
 



 

  



Nadine Sereno Silva 

 

Radioprotective Properties of Panax 

ginseng: Proposition of a Study Protocol 

 

 

 

 

 

 

 

 

Dissertação de Candidatura ao Grau de 

Mestre em Medicina Tradicional Chinesa 

submetida ao Instituto de Ciências 

Biomédicas Abel Salazar da Universidade do 

Porto. 

 

Orientador – Jorge Pereira Machado 

Categoria – Professor Associado 

Afiliação – Instituto de Ciências Biomédicas Abel Salazar 

 

Co-orientador – Maria Begoña Criado Alonso 

Categoria – Professora Auxiliar 

Afiliação – Departamento de Ciências da Saúde ESSVA - CESPU 



 



Agradecimentos 

 

 Gostaria de agradecer especialmente ao Professor Jorge Machado e à Dr.ª 

Lara Lopes, pelo entusiasmo imediato aquando da exposição da ideia para 

concretização desta dissertação, e também pelo apoio na sua revisão e sugestões 

construtivas que fizeram a este trabalho. 

 Ao meu companheiro Fábio Ferreira gostaria de agradecer a confiança 

inabalável em mim e neste projeto, mesmo nas alturas em que eu própria duvidei 

da concretização do mesmo.  

 À minha família, que apoia todas as minhas venturas, com uma certeza 

constante de que onde está o meu coração, está a minha atenção, e de que essa 

fórmula é bem-sucedida. 

 À minha família de alma, que é um conjunto incrível de pessoas que a vida 

me foi trazendo e que todos os dias me mostram, de uma forma ou outra, como 

os limites ao nosso potencial criativo intrínseco só existem na nossa cabeça. Este 

conjunto de pessoas inspira-me, desafia-me e acende em mim a vontade de ser 

mais, de criar mais. Não preciso nomear nenhuma destas pessoas, porque elas 

estão plenamente conscientes de quem são. 

 Por fim, um agradecimento especial ao Professor Greten e a toda a equipa 

docente do Mestrado em Medicina Tradicional Chinesa do ICBAS. Que sempre nos 

desafiaram a explorar os limites do nosso pensamento e expandir a nossa 

capacidade de apreender a realidade.   



Radioprotective Properties of Panax ginseng: Proposition of a Study Protocol 

 

2 

 

Resumo 

A proteção radiológica tem vindo a ser uma preocupação crescente no ramo 

da saúde. A radioterapia é uma abordagem terapêutica comum em pacientes 

oncológicos e estima-se que 80% destes pacientes necessitará deste tipo de 

tratamento durante o percurso terapêutico. Similarmente, a proteção radiológica é 

também uma preocupação em relação aos profissionais de saúde expostos, dado 

que a utilização de radiação em processos diagnósticos e terapêuticos pode 

envolver manipulação de fontes radioativas não-seladas, resultando numa alta 

exposição por parte destes profissionais. A consciencialização em relação à 

exposição ocupacional tem vindo a aumentar com o crescimento do número de 

ocupações e cenários relacionados com exposição à radiação. 

A radiação ionizante induz stress oxidativo nos tecidos expostos, sejam 

estes normais ou de carácter maligno. Este fenómeno ocorre através da formação 

de espécies reativas de Oxigénio, que levam a um distúrbio no equilíbrio 

oxidante/antioxidante nas células. Este fenómeno provoca radiólise da água no 

interior das células, resultando no surgimento de radicais livres como o OH, H
-

, HO2 

e H3O. Estes radicais livres irão reagir com as macromoléculas celulares: DNA, RNA, 

Lípidos e Proteínas, potenciando a disfunção e até mesmo a morte celular. 

Compostos radioprotetores e antioxidantes foram já estudados no passado, 

sendo este interesse decorrente sobretudo de acidentes nucleares ocorridos.  Os 

radioprotetores sintéticos estudados revelaram muitas vezes um perfil de 

toxicidade elevado, associado a um uso prolongado, ou são demasiado 

dispendiosos. Assim, outras possibilidades tais como os produtos naturais 

vegetais com propriedades antioxidantes começaram a ser mais estudados pelas 

suas características em condições induzidas ou mediadas por radicais livres. 

A crescente popularidade dos fitofármacos deve-se ao seu baixo perfil 

toxicológico, bem como facilidade de obtenção e acessibilidade de preço. As 

propriedades radioprotetoras destes compostos naturais podem ocorrer através de 

vários mecanismos, tais como a captura de radicais livres, aumento do potencial 

antioxidante celular e mecanismos inibidores da peroxidação lipídica.  

  A Panax Ginseng é uma planta perene da familía Araliaccae. Esta planta tem 

sido usada na Medicina Tradicional Chinesa desde há milhares de anos, e é também 

bastante popular no Ocidente, sendo comumente utilizada como suplemento 

alimentar. 
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Os benefícios desta planta para a saúde em geral têm vindo a ser estudados 

há já várias décadas. Os ginsenosídeos são um conjunto de saponinas triterpénicas 

das raízes, bagas e folhas do ginseng. Estas saponinas têm uma eficácia 

comprovada em várias patologias devido às suas propriedades anticarcinogénicas, 

analgésicas, anti-stress e promoção do ADN, ARN e síntese proteica. 

Ainda que existam pelo menos 40 tipos de ginsenosídeos conhecidos na 

Panax ginseng, e que estes possuam diferentes efeitos nas células, esta planta tem 

sido consumida de forma medicinal na forma de extrato da raiz crua há milhares 

de anos. As suas propriedades radioprotetoras têm sido estudadas e revistas, e 

resultados no sentido da proteção contra as lesões no ADN derivadas da exposição 

á radiação foram encontradas. Apesar dos estudos realizados nesta propriedade 

especifica da planta, há uma falta de estudos neste sentido em humanos, apesar 

deste suplemento ser muito comum e ter um perfil de toxicidade baixo. 

O âmbito do presente trabalho consiste na proposta de um protocolo de 

estudo da proteção efetiva em relação à radiação Gama da Panax ginseng, através 

da irradiação de  duas culturas de células mononucleares de sangue periférico: 

uma em contacto com o extrato da Panax ginseng, a outra como grupo de controlo. 

A quebra de cadeias duplas de ADN, poderá ser avaliada após irradiação em ambos 

os grupos, no sentido de observar e quantificar a extensão dos danos. 
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Abstract 

Radiation protection has been a concern in healthcare for a while. Radiation 

Therapy (RT) is a common approach in cancer patients, it is estimated that 80% of 

these patients will need RT at some point. Likewise, radiation protection is an issue 

that is related to healthcare professionals as well, since radiation-based diagnosis 

and therapy may involve manipulation of unsealed radioactive sources, resulting 

on a high exposure rate for these professionals. Awareness on occupational 

exposure is increasing with the augmentation of radiation related professions and 

scenarios. 

Ionizing Radiation (IR) induces oxidative stress in the exposed tissues, 

whether they are normal or malignant. This happens through generation of 

Reactive Oxygen Species (ROS), that lead to a disturbance in pro-

oxidant/antioxidant balance in the cells.  This will cause radiolysis of water in the 

cell and, as a result, emergence of free radicals such as OH, H
-

, HO2 and H3O- These 

free radicals will react with cellular macromolecules: DNA, RNA, Lipids and Proteins, 

potentiating cellular dysfunction and even cell death. 

Anti-oxidative and radioprotective compounds have been studied in the 

past, mostly because of nuclear accidents that occurred. The synthetic 

radioprotectors that have been studied and produced often have shown a high 

toxicity profile associated with long term usage or are too expensive. 
 

Therefore, 

other options such as natural and herbal products with anti-oxidative properties 

started being studied by its advantages in radical-induced and mediated 

conditions. 

Phytochemicals are popular because of their very low toxicity grade, and 

they are easily available and quite inexpensive. The radioprotective activity in the 

natural compounds can occur by various mechanisms, such as free-radical 

scavenging, augmentation of antioxidant status in the cells and anti-lipid 

peroxidation mechanisms. 

Panax Ginseng is a perennial herb from the Araliaccae family. This is a plant 

used in Traditional Chinese Medicine for a long time and it is also popular in the 

West, and commonly used as a supplement. 

The benefits of this plant for the general health have been studied for some 

decades. The ginsenosides are a group of triterpene saponins from the roots, 
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berries and leaves of the plant. These saponins have a proven efficacy in many 

diseases because of its properties, such as anticarcinogenic, analgesic, anti-stress 

and promotion of DNA, RNA and protein synthesis. 

Although there are at least 40 types of ginsenosides in Panax Ginseng, and 

those types have different effects on cells, this herb has been taken medically as a 

crude root extract for thousands of years. Its radioprotective properties have been 

studied and reviewed and protective results against radiation-induced DNA-damage 

have been found. Despite the studies on this specific trait of this plant, there are 

not many studies on human subjects, even though this is a very common 

supplement with low toxicity profile.  

The aim of this study is to propose a protocol for the study of the effective 

protection of γ - radiation of Panax Ginseng, through the irradiation of two human 

peripheral blood mononuclear cell (PBMC) cultures: one under Panax Ginseng 

effect, other as a control group. DNA double strand breaks (DSB) can be assessed 

after irradiation in both groups in order to understand the extension of damage. 
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1. Introduction 

  
Panax ginseng C. A. Meyer, is a member of the Araliaceae family, and it is 

commonly referred to as ginseng or Korean ginseng. This is native to the Korean 

Peninsula and to northern China. There are other popular species such as Chinese 

ginseng (Panax notoginseng) and American ginseng (Panax quinquefolius), that 

differ in the bioactive content patterns, and they will not be mentioned in this work. 

It has been traditionally used for thousands of years in Asia, and it has been one 

of the most prominent herbs in traditional chinese pharmacology. 
1,2

 

When using the term ginseng, one is usually referring to dried ginseng root, 

whether white or red. The white root is air-dried after harvesting, whereas the red 

root is prepared by heating or steaming.
1-3 

Ginseng is known in Traditional Chinese Medicine (TCM) for acting on the 

original qi. According to Porkert
4

, qi is an immaterial energy with both qualification 

and direction. An auxiliary definition, by the Heidelberg Model, explains that the qi 

is an organ or tissue’s vegetative capacity to function, which may manifest in 

sensations such as pressure, tearing or flow, to name a few. It is the power to create 

vectors of the phases and to form functions. This original qi comes also from Jing, 

which is the structive potential, comparable to the effects caused by the DNA 

nucleus.
4 

In TCM, specifically the Heidelberg’s Model, this herb is part of the XVa group 

of phytochemicals, named Medicamentorum Supplentia QI. This group includes 

phytochemicals that supplement the qi, whether through restoring the energy 

supply or prevention of lacking defensive qi. Defensive qi acts like the first barrier 

against exogenous pathogenic influences. These phytochemicals are commonly 

used in general depletion or as a vector in a decoction, increasing and potentiating 

its effect. 
5

 

It is assumed, according to TCM, that the final cause of death is the extinction 

of the Jing, which happens simply by living (the process of forming original qi out 

of Jing decreases with age), but can also be induced and accelerated by external 

and internal factors.
4

   

Ginseng acts on producing original qi and stabilizes original qi formation from 

Jing. Also, it is known by acting against general depletion, meaning it helps 
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balancing the whole system, in times of exhaustion or fatigue. It was formerly used 

with restriction, because it was harvested in the wild, making it less available to the 

general population. Nevertheless, it was widely used by the royal families, as well 

as the diplomats and other high ranked individuals that dealt with high amount of 

stress.
5 

We can highlight ginseng’s properties, according to the Hidelberg Model of 

TCM: 

- It is an up-going vector for suppletion – Meaning it is a suppletive 

phytochemical. 

- It is a down-going vector through being a sapor bitter – Meaning that it has 

a bitter taste, which can be used to compensate and therapeutically act on 

imbalances. 

- It has effect on the Yin and fluid formation 

- It acts on enhancing original qi from Jing.
5

 

 

Figure 1 – Botanical Illustration of Panax ginseng. 

 

 

Ginseng being simultaneously an up-going vector and a down-going vector 

might seem like a paradox, but it points out the rather balanced effect of this plant. 

In TCM, everything should be in a dynamic balance that is achieved through 
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opposites integration in a harmonious way. Disease arises from imbalance. Thus, 

herbal medicines that can act in opposite directions are quite helpful. Ginseng 

downregulates through bitter taste, meaning it will calm down ascending processes 

that might be active, through its sapor or taste. It is also a up regulator for 

suppletion as it will build up qi, invigorating the overall system. This might be 

related to ginseng modulating properties. 

In the light of conventional medicine, ginseng has been extensively studied, as 

it stands as one of the most highly valued dietary supplements. Its clinical potential 

has been proved widely, specially it’s medicinal potential as antiaging, antidiabetic, 

anticarcinogenic, analgesic and antifatigue. Also, it’s effects as DNA, RNA promotor 

and in protein synthesis are quite documented. 
1,6

  

 

1.1 Ginseng Biochemical Composition 

 

There are many physiologically important constituents in ginseng, such as 

saponins (ginsenosides), polysaccharides, peptides, polyacetylenes alkaloids, fatty-

acids, phenolic compounds and nitrogen-containing compounds. These 

constituents may be closely linked to its antioxidative effects.
7

  

Ginsenosides are a group of saponins from the roots, berries and leaves of the 

plant, that are glycosylated steroid triterpenes. There are evidence that the 

ginsenosides are the major  pharmacologically active compounds of ginseng and, 

so far, more than 40 different  ginseng saponins have already been isolated and 

studied.
6,8 

These saponins have a proven efficacy in many diseases because of its 

properties, such as anticarcinogenic, analgesic, anti-stress,  promotion of DNA, 

RNA and protein synthesis.
6, 

Concerning ginsenosides structure, all of them are composed by a hydrophobic 

four-ring backbone structure, an attached carbohydrate portion, and an aliphatic 

side chain.
9

 Depending on their backbone types, ginsenosides are classified in four 

different groups: Protopanaxadiol (Rb1, Rb2, Rc and Rd), Protopanaxatriol (Re, Rf 

and Rg1), Oleanolic Acid (Ro) and Ocotillol type. 
2, 10 

Ginsenosides are named Rx, where “R” stands for the root and the “x” describes 

the chromatographic polarity, in an alphabetical order. Protopanaxadiol and 
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protopanaxatriol ginsenosides are the most common ones, and their difference is 

the presence of a carboxyl group at the C-6 position in the protopanaxadiol. 
11 

This steroidal structure that characterizes ginsenosides can interact with 

membrane-bound ion channels, cell membranes and both intracellular and 

extracellular receptors, providing alterations at a transcriptional level.
12 

It is 

important to notice that even though ginseng has been widely used for centuries, 

because of its heterogeneous and varied chemical structures, its pharmacokinetic 

activity is not quite well understood.
12

  It is known that ginseng saponins have low 

absorption when administered orally, since they  have low membrane permeability 

and are extensively metabolized in the gastrointestinal tract. 
12

 

Another factor that has an impact on the bioactivity of ginseng is the processing 

method. As it has been previously mentioned, white ginseng and red ginseng are 

differently processed and that has an impact on the pharmacological effects: red 

ginseng has been documented as having a better pharmacological effect than fresh 

ginseng and white ginseng. This is related to the structural changes that occur in 

the ginsenosides during the steaming process.
13

 Also, polysaccharides, the main 

components of ginseng, change physically and chemically with this process.
2 

Chen et al
14

 studied the effects of the processing method on ginseng 

pharmacokinetics and tissue distribution, when orally administered in rats. This 

study targeted Rg1, Re, Rb1 and Rd through Ultra Performance Liquid 

Cromatography - Mass Spectometry (UPLC-MS/MS) method, in order to access the 

amount of this ginsenosides in rat plasma and tissues. White ginseng, red ginseng, 

frozen ginseng and pure ginsenoside compounds were administered. The study 

showed that plasma/tissue concentrations of ginsenosides from the extracts of the 

three ginseng products were higher than the respective free ginsenosides. This 

might be related to the chemical constituents in the extracts that due to interaction 

with the target ginsenosides, lead to differences in the bioavailability and tissue 

concentration. Also, the amounts of Re, Rb1 and Rd in the heart, lungs and kidneys 

of the rats were significantly higher for red ginseng, in comparison with white 

ginseng, frozen ginseng and pure ginsenosides. The authors suggest further 

studies in order to determine the interactions between ginsenosides and other 

compounds in all of the three ginseng products.
14

   

Red ginseng has reportedly higher biological effects and fewer side effects 

when compared to white and fresh ginseng.
15,16
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The study of Kim et al
17

 investigates the ginsenoside profile of plants in 

different foliation stages through the analysis of the changes in ginsenoside 

composition in the leaves and root of 3-yr-old ginseng plants that were cultivated 

by hydroponics. It also relates this composition with the foliation stage of the plant.  

This is pertinent as it shows that different parts of the plant have different 

ginsenoside profile. Also, this study mentions that hydroponic-cultured ginseng 

might have a different ginsenoside profile than soil-cultured ginseng. The 

ginsenoside content in leaves and roots of the plant is also changeable during its 

different foliation stages, which might indicate the possibility of movement of 

ginsenosides between the different parts of the plants.   Classically, the main 

component for medicinal uses of Ginseng has been the root, but many studies have 

been performed, revealing that the leaves and root hair have higher ginsenoside 

levels. 
17 

The composition and ginsenoside content has been considered the most 

important factor affecting its medicinal value, but the total ginsenoside content in 

ginseng’s roots can vary from 2 to 20%, regarding the species, age of the plant, 

cultivation method preservation and extraction method.
11,18,19 

The crude ginseng total saponin fraction contains only about 50% 

ginsenosides by weight, and it would increase the intracellular influx of Ca
2+ 

in 

mammalian cells, whereas ginsenosides are known to decrease the excitability of 

neuronal cells by inhibition of cation influx or stimulation of anion influx. This 

made way for extensive studies on the composition of the crude ginseng total 

saponin fraction, and in 2011 a new non-saponin ingredient was separated through 

anion exchange chromatography, the gintonin. Gintonin is a glycolipoprotein that 

induces Ca
2+

 influx in mammalian cells. There are 6 identified gintonins and 

ginseng contains 0.2% gintonin by weight.
9 

According to TCM, Yin and Yang are opposite and complementary forces 

that combine themselves to form a whole. This theory had its origin from ancients’ 

observation of natural phenomena, and it is a metaphysical concept used to explain 

these. According to this theory, every object or process are manifested in opposing 

aspects of the negative and positive. All occurrences in the universe are result of 

the confrontation of these two forces and their synthesis. Yin and Yang tend to be 

balanced and harmonious.
20

 Thus in TCM this can be applied to everything in the 

universe, in ginseng we can access two different active compounds that have 
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opposite actions, but that can act as a whole within the plant: ginsenosides and 

gintonins, as suggested by Im DS et al.
9 

Polysaccharides are another component of ginseng that have been reported as 

immunoregulators and anticarcinogenic. The efficacy of ginseng polysaccharides 

has not been studied as extensively as ginsenosides, but there are reports on its 

substantial radioprotective, anticancer and anti-hyperglycaemic activities.
16,21,22 

1.2 Ionizing Radiation  

 

In 1895, Wilhelm Conrad Röntgen (1845-1923) discovered the X-Ray, as 

culmination of seven weeks of work where he was studying the properties of a new 

type of radiation, that was able to penetrate thick materials.
23,24 

 This discovery 

completely changed the paradigm of medicine, leading to an intense period of 

research and experimentation, both in diagnosis and therapy with radiation. In 

January 1896, imaging with X-Rays started to be experimented and in June 1896, 

the first patient was treated with radiotherapy.
23

 This, along with the discovery of 

radioactivity  by Henry Becquerel in 1896 and the works of JJ Thompson on the 

discovery of electrons (1897) where the origin of the scientific revolution that 

occurred by the end of 19
th

 and the beginning of the 20
th

 centuries.
23

 Radiation has 

become integrating part of medicine, both in diagnosis and therapy, and it is 

estimated that every year, more than 2500 million diagnostic radiological 

examinations, 32 million nuclear medicine procedures and 5.5 million radiotherapy 

sessions are performed worldwide. 
24

 While the radiation doses are typically low, 

there might be a cumulative effect both on patients and healthcare professionals 

that are exposed to this radiation.
24

  

It is known that the cancer risk related to radiation exposure increases linearly 

with radiation dose for high levels of radiation, as it has been observed in many 

retrospective studies.
25-28

 There is a general agreement among the scientific 

community and over the regulatory bodies about the use of the linear no-threshold 

(LNT) model for radiation induced cancers. This model states that even a small 

amount of radiation can increase DNA damage and mutation, and that this may 

lead increased carcinogenesis, so this model is based on the theory that the risk of 

cancer will increase linearly with increasing radiation exposure, with no threshold. 

Paradoxically, there is the suggestion from Luckey
29

, that states that low doses of 

radiation may improve and stimulate the organism’s defences. This is known as 

radiation hormesis, and it is still not approved by all the radiation regulatory 
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bodies. This theory states that biological systems can adapt themselves to 

endogenous agents and external stressors, according to it, there is an adaptative 

dose-response from the irradiated tissues, where low doses are protective and high 

doses are detrimental. 
30,31,32,33 

In the meta-analysis by Møller et al., the theory of hormetic positive effects of 

radiation is denied for humans. There is a documented negative influence of 

radiation on the occurrence of many health effects such as mutations, damage to 

DNA and the processes of DNA repair, effect on the immune system and even 

carcinogenesis.
31 

Radioactivity or radioactive decay is a physical property that consists on the 

capability of atomic nucleus for radioactive disintegration. This will happen to a 

nucleus that is unstable, which means that there are too many or too few neutrons, 

leading to the necessity of a rearrangement to stabilize the nucleus. The 

rearrangement happens through emission of alpha particles, beta particles, gamma 

and X radiation. As a result, new atomic nuclei are created, which might still be 

radioactive and undergo new decay. This radiation that occurs over nuclear 

transformations, travels and passes through the space and matter, causing 

ionization which consists in interacting through displacing electrons out of atoms. 

Ionizing radiation (IR) consist on alpha, beta, gamma, high energy ultraviolet (UV) 

rays and X radiation.
1,7,31,34,35 

There are natural and artificial radioactive sources. This natural occurring 

radioactive sources expose every human being to background radiation throughout 

their lives and it is used as a standard of comparison for exposures to artificial 

radioactive sources of ionizing radiation.
31

 Even though there are both ionizing and 

non-ionizing radiation, environmental radiation is mostly the nonionizing type, 

such as low energy UV rays, microwaves and radio waves. It is understandable that 

the Interaction of IR with biomolecules is more aggressive than non-IR, as IR can 

induce atomic ionization.
34,35

 

It is also important to refer that the international unit of measure for absorbed 

radiation (radiation dose) is the gray (Gy), which is defined as Joule/kg of mass. 

This is the basic physical parameter in radiation dosimetry, and it is a description 

of the energy transfer from IR to materials other than air. Equal doses of IR may 

result in different effects depending not only on the source of radiation, but also 

on the properties of the biological target. In order to consider these aspects, the 
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unit of sievert (Sv) is used to express the equivalent dose, that ponders the source 

and properties of the target. The average equivalent dose from natural sources of 

IR, in a year is 2.4mSv.
32,36 

The effects of the exposed cells and tissues to IR will depend on many factors: 

total dose, exposure rate, type of cells and type of radiation. The radiosensitivity 

in mammalian cells is inversely proportional to their degree of differentiation, 

meaning cells with an increased dynamic of regeneration tend to be more sensitive 

to IR. Thus, stem cells like bone marrow, stomach mucosa, germ layer of the skin, 

intestinal epithelial cells or even lymphatic tissue are more radiosensitive than 

neurons, muscle cells, connective tissue and parenchymal organs. Also, there is a 

correlation between the phase of the cell cycle and its radiosensitivity. Late G2 

phase and mitosis seem to be the most radiosensitive phases of the cell cycle.
31,37

 

The way IR will interact with cells is a probability function, so it isn’t certain that 

it will occur or, in case of irradiation, that permanent damage will arise from the 

interaction of ionizing radiation with living tissue. The major biological damage 

that might occur arises from the chain of ionizations that are subsequent to the 

first electron ejection when IR hits matter. This clusters of ionizations may happen 

in various pairs of DNA basis simultaneously, making it difficult for the cell to repair 

itself. Also, there is a latent period before any observable response after irradiation, 

it can go from decades to minutes, depending on the type and amount of radiation 

(Image 2). Also, energy deposition in a cell occurs in random fashion, which means 

not all the structures will be exposed to direct interaction with IR.
37,38

  

 

Figure 2 – Time-scale of the events occurring in biological systems, after 

radiation exposure.
39 
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There are two different ways IR can affect the cells: through direct ionization 

or through water radiolysis (Figure 3). The direct interaction happens when the 

cell’s macromolecules, such as DNA or even proteins are targeted, resulting in cell 

death or DNA mutation. Indirect interaction arises through induction of oxidative 

stress in the exposed tissues, eliciting the formation of reactive oxygen species 

(ROS), that lead to a disturbance in pro-oxidant/antioxidant balance in the 

cells.
1,7,31,37  

 

Figure 3 – Direct and Indirect radiation interaction with DNA (Desouky et al. 

2015) 

Whenever direct interaction occurs, the damage to the macromolecules will 

happen through disruption of the molecular structure. The molecules in the cells 

are ionized which can lead to further breaking in its chemical bonds. While there 

are many copies of almost all molecules inside a cell (i.e. proteins, water, mRNA), 

there are only two DNA copies. This is particularly important because DNA is the 

largest molecule in the cell while being central to all cellular functions and it has 

very limited turnover when ionized. This direct interaction can induce permanent 

damage, such as mutagenesis, carcinogenesis or apoptosis, especially if the 

cellular reproduction and repair processes are somehow impaired. Again, some 

phases of the cellular cycle are more prone to radiation sensitivity, therefore in M 

phase and late G2 phase there is higher radiosensitivity, as the more DNA is 
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condensed in the same area. Cancer cells tend to have higher mitotic rates than 

normal cells which make them more prone to radiation sensitivity, which is why 

some cancer types are eligible for radiation therapy.
21,34,37,38,39,40 

Indirect interaction happens through the emergence of free radicals such as 

OH (hydroxyl radical), H
- 

(hydrogen radical), H2O
+

 (ionized water), hydrated 

electrons (eaq

-

), H2O2 (hydrogen peroxide) and O2

-

(superoxide) (Figure 4).These free 

radicals will induce chemical cascades and produce even more cell-damaging 

molecules that will react with cellular macromolecules: DNA, RNA, lipids and 

proteins, potentiating cellular dysfunction and even death.
1,7 ,35 

 

Figure 4 – Hydrolysis of water.
37

 

There is also a parallel process that arises, O2

-

 can couple with endogenous 

NO (nitric oxide), originating ONOO
-

 (peroxynitrite anion). This specie, along with 

ONOOH (peorxinitrite acid), NO2 (nitrogen dioxide), N2O3 (dinitrogen trioxide) and 

others, are referred to as reactive nitrogen species (RNS). There is an intricate 

interplay between ROS/RNS that arise from IR and from their reaction products, 

which can be even more reactive than their predecessors.
35 

It is estimated that after irradiation, about 60-70% of the effects that are 

manifested by a cell are a result of processes of indirect interaction, thus the 

formation of sub products that will affect cellular functional homeostasis. The 

remaining 30 to 40% consist on the direct effects, such as ruptures in both single 

and double DNA strands.
31 

In order to survive not only the outside factors that might harm it (many 

external agents can induce oxidative stress, such as pollution or tobacco), but also 
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the internal imbalances, cells developed mechanisms to cope with aggression and 

maintain the DNA intact. Even though there are many specialized repair systems in 

the cells, when it comes to IR the ones that are functional are base excision repair 

(BER), single-strand break repair (SSBR) and double-strand break repair (DSBR).
39 

After irradiation, there are three ways a cell can be injured and all of them 

can happen through either direct or indirect interaction with irradiation. These are 

division delay, reproductive failure, and interphase death. The division delay 

happens when the mitotic division is delayed but later returns to near normal, 

which happens for unknown reasons. This happens in doses between 0.5Gy and 

3Gy, consisting in the first observable effect from ionizing radiation exposure. 

Reproductive failure occurs over 3Gy, when the mitotic rate never recovers and 

mitosis doesn’t happen at all, resulting in cell death. Over 3Gy, cell’s mitotic rate 

does not recover, and the division may never happen, thus killing the cell. It is 

important to note that this reproductive failure depends on the dose, so under 

1.5Gy it is random and nonlinear, whereas above 1.5Gy it is non-random and linear. 

In interphase death, apoptosis might occur generations after the initial irradiation, 

and its mechanisms are not quite clear, it is thought that a critical mechanism of 

cell replication has been altered. It depends not only on the dose but also on the 

type of cell.
37 

Concerning biological effects of radiation, these can be acute or chronic 

(regarding the latency period of their manifestation), somatic or genetic (regarding 

their biological target) and deterministic or stochastic (regarding if they are directly 

proportional to the irradiation dose or not). After irradiation, any tissue can 

manifest either acute or chronic (late) biological effect from radiation interaction. 

Tissues may express both acute and chronic manifestations of irradiation, as late 

effects of acute exposition. There are also chronic effects that arise from exposition 

to low doses of radiation through a long period of time.
38 

Deterministic effects are those that are certain to happen to a certain amount 

of radiation (threshold) and are directly proportional to the amount of radiation, 

meaning the severity of an effect increases with dose, after the threshold is 

exceeded. Below the threshold, no significant changes are seen or documented, 

but these might be slightly variable from individual to individual. Most threshold 

calculations were based on the studies made on the victims of radiation accidents, 

where acute whole-body exposures to high radiation doses happened.
38,42 
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Stochastic effects are random events that have no threshold, their probability 

for happening increases with the dose. The two mains examples of stochastic 

effects are carcinogenesis and induced hereditary effects, such as mutations. 

Regarding stochastic effects, the risk increases proportionally with the dose. 

Genetic effects are always stochastic, in their nature. Also, all stochastic effects are 

late but not all late effects are stochastic.
38.42 

 

1.3 Occupational Exposure to Ionizing Radiation 

 

The primary source of information that relates IR exposure with increased 

cancer risks are the epidemiological studies of Japanese atomic bomb survivors of 

Hiroshima and Nagasaki. There was an amplified number of leukaemia cases few 

years after the bombing and these studies helped establishing the correlation 

between IR and carcinogenesis. However, the effects of protracted low dose 

exposures are also related to stochastic effects as well, and the cohort studies on 

this matter are increasing.
41

 The importance of accessing risk of this repeated low 

dose exposures is valuable, especially because occupational exposure seems to be 

increasing: The average yearly dose of IR from medical exposure in the USA has 

gone from 0-5mGy to 3.0mGy, from 1982 to 2006. Other high-income countries 

tend to follow the pattern.
41

  

A radiation worker is an individual that is or might be exposed to radiation while 

performing work-related activities, meaning there is an occupational radiation 

exposure associated with the profession.
42

 Cardis et. Al
43

 performed a fifteen-

country cohort study on cancer risk among radiation worker in nuclear industry, 

aiming to provide direct estimation of cancer risks associated with low doses of IR. 

In this study, significant association between radiation dose and all-cause mortality, 

along with dose-related increase in all cancer mortality were described.
42

 Since 

these effects are stochastic in their nature, it is always difficult to exclude other 

factors that might have contributed to carcinogenesis. 

Richardson D et al.
44

 performed a cohort study with 308297 workers from 

nuclear industry from France, UK and USA. They found out that the association 

between radiation and solid cancer is larger than but statistically compatible with 

the estimate from a mortality analysis of male survivors of the Japanese atomic 

bomb exposed at ages 20-60 years
.44 
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In the study from Leurand K, et al.
41

 also showed a positive association between 

cumulative, external, protracted, low-dose exposure to ionising radiation, and 

subsequent death caused by leukaemia (excluding chronic lymphocytic 

leukaemia).
41 

Zielinski J, et al.
45 

performed a cohort study on the Canadian radiation workers, 

aiming not only to determine the occupational doses of IR but also to examine the 

possible associations between the mortality rate and cancer incidence, in a cohort 

of healthcare professionals with occupational exposure from 1951-1987. In this 

study, the mortality from cancer and non-cancer related causes was below 

expected, comparing to the general Canadian population. However, the incidence 

of thyroid cancer was significantly raised in both sexes, when comparing to the 

general Canadian population. Thyroid is a very radiosensitive organ that has been 

extensively studied, especially the correlation between thyroid cancer and high 

doses of IR. This association has been reported extensively in studies on children 

irradiated because of head and/or neck tumours, survivors of the atomic bomb and 

in healthcare professionals exposed to IR.
45 

Another organ that is usually described as radiosensitive is skin. The incidence 

on skin tumours has been increasing on the past decades. Azizova et al.
46

 

performed a cohort study aiming to access skin melanoma and non-melanoma skin 

cancer incidence risks, in occupationally exposed workers.  This study found a 

significantly increased risk of non-melanoma skin cancer incidence in the workers, 

especially those exposed to cumulative radiation doses above 2sV. It is important 

to note that the increase of malignant skin neoplasms incidence rates with 

increasing attained age is expected.
46 

 

1.4 Radiation protection through radioprotectors 

 

Thus, radiation protection is an area of extreme importance regarding not only 

occupational exposure, but also in more specific fields, such as radiation therapy 

(RT) and medical imaging. It is estimated that eighty percent of cancer patients 

need RT at some point of the disease.
47,48 

This type of therapy has been used widely 

in order to achieve tumour control, but it might produce harmful effects to 

surrounding healthy tissues.
7 

Therefore, in order to attain maximum malignant cell 

killing while minimizing the damage to normal tissue (therapeutic ratio), there has 
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been an increasing interest in the development and research on compounds protect 

non-target cells against IR, and also agents that increase radiosensitivity on the 

targeted cells.4
9 

Regarding medical imaging, at least 2% of cancers (and an 

associated 15,000 deaths annually) can be linked to computed tomography 

exposure alone.
50 

  

 

Radioprotectors are agents that are designed (or may occur naturally, such has 

some compounds in plants) to reduce the damage in normal tissues caused by 

radiation. Typically, these compounds are antioxidants and in order to attain 

effectiveness, must be present in the cell before or at the time of irradiation. 

Radiation mitigators may be used to minimize toxicity even after radiation has been 

delivered. These compounds aim to interrupt the cytokine cascades that might 

arise from irradiation, as well as prevent the continuation of damage in the cells 

that may lead to toxicity. These should be present during or shortly after 

irradiation, being able to mitigate acute cellular toxicity.
49 

 

The cell by itself has some natural defence mechanisms that respond to the 

increased concentration of free radicals that arise from irradiation. The generation 

of natural antioxidants such as superoxide dismutase (SOD), glutathione and 

catalase can minimize or eliminate free-radical induced damage to cellular 

structures, as shown on figure 5.
50

 Also, a general antioxidant defence happens 

naturally in the cell, through low molecular weight antioxidants. These are reducing 

agents that can donate a hydrogen atom thus neutralizing the oxidants. Some of 

these natural occurring agents are ascorbic acid, tocopherols, polyphenols and 

thiols.
51

 Nevertheless, whenever the level of ROS overcomes cellular natural 

defences, the damage will manifest itself, depending on the dose.
50, 
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Figure 5 – Generation of ROS in response to IR.
50 

The radioprotectors should be able to reduce biological effects 

(carcinogenesis, teratogenesis, necrosis, apoptosis) of IR in normal tissues, while 

being applicable in the various fields that deal with IR exposure whether for 

therapeutic purpose or as occupational exposure.
50,52

  The ideal radioprotector  

should be non-toxic to normal cells, while its performance should not degrade or 

compromise the effects of radiation treatment, when that is the case.
52 

Since the radioprotective ability of naturally occurring amino metabolites like 

cysteine and cysteamine has been long known (these compounds act through free 

radical scavenging and hydrogen atom donation), this prompted the search for 

other thiolamines that might be useful as radioprotectors.
51,53

 Hence, amifostine ([S-

2-[3-aminopropylamino] ethylphosphorothioic acid) was developed and is currently 

in use. 
48,52,53

 Amifostine is not taken into cells until it is dephosphorylated by the 

enzyme alkaline phosphatase, after which it can diffuse through the membrane and 
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act as a free radical scanvenger.
51

 This is the only Food and Drug Administration 

(FDA) approved radioprotector in use, and it is applied clinically to reduce 

xerostomia and loss of taste in patients undergoing RT for head and neck tumours, 

but its use is limited because of its toxicity like nausea, sneezing, diarrhoea, 

sleeplessness, hypotension, dizziness, hypocalcaemia, nephro-toxicity and neuro-

toxicity.
48,53,54

 Thus, no evidence was found that amifostine interfered with 

antitumor effects of RT.
53

  Still, on the negative side,  this radioprotector is 

expensive, has associated  toxicity and limited protection of the central nervous 

system (CNS), has limited routes of administration and narrow time windows for its 

effective use.
48,52 

Thiol-containing reducing agents seem to activate transcription factors 

leading to changes in gene expression and enzyme activities, which provides a 

mechanism that might be radioprotective. There has been studies on other non-

protein thiols such as captopril ([S]-1-[3-mercapto-2-methyl-1-oxo-propyl]- l-

proline), mesna (sodium-2-mercapto-ethanesulfonate), and nacetyl-l-cysteine 

(NAC).
54

  However, these antioxidants act only for a limited period of time (from 

15minutes up to an hour) after irradiation, because free radical generation is very 

rapid after radiation exposure, which makes them ineffective.
53  

The pharmacological classification of IR protecting agents regarding the 

time of their administration is: i) protection, ii) mitigation, iii) therapeutic agents, 

as demonstrated on figure 6. 
48,51,55 

Protectors are used prophylactically against the 

chemical effects of IR and should be administered before exposure, aiming to 

prevent acute or chronic effects of IR. Mitigators are used during or shortly after IR  

exposure, in order to reduce the effects on normal tissues, managing symptoms 

that might arise if not targeted. Therapeutic agents were primarily developed for 

accidental exposure cases and were later adapted to address acute and chronic 

effects of IR exposure.
55
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Figure 6 – Sequence of events in cells and tissues after exposure to IR.
48

 

 

1.5 Fundamental Mechanisms of a Radioprotector 

 

Cellular DNA is composed by two opposing strands that are linked by hydrogen 

bonds, forming double helical structure. Each strand is a linear chain of the four 

bases: Adenine (A), Cytosine (C), Guanine (G) and Thymidine (T), that are connected 

through sugar molecules (moieties) and a phosphate group, called sugar-

phosphate backbone. The combination of the bases will code not only which 

protein is expressed but also whether a gene will be transcribed or not. This double 

helix is coiled at regular intervals around a complex of histones, thus forming 

nucleosomes.
39

 

One can say that even though this structure is highly functional, it also creates 

various challenges to the cell for repairing DNA damage. First, there must be 

enough specialized proteins that are ready to mobilize in order to detect the 

damage as soon as possible, after its occurrence.  Second, the chromatin usually 

needs to be remodelled to allow access of repair proteins, which might require the 

removal of nucleosomes close to the break. For the repair to occur, accessory and 

signalling proteins then need to be engaged, often mediated by histone 

modifications. This includes also stopping various processes such as transcription 

and cell cycle progression to concentrate on repair. Repair progress needs to be 



Radioprotective Properties of Panax ginseng: Proposition of a Study Protocol 

 

26 

 

continually monitored so that the chromatin will be reset to its original state after 

completion of repair, and then normal cellular processes resumed.
39 

Oxidative free radicals can damage DNA by introducing single strand breaks 

(SSB), double strand breaks (DSB), and base lesions. A typical clinical dose of IR can 

result in an average of 1000 SSB, 40 DSB and 3000 damaged bases, per Gy.
55

 DSB 

are the most lethal form of DNA damage associated with ionizing radiation. After 

DSB are generated, a cascade of enzymatic processes is triggered to allow for DNA 

repair or to induce apoptosis. If the damage is to extensive and the cell is not able 

to repair itself, either apoptosis or necrosis will occur. There are two common 

mechanisms of DSB repair: non-homologous end joining (NHEJ) and homologous 

recombination (HR). NHEJ happens when the non-homologous ends are joined in 

order to lessen DNA damage. When HR occurs, the enzymes BRCA 1 and BRCA 2 

are activated and initiate repair. There are two possible outcomes: If repair is 

successful, the cell cycle can resume; If HR fails, the cell will likely undergo 

apoptosis. Failure of these processes can lead to significant mutations in the cell 

cycle regulation and result in carcinogenesis.
 39,49 

Base damage and SSB are up to fifty times more frequent in a cell than DSB and 

occur not only after irradiation, but also because of cellular metabolism. Due to its 

frequency, BER and SSBR evolved in a way that both processes tend to be efficient. 

In BER, specialized proteins called glycosylases will detect and remove most of the 

damaged bases in DNA. This is achieved through cutting out the damaged base 

without damaging the DNA backbone, resulting in an abasic site. Then, AP 

endonuclease will cut DNA backbone leaving a SSB, after that there are two ways 

the repair is done: either the damaged base is replaced or up to 10 nucleotides are 

cut out and replaced. Either way, DNA synthesis will be demanded in order to 

replace the missing bases. For the SSBR, the mechanism is quite similar to BER, but 

because the breaks often have ends that are not recognized by the ligases, enzyme 

PNK has to intervene in order to solve this, creating a clean notch in which a new 

base is inserted or up to ten nucleotides are replaced.
39 

Accordingly, most of this IR damage arises from the interaction between free 

radicals and biomolecules, leading to a necessity on the development of agents 

that can act through prevention of ROS formation, or inhibiting the reactions they 

trigger. Also, there are studies that suggest that cellular recovery and repair 

processes can be enhanced by radioprotectors. For instance, if a cell is deficient in 

glutathione (GSH) synthesis, SSBR is absent, suggesting a possible relation between 
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thiols and SSBR. Ribonucleotide reductase, an enzyme that maintains the 

deoxyribonucleotide concentration in the cell, has its activity induced by DNA 

damage. This is pertinent because shows the necessity to screen and test 

radioprotectors that can enhance cellular reserves of DNA precursors or stimulate 

the activity of precursor-synthetizing enzymes.
55 

Inflammation is another
 

consequence from the interaction between IR and 

cellular structures. This happens through activation of an immune response via 

generation of pro-inflammation cytokines and chemokines such as interleukin-1 

(IL-1), interleukin-6 (IL-6), tumour necrosis factor α (TNF) and transforming growth 

factor β (TGF- β). TGF- β is a cytokine that acts as a mediator in IR-induce fibrosis 

of both lungs and skin.
55

 Regarding IL-6, Wu CT et al.
56 

studied its role in the 

radiation response of prostate cancer. In this study, IL-6 inhibition showed 

enhanced radiation sensitivity of the prostate cancer cells, which was associated 

with increased p53, ROS and oxidative stress to DNA. This study reported that IL-6 

inhibition sensitizes tumour cells to irradiation, leading to cell death and DNA 

damage.
56

 Neta et al.
57

 reported the failure of IL-6 to improve radiation survival by 

itself, indicating that its activity only becomes evident when it interacts with other 

cytokines. The interaction of IL-1, IL-6 and TNF contribute to innate resistance of 

normal mice to IR.
57 

Some other endogenous compounds have been found useful against IR induced 

damage, specifically in lymphoid and hematopoietic system, especially immune-

modulators, growth factors and cytokines that can stimulate stem cell progenitors 

and promote repopulation of hematopoietic bone marrow.
55

 Singh V, et al.
58

 

describe γ – Tocotrienol (GT3) as one of the more promising radioprotectors tested, 

as it has shown increased survival in rodents, especially in damages related to 

hematopoietic and gastrointestinal systems. GT3 accelerates hematopoietic 

recovery and improves peripheral blood profiles. This isomer of vitamin E had best 

results as a radioprotector when administered 24h prior to irradiation. Its 

mechanism might be related to induction of high levels of cytokines such as 

granulocyte colony-stimulating factor (GCSF) and interleukin- 6.
58

  

Hence, compounds that upregulate endogenous radioprotective factors might 

be useful as radioprotectors. Upregulation of DNA repair activity, antioxidant 

enzymes like glutathione transferase, catalase, SOD and glutathione peroxidase, is 

desirable. Parallelly, reduction of lipid peroxidation (LPO) and inhibition of protein 
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kinase, nitric oxide, mitogen activated protein kinase are some of the down- 

regulating mechanisms that might be effective in radioprotection.
59

 

1.6 Natural radioprotectors 

 

Over the past decades, there has been a continuous screening and testing on 

both synthetic and natural compounds aiming to find effective radioprotectors.
48

 

Around 60% of the 1,184 new drugs that were developed over the past 25 years 

had been developed through natural sources. So far, there have been about 74 

plant products that were screened for their radioprotective potential (as 

radioprotector or radiosensitizer) both in vitro and in vivo.
48

 As previously 

mentioned, free radical scavenging from endogenous antioxidants may be useless 

if the radiation dose is high, thus leading to an interest in plants or plant extracts 

that might improve the antioxidant activity or increase free radical scavenging. 
53

  

The use of supplementary antioxidants as a radioprotective measure for 

patients undergoing RT has been attended to with caution because of the 

possibility of tumour protection due to nonselective free radical scavenging.
51

 For 

instance, the use of antioxidant vitamins such as beta carotene and alpha 

tocopherol during RT course was associated with an inferior tumour control.
51

  

The use of herbal products instead of synthetic compounds is advantageous as 

they have a low toxic profile, tend to be less expensive, easier to administer and 

readily available as they occur naturally. Many metabolites that are found in 

different parts of the plant have been successfully used in the treatment of radical-

mediated diseases, such as rheumatoid arthritis, atherosclerosis, cancer, 

Alzheimer’s disease, Parkinson’s disease and other inflammatory diseases. Hence, 

parallelly it is expected that phytochemicals are useful against the free radical 

damage that IR promotes.
47

 

The plant extracts that are related to radioprotection exhibit compounds such 

as antioxidants, immunostimulants, cell proliferation stimulators, anti-

inflammatory and anti-microbial agents. These compounds have been studied 

extensively through its isolation or while part of a classical preparation, as it has 

been used in TCM or Ayurvedic Medicine (Table 1).  



Name Family 

Common 

Name 

Radioprotective Efficacy References 

Acanthopanax 

senticosus Harms 

Araliaceae 

Siberian 

Ginseng 

Pre-irradiation administration exhibited 

radioprotective effect on the hematopoietic 

system of the irradiated mice. Also diminished 

cerebral haemorrhage. 

60, 61 

Acorus calamus Linn. Araceae Calamus 

Protected DNA against IR-induced strand breaks 

and stimulated the DNA repair process. 

62 

Aegle marmelos 

Corr. ex Roxb. 

Rutaceae 

Bael, Bel, Beli 

Fruit, Stone 

Apple, Wood 

Apple 

Pre-irradiation administration of the plant 

extract reduced radiation-induced sickness and 

delayed mortality in mice. 

63-66 

Allium sativum L.inn. 

Gaertn. 

Alliaceae Garlic 

Pre-irradiation administration of the bulb extract 

showed significant reduction in radiation-

induced mortality in albino mice. It possesses 

significant antioxidant and anticarcinogenic 

properties. 

67-69 

Aloe vera Xanthorrhoeaceae Aloe vera 

Pre-irradiation administration the plant extract 

markedly reduced radiation sickness in mice. 

Restored the levels of Fe and Cu in liver and 

70, 71 
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intestine and intestinal Zn. Antioxidant 

properties. 

Angelica sinensis 

Oliver Diels 

Apiaceae 

Angelica, Dong 

Quai, Female 

Ginseng 

Pre and post-irradiation intravenous 

administration of the plant extract showed 

inhibition in pulmonary fibrosis due to IR in 

mice. This is related to this plant’s ability to 

downregulate pro-inflammatory cytokines. 

72-74 

Amaranthus 

paniculatus Linn. 

Amaranthaceae 

Rajgira, Red 

Shank, Red 

Amaranth 

Pre-irradiation oral administration of the leaf 

extract exerted radioprotective effect on mice, 

through GSH and LPO levels maintenance. 

75 

Biophytum 

sensitivum Linn. DC 

Oxalidaceae 

Little Tree 

Plant, Sensitive 

Plant 

Pre-irradiation administration of methanolic 

extract of the plant on mice, showed 

immunomodulation and stimulation of cytokine 

production. There was a positive response on 

the hematopoietic system. 

76 

Centella asiatica 

Linn. Urban 

Apiaceae 

Centella, gotu 

kola 

Pre-irradiation oral administration of the plant 

extract significantly reduced DNA damage in 

whole body irradiated mice. A reduction on 

radiation-induced mortality was also observed. 

77 
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Coronopus didymus 

Linn. 

Brassicaceae 

Lesser 

swinecress 

Pre-irradiation intraperitoneal administration of 

the plant extract showed a reduction in the 

oxidative stress levels in mice. 

78,79 

Curcuma longa Linn. Zingiberaceae Turmeric 

Pre-irradiation oral administration of Curcumin 

(extract from the plant rhizome) to mice showed 

a restoration in glyoxalase system activity 

almost to control level. 

Radiation protection in different organs was 

observed in mice. 

80-83 

Eleutherococcus 

senticosus Maxim. 

Araliaceae 

Siberian 

Ginseng 

A combination of Panax ginseng saponins and 

Eleutherococcus senticosus extract were applied 

to a cell culture before irradiation. 

Eleutherococcus was slightly radioprotective. 

84 

Emblica officinalis 

Linn. 

Phyllanthaceae 

Amla, Indian 

Gooseberry 

Pre-irradiation extract administration reduced 

LPO and increased the endogenous antioxidant 

enzyme levels in the intestine of mice. 

85,86 

Gingko biloba Linn. Ginkgoaceae 

Gingko, 

Maidenhair Tree 

Pre-irradiation administration of the plant 

extract showed a radioprotective effect in mice, 

through its antioxidant activity. 

87-90 
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There is evidence that this plant’s extract is able 

to reduce OH radical induced cells apoptosis and 

DNA damage. 

Other studies showed disappearance of 

clastogenic factors in human plasma with a post-

irradiation administration regime. 

Glycyrrhiza glabra 

Linn. 

Fabaceae Licorice 

Post-irradiation administration of the plant 

methanolic extract showed protection from LPO 

in mice. 

91,92 

Hypericum 

perforatum Linn. 

Hypericaceae 

St. John’s Wort, 

Basanti, Rosin 

Rose, Goat 

Weed, Tripton’s 

Weed, Chase 

Devil 

Pre-irradiation intra-peritoneal administration of 

this plant’s extract in mice, has shown a 

reduction in the proportion of structural 

disorders in cells as well as less mutagenic 

activity. 

93 

Lycium chinense Mill. Solanaceae 

Chinese 

Wolfberry Fruit, 

Matrimony Vine 

Fruit, Gouqizi, 

Boxthorn 

Pre-irradiation intra-peritoneal administration of 

this plant’s root and aerial extract showed 

effective recovery of the hematopoietic system 

in mice. 

94 
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Mentha arvensis 

Linn. 

Laminaceae 

Field Mint, Wild 

Mint, Bohe 

Pre-irradiation administration of chloroform 

extract provided protection against radiation-

induced sickness and death in mice. 

95 

Moringa oleífera 

Lam. 

Moringaceae 

Drum Stick 

Plant 

Pre-irradiation intra-peritoneal administration of 

methanolic extract of the leaves from this plant 

showed a significant radiation protection to 

bone marrow chromosomes in mice. 

In other study, pre-irradiation administration of 

the leaves extract provided GSH restoration in 

liver and prevented hepatic LPO in mice. 

96,97 

 

Ocimum sanctum 

Linn. 

Lamiaceae 

Holy Basil, 

Tulsi, Tulasi 

Pre-irradiation intra-peritoneal administration of 

the extract of the plant’s leaves showed 

protection against radiation-induced cytogenic 

damage through significant reduction of the 

generation of OH radical. 

98-100 

Panax ginseng Linn. Araliaceae Ginseng 

Pre-irradiation oral administration of the plant’s 

extract showed significant protection in mice, 

through enhancing antioxidant activity and 

inhibiting endothelial dysfunction. 

7,21 
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Potentilla alba Linn. Rosaceae 

White 

Cinquefoil 

The isolated triterpens from the root extract of 

this plant showed thyroidoprotective effect in 

irradiated mice. 

91,101 

Rosmarinus 

officinalis Linn. 

Lamiaceae Rosemary 

Pre-irradiation administration of plant’s leaves 

extract presented a recovery pattern in the 

haematological parameters in mice. Glutathione 

elevation and LPO decrease were reported in the 

pre-treated irradiated group. 

102,103 

Spirulina platensis Phormidiaceae Spirulina 

Pre-irradiation administration of Spirulina 

showed ability to prevent xerostomia in head 

and neck radiotherapy, being 600mg/kgBW the 

effective does. 

104 

Thymus vulgaris 

Linn. 

Lamiaceae 

Common 

Thyme 

Pre-irradiation intra-peritoneal administration of 

thymol showed protection against acute and 

chronic salivary gland dysfunction induced by IR, 

in mice. 

105 

Vernonia amigdalina 

Del. 

Asteraceae Bitter Leaf 

Pre-irradiation oral administration of methanolic 

extract of the plant’s leaves showed a reduction 

in LPO in brain tissue in mice. 

106 

Zingiber officinale 

Rosc. 

Zingiberaceae Ginger 

Pre-irradiation oral administration of 

hydroalcoholic rhizome extract from the plant 

107 
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Table 1 – Description of some of the most relevant works on protective properties of phytochemicals against IR.

showed a significant reduction in the 

development of symptoms of radiation sickness 

and mortality. 



1.7 Panax ginseng as a radioprotector 

 

The first reference to Panax ginseng and the detailed exposition of its 

medicinal value was found in Shen-Nong Herbal Classic, around 200AD. This 

medicine has been used for centuries due to its warm nature and bitter flavour, 

and its ability to deliver to spleen, lung and heart conduits. 
108 

This plant has 

been highly treasured in the past, owing to its reputation on promoting 

longevity, increasing overall disease resistance and maintaining equilibrium to 

the human body, under stressful circumstances.
52

 Ginseng has been used to 

restore Yin and Yang balance and to stabilize the dynamic balance of the five 

elements towards physiological processes, thus enhancing recovery from 

imbalance and disease.
109 

It is important to notice that the empirical knowledge 

on the use of this plant has mostly been orally transmitted, and that, as 

previously mentioned, there are different species of this plant, that have 

different ginsenoside composition. Hence, the soil, extraction, preparation and 

preservation of the plant will make a difference on which compounds will be 

more active, thus leading to different effectiveness.
109 

Adaptogens are natural substances that are able to help the body to adapt 

and adjust to stress through maintenance and normalization of metabolic 

functions, aiming to restore the balance. Its capacity to increase resistance 

against stressors (whether endogenous or exogenous) makes them tonics, 

promoting restoration and regeneration, and improving the capacity to work, to 

some extent.
110 

Ginseng was defined as an adaptogen substance about five 

decades ago, and this property arises from its action on the hypothalamic-

pituitary-adrenal axis, on the hypothalamic-pituitary-gonadal axis, and also on 

its antioxidative effect.
108

 As an adaptogen, Ginseng also has 

immunomodulatory, neuromodulatory and vasomodulatory effects.
110

 

Since 1980s, the radioprotective potential of Ginseng and its constituents 

has been studied. Its antioxidant activity has been documented in several works 

such as the one from Mansour et al.
7

, in which oral treatment with Ginseng 

extract for seven consecutive days prior IR exposure resulted in protection 

against radiation injury through inhibition of radiation-induced oxidative stress 

and endothelium dysfunction, by reduction of serum asymmetric 

dimethylarginine (ADMA). Ginseng’s antioxidant activity is closely linked to its 

previously mentioned key constituents, ginsenosides. These saponins can 
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intercalate into the plasma membrane, modify its fluidity and inhibit LPO 

through transition metals chelation and ROS scavenging mechanisms.
7,111 

The study of Mansour et al.
7

 described also a significant increase in serum 

ADMA and a significant decrease in serum total nitrate (NO(x)) in irradiated mice 

that were not exposed to Ginseng extract, this is in probably due to oxidative 

stress, as it has also been described in cardiovascular diseases and chronic 

kidney diseases.
112-114

 Hence, there was also a depletion on the endogenous 

antioxidant system in the irradiated mice that  were not protected by Ginseng 

extract, the study suggests that the LPO augmentation might be related to free 

radical interaction with polyunsaturated fatty acids in the phospholipidic portion 

of the cell’s membrane.
7

 LPO has been suggested as one of the main causes of 

radiation-induced cellular damage.
115 

Kumar at al.
115

 performed a study in order to evaluate radioprotective 

potential of Ginseng’s roots extract in mice’s testes, through analysis of 

phosphatases and LPO. Acid phosphatase is a lysosomal enzyme that is released 

after IR breakdown of lysosomal membrane. In this study, irradiated mice that 

had no intake of Ginseng, had a significant increase in the acid phosphatase 

activity. Another finding in this study remarked the low activity in alkaline 

phosphatase in mice’s testes after irradiation. The authors suggest the 

hypothesis that this find might be related to loss of sperms by IR, since the 

acrosomic system of sperm head is composed of these enzymes. LPO level was 

also significantly increased in the testes of the mice that weren’t irradiated. 

According to this study, Ginseng extract provided significant radioprotection 

when administered prior irradiation, through a decrease in LPO levels and acid 

phosphatase activity and an increase in alkaline phosphatase activity. This fact 

might be related to specific ginsenosides that are known for having anti LPO 

activity, such as Rf, Rb1 and Rg1. 

Lee at al.
116

 studied the effect of ginseng root extract in modifying the 

radiation-induced micronuclei (MN) yield in human peripheral blood 

lymphocytes (PBL). MN are small nucleus that arise whenever a chromosome or 

a fragment of chromosome is not incorporated into one of the daughter nuclei 

during cell division. Usually, MN formation is a sign of genomic events and 

chromosomal instability. The study consisted on ex vivo irradiation of 

mononuclear cell cultures that were incubated with crude water extract of 

Ginseng dry root, before irradiation. This study showed a concentration-
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dependent radioprotection in human PBL. Treatment with ginseng for 24h before 

irradiation showed a linear decline of MN yields as concentration increases. 

In the study from Kim et al.
117

, a study aimed to evaluate radiation-induced 

liver injury in mice, a pre-treatment with ginseng root extract was orally 

administered for four consecutive days prior irradiation, while other group of 

mice was treated with intraperitoneal administration of melatonin. 
117

 Melatonin 

is a pineal gland hormone that regulates the neuroendocrine axis. This hormone 

has been reported as a free radical scavenger and as having antioxidative 

functions through stimulation of antioxidant enzymes (SOD, GSH, glutathione, 

catalase and reductase).
118

 The study showed that irradiated mice with no 

protection from ginseng extract or melatonin had radiation-induced 

hematoxicity, such as severe leukopenia. Also, to the group that was pre-treated 

with Ginseng extract, there was a significant protection against liver injury, 

observed through quantification of specific serum biochemistries and pro-

inflammatory cytokine levels in hepatic tissues. This study also reported an 

increase in apoptosis signals in hepatic cells to the group of mice that was not 

pre-treated with any substance. This is due to the activation of neutrophils and 

Kupffer cells that happen after IR exposition, leading to inflammatory processes 

that will turn on apoptosis signals. In the group pre-treated with ginseng extract, 

this apoptotic activation was significantly attenuated, probably due to 

modulation of pro-inflammatory cytokines such as TNF-α. 
117 

This study also presented depletion of SOD on the group that was irradiated 

without any pre-treatment. SOD has the ability of transform superoxide in 

hydrogen peroxide, which is a far less aggressive free radical than superoxide. 

Superoxide excess may cause mitochondrial dysfunction which might have led 

to liver injury. This study presented a correlation between depletion of SOD 

activity and augmentation of apoptosis, due to IR exposure. The high-pressure 

liquid chromatography (HPLC) showed that Rg1 and Rb1 were the most 

prominent ginsenosides in the used extract, but as a reminder suggests that 

other nonginsenoside fractions might be related to the radioprotective effect.
117

 

Regarding the radioprotective properties of the nonsasponin fraction of 

Ginseng, the study of Song et al.
119

 highlights ginsan, a purified polysaccharide 

isolated from Ginseng root, that is known for stimulating normal lymphoid cells, 

as well as to increase the level of some cytokines (Il-1, Il-2, Ifng), acting as an 

immunomodulator. Likewise, ginsan has previously showed capacity to induce 
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murine bone marrow cells proliferation and stimulation of hematopoietic growth 

factors release. In this work, ginsan was purified from ethanol-insoluble fraction 

of ginseng water extract. Ginsan was administered intraperitoneally 24h prior or 

after irradiation. It was shown that when administered 24h before irradiation, 

ginsan was radioprotective against lethal effects from radiation, increasing the 

survival of irradiated mice, probably through improvement of haematopoiesis, 

observable through the significantly increased numbers of bone marrow and 

spleen cells, as well as the number of granulocyte-macrophage colony-forming 

units. Another important point that was emphasised with this study, was that 

even when administered 24h after irradiation, ginsan was effective, which is 

probably related to its low molecular weight.
119 

Han et al.
120

 studied ginsan effect on radiation-induced 

immunosuppression through assessment of its effect on the mRNA expression 

of cytokines, as well as the functional activity of T lymphocytes, both in vitro 

(murine splenocytes) and in vivo (mice). For the isolated splenocytes, ginsan was 

added to the medium for 3, 6 and 24h. Regarding mice, ginsan solution was 

administered interperitoneally 24h before whole-body irradiation. Ginsan 

induced the production of Th1, Th2 and proinflammatory cytokines in 

splenocytes in vitro. Likewise, in irradiated mice, ginsan enhanced the functional 

activity of the T lymphocytes comparing to the group that wasn’t treated with 

the polysaccharide, showing that this compound alleviates IR inhibition of Th1 

type cytokine expression, improving immune response. It also stimulated 

endogenous mRNA expression of cytokines.
120

 

Regarding specific formulas from TCM that have ginseng on their 

composition and that have been tested for their radioprotective properties, the 

works from Kim SH, et al.
121

 and Lee SE, et al.
122

 are quite pertinent.  

Kim SH et al.
121

 studied Bu-Zhong.Yi-Qi-Tang, which is a classical formula 

of eight major herbs, Rensan (Radix Ginseng), Danggui (Radix Angelicae 

gigantis), Shengma (Rhizoma Cimicifugae), Chaihu (Radix Bupleuri), Chenpi 

(Pericarpium Aurantii Nobilis), Gancao (Radix Glycyrrhizae), Huangqi (Radix 

Astragali) and Baizhu (Rhizoma Atractylodis). This prescription is typically used 

as an energy tonic that has been studied and reported as anti-tumour, anti-

bacteria, anti-nociceptive and anti-depressive activities. Similarly, effects on 

impairment of hematopoietic organs and male infertility have been studied. Pre-

irradiation intra-peritoneal administration of this formula and each ingredient 
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extract was given ate 36 and 12h before irradiation. In this study, the 

administration of this formula before irradiation protected the jejunal crypt, 

increased the formation of endogenous spleen colony and reduced the 

frequency of radiation-induced apoptosis. When the contribution from each 

ingredient was assessed, Ginseng and Bupleuri were the only ingredients from 

the formula that were significantly effective in all the three assessed 

parameters.
121 

Lee at al.
122

 studied the radioprotective properties of two different formulas 

that are quite used in TCM: Si-Wu-Tang and Si-Jun-Zi-Tang. Si-Wu-Tang (Four-

Ingredient Decoction) is a basic prescription that consist in the decocotion of 

four herbs: Danggui (Angelica sinensis), Chuanxiong (Cnidium officinale), 

Baishaoyao (Paeonia lactifolia) and Shoudehuang (Rehmannia glutinosa). This 

decoction is commonly used for blood restauration, particularly in the liver.
20,122

 

Si-Jun-Zi-Tang (Four-Noble Decoction or Decoctum Quattuor Nobillium) consists 

in the decoction of four herbs: Rensan (Panax ginseng), Gancao (Glycyrrhiza 

glabra), Baifuling (Poria cocos) and Baishu (Atractylodes japonica). This is a 

formula used for qi restoration, heart Yang restoration, spleen and lung qi 

deficiency and to support the centre (which ginseng is responsible for through 

being slightly bitter).
4,20

 In this study, jejunal crypt survival, endogenous spleen 

colony formation and radiation-induced apoptosis were assessed in mice. Pre-

irradiation intra-peritoneal administration of this formula and each ingredient 

extract was given ate 36 and 12h before irradiation. Si-Wu-Tang administration 

prior to irradiation protected the jejunal crypt, increased the formation of 

endogenous spleen colonies, and reduced the frequency of radiation-induced 

apoptosis. Also, the results showed that the extract of Danggui and Baishaoyao 

may have a major radioprotective effect in mice irradiated with high and low 

doses of radiation. Regarding Si-Jun-Zi-Tang, the radioprotective effect of this 

formula was not as significant as the effect from Si-Wu-Tang. In results on the 

effects of ingredients in Si-Jun-Zi-Tang, Rensan and Baifuling showed some effect 

on crypt survival and reduction of radiation-induced apoptosis.
122 

 

1.8 Adverse Effects and Drug Interaction 

 

No significant side effects have been observed in the supplementation with 

Panax ginseng, in most cases.
123

 The oestrogen-like effect of ginseng have been 
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reported to induce vaginal bleeding and mastalgias in some patients, so ginseng 

should be cautiously used in women taking progestogens, at the risk of 

increasing side effects of the latter.
124-126

  

Regarding CNS, insomnia and nervousness have been reported, as well as 

headaches, tremulousness and maniac episodes in psychiatric patients under 

treatment with phenelzine or other monoaminoxidase inhibitors.
127

 Coon et al.
127

 

also refers ginseng interaction with warfarin, but this is based solely in case 

report, as the assessment of this interaction in a murine model showed no 

significant impact of ginseng in warfarin’s pharmacokinetics and 

pharmacodynamics.
128 

Hypertension was also been reported in some patients that were taking 

ginseng but by ceasing this intake, the symptoms reversed.
128

 

Because of ginseng immunomodulatory effect, intake in subjects that are 

immunocompromised, treated with immune-stimulating therapies, or with auto-

immune disorders, should be considered with care.
123

 

Ginseng seems to be well tolerated by most users, with the most frequently 

experienced adverse effects being mild and reversible. Potential drug 

interactions have been described with phenelzine and warfarin.
128 

 

1.9 Toxicology 

 

In 1979, Siegel
129

 performed a two-year study on 133 ginseng users, that had 

been using the plant for at least one month. This study reported that 14 out of 

the 133 subjects experienced symptoms related to long-term use of ginseng, 

when consumed at levels up to 15g a day. These patients suffered of the so-

called Ginseng Abuse Syndrome, defined as hypertension, together with 

nervousness, sleeplessness, skin eruptions and morning diarrhoea- However, 

this study lacks homogeneity in the circumstances of ginseng intake: subjects 

were not controlled for other bioactive substance intake. Moreover, there was 

not a placebo group for control, nor a determination on the ginsenoside content 

profile of the ginseng that was consumed by the subjects. 

According to the USA National Toxicology Program
130

, there were no toxic or 

carcinogenic effects in two-year studies in rats and mice under ginseng intake. 



Radioprotective Properties of Panax ginseng: Proposition of a Study Protocol 

 

42 

 

Additionally, the studies did not find evidence of hormonal effects in rats and 

mice. Furthermore, these studies showed an oral LD50 of over 5000mg/kg in rats 

and mice.
130 

 

1.10 Proposal of a Protocol for Assessment of Panax 

ginseng Radioprotective Properties 

 

Based on the literature review, and since there was no opportunity to perform 

a study about this plant radioprotective properties, here is a proposal of a 

protocol for the study of the effective protection of gamma radiation of Panax 

Ginseng, through the irradiation of two human peripheral blood mononuclear 

cell (PBMC) cultures: one under Panax Ginseng effect, other as a control group. 

DNA DSB can be assessed after irradiation in both groups in order to understand 

the extension of damage, since as previously mentioned, these are the most 

lethal cellular injuries that happen after IR exposure, frequently resulting on cell 

apoptosis or necrosis, when DSB repair is not viable. 

The initial response to DNA DSB happens through the aggregation of many 

proteins in the sites of DNA damage. This phenomenon can be visualized 

microscopically as small regions in the nucleus after DNA damage, through 

staining these areas with antibodies to these proteins. These agglomerations are 

commonly referred to as ionizing radiation induced ‘foci’.  The phosphorylation 

of histone H2AX, is one of the quickest DNA damage response, occurring 5 to 

30minutes after DSB induction, acting as a sensor of DSB. The phosphorylated 

form of H2AX, known as γ-H2A, will recruit other proteins to form ionizing 

radiation induced foci.
39

 

1.10.1 Materials and methods 

 

Subjects: To prepare the primary cellular cultures, blood samples of ten 

individuals must be collected. These individuals should be healthy, never been 

exposed to mutagenic agents and, not under any kind of medication, dietary 

supplement or phytopharmaceuticals. This samples will allow the preparation of 

the primary cell culture of PBMC which consist in lymphocytes and monocytes. 

Due to the high content of phospholipid in the cell membrane, PBMC are 

vulnerable to oxidative stress. 
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Primary Cell Culture Preparation: PBMC can be achieved through density gradient 

centrifugation of the blood samples for 30 - 40min at 400-500g. A gradient 

medium with sodium diatrizoate, polysaccharides and water should be used. Its 

density must be of 1.08 g/mL, because it will be denser than lymphocytes, 

monocytes, and platelets but less dense than granulocytes and erythrocytes, 

which will accumulate below it. PBMC can be removed with a Pasteur’s Pipette 

and added to a warm medium or phosphate buffer saline, to wash of the 

remaining platelets. 

This PBMC can stay cultured for 5 to 7 days, in two different 24-well plates, in a 

RPMI-1640 medium, incubated at 37º with a 5% CO2 atmosphere. To stimulate 

cell proliferation, PBMC should be plated at a density of 0.5-1 x 106 cells/mL in 

a total volume of 0.5-1mL. 

Ginseng Root Extract Preparation:  Panax Ginseng extract lyophilized with a 

concentration of 500µg ml
-1

 should be added to the RPMI-1640 medium of one 

of the cellular cultures. 

Irradiation: Both cellular PBMC cultures should be irradiated with gamma-rays 

from 
137

Cesium (
137

Cs), with a total exposure dose of 2Gy. The irradiations of the 

cellular cultures must be performed 24h after the start of the cultures. 

Measurement of DSB: To access the DNA DSB, a staining kit must be used.  This 

kit is based on the phosphorylation of the histone H2AX. The staining of the 

damage sites should be assessed with a fluorescence microscope using FITC 

filter.  The number of nuclear foci per cell should be counted in, at least 300 

cells. The measurement times should be 30min, 60min and 90min after 

irradiation. Alternatively, a software for quantification of the fluorescence 

intensity of H2AX staining per cell can be used. 

Data Analysis: To proceed to the analysis of the collected data, Statistical 

Package for the Social Sciences (SPSS) software could be used. The analysed data 

expressed as mean ± S.E. and differences between groups examined for 

statistical significance using the Student's t-test. P < 0.05 can be used to identify 

statistically significant differences. 
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Figure 7 – Diagram for the assessment of DNA DSB in PBMC with Panax 

ginseng after IR exposure 

. 
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1.10.2 Expected Results 

 

Based on the literature review, it is expected that the group under the effect 

of Panax Ginseng have less DSB after 
137

Cs exposure.
7,52,132

 

Lee et al.
1

 performed a study using standardized Panax quinquefolius extract, 

to assess its impact on 
137

Cs- induced oxidative stress in human peripheral 

lymphocytes. This assessment was done through cytokinesis-block micronuclei 

assay, and also through determination of the state of oxidative stress in the 

cells. This study showed that the presence of the plant’s extract in the culture 

medium significantly reduced both MN yields and ROS production.
1

 This study 

reported even at 90min after irradiation, the maximum MN reduction rate in cells 

after 1Gy and 2Gy irradiation was 53.8% and 37.3% respectively, compared to 

controls. 

However, as previously mentioned, the ginsenoside profile is different 

between plants from the gender Panax, thus potentially leading to different 

degrees of radioprotection. Nevertheless, Lee et al.
116

 studied ex vivo irradiation 

of mononuclear cell cultures incubated with crude water extract of Panax 

ginseng dry root, before irradiation. Pre -irradiation treatment with ginseng for 

24h showed a linear decline of MN yields as concentration increases.
116 

1.10.3 Discussion 

 

We live in a time where integrative healthcare seems to be increasingly more 

present in our daily life. Many conventional drugs that are in use owe their 

development and improvement to traditional medicine systems, such as TCM. In 

Ancient China, 11146 medicinal species were identified, and over 400 are widely 

used throughout the world. Nowadays it is very common to use one or more 

supplements that are part of TCM pharmacopeia, creating a demand that tends 

to accelerate the access to herbal medicine like never before.  In China, TCM 

plays a very important role, with phytopharmaceuticals accounting 

approximately one fifth of all Chinese pharmaceutical market. Naturally, this 

demand started to prompt research on these plants while allied to technology 

development, leading to a detail level that allows isolation and identification of 

plants compounds.  
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Ginseng is one of the most commonly used phytopharmaceutical, and has a 

wide range of therapeutic applications, as it was previously discussed. Clinical 

trials using ginseng and ginsenosides show promising results for some 

indications. It might be interesting to note that some of the commercially 

available products are standardized to low dosages of active ingredients, making 

them less effective than in their traditional form. Regarding ginsenosides, there 

is a poor bioavailability to these compounds when orally administered, so in 

order to increase clinical trials, more ginsenosides have to be isolated and 

purified and stabilized to increase their absorption. Also, administration 

strategies might be optimized in order to target their action. There is a lack of 

studies and clinical trials in humans even though this plant has been widely 

accepted for its therapeutic value. 

According to TCM, the ultimate death cause is associated with the extinction 

of Jing, the structive potential. Ginseng is a plant that has been known in China 

for its properties on promoting longevity. It has been mentioned before that 

ginseng has this unique feature of acting on Jing, sustaining it thus enhancing 

its conservation. This protective relationship between ginseng and Jing, has been 

thoroughly explained, as ginseng demonstrates ability on preserving and 

facilitating recovery processes when DNA is exposed to IR. 

The Panax Ginseng extract concentration of 500µg ml
-1

 was selected based 

on the values that were reported to be more radioprotective, in other studies.
1.52

 

However, Lee et al.
116

 reported a concentration-dependent radioprotection in 

human PBL, when treated with ginseng extract, shedding a light on another 

interesting parameter that might be of interest. 

Also, it has been proven that a pre-irradiation incubation of the culture cell 

in the Panax Ginseng water extract for at least 24h is required, to deliver 

radiation protection of the cells at the time of the exposure.
1,52 

Lee et. Al
16 

reported that before irradiation the presence of Panax quinquefolius extract in 

the culture medium resulted in a significant increased intracellular total 

antioxidant capacity in PBL. Even though that specific parameter is not 

determined with this protocol, different pre-irradiation exposure times to 

ginseng extract may be worth studying. 
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The two conditions previously mentioned will elicit protection in the DNA 

sites through high concentration of scavengers that Panax Ginseng provides and 

can be assessed through this protocol.  

This protocol can be extended in order to study other features, such as the 

dosage of radiation (for instance 0,5Gy, 1Gy and 2Gy); incubation time in Panax 

Ginseng root extract (24h, 48h, 72h); and Panax Ginseng root extract 

concentration (500µg ml
-1

, 750µg ml
-1

, 1000µg ml
-1

). Moreover, isolation of 

specific ginsenosides that might be related to radioprotection (Rf, Rg1, Rb1), 

and their use in this protocol could be interesting to improve the understanding 

on which ginsenosides contribute more for radioprotection, and also to 

enlighten if there is a synergistic radioprotective effect in the combination of 

compounds in the whole root extract, or if separation of the compounds leads 

to more beneficial results. 

 

2. Conclusion 
 

The use of this plant as a radioprotector comes from the necessity of 

diminish radiation induced damages, since IR exposure is becoming more 

common these days due to medical procedures, space travel, energy production, 

mining and military scenarios. The radioprotective potential of this plant is 

linked to its antioxidant and free radical scavenging properties. It is also 

interesting to note that this antioxidant activity occurs also indirectly through 

upregulation of antioxidant enzymes (catalase and SOD). Also, the significant 

reduction in LPO that has been previously exposed is quite valuable. Having the 

advantage of being worldwide distributed, and with a very low toxicity profile, 

studying the potential of the roots extract, ginsenosides and ginsan can be 

decisive to make radiation exposure safer, when not avoidable.  

Summarizing, the antioxidative activity of the Panax ginseng that is expected 

to be shown with the proposed protocol, may enhance the practical value of this 

non – toxic, easy access, inexpensive ancient herb has a supplement for both 

patients and healthcare professionals that are exposed to IR.  
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