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COMPARISON OF CYTOTOXIC ACTIVITY OF CISPLATIN
AND A CLUSTER RHENIUM (11I) COMPOUND

We have shown that the cytotoxic activity of Re,C1(C,H,CO,), and cisplatin was
close and the cytotoxic activity of the rhenium-platinum system was much more ef-
fective than that of Re,CL,(C,H,CO,), and cisplatin. Liposomal formulations of inves-
tigated preparations are more effective than their solutions, due to a simplified trans-
port mechanism and prevention of the deactivation before penetration to the cancer
cell. The obtained results underline perspectives of the use of dirhenium compounds
in medicines and emphasize the need of further investigations of mechanisms of anti-
cancer activity of the cluster dirhenium (III) compounds.
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In our previous works it was shown that the cluster rhenium (III) compound di-
chlorotetra-p-isobutiratodirhenium (III) Re (i-C,H,COO),Cl, — (I) exhibited pro-
nounced anticancer and antiradical activities in vivo, especially effective in combi-
nation with cisplatin (Re-Pt system) [22]. Besides, in these and other experiments it
was shown that I had antioxidant, hepato- and nephroprotective activity in the mod-
els of cancer growth and nephrotoxicity [2, 8, 10, 21]. To our mind the compound I
has several structural features, which might be responsible for the above indicated
properties: binuclear clustering of rhenium atoms as the main component of the mol-
ecule that is characterized by low toxicity; quadruple bond, which is responsible
for antiradical and antioxidant properties; chlorine atoms, which are able to interact
with polar molecules; branched alkyl groups and their symmetrical arrangement that
provide hydrophobic interactions. I showed cytotoxicity against CEM-T4 cells and
possibility to interact with supercoiled DNA [14]. Recently the dirhenium cluster
compound with an amino acid ligands was tried against T-cells of acute lymphoblas-
tic leukemia (Jurkat cells) [15] and it was shown that it had close to cisplatin toxicity
but more proapoptotic than pronecrotic cisplatin action. One of the directions of
further studies of the compound I and other cluster rhenium compounds is to find
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the optimal modes of administration of I alone or in the Re-Pt system, in which an
effective anticancer activity can be achieved. Also, further investigation of influence
of new dirhenium (III) compounds and rhenium-platinum antitumor systems on the
human cancer cells is of great importance.

Thus, the aim of this work was to study the influence of I and cisplatin in solution
and in liposomal forms against T-cells of acute lymphoblastic leukemia (Jurkat cells)
and to find difference and synergism in these interactions.

Materials and Methods

Cisplatin and dichlorotetra-p-isobutyratodirhenium (III) Re,(i-C,H.COO),Cl, (I)
were synthesized at Ukrainian State University of Chemical Technology at the De-
partment of Inorganic Chemistry [5, 21]. Liposomes were prepared according to a
published procedure [11]. The Jurkat cells were obtained from the Institute of Cell
Biology National Academy of Sciences of Ukraine (Lviv).

The following treatment variants were assessed: solution of cisplatin cPt - cPt;
solution of I - I; I in liposomal form - [I]; cPt in liposomal form — [cPt]; The final
concentrations of the administered rhenium substance were 105, 10, 107, 10 and
10° M. The rhenium-platinum system was administered in two ways: free I and cis-
platin in molar ratio 4:1- I + cPt; I in liposome form plus cisplatin in a molar ratio 4:1
— [I] + cPt so that the concentration of cisplatin was 10, 10, 107, 10 and 10 M.

Jurkat cells were cultured in 20 cm? Carrel glass culture flasks in medium RPMI
1640 (Sigma, USA) with addition of 10% bovine serum (Sigma, USA). The cells
were passaged every two days at the concentration 5 x 10° cells/ml of culture medi-
um. The cells were plated in 24-well plastic plates (Sarsted, USA) at the concentra-
tion 5 x 103 cells/ml. The studied compounds were added at various concentrations
noted above. After 24, 48, 72, 96 hours of incubation, the alive and dead apoptotic
cells were counted according to [9, 14]. In detail: To evaluate the viability of cells,
10 pl of 1% trypan blue (Sigma, USA) solution was added to 100 pl of suspension
and incubated for 2-3 min. 20 pl of coloured suspension of cells was added to a
Goryaev’s chamber and dead and living cells were counted with a luminescent mi-
croscope LOMO Mikmed-2 variant 12 (St. Petersburg, Russia) an increase by 200
times. Under these conditions, the living cells differed from the non-viable (dead)
ones by the inability to absorb the dye [14]. LC,, index was used, calculated as a
lethal concentration of drug, which kills 50 % cells in comparison with a control
culture by Reed—Muench method [17].

Statistical analysis of the obtained data was carried using the Student’s t-test
(p <0.05). The data were expressed as M + m.

Results and discussion

The dependence of viability of the cells on the concentration of I, cisplatin (cPt)
and the rhenium-platinum system in solutions forms is shown in Figure 1.
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Fig. 1. Cytotoxicity of cPt, I and cPt + I in free forms in concentrations:
a—10°,b-105c—107,d—10°M

As it is clear, the cytotoxic activity of I and cisplatin was close and the cytotoxic
activity of the rhenium-platinum system was much more effective than that of I and
cisplatin. There was no linear concentration dependence in obtained results for I and
cisplatin in these experiments that may be explained by non-monotonic development
of the Jurkat cells population, Fig. 2.

As the most intensive growth and quantity of the cells are found on the 4th day, it
is reasonable to compare the results on the 4th day: under high concentration 10°M
of components the cytotoxic activity of the introductions has the following range
cisPt > cisPt + I > I; under concentration 10°M ¢Pt + I = ¢Pt > I and under the
107M and lower it becomes cisPt + I > I > cisPt, absolutely vice versa. It means, that
in the range of low concentrations I is more effective in solutions than cisplatin and
that both cytostatics had synergistic or additive effect. This may be the explanation
of much lower toxicity of the thenium compounds in our experiments with Guerink
carcinoma and partly the efficacy of the dirhenium (III) based therapy. As for the
rhenium-platinum system on its base, it is not possible to compare as the concentra-
tion of I in these experiments is four times higher and was introduced following the
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experiments in vivo, where the rhenium-platinum antitumor system was introduced
in the ratio 1 : 4 (cisplatin : a thenium substance).

Introductions of the liposomes also led to death of Jurkat cells during all days of
the experiment, Fig.3.
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Fig. 3. Cytotoxicity of [cPt], [1] and cPt + [1] in liposomal forms in concentrations:
a—10°,b-10%c—107,d—10°M
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According to the presented data, it is obvious, that liposomal formulations of all
investigated preparations are more effective in these experiments than their solu-
tions, that is not a surprise as the lipid encapsulation of rhenium compounds and
cisplatin increased the concentration of these cytostatics in the cancer cell through
a simplified transport mechanism and prevented the possibility to deactivate these
compounds in the culture environment that leads to increasing of the compounds'
reactivity [3, 24]. It is interesting that lowering of concentration of preparations de-
creased the efficacy only of cisplatin, neither of I nor of the system on its base. Un-
fortunately, it is very difficult to interpret such data as the mechanism of anticancer
activity of the dirhenium (III) compounds is not fully investigated.

I had cytotoxic activity close to cisplatin in solution but had more cytotoxic ac-
tivity in liposomal form; also, we have shown the significant advantage of cytotoxic
activity of the system in liposomal forms as compared to cisplatin, Fig. 4.
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Fig. 4. Viability of Jurkat cells under changing of concentrations of components
(1-10°,2-10%3-107,4—109 5—10° M) on the 4" day of experiments:
A — introduction of components in solution; B — introduction of components in liposomes

LC,, for free cisplatin on this cell line was calculated and was 1.92-10° M [16],
the same value can be obtained for cisplatin from our data presented in Fig. 4 A. It is
difficult to calculate LC, for other substances in our investigation because they do
not have linear concentration dependences, especially the system, but from the data
in Fig. 4 we may conclude that [I] and [I + cPt] have LC,in the range of 10*M,
which is comparable with the LC, values for the known antitumor drugs obtained
on the same cell line, such as taxol (Paclitaxel [12], doxorubicin, newly synthesized
heterocyclic 4-thiazolines, landomycin A, adriamycin [9] and palladium complexes
with organic ligands [1].

The absence of linear dependence of cytotoxic activity on concentration may
be explained by the fact that dirhenium(III) compounds were characterized by
hydrolysis in aqueous solutions, the speed of which depended on the pH and on the
structure of the complex [6].
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Cisplatin is a prooxidant and cluster rhenium compounds are powerful
antioxidants, which was shown in numerous works [18-20, 22]. Chemotherapy of
redox modulation, aimed at changing the level of reactive oxygen species (ROS) in
cancer cells is considered a promising strategy in cancer care. So, the prooxidants,
increasing ROS level in cancer cell, led to its death. But some antioxidants were
shown to exhibit cytotoxic effects, such as umbeliprenin (terpenoid coumarin,
m-conjugated antioxidant) caused apoptotic death of Jurkat cells (LC,=25uM), even
in the presence of interleukin [22], which initiated resistance to apoptotic death of
leukaemic cells [26]. Some antioxidants such as sodium selenite, selenomethionine,
D-pantetine were tried in several Jurkat cells [9, 14], but they even reduced the
toxicity of doxorubicin. The anticancer effect of such antioxidants as curcuminoids
is well-known [13, 25]. It was explained by inhibition of NF-xB pathway by reducing
ROS concentrations that were shown to be signaling molecules for NF-«B pathway
and directly inhibited immune competent cells (ICC) - kinase activity by modifying
cysteine residues critical for functioning of cancer cells [4, 7]. As signalling pathways
of cancer cells that are influenced by cluster rhenium compounds have not been
studied; as some of these compounds interact with DNA and histidine residues of
proteins depending on the structure and orientation of the ligands around the cluster
fragment, i.e., additionally have diverse coordination functions [22], in our opinion,
the anticancer effect of these compounds depends not only on their antioxidant
properties, but also on their possibility to influence other regulatory processes of
cancer cell.

Conclusions

1. We have shown that the cytotoxic activity of I and cisplatin was close and the
cytotoxic activity of the rhenium-platinum system was much more effective than
that of I and cisplatin.

2. In the range of low concentrations I is more effective in solutions than cisplatin
that may be the explanation of much lower toxicity of the rhenium compounds and
their efficacy in experiments in vivo.

3. Liposomal formulations of the investigated preparations are more effective
than their solutions, due to a simplified transport mechanism and prevention of the
deactivation before penetration into the cancer cell.

4. Liposomal I and antitumor system on its base have LC, in the range of 10
M, that is comparable with the LC,  values for the known antitumor drugs and
underlines the importance of further investigations of the rhenium cluster compounds
as anticancer species.

5. The obtained results emphasize perspectives of the use of dirhenium compounds
in medicines and the need of further investigations of mechanisms of anticancer
activity of the cluster dirhenium (III) compounds.
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MOPIBHSIHHS IUTOTOKCHYHOI AKTUBHOCTI
LUCIJIATUHY TA KJIACTEPHOI CIIOJIYKH PEHIIO (I1T)

Pe3rome

VY 3B'SI3Ky 3 HOnepeHIMU JaHUMH PO MPOTUITYXJIMHHY aKTUBHICTh KJIACTEPHUX CIIO-
ayxk peniro (I1I) 1 X cuHepri3m 3 HUCIUIATMHOM BEIMKHH 1HTEpPEC MPEACTaBISIOTH 110-
PIBHSUIbHI JOCIHIJKSHHS BIUIMBY IIMX CHOJIYK 3 HUCIIATHHOM HA JICHKO3HI KIITHHH
JroauHu. MeTta poOOTH - TTOPIBHATH IUTOTOKCHYHY aKTUBHICTh KJIACTEPHOI CIOJIYKH
peniro Re,Cl(C,H,CO,), (I) y po3anHax i HaHOJIIIIOCOMaX OKPEMO i pa3oM 3 LHCILIa-
THHOM Yy kiiThHax Jurkat. I{MUTOTOKCHYHICTP IMX PEUOBHH JOCIHIKYBAJIM IIOJO
T-kitun rocrporo nimdobdiaacTHoro jeiiko3y (kmitiH Jurkat) 3aranbHONPUITHATHMA
Meronamu. [lokasaHo, Mo UTOTOKCHYHA akTHBHICTH I 1 nucriatuHy mMae Onm3bKi
3HAYEHHS, @ MUTOTOKCUYHA aKTHUBHICTh CHCTEMH peHili-TulaTnHa Oylia 3Ha4HO edek-
TUBHIIOW, HiK y | Ta mucmiatudy. Y Aiana3oHi HU3bKUX KOHIEHTpariii I Oinpm
e(eKTUBHHUN y PO3UMHAX, HIK [UCIUIATHH, 110 MOXKE OyTH MOSICHEHHSIM 3HaYHO MEH-
1101 TOKCHYHOCTI CIOJIYK PeHito Ta X e)eKTMBHOCTI B €KCIIEpUMEHTax in vivo. Jlino-
coMaJbHI (pOpMHM OCIIPKEHNX TIpernapariB OuTbI e(heKTHBHI, HIXK X PO3YHMHH, 3aB-
JUIKH CIIPOIIICHOMY TPAHCIIOPTHOMY MEXaHi3My 1 3all00iraHHIO JIe3aKTHBALil 1epes
MIPOHMKHEHHSIM y pakoBy KiiTHHY. JlimocomansHa ¢opma I i mpornnyxiauHHa cucte-
Ma Ha ii ocHoBi MatoTh LC50 y nmiamasoni 10 M, 10 MoxHa MOPIiBHATH 31 3HAYCH-
v LCS50 1t BiIOMHUX TPOTHITYXJIMHHUX IMpPENapariB i MiJIKPECIIOe BaKINBICTh
MOAAJIBIINX JAOCIIIKEHb KJIACTEPHHUX CHOJIYK PEHII0 SK MPOTHITYXJIMHHUX PEYOBHH.
OTtpuMaHi pe3ysIbTaTy MiIKPECIIOI0Th NEPCIIEKTHBHICTh BUKOPUCTAHHS CITOIYK JUpe-
aito (II1) y MeauuuHi i HEOOX1THICTh TOAATBINUX JOCHTIKEHb MEXaHi3MIB IPOTHITYX-
JMHHOT aKTUBHOCTI Ki1acTepHuX crionyk penito (I11).

Kuro4oBi ciioBa: xiacTepHa Crojlyka peHilo; peHiH-IUIaTHHOBA IPOTUITYXJIMHHA CH-
CTeMa; UTOTOKCHYHA aKTHBHICTB; alonTo3.
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