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Abstract A three-compartment model was fitted to ida- ,
rubicin data in a NONMEM pooled-data approach. CleaMaterial and methods
ance (CL) of 221.7 ml/min was relatively high, and dru
distribution was rapid (Ch=248.3 ml/min) and extensive
[steady-state volume of distribution {¥ 24 I]. The area This experiment was approved by the Animal Protection Body of the
under the concentration-time curve (AUC) of idarubicindbtate of Sachsen-Anhalt, Germany, and the principles of laboratory

was 8 times that of idarubicin. Concentrations of idarubiciimal care were followed. A total of 13 white New Zealand rabbits
; e : : : . were housed in separate cages and fed ad libitum. Catheters were
(idarubicinol) measured in the myocardium at 24 h after "glaced in the central artery of the left ear for blood sampling and in the

adminis_tration of idar_UbiCin were 20 (5) times t_hose C!e_ter*harginal vein of the other ear for infusion of an idarubicin dose
mined in plasma. Tissue concentrations of idarubicin¢?.3-2.7 mg/kg) at a constant rate over 30 min. A total of 13 blood
were up to 400 times those of idarubicin, indicating thgamples (2 ml) were taken at times near —2 min, —1 min, 2 min, 5 min,

; ; ; i min, 30 min, 1.5 h, 25 h, 45 h, 85 h, 11.5 h, 14.5 h and 24 h
the active metabolite contributes significantly to the over%lt,ﬁative to the end of the infusion. Plasma was separated within 15 min

g\nimals, drug administration, and sampling

drug action. by centrifugation for 5 min at 150§ at 4°C and stored at —22C
pending analysis. In most animals the last blood samples were slightly
Key words ldarubicin- Pharmacokinetics Rabbit hemolytic and, therefore, excluded from subsequent analysis. After the

last (24-h) sample the animals were killed by an i.v. injection of
0.3 mg/kg T61 (Hoechst). The heart and liver, a kidney, a piece of
muscle (gastrocnemius) from the hind leg of five animals were excised
. postmortem. These animals were pretreated with an i.v. dose of 5000
Introduction IU heparin to prevent blood clotting. Organ blood was rinsed out by
pumping of an ice-cold 0.9% NacCl solution through the main blood
Idarubicin (IDA) is a relatively new member of the anthravessels of each organ separately via catheter. The hind leg muscle was
cycline family. In comparison with other analogues it hadsed in situ through the femoral artery. The excised tissues were

higher cytotoxicity in vitro and higher antitumor activity ing]i”leTg(Sj.lately placed on ice and, after equilibration, dissected into small

vivo, a nearly equipotent 13-hydroxymetabolite, idarubici-

nol (IDOL) [1], and can be given orally [5, 8]. In contrast to

the other analogues, however, little information on thissay

tissue levels and pharmacokinetics of IDA and IDOL ig asma and tissue extraction was loosely based on the methodology of
available from animal experiments. Our aim was to provi sborg and Nilsson [7]. The internal standard daunorubicinol was

pharmacokinetic data on IDA disposition in conjunctioRgded to 50! plasma, followed by 1 ml 0.8 NaHPQs (pH 8.2) and
with tissue levels in the rabbit, which has been useatdml chloroform:2-propanol (9:1, v/v). The suspension was vortexed
extensively in the past with other anthracyclines as E?[ 20)3 ﬁnd Cent“fUEtled tatd°‘C LOF 10 m'nt 85_20009- The Orgatn_lfc t
: i ower) phase was extracted and evaporated in a vacuum centrifuge a
model for cardiotoxicity [10]. 40°C. The residue was dissolved in 250 methanol and then
centrifuged, and 10Q supernatant was injected into the high-perfor-
mance liquid chromatography (HPLC) system. Tissue samples of
100-500 mg were homogenized in 1 ml W6 NaeHPQw (pH 8.2)
on ice with an Ultra Turrax T25 homogenizer. The homogenate was
then treated as described above for plasma. The HPLC system con-
%isted of an L6200A pump (Merck), an online membrane degasser

M. Looby! - R. Linke? - M. Weiss (<)
Section of Pharmacokinetics, Department of Pharmacology,
Martin Luther University Halle-Wittenberg, D-06097 Halle, German

Present address (Knauer), a T6300 column thermostat (Merck), an AS-2000A auto-
1 Central Research Division, Pfizer Ltd., Sandwich, Kent CT13 9NJampler (Merck), a D2500 Chromato-Integrator (Merck), and an RF-
UK 551 fluorescence detector (Shimadzu; excitation wavelength 485 run,
2 Dr. Karl Thomae GmbH, Klinische Forschung, emission wavelength, 560 nm). The stationary phase was an Ultracarb

D-88397 Biberach, Germany 5 ODS (30, 150% 4.6 mm; Phenomenex) column with an identical
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30-mm precolumn. The mobile phase comprisegDHacetonitrile, the hepatic blood flow of approx. 180 ml/min [6], suggest-
tetrahydrofuran, kPQy, and tetraethylamine (68.4:28:3:0.4:0.2 bﬁng high hepatic extraction and/or extra-hepatic clearance.

vol.), with the pH being adjusted to 2.2 usingN6 HCI. The flow e .
rate was 1 ml/min and the column temperature;@0The method was The large distribution clearance (6)-of 248.3 ml/min

linear in the range of 2—500 ng/ml. Recovery was 92.2% at the limit 616.6%) and the steady-state volume of distribution af(V
quantification of 2 ng/ml and 98.5% at 50 ng/ml. The measuremeaf 24.0 | (60.9%) show that IDA distributes rapidly to

ertor W35d9-4% fOfd”tDAG%;‘df 13°bA’ tfr?f '%Ot'- at the 'timit of qltlafg,tiﬁca'tissues and is extensively bound there. The weight-normal-

on an I r n ncentration FPRa H

>°10ang /mﬁcinedailigting&a hoetgros?:ed:git; gf fhe: :SSZC)’,. centrations ke \4q of 6.5 | kgl is in good agreement with the muscle-
to-plasma concentration ratio {Kof 8.2, measured at 24 h
which means that muscle accounts for the major portion of

Pharmacokinetic analysis the body load and that pseudodistribution equilibrium
would have practically been reached by this time. The

The data were pooled in a nonlinear mixed-effects modeling appro
using the NONMEM program [2]. Explicit modeling of the metabolitgéimc value of 5283.4 (ng/hh recorded for IDOL was

data was not possible because neither the pharmacokinetic disposiﬁgpqt 8 times that noted for IDA 674.6 (ng/)h. The MRT
of IDOL nor the fraction of total clearance of IDA attributable to IDOLObtained for IDOL (30.8 h) was much longer than that
formation was known. The mean values for the IDOL area under thecorded for IDA (1.8 h); these values correspond to mean
curve (AUC) and the mean residence time (MRT) were calculated froy|f-lives of 21.3 and 1.25 h, respectively. The postmortem

the individual values estimated by numerical integration of the indj-, . . .
vidual concentration-time curves. A three-compartment model w; gsue concentrations measured for IDA in the left ventricle

adequate to describe the plasma kinetics of IDA. A combined additi{@-9=2.3(SD) ng/g], muscle (2F0.2 ng/g), kidney
and multiplicative variance model was implemented to account f(6.0 1.0 ng/g), and liver (2.30.9 ng/g) were much
residual error. The additive term accounts for the inflation in medower than those measured for IDOL (Ieft ventricle
aﬂ;enrggggtigar?r observed when the assay approaches the I|m|t43f2_8i 59.7 nglg, r_nuscle 283#59.7 nglg, kidney
776.2+-250.9 ng/g, liver 901.2-234.6 ng/g). Note that
the IDOL/IDA tissue concentration ratios ranged from
490 in the liver to 64 in the heart.
Results and discussion Mean tissue-to-plasma concentration ratios (Fig. 2) were
calculated for IDA by division of the mean tissue concen-
Figure 1 depicts the pooled IDA and IDOL plasma cortrations by the model value obtained for plasma concentra-
centration data with the concentration-time curve generatiieh at 24 h for the mean parameters and mean dose. This
for IDA. The curve was simulated using the mean paranmas necessary because IDA plasma concentrations for most
eter values and the mean dose. The following parametabbits were below the assay limit at 24 h. Mean IDOL
mean values and interindividual variabilities (in parensalues were calculated by linear extrapolation of the ter-
theses) were calculated for IDA. The total body clearanseinal phase of individual plasma concentration-time curves
(CL) of 221.7 ml/min (10.9%) was somewhat greater thasn a half-logarithmic scale to 24 h. The plasma values
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25 for IDOL, which indicates a higher tissue affinity of the
janbicn | parent drug. Only in the liver was the IDOL ratio higher
than that of IDA, which might reflect the great metaboliz-
ing capacity of that organ. For further optimization of IDA
therapy, much more needs to be learned about the tissue
kinetics of the drug, and especially, its dihydrometabolite.
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