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ABSTRACT
It has been reported that 4'-deoxy-4'-iodo-doxorubicin (4'-deoxy-4'-

I-DX) displays, on experimental tumors, a spectrum of activity compa

rable to that of doxorubicin, is active when administered orally, is not
cardiotoxic, and is cytotoxic to doxorubicin-resistant cells. We have
investigated by high-performance liquid chromatography the pharmaco-

kinetics of this drug in comparison with doxorubicin by treating mice
bearing colon 38 adenocarcinoma with equal doses of the two drugs i.v.
4'-Deoxy-4'-I-DX, unlike doxorubicin, is transformed into several me

tabolites. The 13-dihydro derivative is the major metabolite found; in
tumor and in all the organs it accounts for 4-7% of the total fluorescent

area under the curve, whereas in plasma and liver it accounts for 15 and
34%, respectively. 4'-Deoxy-4'-I-DX disappears from plasma with a

terminal half-life of 5 h, which is half the terminal half-life of doxorubicin

(11 h), and its efficiency of absorption after oral administration is 27%.
Tissue concentrations of 4'-deoxy-4'-I-DX are initially highest in lung

and spleen, whereas those of doxorubicin are highest in liver and kidney.
4'-Deoxy-4'-I-DX levels are higher than those of doxonibicin in tumor,

spleen, lung, small intestine, brain, pancreas, and ovaries whereas they
are similar in heart, liver, kidney, and bone marrow. The rate of elimi
nation of the new analogue is higher than that of doxorubicin from the
tumor and all the organs investigated except the liver. The area under
the curve of 4'-deoxy-4'-I-DX is similar to that of doxorubicin in tumor

and spleen, whereas it is three times lower in heart. This may explain
the lack of cardiotoxicity of this new analogue, which is equiactive and
equitoxic with doxorubicin on the experimental system tested.

INTRODUCTION

A variety of new anthracyclines have been synthesized and
investigated in order to identify compounds superior to the
parent drug, doxorubicin, in terms of increased therapeutic
effectiveness or reduced toxicity, or both. In recent years, hal-
ogenated anthracyclines bearing a halogen atom in position 4'

of the aminosugar have been synthesized and among them the
analogue bearing an iodine in position 4', 4'-deoxy-4'-I-DX,3

has been selected for preclinical development (1). This com
pound has been reported to display a spectrum of activity on
experimental tumors comparable to that of doxorubicin, to be
active also when administered orally, to be more active than
doxorubicin against Lewis lung carcinoma, to not be cardiotoxic
in mice (2-3) and not cross-resistant in vitro with doxorubicin
against doxorubicin-resistant P388 leukemia (4) and a B16
melanoma line (B16VDXR) (5).

To further characterize the biological properties of this ana
logue, we studied its pharmacokinetics in tumor-bearing mice
and we compared them with those of doxorubicin administered
at equal doses, which are also equitoxic and equiactive on the
experimental tumor chosen.
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MATERIALS AND METHODS
Drugs. 4'-Deoxy-4'-I-DX and doxorubicin were kindly supplied as

hydrochlorides by Farmitalia-Carlo Erba (Milan, Italy). 4'-Deoxy-4'-I-

DX was shown to be 95% pure by HPLC: the remaining fluorescent
material was represented by four impurities whose retention times are
reported in the footnote of Table 1. Doxorubicin was shown to be 99%
pure by HPLC. HPLC analyses were performed as reported in the
section on biochemical assay of drugs and metabolites that follows.

Animals and Tumor. Adult female (CS7BL/6 x DBA/2)F, (B6D2F,)
mice were supplied by Charles River Breeding Laboratories (Calco,
Co., Italy). The animals were 2-3 months old, weighed 20-25 g, and
were maintained under standard laboratory conditions. The animals
received s.c. transplants of colon 38 adenocarcinoma cells into the right
flank and were used for tissue distribution studies when the tumors
were palpable (5-10mm diameter).

Treatment and Sample Collection. Aqueous drug solutions were
freshly prepared immediately before use and protected from light. Six
mg/kg of the two drugs were injected i.v. in a volume of 10 ml/kg body
weight. This dose corresponds to an equiactive and equitoxic dose of
the two drugs when administered on a repeated weekly schedule four
times to B6D2Fi mice bearing the colon 38 adenocarcinoma s.c.4 4
Deoxy-4'-I-DX was also administered p.o. at the dose of 6 mg/kg in a

volume of 10 ml/kg. Three animals per time point were treated, killed
with ether at 10 min, 1, 2, 3, 6, 15, 24, 72, 120, and 168 h after
treatment and tumor, In-art, liver, lung, kidney, spleen, and small

intestine were removed; brain, pancreas, and ovaries were sampled only
at 10 min, l, 6, and 24 h. All the organs were rinsed in cold saline and
stored at -70*C until drug extraction. The gallbladder was always

removed from the liver and the small intestine was always emptied
before being rinsed in saline. Bone marrow cells were collected by
rinsing the two femurs of each animal with cold saline and, after
centrifugation, bone marrow cells were stored at -70*C. Blood was

collected from the retroorbital plexus into cold heparin-coated glass
tubes. After the blood had been centrifuged, the plasma was removed
and stored at -70 C until analysis.

Biochemical Assay of Drugs and Metabolites. Plasma and tissue
samples were analyzed by modifications of the procedure previously
described (7-8). In detail, plasma was diluted 1:4 in 4 M NaCl and
tissues were homogenized 1:4 in 4 M NaCl with an Ultra-Turrax
homogenizer (Ika-Werk, Germany). One hundred Â¿ilof 0.5 M H3PO<
+ 500 v\ CH3CN:CH3OH:H2O (50:30:10) were added to 400 ^1 of
diluted plasma or tissue homogenates. The samples were then vortex-
mixed and centrifuged at 10,000 x g for 10 min to pellet proteins.
Twenty n\ of the supernatants were analyzed on a Perkin Elmer series
2/1 liquid Chromatograph equipped with one pump (Perkin Elmer-
Italia) Fitted with a C8 reversed-phase column (Perkin Elmer). The
mobil phase consisted of CH3CN/phosphate buffer (0.05 M), pH 3.9
(36/64, v/v), pumped at a flow rate of 1.5 ml min"'. Fluorescence was

detected with a Perkin Elmer MPF 44A spectrofluorometer (Perkin
Elmer-Italy) with an excitation wavelength of 500 nm and an emission
wavelength of 590 nm. Peak areas were integrated with a Gilson data
analysis system (Gilson, Middleton, WI). Plasma and tissue homoge
nates from untreated mice, with and without 4'-deoxy-4'-I-DX and

DX, were processed as were the samples. HPLC chromatograms of
untreated plasma and tissue homogenates did not show any peak that
would interfere with the measurement of 4'-deoxy-4'-I-DX, DX, or

their metabolites (Fig. II shows the chromatogram of untreated liver
homogenates). HPLC chromatograms of plasma and tissue homoge
nates with the two drugs added showed, besides the peaks due to

4 F. Giuliani, personal communication.
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Table 1 Peaks found in liver of 4'-deoxy-4'-l-DX-and doxorubicin-treated mice RESULTS

TreatmentPeaks4'-Deoxy-4'-I-DX
1234567891011Coeluting

reference
standard"4'-deoxy-4'-I-DXol4'-deoxy-4'-I-DXDoxorubicinoneRetentiontime(s)106135192223256317397432483769844

Doxorubicin 1 DXol 91
2 Doxorubicin 110
3 Doxorubicinone 223
4 7-Deoxy-doxorubicinone 372

* Reference standards were added to liver homogenates from untreated animals
and were processed as the samples. 4'-Deoxy-4'-I-DX contained four fluorescent

impurities representing 5% of total fluorescence with retention times of 158,242,
294, and 426 s, respectively.

720 1200 240 720

Time (sec )

1200 0 240 1200

Fig. 1. I. chromatogram of an untreated liver sample; a, endogenous fluores
cence. B, chromatogram of liver with added 4'-deoxy-4'-l-DX and processed as
the samples; a, endogenous fluorescence; 3, 4'-deoxy-4'-I-DX; b-e, fluorescent
impurities present in the 4'-deoxy-4'-I-DX preparation. C, chromatogram of liver
supernatants of 4'-deoxy-4'-I-DX-treated mice (15 h).

endogenous fluorescence, only the peaks found in the chromatograms
run with the two drugs diluted in the mobile phase (Fig. IS reports the
chromatogram of untreated liver homogenate with added 4'-deoxy-4'-

I-DX). The compounds were stable in the extracts, since the chroma
togram did not change if it was repeated after a 48-h storage at 4Â°C.

Recoveries were 75-85% for both drugs, and the limits of detectability
were 10 ng/ml for both drugs in plasma and 30 ng/g for 4'-deoxy-4'-

I-DX and 10 ng/g for doxorubicin in tissues. Metabolites were tenta
tively identified by cochromatography on HPLC with the following
standards kindly supplied by Ricerca Chimica Farmitalia-Carlo Erba
(Milan, Italy): 4'-deoxy-4'-I-DXol, DXol, doxorubicinone, and 7-
deoxy-doxorubicinone. Quantitative evaluation of 4'-deoxy-4'-I-DX,
DX, and 4' dcoxy 4'Â»l-l)\ol was performed by comparing the peak

areas in the samples with those from reference standard curves set up
in parallel with different known amounts of the three standards in
plasma, tumor, and all the investigated organs.

Pharmacokinetics Analysis. The experimental results, represented by
the average of the concentrations of three animals per time point
(coefficients of variation <20%), were analyzed according to a single-,
two-, or three-compartment model by means of programs implemented
on a UNI VAC 1106 computer. The programs calculate the pharma-
cokinetic parameters by means of an iterative calculation process where
the convergence is obtained by a "steepest descent" method (9). The fit
of the experimental -datawas good, with the highest standard error of

the estimates equal to 10%. The AUC were calculated by trapezoidal
rule from zero to the last sampling time and then by first-order
extrapolation to infinite time with the experimentally determined ter
minal half-life values.

Metabolism. In animals treated with 4'-deoxy-4'-I-DX, sev

eral metabolites, both more polar and less polar than the parent
drug, were found in plasma, tumor and all the investigated
organs. In the liver, 4'-deoxy-4'-I-DX was metabolized to the

highest extent compared to the other organs. Table 1 reports
the retention times of all the peaks found in the liver and Fig.
1C shows the chromatogram of a liver sample at 15 h after
treatment. 4'-Deoxy-4'-I-DXol and doxorubicinone were ten

tatively identified by cochromatography among the metabolites
(Table 1). Only the levels of 4'-deoxy-4'-I-DXol, the metabolite

present in the highest amount among the metabolites, were
quantified by comparison with reference standard curves. In the
liver it reached levels higher than those of the parent drug (Fig.
2), and its AUC accounted for 34% of the total AUC, whereas
in plasma (Figs. 3 and 4), tumor (Fig. 5), and all the other
organs (Fig. 6) its levels were lower than the parent drug and
its AUC accounted for 15% of total fluorescence in plasma and
4-7% in tumor and organs. For the other metabolites, mostly
corresponding to peaks 4 and 5, we assumed that extraction
efficiency and fluorescence were the same as for the parent

Liver

6 15 2Â«. 72
time (hr)

Fig. 2. Drug levels found in the liver of B6D2F| mice bearing colon 38 s.c.
and treated i.v. with 4'-deoxy-4'-I-DX, 6 mg/kg. â€¢,4'-deoxy~4'-I-DX; O, 4'-
deoxy-4'-l-DXol; O, 4'-deoxy-4'-l-DX total equivalents. For 4'-deoxy-4'-I-DX
and 4'-deoxy-4'-I-DXol the results are expressed as averages Â±SD. 1, 4-11,
peaks /, 4-11. respectively, of Table 1 and Fig. ICand are expressed as 4'-deoxy-
4 '-1 I)\ equivalents.

MM uMDX i'-l-OX

Plasma

1 2 3 15
time (hr)

0.1

0.01

Fig. 3. Drug levels and relative fuu-clcurves found in plasma of 1161)2I, mice
bearing colon 38 s.c. and treated i.v. with 6 mg/kg of doxorubicin and of 4'-
deoxy-4'-I-DX. X, doxorubicin; â€¢,4'-deoxy-4'-I-DX; O, 4'-deoxy-4'-I-DXol; O,
4'-deoxy-4'-I-DX total equivalents. The results are expressed as the averages Â±

SD.
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0.1

0.01

Plasma

1 246 15
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Fig. 4. Drug levels ana relative fitted curves found in plasma of B6D2F, mice
bearing colon 38 s.c. and treated p.o. with 4'-deoxy-4'-I-DX 6 mg/kg. â€¢,4'-
deoxy-4'-I-DX; O, 4'-deoxy-4'-I-DXol; O, 4'-deoxy-4'-I-DX total equivalents.

Tumor

Fig. 5. Drug levels and relative fitted curves found in s.c. colon 38 tumor of
B6D2F, mice treated i.v. with 6 mg/kg of doxorubicin and of 4'-deoxy-4'-I-DX.
X, doxorubicin; â€¢,4'-deoxy-4'-I-DX; 0,4'-deoxy-4'-I-DXol. Levels in parenthe

ses, values at the limit of detectability. The results are expressed as the averages
Â±SD.

drug, and their levels (as 4'-deoxy-4'-I-DX equivalents) are

reported only for the liver. In the liver (Fig. 2), most of the
metabolites were detectable during the first 24 h when fluores
cence levels were highest; 72 h after treatment some of these
metabolites (1, 4, 10, 11) reached levels similar to and higher
than those of the parent drug. In plasma, their fluorescence
accounted for almost 30% of total fluorescent AUC, and in
tumor and all the organs for less than 2%.

As already reported (7) in animals treated with doxorubicin,
only three metabolites were found: DXol, doxorubicinone, and
7-deoxy-doxorubicinone (Table 1). DXol was present as a small
percentage (1-3%) of total fluorescence in the tumor and all
the organs at every time point examined, whereas the two
aglycones were found only in the liver and they were no longer
detectable 2 h after treatment.

Pharmacokinetics. Figs. 3-6 display the average levels and
the relative standard deviations of doxorubicin, 4'-deoxy-4'-I-
DX, and 4'-deoxy-4'-I-DXol and the fitted curves, where pos

sible, calculated by means of the constants partially reported in
Tables 2 and 3. After i.v. administration, plasma drug levels
(Fig. 3) were initially higher in animals treated i.v. with the new
analogue than in animals treated i.v. with doxorubicin; then the
rate of elimination of 4'-deoxy-4'-I-DX was higher than that
of doxorubicin. Plasma pharmacokinetics of 4'-deoxy-4'-I-DX

administered orally at a dose equal to the one administered i.v.
(6 mg/kg) was also investigated and is reported in Fig. 4. 4'-
deoxy-4'-I-DX reached plateau levels l h after treatment and

remained constant up to 6 h. Due to the low amounts of
fluorescence, 4'-deoxy-4'-I-DXol was detectable only up to 6

h. Table 2 reports the plasma pharmacokinetic parameters of
4'-deoxy-4'-I-DX and of doxorubicin. The plasma elimination

of both drugs, detected from 10 min on, was best described by
a two-exponential curve, and the terminal half-life of 4'-deoxy-
4'-I-DX was half that of doxorubicin. The clearance and the

001 apparent steady-state distribution volume of the new analogue
were lower than those of doxorubicin. The percentage efficiency
of absorption of 4'-deoxy-4'-I-DX by the oral route was 27%.

In the tumor (Fig. 5 and Table 3), the pharmacokinetics of
4'-deoxy-4'-I-DX was different from that of doxorubicin. The

new analogue reached peaks later and 2.5 times higher than
doxorubicin, and its rate of elimination was four times faster
than the parent drug. Seven days after treatment very small
amounts of the new analogue, at the limit of detectability, were
present, whereas doxorubicin levels were still high. In spite of
the different pharmacokinetics the total AUC in the tumors of
animals treated with the new analogue was similar to that of
doxorubicin, whereas at 24 h it was 2.3 times higher (Table 3).
The rate of elimination of the metabolite 4'-deoxy-4'-I-DXol

was slightly lower than that of the parent drug.
Also in the investigated organs the pharmacokinetics of 4'-

deoxy-4'-I-DX was different from that of doxorubicin (Fig. 6
and Table 3). The highest peaks of 4'-deoxy-4'-I-DX were

found in spleen and lung, and those of doxorubicin in liver and
kidney. The new analogue reached higher concentrations than
doxorubicin in lung, spleen, small intestine, pancreas, ovaries,
and particularly in the brain, where drug levels were almost
nine times higher than those of doxorubicin. The absorption of
4'-deoxy-4'-I-DX was longer lasting than that of doxorubicin
in small intestine (Fig. 6): 4'-deoxy-4'-I-DX peak levels were

reached at 2 h and, at variance with doxorubicin, it was possible
to show an absorption phase. The rate of elimination of the
new analogue was higher than that of the parent drug from all
the organs except from the liver. It was almost four times
higher, as previously described for the tumor, in heart, spleen,
kidney, and small intestine and seven times higher in lung. The
metabolite 4'-deoxy-4'-I-DXol had in all the organs, except the

liver, a rate of elimination rather similar to that of the parent
drug. In the liver, differently from the other organs, 4'-deoxy-
4'-I-DX levels were detectable up to 7 days after treatment, and
the levels of the metabolite 4'-deoxy-4'-I-DXol were higher

than those of the parent drug starting from 24 h on. For animals
treated with the new analogue, the AUC at 24 h was greater
than for animals treated with doxorubicin, in spleen, small
intestine, bone marrow, and brain, whereas the total AUC was
only slightly higher in liver and small intestine. In heart and
kidney the AUC was much smaller compared to that of doxo
rubicin, evaluated at 24 h and at infinity. The organ with the
greatest AUC was the spleen both in animals treated with 4'-
deoxy-4'-I-DX and in those treated with doxorubicin.

DISCUSSION

The comparative studies of the pharmacokinetics of 4'-
deoxy-4'-I-DX and doxorubicin in tumor-bearing mice show

that this new halogenated anthracycline behaves differently
from the parent drug, doxorubicin, since it displays a more
extensive biotransformation, higher uptake in some organs, and
quicker release.
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Fig. 6. Drug levelsand relativefitted curvesfoundin organsof B6D2F, micebearingcolon38 s.c.and treatedi.v. with 6 mg/kg of doxorubicinand of 4'-deoxy-
4'-I-DX. X, doxorubicin;â€¢,4'-deoxy-4'-I-DX; 0,4'-deoxy-4'-I-DXol; O. 4'-<teoxy-4'-I-DX total equivalents.Levelin parentheses,valuesat the limit of detectability

The resultsareexpressedasthe averagesÂ±SD.
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Table 2 Plasma pHarmaeokinetic parameters after i.v. administration of 6 mg/kg
in Hf>D2l:,mice bearing colon 38 adenocarcinoma

tÂ»aÂ°'Â«Â£.AUC*

Clearance'

YdSrDoxorubicin0.44

10.89
1.12

144.20
20424'-Deoxy-4'-I-DX0.31

4.99
3.32

48.82
308

27
" Half-life of a and .; phases (h).
* Values from 0 to infinity (ugh/ml).
f ml/h.
'â€¢'Apparent steady-state distribution volume (ml).
'% efficiency of absorption = [(total 4'-deoxy-4'-I-DX equivalent AUCm

p.o.)/(total 4'-deoxy-4'-I-DX equivalent AUCm i.v.)] x 100.

At variance with doxorubicin, which is scarcely metabolized
in mice and only to the 13-dihydroderivative and to two agly-
cones (7, 10), 4'-deoxy-4'-I-DX is converted to a higher extent

into several metabolites. It should be pointed out that in this
study only the fluorescent metabolites were evaluated, and the
formation of less or nonfluorescent metabolites should also be
checked. The 13-dihydroderivative was present at the highest
concentrations compared to the other metabolites, and it never
exceeded, except in the liver, the levels of the parent drug. It
would be important to know whether this 13-dihydroderivative

still has cytotoxic activity and therefore plays a role in the
therapeutic activity and toxicity of this new analogue. In fact,
it has been reported that the 13-dihydroderivative of 4-demeth-
oxydaunorubicin, an anthracycline already used in phase II
clinical trials (11), exhibits the same potency and antitumor
activity as the parent compound (12), whereas the 13-d ihydro
derivatives of doxorubicin and of epirubicin have been shown
to maintain antitumor activity in vivo, albiet lower than that of
the parent drug (12).

The substitution of the hydroxyl group with an iodine in the
aminosugar of this analogue leads to a higher lipophilicity than
doxorubicin (1). This could account for some differences com
pared to the parent drug, like its penetration of the brain barrier,
its higher peaks in tumor and some organs and its higher rate
of elimination, consistent also with its more extensive biotrans
formation. This different pharmacokinetic behavior suggests
optimal schedules of treatment different from those of doxo
rubicin and the penetration of 4'-deoxy-4'-I-DX of the blood-

brain barrier might also suggest its use in the treatment of brain
tumors. In any case, from our results, its efficacy in brain
tumors seems unlikely since its levels in the brain, even if nine
times higher than DX, were still very low. At variance with
doxonibicin, which reaches the greatest peaks in the kidneys

Table 3 Pharmacokinetic parameters after i.v. administration of 6 mg/kg in B6D2Ft mice bearing colon 38 adenocarcinoma

TissueTumorHeartLiverLungKidneySpleenSmall

IntestineBone

marrowBrainPancreasOvariesDrugDX4'-Deoxy-4'-I-DX4'-Deoxy-4'-I-DXolDX4'-Deoxy-4'-I-DX4'-Deoxy-4'-I-DXolDX4'-Deoxy-4'-I-DX4'-Deoxy-4'-l-DXolTotal

4'-deoxy-4'-I-DXequivalentsDX4'-Deoxy-4'-I-DX4'-Deoxy-4'-I-DXolDX4'-Deoxy-4'-I-DX4'-Deoxy-4'-I-DXolDX4'-Deoxy-4'-I-DX4'-Deoxy-4'-I-DXoIDX4'-Deoxy-4'-I-DX4'-Deoxy-4'-I-DXolDX4'-Deoxy-4'-I-DX4'-Deoxy-4'-I-DXolDX4'-Deoxy^Â»'-I-DX4'-Deoxy-4'-I-DXolDX4'-Deoxy-4'-I-DX4'-Deoxy-4'-I-DXolDX4'-Deoxy-4'-l-DX4'-Deoxy-4'-I-DXolPeak

concen
tration(>ig/g)2.25.60.311.614.90.322.011.92.316.315.359.10.726.425.50.915.165.72.96.613.01.09.712.4O.I0.070.61ND*5.414.71.06.614.70.3R"2.51.30.50.73.91.04.32.01.38.72.72.2Terminalhalf-life(h)71.017.025.232.08.0ND*28.8ND128.336.342.45.75.238.39.95.866.318.7ND*41.510.55.8NDÂ»ND*ND*ND*ND*ND*ND*ND*ND*ND*ND*24h47.1109.34.288.745.62.0148.668.832.3147.0187.8187.26.3216.2104.78.3260.0997.037.963.3164.78.380.3178.6ND*0.53.9103.0123.5ND*107.5145.7ND*AUCR"2.30.50.51.01.00.53.02.62.27.81.21.3(Mgh/g)Total247.5219.213.8132.146.14.7239.2108.4320.6368.7194.87.4371.4118.28.61115.01089.050.6147.0207.38.9R'0.90.31.30.50.31.01.4

â€¢R, 4'-deoxy-4'-I-DX/DX.
* ND, not detectable, few experimental points.
' ND, not detectable, time concentrations did not fit any compartment model.
"'ND, not detectable, under the limit of detectability.
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and liver, 4'-deoxy-4'-I-DX was initially highly concentrated

in the lungs and the spleen. Similar high pulmonary concentra
tions have been reported for some other anthracyclines under
experimental investigations (13, 14) and for two anthracyclines
already used clinically, 4'-deoxydoxorubicin (15) and menogaril
(16). For 4'-deoxy-4'-I-DX, in spite of its high pulmonary

peaks, the total exposure of the lungs to the drug was half that
of doxorubicin, due to its quick release.

Splenic concentrations of both doxorubicin and 4'-deoxy-4'-

I-DX increased progressively, and peak levels were reached
after 6 h with both drugs. This increase in splenic concentra
tions, more evident for the new analogue and described also for
other anthracyclines (7, 15, 17), is not explained by a decrease
in spleen weight, since this occurred 72 h after treatment. A
similar pharmacokinetic behavior, which results in a slow ab
sorption phase, was found for 4'-deoxy-4'-I-DX also in the

tumor and it is unlikely that this also is due to weight reduction
after such short time periods. It could be due to other factors
such as preferential uptake by reticuloendothelial cells present
in spleen as well as in the tumor, as suggested by other authors
(17).

The concentrations of both 4'-deoxy-4'-I-DX and doxorubi

cin were lower in tumor than in the tissues investigated, prob
ably due to poor tumor vascularization. In spite of the low drug
levels, the total exposure of the tumor to the two drugs was
similar to that of the other organs since the rate of elimination
was, for both drugs, much slower than that from the other
organs, similar to the rate of elimination from the spleen.

Spleen and tumor share the peculiarity of having high and
highly replicating DNA content. The similar patterns of distri
bution of these anthracyclines in these tissues confirm and
extend the interesting, previously reported observation of the
relation between the in vivo tissue distribution of doxorubicin
and the amount of DNA in tissues (18).

From the results of this comparative study there seems to be
a good correlation between the biological characteristics of
these drugs (2-3) and their AUC in some organs and in the
tumor. In fact, 4'-deoxy-4'-I-DX, which is not cardiotoxic (2,

3) and is equiactive and equitoxic with doxorubicin, reaches a
total AUC similar to that of doxorubicin in tumor and spleen,
whereas a three times lower AUC value in heart. A good
correlation between general toxicity and cardiotoxicity with
AUC in the spleen and heart has been reported also for other
anthracyclines (7, 15, 19, 20). As regards the correlation be
tween antitumor activity and drug levels in the tumor, a lack of
a correlation with drug levels at 3 and 24 h (21 ) and a correlation
with retention of the drug evaluated up to 7 days (8) have been
reported for doxorubicin.
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