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Abstract: The objective of this work was to investigate the effect on cell viability of
radiolabeled complexes of cisplatin and carboplatin in cancer cells of the 4T1 and MDA-
MB-231 lines from mice with mammary carcinoma. The complexes were labeled in the
CDTN's TRIGA Mark I nuclear research reactor after 3 hours of irradiation. The analyzes
were carried out after decay times of 1h and 24h. The results showed a more effective
action of cisplatin compared to carboplatin in both cell lines and greater resistance in
MDA-MB-231 cells. The additional effect of radiation was more evident in conditions of
low resistance. Increasing the final activity of labeled compounds can amplify this effect.
Investigations in this regard are underway.
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Efeito adicional da radiagao na
viabilidade celular usando Cisplatina e
Carboplatina irradiadas com néutrons:
resultados preliminares

Resumo: O objetivo deste trabalho foi investigar o efeito na viabilidade celular de
complexos radiomarcados de cisplatina e carboplatina em células cancerigenas das
linhagens 4T1 e MDA-MB-231 de camundongos com carcinoma mamario. Os
complexos foram marcados no reator nuclear de pesquisas TRIGA Mark I do CDTN em
3h de irradiagao. As analises foram feitas apos tempos e 1h e 24h de decaimento. Os
resultados mostraram agdo mais efetiva da cisplatina em comparagao a carboplatina nas
duas linhagens de células, e resisténcia maior das células tipo MDA-MB-231. O efeito
adicional da radiacio se mostrou mais evidente nas condi¢des de baixa resisténcia. Um
aumento da atividade final dos compostos marcados pode ampliar esse efeito.
Investigagdes nesse sentido estao em andamento.
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1. INTRODUCTION

The platinum complexes cisplatin: cis-diamminedichloroplatinum (II), (NHs)2PtCl> and
carboplatin: cis-diammine (cyclobutane-1,1-dicarboxylate-O,0’)platinum(1I), CsH12N2O4Pt,
are two of the most important chemotherapeutic agents used in the treatment of a wide variety
of solid tumors and its interaction with DNA is pointed out as the main mechanism of
cytotoxic action [1, 2]. But, in spite of their strong anticancer potency, chemotherapy with
platinum complexes is associated with very serious side effects, such as: nephrotoxicity,

ototoxicity, nausea, neuropathy and allergy [3].

In recent years, a multifactorial strategy for cancer treatment has been acknowledged
and different treatment modalities are often combined to optimize treatment efficacy. One
of the approaches is the utilization of the new drugs able to induce simultaneous low ionizing

radiation and chemotherapy effects.

Radiolabeled chemotherapeutics can be an exciting strategy for the therapy of cancer,
as lethal cytotoxic radiation dose delivered to the cancerous lesions allows to minimize the
amount of chemotherapy drugs and the serious side effects to the patients. Radiolabeling the
drugs with suitable therapeutic radionuclides have been achieved successfully and these
radiolabeled agents have shown considerable promise in the pre-clinical studies. The synergy
of two different mechanisms may reduce the chemotherapy drug dose, frequently associated

with severe or undesirable side effects providing significant benefits for the patients [4-8].

Considering that the efficiency of the treatment by radiotherapy depends on the tumor
radiosensitivity, new strategies to enhance it using ionizing radiation may be positive. One of
the approaches to obtain the enhanced radiosensitivity of the tumor cells is the simultaneous

application of chemotherapeutic agents that alter DNA sensitivity to the radiation.
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In a previous work of our group, the synergetic radio chemotherapy effect against cells
of glioma was demonstrated with of application of labeled cisplatin. The use of internal radio
chemotherapy with low irradiation dose rate and enhanced selectivity to the target tissues
may become a new and promising alternative of treatment for some unresectable malignant
tumors [9-11]. In another work, a comparative investigation of the antitumor effects using
the radioactive and the non-radioactive complex of tetracycline with Pt (),
[PtCla(C22H24N20s)], demonstrated an antitumor activity against the K562 cells until six times
higher for the radioactive complex [10]. This result confirms the additional effect in the
inhibition of tumor cell growth and the potential of synergy of the radio and chemotherapy

effects for therapy in the future [12-14].

One of the most promising strategies is to label the drugs with Auger electron emitters.
Auger radiation delivered into the DNA of tumor cells can be a very attractive systemic
radiation therapy goal. Natural platinum activation produces some radioisotopes with
suitable half-life and energy, both gamma and beta emitters [15]. Our previous dosimetric
studies of platin radiolabeled complexes, as a preliminary step for the feasibility assessment

of clinical use, showed a good agreement with experimental data [16,17].

This work describes the preparation of the radiolabeled cisplatin and carboplatin
obtained through the direct irradiation in the TRIGA Mark 1 research reactor of the CDTN
to investigate their possible potential enhancement of cytotoxicity in vitro in cancer cells line
4T1 mice mammary carcinoma and MDA-MB-231 cells (ATCC®), compared to the original,
the non-labeled molecules. The preliminary results obtained suggests that this strategy may
be promising as antitumor therapeutic in the future. Additional investigations into the

efficiency of this strategy are ongoing.
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2. MATERIALS AND METHODS

Samples of 5.0mg of cisplatin and carboplatin were irradiated by 3h in the TRIGA s
CDTN reseatch reactor in an average thermal and epithermal neutrons flux of 6.6 x 10" and
4.4 x 10" cm™s™, respectively, at 100kW. The gamma spectra wete obtained using an HPGe
detector with 15% nominal efficiency and 1.85 keV FWHM for the 1332 keV peak of “Co
and samples were measured at 5.0 cm from the detector. The software used for data

acquisition and spectrum analysis was GENIE 2000 (CANBERRA).

Radiochemical identity of cisplatin and carboplatin irradiated were determined by
scanning the TLC SG plate with a suitable collimated radiation detector (Minigita star beta
detector, Raytest®). The TLC stationary phase was silica gel and the mobile phase was acetone:
0,1M HCI 7:3. The determination of chemical purity was performed using high performance
liquid chromatography (HPLC), Shimadzu, and variable wavelength UV detector. Separations
were made using LUNA 5uM NH2 250 x 4,6 MM column. The flow rate was 1.0 mL.min™,
the sample volume was 20 pl. and the solvent system was composed of methanol/ethyl
acetate/N, N-dimethylformamide/water 4:4:1:1 and the flow rate were of 1.0 mL min—1.

Samples (20pL) were injected, and the eluate absorbance was monitored at 300 nm.

The in-vitro tests were performed after a decay time of 1h and 24 hours. The cell
viability was evaluated by CCK-8 assay (Sigma-Aldrich). MDA-MB-231 and 4T1 cells were
plated in the 96-well plates (5 X 10° cells per well) and incubated for 24 hours. Cisplatin and
carboplatin (nonirradiated and at 1 and 24 hours after the irradiation) were introduced
separately to cells with different test concentrations (20.0, 10.0, 5.0, 2.5 and 0.75 pmol/L) in
culture medium. After 48 hours of incubation, 10 microliters of CCK-8 solution was added
to each well and incubated for an additional 3 h at 37 °C. The optical density (OD) of each
well at 450 nm was recorded on a Microplate Reader (Varioskan Flash, Thermo Fisher
Scientific, US). The cell viability (% of control) is expressed as the percentage of (ODtest —
ODblank)/ (ODcontrol — ODblank), where ODtest is the optical density of the cells
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exposed to treatment, ODcontrol is the optical density of the control sample and ODblank

is the optical density of the wells without cells.

3. RESULTS AND DISCUSSIONS

Fig. 1 illustrates the gamma spectra and some photo peaks of platinum radioisotopes,
after 3h of irradiation and 1h of decay time. The energies and half-lives are presented in
Table 1. This time was chosen to obtain the minimum activity of Pt radioisotopes necessary

according to our previous studies [9, 10, 14].

Figure 1. Gamma spectra of carboplatin after 3h of irradiation.
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In Fig. 1, the photopeak of 194mPt, 197Pt and 191Pt can be seen in the range 100 to
550keV. B~ radiation appears in the decay of ""Pt and Pt with energies from 451 to 670keV.
The activity of the cisplatin after irradiation is approximately 1.11MBq after 1h and 0.10MBq
after 24h of decay. For carboplatin the values are 0.55 and 0.07MBq, respectively.
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Table 1. Radionuclides Decay Data

Pt isotopes Rggggﬂgg(ljides F:ﬁcg_ 512%62; y energy in keV
190p¢ 191pg 2.96d IT 359.0, 409.5, 439.9
192pg 193mpy 4.33d EC
194pt 195mpy 4.02d EC 98.8, 129.7
1%p¢ 197pt 18.3h B, IT 269.1, 191.4
198pt 199pt 30.8m B, 1T 317.1, 493.7,542.9

The results of a TLC analysis of irradiated cisplatin indicates a retention factor (Rf value)
of approximately 0.70, and the absence of any impurities or degradation products. The results
of a High-Performance Liquid Chromatography (HPLC) analysis of irradiated cisplatin and
carboplatin, indicating the absence of any impurity products, corroborate the results of the
TLC analysis. The radiochemical purity (> 90%) for both cisplatin and carboplatin confirm
the results of previous studies, including our own, indicating that the irradiation process did
not cause degradation of the platinum complex. samples [4,9,10,17]. It is the minimum
radiopharmaceutical purity for in vitro studies that typically needs to be high to ensure reliable
and reproducible results. Generally, a radiochemical purity of at least 90% is considered
acceptable. This means that at least 90% of the radiopharmaceutical should be in the desired

torm, with the remaining percentage consisting of impurities [18-22]

Figs. 2 and 3 show the results of cell viability tests of radiolabeled and non-irradiated
cisplatin (Fig.2) and carboplatin (Fig.3) in 4T1 mice mammary carcinoma cells. In relation to
cisplatin, a very effective action of the non-irradiated drug is observed, with cell viability
reduced to < 10% at a concentration of 20 umol/L. These results are like those obtained

with the labeled molecular after 1h of decay and decrease by half after 24 of decay.
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Figure 2. Percentage of the 4T1 mice mammary carcinoma cells viability for non-irradiated and irradiated
cisplatin, after 1 and 24 hours of decay. The cell viability (% of control) results were expressed as Mean +
SD of the average of 3 independent experiments (N=3); *p < 0.05 using Student’s t-test.
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Figure 3. Percentage of the 4T'1 mice mammary carcinoma cells viability for non-irradiated and irradiated
carboplatin, after 1 and 24 hours of decay. The cell viability (% of control) results were expressed as Mean
T SD of the average of 3 independent experiments (N=3); *p < 0.05 using Student’s t-test.
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At a concentration of 5 pmol/L with a dectease in cell viability from 60 to 40% after 1

hour of decay and less markedly after 24 hours (Fig. 2).
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Concerning the carboplatin, a more effective action of the irradiated drug is observed
with 1h of decay when compared to the no irradiated treated cells. The cell viability of 4T'1
cells drops from ~80% to ~50% after 24h of decay at a concentration of 20 umol/L. This
effect is also observed, although less evident, at concentrations of 5 umol/L and 0.75

umol/L, after 24h of decay (Fig. 3).

Souza et al. (2013) [23] demonstrated previously that carboplatin has been an efficient
regulator of 4T'1 growth and dissemination, and its action seems to be related to the induction
of apoptosis and inhibition of angiogenesis and cell proliferation in vivo. Our results suggest
that this effect can be enhanced after carboplatin irradiation, with in vivo experiments being

the next step for this study.

Figs. 4 and 5 show the results of cell viability tests of radiolabeled and non-irradiated
cisplatin (Fig.4) and carboplatin (Fig.5) in MDA-MB-231 cell lineage. In relation to cisplatin,
it can be observed that the non-irradiated samples have only a very limited chemotherapeutic
action. In all the concentrations tested, cell viability is higher than 70%. It can be observed
only a low effective action of the irradiated drug, compared to the non-irradiated one, only
in the concentrations of 20 umol/L (~78 to 50% of cell viability) and 10 pmol/L (~70 to
50% of cell viability) for 1h of decay time. After 24h of decay time, any effect was observed
(Fig. 4). In the case of carboplatin, Fig. 5 shows that the MDA-MB-231 cells are very
resistant to this drug. Only a very limited action is observed in the (~80% of cell viability) in
the concentration of 20 umol/L. Any important additional effect was detected for the

irradiated carboplatin.

Cisplatin is a chemotherapeutic agent that is often effective in treating various cancer
cell lines, including MDA-MB-231 and 4T1, due to its mechanism of action, mainly due to
mechanisms of DNA damage and cell cycle arrest, apoptosis and ROS generation [24-20].
Our results suggest that this effect can be enhanced after cisplatin irradiation, with in vivo

experiments being the next step for this study.
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Figure 4. Percentage of the MDA-MB-231 human breast adenocarcinoma cells viability for non-
irradiated and irradiated cisplatin after 1 and 24 hours of decay. The cell viability (% of control) results
were expressed as Mean & SD of the average of 3 independent experiments (N=3); *p < 0.05 using
Student’s t-test.
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Figure 5. Percentage of the MDA-MB-231 human breast adenocarcinoma cells viability for non-
irradiated and irradiated carboplatin after 1 and 24 hours of decay. The cell viability (% of control)
results were expressed as Mean £ SD of the average of 3 independent experiments (N=3); *p < 0.05
using Student’s t-test.
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MDA-MB-231 cells are a widely used model of triple-negative breast cancer (TNBC),
which is known for its aggressive behavior and poor prognosis. Several factors contribute to
the observed resistance of MDA-MB-231 cells to carboplatin, a chemotherapy drug, such as
presence of mutations that can lead to an impaired apoptotic response to DNA-damaging
and presence of DNA repair mechanisms [27]. Some studies have already demonstrated that
these cells are more resistant to carboplatin. Guiro et al [28] showed that this cell lineage is
resistant even with the carboplatin optimization at a maximum carboplatin concentration of
220 pg/ml, these treated cells maintained higher percent viability of 80% as compared to

percentage of viability for the non-treated cells.

4. CONCLUSIONS

The results obtained in cell viability tests of type 4T1 cells show much greater
resistance of the cells to the action of carboplatin compared to cisplatin considering the
labeled and irradiated molecule, except in the case of the concentration 0.75 pmol/L for 24h
decay, in which cell viability drops from ~90% with cisplatin to ~70% with carboplatin. The
results suggest that the decrease in cell viability with the increase in decay time in the case of
carboplatin is related to the properties: concentration, half-life time, energy and type of
radiation emitted from the different platinum radioisotopes formed, as Pt-191, Pt-193, Pt-
195m, and Pt-199. The results suggest that radiation may have additional effect on
chemotherapy, allowing a reduction in drug dose and side effects. Additional studies are

underway to confirm this hypothesis.
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