
phase was added. The aliquot was stored at +4°C overnight,
centrifuged (1,500 g for 6 min at room temperature), and 100 pl
clear supernatant was injected into the liquid chromatograph.

Tissue samples weighing 100400 mg were homogenized at
0°C in 0.1 M phosphate buffer pH 7.4 by means of a Virtis
homogenizer, 40,000 rpm for 45 s. We added 100 ul 0.1 M borate
buffer pH 9.8 and 2.0 ml chloroform: methanol 9:1 to 100 pl
homogenate. The analysis then followed the procedures described
for plasma.

The determination of doxorubicin and metabolites was
performed with high-pressure liquid chromatography equipment
consisting of Waters pump 6000 A, Waters U6K universal injector
(maximum volume 2 ml), and Schoeffel fluorescence detector
FS-970 (exication wavelength 470 nm, emission wavelength 550
nm). The column dimensions were: Length 15 cm, inner diameter 4
mm, outer diameter '/, in. The surface-modified chromatographic
support LiChrosorb RP-8 (Merck, particle diameter 5 um) was
used. The mobile phase consisted of acetonitril: 0.01 M phosphoric
acid 35: 65 adjusted to pH 2.00 and degassed before use. The flow

0344-5704/81/0005/0267/% 01.00



268

rate was 1.5 ml/min, resulting in a pressure of 2500 psi. The
thermostat of the chromatographic system was set at 25°C.
Concentrations were measured by the peak heights on the
chromatogram. Standard solutions containing doxorubicin, doxo-
rubicinol, and doxorubicinon were analysed every sixth sample.
Linearity between concentrations 0—10 pg/ml (injection volume
100 ul) and peak heights was observed. The lower detection limit
was 10 ng/ml. Recovery of doxorubicin and of doxorubicinol added
to plasma and liver homogenate was 80% —85%, and recovery of
doxorubicinon 90%—~95%.

Doxorubicin, doxorubicinol, and doxorubicinon were kindly
supplied by FarmlItalia, Milan, Italy.

Results

The plasma concentration of doxorubicin after IV
and IP injections is shown in Fig. 1. Doxorubicinol
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Fig. 1. Plasma concentration of doxorubicin in nude mice following
12 mg/kg IV (@) and IP (X). Each poin: represents the mean value
(five animals) and each bar the SEM. Significant differences were
found only at 5 min and 30 min after administration (P < 0.05,
Student’s -test)
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was present in amounts too small for quantitation.
Doxorubicinon could not be detected. The apparent
half-life of doxorubicin after IV injection calculated
from the 8- and 24-h values was approximately
11 h.

The concentrations of doxorubicin in various
tissues are shown in Fig. 2. Doxorubicinol was
present in amounts too small for quantitation.
Doxorubicinon could not be detected. Two other
minor peaks were observed in the chromatogram, a
polar one eluted before doxorubicinol (possibly a
polar conjugate), and a non-polar one eluted after
doxorubicinon (possibly 7-deoxydoxorubicinon). The
apparent half-lives after IV injection of doxorubicin
were approximately as follows: Liver 10 h, heart 15 h,
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Fig. 3. Plasma concentration of doxorubicin in nude (@) and
normal (X) mice following 12 mg/kg IP. Each point represents the
mean value (5 animals) and each bar the SEM. Significant
differences were found at 2 h and 24 h after administration
(P < 0.05, Student’s t-test)
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doxorubicin in nude mice
following 12 mg/kg IV (@) and
IP (X). Each point represents
the mean value (five animals)
and each bar the SEM. Significant
differences (P < 0.05, Student’s
i-test) were found concerning
kidney at all times, liver at 5 min
and 30 min, heart at 5 min,

30 min, 2 h, 8 h, and muscle at
S min, 30 min, 2 h, and 8 h.
Note the differences in the range
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Fig. 4. Tissue concentrations of
doxorubicin in nude (@) and
normal (X} mice following 12
mg/kg IP. Each point represents
the mean value (5 animals) and
each bar the SEM. Significant
differences (P < 0.05, Student’s
t-test) were found for kidney at
24 h, heart at 8 h and 24 h, and
muscle at 8 h and 24 h. Note
the differences in the range of
the ordinate
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kidney 15 h, and striated muscle 19 h. The ratios of
areas under the concentration curve (calculated by
the trapezoidal rule) after IP injection to areas after
IV injection were as follows: Liver 0.9, heart 0.5,
kidney 0.5, and striated muscle 0.6.

In normal mice (Balb/c) the pharmacokinetic
pattern following IP administration of doxorubicin
was similar to the pattern obtained in nude mice,
though the plasma and tissue concentrations were
generally somewhat higher in the nude mice (Figs. 3
and 4). Note the differences in the range of the
ordinate in Figs. 3 and 4 compared with Figs. 1
and 2.

Discussion

The present investigation has demonstrated signifi-
cant differences between tissue concentrations of
doxorubicin after IV and after IP administration of
single doses of doxorubicin. The concentrations of
doxorubicin in plasma and liver indicate a nearly
complete absorption following IP administration.
The lower concentrations in other tissues following IP
administration than after IV administration may be
the result of a first-pass metabolism and a partial
biliary excretion of the metabolites.

The results are consistent with those of previous
investigations [1, 3, 5] in normal mice. Ozols et al. [8],
however, reported much lower concentrations of
doxorubicin in kidney and liver of normal mice

hours

(C3H/FeJ) following IV and IP administration,
whereas the concentrations in the heart were similar
to those recorded in the present investigation. These
discrepancies cannot be explained. It should be noted
that the present investigation has demonstrated only
minor differences between the pharmacokinetics in
nude and normal mice with the Balb/c background in
common. Reich and Bachur [16] reported a plasma
half-life in NGP(S) mice of 26 h and Di Fronzo et al.
{3] reported a half-life in CD! mice of 32 h. The
shorter half-life (11 h) found in the present investi-
gation may result from the fact that the plasma
concentrations have been followed for only 24 h,
which does not exclude a slower terminal elimination
phase. Similary Siemann and Sutherland [12]
reported longer half-lives in tissues when the con-
centrations were followed for longer periods than in
the present investigation.

In conclusion, the present investigation has
demonstrated considerable differences of pharmaco-
kinetics following single doses of doxorubicin in nude
mice between IV and IP administration. Whether
these differences may be of significance in long-term
administration cannot be predicted.

Furthermore, it cannot be predicted whether the
observed differences in pharmacokinetics may be of
importance to the antitumor effect of the drug in
tumors of different size and degree of vasculariza-
tion.
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