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ABSTRACT 

 
In recent years, due to the high prevalence of type 2 diabetes, the pharmacological therapy with metformin has become one of the most 

prescribed medications worldwide, with approximately 150 million people currently in use. Several studies have reflected the relevance 

of this fact, indicating that this extensively used drug may play another important role: it has been reported that metformin could be 

responsible for decreasing cancer incidence and mortality in diabetic patients. However, the mechanism by which its antineoplastic 

effect occurs remains unclear. The term cancer refers to not only one single disease, but to hundreds of them, grouped under the same 

name. Even in one specific organ, different types of malignant cells can possibly develop. Radiotherapy, one of the most effective ways 

to combat many cancers, is based on the formation of free radicals through the radiolysis of water molecules on the affected area, caused 

by ionizing irradiation. The objective of this work was to study if the treatment with metformin can influence the effect caused by 

ionizing radiation on cells, using the yeast Saccharomyces cerevisiae as an experimental model for cancer. In other words, this work 

aims to analyze if metformin acts as a radiosensitizer of tumor cells. This can represent a possible strategy as a therapeutic combination 

to be explored in the war against cancer.     

 

 

1. INTRODUCTION 

 

Metformin is a biguanide widely used worldwide as a first line medication in the glucose control of type 2 diabetic 

patients [1, 2]. This high prevalence disease occurs due to the inefficient use of insulin in the human organism, 

causing hyperglycemia and numerous complications [3]. Many studies report that diabetic patients are potentially 

at risk of developing some types of cancers, such as the ones in the liver, pancreas and endometrium [4]. High 

glucose and insulin levels apparently seem to influence the process of carcinogenesis, possibly leading to the 

development of malignant cells [5].  In addition, being diabetic is considered as a poor prognostic factor for 

cancer patients [6]. However, this association between cancers and type 2 diabetes could be having a better 

outcome ever since the use of metformin has become the focus of several epidemiological studies [7]. It has been 

indicated that the use of this antidiabetic medication may have a positive correlation with the reduction of cancer 

incidence and mortality in patients with type 2 diabetes mellitus, inhibiting the growth of several types of such 

proliferating cells, both in vivo and in vitro [8, 9]. 

 

The term cancer refers to a group of several chronic diseases characterized by an uncontrolled proliferation of 

abnormal cells beyond their usual limits, being potentially able to invade adjacent or distant tissues and organs 

[10]. Such complex disease progressively develops with unique characteristics and peculiarities, which enables a 

diversified tumor microenvironment [11]. One important cancer feature is its modified energetic metabolism, a 

phenomenon first observed in the 1920s by Otto Warburg. Metabolic reprogramming refers to the cells that 

preferably convert glucose molecules to lactate, regardless of the presence of oxygen. In this way, proliferative 

cells, such as tumors, are able to generate enough energy and biomass required for their anabolic reactions, 

favoring their survival. When compared to oxidative phosphorylation, the so-called aerobic glycolysis, or 

Warburg effect, is a type of metabolism that results in a less efficient ATP production, which is compensated by 

an enhanced glucose uptake, exceeding the physiological demands needed for an ordinary cell’s growth and 

proliferation [12]. 
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The Warburg effect demonstrates that the successful proliferation of cancer cells in the human organism is largely 

due to metabolic changes. The preference for the glycolytic pathway in spite of the maximum ATP production 

through mitochondrial respiration is a characteristic of neoplastic cells that much resembles the fermentative 

metabolism occurring in Saccharomyces cerevisiae yeasts. Similar to tumor cells, such unicellular and eukaryotic 

microorganisms are able to oxidize glucose to ethanol and carbon dioxide, both in aerobic and anaerobic 

conditions, defining the Crabtree effect. This singularity makes it possible to use the S. cerevisiae yeasts as 

experimental models in the study of cancer metabolic approaches [13]. 

 

 

2. IONIZING RADIATION AND CANCER 

 

The various types of cancers can be treated or controlled by means of surgery, chemotherapy, radiotherapy or a 

combination of these. Estimates consider that the therapeutic method using ionizing radiation represents about 

50% of all treatments, being a very effective strategy when used in isolation or in combination with other 

modalities [14].  

 

In biological organisms, ionizing radiation can have beneficial effects, when preventing tumor survival, but also 

deleterious consequences, by its ability to induce modifications in human genes. The outcome is dependent on 

how the radiation interacts with biological molecules along its path, and therefore, depends on the type of 

radiation [15]. After its incidence, radiation photons or particles tend to penetrate the tissues indiscriminately, 

colliding with cellular structures, followed by its energy deposition, with excitation and/or ejection of electrons 

from the constituent biomolecules. Ionizing radiation effects may occur directly or indirectly, affecting the most 

important cellular component: the DNA. Cellular damage can happen as a result of the DNA’s strand breaks, 

which can be repaired or not. The direct effect occurs when the radiation is able to directly break chemical bonds 

in DNA molecules, a characteristic of high LET (linear energy transfer) radiation or using very high doses of 

other types of radiations. The indirect effect is the result of the radiolysis of abundant water molecules, which 

constitute 70% of the body weight, leading to the formation of highly reactive species and free radicals, which in 

turn, are capable of causing structural damage to the cell’s DNA and other macromolecules [16].  

 

With radiotherapy, the reactive species produced by the indirect effect by gamma irradiation can cause 

irreversible cellular damage in all major groups of macromolecules (nucleic acids, proteins, lipids and 

carbohydrates), which in turn leads to inhibition of growth, with consequent inhibition of proliferation and/or 

death of malignant cells [16]. This damaging effect on the genome is the basis for the eradication of highly 

proliferative cells, such as cancer, but with potential to cause problems to other tissues of an organism. Measures 

to maintain the devastating effect of radiation therapy on tumor cells without affecting normal cells are required 

to increase treatment efficacy and minimize adverse effects [17]. 

 

The organism response to radiotherapy may vary, and generally, the type and location of the tumor determines 

its survival rate. The dose of radiation received in such treatment is defined according to the sensitivity of the 

surrounding tissues [17]. Radioresistance and recurrence of the disease are major obstacles on the war against 

cancer. Tumor cells may become resistant to irradiation throughout the treatment, or, this radioresistance may 

represent an intrinsic characteristic of cell subpopulations (as an example, cancer stem cells), resulting in the 

repopulation of neoplasms [14]. The hypoxic tumor microenvironment is determinant in the occurrence of these 

types of effects, which is usually observed in tumors of greater volume or in those in an advanced stage, once the 

therapy begins [17]. 

 

The objective of this work was to study the influence of the treatment with metformin as a radiosensitizer, using 

the yeast S. cerevisiae as an experimental model for cancer cells, since both types of cells demonstrate similar 

metabolism [13]. In this way, it was evaluated the cells viability and the concentration of a trace element. 
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3. MATERIALS AND METHODS 

 

3.1 Saccharomyces cerevisiae Strain and Culture Conditions  

 

The S. cerevisiae wild type strain BY4741 (MATa; his3Δ1; leu2Δ0; met15Δ0; ura3Δ0) was acquired from 

EUROSCARF, Frankfurt, Germany. Complete glucose liquid medium (YPG) containing 1 % (w/v) yeast extract, 

2 % (w/v) Bacto-peptone, and 2 % (w/v) glucose was used for routine yeast growth. The yeast strains were grown 

at ambient temperature, with continuous rotation and collected at stationary phase. Cells were thereafter 

inoculated into fresh liquid medium in the presence or absence of metformin at a concentration of 100 mM and 

incubated for 24 hours at ambient temperature, at 150 rpm.  

 

After the specified time, an aliquot of cells was collected and spread onto plates containing solid YPG medium. 

The plates were incubated at 30°C for 48h and then sent to the gamma irradiator. Control situations that would 

not receive gamma radiation were also made. After the radiation, the cells were scraped and collected from the 

plates (radiated and non-radiated cells) using sterile water.  

 

3.2 Gamma Radiation 

 

A Nordion model IR-214 (Canada) located at CDTN was used for irradiation of the cells after the specified time, 

using the dose of 250 Gy of Cobalt-60 gamma rays [18]. The dose rate was of 3835 curie per year. The distance 

between the source of 60Co and the plates’ platform was 50 cm. The plates containing the cells were accompanied 

by Fricke dosimeter, in order to validate the radiation dose received. Fricke dosimeter is a type of chemical 

dosimeter consisting of an aqueous solution of sulfuric acid and ferrous sulfate. The dose absorbed was 

determined from the yield of ferrous ions, assayed in spectrophotometer [18].   

 

3.3 Cell Viability 

 

Cell viability was performed by doing a serial dilution of cells grown in the plates, after the treatments with 

metformin alone or in combination with subsequent irradiation (as well as the control situation). The number of 

colonies formed on plates containing solid YPG medium were counted after 48h of incubation at 30°C.  

 

3.4 Quantification of Zinc Through Neutron Activation 

 

After the procedure described on item 3.1, the suspension of cells collected from the plates were transferred to 

appropriate tubes in order to analyze a trace element through neutron activation. Cells were dried at 70°C for 3 

days and sent to the research reactor for the radiation with neutrons. 

 

Radiation of cells for neutron activation was performed at the TRIGA MARK I IPR-R1 research reactor at 

CDTN/CNEN. For this purpose, samples were irradiated in appropriate tubes during 8h at 100 kW of potency, 

and average thermal neutron flux was of 6.35 x 1011 neutrons cm-2s-1. Subsequently, the samples were submitted 

to gamma spectroscopy. The characteristic peak of the radionuclide was used to calculate its concentration [19]. 

 

3.5 Statistical Analysis  

 

Results are expressed as the average of three independent experiments. Results are shown as mean ± standard 

deviation; they are considered significant at p < 0.05. Normalized data were compared using ANOVA variance 

analysis and followed by Bonferroni’s multiple comparisons test. 
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4. RESULTS AND DISCUSSION 

 

4.1 Cell Viability 

 

Figure 1 shows the result for the viability of cells after the treatment with metformin, its subsequent radiation as 

well as the control situations (with and without gamma radiation). 

 

 

 
 

Figure 1: Influence of the treatment with metformin 100 mM and ionizing radiation 250 Gy in the 

determination of cell viability, in the yeast S. cerevisiae. 

(a) Mean value significantly different from that of the control group. 

(b) Mean value significantly different from that of the metformin 100 mM group. 

(p < 0.05; ANOVA, followed by Bonferroni’s multiple comparisons test) 

 

 

It was observed that the treatment of the cells only with metformin did not cause any statistical difference in 

relation to the control situation. When cells were submitted to gamma radiation, there was a significant decrease 

in the number of colonies formed, both in relation to control and to treatment with biguanide as an isolated 

treatment. This lower cellular viability was already expected since gamma irradiation leads to the generation of 

free radicals in the cell, which act on the various macromolecules leading to inhibition of cell growth and/or 

causing the cell’s death. The same is true for the group receiving both metformin and radiation, which was shown 

to be statistically lower in relation to the non irradiated control as well as to the isolated treatment with the 

biguanide (without using irradiation). Similar to the comparison between the non irradiated groups, there is no 

statistical difference between the irradiated ones.  

 

Many yeasts such as S. cerevisiae demonstrate the characteristic of being radioresistant cells, with up-regulation 

of the genes related to metabolism and cell cycle, which is caused by radiation [20]. Porto and collaborators 

reported that the irradiation of S. cerevisiae yeasts at a dose of 250 Gy of 60Co results in a survival fraction of 10-

20% compared to cells that do not receive this kind of treatment [18].  

 

The authors Cheng and Lanza-Jacoby reported that the treatment of pancreatic cancer cells with metformin 

induced a significant decrease in cell survival, which is possibly associated with a reduced production of oxidant 

compounds when using the biguanide [21]. Similarly, in a study realized by Moon and collaborators, it was 

demonstrated that metformin induced a reduction on the viability of ovarian cancer cells, when used in a range 

of concentrations varying from 5 to 40 mM, on a time-dependent manner [22]. However, this effect of 

proliferation suppression was not observed using the biguanide in isolation. 

 

Kim and co-authors reported that metformin has radiosensitizing effects on human hepatocellular carcinoma in 

vitro, with high rates of apoptosis, cell cycle arrest, and DNA damage when the treatment with the drug is used 

in combination with gamma rays, and of even greater significance when combining with high LET radiation, 



INAC 2017, Belo Horizonte, MG, Brazil. 

 

such as neutrons [23]. However, such effect was not observed in the present study using S. cerevisiae as an 

experimental model for cancer. 

 

4.2 Zinc Concentration Through Neutron Activation Analysis 

 

The principle of neutron activation can be applied to biological samples in order to identify and quantify trace 

elements through the formation of their corresponding radionuclides. In the research reactor, neutrons are 

radiated, having the sample of interest as its target, which therefore becomes activated. This leads to the formation 

of the radionuclides as the result of a nuclear reaction between the isotope of the element of interest and the flux 

of the radiated neutrons. The radionuclide formed will decay according to its characteristic half-life, and the 

corresponding energy of its radiation will be thus evaluated [24]. The k0 neutron activation analysis method was 

applied to determine zinc concentrations in the samples. The peak used was obtained from the energy emitted 

from the radionuclide Zn-69. 

 

Figure 2 shows the result obtained from the quantification of the trace element zinc using the neutron activation 

analysis. 

 

 

 
 

Figure 2: Influence of the treatment with metformin 100 mM and gamma irradiation 250 Gy in the 

determination of the trace element zinc, in the yeast S. cerevisiae BY4741. 

(a) Mean value was significantly different from that of the control group. 

(b) Mean value was significantly different from that of the gamma irradiation 250 Gy group. 

(p < 0.05; ANOVA, followed by Bonferroni’s multiple comparisons test) 

 

 

Treatment with metformin showed a significant increase in the concentration of this intracellular trace element. 

The presence of radiation as an isolated treatment did not alter this parameter in relation to the control situation. 

The combined treatment of metformin and irradiation also showed no statistical difference concerning the amount 

of zinc present in the cells.  

 

Zinc is a trace element of great significance in biological organisms, being required in several cellular 

mechanisms related to enzymatic activity, protein synthesis and intracellular signaling. Present as a divalent 

cation in the organism, zinc is involved in the processes of homeostasis, immune response, oxidative stress, 

apoptosis and aging [25]. Such mineral is a cofactor of approximately 10% of the human proteins, incorporated 

into metalloproteins [26]. Zinc concentration in diabetic patients are present at lower levels than in non-disease 

conditions. This trace element is important for insulin synthesis, storage and secretion [27], and therefore, having 

this level raised by metformin becomes significant for treating type 2 diabetes mellitus. 
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CONCLUSION 

 

The possible effects of metformin on the eradication of tumor cells have been demonstrated in numerous studies 

over the past few years. However, a mechanism of action by which metformin acts in cancer remains as goals in 

many researches. It seems that metformin may act in each type of tumor in unique ways, which may be different 

from one cancer to another. Even though some studies indicate that the combination of metformin and ionizing 

irradiation are positively related in order to enhance the effects of radiotherapy to combat cancer, our study did 

not demonstrate the same, which may be due to the high dose of irradiation used. Further studies are necessary 

to show radiosensitization of the biguanide. 
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