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   ABSTRACT: This article presents the results of studies that examined the general antiradical status 

(TAA) of the body as a potential biomarker of the effects of radiation exposure. Thirty patients (60-

70 years old)  with squamous cell carcinoma of the larynx participated in the study. Every patient 

underwent fractional radiation therapy. Irradiation was performed on a linear accelerator in 2 

gray/fraction mode, with a total dose of 70 gray given by a radical program.  The examination of 

blood TAA was performed before the treatment (I) in the middle of treatment where the patient had 

received half of the total acceptable treatment dose (II) and after the radiation (III). In our study it 

was found that the TAA of blood increases linearly within the error, which indicates the activation 

of the body's antioxidant defense systems with the aim to neutralize the radicals generated by 

ionizing radiation. 

   The results of our investigation support the fact that the non-enzymatic antiradical system plays an     

important role in the prevention of radiation damage during ionizing radiation exposure.  
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INTRODUCTION 

Major advances in medical and radiation therapy have contributed to a growing population of 

cancer survivors. However, survivors have experienced adverse effects of radiotherapy [1,2], ICRP 

recommends the search for new highly effective, and inexpensive biomarkers of the individual risk for 

tissue reactions and strategies to prevent/mitigate tissue effects after exposure [3], which is considered 

to be a modern priority in radiation biomedicine [4]. Modern approaches to the search for absorbed 

dose (dose marker), radio-induced shifting effect, and marker of susceptibility in the conditions of the 

fractional partial body irradiation are concentrated on complex - genetic, cytogenetic, metabolic 

characteristics [5,6]. Among biodosimetry markers of radiation exposure, special attention is paid to 

redox status imbalance biomarkers [7, 8]. 

Ionizing radiation's hazardous impacts on living tissue are mediated by the generation 

production of reactive oxygen species (ROS) and oxidative stress mechanisms. ROS (hydroxyl radical, 

superoxide anion, and hydroperoxyl radicals) are generated after the irradiation, in the process of 

radiolysis of water [7, 8], followed by a chronic inflammatory response [9], accumulation of free 

radicals, and ROS, shift the redox equilibrium of the cell towards the oxidized state and development 

of an imbalance between pro-oxidative and antioxidative reactions, depletion of antioxidant activity 

together with an occurrence of negative consequences in metabolism [10]. 

Specialized enzymatic and non-enzymatic antioxidant systems participate in preventing the 

high production of free radicals in the eukaryotic organisms’ cells. An especially important role in 

these mechanisms plays a nonenzymatic antioxidant system (total low molecular weight antioxidants 

(ascorbic acid, bilirubin, estrogens, biogenic amines (dopamine, histamine, serotonin, melatonin and 

amino acid, tryptophan), etc.)), known as a total antioxidant activity (TAA) of the blood plasma. 
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This article presents the results of studies that examined the general antiradical status (TAA) 

of the body as a potential biomarker of the effects of radiation exposure. 

 

MATERIAL AND METHODS 

Thirty patients (60-70 years old)  with squamous cell carcinoma of the larynx participated in 

the study. Every patient underwent fractional radiation therapy. Irradiation was performed on a linear 

accelerator in 2 gray/fraction mode, with a total dose of 70 gray given by a radical program. Patients 

were irradiated on the basis of the Live Hospital-Radiation Center with the device "Electra Synergy 

Platform". The study protocol was prooved by the Ethical Committee of Tbilisi State Medical 

University. Patients were informed about their participation in the study and signed written consent. 

Postoperative patients were mostly irradiated with 66 grays in 33 fractions with a daily dose of 2 

grays. Nonoperative patients were mostly irradiated with 70 grays in 35 fractions - with a daily dose of 

2 grays. The examination TAA of blood was performed before the treatment (I) in the middle of 

treatment where the patient had received half of the total acceptable treatment dose (II) and after the 

radiation (III). 

TAA was determined in deproteinized blood plasma by using the 2.2-diphenyl-1-

picrylhidrazyl (DPPH)-scavenging assay, which was adapted from a study conducted by 

Chrzczanowicz et al. [11]. Briefly, plasma samples (1 mL) were deproteinized by adding 3 mL of 

acetonitrile and centrifuging then for 10 min (4°C, 9500 ×g). A supernatant was immediately collected 

and 1 ml was transferred to a tube. Subsequently, 3 mL of DPPH was added, and the resultant 

absorbance was read at 515 nm. A calibration curve was built with the use of gallic acid, wherein the 

absorbance values were interpolated and the results were expressed as equivalents of gallic acid.  

Statistical analysis  

Each data point represents mean standard error on the mean (SEM) of at least six pacient per 

group. P < 0.05 was considered to represent a statistically significant difference.  

 

RESULTS 

Figure 1 shows the values of the blood TAA  of healthy individuals (controls) and 

oncological patients before radiotherapy (I), after receiving half-dose (II), and after irradiation (III). 

According to the results of the study, the blood TAA of patients with laryngeal cancer was no 

different from the blood TAA of the same age (60-70 years old) healthy individuals. After receiving 

a half dose of radiotherapy, the TAA of the irradiated patients; blood increased almost 2 times 

compared to the initial values, and after the completion of the whole course, the level of the blood 

TAA  increased by 5 times in comparison to initial values. 

 

 

Figure 1. The blood TAA  of healthy individuals (controls) and oncological  

patients before radiotherapy (I), after receiving half-dose (II), and after irradiation (III). 
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DISCUSSION 

In response to the direct effect of ionizing radiation on cellular targets, in the result of 

radiolysis of water, as well as due to the compensatory response of the body to primary damage 

(increased activity of mitochondrial and microsomal electron transport systems) in tissues produced a 

huge amount of ROS, capable of damaging the cells and tissues of a living organism and leading it to 

death. The ability of cells in a living organism to prevent specific and non-specific oxidative damage 

is a key survival mechanism. Against the increased formation of ROS in the body, the enzymatic and 

the non-enzymatic antioxidant system, ensure the neutralization of free radicals [12, 13]. As shown by 

numerous studies, the antioxidant enzymatic system is rapidly depleted and cannot suppress an excess 

amount of ROSs formed during irradiation. In response to irradiation compensatory released high 

concentrations of low molecular weight antioxidants (ascorbic acid, biogenic amines, thiols, etc.)  

suppress oxidative stress [14, 15].  

In our study it was found that the TAAof blood increases linearly within the error, which 

indicates the activation of the body's antioxidant defense systems with the aim to neutralize the 

radicals generated by ionizing radiation. 

Small ROS-scavenging molecules present a metabolic route of tightly coordinated 

physiological processes ensuring the protection of cellular structures and macromolecules from 

ionizing radiation. The compensatory alterations of the TAA are a key mechanism of body resistance 

to ionizing radiation in radiated animals.  

 

CONCLUSION 

The results of our investigation support the fact that the non-enzymatic antiradical system 

plays an important role in the prevention of radiation damage during ionizing radiation exposure.  
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