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ABSTRACT 

 
Chemotherapy is widely used as the main course of treatment for various types of cancer. However, the side 

effects derived from the prolonged use of highly cytotoxic drugs in association with chemotherapy induced 

resistance are important challenges for effective therapy. In this context, radionuclide therapy (RNT) can be an 

alternative way to decrease the toxicity and improve the specificity of antitumoral drugs. Our group has recently 

demonstrated that Indium (III) coordination to N(4)-Tolyl-2-acetylpiridine-derived thiosemicarbazones 

improves cytotoxic effects on leukemia cell lines. Once 114mIn is a prolific Auger electron emitter, in this study 

In (III) complexes and their radioactive analogs were produced by neutron activation and their potential for  

RNT was further studied. Native and radioactive complexes were tested in different concentrations in U87 and 

T98 glioblastoma multiform (GBM) cell lines, as well as in MRC5 fibroblast cell line. All drugs presented a 

dose dependent cytotoxicity against cancer cells at submicromolar concentrations. The treatment with 1 µM of 

the radioactive analogs containing 114mIn proved to be at least 1.5 times more potent than non-radioactive 

complexes in GBM cell lines. Due to the innate resistance of glioblastomas to chemotherapy and radiotherapy, 

the potentiation factor showed by the test radioactive complexes may be interesting in the course of treatment 

against these tumors. Therefore, the presented data suggests a synergistic effect of the radionuclide therapy 

conducted in this study, which might be due to the combinations of pharmacological and radiotherapeutical 

activities of the  114mIn –thiosemicarbazone compounds. 

 

1. INTRODUCTION 

 

Cancer is a generic term applied to a group of more than 100 diseases that share two main 

characteristics: the accelerated and disorganized cell proliferation; and the metastatic  

potential of these cells, which can detach from their primary site and invade other tissues, 

disseminating the disease [1]. According to World Health Organization (WHO), cancer is the 

second major cause of death around the world, being responsible for about 8.8 million 

deceases in 2015, and associated to a 12 million death estimate for 2030 [2]. 
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Amongst the various types of cancer, gliomas are the malignant brain tumors that present the 

highest mortality and frequency rates, with an incidence of six per 100.000 [3]. They are 

classified in astrocytomas, oligodendroglimas and oligocytomas, being histologically graded 

in three levels (II, III and IV) that relate to their aggressiveness and prognosis, so that 

glioblastoma multiform (GBM) level IV is considered their most aggressive type [4]. The 

average survival of glioma patients varies from 15 years to 14 months [5,6] depending on the 

level of the tumor, and the most influencing aspect for bad prognosis in these cases is the 

absence of curative therapies against this type of cancer. 

 

Surgery, chemotherapy and radiotherapy are the main forms of cancer treatments [7] that are 

also used for glioma, which has a therapy course that includes corticosteroids and 

anticonvulsants for symptoms controlling [8,9]. Traditionally, patients with GBM were  

treated with surgery followed by radiotherapy. Recently, however, the DNA alkylating agent 

known as temolozomide (TMZ), has been used in GBM standard treatment [10]. The 

combination between TMZ and radiotherapy has been improved therapy results, favoring 

patients survival in limited way [6]. 

 

Regarding antineoplastic chemotherapy, it is known that tumor cells with high replication 

rates are more sensitive to chemotherapeutic agents [1]. Nevertheless, active growing tumors 

have a hypoxic and nutritionally poor microenvironment, that induces decreased cell 

proliferation and, consequently, leads to cell resistance against chemotherapy. Furthermore, 

many GBM cases are represented by tumors that express mutant or inactive p53 proteins, 

which reflects an important characteristic of tumor resistance related to apoptosis failure, that 

directly influence the efficacy of antineoplastic therapies with drugs [9,11] and ionizing 

radiation [12]. 

 

Thus, it is essential to redirect the therapeutic approach and focus it on the development and 

application of new treatment strategies for glioma patients. The radionuclide therapy is a 

radiotherapy modality based on the use of radionuclide carrier molecules, which aim to 

conduct these radioactive isotopes into the tumor site [13]. This facilitates their interaction 

with local cells through emission of Auger electrons, beta particles or photons towards them 

[14]. The binding of a radionuclide to an antineoplastic agent results in a treatment strategy 

that might optimize the drug effect and allow the reduction of its therapeutic dose, due to the 

additive cytotoxicity associated to the radiation emitted inside the tumor by the radionuclide. 

 

Thiosemicarbazones are potential radionuclide carrier molecules, since they are successful 

metal-chelating agents such as Cu-ATSM, which was developed as an agent for molecular 

imaging of hypoxia [15]. In general, thiosemicarbazones constitute an interesting class of 

compounds that have a wide spectrum of pharmacological applications [10], including their 

use as antimicrobial, antineoplastic and antiviral agents [16,17]. Our group recently 

demonstrated the antineoplastic effect of N(4)-Tolyl-2-acetylpiridine-derived 

thiosemicarbazones which, in complexation with metals such as gold and platinum, induce 

toxic effects on human glioma cells [18]. 

 

Indium (In) is a metal with a well-known Auger electron emitter radioisotope 111In, that can 

also decay through gamma emission, and is currently used as radiotracer for scintigraphic 

imaging acquisition in Nuclear Medicine [19]. Indium isotopes with greater abundance in 

nature are 115In and 113In, with 95.72% and 4.28% occurrence, respectively [20]. The isotope 

created after neutron activation that has the longest half-life is 114mIn, which initial activity 

reduces through half in 49.51 days, in contrast with 4.48 hour half-life of 115mIn, and the 54 
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minute half-life of 116mIn. The decay of these isotopes occurs through emission of beta 

particles and low-energy Auger electrons [21]. 

 

The radiotoxicity of Auger electron have been already documented in literature, and results 

from the combination of two key characteristics: their low tissue penetration power; and their 

high linear energy transfer (LET) in short ranges [22]. These decay properties give to In 

isotopes, specially to 114mIn that has a longer half-life, an interesting feature that can be 

explored in radionuclide therapy against malignant tumors with bad prognosis [23], as well as 

GBM. Said feature is the local cytotoxicity provoked inside the tumor site, preserving 

adjacent healthy tissues. This has been suggested by our group in a recent study that  

demonstrated the effect of In (III)-thiosemicarbazones neutron activated complexes in breast 

cancer cell lines, proving their higher cytotoxic potential in malignant cells survival, in 

comparison to normal cells [24].  

 

Therefore, this study investigated the cytotoxic potential of N(4)-Tolyl-2-acetylpiridine- 

derived thiosemicarbazones attached to indium (1) [In(2Ac4pClPh)Cl2(MeOH)], (2) 

[In(2Ac4pIPh)Cl2(MeOH)], (3) [In(2Ac4pClPh)2]NO3•2H2O, (4) 
[In(2Ac4mClPh)2]NO3•1.5H2O, (5)          [In(2Ac4pIPh)2]NO3•H2O          and (6) 

[In(2Ac4Ph)2]NO3•H2O, through evaluation of the therapy effects involving these complexes 

in their native and radioactive forms, over GBM cell lines. 

 

 

2. MATERIALS AND METHODS 

 
 

2.1. Production of Radioactive Complexes 

 
The thiosemicarbazone-indium radioactive complexes were obtained by neutron activation in 

the core of the CDTN research nuclear reactor TRIGA MARK I IPR-R1. Samples were 

irradiated for 8 hours into polyethylene flasks carried out on the central position of the  

TRIGA (Training, Research, Isotopes, General Atomics) MARK-I IPRR1 nuclear reactor, at 

CDTN-CNEN,  Belo  Horizonte,  Brazil. They received  a thermal  neutron flux of 28.0 x 

1011 ± 4% and an epithermal neutron flux of 26.0 x 1010 ± 4% n cm-2 s-1. After neutron 

irradiation, samples were submitted to gamma spectrometry in a system with an HPGe 

detector CANBERRA 5019 and Gennie 2000 v2.0 (CANBERRA software) and a Wizard 

2480 spectrometer, in order to characterize the spectra and to determine the induced activity. 

 

2.2. Evaluation of Radiochemical Purity 

 

The radiocomplexes were submitted to thin layer chromatography (TLD) for evaluation of 

contamination with radiochemical impurities. For TLD were used silica gel stripes as 

stationary phase, and 1% of NaNO2 in methanol as solvent. 20 µL of each compound diluted 

in dimethyl sulfoxide (DMSO) was individually added 1 cm from the begin of each 

chromatography stripe and, in the end of the run, the stripes were cut in 10 pieces of 1 cm, 

and their activity was measured by NaI scintigraphy detector (Perkin Elmer 2480, automatic 

gamma counter) linked to gamma spectrometer. 
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2.3. Evaluation of Calculated Dose and Measured dose 

 

The activated compounds had their activity measured by a gamma counter after neutron 

irradiation and the results were converted in absorbed dose (mGy), using a converter factor 

determined by the Regulatory Position 301.03 of CNEN Norm. After that, the dose calculated 

from the gamma counts was compared to the dose measured by thermoluminescent 

dosimeters (TLD), which were externally fixed to the drug flasks after activation and dilution. 

 

 

2.4. Cell Culture 

 

The U87 and T98 human glioblastoma multiform cell line, and the MRC5 human fibroblast 

cell line, were cultivated in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented 

with 10% fetal bovine serum and 1% penicillin-streptomycin, at 37 °C in CO2 incubator. 
 

 

2.5. Treatment Protocols 

 

Each cell line was divided in two major groups: the first one received treatment with native 

drugs and the second one was treated with activated drugs. Both groups were subdivided in: 

control, which received no treatment; and treated with native or activated compounds. 

 

 

2.6. MTT Assay 

 

The cells were plated in 96-well microplates and placed in a CO2 incubator for adhesion and 

development, during 24 hours before treatment. Seven drug concentrations, from 10-10 M to 

10-6 M, were added to each well with exception of the control group, that received only 
culture media. The same treatment protocols were followed for all cell lines, and 48 hours 
after incubation with the test compounds, the media were removed and the cells were then 
incubated with MTT solution for 2 hours. The absorbance of each well was measured in a 
microplate reader at 570 nm. 

 

 

2.7. DAPI Staining 

 

Cells treated with two drug concentrations near the CI50 of complex (6) 

[In(2Ac4Ph)2]NO3•H2O in its radioactive form, were morphologically evaluated under optic 

microscope later to the fluorescent staining, which were performed 48 hours after the 

treatment. Nuclear damage such as DNA fragmentation and chromatin condensation were 

visualized through DAPI (4’ 6 diamino-2-phenylindole) staining. 

 

 

2.8. Statistical Analysis 

 

The data were submitted through One-Way ANOVA analysis of variance, followed by 

Bonferroni’s post-test. GraphPad Prism 5.01 software was used for these analyses. 
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3. RESULTS AND DISCUSSION 

 

 

3.1. Neutron Activation of the Complexes 

 

Samples of N(4)-Tolyl-2-acetylpiridine-derived thiosemicarbazones linked to indium 

(containing 113In and 115In isotopes in their natural proportion of occurrence), were activated 

in research nuclear reactor for 4 hours, and their activity was then measured by ultrapure 

germanium detector. Fig. 1 shows the gamma spectrum obtained for activated In, and 

production of 114mIn e 115mIn. 

 
Figure 1: Gamma spectrum of indium complex sample after 4h neutron activation  

under thermal neutron flux of (28.0 x 1011 ± 4%) n.cm-2.s-1 and epithermal neutron flux 

of (26.0 x 1010 + 4%) n.cm-2s-1, in the TRIGA MARK I IPR-R1 nuclear reactor. The 

190.9, 558.3 and 724.7 keV energy peaks correspond to the photons emitted by 114mIn 

(T1/2= 49,51d); the 336.5 keV energy peak corresponds to 115mIn (T1/2= 4,48h); and the 

1097 and 1293 keV energy peaks correspond to 116mIn (T1/2= 54min). The main In 

isotopes produced by neutron activation were 114mIn and 115mIn as demonstrated, and 

during the cell treatments the 115mIn activity was negligible. 

 
The peaks with equivalent energy of 724.7 keV, 558.3 keV and 190.9 keV correspond to 

gamma emissions from the radioisotope with the longest half-life, 114mIn [25]. About 3.25%  

of it decays to 114Cd by emission of gamma rays containing 724.7 and 558.3 keV. In contrast, 

the decay by isomeric transition of 114mIn to 114In occurs in 96.75% of the isotopic population 
[24], emitting 190.9 keV gamma radiation energy. 

 

Besides gamma radiation emission, the decay of 114mIn by isomeric transition emits  

expressive amounts of low-energy Auger electrons (less than 21 keV), being also emitted 

Auger electron with energy between 162 and 190 keV resulting from internal conversion 

[26]. On the other hand, the daughter radionuclide 114In has a 72 second half-life, decaying 

mostly (99.5%) in 114Sn by β- particle emission, with 777 keV average energy; or in 114Cd by 

electronic capture, in lower proportions. 
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Regarding the 115mIn isotope, with 4.48 hour half-life, its decay profile sums up in the 

production of 115Sn by β- emission (5.0%); and 115In by isomeric transition, emitting gamma 
radiation of 336.5 keV energy in addition to significant amounts of Auger electrons [25]. 

 

Since cell treatment protocol with the activated compounds began in the day after their 

neutron activation, and based on the half-life of the In isotopes produced in this process, it is 

possible to imply that 114mIn was the main responsible for the effects observed. The fast decay 

of 115mIn and 116mIn isotopes turned their activity negligible as soon as the therapy started. 

 
 

3.2. Evaluation of Radiochemical Purity 

 

The compounds were submit to thin layer chromatography (TLC). Following that, it was 

observed that 114InCl3 and 114In NO3 salts eluted with retention factor (Rf) = 0.1, while the 

radioactive complexes Rf varied between 0.5 and 0.8, which was compatible with the non- 

radioactive In (III) complexes. The radiochemical purity was superior to 90%, matching the 

required percentage for radiopharmaceuticals [28]. 

 

 

3.3. Dosimetry Study 

 

Once the In isotopes present in the activated samples were characterized, and knowing that 
114mIn was the prevalent one during biological assays, the dosimetry was performed by 
scintigraphic NaI detector. The results in counts per minute (cpm) were converted then to 

absorbed dose (mGy). In parallel, it was conducted the dosimetry of the compounds, in which 

thermoluminescent dosimeters (TLD) were fixed for 3, 24 and 48 hours to the external wall  
of eppendorf tubes containing the previously diluted radioactive drugs. After the test, TLDs 

were read in order to verify the gamma radiation dose measured by them during the different 
exposure periods (table 1). 

 

Table 1: Correlation Between Calculated Dose and Measured Dose of Gamma 

Radiation 

 
 Calculated Dose 

(mGy) 

Measured Dose 

(mGy) 

Exposure Time (h) 114mIn 114mIn 

3 4.9 x 10-6
 0.27 

24 3.5 x 10-6
 0.38 

48 ND* 0.86 

*ND = Not Determined 
 

The calculated dose (CD) in mGy was obtained through the conversion factor Sv/Bq in case 

of inhalation, according to the Regulatory Position 301.03 of CNEN Norm 301. The CD is 

related to the In complexes activity in counts per minute (cpm), considering only the activity 

coming from gamma radiation. As the emission of a great amount of Auger electrons is 

associated to each gamma emission for In isotopes, the difference demonstrated between 

calculated and measured doses might be explained by the fact that Auger electron energy was 

not considered by the gamma detector [27]
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Moreover, the calculated dose decrease over time, which may relate to 115mIn decay. In 
contrast, the absorbed dose increased over time, since the exposure time to radioactivity is 
crucial for the intensity of effects provoked by it. Thus, considering the fast decay of other In 

isotopes produced by neutron activation, it is possible to infer that the radiation dose to which 

the cells were exposed came almost entirely from 114mIn. 

 

As mentioned earlier, besides the gamma radiation emitted by 115mIn and 114mIn isotopes, it is 

also released an expressive amount of energy from electrons Auger concomitant emission. 

The average energy of 4000 keV is estimated for these electron Auger emissions, and about 

2850 keV come from 115mIn [22]. However, due to this radioisotope short half-life, the Auger 

electrons emitted by 114mIn, which has a slower decay rate, may be responsible for the 

prolonged effects observed in the cells that received treatment with radioactive In complexes 
 

The importance of Auger electrons in cancer treatment consists on their application in 

radionuclide therapy. These electrons have minor mass and penetration capacity, so they are 

able to transfer high energy quantities when they collide with a target. Therefore, when Auger 

electron emitter radionuclides such as 114mIn are linked to carrier molecules that can be 

internalized by cancer cells, the irradiation with these electrons occur on intracellular or even 

intranuclear levels. Thereby, radionuclides that can reach cancer cell’s nucleus may promote 

ionizations near the DNA, leading to production of free radicals; or can also interact directly 

with the DNA molecule. These processes result in DNA breaks, inducing cell death strictly 

inside the tumor site due to the short-range electrons Auger irradiation that reaches less than 

nanometers in length [22]. So, the adjacent tissue preservation is quite superior when 

compared to other treatment protocols that do not share the same mechanism proposed by 

radionuclide therapy. 
 

 

3.4. Study of in vitro Cytotoxicity 

 

The cytotoxic effects provoked by the tested treatment protocols in U87, T98 and MRC5 cell 

lines, were assessed by MTT assay which allowed the determination of cell survival 

percentage that resulted from each drug concentration in their native or activated form. 

Control cells received only culture media (DMEM). 

 

The cells were treated 24 hours after plating with the In complexes (1) 

[In(2Ac4pClPh)Cl2(MeOH)], (2) [In(2Ac4pIPh)Cl2(MeOH)], (3) 
[In(2Ac4pClPh)2]NO3•2H2O, (4) [In(2Ac4mClPh)2]NO3•1.5H2O, (5) 

[In(2Ac4pIPh)2]NO3•H2O and (6) [In(2Ac4Ph)2]NO3•H2O.  48 hours after incubation with  

the test compounds, the MTT assay was performed in order to measure cell metabolism post 

chemotherapy. 
 

Each complex was tested in seven different concentrations, that varied from 10-10 M to 10-6
 

M. The effect of native and radioactive drugs over cell proliferation was distinct in some drug 

concentrations, especially at 10-6 M. Thus, table 2 shows the cell death potentiation factor 

(PF) for each test compound at 10-6 M. PF was determined through the ratio between cell 

survival percentage after treatment with native or radioactive drugs. 
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Table 2: Cell Death Potentiation Factor in Glioblastoma Multiform Cells 

 

Potentiation Factor (PF)* of 10-6 M 

Complex U87 T98 MRC5 

1 2.21 - 3.98 

2 1.62 - 3.47 

3 - - 2.68 

4 - 1.57 - 

5 - 1.43 - 

6 - 3.31 1.62 

*Only PF > 1.5 was reported. 

 

Due to the innate resistance of glioblastomas to chemotherapy and radiotherapy, the 

potentiation factor showed by the test radioactive complexes may be interesting in the course 

of treatment against these tumors, to which a poor prognosis of 50% death rate after a year is 

associated [5,6].  

Table 3 also the PF obtained in a recently published study conducted by our group [24], in 

which other four In (III) metallic complexes with N(4)-Tolyl-2-acetylpiridine derived 

thiosemicarbazones (7) [In(2Ac4oClPh)2 NO3], (8) [In(2Ac4pFPh)2]NO3·1.5H2O, (9) 

[In(2Ac4oClPh)Cl2(MeOH)] and (10) [In(2Ac4pFPh)Cl2(MeOH)]; were tested in MCF7 

breast cancer cell line and MRC5 human fibroblast cell line. 

 

Table 3: Cell Death Potentiation Factor in Breast Cancer Cells 

 
 

Potentiation Factor (PF) considering the CI50 

Complex MCF7 MRC5 

7 1.693 2,55 

8 25.490 0,36 

9 208 1,64 

10 6.039 1,31 
 

The comparison between PFs obtained for breast tumor and for glioblastoma multiform 

allows the observation that, in MCF7 cell line the activated drugs had an effect on cell 
proliferation that was much superior than the effect caused by their native analogs. 

Furthermore, the toxic effect of radioactive complexes in MRC5 fibroblast cell line was not 
much more expressive than the native ones, indicating the activated compounds selectivity  

for cancer cells. The PF data obtained in U87 and T98 glioblastoma cell lines (table 2), point 

out less significant effects resulted from the treatment with activated drugs at 10-6 M 

concentration. However, the prognosis for breast cancer is much more positive than GBM 

prognosis, leading to possible cure when diagnosed in early stages and being related to 98% 
survival after five years [1]. Thus, the lower PF for GBM cells could result from the innate 

resistance associated to these cell lines [9,11,12] or even due to the compounds mechanism of 

action, which has not been described yet in literature.  Still, it is valid to highlight that the 
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treatment with radioactive In complexes resulted in 15% of cell survival, while 25% was 
observed post chemotherapy with native analogs at the same drug concentration. Figure 2 

demonstrate this data for complex (4) [In(2Ac4mClPh)2]NO3•1.5H2O in T98 cell line. 

 

 

[In(2Ac4mClPh)2]NO3.1,5H2O in T98 
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Figure 2: Cytotoxic effect of native and radioactive (4) [In(2Ac4mClPh)2]NO3•1.5H2 

treatment in T98 glioblastoma multiform cell line. Drug concentrations from 10-10 to 10-6 

M were tested, and cell metabolism was assessed 48h after chemotherapy. Control cells 

received only culture media (DMEM). 

 

The cytotoxicity of all compounds proved to be dose-dependent. Concerning the cytotoxic 

index that induce death in 50% of cell population (CI50), all complexes in their native and 

activated forms presented a CI50 around 10-8 M in this study. This is an interesting finding, 
since considerations about the use of any drug for antineoplastic therapy includes studies on 

their therapeutic dose. In this context, it is possible to imply that drugs with low CI50 can 

induce tumor tissue toxicity in inferior doses than drugs with high CI50. Considering all 

adverse reactions and collateral effects already known to be associated with cancer therapy, it 
is of great relevance the development of chemotherapeutic agents that can cause satisfactory 

results when administered in low doses, improving patient’s life quality. 

 

Regarding the cytotoxic index of In (III) salts InCl3 and In(NO3)3, a study recently published 

by our group [24] demonstrated a CI50 superior to 100 µM in MCF7 breast cancer cell line. 

The CI50 reduction when In (III) is associated to N(4)-Tolyl-2-acetylpiridine derived 

thiosemicarbazones is superior to 10000 times (table 2), showing the positivity of this  

binding. Also, this complexation has already proved to be successful for metals as gold and 

platinum, which had their thiosemicarbazone complexes cytotoxic potential studied on  

human glioma cells [18]. 

 

Apparently, neutron activation was not very effective to reduce the CI50 of the test 

compounds, since there was no significant difference between cell survival percentage after 
native and radioactive treatment. However, it is possible to suggest that activated complexes 

had advantages over their native analogs, mostly based on the 114mIn radioisotope 

characteristic of being an emitter on gamma radiation and Auger electrons. This could allow 
internal tumor radiochemotherapy, which may be a promising treatment alternative for 

inoperable malignant tumors such as glioblastoma multiform. Finally, the use of activated 
complexes can exceed therapeutic purposes and extend to imaging diagnostics in Nuclear 

Medicine, evidencing their theranostic potential. 
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5.5. Evaluation of Chromosomal DNA Alterations by DAPI Staining 

 

Generally, cell nucleus alterations indicate initiated or ongoing cell death process. A way of 

investigating the occurrence of this event is through nuclear staining with 4’6-diamino-2- 

phenylindole, known as DAPI. It is a fluorescent dye that penetrates nuclear membrane and 

stain nuclear material in blue. The processes of cell death can be triggered by 

thiosemicarbazones through DNA biosynthesis interference, inhibiting thioredoxin reductase 

[29]; and through destructive interactions with the double strand. These factors are part of 

thiosemicarbazones mechanism of action. Regarding the gamma radiation emitted by 114mIn, 

cell death can be induced through mitochondrial production of reactive oxygen species (ROS) 

secondary to radiation, which raise intracellular oxidative stress and lead to death via 

apoptosis or autophagy [30,31]. 

 

Thus, DAPI staining was performed in order to determine the effect provoked by one of the 

radioactive test complexes at nuclear level. Cells were treated 24h after plating with two drug 

concentrations (0,01 and 0,05 µM) near the CI50 of the complex (6) [In(2Ac4Ph)2]NO3•H2O 

in its radioactive form. Fig. 4 shows nuclear alterations captured 48h after treatment, such as; 

chromatin condensation (blue bright spots) and nuclear fragmentation. Control cells did not 

show significant changes in nuclear content. 
 

 

Figure 3: Analysis of U87, T98 and MRC5 chromosomal DNA, after treatment with 

radioactive (6) [In(2Ac4Ph)2]NO3•H2O. Cells were treated 24h after plating with 0,01 

and 0,05 µM of the complex, and the images were obtained 48h after therapy by a Nikon 

camera    attached    to    fluorescence    microscope    (400x    amplification). Chromatin 
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condensation and nuclear fragmentation are pointed out by white and red arrows, 

respectively. 

 

 

4. CONCLUSION 

 

 

The In (III) complexes with thiosemicarbazones studied in this paper proved to be cytotoxic 

in a dose-dependent way for all test cell lines. All compounds, in their native and radioactive 

forms, presented submicromolar CI50 values, which is a positive characteristic for new 

chemotherapeutic agents that are candidates for clinic use in antineoplastic therapy. Besides, 

some of the activated complexes showed an effect about 1.5 times superior on U87 and T98 

cell lines. 

 

Therefore, these characteristics in association with the gamma and Auger electrons emission 

profile of 114mIn, make considerable the antineoplastic potential of the activated complexes 

tested in this study, as well as their possible use as theranostics for cancer treatment and 

diagnosis in Nuclear Medicine. 
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