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ABSTRACT 
 
Cancer is one of the most prevalent and difficult diseases to be treated. Despite the efforts at improving diagnose 
and treatment, the success is still very limited.  One of the factors implicated in such limitation is the inherent 
radioresistance of most tumors, specially the cerebral ones. They are poorly vascularized due to the rapid growth 
of cells and disorganized angiogenesis that leads to hypoxic tissue that increases radioresistance. Also another 
issue is the side effects of exposition to high levels of radiation and chemicals.  Combined approaches using 
both chemo and radiotherapy are one of the most effective strategies applied to maximize the results and 
decrease the side effects of the treatment to the patient. One of the drugs that are commonly used is cisplatin that 
has some, yet limited result. Given this context, our group has been testing several synthetic compounds of the 
thiosemicarbazone class. These chemicals have broad pharmacologic profile including antitumoral effect.  We 
have shown in previous works the effective reduction of cell viability and proliferation using very low 
concentrations of thiosemicarbazones both in free form and complexed with metals like copper. In this work we 
present another application of this compound that can also be used as a radiosensitization agent in glioblastoma 
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multiforme cell line RT-2 present that the combined approach increases de effect of gamma radiation. Also, that 
the coordination to copper apparently does not increase this activity.  
 
  

1. INTRODUCTION 
 
 Glioblastoma Multiforme (GBM) is usually a rare tumour. Its incidence it’s considered to be 
low, but has increased in developing countries in males at 55 to 74 years of age. The main 
issue is that once detected, the prognosis is very dark. [1] It is considered the most malignant 
of all astrocytic tumours. Consist of poorly differentiated neoplasic astrocytes. Its 
histopathological features include cellular polymorphism, nuclear atypia, mitotic activity, 
vascular thrombosis, microvascular proliferation and necrosis; however prominent 
microvascular proliferation and/or necrosis are essential diagnostic features. [2] 
 
Usually surgery should be the first therapeutic modality for GBM and the ideal objective is its 
total resection. However, as GBM is infiltrative, complete resection is virtually impossible 
and relapse almost inevitable. [1] Following this, radiation therapy its sometimes 
determinating for the extend of life expectancy for patients, depending of the case can 
increase it two-fold or more. [3] And finally the chemotherapeutic approach, also very 
important and broadly used for this type of tumour. The aim of most cancer chemotherapeutic 
drugs currently in clinical use is to kill malignant tumor cells by inhibiting some of the 
mechanisms implied in cellular division. Accordingly, the antitumor compounds developed 
through this approach are cytostatic or cytotoxic. [4] 
 
It’s well established that all of these treatments alone or combined are still very limited due to 
several issues. Surgery, in some cases is not indicated or not possible. 70% of the effect of 
radiation is indirect and depend of the presence of oxygen. As stated before most GBM are 
poorly vascularized, which can limit very much the efficiency of the therapy. Another 
important fact is the inherent chemoresistance and the genomic instability that can generate 
reistante to drugs currently used [5] 
 
For all of these reasons it’s imperative to research for new compounds and new treatment 
strategies to increase the life expectancy of the patients. A good example it’s the combination 
of drugs that kill or at least sensitize hypoxic radioresistant cells along a conventional 
radiation therapy and these chemicals act in several aspects, such as suppression of 
radioprotective substances, formation of cytotoxic compounds derived from radiolysis 
processes, inhibition of cell responses to radiation.  This may have a great impact at 
maximizing the treatment effects. [6] 
 
One class of compounds with great potential for the development of chemotherapeutic drugs 
is the thiosemizarbazones (TSC). They present broad pharmacological profile and attested 
cytotoxic activity against breast, bladder and blood cells tumours. [7-15] 
 
TSC inhibit the action of a key enzyme involved in the synthesis of new DNA molecules for 
replication and damage repair: the ribonucleotide reductase (RR). [13] This enzyme is 
comprised by two subunities – R1 that holds the catalytic and substrate-bonding sites and the 
R2 that has two iron ions responsible for the electron transfer and enzyme activity. [12, 15] 
Several groups have reported that the R2 it’s the main subunity involved in radioresistance 
and that would be the main target for radiosensitization and in fact, there is an homolog to the 
R2 subunity denominated p53R2 which is expressed mainly under genotoxic stress 
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conditions such as radiation exposure and chemical damage. That is important to point, due to 
the fact that depending of the expressed subunity, some drugs have their action decreased. 
[16-19] 
 
Authors have reported that given the presence of an iron center in the RR and the chelating 
property of the TSCs, its coordination with metals such as copper (Cu) may be an interesting 
method to increase even more the activity of the enzyme. [10] Also Cu provides a good 
selection of adequate radioisotopes that make it suitable for development of 
radiopharmaceuticals for both tracing and treatment of tumours. [7, 11. 20] 
 
In this paper we present the use of a N(4)-tolyl-2-acetylpyridine derived thiosemicarbazone 
both free and complexed with copper as radiosensitizing agent combined with gamma 
radiation against glioblastoma cell line RT-2. 
 
 

2. MATERIALS AND METHODS 
 

2.1. Cell line and reagents 
 
 
Cell line RT-2 (murine, p53 wild-type)  was maintained at a 37°C and 5% CO2 humidified 
atmosphere  as recommended. The medium of choice was the Dubellco’s Modified Eagle 
Medium (DMEM) supplemented with 10% Fetal Bovine Serum and 1% 
Penicilin/Estreptomicin, obtained from Cultilab (Campinas, Sao Paulo – Brazil).  
 
 
2.2. Thiosemicarbazones 
 
 
Thiosemicarbazones derived from N(4)-tolyl-2-acetylpyridine  were synthesized  by Dr. 
Beraldo’s  group, dissolved in DMSO at a 1 mg/mL concentration and stored frozen until 
moment of use. The ligand was denominated Lac and the copper complex CuLac. 
 
 
2.3. Gamma radiation 
 
 
Was used a GammaCell equipment (Atomic Energy of Canada Ltd. Canada) containing a 
60Co source (T = 5.3 years. Eγ1 = 1172.3 keV and Eγ2 = 1332.5 keV) with doses ranging 
from 0 to 15Gy for radiosensitivity determination and a 6Gy dose for the combined 
treatment. 
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2.4. Treatments and evaluation 
 
 
Cells at 70-80% confluence were trypsinized, counted with a Neubauer chamber and seeded 
in a 96-well plate.  After a period of 48h to allow cell attachment, proceedings were carried as 
described below. 
 
First to determine the radiosensitivity of the cell line, we performed the irradiation of the 
plate with the doses cited above. Afterwards, fresh medium was added and cells were allowed 
to rest for 48h. 
 
For the assessment of the effect of the TSCs alone, compounds were added at growing 
concentrations ranging from 5.0 x 10-9 to 1.0 x 10-6M for 1h and after this period the medium 
was removed, fresh medium was added and cells were allowed to rest also for a 48h period.  
 
Finally, for the combined treatment, cells were treated as described above and after the 
replacement of the medium cells were irradiated with 6Gy.  
 
The efficiency of all treatments was assessed through the MTT test (plates read at 570nm) 
and photomicrographies were taken with a Nikon camera Coolpix 4500 attached to an optic 
microscope. 
 
 
2.5. Statistical analysis 
 
All graphs and statistical analysis were done with Graphpad Prism 5 (Graphpad Software 
Inc.). Student T test was done and results with p < 0.0001 were considered significantly 
different. 
 

3. RESULTS 
  
 
3.1 Citotoxic Assays 
 
 
While determinating the sole effect of gamma radiation on this particular cell line, we found 
that is somewhat resistant. It is necessary more than a 9Gy dose to obtain a 50% citotoxic 
effect. Results are summarized in table 1.   
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Table 1. Survival percentage of the RT-2 cell line according to the radiation dose 
 

Dose (Gy) 
RT-2  

(p53wt) 

3 68.73 + 7.13 

6 66.38 + 8.06 

9 53.03 + 9.77 

12 30.16 + 3.64 

15 14.54 + 9.25 

* Results expressed as mean + SD. 
 
 

Now considering the cytotoxicity of the Lac and CuLac thiosemicarbazones, we found that 
concentrations as low as 10-7M for 1h are capable of decreasing cell survival in 50% or more, 
as shown in the graph bellow (figure 1), while lower concentrations had a little or no effect. 
Also, the coordination to copper apparently does not increase this citotoxicity. p value = 
0.7325 
 
 
 

 
Figure 1. Survival curves of the RT-2 cell line treated with thiosemicarbazones Lac and 

CuLac for 1h and evaluated after a 48h period. Results expressed as mean + SD. 
 
 
 
When we combined the approaches, we saw an increase of cell death, for Lac (figure 2A) and 
CuLac (figure 2B). Both present a similar profile change in a dose-dependent fashion. 
 
At lower concentrations, there is no significant increase of the radiation effect, but as the 
concentration of the compound increases, the survival percentage decreases and we begun to 
see an additive effect. p value > 0.0001 
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For Lac we have detected a medium increase of 30.35 + 3.275 and for CuLac the difference 
was 32.59 + 3.457. Demonstrating a considerable increase of citotoxicity in the combined 
approaches.  
 
 
3.2. Photomicrographic Analysis  
 
 
This cell line generally presents itself with a shape similar to its original non tumoural 
counterpart – with a fusiform cytoplasm and a well defined relatively centered nucleus.  
 
When undergoing apoptosis, a PCD (Programmed Cell Death), its shape radically changes to 
a rounded one with diminished cytoplasmic volume cell, which presents several blebs and a 
misshaped condensing nucleus. At a later state, the nucleus it’s fragmented and the cell itself 
fragments into so called apoptotic bodies.  
 
In the first panel (figure 3) it’s shown the progressive change of cell shape as the radiation 
dose increases.  
 
 

 

 
 

Figure 2. Survival Curves of RT-2 Cell Line Comparing the Effect of Lac and CuLac 
alone and Combined with a 6 Gy Gamma Radiation Dose. Evaluated after a 48h period. 

Results expressed as mean + SD 
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The same pattern is seen when cells are exposed to Lac , CuLac and the combined treatments. 
(figure 4). All these data might suggest an apoptotic cell death mechanism. 
 
 

4. DISCUSSION 
 
 
The cytotoxic assays of irradiated cells point to a relative resistance of this cell line, given 
that only at doses higher than 9Gy are capable of inducing death of 50% of the cells. The 
radiation damages several molecules within the cell and one of these key molecules is DNA. 
As this cell line expresses p53 in its wild type we expect that after the damage, there will be 
an increase of expression of this protein that will lead to cell cycle arrest and activation of the 
repair mechanism. Cells that were not capable of performing an efficient repair undergo 
apoptosis. On the other hand, cells with the DNA repaired efficiently continue to replicate. 
 
But here is a limit and for this cell line as we reach doses as high as 12 or 15Gy, the repair 
machinery is not capable to successfully restore the DNA structure and we see close to 90% 
of cell death. The problem with this is the simple fact that radiation also damage non-
tumoural cells and a high dose is not interesting.  
 
As for the thiosemicarbazones, an 1h treatment alone does not have effect at lower 
concentrations. This may be explained by the fact that as the concentration is low, not enough 
molecules of the compound interact with their targets at a sufficient level to lead to a 
significant cell response. But as the concentration increases we can see a very pronounced 
cytotoxic effect that also indicates an apoptotic death also due to the cell morphological 
changes. 
 
Assays we also done with the solvent DMSO at the highest concentration found at 10-6 M and 
with CuCl2 (chemical used to the complexation reaction to generate CuLac) and no 
considerable cytotoxic effects were found. 
 
 
As said before, one strategy that is available for this sort of chemical to increase its activity, 
is to synthesize complexes with metals like copper and gallium, which have been reported to 
increase its effect considerably. [21] In this particular case, it had no significant effect and the 
reason is yet to be clarified. It has been suggested that the complexation to these metals 
would change the lipophilicity of the chemical, facilitating its transport through the cellular 
membrane. 
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Figure 3. Photomicrographies of the RT-2 cell line showing that as the radiation dose 
increases the cells progressively turn rounded (arrows) and blebs can be seen. 

Magnification 400x. 
 
 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

 
 

Figure 4. Photomicrographies of the RT-2 cell line. As seen before the rounding of the 
cells (arrows), arising of blebs and fragmentation strongly suggest that  they were going 

through apoptosis. Magnification 400x. 
 

 
 
Differently from the radiation effect, the thiosemicarbazone citotoxicity does not depend of 
the p53 status [14, 21] and some of these compounds inhibit the ribonuceotide reductase 
enzyme, which expression and activation is not p53 dependent.  
 
When we combine the treatments, we saw a similar change of the survival curve profile that 
indicates that they interact to increase to cytotoxicity. By results obtained with another 
thiosemicarbazone ribonucleotide reductase inhibitor, Triapine™, it has been suggested that 
as DNA repair system is activated, it will require new deoxyribonucleotides and the 
inhibition of the key enzyme that provides them would be crucial. [13] 
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So, when the production of deoxyribonucleotides is compromised and consequently the DNA 
cannot be repaired, the cell engages apoptosis. The morphological data points on that 
direction, but it is necessary to evaluate if, in fact, there is DNA fragmentation and which 
processes are involved in this response. 
 
Also, we found that while CuCl2 still does not present considerable effect when taking into 
account the combined approach, DMSO presented itself toxic at 0.16%, concentration present 
at 10-6 of TSC. It is required further studies confirm that and, if so, determine the maximum 
concentration allowed, given the fact that this calls of TSC is only soluble in substances such 
as DMSO. 

 
 

5. CONCLUSIONS  
 
 
As general conclusion, we point that both thiosemicarbazones were capable of radiosensitize 
the cell line in question in a dose-dependent way. Also, that apparently the coordination to the 
metal copper does not increase its activity, as it has been reported previously.  
 
The morphological changes of cells like volume shrinkage, rounding and formation of blebs 
suggesting an apoptotic death mechanism. Further studies are in progress to confirm it and to 
clarify if there are another processes involved. 
 
As this work was done with a p53 wild type expressing cell line, the role of this protein in the 
radiosensitivity is yet unclear and experiments are being carried to enlight this aspect. The 
confirmation of the RR enzyme inhibiting property of this TSC is also is something that we 
very much would like to report and studies are also in development. 
 
Finally, we intend to extend the studies to other types of tumoural and non-tumoural cell lines 
to discuss the effect of these compounds to determine its real potential as a therapuertic 
pharmaceutical.  
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