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

We have shown that the cytotoxic activity of Re2Cl2(C3H7CO2)4 and cisplatin was 
close and the cytotoxic activity of the rhenium-platinum system was much more ef-
fective than that of Re2Cl2(C3H7CO2)4 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.

Keywords: cluster rhenium compound; rhenium-platinum antitumor system; Jurkat 
cells; cytotoxic activity. 

In our previous works it was shown that the cluster rhenium (III) compound  di-
chlorotetra-μ-isobutiratodirhenium (ІІІ) Re2(i-C3H7COO)4Cl2 – (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-μ-isobutyratodirhenium (ІІІ) Re2(i-C3H7COO)4Cl2 (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 10-5, 10-6, 10-7, 10-8 and 
10-9 М. 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 10-5, 10-6, 10-7, 10-8  and 10-9 М. 

Jurkat cells were cultured in 20 cm2 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 105 cells/ml of culture medi-
um.  The cells were plated in 24-well plastic plates (Sarsted, USA) at the concentra-
tion 5 x 105 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 μl of 1% trypan blue (Sigma, USA) solution was added to 100 μl of suspension 
and incubated for 2-3 min. 20 μl 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]. LC50  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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a b

c d

Fig. 1. Cytotoxicity of cPt, I and cPt + I in free forms in concentrations:
a – 10-5, b – 10-6, c – 10-7, d – 10-8 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 10-5M 
of components the cytotoxic activity of the introductions has the following range 
cisPt ˃ cisPt + I ˃ I; under concentration 10-6M  cPt + I = cPt ˃ I and under the 
10-7M 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 rhenium 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 rhenium 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. 2. Growth of Jurkat cells in control

Fig. 3. Cytotoxicity of [cPt], [I] and cPt + [I] in liposomal forms in concentrations: 
a – 10-5, b – 10-6, c – 10-7, d – 10-8 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.

І 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.

Fig. 4. Viability of Jurkat cells under changing of concentrations of components 
(1 – 10–5, 2 – 10–6, 3 – 10–7, 4 – 10–8, 5 – 10–9  M) on the 4th day of experiments: 

А – introduction of components in solution; B – introduction of components in liposomes

A B

LC50 for free cisplatin on this cell line was calculated and was 1.92·10-6 M [16], 
the same value can be obtained for cisplatin from our data presented in Fig. 4 A. It is 
difficult to calculate LC50 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 + сPt] have LC50 in the range of  10-8 M, 
which is comparable with the LC50 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 рН 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, 
π-conjugated antioxidant) caused apoptotic death of Jurkat cells (LC50=25µM), 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-κB pathway by reducing 
ROS concentrations that were shown to be signaling molecules for NF-κB 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 LC50 in the range of 10-8 

M, that is comparable with the LC50 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.



15

ISSN 2077-1746. Вісник ОНУ. Біологія. 2020. Т. 25, вип. 1(46)

Acknowledgment 
We wish to thank Professor Stoika R.S. from the Institute of Cell Biology 

of National Academy of Sciences of Ukraine (Lviv) for his kindly help in the 
experimental work. 

References
1. Antunovic M. Cytotoxic activity of novel palladium-based compounds on leukemia cell lines / 

M. Antunovic, B. Kriznik, E. Ulukaya [et al.] // Anti-Cancer Drugs. – 2015. – Vol. 26(2). – P. 180-
186. doi: http://dx.doi.org/10.1097/CAD.0000000000000174

2. Babii S. O. Changes of the state of rat kidneys under Guerin carcinoma development and use of cy-
tostatics / S. O. Babii, T. O. Loskutova, N. I. Shtemenko // Ukr. biokhim. zh. – 2012. – Vol. 84(3). 
– Vol. 63-71. (In Ukrainian)

3. Centerwall C. R. Modification and uptake of a cisplatin carbonato complex by Jurkat cells / 
C. R. Centerwall, K. A. Tacka, D. J. Kerwood [et al.] // Mol. Pharmacol. – 2006. – Vol. 70. – 
P. 348–355. doi: http://dx.doi.org/10.1124/mol.106.023184

4. Gilmore T. D. Inhibitors of NF-kappaB signaling: 785 and counting / T. D. Gilmore, M. Hersco-
vitch // Oncogene. – 2006. – Vol. 25. – P. 6887-6899. doi: http://dx.doi.org/10.1038/sj.onc.1209982

5. Golichenko A. A. Crystal structure of cis-bis(μ-β-alanine-κ2O:O')bis[trichloridorhenium(III)] 
(Re–Re) sesquihydrate / A. A. Golichenko, K. V. Domasevitch, D. E. Kytova [et al.] // Acta Cryst., 
Sect. E. – 2015. – Vol. E71. – P. 45-47. http://dx.doi.org/10.1107/S2056989014026620

6. Golichenko A. Hydrolysis of rhenium(III) cluster compounds / A. Golichenko, A. Shte-
menko // Ukr. Chem. J. – 2019. – Vol. 85(3). – P. 27-34. (In Ukrainian) doi: https://doi.
org/10.33609/6045.85.3.2019.27-34

7. Gupta S. C. Inhibiting NF-κB activation by small molecules as a therapeutic strategy / S. C. Gupta, 
C. Sundaram, S. Reuter [et al.] // Biochem Biophys Acta. – 2010. Vol. 1799(10-12). – P. 775-787. 
doi: http://dx.doi.org/10.1016/j.bbagrm.2010.05.004

8. Ivchuk V. V. Influence of antitumor system rhenium-platinum on the biochemical state of liver / 
V. V. Ivchuk, T. N. Polishko, O. A. Golichenko [et al.] // Ukr. Biokhim. Zh.– 2011.– V.83, N3. – 
P.76–84. (In Ukrainian) 

9. Lehka L. The role of reactive oxygen species in tumor cells apoptosis induced by landomycin a / 
L. Lehka, R.R. Panchuk, W. Berger [et al.] // Ukr. Biochem. J. – 2015. – Vol. 87(5). – P. 72-82. doi: 
http://dx.doi.org/10.15407/ubj87.05.072

10. Leus I. V. Antioxidant and antitumor activity of dirhenium dicarboxylates in animals with Guerin 
carcinoma / I. V. Leus, K. L. Shamelashvili, O. D. Skorik [et al.] // Ukr. Biokhim. Zh. – 2012. – 
V.84, N3. – P.87-96. (In Ukrainian)

11. Li Z. Liposomes Loaded with a Dirhenium Compound and Cisplatin: Preparation, Properties an 
Improved in vivo Anticancer Activity / Z. Li, N. Shtemenko, D. Yegorova [et al.] // J. of Liposome 
Research. – 2015. – V.25, N1 – P.78-87. doi: http://dx.doi.org/10.3109/08982104.2014.954127

12. Liebmann J. E. Cytotoxic studies of paclitaxel (Taxol) in human tumour cell lines / J. E. Liebmann, 
J. A. Cook, C. Lipschultz [et al.] // Br. J. Cancer. –1993. – Vol. 68(6). – P. 1104-1109. doi: http://
dx.doi.org/10.1038/bjc.1993.488

13. Olivera A. Inhibition of the NF-κB signaling pathway by the curcumin analog, 3,5-Bis(2-pyr-
idinylmethylidene)-4-piperidone (EF31): Anti-inflammatory and anti-cancer properties / A. Oli-
vera, T. W. Moore, F. Hu [et al.] // Int. Immunopharmacology. – 2012. – Vol. 12(2). – P. 368-377. 
doi: http://dx.doi.org/10.1016/j.intimp.2011.12.009

14. Panchuk R. Specific antioxidant compounds differentially modulate cytotoxic activity of doxoru-
bicin and cisplatin: in vitro and in vivo study / R. Panchuk, N. Skorokhyd, V. Chumak [et al.] // 
Croat. Med. J. – 2014. Vol. 55(3). – P. 206–217. doi: http://dx.doi.org/10.3325/cmj.2014.55.206

15. Paramonova K. The interaction of DNA with cluster rhenium compounds of different structural 
types / K. Paramonova, A. Golichenko, S. Babiy [et al.] // World of Med. and Biol. – 2016. – 
Vol. 56(2). – P. 140-144. (In Ukrainian)



16

ISSN 2077-1746. Вісник ОНУ. Біологія. 2020. Т. 25, вип. 1(46)

16. Polokhina K. V. Antiproliferative activity of the cluster rhenium compound with β-alanine ligands 
/ K. V. Polokhina, D. E. Kytova, A. V. Shtemenko [et al.] // Ukr. Biochem. J. – 2020. – Vol. 92, 
N 1. – P. 120-126. (In Ukrainian) https://doi.org/10.15407/ubj92.01.120

17. Ramakrishnan M. A. Determination of 50% endpoint titer using a simple formula. / M. A. Ra-
makrishnan // World J. Virol. – 2016. – Vol. 5(2). P. 85-86. doi: http://dx.doi.org/10.5501/wjv.
v5.i2.85

18. Shtemenko N. I. Liposomal forms of rhenium cluster compounds: enhancement of biological ac-
tivity / N. I. Shtemenko, O. V. Berzenina, D. E.Yegorova [et al.] // Chem. Biodiversity. – 2008. 
– Vol. 5. – P. 1660-1667. doi: http://dx.doi.org/10.1002/cbdv.200890153

19. Shtemenko A. V. Synthesis, characterization, in vivo antitumor properties of the cluster rhenium 
compound with GABA ligands and its synergism with cisplatin / A. V. Shtemenko, P. Collery, 
N. I. Shtemenko [et al.] // Dalton Trans. – 2009. – Vol. 26. – P. 5132-5136. doi: http://dx.doi.
org/10.1039/b821041a

20. Shtemenko N. I. Synthesis, X-ray structure, interactions with DNA, remarkable in vivo tumor 
growth suppression and nephroprotective activity of cis-tetrachloro-dipivalato dirhenium(III) / 
N. I. Shtemenko, H. T. Chifotides, K. V. Domasevitch [et al.] // Journal of Inorganic Biochemistry. 
– 2013. – Vol. 129. – P. 127-134. doi: http://dx.doi.org/10.1016/j.jinorgbio.2013.09.001

21. Shtemenko A. V. Synthesis and X-ray crystal structure of the dirhenium complex 
Re2(i-C3H7CO2)4Cl2 and its interactions with the DNA purine nucleobases / A. V. Shtemenko, 
H. T. Chifotides, D. E. Yegorova [et al.] // J. Inorg. Biochem. – 2015. – Vol. 153. – P. 114-120. 
doi: http://dx.doi.org/10.1016/j.jinorgbio.2015.06.01

22. Shtemenko A. V.  Rhenium–platinum antitumor systems (review) / A. V. Shtemenko, N. I. Shte-
menko // Ukr. Biochem. J. – 2017. – Vol. 89, N 2. – P. 5-30. doi: http://dx.doi.org/10.15407/
ubj89.02.005

23. Shamelashvili K. L. Changes in oxidative stress intensity in blood of tumor-bearing rats following 
different modes of administration of rhenium-platinum system / K. L. Shamelashvili, N. I. Shte-
menko, І. V. Leus [et al.] // Ukr. Biochem. Journal. – 2016. – Vol. 88, N 4. – P. 29-39. (In Ukrainian) 
doi: https://doi.org/10.15407/ubj88.04.029

24. Tacka K. A. Effects of cisplatin on mitochondrial function in Jurkat cells / K. A. Tacka, J. C. Dab-
rowiak, J. Goodisman [et al.] // Chem. Res. Toxicol. – 2004. – Vol. 17(9). – P. 1102-1111. 
doi: http://dx.doi.org/10.1021/tx0499564

25. Wilken R. Curcumin: A review of anti-cancer properties and therapeutic activity in head and neck 
squamous cell carcinoma / R. Wilken, M. S. Veena, M. B. Wang [et al.] // Molecular cancer. – 
2011. – Vol.10(12). – P. 1-19. doi: http://dx.doi.org/10.1186/1476-4598-10-12

26. Ziai S. A. Umbelliprenin induces apoptosis in CLL cell lines / S. A. Ziai, O. Gholami, M. Iranshahi 
[et al.] // Iran J. Pharm. Res. – 2012. – Vol. 11. – P. 653-659.



17

ISSN 2077-1746. Вісник ОНУ. Біологія. 2020. Т. 25, вип. 1(46)

K. В. Зеленюк1, О. А. Голіченко1, О. В. Штеменко1, Н. І. Штеменко2,3 

1ДВНЗ «Український державний хіміко-технологічний університет», 
пр. Гагаріна, 8, Дніпро, Україна, 49005
2НТУ «Дніпровська політехніка», 
вул. Д. Яворницького, 19, Дніпро, Україна, 49005; 
3ДВНЗ «Український державний хіміко-технологічний університет», 
пр. Гагаріна, 8, Дніпро, Україна, 49005. E-mail: n.shtemenko@i.ua. 

ПОРІВНЯННЯ ЦИТОТОКСИЧНОЇ АКТИВНОСТІ 
ЦИСПЛАТИНУ ТА КЛАСТЕРНОЇ СПОЛУКИ РЕНІЮ (III)

Резюме 
У зв'язку з попередніми даними про протипухлинну активність кластерних спо-
лук ренію (III) і їх синергізм з цисплатином великий інтерес представляють по-
рівняльні дослідження впливу цих сполук з цисплатином на лейкозні клітини 
людини. Мета роботи - порівняти цитотоксичну активність кластерної сполуки 
ренію Re2Cl2(C3H7CO2)4 (I) у розчинах і наноліпосомах окремо і разом з циспла-
тином у клітинах Jurkat. Цитотоксичність цих речовин досліджували щодо 
Т-клітин гострого лімфобластного лейкозу (клітин Jurkat) загальноприйнятими 
методами. Показано, що цитотоксична активність I і цисплатину має близькі 
значення, а цитотоксична активність системи реній-платина була значно ефек-
тивнішою, ніж у I та цисплатину. У діапазоні низьких концентрацій I більш 
ефективний у розчинах, ніж цисплатин, що може бути поясненням значно мен-
шої токсичності сполук ренію та їх ефективності в експериментах in vivo. Ліпо-
сомальні форми досліджених препаратів більш ефективні, ніж їх розчини, зав-
дяки спрощеному транспортному механізму і запобіганню дезактивації перед 
проникненням у ракову клітину. Ліпосомальна  форма I і протипухлинна систе-
ма на її основі мають LC50 у діапазоні 10-8 М, що можна порівняти зі значен-
нями LC50 для відомих протипухлинних препаратів і підкреслює важливість 
подальших досліджень кластерних сполук ренію як протипухлинних речовин. 
Отримані результати підкреслюють перспективність використання сполук дире-
нію (ІІІ) у медицині і необхідність подальших досліджень механізмів протипух-
линної активності кластерних сполук ренію (III).

Ключові слова: кластерна сполука ренію; реній-платинова протипухлинна си-
стема; цитотоксична активність; апоптоз.
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