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ABSTRACT

4'-Iodo-4'-deoxydoxorubicin is a doxorubicin (DXR) analogue with
greater lipophilicity and reduced basicity of the amino group. In vitro 4'-
iodo-4'-deoxydoxonibicin is more cytotoxic than DXR against a panel of

human and murine cell lines and is characterized by a higher and faster
uptake. In vivo, the spectrum of activity of 4'-iodo-4'-deoxydoxorubicin

is comparable to that of DXR, but the new compound has higher activity
against murine P388 leukemia resistant to DXR and against pulmonary
mÃ©tastases from Lewis lung carcinoma. Moreover, the new analogue
exhibits antitumor activity also after p.o. administration and shows no
cardiotoxicity in experimental systems.

INTRODUCTION
DXR2 is one of the most effective antitumor agents available

to date. However, the low responsiveness of major tumor dis
eases such as lung carcinomas, colorectal cancers, pancreatic
tumors, malignant melanomas as well as the presence of toxic
side effects (mainly the dose-related cardiomyopathy) have
stimulated intense research for new analogues with more favor
able pharmacological properties. Among the many analogues
synthesized, anthracyclines modified at position 4 of the amino
sugar have been identified as less cardiotoxic agents when
compared with the parent drug in several experimental systems
(1, 2). The clinical efficacy of 4'-epi-doxorubicin and of 4'-

deoxydoxorubicin has been established as well as their reduced
cardiotoxicity (3, 4). Therefore, position 4 in the sugar moiety
of anthracyclines appeared suitable for further modifications.
The substitution of a halogen atom for the daunosamine C-4'-

OH was planned in order to affect the basicity of the amino
group at C-3' and, consequently, the uptake, transport, and

tissue distribution of the drug. The chemistry, antitumor activ
ity and cardiotoxicity in mice of IDX, a new promising DXR
analogue, are described here.

MATERIALS AND METHODS
Synthesis of IDX. To a solution of 5.2 g of Ar-trifluoroacetyl-4'-

epidaunorubicin (5) in 130 ml of anhydrous mÃ©thylÃ¨nechloride and 6
ml of p\ ridine, 2.2 ml of trifluoromethanesulfonic anhydride dissolved
in mÃ©thylÃ¨nechloride (28 ml) was added at 0"C. After 10 min the

reaction mixture was neutralized with a saturated aqueous solution of
sodium bicarbonate, and the organic phase was separated and treated
with 3 g of tetra-n-butylammonium iodide. After 3 h at room temper
ature the solution was washed with water; then the organic phase was
evaporated under vacuum to dryness. The residue was dissolved in 300
ml of 0.1 N aqueous sodium hydroxide and after 3 h at ()"('. the solution

was adjusted to pH 8.0 and extracted with mÃ©thylÃ¨nechloride. The
organic phase was separated, washed with water, and evaporated to
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small volume; it was then acidified to pH S with 0.1 N methanolic
hydrogen chloride. The addition of excess diethyl ether yielded 3.7 g of
4'-iodo-4'-deoxydaunorubicin, as hydrochloride. A solution of this

compound (3 g) in a mixture of methanol (24 ml) and dioxane (60 ml)
was treated with bromine to form the 14-bromo derivative. Treatment
of the 14-bromo derivative with an aqueous solution of sodium formate
at room temperature for 18 h gave 4'-iodo-4'-deoxydoxorubicin ex

tracted from the reaction mixture with mÃ©thylÃ¨nechloride. The organic
solvent was evaporated to small volume and acidified to pH 5 with 0.1
N methanolic hydrogen chloride. The addition of excess diethyl ether
yielded the crude glycoside that was purified on a silica gel column
using mÃ©thylÃ¨nechloride:ethanol (25:1, v/v) as eluent. The eluate
containing the pure IDX was diluted with water, and the organic phase
was separated, evaporated to a small volume, and acidified to pH 5
with methanolic hydrogen chloride. The addition of excess diethyl
either yielded 1.8 g of product, as the hydrochloride. For determination
of elemental composition, the sample was dried at 80Â°Cunder vacuum
(0.2 mm Hg) for 15 h and subsequently equilibrated in air (23Â°Cand

55% relative humidity). After 30 min constant weight was reached, the
weight increase corresponding to adsorbed water. Elemental analysis
was performed on the equilibrated sample. Chemical structures of DXR
and IDX are shown in Fig. 1.

Physicochemical Methods. Proton magnetic resonance spectrum ('H
nuclear magnetic resonance) was recorded in dimethyl sulfoxide-dÂ«,
solution with a VarÃanXL-200 spectrometer. The mass spectrum was
obtained with a Varian MAT 311-A mass spectrometer using the field
desorption ionization technique. Melting point, obtained with a SMI'

20 apparatus (Buchi) is uncorrected. The pA, value was determined by
potentiometric titration at 23Â°C:the compound was dissolved in water
(concentration, 0.6 x 10~3M) and titrated with NaOH, 0.025 N. The
pA",,value of 8.2 for DXR was obtained by using a higher concentration
of the aqueous solution (3.3 x 10~3M) and NaOH 0.1 N as titrant. The

apparent partition coefficient P.m between 1-octanol and aqueous Tris
buffer at pH 7 was obtained by shaking for 15 h at room temperature,
and the concentrations in both phases were determined spectrophoto-
metrically (Amâ€ž= 480 nm; < = 11,800). High performance liquid
Chromatographie analysis was carried out using the following condi
tions: column Cig-^Bondapak, 10 i/m (300 x 3.9 mm); temperature
40Â°C;mobile phase A, 0.05 M KH2PO< at pH 3.0 with l M H,PO4;

mobile phase B, CH3CN; gradient elution from 25 to 55% B in 30 min;
flow rate, 2 ml/min; UV detection at 254 nm.

Cell Cultures. The colony inhibition test was carried out on the
following cultured human tumor cell lines: Ik-la cervix epithelioid
carcinoma (6); HT-29 colon adenocarcinoma (7); HRT-18 rectal ade-
nocarcinoma (8); and LoVo colon adenocarcinoma (9). The cells were
exposed to the drug for different times and then cloned directly on
plastic dishes as previously described (10). Cytotoxicity on murine
P388 leukemia cells and DXR resistant leukemia cells (P388/DXR)
was determined by counting surviving cells after 48 h treatment (11).
The percentage of cell growth in the treated cultures was compared
with that of controls by the formula

% of growth =
T-CO

CO
x 100

where / is the number of cells in the treated group at 48 h and CO is
the number of the cells in the controls at time 0(12). For both methods
the 50% inhibiting doses were calculated on dose-response curves.
Intracellular drug contents were determined on cultured LoVo cells
seeded at the concentration of 1.2 x IO6cells/4-ml plate 48 h before

treatment. Cells were exposed to the drugs at the concentration of 2.5
Mg/ml. At different times the cells were washed twice with 0.9% cold
NaCl solution, trypsinized at room temperature (0.24% trypsin; Difco
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Fig. 1. Chemical structure of 4'-iodo-4'-deoxydoxorubicin (IDX, R = I) and

doxorubicin (DXR, R = OH). Me, Methyl.

Laboratories), resuspended in cold saline, and collected by low-speed
centrifugation at 4V. The intracellular drug was extracted with 2 ml
of ethanol-0.3 N HC1 solution and measured spectrofluorometrically at
the excitation wavelength of 479 nm and at the emission wavelength of
593 nm for both compounds. Intracellular drug levels were expressed
as fig drug equivalents and referred to 10' cells. Intracellular drug

contents in P388 and P388/DXR murine cells were determined by
incubation of cell suspension (Sx IO5cells/ml) in Hanks' balanced salt

solution (GIBCO) at pH 7.4 containing 10 HIMglucose and 5% fetal
bovine serum (Flow Laboratories) in the presence of 2.5 Mg/ml of the
compound after 4 h of exposure. The cells were washed twice with
0.9% cold NaCl solution and collected by low-speed centrifugation.
The intracellular drug levels were determined as above and referred to
10* cells.

Animals. Inbred DBA/2, C3H/He, C57BL/6 and first generation
hybrid C57BL/6 x DBA/2 F, (hereafter called BD2F,) and BALB/c x
DBA/2 F, (hereafter called CD2FÂ¡)adult mice of both sexes were used
for the evaluation of antitumor activity. In one experiment designed to
assess cardiotoxicity, CD-I outbred mice were utilized. All animals
were obtained from Charles River Italia (Calco, Como, Italy). The
animals were 2 to 3 months old, weighted 20 to 30 g, and were kept
under standard laboratory conditions.

Tumors. Ascitic P388 leukemia was maintained by serial i.p. passage
in DBA/2 mice, according to Geran et al. (12). For experimental
purposes 1 x 10' cells/mouse were inoculated i.p. in CD2Fi mice. The

subline of P388 leukemia resistant to DXR(P388/DXR) was obtained
by repeated exposure to the drug in Dr. F. M. Schabel's laboratory

(Southern Research Institute, Birmingham, AL) and maintained in our
facilities in BD2F, mice given weekly i.p. passages of 1 x IO7 cells/

mouse. The animals were treated 48 h after tumor inoculation with 6
mg/kg i.p. of DXR. For experimental purposes 1 x IO6 cells/mouse

were transplanted i.p. in the same strain of animals. Gross leukemia
(13) was maintained by serial i.v. passages of a homogenate of spleen
and peripheral lymph nodes of leukemic mice in C3H/He syngeneic
mice. The experiments were carried out in the same strain (2 x IO6
cells/mouse). Lewis lung carcinoma (1 x IO6 cells/mouse) was trans

planted i.m. in C57BL/6 mice in the experiments to evaluate the activity
on primary tumor growth. The same amount of cells was inoculated
intrafootpad for the evaluation of antimetastatic activity. The distal
part of the tumor-bearing leg was surgically amputated when the tumor
weighted about 300 mg. Mammary carcinoma (20 x IO6cells/mouse)

from a third-generation tumor was inoculated s.c. as previously de
scribed (14) in C3H/He female mice.

Drug Administration. Compounds were dissolved in distilled water
and administered i.p., i.v., or p.o. (by stomach tube) in a volume of 10
ml/kg of body weight. Treatment schedules are reported in "Results."

Evaluation of Antitumor Activity. In P388, P388/DXR, and Gross
leukemia experiments, the comparison of drug effectiveness was based

on the increase in median survival time in the dose range studied
compared to untreated controls. The number of long-term survivors
refers to mice surviving at the end of the experiment. Solid tumor
growth was assessed by caliper measurement, and tumor weight was
calculated according to Geran et al. (12). The percentage of tumor
growth inhibition in comparison to controls was calculated. Antimeta
static activity, after surgical removal of the primary tumor, was assessed
from the increase in median survival time from the number of long-
term survivors (>130 days) and from mÃ©tastasescounted at autopsy.

Evaluation of Toxicity and Cardiotoxicity. In leukemic mice toxicity
was evaluated on the basis of the gross autopsy findings, mainly from
the reduction of spleen and liver size. In the experiments on solid
tumors, healthy and tumor-bearing mice were treated in parallel and
observed for 3 months after the end of treatment for evaluation of
lethality. In the case of mammary carcinoma, 1 month after the last
treatment five healthy C3H/He mice in each dosage group were killed.
Hearts were removed and fixed in 4% paraformaldyde in 0. l M phos
phate buffer at pH 7.3. Semithin sections were examined histologically
as previously described (15). Myocardial lesions were graded according
to severity and extension. All histolÃ³gica! specimens were observed
blindly. Cardiotoxicity was also evaluated in CD-I healthy mice treated
according to a different schedule of drug administration (15). The
MCCD, i.e., the dose giving a score of 0.5 in the evaluation of histo
lÃ³gica!lesions, was calculated on the dose-response curve.

RESULTS

Chemistry. The mild conditions used in the displacement
reaction leading to the formation of 4'-iodo-4'-deoxydaunorub-

icin allowed the preservation of the intact glycoside structure
and a 75% yield of the desired compound. After removal of the
TV-protecting group, conversion of 4'-iodo-4'-deoxydaunorubi-

cin to the DXR analogue has been achieved in 55% yield
following the procedure already described for the chemical
conversion of daunorubicin to DXR (16). The chemical and
physicochemical properties of IDX are presented in Table 1.
The 'H nuclear magnetic resonance spectrum of the compound
differs from that of DXR for the signals related to H-3', H-4',
and H-5' of the sugar moiety: H-3': 3.02 ppm (ddd, J = 4.0,
4.0, 12.0 Hz); H-4': 4.52 ppm (dd, J = 1.0,4.0 Hz); H-5': 3.52

ppm (dd, J = 1.0, 5.8 Hz). The coupling constant values of H-
4' are in agreement with the axial orientation of the C-4'-I

bond for 1 C conformation of the amino sugar ring. The mass
spectrum was recorded by using the field desorption ionization
technique. A molecular ion at m/z 653 was particularly evident,
accompanied by fragmentation peaks at m/z 593 (M-
COCH2OH-H)+, 525 (M-HJ)+, and 414 (adriamycinone radi

cal ion).
Cytotoxicity and Uptake in Cell Culture. The in vitro activity

of IDX and DXR against a panel of cultured human tumor cell
lines is shown in Table 2. The IDX and DXR activity increased
with time against all cell types. After 24 h incubation IDX was
between 2 and 10 times more cytotoxic than the parent drug
against all lines tested. The uptake of IDX and DXR was

Table I Chemical and physicochemical properties of 4'-iodo-4'-

deoxydoxorubicin hydrochloride

Empirical formula
M,
M. p.
pH of 1% aqueous solution
|..If!' (c 0.05 in methanol)

P*.
Pw
High performance liquid chromatography rate
Solubility in water

C2,H,,ClINO,o H2OÂ°

689.89
137-138'C (decomposition)

4.9
+ 160'C

6.4
31.4

11 min

" Elemental analysis:

Calculated: C44.13, H 4.66, N 1.91, CI 4.82, I 17.27
Found C 44.25, H 4.27, N 1.92. CI 4.72, I 17.18
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determined in LoVo cells at several exposure times (Fig. 2).
IDX was taken up faster and accumulated to levels 10 times
higher than DXR. IDX and DXR cytotoxicity was determined
against P388 and P388/DXR leukemia cells after 48 h incu
bation. Results are shown in Table 3. IDX was about 5 times
more cytotoxic than DXR against the sensitive cells and about
125 times more cytotoxic against the resistant ones. Intracel-
lular drug content measured after 4 h treatment is indicated in
Table 3. In P388 IDX reached five times higher levels than
DXR and was taken up also by P388/DXR cells although to a
reduced extent in comparison to P388. DXR content in P388/
DXR cells was extremely low.

Antitumor Activity and Cardiotoxicity in Mice. The in vivo
activity of IDX and DXR against P388 ascitic leukemia sensi
tive and resistant to DXR is shown in Table 4. The new
compound was as effective as DXR against P388 leukemia
when treatment was given on day 1 and more active when
treatment was given on days 5, 9, and 13. In P388/DXR
leukemia-bearing mice, survival time was prolonged when IDX
was administered early in tumor growth (day 1). However, no
cures were obtained with the drug against this resistant line.
The activity of IDX against disseminated Gross leukemia is
depicted in Table 5. In two different experiments the new
compound showed higher potency and activity than DXR after
a single i.v. injection. However, IDX was less active than DXR
when both compounds were administered i.v. on days 1, 4, and
7. In addition, IDX was active against Gross leukemia after
P.O. administration using the same treatment schedules as for
i.v. treatment (Table 5). DXR was not compared in this test
because of its inactivity when given p.o.

The results with IDX against i.m. transplanted Lewis lung
carcinoma are shown in Table 6. After all i.v. repeated doses
the new anthracycline caused complete inhibition of primary
tumor growth. DXR was highly effective only at the dose of 10
mg/kg which, however, proved toxic in 80% of the animals. It
is worth noting that 80 to 90% of tumor-bearing mice treated
with IDX were considered cured, being still alive and metastasis
free 90 to 130 days after tumor transplantation. Negligible
number of cures were obtained with DXR. P.O. IDX was also
highly effective in inhibiting tumor growth and produced 40%
cures.

In order to test the antimetastatic potential of IDX we studied
its effect against pulmonary mÃ©tastasesproduced by Lewis lung
carcinoma after surgical excision of the intrafootpad implanted
tumor. Treatment was started the day after the operation (Table
7). Survival of the animals was recorded. MÃ©tastaseswere
counted in all the mice in which autopsy was possible, and
those still alive 120 days after tumor transplant were considered
cured. The greater efficacy of IDX in relation to DXR is evident
from prolongation of survival time, percentage of cured ani
mals, and the low lung mÃ©tastasesnumber. The new compound
was very active also after p.o. administration.

In order to investigate the relationship between antitumor

Table 2 Colony forming ability of four human tumor cell lines after I-, 4-, and
24-H exposure to IDX and DXR

Concentration (ng/ml) required for 50%inhibition1

liincubationCell

lineHeLa

HT-29
HRT-18
LoVoIDX21

Â±7Â°

94 Â±43
70 Â±31
95 Â±35DXR208

Â±45
320 Â±28
308 Â±74
483 Â±1044

liincubationIDX12

Â±3
36 Â±15
26 Â±8
42 Â±20DXR48

Â±22
157 Â±66
105 Â±43
356 Â±1424-

hincubationIDX2Â±1

10 Â±5
13Â±35Â±2DXR18

Â±1024
Â±14

63 Â±34
50 Â±23

Mean Â±SD from dose-response curves of three experiments.

activity and cardiotoxicity, IDX was compared with DXR
against mammary carcinoma in C3H/He mice. IDX and DXR
were administered i.v. once a week for 4 weeks starting when
the tumor was palpable. Tumor-free C3H/He mice were treated
in parallel for the evaluation of cardiotoxicity and lethality.
Results are reported in Table 8. DXR was toxic at the dose of
7.5 mg/kg and inhibited tumor growth by 86 to 99% at the
tolerated dose of 6 mg/kg. IDX was less active than the parent
drug in inhibiting tumor growth and less effective in prolonging
survival time. However, inhibition of tumor growth was also
observed after p.o. administration of the new analogue. In these

15W 18013001

(sec)
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(minÂ¡

240'
A

_j
24htime

0.2

0.0
B

18(T300-W3(T50'

(sec)

2<0' 24h time
(min)

Fig. 2. Cellular uptake of IDX (A) and DXR (//) in LoVo cells.

Table 3 Cytotoxicity and drug content of IDX and DXR in P38S and
P388/DXR cells

50% inhibiting dose
(ng/ml)Cell

lineP388

P388/DXRIDX1.04

Â±0.7Â°15Â±7DXR5.1Â±2.5
1900 Â±349Drug

content
Oig/106cells)IDX1.429

Â±0.016
1.035 Â±0.023DXR0.262

Â±0.02
0.085 Â±0.003

" Mean Â±SD from dose response curves of six experiments.
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CHEMICAL AND BIOLOGICAL CHARACTERIZATION OF IDX

Table 4 Activity of IDX and DXR against P3SS leukemia sensitive and resistant to DXR (P38S/DXK)
P388"Treatment

schedule
Compound(days)DXR

15,9,

13IDX

15,9,

13Dose

(mg/kg)6.6

1034.56.6

103.64.3Treated/control

(%)'231

(200-260)'

320125(120,

130/
135(130,140)300

(240->455)
148(70-305)190230Long-term

survivors'*0/38

10/380/20

0/2010/38

3/280/10

0/10No.

of toxic
deaths/no, of
treatedmice1/38

0/380/20

0/201/38

14/280/10

1/10Dose

(mg/kg)6.6

105.3

6.6P388/DXR*Treated/control

(%)<112(105-122)

117(110-122)182(176-195)

160(110-195)No.

of toxic
deaths/no, of
treatedmice2/39

1/390/39

6/39

' CD2F| mice were given injections of 10* leukemia cells i.p. and were treated i.p. by the schedule reported.
b BD2F| mice were given injections of 10* leukemia cells i.p. and were treated i.p. by the schedule reported.
' Median survival time of treated mice/median survival time of controls x 100.
* Number of long-lerm survivors/number of treated mice.
' Numbers in parentheses, range.
' Numbers in parentheses, data from single experiments.

Table 5 Effect of IDX and DXR against Gross leukemia
C3H/He mice were inoculated i.v. with 2 x 10* cells on day 0.

Route and
schedule of

CompoundadministrationDXR

i.v.day1i.v.

days 1, 4,7IDX

i.v. day1i.v.

days 1, 4,7P.O.''

day1P.O.

days 1, 4, 7Dose

(mg/kg)1316.94.5

5.46.85

8.92.63.386

95.69

7.4No.

of toxic
Treated/con- deaths/no, of

trol (%)" treatedmice215(200-233)*

210(116-275)431300250(217,

283)c

167208231183(150,216)

258 (233,283)200

2232/40

8/401/10

I/IO1/18

4/80/10

2/102/17

2/120/10

2/10
" Median survival time of treated mice/median survival time of controls x 100.
* Numbers in parentheses, range.
' Numbers in parentheses, data from single experiments.
* By stomach tube.

experiments cardiac lesions were found in the left atrium and
in ventricles of DXR treated mice, and the severity of these
lesions was dose related. IDX caused less severe lesions in a
small number of animals. After p.o. administration the new
compound gave only minimally scattered lesions in the control
range. In this experimental system the MCCD was 17.6 mg/kg
for DXR, and >26 mg/kg for IDX i.v. and >44 mg/kg for IDX
p.o.

Cardiotoxicity was also studied in normal CD-I mice treated
chronically either i.v. or p.o. twice a week for 5 weeks. The
mean grade of atrial and ventricular lesions and the percentage
of affected mice are reported in Table 9. IDX showed virtually
no cardiotoxicity even in the group where a certain mortality
was noted. In this experimental model, the MCCD was 11 mg/
kg for DXR but greater than 30 mg/kg for IDX both i.v. and
p.o.

DISCUSSION

The presence of an iodine atom instead of the hydroxyl group
at C-4' on the molecule significantly increases the Iipop hilie

character of the drug (Table 1), as evidenced by the partition
coefficients of IDX and DXR (31.4 versus 0.52) (17). This
property is related to the inductive effect of the electronegative
halogen atom which reduces the basicity of the amino group.
In fact, IDX shows a pK, value of about 6.4 whereas that of
DXR is about 8 (17). As a consequence, at physiological pH,
97.5% of IDX is present as non-ionized molecules whereas 91%
of DXR is present as ionized molecules. It has been shown (18)
that in the case of DXR, it is the uncharged species that is
preferentially taken up by the cell. The different physicochem-
ical properties of IDX and DXR could explain the higher and
faster uptake of IDX when compared to DXR in the human
colon cell line tested and the higher levels reached in cultured
P388 and P388/DXR cells. The higher cytotoxicity of IDX on
human or on murine cell lines, including P388 resistant to
DXR, seems to be a consequence of its high intracellular
content.

Table 6 Antitumor activity of IDX and DXR against Lewis lung carcinoma
C57BL/6 mice were inoculated i.m. with 10s tumor cells. Treatment was started on day 1 after tumor transplant. Drugs were administered i.v. or p.o. (stomach

tube) once a week for 3 weeks.

Administration
CompoundrouteDXR

i.V.IDX

i.v.P.O.Dose

(mg/
kg/day)6.6

106.5

8.5
1111

15Tumor

growth"

inhibition(%)44.76

100,100100.

100
100. 100

10064

100Median

survival
time(days)33.5,

37.5
49,49>90,>130

>90, >130
>1303173Long-term

survivors*1/20

2/1917/20

18/20
8/101/10

4/10No.

of toxic deaths/
no. of treatedmice'1/20

16/200/20

1/19
2/101/10

1/10
* Percentage of tumor growth inhibition in respect to controls was calculated 1 week after the last treatment. Data obtained in single experiments are reported.
' Animals still alive and free of mÃ©tastases90 or 130 days after tumor transplant.

c Evaluated in nontumored mice treated in parallel and observed for at least 90 days from the beginning of the treatment.

4004

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2428962/cr0470154001.pdf by guest on 19 M

ay 2023



CHEMICAL AND BIOLOGICAL CHARACTERIZATION OF IDX

Table 7 Effect of IDX and DXR on pulmonary mÃ©tastasesderiving from intrafootpad implanted Lewis lung carcinoma
C57BL/6 mice were inoculated with 10* cells in the footpad. Amputation was performed 10 days after the transplant. Treatment was started the day after

amputation. Drugs were administered i.v. or p.o. (stomach tube) once a week for 3 weeks.

Administration
CompoundrouteAmputated

controlsDXR

i.v.IDX

i.v.P.O.Dose

(mg/
kg/day)7.5

96.5

8.511

15No.

of
mice in

each
group99

99

9109No.

of mice with
metastases/total
mice examined"7/76/7

6/71/9

1/93/10

3/8Mean

mÃ©
tastases

no.146.2

2.60.6

0.61.40.5Median

mÃ©tastases
no.(range)14

(7-23)4(0-18)

2(0-5)0

(0-5)
0(0-5)0(0-10)

0 (0-2)Median

survival
time (days)2537

40>I20

>120>81

119Long-term

survivors*0/91/9

0/97/9

7/95/104/9No.

of toxic
deaths/no, of
treatedmicec0/100/10

5/100/10

0/100/10

2/10
" MÃ©tastaseswere counted in all animals in which autopsy could be performed.
b Animals still alive and free of mÃ©tastaseson day 120 after the transplant.
' Evaluated in nontumored mice treated in parallel and observed 90 days after the last treatment.

Table 8 Antitumor activity of IDX and DXR against advanced mammary carcinoma in mice; parallel assay oftoxidty and cardiotoxicity
C3H/He female mice were inoculated s.c. with 20 x 10' cells from a third-generation transplant of mammary carcinoma. Treatment was started when tumors were

palpable. Normal C3H/He female mice were treated simultaneously according to the same schedule. Drugs were administered i.v. or p.o. (stomach tube) once a week
for 4 weeks.

TumorAdministration

Dose (mg/
Compound routekg/day)DXR

i.V.67.5IDX

i.v. 5.4
6.5p.o.

6.5
8.5Tumor

growth in
hibition'86-99

89-10074-8972,7754

71Treated/

control
(%)*1I4-161/

116-16699-139

111,103Â»117107No.

of toxic
toxic deaths/
no. of treated

micec0/18

3/180/18

0/110/51/5NormalAtrial%"100

1000

200

0lesionsGrade'0.9

1.90

0.100Ventricular

le
sions%"100

100so8020

0Grade'1.2

2.30.20.350.1

0
â€¢See Table 5.
" Median survival time of treated mice/median survival time of controls x 100.
c Mice were observed for at least 90 days after the start of treatment.
J Percentage of mice showing lesions/total number of mice examined.
' Average grade of lesions scored according to Bertazzoli et al. (15). Mean ventricular lesion score in untreated controls was 0.1.
f Range.
* Data from single experiments.

Table 9 Toxicity and cardiotoxicity of IDX and DXR in CD-I nontumored mice

Drugs were administered i.v. or p.o. (stomach tube) twice a week for 5 weeks as previously reported (15).

Administration Dose
Compound route(mg/kg/day)DXR

I.V.124IDX

I.v.0.751.53P.O.

0.751.53Atrial

lesions%â€¢601001000040000Grade*0.32.16.8000.2000Ventricularlesions%"801001000040000Grade*0.42.44.8000.2000Mortality00000002010

" Percentage of mice showing lesions/total number of mice examined.
*Average grade of lesions scored according to Bertazzoli et al. (15). Mean ventricular lesions score in untreated controls was 0.

The in vitro results on P388/DXR leukemia were confirmed
in vivo, the activity on the resistant tumor being, however, lower
than that on the sensitive one, in agreement with the cytotox-
icity and uptake data. The effectiveness of IDX against murine
leukemia was confirmed on disseminated Gross leukemia after
i.v. or p.o. administration with all tested schedules (Table 5).
The similarity of the p.o. and i.v. dosages indicates a good
absorption of the new compound. This pharmacological prop
erty of IDX might also be related to is lipophilicity. Antitumor
properties of IDX are confirmed on murine solid tumors after

i.v. or p.o. treatment. Efficacy of the compound against Lewis
lung carcinoma following both routes of administration is re
markable and is superior to that of any other anthracycline
tested so far in our laboratory. The high number of "cures"

obtained after i.v. treatment appears to be of particular interest.
The effect on the metastatic form of this disease is also note
worthy, and the difference from the behavior of DXR has not
been explained to date. The same might be said for the some
what lower activity exhibited by IDX when compared with the
parent drug on mammary carcinoma. It is likely that optimal
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inhibition of tumor growth by IDX might be achieved in the
latter case upon investigating different schedules of treatment.
The low cardiotoxicity in the murine systems described here is
also an important property of IDX and should in first approx
imation be attributed to pharmacokinetic behavior of the new
analogue. In fact a relationship has been recorded between
tissue distribution and toxicity in a series of antitumor ant lira
cyclines (19). Studies on the pharmacokinetics and metabolism
of IDX in mice bearing colon 38 carcinoma show that the
amount of drug after i.v. administration decays quickly in the
heart (20).

In conclusion, the particular biological properties of IDX,
such as its lack of cardiotoxicity, antimetastatic activity, and
efficacy against P388/DXR leukemia as well as the antitumor
activity after p.o. administration, make this anthracycline a
good candidate for clinical evaluation and also in the treatment
of tumor diseases not generally responsive to DXR.

REFERENCES

1. Casazza, A. M., Di Marco, A., Bertazzoli, C., Formelli, F., Giuliani, F. C.,
and Pratesi, G. Antitumor activity, toxicity and pharmacological properties
of 4'-epi-adriamycin. in: W. Siegenthaler and R. Luthy (eds.). Current
Chemotherapy, pp. 1257-1260. Washington DC: American Society for Mi
crobiology, 1978.

2. Casazza, A. M., Savi, G., Pratesi, G., and Di Marco, A. Antitumor activity
in mice of 4'-deoxydoxorubicin in comparison with doxorubicin. Eur. J.
Cancer Clin. Oncol.. 19: 411-418, 1983.

3. Ganzina, F. 4'-epi-Doxorubicin, a new analog of doxorubicin: a preliminary
overview of preclinical and clinical data. Cancer Treat. Rev., 10:1-22, 1983.

4. Ferrari, L., Rossi, A., Brambilla, G., Bonfante, V., Villani, F., Grippa, F.,
and Bonadonna, G. Phase I study with 4'-deoxydoxorubicin. Invest. New
Drugs, 2: 287-295, 1984.

5. Arcamene, F., Penco, S., Vigevani, A., Radaelli. S., Franchi, G., Di Marco,
A., Casazza, A. M., Dasdia, T., Formelli, F., Neceo, A., and Soranzo, C.
Synthesis and antitumor properties of new glycosides of daunomycinone and
Adriamycinone. J. Med. Chem., 18: 703-707, 1975.

6. Gey, G. O., Coffman, W. D., and Kubieck, M. T. Tissue culture studies of
the proliferative capacity of cervical carcinoma and normal epithelium.

AACR Proceedings. Cancer Res., 12: 264, 1952.
7. Fogh, J., and Trempe, G. In: J. Fogh (ed), Human Tumor Cells in Vitro, pp.

115-159. New York: Plenum Press, 1975.
8. Tompkins, W. A. F., Watrach, A. M., Shmale, J. D., Schultz, R. M., and

Harris, J. A. Cultural and antigenic properties of newly established cell
strains derived from adenocarcinoma of the human colon and rectum. J.
Nati. Cancer Inst., 52:1101-1110, 1974.

9. Drewinko, B., Romsdahl, M. M., Jang, L. Y.. Ahearn, M. J., and Trujillo,
J. M. Establishment of a human carcinoembryonic antigen-producing colon
adeno-carcinoma cell line. Cancer Res., 36:467-475, 1976.

10. Barlogie, B., and Drewinko, B. Lethal and cytokinetic effects of mitomycin
C on cultured human colon cancer cells. Cancer Res., 40:1973-1980, 1980.

11. I sumo. T., Lida, II.. Tsukagoshi, S., and Sakurai, Y. Overcoming of vincris-
tine resistance in P388 leukemia in vivo and in vitro through enhanced
cytotoxicty of vincristine and vinblastine by verapamil. Cancer Res., 41:
1967-1972,1981.

12. Geran, R. I., Greenberg, N. H., MacDonald, M. M., Schumacher, A. M.,
and Abbot, B. J. Protocols for screening chemical agents and natural products
against animal tumors and other biological sistems. Cancer Chemother. Rep.,
Part 3,3 (2), Ed. 3, pp. 1-103, 1972.

13. Di Marco, A., Casazza, A. M., Dasdia, T., Giuliani, F., Neceo, A., and
Soranzo, C. Cytotoxic, antiviral and antitumor activity of some derivatives
of daunorubicin (NSC-82151). Cancer Chemother. Rep., 57:269-274, 1973.

14. Di Marco, A., Lenaz, L., Casazza, A. M., and Scarpinato, B. M. Activity of
Adriamycin (NSC-123127) and daunomycin (NSC-82151) against mouse
mammary carcinoma. Cancer Chemother. Rep., 56:153-161, 1972.

15. Bertazzoli, C., Bellini, O., Magrini. V., and Tosana, M. G. Quantitative
experimental evaluation of Adriamycin cardiotoxicity in the mouse. Cancer
Treat. Rep.. 63: 1877-1883, 1979.

16. Arcamene, F., Franceschi, G., and Penco, S. Process for the preparation of
Adriamycin and adriamycinone and adriamycin derivatives. US Patent
3803124. April 9, 1974.

17. Arcamene, F. Properties of antitumor anthracyclines and new developments
in their application: Cain memorial award lecture. Cancer Res., 45: 5995-
5999, 1985.

18. Dalmark, M., and Hoffmann, E. K. Doxorubicin (Adriamycin) transport in
Erlich ascites tumour cells: comparison with transport in human red blood
cells. Scand. J. Clin. Lab. Invest., 43: 241-248, 1983.

19. Formelli, F., and Casazza, A. M. Relationship between tissue distribution
and toxicity of new anthracyclines in mice. In: P. Periti and G. G. Gialdroni
(eds.). Current Chemotherapy and Immunotherapy, pp. 1451-1453. Wash
ington DC: American Society for Microbiology, 1982.

20. Formelli, F., Carsana, R., and Pollini, C. Pharmacokinetics and metabolism
of 4'-deoxy-4'-iododoxorubicin (4'-I-DX) in tumor bearing mice: compari
son with doxorubicin (DX). Fifth NCI-EORTC Symposium on New Drugs
in Cancer Therapy. Amsterdam, October 22-24, 1986.

4006

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2428962/cr0470154001.pdf by guest on 19 M

ay 2023




