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ABSTRACT: The increasing use of ionizing radiation in diagnostic and therapeutic
medicine has raised concern regarding radiation-induced injury to normal tissues,
particularly the central nervous system. One of the earliest cellular responses to ionizing
radiation is the generation of reactive oxygen and nitrogen species, leading to oxidative
stress, lipid peroxidation, protein modification, mitochondrial dysfunction, DNA damage,
genomic instability, inflammation, and cell death. These processes are particularly
important in radiosensitive tissues and in the central nervous system, where radiation-
induced oxidative and inflammatory injury may contribute to neurocognitive impairment,
vascular dysfunction, and impaired neurogenesis. Therefore, increasing attention has been
directed toward natural compounds with antioxidant, anti-inflammatory, and antigenotoxic
properties that may reduce radiation-induced normal tissue injury. Herniarin, a naturally
occurring simple coumarin, has attracted interest as a potential radioprotective compound.
Coumarins are polyphenolic plant-derived compounds known for diverse pharmacological
activities, including antioxidant, anti-inflammatory, cytoprotective, and antigenotoxic
effects. Available experimental evidence suggests that herniarin and related coumarins may
reduce oxidative DNA damage, limit genotoxicity, modulate endogenous antioxidant
defence systems, and protect rapidly dividing cells from toxic injury. This review
summarizes the biological mechanisms underlying ionizing radiation-induced oxidative
and genotoxic damage and discusses the potential radioprotective role of herniarin, a
natural coumarin compound. Although existing findings are promising, further in vivo and
mechanistic studies are required to clarify optimal dose, timing, bioavailability, tissue-
specific effects, and translational relevance.
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INTRODUCTION

lonizing radiation is an indispensable tool in modern medicine, particularly in cancer
radiotherapy and diagnostic imaging. Despite substantial advances in treatment planning,
dose optimization, and targeted delivery, exposure of normal tissues remains an important
clinical concern, especially in cases involving high cumulative doses or irradiation of
radiosensitive organs. Radiation-induced toxicity is not restricted to acute cellular injury;
rather, it may also involve delayed and chronic biological responses that emerge weeks,
months, or even years after exposure. These responses are mediated by complex and
interrelated mechanisms, including oxidative stress, inflammatory signalling,
mitochondrial dysfunction, impaired tissue regeneration, vascular damage, and genomic
instability [1-4]. The nervous system is particularly vulnerable to ionizing radiation, and
radiation-induced neural injury may develop through multiple interconnected pathways.
These include excessive generation of reactive oxygen species, DNA damage,
mitochondrial impairment, vascular dysfunction, impaired neurogenesis, synaptic injury,
and sustained neuroinflammatory activation. Collectively, these processes contribute to
both early and delayed neurological complications. Radiation-induced brain injury is
therefore considered a multifactorial pathological condition involving endothelial
dysfunction, disruption of the blood-brain barrier, demyelination, reduced neurogenic
capacity, synaptic dysfunction, mitochondrial damage, and persistent inflammatory
responses within neural tissue [5-7].

The hippocampus represents one of the most radiosensitive brain regions because of its
central role in learning, memory formation, and adult neurogenesis. Radiation exposure
may compromise hippocampal function by reducing the survival and proliferative capacity
of neuronal precursor cells, altering the local neurogenic microenvironment, promoting
glial differentiation, and suppressing the generation of new neurons. These structural and
cellular alterations are regarded as key mechanisms underlying radiation-associated
cognitive impairment [8,9]. Given that oxidative stress, inflammation, and genotoxic
damage are central contributors to radiation-induced tissue injury, increasing attention has
been directed toward natural bioactive compounds with antioxidant, anti-inflammatory, and
DNA-protective properties. In this context, Herniarin is a naturally occurring simple
coumarin derivative with potential pharmacological relevance as an antioxidant,
antigenotoxic, anti-inflammatory, and cytoprotective compound. Its radioprotective
potential is supported by experimental evidence indicating that herniarin can reduce
oxidative stress, DNA damage, apoptosis, and radiation-associated cellular injury across
various biological models.

Direct evidence for the radioprotective activity of herniarin has been demonstrated in
human lymphocytes exposed to X-rays. In this model, herniarin reduced radiation-induced
cytotoxicity, genotoxicity, apoptosis, micronucleus formation, and intracellular reactive
oxygen species accumulation [10]. These findings indicate that herniarin may exert direct
radioprotective effects by limiting oxidative stress and protecting DNA from radiation-
induced damage (Figure 1).
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Fig. 1. Radioprotective Actions of Herniarin in Radiation-Induced Cellular Injury

Additional in vivo evidence suggests that herniarin may protect cellular membrane
structures after irradiation. In gamma-irradiated mice, herniarin improved radiation-induced
alterations in erythrocyte membrane proteins during the post-irradiation period [11]. This
effect may reflect membrane-stabilizing and antioxidant activity, since radiation-induced
oxidative stress can damage membrane lipids and proteins, leading to impaired cellular
integrity and function. The antigenotoxic and cytoprotective potential of herniarin is also
supported by studies using non-radiation oxidative injury models. In rat bone marrow cells
exposed to cisplatin, herniarin reduced genotoxicity, apoptosis, necrosis, and oxidative
stress [12]. Although cisplatin and ionizing radiation are different damaging agents, they
share several common mechanisms of toxicity, including reactive oxygen species
generation, DNA damage, mitochondrial dysfunction, and activation of cell death
pathways. Therefore, these findings support the possible protective relevance of herniarin
in rapidly dividing and radiosensitive tissues such as bone marrow. Herniarin-containing
plant fractions have shown anti-inflammatory and neuroprotective effects in
neuroinflammatory models, including regulation of inflammatory cytokines and antioxidant
enzymes [13]. These effects suggest possible relevance for radiation-induced
neuroinflammation, particularly in the central nervous system, where oxidative stress and
microglial activation contribute to delayed brain injury and cognitive impairment (Table 1).
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Table 1. Radioprotective and Cytoprotective Effects of Herniarin in Experimental Models

Herniarin research

model Main findings Results

Herniarin reduced radiation-
induced cytotoxicity, Demonstrates direct
genotoxicity, apoptosis, radioprotective, antioxidant,
micronucleus formation, and |jand antigenotoxic effects [10].
ROS accumulation.

Human lymphocytes
exposed to X-rays

Herniarin improved radiation-

induced alterations in Suggests membrane-

Gamma-irradiated mice |erythrocyte membrane proteins||stabilizing and antioxidant
during the post-irradiation protection in vivo [11].
period.

. Supports protection of rapidl
Herniarin reduced pp P - PICty
Rat bone marrow cells dividing hematopoietic cells

. . genotoxicity, apoptosis, - .
exposed to cisplatin . L from oxidative/genotoxic
necrosis, and oxidative stress. |. .
injury [12].

Supports protection against
ROS-mediated DNA injury
[14].

Human lymphocytes
exposed to hydrogen
peroxide

Herniarin reduced oxidative
DNA damage.

Reported anti-inflammatory
and neuroprotective effects,
including modulation of
inflammatory cytokines and
antioxidant enzymes.

Suggests possible relevance
for radiation-induced
neuroinflammation and
cognitive impairment [13].

Herniarin-containing
plant fractions in
neuroinflammatory
models

CONCLUSION

lonizing radiation-induced injury is mediated by oxidative stress, DNA damage,
mitochondrial dysfunction, inflammation, vascular injury, and impaired cellular repair.
Herniarin, a natural simple coumarin, has promising antioxidant, antigenotoxic, anti-
inflammatory, and cytoprotective properties that may be relevant to radioprotection.
Available evidence suggests that it may reduce ROS-mediated DNA damage, preserve
cellular integrity, and modulate inflammatory responses. However, further mechanistic and
preclinical studies are necessary to confirm its efficacy and establish its translational
potential as a radioprotective agent.
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