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The antileukemic activities of two conjugates of the anthracycline antibiotic carminomycin — CX; and CX,,
were investigated. The direct cytotoxic efficacies of the two conjugates and free carminomycin (C), were measured by
an MTT-assay which provides excellent reproducibility and statistical significance. The treatment of HL-60 cells with
the three compounds for 48 and 96 hours showed considerable sensitivity to the free carminimycin, as well as to its
conjugates CX, and CX,. The ascetic form of leukemia P388 and leukemia L1210 (transplantation dose of 1-10° tu-
mor cells) in hybrid mice BDF; was used as leukemic models. All compounds investigated showed a maximal cyto-
toxic response and strong concentration dependence. By comparing the cytotoxic profile of carminomycin to those of
CX, and CX,, it can be assumed that a slower release of the active drug carminomycin have occurred. The criterion
T/C showed a considerable antileukemic effect from 1.0 to 18.0 mg/kg. In conclusion, the conjugates CX,; and CX,
represent biologically active compounds with a putative depot-effect of slow release of the active intercalating agent
carminomycin.
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AHTUTYMOPEH E®EKT HA HOBU KOHJYTATHN OJ1 AHTPAIIUKJIMHCKNOT AHTUBNOTUK
KAPMMHOMMIIMH 1 XUTO3AH

JIBa KOHjyraTa Ha aHTPAUMKIMHCKAOT aHTUOMOTUK KapMuHomunuH, CX; u CX,, ce UCIUTYBaHU BO Ofi-
HOC Ha HUBHATa aHTUJIEYKEMUCKa aKTUBHOCT. EpuKacHOCTa Ha KOHjyraTuTe U CIIOOOHIMOT KAPMUHOMUIIMH
(C) ce onpenenyBanu co noctanka MTT, kojamTo npeTcraByBa MOTrOfieH eKCIIEpUMEHTAIeH IIPHUCTAIl U Ce
OJUTMKYBa CO ONINYHA PENpPOAYIMOMIHOCT U CTaTHUCTUYKA 3HadajHocT. Kora kierkure Ha neykemuja, HL-
60, 6miie TpeTHpaHW CO KapMUHOMHIMHOT W CO fABaTa KOHjyraTa BO TeKOT Ha 48 m 96 uaca, mokaskaa
3HauMTEeNHA ceH3uTUBHOCT, Kako Mojen 3a jeykemuja Gea kopucrenu ¢dopmute P388 m L1210 (no3a Ha
TpaHcIaHTanyja of 1-10° TyMopHM Knerku) Ha XuOpupHH rnyBuu BDE,. ChTe MCIUTAaHH COEMHEHHja
MoKaxkaa MaKCUMaJleH IUTOTOKCUYEH OITOBOP KOj OCOOEHO 3aBHCes Ojf HUBHATA KOHIEeHTpanyja. Cropeny-
Bajku ro nurorokcuuHnot npogun Ha C co CX; u CX,, ce 3abenexyBa no6aBHO 0cI000yBake HA aKTHB-
HaTa KOMIIOHEHTa Ha KapMuHOMHIMHOT. Kpurepuymor T/C mokaxa 3HAYUTEJIEH aHTHICYKEMUCKU e(eKT
of 1,0 no 18,0 mg/kg. Kako 3akiy4yok: U gBaTa UCIUTYBaHU KOHjyraTH IIPETCTaByBaaT OMOJIOMIKY aKTUBHU
COeMHEHNja CO TMPETHOCTaBeH eno-eeKT Ha GaBHO OCIOOOyBamke Ha BHECEHATAa aKTUBHA CYIICTaHIW]ja,
KapMHUHOMHLHOT.

Kny4nu 300poBu: KapMuHOMUILIMH; (hbapmakokuHeTnka; HL-60 kineTku; neykemuja P388; neykemuja L1210;
XUTO3aH; aHTPAIMKINHCKA aHTHOMOTUIIN
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the toxicity of anthracycline antibiotics are the two pharmacokinetics and pharmacodynamics of the

basic objectives in the development of new anti- antitumor substances. The physical and chemical
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properties of the carrier are important decision
parameters in this relation. The binding of the cy-
totoxic compound to the macromolecular bio-
polymer carrier decreases its fast penetration in the
cells, which leads to localization of the impact in
specific tissues with increased metabolism and
good vascualization (e.g., tumor tissues). Such car-
rier system is convenient when the cytotoxic drug
remains bound to the carrier in the central pharma-
cokinetic compartment, and it is released gradually
in tumor and weaker in another normal tissue [7,
8]. If a drug maintains its activity after release
from the carrier, the entire complex could be con-
sidered a macromolecular prodrug analog. The
biopolymer chitosan is one such potential carrier
of the conventional cytostatics and antracyclic an-
tibiotics in particular [1-3].

In the present study the direct cytotoxic ef-
fects of two conjugates of the antracyclinic antibi-
otic carminomycin (C) covalently bound to the
biopolymer chitosan (CX; and CX,) have been in-
vestigated. The synthesis, physico-chemical pro-
perties of the conjugates, as well as their antitumor
activity on transplanted mouse’s tumors have been
described earlier — Fig. 1 [4, 5].
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Fig. 1. Conjugates of carminomycin with chitosan

MATERIALS AND METHODS

The cell line HL-60 obtained from a patient
with acute promyelocitic leukemia was used. Cells
were maintained as a suspension culture. The
steady suspension growth in logarithmic phase was
attained each week by a three-fold transfer. The
synthetic medium RPMI-1640 was used, enriched
additively with 10% fetal calf serum and 2 mM L-
glutamine. The cells were dispersed in 96-well flat
plate, with 100 pl /well and with an initial density
of 1:10° cells/ml. The plates were incubated at
standard conditions (maximum atmosphere’s hu-
midity, 5% CO,, 37°C). After 24 hours from the
inoculation in the wells, solutions of the investi-
gated compounds were added at their correspond-
ing concentrations. A minimum of 8 wells were
used for each of the tested concentrations. After
the treatment time expired, a solution of 3-(4,5-
dimetyltiasol-2-il)-2-5-diphenyltetrasolium bromide
(MTT) in sterile phosphate buffer (10 mg/ml) was
added in each well (10 pl per well). The plates
were incubated for four hours at 37 °C. The yellow
tetrasolic salt is reduced to purple formasan under
the influence of mitochondrial dehydrogenases of
the vital cells. In each well, 100 pl of 5%-solution
of formic acid diluted in 2-propanol was added.
After careful stirring, the reaction was measured
photometrically at 580 nm by an ELISA-reader
UNISCAN. The method has been previously de-
scribed by Mosman [6]. The results obtained were
statistically evaluated and presented as the per-
centage of the untreated control by the computer
software Slide3.0 Plus.

The anthracyclines were evaluated for anti-
tumor activity against the implanted murine P 388
lymphotic leukemia and L 1210 leukemia. Mice
received an i.p. inoculum of 10° cells on day 0 and
treatment with the anthracycline was initiated 24
hours later. Anthracyclines were administrated on
days 2, 4 and 8 after tumor transplantation. Five
doses of each anthracycline covering a 2—18 mg/kg
dosase range were evaluated. Median survival
times of treated mice and non-treated controls
were determined and the results expressed as a
percent T/C where

T Median survival time of test animals
%—= x 100
C Median survival time of control animals

A T/C value of 125 % is considered neces-
sary to demonstrate activity, whereas a T/C value of
85% indicated toxicity. An acceptable median sur-
vival time range for control animals was 9-13 days.
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RESULTS AND DISCUSSION

The results obtained with the human promye-
locitic leukemia cell line HL-60 demonstrated the
sensitivity to free carminomycin as well as to the
de novo synthesized conjugates of the antibiotic
with chitosan — CX; and CX,. All three compounds
reached the maximal cytotoxic response in the in-
vestigated range of concentrations. A strong depend-
ence of the effect on the concentrations tested was
found. The MTT test used is convenient and pre-
cise enough experimental protocol for the assess-
ment of the cytotoxic response, with excellent re-
producibility, statistical significance, and it is a com-
petitive alternative to the radioisotope methods [6].

The free carminomycin shows significantly
steeper slope of the concentration-effect curve,
with intensification of the cytotoxicity after 96
hours incubation period in contrast to the period of
48 hours (Fig. 2). The conjugates with chitosan
CX; and CX, are distinguished by their flatter
slope of the curve in contrast of the free carmino-
mycin (Fig. 3a and Fig. 4a). These differences are
especially apparent after 96 hours treatment with
CXj and CX, (Fig. 3b and Fig. 4b).
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Fig. 2. Cytotoxic effect of carminomycin on the human
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Fig. 3. Cytotoxic effect of carminomycin-chitosan
conjugate CX; on promyclocytic leukemic cell line HL-60
after 48 hours (a) and 96 hours (b)
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Fig. 4. Cytotoxic effect of carminomycin conjugate with
chitosan CX, on human promyclocytic leukemia cell line HL-
60 after 48 hours (a) and 96 hours (b)
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The cytotoxic profiles of CX; and CX,, as
well as the values of the IC50, are not statistically
different. After 48 hours of treatment with free
carminomycin, the maximal cytotoxic effect is ob-
served at 20 pg/ml, but after 96 hours incubation —
at 0.16 pg/ml. The maximal cytotoxic effects of
CX; and CX, are observed at 0.8 pg/ml. Compar-
ing the cytotoxic profile of the free carminomycin
with the same of the chitosan’s conjugates, a likely
impediment in the release of the active carmino-
mycin can be suggested. This corresponds well to
previous toxic-therapeutically investigations per-
formed by our group with the same compounds
during in vivo experiments on the lymphocytes
leukemia P388 and leukemia L 1210 (Table 1).

Table 1

Antitumor effect of carminomycin, chitosan
and conjugates of carminomycin with chitosan
on lymphoid leucosis L 1210 and lymphocytic
leucosis P 388 in hybrid mice BDF;

Substance Dose L1210 P 388

mg/kg (T/C) (T/C)
Carminomycin 0.25 177.9 179.5
Carminomycin 0.50 145.4 147.9

Carminomycin 1.0 72.0 74.6
Carminomycin 2.0 62.8 59.3
Chitosan 125 - 88.9
Chitosan 250 - 89.8
Chitosan 500 - 89.8
CX, 1.0 117.2 122.9
CX, 2.0 132.7 150.0
CX, 6.0 205.4 199.1
CX, 18.0 217.1 220.3
CX, 36.0 77.9 86.0
CX, 1.0 122.9 158.2
CX, 2.0 150.0 159.6
CX, 6.0 199.1 203.4
CX, 18.0 220.3 2429
CX, 36.0 86.0 69.2

Intramuscular injection of preparation on days 1, 4 and
8 after tumor transplantation.

T/C is ratio between the median survival time of treated
animals (T) and median survival time of tumor-bearing
controls (C)x100. Activity criterion T/C > 125%.

In these experiments we found out that both
conjugates CX; and CX, show lower toxicity,
higher antitumor effect, and significantly greater
therapeutic spectrum.

The results obtained indicate that de novo
synthesized covalently binding conjugates repre-
sent biologically active compounds with putative
depot-effect of releasing of the active interpolator.
The investigations on the effect of both original
compounds on another sensitive and resistant hu-
man malignant transformed cell lines will continue
with the aim to further the utility of the investi-
gated antibiotic conjugates.
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