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Summary. The acute and chronic cardiotoxicity and cyto- 
toxicity of the novel doxorubicin (DXR) derivative 4'-ami- 
no-3'-hydroxy-DXR were compared with those of 4'- 
deoxy-DXR and DXR. In the acute cardiotoxicity study, 
the ECG and hemodynamic changes recorded in anesthe- 
tized rats that had been treated i.v. with 10 mg/kg 4'-ami- 
no-3'-hydroxy-DXR or 8.6 mg/kg 4'-deoxy-DXR were 
significantly less severe than those caused by 13 mg/kg 
DXR. In the chronic cardiotoxicity study, rats received 3 
weekly i. v. injections of 3 mg/kg DXR, 3 mg/kg 4'-amino- 
3'-hydroxy-DXR, or 2 mg/kg 4'-deoxy-DXR during the 
first 14 days of the study and were observed for an addi- 
tional 35-day period. DXR induced severe cardiomyopathy 
that was characterized by ECG changes in vivo (SaT-seg- 
ment widening and T-wave flattening) and by impairment 
of the contractile responses (Fmax, +-dF/dtmax) to adrena- 
line of hearts isolated from treated animals. 4'-Deoxy- 
DXR caused a progressive enlargement of the SaT seg- 
ment in vivo and a significant impairment of the - dF/dtmax 
value in vitro, which were less severe than those produced 
by DXR. The least cardiotoxic drug was 4'-amino-3'-hy- 
droxy-DXR, which induced minor ECG changes without 
causing significant alterations in the contractile responses 
of isolated hearts to adrenaline. On the basis of the drug 
concentration required to inhibit 50% of the colony forma- 
tion (ICs0) of cell lines in vitro, 4'-amino-3'-hydroxy-DXR 
was less active than 4'-deoxy-DXR but at least twice as 
active as DXR against human cancer and murine trans- 
formed ceil lines. These data indicate that 4'-amino-3'-hy- 
droxy-DXR is significantly less cardiotoxic and more cyto- 
toxic than DXR. 

threatening cardiac injury has led to limitations on the 
application of this drug in clinical practice despite its being 
one of the most effective single agents used for the treat- 
ment of cancer (for review see [12]). 

New anthracycline analogues have been synthesized 
with the aim of reducing the cardiac toxicity and improving 
the antitumor activity of DXR [1]. Among the glycoside 
analogues, 4'-deoxy-DXR differs from DXR in the ab- 
sence of an oxygen atom at position 4' on the aminosugar. 
This drug, which is more lipophilic than DXR, exhibits 
increased cellular uptake and cytotoxicity both in vivo [6] 
and in vitro [15] as compared with the prodrug. The en- 
couraging results that have been obtained by modifying the 
structure of the sugar moiety have led to the synthesis of a 
large number of anthracycline analogues; among these, 
4"-amino-3'-hydroxy-DXR has been selected for preclini- 
cal toxicology studies on the basis of a promising spectrum 
of antitumor activity [ 1]. 

To investigate from a toxicological point of view the 
properties conferred by exchanging the positions of the 
amino and hydroxyl groups on the daunosamine, the aim of 
the present study was to compare both the acute and 
chronic cardiotoxicity of 4'-amino-3'-hydroxy-DXR, 4'- 
deoxy-DXR, and DXR in the rat and their cytotoxicity 
toward human cancer and routine transformed cell lines. 
Under the experimental conditions used in the present 
study, 4'-amino-3'-hydroxy-DXR was characterized by a 
significantly lower degree of cardiotoxicity as compared 
with DXR; this was not associated with reduced anti- 
proliferative activity since the analogue was more cytotox- 
ic than the prodrug. 

Introduction 

The discovery made >20 years ago that antitumor therapy 
with DXR could produce irreversible and possibly life- 

Offprint requests to: M. Del Tacca, Institute of Medical Pharmacology, 
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Materials and methods 

Experimental animals. Guidelines for the care and use of laboratory 
animals were followed as described by the "Guide for Care and Use of 
Laboratory Animals" (NIH publication 85-23, 1985 revision). Female 
Wistar rats weighing 190+ 8.5 g were obtained from Noss0aa (Milano, 
Italy). The rats were housed in plastic cages lined with wood-chip 
bedding in animal quarters under conditions of controlled temperature 
(22~176 humidity (45%-55%) and light (12-h cycles) and were 
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given distilled drinking water and standard laboratory food ad libitum. 
Animals were randomized prior to their assignment to one of eight 
treatment groups and were subjected to a 10-day quarantine before the 
initiation of the experiments. 

parameters measured included the maximal developed force (Fmo~), the 
maximal rate of increase in force (+ dF/dtmo~), and relaxation 
(-  dF/dtma~). 

Drugs, chemicals, and supplements for cell culture. 4'-Amino-3'-hy 
droxy-DXR, 4'-deoxy-DXR, and DXR hydroehloride salts were obtain 
ed from Farmitalia-Carlo Erba (Milano, Italy). Solutions of drugs in 
0.9% NaC1 were freshly prepared immediately before their use and were 
protected from light. Urethane, adrenaline bitartrate, and the lactate 
dehydrogenase diagnostic kit were supplied by Sigma Chemical Co. (St. 
Louis, Mo., USA). All other chemicals were of analytical grade. RPMI 
1640 medium, Dulbecco's modified Eagle's medium (DMEM), fetal 
bovine serum (FBS), phosphate-buffered saline (PBS, pH 7.4), L-glu- 
tamine, antibiotics (penicillin and streptomycin), and 0.025% trypsin and 
0.02% ethylenediaminetetraacetic acid (EDTA) in CaZ+/Mg2+-free 
Hanks' balanced salt solution (HBSS) were obtained from Gibco (Pals 
ley, Scotland, UK). Plastic equipment for cell culture was supplied by 
Costar (Cambridge, Mass., USA). 

Acute cardiotoxicity study. Animals were divided into four groups of 
eight rats each. The experimental procedure has been described in detail 
elsewhere [8]. Briefly, a polyethylene catheter filled with heparinized 
saline (0.9% NaC1) was placed in the common carotid artery of rats in 
which anesthesia had been induced using 1 glkg i. p. urethane, a dose that 
is suitable for cardiovascular studies [18]. The heart rate (beats/rain), 
mean arterial blood pressure (MABP, mmHg), and systemic arterial (SA) 
dP/dtm~x value (mmHg/s), which is an indirect index of left ventricular 
contractility [4], were measured. Needle electrodes were inserted under 
the skin of the animals' legs to record lead-II ECG, and SaT segments 
(ms) and T waves (gV) were measured and taken as cardiotoxicity end 
points [7]. After the establishment of stable hemodynamic conditions, 
the rats received a bolus injection of either 10 mg/kg 4'-amino-3'-hy- 
droxy-DXR, 8.6 mg/kg 4'-deoxy-DXR, 13 mg/kg DXR, or vehicle 
(0.9% NaC1) and parameters were measured for 60 rain post-dosing. The 
doses injected were chosen on the basis of equivalent antitumor activity 
against a murine solid tumor model [14]. 

Chronic cardiotoxicity study. Animals were divided into 4 groups of 
12 rats each, were given 3 mg/kg 4'-amino-3'-hydroxy-DXR, 2 mg/kg 
4'-deoxy-DXR, 3 mg/kg DXR, or vehicle (0.9% NaC1) on days 0, 7, and 
14 of the study and were observed for a recovery period of 35 days. DXR 
and 4'-deoxy-DXR doses corresponded to the optimal therapeutic doses 
used in multiple-dose antitumor activity studies in animals [3]. The dose 
of 4'-amino-3"-hy&'oxy-DXR used in this study was equal to that of 
DXR since the two anthracyclines exhibit equal antitumor activity 
against a panel of murine solid tumors [14]. Starting from the first 
administration of drug (day 0), body weights and ECGs (lead II) were 
recorded weekly immediately prior to each injection with the animals 
under light ether anesthesia and on the same day of the week during the 
recovery period; Sc~T-segment duration (ms) and T-wave amplitude 
(gV) were also measured. At the end of the study, rats were injected i. p. 
with 500 IU heparin and killed by cervical fracture, and their hearts were 
immediately removed for the isolated heart study. Because of the reliabil- 
ity of the Soft segment value in monitoring the development of anthracy- 
cline cardiotoxicity and its correspondence to the DXR-induced morpho- 
logical alterations in the myocardium [7], histopathology of the cardiac 
tissue was not performed. 

Isolated heart study. The isolated heart study was carried out as pre 
viously described [8]. Briefly, hearts were rinsed in cold 0.9% NaCI and 
the aorta was cannulated. Hearts were rapidly transferred to a thermo- 
static chamber and were retrogradely perfused in a flow-through system 
with Locke-phosphate buffer consisting of 157 mu NaC1, 5.63 ram KCt, 
2.09 mM CaCl2, 1.75 mM NaHCO3 and 5.55 mM glucose at 37 ~ C under 
oxygenation with 100% O2 (pH adjusted to 7.4); the perfusion pressure 
was kept at 60 mmHg. Hearts were stimulated with increasing doses of 
adrenaline (0.1, 1 and 10 gg) that were added cumulatively (0.1 ml) to 
the perfusion medium just above the aortic cannula, and isometric con- 
tractile-force tracings were recorded as previously described [10]; the 

Cell culture and cytotoxicity assay. The human cell lines HOS (osteosar- 
coma) and DU 145 (prostate cancer) were purchased from the American 
Type Culture Collection (ATCC, Rockville, Md., USA). The human cell 
lines SNB-19 (glioblastoma) and A2780 (ovarian cancer) were kindly 
provided by Dr. RV La Rocca and Dr. E Reed, respectively (National 
Cancer Institute, Bethesda, Md., USA). The V79/AP4 cell line, a trans- 
formed Chinese hamster fibroblast cell line [17], was also used for 
cytotoxicity studies. The growth medium for HOS, DU 145, SNB-19, 
and A2780 was RPMI 1640 supplemented with 10% FBS; V79/AP4 
cells were grown in DMEM containing 5% FBS. Media were supple- 
mented with antibiotics (penicillin, 1001U/ml; streptomycin, 100 gg/ml) 
and L-glutamine (2 mu). Cells were harvested with 0.025% trypsin and 
0.02% EDTA in Ca2+/Mg2+-free HBSS from exponential-phase mainte- 
nance cultures that had been cultivated in 175-cm 2 flasks by incubation at 
37~ in an atmosphere containing 5% CO2 at 100% relative humidity. 

Chemosensitivity studies were carried out as clonogenic survival 
assays [16]. HOS, DU 145, SNB-19, and A2780 cells (1,000/well) were 
plated in serum-supplemented medium in six-well culture plates; the 
next day, drugs were added to triplicate wells for 48 h. The drugs were 
removed and the ceils were washed once in an equal volume of medium 
containing serum and then incubated for 7 - 1 0  days, depending on the 
growth rate. The medium was removed and the cells were fixed in 
methanol and stained with crystal violet for 10 min. The dye was remov- 
ed, the plates were washed and dried, and colonies of >50 cells were 
scored as survivors. The cloning efficiency under these conditions was 
/> 30%. The relative colony-forming efficiency was expressed as a per- 
centage of the number of colonies formed in the presence of drugs 
relative to the number of colonies formed in control wells containing no 
drugs. The ICs0 values were determined from the cytotoxicity data using 
a mathematical transformation in which the log of the fraction of dead 
cells divided by the fraction of surviving cells was plotted against the log 
of the drug concentration; the resulting equation was then solved to 
determine the ICs0. 

The effect of a short-term exposure to anthracyclines in serum-free 
cell culture on V79/AP4 viability was evaluated using the colony-forma- 
tion assay as well as the release of the cytosolic enzyme lactate dehydro- 
genase (LDH). For the colony-formation assay, cells in exponential 
growth were plated at a density of 1 x 10 s cells/cm z in FBS-supple- 
mented DMEM in 25-cm 2 flasks. After 24 h, the cells were washed; the 
medium was replaced with FBS-free DMEM containing 4'-amino-3"-hy- 
droxy-DXR, 4'-deoxy-DXR, and DXR; and the cells were incubated for 
2 h. Treatments were terminated by rinsing the plates with PBS; the cells 
were then trypsinized and 100 of them were plated in 60-mm cell-culture 
dishes containing 5 ml of FBS-supplemented DMEM and then incubat- 
ed. After 8 days, colonies of >100 cells were counted as described above 
and the ICs0 value was calculated. Cloning efficiency was 70%+ 12% 
for untreated cells. 

For measurement of the LDH activity in the culture medium, 
1.8 x 105 cells were plated in 24-well plates containing FBS-supple- 
mented DMEM. After 24 h, the cells were washed with PBS and treated 
as described for the colony-formation assay. After 2 h, the LDH activitiy 
released by anthracycline-treated cells was measured in the culture me- 
dium as described elsewhere [9] and then compared with the activity 
released by vehicle-treated cells. The drug concentration that induced a 
50% increase in the release of LDH in the supernatant relative to control 
values was calculated. 

Statistical analysis. The results of statistical analysis of the data were 
recorded as mean values (_+ SE) for n observations. Longitudinal 
measurements of ECG, hemodynamics, body weight, and cardiac con- 
tractility parameters were evaluated using one-factor analysis of variance 
(ANOVA, two-tailed) followed by the Student-Newman-Keuls test [ 19] 
to analyze the effect of anthracycline treatments. The level of signifi- 
cance chosen was 95% (P <0.05). 
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Fig. 1. Hemodynamic and ECG responses to i.v. bolus injections of 
4'-amino-3'-hydmxy-DXR (10 mg/kg), 4'-deoxy-DXR (8.6 mg/kg), 
DXR (13 mg/kg), and vehicle (0.9% NaC1) in anesthetized female Wistar 
rats. All data are expressed as mean percentages of pretreatment 
values + SEM (n = 8). Where error bars are not visible, the SEM was 
smaller than the symbol size. * P <0.05 vs DXR-treated animals at the 
same time point 

R e s u l t s  

Acute cardiotoxicity study 

The increase in Sc~T-segment duration induced by 4'-ami- 
no-3'-hydroxy-DXR and 4'-deoxy-DXR was significantly 
less pronounced than that produced by DXR (P <0.05 at 
15-60  and 3 0 - 6 0  min; Fig. 1). The MABP increase fol- 
lowing DXR dosing was more severe than that induced by 
either 4'-amino-3'-hydroxy-DXR (P <0.05 at 15-60  rain) 
or 4 '-deoxy-DXR (P <0.05 at 30 min; Fig. 1). Similarly, 
the SA dP/dtmax value was impaired by treatment with 
DXR as compared with 4'-amino-3'-hydroxy-DXR and 
4"-deoxy-DXR (P <0.05 at 15-30  rain; Fig. 1). Although 
no arrhythmia was recorded following DXR administra- 
tion, a significant increase in heart rate was induced only 
by DXR at 15 min after dosing (data not shown). 

0 7 14 21 28 35 42 49 

Time after first drug dose (days) 

Fig. 2. Effect of i. v. bolus injections (days 0, 7 and 14) of 4'-amino-3'- 
hydroxy-DXR (3 mg/kg), 4'-deoxy-DXR (2 mg/kg), and DXR (3 mg/kg) 
on the changes in body weight and the SaT-segment duration in female 
Wistar rats. All data are expressed as mean percentages of pretreatment 
values + SEM (vehicle and 4'-amino-3'-hydroxy-DXR, n = 12; 4'- 
deoxy-DXR, n = 10; DXR, n = 9). Where error bars are not visible, the 
SEM was smaller than the symbol size. * P <0.05 vs DXR-treated ani- 
mals at the same time point 

So~T-segment duration (Fig. 2), whereas 4'-amino-3'-hy- 
droxy-DXR and 4'-deoxy-DXR were significantly less 
toxic (P <0.05 at 14-49  and 2 8 - 4 9  days, respectively; 
Fig. 2) than DXR. Based on So~T-segment changes, 4'- 
amino-3'-hydroxy-DXR was the least cardiotoxic drug, 
whereas 4'-deoxy-DXR induced a progressive, moderate 
degree of cardiotoxicity. Treatment with DXR was as- 
sociated with a flattening of the T wave (data not shown); 
this effect was not observed in rats that had been given 
4'-amino-3'-hydroxy-DXR or 4'-deoxy-DXR. No mortal- 
ity was associated with 4'-amino-3'-hydroxy-DXR treat- 
ment, but two animals in the 4'-deoxy-DXR group and 
three rats in the DXR group died. 

Isolated heart study 

Chronic cardiotoxic#y study 

Sporadic episodes of  arrhythmia were recorded during 
treatment with DXR and 4'-deoxy-DXR; however, for 
ECG measurements, tracings that exhibited arrhythmia 
were not used. 4'-Amino-3'-hydroxy-DXR and 4'-deoxy- 
DXR were less toxic than DXR with regard to the body 
growth rate of treated animals (P <0.05 at 21 -4 9  and 
2 8 - 4 9  days; Fig. 2). DXR induced a marked increase in 

The basal values for both the wet weight and the contractil- 
ity of  the heart did not differ significantly among the ex- 
perimental groups (Table 1). Adrenaline stimulation of 
control hearts produced a dose-dependent increase in P~ax 
and +dF/dtmax values and a decrease in -dF/dtmax 
(Table 1). The contractile responses of hearts isolated from 
rats that had been treated with DXR and 4'-deoxy-DXR 
were significantly impaired as compared with control 
values (Table 1); in particular, DXR significantly impaired 
the Fmax and -dF/dtmax values, whereas 4'-deoxy-DXR 
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Table 1. Effects of incremental doses of adrenaline on isometrically contracting hearts obtained from rats treated with the vehicle 0.9% NaC1, DXR, 
4'-deoxy-DXR, or 4'-amino-3'-hydroxy-DXRa, b 

Basal values Adrenaline (Jxg) 

0.1 1 10 

Vehicle: 
F,~(g) 1.8_+0.2 3.4_+ 0.5 3.9_+ 0.5 4.2+_ 0.5 
+dF/dtmax(g/s) 74.5+_5.8 142.7--+-_ 9.9 163.9_+15.1 189 +_15.5 
-dF/dtmax (g/s) -35 +-4.3 -102.8 +- 8.9 -133.9 • 12.5 -165.6-+ 18.1 

DXR: 
F,~ox(g) 1.5+__0.4 2.7• 0.4 2.6_+ 0.3* 2.8+- 0.2* 
+dF/dtmo~ (g/s) 69.9 ___7.4 129.8 +- 9.7 135.3 • 14.3 148.8 -+ 10.2" 
-dF/dt,~o~ (g/s) -40.2+6.6 ~59.2 • 7.4* -80.5 _+ 8.9* -105.6_+ 8.7* 

4'-deoxy-DXR: 
Fm~x(g) 1.6_+0.3 3 _+ 0.5 3.3• 0.5 3.8• 0.3 
+dF/dtmo~ (g/s) 71.7 __+9.5 139.8 • 10.2 149.5 • 10 170.1 +- 18.9 
-dF/dtmax(g/s) -38,4+-4.5 -70.9_+ 6.7* -78.7• 8.9* -110.3+_ 9.2* 

4'-amino-3'-hydroxy-DXR: 
Fmax(g) 1,9_+0.4 3.1+- 0.4 3.6• 0.3 4 +_0.4 
+dF/dtm~ (g/s) 75,6 +_ 8.8 144.9 +_ 10.7 159.3 -+ 12 179.8 +- 15 
-dF/dtm~ (g/s) -39.6 • 4.9 -89.9 _+9.9 -120.4 +_ 11.4 -155.7 +_ 13.9 

a Heart wet weight did not significantly differ among the experimental groups (vehicle, 0.8+_0.05 g; DXR, 0.75+0.04 g; 4'-deoxy-DXR, 
0.79 +- 0.05 g; 4'-amino-3'-hydroxy-DXR, 0.79 _+ 0.09 g) 
b Data represent mean values • SEM (vehicle and 4'-amino-3'-hychoxy-DXR, n = 12; 4'-deoxy-DXR, n = 10; DXR, n = 9) 
* P <0.05 vs vehicle-injected animals 

Table 2. In vitro cytotoxic activity of DXR, 4"-deoxy-DXR, and 4'-ami- 
no-3'-hydroxy-DXR in various cell lines 

1C50 (nM) a 

HOS A2780 DU 145 SNB-19 V79/AP4 

DXR 15.8 13.5 9.77 4.37 254.8 
4'-deoxy-DXR 0.56 2,51 0.79 1.29 4.01 
4'-amino-3'- 7.41 1.38 1.91 2.09 0.34 

hydroxy-DXR 

a Data represent the mean values for triplicate experiments, and the 
SEM never exceeded 10%. For cell-culture conditions, see Materials and 
methods 

treatment resulted in a significant impairment o f  
-dF/dtmax. No significant change was associated with 
4 ' - amino-3 ' -hydroxy-DXR treatment (Table 1). 

Cytotoxicity study 

4 ' -Amino-3 ' -hydroxy-DXR,  4 ' -deoxy-DXR,  and D X R  
produced a concentrat ion-dependent  inhibition of  the co- 
lony-forming ability o f  the HOS, A2780,  DU 145, and 
SNB-19 cell lines; based on 1C50 values, 4 ' -amino-3 ' -hy-  
d roxy-DXR was at least twice as active as D X R  (Table 2). 
The cytotoxic activity o f  anthracyclines in the V79/AP4 
cell line following a 2-h incubation is shown in Table 2. 
This cell line was highly sensitive to the cytotoxic activity 
of  4 ' - amino-3 ' -hydroxy-DXR.  The 50% increase in L D H  
activity released in the culture medium by cells that had 
been exposed to anthracyclines as compared with vehicle- 

treated cells was obtained at a concentration of  4.3 nM 
4 ' -amino-3 ' -hydroxy-DXR;  for 4 ' - deoxy -DXR and DXR,  
this concentration was >172 nM and 17,2 BM, respectively. 

D i s c u s s i o n  

The results o f  the present study indicate that the new D X R  
derivative 4 ' - amino-3 ' -hydroxy-DXR is characterized by 
significantly lower acute and chronic cardiotoxicity in the 
rat and increased cytotoxicity against human cancer and 
murine transformed cell lines as compared with DXR.  

In both acute and chronic studies, 4 ' -amino-3 ' -hydroxy-  
D X R  induced the lowest degree of  cardiac alterations in 
vivo as compared with the changes produced by D X R  or 
4 ' -deoxy-DXR.  The isolated heart experiments did not de- 
monstrate any alteration in the contractile response to 
adrenaline by hearts f rom animals that had been treated 
with 4 ' -amino-3 ' -hydroxy-DXR,  in contrast to the findings 
in rats that had received 4 ' - deoxy -DXR or DXR.  The acute 
and chronic cardiotoxicity studies indicated that 4 ' -deoxy-  
D X R  induced significant cardiac damage as demonstrated 
by the ECG analysis. The present results are in agreement 
with a previously published study on the acute cardiotoxic- 
ity o f  anthracycline derivatives [6], which reported that 
both D X R  and 4 ' - deoxy -DXR induced cardiac ultrastruc- 
tural alterations characterized by mitochondrial  swelling 
and disruption of  cristae, myocy te  vacuolization, and the 
appearance of  dense inclusion bodies and that no signifi- 
cant difference was observed in the severity and frequency 
of  ultrastructural lesions induced by the two drugs at 24 h 
after a single dose in the rat. In the chronic study, 4 ' -deoxy-  
D X R  was less cardiotoxic than DXR;  however,  its cardio- 
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toxicity was more  severe than that caused by 4 ' -amino-3 ' -  
hydroxy-DXR,  as the fon~aer analogue induced a signifi- 
cant widening o f  the SaT-segment  duration and impaired 
the adrenaline-induced relaxation (-dF/dtmax) o f  isolated 
heart preparations, whereas the latter did not. The present 
data suggest that the rat model  is useful for the study of  
anthracycline cardiotoxicity, since other experimental 
models have failed to reveal any cardiotoxic effect for 
4"-deoxy-DXR [11]. 

The severity o f  cardiac toxicity induced by a doxorubi-  
cin analogue may be dependent on both the pharmacoki-  
netic profile o f  the drug and its ability to stimulate the 
metabol ism of  reactive oxygen  species [13]. Futile cycles 
of  reduction and oxidation o f  the anthracycline quinone 
occurring in proximity to the Ca2+ pump of  the sarcotubu- 
lar system or to complex I of  the mitochondrial  electron- 
transport chain can generate a reactive oxygen flux of  
sufficient magnitude to produce site-specific tissue injury 
[12]. The anthracycline-induced mitochondrial  damage 
can be evaluated in vitro by measurement  o f  the nucleotide 
levels (adenosine triphosphate and guanosine triphosphate) 
and the respiration rate in cardiac tissue f rom animals that 
have been treated with anthracyclines. In agreement  with 
the present results, recent in vitro experiments have de- 
monstrated the reduced toxicity of  4 ' -amino-3 ' -hydroxy-  
D X R  at the level o f  mitochondrial  biochemical  functions 
as evaluated by the cellular respiration rate and nucleotide 
levels in rat cardiac tissue; under the same experimental 
conditions, 4 ' - deoxy -DXR and D X R  induced a marked 
impairment of  the respiration rate and of  nucleotide bio- 
synthesis [5]. 

The results of  the present cytotoxici ty studies on human 
cancer and murine transformed cell lines demonstrated that 
exchanging the positions o f  the amino and the hydroxyl  
groups on the sugar moiety  o f  DXR,  which leads to 4 ' -ami-  
no-3 ' -hydroxy-DXR,  is associated with a significant in- 
crease in the antiproliferative activity of  the compound.  
Our data are in agreement  with those of  Belvedere et al. 
[2], who observed a marked increase in the cytotoxici ty of  
4 ' -amino-3"-hydroxy-DXR as compared with D X R  in the 
LoVo colon-cancer  cell line. 

In conclusion, a major  goal in the search for new an- 
thracycline analogues is the development  o f  a derivative 
that exhibits lower cardiotoxicity and equivalent or higher 
antitumor activity than does DXR.  The present results de- 
monstrate that 4 ' - amino-3 ' -hydroxy-DXR is a possible 
candidate for use in humans;  therefore, further biochemical  
and pharmacokinetic  studies should be carried out to ob- 
tain a better understanding of  the promising pharmacologi-  
cal profile shown by 4 ' - amino-3 ' -hydroxy-DXR in the pre- 
sent investigation. 
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