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Annotation: This article is devoted to the study of radioprotectors, their characteristics, 

mechanisms of action, and practical applications in modern medicine and radiation protection. The 

increasing use of ionizing radiation in healthcare, industry, scientific research, and nuclear 

technologies has highlighted the importance of effective methods for protecting biological systems 

from radiation-induced damage. The article examines the classification of radioprotective agents, 

including synthetic compounds, natural products, antioxidants, vitamins, and biological modifiers. 

Special attention is given to their mechanisms of action, such as free radical scavenging, enhancement 

of antioxidant defense systems, stabilization of cellular membranes, and protection of DNA from 

radiation-induced injury. The study also discusses the role of radioprotectors in radiation therapy, 

occupational radiation safety, emergency response to radiation accidents, and space medicine. The 

findings indicate that radioprotectors significantly reduce radiation-related complications, improve 

tissue protection, and contribute to the overall safety of individuals exposed to ionizing radiation. 

Their application remains an important area of research in radiobiology and medical science. 
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Introduction 

The rapid development of radiation technologies has significantly expanded the use of 

ionizing radiation in medicine, industry, agriculture, scientific research, and nuclear energy. Radiation 

is widely employed in diagnostic imaging, radiotherapy, sterilization procedures, and various 

industrial applications. Despite its numerous benefits, exposure to ionizing radiation can cause 

harmful biological effects, including cellular damage, genetic mutations, tissue injury, and an 

increased risk of cancer. Therefore, protecting living organisms from the adverse effects of radiation 

remains an important objective in radiation biology and medical science. One of the most effective 

approaches to reducing radiation-induced damage is the use of radioprotectors. Radioprotectors are 

chemical or biological agents capable of preventing, minimizing, or delaying the harmful effects of 

ionizing radiation on normal tissues and organs. These substances function through various 

mechanisms, including free radical scavenging, enhancement of cellular repair processes, 

stabilization of biological membranes, and protection of DNA from radiation-induced damage. The 

development and application of radioprotective agents have become increasingly important, 

particularly in radiation therapy, where the protection of healthy tissues is essential for improving 

treatment outcomes. 

Over the past decades, extensive research has been conducted to identify effective 

radioprotective compounds. Various synthetic and natural agents, such as aminothiols, antioxidants, 

vitamins, plant-derived substances, and cytokines, have demonstrated radioprotective properties. 

Among them, amifostine remains one of the most widely studied and clinically approved 

radioprotectors. In addition, growing interest has been directed toward natural radioprotective 

substances due to their lower toxicity and broader biological activity. The characterization of 

radioprotectors involves the evaluation of their chemical structure, mechanism of action, 

effectiveness, safety profile, and clinical applicability. Understanding these characteristics is essential 

for selecting appropriate agents for specific radiation exposure scenarios. Furthermore, advances in 

molecular biology and pharmacology continue to contribute to the discovery of novel radioprotective 

compounds with improved efficacy and reduced side effects. The application of radioprotectors is 

particularly important in radiation oncology, occupational radiation protection, emergency response 

to nuclear accidents, and space medicine. Their use may significantly reduce radiation-induced 

complications, improve patient quality of life, and enhance the safety of individuals exposed to 

ionizing radiation. 

Relevance 

The relevance of this topic is determined by the increasing use of ionizing radiation in modern 

medicine, industry, scientific research, and nuclear technologies. Although radiation plays an 

essential role in diagnostic imaging, cancer treatment, and industrial processes, exposure to ionizing 

radiation can lead to serious biological consequences, including cellular damage, genetic mutations, 

tissue injury, and the development of radiation-induced diseases. Therefore, the search for effective 

methods of radiation protection has become one of the priority directions in radiation biology and 

medical science. 

Aim 

The aim of this study is to investigate radioprotectors, analyze their classification, 

characteristics, mechanisms of action, and practical applications, and evaluate their role in protecting 

biological systems from the harmful effects of ionizing radiation. 

Main part 

Radioprotectors are substances that reduce or prevent the harmful biological effects of 

ionizing radiation on living organisms. They are used to protect normal tissues and organs during 

radiation exposure and are considered an important component of radiation safety. The development 

of radioprotective agents began shortly after the discovery of radiation-induced cellular damage. 

Scientists recognized the need to identify compounds capable of minimizing radiation injury while 



 

TOSHKENT TIBBIYOT AKADEMIYASI URGANCH FILIALI 

JANUBIY OROLBO‘YI TIBBIYOT JURNALI  

2 - TOM, MAXSUS SON-2. 2026 
14.00.00 - TIBBIYOT FANLARI    ISSN: 3093-8740 

 
 

431 

preserving normal physiological functions. Radioprotectors can be classified according to their 

chemical structure, biological origin, and mechanism of action. The main categories include synthetic 

compounds, natural products, antioxidants, vitamins, cytokines, and immunomodulators. Synthetic 

radioprotectors are often characterized by strong protective activity but may produce adverse effects. 

Natural radioprotectors have gained attention because of their lower toxicity and broader biological 

benefits. The effectiveness of a radioprotector depends on factors such as dosage, timing of 

administration, and radiation type. Modern classification systems also distinguish between 

radioprotectors, radiomitigators, and radiorecovery agents.  

Radioprotectors exert their protective effects through several biological and biochemical 

mechanisms. One of the most important mechanisms involves the scavenging of free radicals 

generated during radiation exposure. Ionizing radiation interacts with cellular water molecules and 

produces reactive oxygen species that damage proteins, lipids, and nucleic acids. Radioprotective 

agents neutralize these radicals before they can cause extensive cellular injury. Another mechanism 

involves the stabilization of cellular membranes and the preservation of structural integrity. Some 

radioprotectors enhance DNA repair pathways, allowing cells to recover more effectively from 

radiation-induced damage. Certain compounds stimulate antioxidant defense systems and increase 

the activity of protective enzymes. Others modulate inflammatory responses and reduce tissue injury 

following radiation exposure. Immunomodulatory effects have also been observed in several 

radioprotective substances. These mechanisms contribute to the preservation of normal tissue 

function and the reduction of radiation toxicity. The effectiveness of radioprotection depends on the 

interaction of multiple protective pathways.  

Radioprotectors possess several important characteristics that determine their clinical and 

practical value. An ideal radioprotector should provide strong protection against radiation damage 

while producing minimal toxicity. It should be easy to administer, rapidly absorbed, and capable of 

reaching target tissues efficiently. Among synthetic radioprotectors, aminothiol compounds have 

demonstrated significant protective effects. Amifostine is one of the most widely used radioprotective 

drugs in clinical practice. Antioxidants such as vitamins C and E also exhibit radioprotective 

properties by reducing oxidative stress. Natural compounds derived from plants have attracted 

considerable scientific interest because of their safety and biological activity. Polyphenols, 

flavonoids, and other phytochemicals have shown protective effects against radiation-induced injury. 

Biological radioprotectors include cytokines, growth factors, and various immune-regulating 

substances. Each type possesses unique advantages and limitations. Comparative studies have 

demonstrated differences in efficacy, toxicity, and duration of action among various agents.  

The practical application of radioprotectors has become increasingly important in modern 

medicine and radiation protection programs. In radiation oncology, radioprotective agents are used to 

minimize damage to healthy tissues during cancer treatment. By protecting normal cells while 

allowing radiation to destroy malignant tissues, these agents improve therapeutic outcomes. 

Radioprotectors are also utilized in diagnostic radiology to reduce unnecessary radiation exposure. 

Occupational radiation protection represents another significant area of application. Healthcare 

workers, nuclear industry employees, and laboratory personnel may benefit from additional 

protective measures provided by radioprotective compounds. In emergency situations involving 

nuclear accidents or radiation incidents, radioprotectors can reduce the severity of radiation-induced 

health effects. Their use is also being explored in military and aerospace medicine. Astronauts 

exposed to cosmic radiation during long-duration space missions may require effective 

radioprotective strategies.  

Despite significant progress in radioprotector research, several challenges remain in the 

development of ideal protective agents. Many currently available radioprotectors are associated with 

adverse effects that limit their widespread use. Researchers continue to search for compounds that 

combine high efficacy with low toxicity. Advances in molecular biology, biotechnology, and 
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pharmacology have created new opportunities for discovering innovative radioprotective substances. 

Natural products remain a promising source of novel protective agents. Genetic and cellular 

approaches may also contribute to future radioprotection strategies. Personalized medicine concepts 

could enable the selection of radioprotectors based on individual genetic characteristics and radiation 

sensitivity. Nanotechnology offers additional possibilities for improving drug delivery and protective 

effectiveness. However, extensive preclinical and clinical studies are necessary before new agents 

can be implemented in practice. Regulatory approval and safety evaluation remain important aspects 

of radioprotector development. Future research is expected to produce more effective and safer 

radioprotective therapies capable of addressing the growing challenges associated with radiation 

exposure in modern society. 

Results 

The analysis of scientific literature and recent research findings demonstrated that 

radioprotectors play a significant role in reducing the harmful biological effects of ionizing radiation. 

Various classes of radioprotective agents, including synthetic compounds, antioxidants, vitamins, 

natural plant extracts, and biological modifiers, have shown considerable effectiveness in protecting 

cells and tissues from radiation-induced damage. The study revealed that radioprotectors act through 

multiple mechanisms such as free radical scavenging, enhancement of antioxidant defense systems, 

stabilization of cellular membranes, stimulation of DNA repair processes, and modulation of immune 

responses. Among currently available radioprotective agents, amifostine remains one of the most 

effective and clinically approved compounds. In addition, natural radioprotectors derived from 

medicinal plants have demonstrated promising protective effects with lower toxicity profiles. 

Research findings indicate that the administration of radioprotectors before radiation exposure 

significantly decreases oxidative stress, reduces cellular injury, and improves tissue recovery. The 

analysis also showed that radioprotectors are widely applied in radiation oncology, occupational 

radiation protection, emergency response to radiation accidents, and aerospace medicine. Their use 

contributes to minimizing radiation-induced complications and improving the safety of individuals 

exposed to ionizing radiation. Recent advances in biotechnology and pharmacology have expanded 

opportunities for developing more effective radioprotective agents with improved safety 

characteristics. 

Discussion 

The findings of this study confirm that radioprotectors represent an essential component of 

modern radiation protection strategies. Their ability to reduce radiation-induced cellular and 

molecular damage makes them valuable tools in both medical and non-medical settings. The 

protective effects observed in various experimental and clinical studies are largely attributed to the 

capacity of radioprotective agents to neutralize reactive oxygen species and maintain cellular 

homeostasis following radiation exposure. The widespread use of ionizing radiation in medicine and 

industry has increased the need for effective protective measures. In radiation therapy, radioprotectors 

help preserve healthy tissues while maintaining the therapeutic effectiveness of radiation against 

malignant tumors. This dual benefit significantly improves treatment outcomes and patient quality of 

life. Similarly, individuals working in radiation-prone environments may benefit from additional 

protection provided by these agents. 

Despite substantial progress in the field, several limitations remain. Some synthetic 

radioprotectors may cause adverse effects that restrict their clinical application. Consequently, 

considerable attention has shifted toward the development of natural and biologically derived 

radioprotective compounds. Future research should focus on identifying agents with high efficacy, 

minimal toxicity, and long-lasting protective effects. Furthermore, advances in molecular biology, 

nanotechnology, and genetic research offer new possibilities for improving radioprotection. The 

development of personalized radioprotective strategies based on individual biological characteristics 

may further enhance protection against radiation-induced damage. Therefore, continued research in 
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this field is essential for improving radiation safety and expanding the practical applications of 

radioprotective agents in modern medicine and technology. 

Conclusion 

The study of radioprotectors and their applications demonstrates that these agents play a 

crucial role in protecting biological systems from the harmful effects of ionizing radiation. As the use 

of radiation continues to expand in medicine, industry, scientific research, and nuclear technology, 

the importance of effective radioprotective measures has increased significantly. Radioprotectors help 

reduce cellular damage, prevent genetic alterations, and improve the resistance of tissues and organs 

to radiation exposure. The analysis revealed that radioprotective agents exert their effects through 

multiple mechanisms, including free radical scavenging, enhancement of antioxidant defense 

systems, stabilization of cellular structures, stimulation of DNA repair processes, and regulation of 

immune responses. These mechanisms contribute to reducing radiation-induced injury and preserving 

normal physiological functions. 

The study also showed that both synthetic and natural radioprotectors possess important 

protective properties. While synthetic compounds often provide strong radioprotective effects, natural 

agents offer additional advantages due to their lower toxicity and broader biological activity. The 

growing interest in plant-derived and biologically active compounds has opened new directions for 

radioprotector research and development. Radioprotectors have found wide application in radiation 

oncology, occupational radiation safety, emergency radiation situations, and space medicine. Their 

use contributes to improved patient outcomes, enhanced radiation safety, and reduced health risks 

associated with radiation exposure. The development of new radioprotective agents remains an 

important scientific objective aimed at increasing effectiveness while minimizing adverse effects. 
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