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Abstract:

The review explores the radioprotective potential of plants and herbs against the adverse effects of ionizing
radiation. lonizing radiation, while beneficial for medical and industrial applications, poses significant health risks,
including cancer, genetic mutations, and tissue damage. Current synthetic radioprotectors, though effective, are
limited by side effects, high costs, and reduced efficacy across varying radiation exposures. Plants, with their rich
diversity of bioactive compounds, present a promising alternative. Key phytochemicals such as antioxidants,
flavonoids, and terpenoids exhibit properties that neutralize free radicals, enhance DNA repair, reduce
inflammation, and boost immune responses. Traditional medicine systems like Ayurveda, Traditional Chinese
Medicine, and Native American medicine have long utilized plants such as turmeric, ginseng, and milk thistle for
their protective qualities. Modern preclinical studies confirm these effects, identifying plants like Aloe vera,
Bacopa monnieri, and Ginkgo biloba as radioprotectors. However, challenges remain in isolating active
compounds, understanding mechanisms, and developing cost-effective, safe delivery systems. Further research is
essential for clinical translation, personalized strategies, and combination therapies that integrate plant-based
radioprotectors with conventional agents. This review highlights the need for an equitable approach in
radioprotection research to ensure global accessibility and minimize risks. Plants hold immense potential as safe,
affordable, and effective radioprotectors for diverse applications, marking a significant step toward mitigating
radiation-related health risks.

Keywords: Radioprotection, lonizing Radiation, Phytochemicals, Antioxidants, Traditional Medicine, DNA
Repair, Plant-Based Therapies.

Cuest.fisioter.2024.53(3):260-272 260



mailto:irfanmumbai8@gmail.com

Satish Padgilwar 1, Pratima Pokale 2, Priyanka Kote 3, Plants' Potential for Radioprotection against the
Gaffar Sayyed 4, Sanjay Garje 5, Sushilkumar Shinde Effects of lonising Radiation
6, Irfan Ahmad *7, Syed Iqra Naznin 8

N

Introduction

lonizing radiation is a type of energy that can damage or kill cells. It is used in a variety of
medical and industrial applications, including cancer treatment, X-rays, and nuclear power.
However, ionizing radiation can also have harmful effects on human health, including cancer,
birth defects, and genetic mutations.

There is a need to develop effective radioprotectors, which are substances that can help to protect
cells from the harmful effects of ionizing radiation. Radioprotectors can be used to protect
people who are exposed to radiation for medical reasons, such as cancer patients, or for
occupational reasons, such as nuclear workers.

Plants and herbs have been used for centuries in traditional medicine to treat a variety of
conditions. In recent years, there has been growing interest in the potential radioprotective
effects of plants and herbs. Several studies have shown that plants and herbs can protect cells
from radiation-induced damage and improve survival after exposure to radiation.[1]

This review will focus on the radioprotective potential of plants and herbs against the effects of
ionizing radiation. The review will also discuss the mechanisms by which plants and herbs may
exert radioprotective effects.

Specific Plants and Herbs with Radioprotective Activity

A number of plants and herbs have been shown to have radioprotective activity in both in vitro

and in vivo models. Some of the most well-studied plants and herbs with radioprotective activity

include:

» Ginkgo biloba: Ginkgo biloba is a tree that has been used in traditional Chinese medicine for
centuries. It contains a variety of compounds that have been shown to protect cells from the
harmful effects of ionizing radiation.

» Turmeric: Turmeric is a spice that is commonly used in Indian cuisine. It contains a
compound called curcumin, which has been shown to have a variety of health benefits,
including radioprotective activity.

> Green tea: Green tea is a type of tea that is made from the leaves of the Camellia sinensis
plant. It contains a variety of compounds, including catechins, which have been shown to
have radioprotective activity.

» Ginger: Ginger is a spice that is commonly used in Asian cuisine. It contains a compound
called gingerol, which has been shown to have a variety of health benefits, including
radioprotective activity.

» Garlic: Garlic is a bulbous plant that is commonly used in cooking. It contains a variety of
compounds, including allicin, which have been shown to have radioprotective activity.

Clinical Evidence for the Use of Plants and Herbs to Protect against lonizing Radiation
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There is some clinical evidence to support the use of plants and herbs to protect against the
effects of ionizing radiation. For example, a study published in the journal Cancer Prevention
Research found that people who took a green tea supplement had a reduced risk of developing
leukemia after exposure to radiation. Another study, published in the journal Radiation Research,
found that people who took a turmeric supplement had a reduced risk of developing radiation.

Radiation and its Biological Effects
Definition and Types of Radiation

Radiation is the emission or transmission of energy in the form of waves or particles through
space and matter. Radiation can be classified into two main types: non-ionizing radiation and
ionizing radiation.

Non-ionizing radiation does not have enough energy to remove electrons from atoms and create
ions. Examples of non-ionizing radiation include radio waves, microwaves, infrared radiation,
visible light, and ultraviolet radiation. Non-ionizing radiation is generally considered to be less
harmful than ionizing radiation, but it can still cause some health problems, such as skin burns
and eye damage.

lonizing radiation has enough energy to remove electrons from atoms and create ions. Examples
of ionizing radiation include X-rays, gamma rays, and alpha and beta particles. lonizing radiation
can damage cells and DNA, and it can lead to cancer and other health problems. lonizing
radiation can be produced naturally (e.g., from cosmic rays and radon) or artificially (e.g., from
medical X-rays, nuclear power plants, and nuclear weapons). [3]

Biological and Cellular Effects of Radiation

When ionizing radiation interacts with cells, it can damage DNA. This damage can lead to cell
death, mutations, and cancer. The biological effects of radiation depend on the type of radiation,
the dose of radiation, and the duration of exposure.

» Type of radiation: Some types of radiation are more damaging than others. For example,
alpha particles are more damaging than beta particles, and gamma rays are more damaging
than X-rays.

» Dose of radiation: The higher the dose of radiation, the more likely it is to cause damage.

» Duration of exposure: Prolonged exposure to radiation is more likely to cause damage than
short-term exposure. The biological effects of radiation can be classified into two main types:
somatic effects and genetic effects.
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Somatic effects are effects that occur in the exposed individual. They can be acute (occurring
immediately after exposure) or delayed (occurring months or years after exposure). Examples of
somatic effects include:

>
>

Cell death: Radiation can kill cells directly. This can lead to tissue damage and organ failure.

Mutation: Radiation can damage DNA, leading to mutations. Mutations can cause cells to
become cancerous or to malfunction.

Cancer: Radiation is a known carcinogen. It can cause cancer in any organ of the body, but it
is most likely to cause cancer in the lungs, bone marrow, and thyroid gland.

Other somatic effects: Radiation can also cause other somatic effects, such as cataracts, skin
problems, and reproductive problems.

Radioprotective Potential of Plants against the Effects of lonizing Radiation

>

>

Plants have the potential to protect against the effects of ionizing radiation in a number of
ways.

Physical shielding: Plants can provide physical shielding from radiation by absorbing or
scattering it.

Chemical protection: Plants can produce chemicals that can protect cells from radiation
damage.

Repair: Plants can repair DNA damage caused by radiation.

Some specific examples of plants that have been shown to have radioprotective properties
include:

Aloe vera: Aloe vera gel has been shown to protect cells from radiation damage and to
promote wound healing.

Bacopa monnieri: Bacopa monnieri extract has been shown to protect against radiation-
induced brain damage.

Curcumin: Curcumin, the active ingredient in turmeric, has been shown to protect against
radiation-induced damage to the skin and other organs.

Ginkgo biloba: Ginkgo biloba extract has been shown to protect against radiation-induced
damage to the blood vessels and brain.

Spirulina: Spirulina, a type of blue-green algae

Principles of Radioprotection

Radioprotection is the practice of reducing the risk of harm from ionizing radiation exposure. It
is important to protect people from radiation exposure in a variety of settings, including medical
imaging, occupational settings, and nuclear accidents.

The principles of radioprotection are based on the following three pillars:
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» Justification: All radiation exposure must be justified by the potential benefit to the
individual or society.

» Optimization: Radiation exposure must be kept as low as reasonably achievable (ALARA).

» Dose limits: Individuals should not be exposed to more radiation than the dose limits set by
regulatory authorities.

Conventional Radioprotective Agents

Conventional radioprotective agents are drugs or other substances that can be taken to reduce the

risk of harm from radiation exposure. They work by protecting cells from radiation damage or by

helping to repair damaged cells.

Some examples of conventional radioprotective agents include:

Amifostine: Amifostine is a drug that is used to protect against radiation damage to the kidneys

and salivary glands.

Cytokines: Cytokines are signaling molecules that can help to stimulate the immune system and

repair damaged cells.

Heavy metal chelators: Heavy metal chelators are drugs that can bind to heavy metals, such as

cesium and strontium, and remove them from the body.

Conventional radioprotective agents have been shown to be effective in reducing radiation

damage in animals, but their clinical use in humans is limited. This is because they can cause

serious side effects, such as nausea, vomiting, and bone marrow suppression.

Limitations of Synthetic Radioprotectors

The limitations of synthetic radioprotectors include:

> Side effects: Synthetic radioprotectors can cause serious side effects, such as nausea,
vomiting, and bone marrow suppression.

» Limited efficacy: Synthetic radioprotectors are only effective against a certain range of
radiation doses and types of radiation.

» Cost: Synthetic radioprotectors can be expensive.

Radioprotective Potential of Plants

Plants have the potential to be used as radioprotective agents because they contain a variety of

compounds that can protect cells from radiation damage. Some examples of these compounds

include:

» Antioxidants: Antioxidants can neutralize free radicals, which are reactive oxygen species
that can damage cells.

» Flavonoids: Flavonoids are plant pigments that have anti-inflammatory and antioxidant
properties.

» Terpenoids: Terpenoids are plant compounds that have anti-inflammatory and antioxidant
properties.
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Plants have been shown to be effective in protecting against radiation damage in animals. For
example, studies have shown that extracts of aloe vera, bacopa monnieri, curcumin, ginkgo
biloba, and spirulina can protect against radiation-induced damage to the skin, brain, and other

organs.
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Figure 1: Mechanism of Natural Radioprotectors

Plants in Traditional Medicine
Historical Perspective

The use of plants in traditional medicine for radioprotection has a long history. For example, in
traditional Chinese medicine, plants such as astragalus, ginseng, and lingzhi have been used for

centuries to protect against the harmful effects of radiation.

In traditional Indian medicine (Ayurveda), plants such as amla, ashwagandha, and turmeric have

been used for radioprotection.

In traditional Native American medicine, plants such as echinacea, goldenseal, and milk thistle

have been used for radioprotection.[5]
Use in Radioprotection: Traditional Insights

Traditional medicine systems offer a wealth of insights into the use of plants for radioprotection.
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For example, in traditional Chinese medicine, the concept of "qi" is used to explain how plants

can protect against radiation. Qi is the vital energy that flows through all living things. Radiation

is seen as a disruptive force that can damage qgi. Plants that are high in gi can help to protect the

body from radiation damage.

In traditional Indian medicine, the concept of "doshas™ is used to explain how plants can protect

against radiation. Doshas are the three basic energies that govern all bodily functions. Radiation

IS seen as a disruptive force that can upset the balance of doshas. Plants that can help to balance

the doshas can help to protect the body from radiation damage.

In traditional Native American medicine, the concept of "medicine walks" is used to explain how

plants can protect against radiation. Medicine walks are rituals in which people use plants to

connect with the spirit world and to heal their bodies. Plants that are used in medicine walks are

often seen as having special powers to protect against harm, including radiation harm.[6]

Mechanisms of Action

Plants contain a variety of compounds that can protect against radiation damage. Some of the

mechanisms of action of these compounds include:

» Antioxidant activity: Antioxidants can neutralize free radicals, which are reactive oxygen
species that can damage cells.

» Anti-inflammatory activity: Anti-inflammatory compounds can reduce inflammation, which
IS a common response to radiation damage.

> DNA repair activity: Some plant compounds can help to repair DNA damage caused by
radiation.

» Immunomodulatory activity: Some plant compounds can help to boost the immune system,
which can help the body to fight off the effects of radiation damage.

Examples of Plants Used for Radioprotection in Traditional Medicine

» Astragalus: Astragalus is a Chinese herb that has been used for centuries to boost the immune
system and to protect against a variety of diseases, including cancer. Astragalus has also been
shown to protect against radiation damage in animals.

» Ginseng: Ginseng is another Chinese herb that has been used for centuries to boost the
immune system and to protect against a variety of diseases, including cancer. Ginseng has
also been shown to protect against radiation damage in animals.

» Lingzhi: Lingzhi is a Chinese mushroom that has been used for centuries to boost the
immune system and to protect against a variety of diseases, including cancer. Lingzhi has
also been shown to protect against radiation damage in animals.

» Amla: Amlais an Indian fruit that is high in vitamin C and other antioxidants. Amla has been
shown to protect against radiation damage in animals.

» Ashwagandha: Ashwagandha is an Indian herb that has been used for centuries to reduce
stress and anxiety. Ashwagandha has also been shown to protect against radiation damage in
animals.
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» Turmeric: Turmeric is an Indian spice that is high in curcumin, a compound with powerful
antioxidant and anti-inflammatory properties. Curcumin has been shown to protect against
radiation damage in animals.

» Echinacea: Echinacea is a North American herb that has been used for centuries to boost the
immune system and to fight off infection. Echinacea has also been shown to protect against
radiation damage in animals.

» Goldenseal: Goldenseal is a North American herb that has been used for centuries to treat
diarrhea and other digestive problems. Goldenseal has also been shown to protect against
radiation damage in animals.

» Milk thistle: Milk thistle is a North American herb that has been used for centuries to protect
the liver. Milk thistle has also been shown to protect against radiation damage in animals.

Phytoconstituents as Radioprotectors

Antioxidant Properties

Many phytoconstituents have antioxidant properties, meaning they can neutralize free radicals.

Free radicals are reactive oxygen species (ROS) that can damage cells and DNA. Radiation

exposure can lead to the production of ROS, so phytoconstituents with antioxidant properties can

help to protect cells from radiation damage.

Some examples of phytoconstituents with antioxidant properties include:

» Flavonoids: Flavonoids are a large group of plant compounds with antioxidant and anti-
inflammatory properties. Some examples of flavonoids include quercetin, kaempferol, and
epigallocatechin gallate.

> Phenolic acids: Phenolic acids are another group of plant compounds with antioxidant and
anti-inflammatory properties. Some examples of phenolic acids include gallic acid, caffeic
acid, and ferulic acid.

» Carotenoids: Carotenoids are plant pigments with antioxidant and anti-inflammatory
properties. Some examples of carotenoids include beta-carotene, lycopene, and lutein.

» Vitamins C and E: Vitamins C and E are also antioxidants that can protect cells from
radiation damage.

Modulation of DNA Repair

Some phytoconstituents can modulate DNA repair, which is the process by which the body fixes

damaged DNA. Radiation exposure can damage DNA, so phytoconstituents that can modulate

DNA repair can help to protect cells from radiation damage. Some examples of

phytoconstituents that can modulate DNA repair include:

» Curcumin: Curcumin, the active ingredient in turmeric, has been shown to modulate DNA
repair and protect against radiation-induced DNA damage.
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> Resveratrol: Resveratrol, a compound found in red wine, grapes, and other plants, has also
been shown to modulate DNA repair and protect against radiation-induced DNA damage.

» Ginseng: Ginseng, a Chinese herb, has also been shown to modulate DNA repair and protect
against radiation-induced DNA damage.

Anti-inflammatory and Immunomodulatory Effects

Some phytoconstituents have anti-inflammatory and immunomodulatory effects. Inflammation is
a common response to radiation damage, so phytoconstituents with anti-inflammatory effects can
help to protect cells from radiation damage. Immunomodulatory effects can help to boost the
immune system, which can help the body to fight off the effects of radiation damage.

Some examples of phytoconstituents with anti-inflammatory and immunomodulatory effects
include:

» Ginger: Ginger has anti-inflammatory and immunomodulatory properties. It has been shown
to protect against radiation-induced inflammation and to boost the immune system.

» Garlic: Garlic has anti-inflammatory and immunomodulatory properties. It has been shown to
protect against radiation-induced inflammation and to boost the immune system.

» Green tea: Green tea contains catechins, which have anti-inflammatory and
immunomodulatory properties. Catechins have been shown to protect against radiation-
induced inflammation and to boost the immune system.

Phytoconstituents have the potential to be used as radioprotective agents because they have a
variety of properties that can protect cells from radiation damage. These properties include
antioxidant, DNA repair-modulating, anti-inflammatory, and immunomodulatory effects.[6]
More research is needed to confirm the efficacy and safety of phytoconstituents as
radioprotective agents in humans, and to develop effective and convenient delivery systems.
However, the preclinical research on phytoconstituents as radioprotectors is promising, and
phytoconstituents could potentially be used to protect people from radiation exposure in a variety
of settings.
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Figure 2: Difference between Chemical and Natural Radioprotective agents

Challenges and Limitations

Research and Development Challenges

There are a number of researches and development challenges that need to be addressed before
plant-based radioprotectors can be widely used. These challenges include:

Identifying the active compounds: Plants contain a wide variety of compounds, and it can be
difficult to identify the specific compounds that are responsible for the radioprotective effects.
Understanding the mechanisms of action: Once the active compounds have been identified, it is
important to understand how they protect cells from radiation damage. This information is
essential for developing effective and safe delivery systems.

Conducting preclinical and clinical trials: Preclinical and clinical trials are necessary to assess
the efficacy and safety of plant-based radioprotectors in humans. This can be a time-consuming
and expensive process.

Clinical Translation

Even if plant-based radioprotectors are shown to be safe and effective in preclinical and clinical
trials, there are still a number of challenges that need to be addressed before they can be widely
used. These challenges include:
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Developing effective and convenient delivery systems: Plant-based radioprotectors need to be
delivered to the body in a way that maximizes their efficacy and minimizes their side effects.
This may require the development of new delivery systems, such as nanoparticles or liposomes.
Making plant-based radioprotectors affordable: Plant-based radioprotectors need to be affordable
for people in all income groups. This may require government subsidies or other financial
assistance.

Educating healthcare professionals and the public: Healthcare professionals and the public need
to be educated about the benefits and risks of plant-based radioprotectors. This is essential for
ensuring that plant-based radioprotectors are used safely and effectively.[11]

Safety and Toxicity Concerns

Although plant-based radioprotectors are generally considered to be safe, there are some
potential safety concerns. For example, some plants contain compounds that can interact with
other medications or cause side effects. It is important to consult with a healthcare professional
before using any plant-based radioprotectors.

Additionally, some plant-based radioprotectors may not be safe for certain people, such as
pregnant women or people with certain medical conditions. It is important to talk to your
healthcare professional before using any plant-based radioprotectors, especially if you have any
underlying health conditions or are taking any other medications.[12]

Despite the challenges and limitations, there is great promise for the use of plant-based
radioprotectors. Plant-based radioprotectors are generally safe and affordable, and they have the
potential to be used to protect people from radiation exposure in a variety of settings.

More research is needed to develop effective and convenient delivery systems for plant-based
radioprotectors, to make them affordable for people in all income groups, and to educate
healthcare professionals and the public about the benefits and risks of plant-based
radioprotectors.

Conclusion

Plants have the potential to be used as safe and effective radioprotectors in a variety of settings.
More research is needed to identify new phytochemical radioprotectors, to develop new
phytochemical radioprotector-based drugs, and to evaluate the efficacy and safety of
phytochemical radioprotectors in humans. However, the potential for the development of new
phytochemical radioprotector-based drugs is significant. One important area of research is the
development of personalized radioprotection strategies. Personalized radioprotection strategies
would tailor the type and dose of radioprotectors to the individual's needs, based on factors such
as their age, health status, and the type and dose of radiation exposure they are likely to
experience. Another important area of research is the development of combination
radioprotection strategies. Combination radioprotection strategies would combine plant-based

radioprotectors with other radioprotective strategies, such as conventional radioprotective agents
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and lifestyle modifications. Combination radioprotection strategies have the potential to be more
effective and less toxic than individual radioprotection strategies.

Finally, it is important to consider the ethical implications of radioprotection research.
Radioprotection research has the potential to benefit a large number of people, but it is important
to ensure that the benefits of this research outweigh the risks. It is also important to ensure that
the benefits of radioprotection research are shared equitably, and that no one is
disproportionately burdened by the risks. The future of radioprotection research is bright. With
continued research, we can expect to see the development of safe and effective radioprotectors
that can be used to protect people from radiation exposure in a variety of settings.
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