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The use of ionizing radiation and radioactive elements is becoming increasingly popular with the rapid developments 

in nuclear technology, radiotherapy, and radio diagnostic methods. However, ionizing radiation can directly or indirectly 

cause life-threatening complications such as cancer, radiation burns, and impaired immunity. Environmental contami-

nation with radioactive elements and the depletion of ozone layer also contribute to the increased levels of radiation 

exposure. Radioprotective natural products have particularly received attention for their potential usefulness in coun-

teracting radiation-induced damage because of their reduced toxicity compared with most drugs currently in use. More-

over, radioprotective substances are used as ingredients in cosmetic formulations in order to provide protection against 

ultraviolet radiation. Over the past few decades, the exploration of marine algae has revealed the presence of radioprotec-

tive phytochemicals, such as phlorotannins, polysaccharides, carotenoids and other compounds. With their promising 

radioprotective effects, marine algae could be a future source for discovering potential radioprotective substances for 

development as useful in therapeutics.
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INTRODUCTION

Ionizing radiation is an electromagnetic wave or a high-

energy particle that can penetrate matter, producing ions 

following its collapse while traveling in its path (Varanda 

and Tavares 1998). It is potentially lethal and mutagenic 

and can induce chemical alterations in body tissues, 

which could result in a series of harmful effects. However, 

ionizing radiation also has beneficial characteristics that 

could be helpful in treating human diseases. The devel-

opment of radioprotective substances has attracted an 

increasing interest because of their potential use in radio-

therapy, counteracting occupational radiation hazards, 

space exploration, and in research. However, exposure 

to ionizing radiation can cause a range of detrimental ef-

fects from radiation burns to radiation-induced cancer 

or rapid fatality (Christensen et al. 2014). Screening natu-

ral sources for radioprotective phytochemicals can lead 

to the identification of novel bioactive molecules, which 

could be further, chemically modified for synthesizing 

potentially useful molecular entities. 

Considering its beneficial and detrimental effects, 

ionizing radiation, could be considered a double-edged 

sword. Ionizing radiation includes electromagnetic 

radiation such as far ultraviolet light, X-rays, gamma 

rays,ionizing subatomic particles such as α and β par-

ticles, and high energy neutrons and positrons resulting 

from radioactive decay and cosmic ray showers (Wood-
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technology has increased the implementation of strate-

gies to discover effective radioprotectors. Currently there 

is a growing concern about the harmful effects of radio 

frequency radiation used in mobile telecommunication 

devices (Mohamed et al. 2014). Considering the tremen-

dous importance of identifying substances with reduced 

toxicity, studies centered on radioprotectors from natu-

ral origin have attracted the attention of researchers. 

Secondary metabolites of marine algae exhibit different 

structural and functional properties from those of their 

terrestrial counterparts mainly due to the evolutionary 

antiquity of these organisms (Elyakov and Stonik 2003, 

Fernando et al. 2016b). The sources and detrimental ef-

fects of ionization radiation and the significance of the 

use of phytochemicals to counteract them are shown in 

Figure 1. Although terrestrial organisms have been widely 

studied as possible sources of radioprotective natural 

products, marine fauna and flora are still an under-ex-

plored natural resource. Many of these compounds that 

possess radioprotective activities are also antioxidants 

that provide complementary health benefits (Fernando 

et al. 2016a). This review briefly summarizes the current 

state of knowledge about the radioprotective natural 

products identified from marine algae.

side and Kocurek 1997). Organisms are constantly ex-

posed to ionizing radiation because radioactive materials 

are dispersed throughout the Earth, which is constantly 

bombarded by solar radiation and cosmic ray showers. 

Exposure to ionizing radiation triggers the production 

of reactive oxygen species (ROS) that mainly include hy-

droxyl, superoxide radicals, hydrogen peroxide and sin-

glet oxygen (Ewing and Jones 1987). These ROS react with 

cellular macromolecules including DNA, RNA, mem-

brane lipids, and proteins, leading to cellular dysfunction 

and DNA damage, resulting in chromosomal abnormali-

ties and mutations that cause cancers. Nonetheless, ion-

izing radiation has been used in radiotherapy as the most 

common treatment for human cancer (Nair et al. 2001). 

In addition significant attention has been focused on the 

adverse effects of UV exposure that results in skin dam-

age, tumors, and photoaging (Ichihashi et al. 2003). 

Investigations on strategies for protecting human tis-

sues from ionizing radiation were initiated during the 

early nineteenth century after the discovery of X-rays. 

Soon after World War II, intensive efforts were focused on 

identifying radioprotective compounds. As a result, free 

radical-scavenging antioxidants were found to be effec-

tive radioprotectors (Prasad 1995). The rapid advances in 

X-ray diagnostic techniques, radiotherapy, and nuclear 

Fig. 1. Sources and detrimental effects of ionization radiation and the significance of phytochemicals to counteract them. Ionizing radiation 
from cosmic ray showers, natural or background radiation and caused by anthropogenic agents could directly or indirectly damage essential 
biomolecules altering their structures consequently causing detrimental health effects. Radioprotective phytochemicals from marine algae could 
help in counteracting the effects caused by ionizing radiation.
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phate prodrug currently used in therapeutics that convert 

into an active cytoprotective thiol metabolite (Maurya et 

al. 2006). The radioprotective efficacy of substances is 

further related to their biofunctional properties such as 

antioxidant, radical scavenging, anti-inflammatory, and 

anti-stress activities. The evaluation of properties such 

as radical scavenging, lipid peroxidation, apoptosis, DNA 

damage, and levels of glutathione (an antioxidant hor-

mone) and  enzymes such as catalase and glutathione 

peroxidase could provide useful information about the 

radioprotective activity of substances. Nevertheless, the 

best strategy for evaluating the radioprotective effect of 

pharmacological agents could be the determination of 

their recovery and regeneration of the gastrointestinal 

epithelium and hemopoietic progenitor cells in the bone 

marrow, which is the most radiosensitive organ essential 

for sustaining life.

Marine algae are considered a rich source of biofunc-

tional metabolites with potential health benefits that 

have been utilized in manufacturing an array of consum-

er products (Barrow and Shahidi 2007). Algae metabolites 

have been widely explored for radioprotective effects and 

among these natural products, polysaccharides and poly-

phenolic compounds have occupied the leading position 

with a considerable number of publications. Although 

there are literature reports about radioprotective pep-

tides from other natural sources, little is known about 

the radioprotective effects of peptides and amino acids 

from algae (Dittmann et al. 2001). This current review dis-

cusses the beneficial and detrimental effects of ionizing 

radiation and highlights the radio protective effects of 

algae derived phytochemicals against ionizing radiation.

RADIOPROTECTIVE EFFECTS OF NATURAL 
PRODUCTS DERIVED FROM MARINE ALGAE

Radioprotective effects of polysaccharides de-
rived from marine algae

Polysaccharides from marine algae are widely used in 

food, cosmetics and pharmaceutical products and have 

been explored widely for their antioxidant, anticoagulant, 

radioprotective, anticancer, antiviral, and antiallergic 

properties (Ngo and Kim 2013, Kandasamy et al. 2015). 

Much of these functional molecules have been found to 

consist of sulfate groups attached to the hydroxyl oxy-

gen atoms of the in its monosaccharide backbone and 

are known as sulfated polysaccharides (SPs). Brown al-

gae (Phaeophyta) contain SPs, which include fucoidan, 

IONIZING RADIATION-INDUCED REACTIVE 
OXYGEN SPECIES GENERATION AND ITS DETRI-
MENTAL EFFECTS

On the basis of the source, ionizing radiation can be 

classified as being from natural sources including natu-

ral radioactive materials as well as, solar and cosmic ra-

diation, or synthetic sources including X-ray tubes, nu-

clear reactors, particle accelerators, and nuclear warfare 

(United Nations Scientific Committee on the Effects of 

Atomic Radiation 2000). UV radiation emitted by the sun 

is composed of relatively low energy photons that can in-

teract with organic molecules to form radicals that react 

with molecular oxygen, leading to the production of per-

oxyl radicals. Alternatively, electron transfer from organic 

radicals to molecular oxygen results in high-energy mo-

lecular oxygen in its “triplet” ground state that generates 

singlet oxygen species by pairing their electronic spins. 

Consequently, this action form ROS such as peroxides, 

hydroperoxides or endoperoxides (Riley 1994). In con-

trast X-rays and γ-rays of the electromagnetic spectrum 

consist of high-energy photons that can eject electrons 

from atoms causing molecular ionization. Similarly, 

high-energy particles such as α and β rays could cause 

molecular ionization, which generates hydroxyl peroxyl 

and alkoxyl radicals with superoxide hydrogen peroxide 

and oxides of nitrogen (Riley 1994, Gutteridge 1995). Wa-

ter, an essential constituent of all living organisms has 

been found to undergo radiolysis following irradiation to 

produce several ROS (Pastina and LaVerne 2001). These 

effects could be direct or indirect, whereas ROS produced 

from direct irradiation propagate further to form addi-

tional ROS. The pattern of ROS formation is a function of 

energy deposition which correlates with the linear energy 

transfer value of the particle involved and depends on the 

colliding molecules in the biological system (Persaud et 

al. 2005). 

Investigations of chemicals that with possible radio-

protective effects commenced soon after the World War 

II (after project “Manhattan”) to safeguard humans from 

the harmful effects of radiation caused by nuclear war-

heads. Initially, amino acids that can produce thiols such 

as cysteine and several others were investigated for radio-

protective effects. However, the use of certain thiols was 

limited because they can cause potentially toxic effects. 

Since then, several botanicals have been identified to be 

effective against radiation-induced effects (Jagetia 2007). 

In addition to natural compounds, synthetically derived 

chemicals have been found to be effective against radia-

tion damage. Amifostine is an example of a thiophos-
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al. 2009). Chertkov et al. (1986) described the protective 

effects of carrageenan in mice against proton radiation-

induced damage. Alginates have also been found to un-

dergo structural changes (double bond formation in 

pyranose-ring) following γ-ray irradiation (Nagasawa et 

al. 2000). Fucoidan has been extensively investigated for 

its radioprotective effects by using in vivo experiments. 

Tawfik and Salama’s report (2011) about the radioprotec-

tive effects of fucoidan in Sprague-Dawley rats exposed 

to 5 Gy γ-rays including the effective recovery of the 

detrimental conditions, which ameliorated the radia-

tion effects. Nesterenko et al. (2009) reported that foods 

containing alginate along with antioxidant vitamins were 

administered to the individuals who were exposed to the 

radiation released during the Chernobyl nuclear disas-

ter to remediate the damage. Alginates do not undergo 

sulfated alginates, sulfated galactans, sargassan, asco-

phyllan, and glucuronoxylofucan. Red algae contain SPs 

that include galactans (agar), carrageenans, and sulfated 

mannans. Green algae contain sulfated heteropolysac-

charides consisting of galactose, xylose, glucose, arabi-

nose, glucuronic acid, and mannose (Ngo and Kim 2013, 

Usov and Zelinsky 2013). SPs from marine algae have 

received considerable attention owing to their nontoxic 

nature compared with that of other natural or commer-

cial radioprotective agents. Polysaccharides have been 

found to interact with ionizing radiation by reacting with 

the ROS produced by the ionization of water and other 

molecules. The carrageenan present in red algae has been 

found to undergo structural changes including desulfa-

tion and acidification which increase the amount of re-

ducing end groups following γ-ray irradiation (Abad et 

Table 1. Radioprotective polysaccharides isolated from marine algae

Entity Biological significance Reference

A sulfated polysaccharide purified 
from Ecklonia cava

Recovery of small intestinal stem cells in mice from γ-ray-
induced radiation damage

Oh et al. (2013)

A sulfated polysaccharide contain-
ing higher amounts of rhamnose

Recovery of leukocyte, thrombocyte and erythrocyte count 
in X-ray irradiated BALB/c mice

Mao et al. (2005)

A polysaccharide isolated from 
Spirulina platensis

Radioprotective effects against γ-ray-induced bone marrow 
damage in mice and dogs

Zhang et al. (2001)

Fucoidan purified from Fucus ve-
siculosus and Laminaria japonica

Radioprotective effects on human monoblastic leukemia 
cell line U937 and recovery of blood cell counts in γ-ray 
irradiated BALB/c mice

Rhee and Lee (2011)

Polysaccharides isolated from fer-
mented E. cava using Lactobacil-
lus brevis

Enhanced survival, proliferation and reduced DNA damage 
in γ-ray-irradiated murine splenocytes

Lee et al. (2013)

Commercial fucoidan purified from 
F. vesiculosus

Radioprotective effects on bone marrow cells and endog-
enous spleen cell colonies in mice exposed to total body 
irradiation

Lee et al. (2008)

Polysaccharides from L. japonica Radioprotective effects on mouse male reproductive system 
and recovery of mating dysfunctionalities induced by 
mini-dose γ-ray-irradiation

Qiong et al. (2011)

Different molecule weight polysac-
charides from Ulva pertusa

Anti-radiation activities in mice exposed to electron beam 
radiation

Shi et al. (2013)

Fucoidan purified from F. vesiculo-
sus

Increasing the cell viability of γ-ray irradiated bone marrow 
cells and stimulation of antigen-presenting functions in 
dendritic cells

Byon et al. (2008)

A high rhamnose-containing 
sulfated polysaccharide purified 
from the green alga Monostroma 
angicava

Recovery of leukocytes, thrombocytes and erythrocytes in 
BALB/c mice exposed to whole-body X-ray irradiation

Mao et al. (2005)

Low molecular weight polysaccha-
rides from U. pertusa

Radioprotective effects on mouse bone marrow cells Shi et al. (2013)

Fucoidan purified from F. vesiculo-
sus and L. japonica

Radioprotective effects on human foreskin fibroblast cell 
line HS68

Lee et al. (2009)

Translam-beta-1,3; 1,6-glucan, 
extracted from Laminaria

Reduction of Escherichia coli growth in spleen, increase the 
activity of peritoneal macrophages in irradiated mice fed 
with Translam-beta-1,3; 1,6-glucan

Kuznetsova et al. (1994)



Oh et al.   Radioprotective Marine Algae Phytochemicals

407 http://e-algae.org

Ishige okamurae (Park et al. 2008, Heo et al. 2009). Flavo-

noids are another prominent class of polyphenolic com-

pounds found in algae and a number of studies indicate 

that flavonoids isolated from land plants have radiopro-

tective effects. However, there is a dearth of information 

on the radioprotective effects of flavonoids isolated from 

algae. Flavonoids, such as luteolin, hesperetin, quercetin, 

rutin, and kaempferol, and flavone glycosides, such as 

orientin and vicenin, isolated from terrestrial plants have 

shown potential radioprotective effects (Venkatachalam 

and Chattopadhyay 2005). Of these flavonoids luteolin, 

quercetin, orientin, and vicenin have been reported in 

marine algae (Markham and Porter 1969, Fernando et 

al. 2016a). The evaluation of radioprotective effects of 

marine algal flavonoids could reveal interesting activi-

ties. Moreover, the conjugation of polyphenolic entities 

with other molecules could modify their functionalities. 

Salgado et al. (2007) reported that the interaction of poly-

phenolic compounds with alginates could produce long 

lasting UV protective effects. about the  radioprotective 

effects of polyphenolic compounds derived from marine 

algae are summarized in Table 2, while the structures of 

these phytochemicals are represented in Fig. 2A-E. 

Radioprotective effects of carotenoids derived 
from marine algae

Carotenoids are naturally occurring tetraterpenoids 

with a large structural diversity. These compounds are 

responsible for the bright red, yellow, orange and brown 

metabolic degradation and are not absorbed by the body 

and therefore, do not possess any undesirable health risks 

(Höllriegl et al. 2004). Table 1 presents a list of radiopro-

tective polysaccharides isolated from marine algae with 

their respective biological significance.

Radioprotective effects of polyphenolic com-
pounds derived from marine algae 

Polyphenolic compounds isolated from marine al-

gae are well known for their diverse biological activities 

including antioxidant, radioprotective, anticancer, anti-

inflammatory, antidiabetic, and antihypertensive (Kang 

et al. 2014, 2015). These compounds are biosynthesized 

through the acetate–malonate pathway and share a phe-

nol group as their common structural feature (Stein et 

al. 1973). A bewildering number of polyphenolic com-

pounds with a perplexing structural diversity have been 

isolated from marine algae. These can be categorized into 

phenolic acids, phlorotannins, lignins, lignans, stilbenes, 

flavonoids, halogenated phenolic compounds, and other 

classes (Martone et al. 2009, Li et al. 2011). Among the 

polyphenols, phlorotannins have received considerable 

attention for their interesting antioxidant activities and 

other biofunctionalities (Eom et al. 2015, Lee et al. 2015b). 

These compounds have been isolated from brown algae 

and can protect cells from radiation-induced damage and 

oxidative stress (Shin et al. 2014, Lee et al. 2015a). Several 

studies have highlighted the remarkable radioprotective 

effects of phlorotannins isolated from Ecklonia cava and 

Table 2. Radioprotective phenolic compounds isolated from marine algae

Phenolic compound Biological significance Reference

Dieckol from Ecklonia cava Protective effects against UV-B induced cell damage Heo et al. (2009)

Eckol isolated from E. cava Radioprotective effects against gamma-ray-induced damage in 
irradiated mice and the encasement of immune cell prolifera-
tion

Park et al. (2008)

Phloroglucinol and eckol isolated 
from E. cava

Antioxidant activity and protective effects on intestinal stem 
cells against γ-irradiation-induced oxidative damage

Moon et al. (2008)

Phloroglucinol purified from E. cava Protection against radiation-induced oxidative stress and apop-
tosis in blood lymphocytes and splenocytes

Park et al. (2011)

Phloroglucinol from E. cava Protective effects against γ-iradiation-induced oxidative stress 
and cell damage in Chinese hamster lung fibroblasts (V79-4) 
cells and in female BALB/c mice

Kang et al. (2010)

Triphlorethol-A purified from E. cava Cytoprotective effects against γ-ray irradiation- induced oxida-
tive stress and DNA damage. Inhibition of apoptosis through 
downregulating Bax and Bcl-2 expression levels, while upregu-
lating caspase-3

Kang et al. (2006)

Diphlorethohydroxycarmalol iso-
lated from Ishige okamurae

Radioprotective effects against gamma-irradiation-induced 
damage in irradiated Chinese hamster lung fibroblast (V79-4) 
cells and mice

Ahn et al. (2011)
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Other radioactive phytochemicals from marine 
algae

Proteins and peptides from terrestrial organisms have 

been extensively studied for radioprotective effects. how-

ever, those from marine algae remain underexplored. 

Biliprotein C-phycocyanin isolated from the blue-green 

algae Arthrospira fusiformis was found to selectively 

stimulate the lymphocyte antioxidant defense mecha-

colors in plants, algae, fungi, and in bacteria. Numerous 

different types of carotenoids have been reported in ma-

rine algae, and many of them possess antioxidant and 

radical scavenging activities. Moreover, radioprotective, 

anticancer and immune-enhancing activities have also 

been identified in carotenoids (Christaki et al. 2013). The 

carotenoids isolated from marine algae have been pre-

sented in Table 3 and their corresponding structures are 

shown in Fig. 2F-H.

Table 3. Radioprotective carotenoids isolated from marine algae

Carotenoid Biological significance Reference

An isomeric mixture of β-carotene 
purified from Dunaliella bardawil

Decrease in the serum levels of oxidized conjugated dienes 
in children exposed to radiation from Chernobyl accident 
by reducing damage due to lipid peroxidation

Ben-Amotz et al. (1998)

Fucoxanthin isolated from Sargas-
sum siliquastrum

Protective effects against UV-B-induced cell damage in hu-
man fibroblast cells

Heo and Jeon (2009)

An algae extract highly abundant 
in astaxanthin

Protective effects against UV-A-induced DNA damage in 
human melanocytes (HEMAc), human skin fibroblasts 
(1BR-3) and human intestinal CaCo-2 cells

Lyons and O'Brien (2002)

Fig. 2. (A-H) Structures of radioprotective phytochemicals isolated from marine algae.

G Fucoxanthin

F β-carotene 

A Dieckol

D Triphlorethol-A E Diphlorethohydroxycarmalol

B Eckol C Phloroglucinol

H Astaxanthin
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ing exposure. In adition to the external body irradiation, 

internal exposure could directly damage tissues, causing 

serious carcinogenic effects. Therefore, the removal of 

these environmental contaminants and the reduction of 

the bioavailability of radioactive elements could protect 

organisms from indirect damage associated with radia-

tion exposure. This could be achieved by complexing or 

chelating metal ions using a natural product ligand, which 

in this case, could be expected to reduce the ion bioavail-

ability. The brown alga, Undaria pinnatifida or the sea 

mustard has been found to take up the radioactive stron-

tium-90 isotope from seawater (Yoo et al. 1982). The uni-

cellular green alga Chlamydomonas reinhardtii has been 

reported to reduce the uranium content of water (Fortin 

et al. 2004). Autoradiographic studies have revealed the 

accumulation of the radioactive 95Tc isotope in the brown 

algae Fucus spiralis, Ascophyllum nodosum and F. vesicu-

losus and the red algae Porphyra umbilicalis (Bonotto 

et al. 1988). Sargassum filipendula, Padina vickersiae, 

and Acanthophora spicifera which inhabit the southern 

coastal areas of Rio de Janeiro, Brazil, have shown the ac-

cumulation of 137Cs, 60Co, and 125I radionuclides from con-

taminated water (Guimarães and Penna-Franca 1985). 

The aforementioned bioaccumulation processes could 

occur because of the chelating agents present in algae 

which  mainly include polysaccharides with carboxylic 

acid functional groups such as alginic acid, different 

types of carrageenans, xanthan and dextran (Quigley et 

al. 2002). Further, an effective complexation of radioac-

tive 234Th and other radionuclides (Pu, Am, and Po) but 

to a lesser degree than other radionuclides, has been 

observed by acid polysaccharides from marine organic 

matter (Quigley et al. 2002). According to Höllriegl et al. 

(2004) consumption of sodium alginate could reduce the 

gastrointestinal absorption of 90Sr in humans by its effi-

cient chelating properties. The uptake efficiency of radio-

nuclides from marine algae in the field surpasses that ex-

pected in laboratory studies (McCartney and Rajendran 

1997). Therefore, these algae could be useful as biomarker 

for monitoring radionuclide contamination in water. Al-

gae could play an important role in the transfer of heavy 

metals and radionuclides through food chains. It would 

be useful to assess the heavy metal and radionuclide con-

tent of algae material, especially samples collected from 

their natural habitats before consumption to ensure the 

safety. 

nisms in human subjects occupationally exposed to low 

doses of γ-radiation compared to that in an unexposed 

control group (Ivanova et al. 2010). This stimulation was 

induced by the activation of antioxidant defense mecha-

nisms through manganese superoxide dismutase, cata-

lase, and glutathione-S-transferase (Ivanova et al. 2010). 

An extract, prepared from Phaeodactylum tricornutum 

was found to increase proteasome peptidase activities, 

which is responsible for degradating oxidized proteins of 

human keratinocytes exposed to UV-A and UV-B irradia-

tion (Bulteau et al. 2006). 

The polyphyletic evolutionary trends of the major algal 

groups have led to the diverse dispersion of, some sec-

ondary metabolites (Usov and Zelinsky 2013). The oral 

administration of Chlorella vulgaris E-25 have shown re-

covery effects on endogenous spleen cells and bone mar-

row of irradiated mice (Singh et al. 1995). Spirulina, the 

green microalgae has gained immense attention for its 

nutraceutical value and biofunctional properties (Belay et 

al. 1993). An ethanol extract derived from Bonnemaisonia 

hamifera has shown protective effects against UV-B-in-

duced cell damage and ROS production in human HaCaT 

keratinocytes (Piao et al. 2012). The ethanol precipitate of 

the hot water extract from Spirulina platensis has shown 

protective effects on γ-ray irradiated mouse bone marrow 

cells (Qishen et al. 1989). The hexane and ethyl acetate 

fractions of the methanol extract of Callophyllis japonica 

have shown radioprotective activity against blood pro-

genitor cells in gamma-irradiated BALB/c mice (Kim et al. 

2008) while the ethyl acetate extract of this algae showed 

gastroprotective effects by enhancing the survival of je-

junum crypts (Shin et al. 2010). The methanol extract of 

Polyopes lancifolia has shown protective effects against 

radiation-induced oxidative stress in mice subjected to 

total-body γ-irradiation based on histological studies 

(Jeong et al. 2011). 

COMPLEXATION OF MARINE ALGAE DERIVED 
NATURAL PRODUCTS THAT COULD REDUCE 
BIOAVAILABILITY OF RADIONUCLIDES

The contamination of marine habitats by the disposal 

of radioactive waste has become a major worldwide issue 

of concern. These radioactive elements could directly or 

indirectly induce radiation damage in organisms follow-
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radical scavenging antioxidant properties without cyto-

toxicities effects. A number of studies have shown the UV 

protective effects of algae metabolites such as dieckol, 

fucoxanthin, astaxanthin and algae extracts that contain 

numorous different bioactive substances, which sup-

ports their use in cosmeceutical formulations (Lyons and 

O’Brien 2002, Heo and Jeon 2009, Heo et al. 2009). The 

direct incorporation of algae extracts or partially purified 

sub-fractions in cosmeceuticals could provide additional 

bio functionalities in a cost-effective manner. Despite the 

proven usefulness of multi bioactive compound formula-

tions, single compounds such as dieckol isolated from E. 

cava have also been shown to be effective both as whiten-

ing and UV-B protective agents (Heo et al. 2009).

CONCLUSION

The discovery of radioprotectors has received con-

siderable attention owing to rapid advances in nuclear 

technology, radiotherapy, radio diagnostic methods, 

telecommunication technology and research centered 

on the use of radioactive elements. Moreover, the deple-

tion of the ozone layer and anthropogenic activities could 

contribute to the contamination of the environment with 

radioactive elements, which could eventually have a con-

siderable impact on the radiation exposure level. Marine 

algae have been extensively studied over the past few de-

cades for the identification of bioactive natural products 

(Heo et al. 2006). Radioprotective substances, including 

phlorotannins, polysaccharides and carotenoids have 

been identified in marine algae. Most of these phyto-

chemicals possess multiple functionalities centered on 

their anti-oxidant effects. The comparably low toxicity 

of these natural products compared to that of synthetic 

radioprotectors could further extend widen the perspec-

tive of the oncological research into these substances. In 

addition, radioprotective algae extracts or their purified 

phytochemicals could be used as ingredients for produc-

ing cosmeceuticals, which could offer protection against 

UV and other harmful radiation. However, studies on the 

radioprotective effects of algae phytochemicals have not 

been as extensive as studies on their other biological ac-

tivities. Finally the discovery of radioprotective substanc-

es from marine algae could hold the key to unraveling 

potential radioprotective functionality of these and other 

similar substances.

POTENTIAL APPLICATIONS OF RADIOPROTEC-
TIVE SUBSTANCES DERIVED FROM MARINE 
ALGAE

Potential radiotheraputic uses of radioprotec-
tive phytochemicals from marine algae

Radiotherapy and radio diagnostic techniques are 

currently a common method for treating cancers and 

identifying anatomical alterations. The success of these 

methods depends on two factors including increasing the 

damage to cancer cells while reducing the damaging ef-

fects on the surrounding normal cells. Radiation cannot 

differentiate between cancer and surrounding normal 

cells. The discovery of radioprotective agents that selec-

tively protect normal cells from radiation has advanced 

these agents to an important position in oncological re-

search. Among thousands of radioprotective agents dis-

covered throughout history, natural products remain as 

the least toxic (Nair et al. 2001). Marine algae have been 

shown to contain a number of radioprotective phyto-

chemicals that have the potential to be advanced into 

clinical trials. As described in previous sections, the major 

mechanism of action of these phytochemicals involves 

radical scavenging–antioxidant effect. In addition, they 

could exert immunomodulatory effects and boost the an-

tioxidant defense mechanisms in the body. 

Potential cosmeceutical uses of radioprotective 
phytochemicals from marine algae as 

Cosmeceuticals can be described as cosmetic products 

that exert pharmacological and therapeutic benefits rath-

er than excreting just a single functionality. A number of 

synthetic ingredients are used in cosmetic formulations 

to achieve desirable functionalities. However, most of 

these synthetic chemicals cause detrimental side effects 

with prolonged use. Dermatological studies suggest that 

the use of natural bioactive ingredients in the preparation 

of cosmeceuticals could limit the detrimental effects and 

provide beneficial functionalities (Wijesinghe and Jeon 

2012). Skin care cosmeceuticals are the most renowned 

cosmetic products. Exposure of the skin to ionizing radia-

tion increases the generation of free radicals and ROS that 

cause an array of symptoms including erythema, tanning 

and local or systemic immunosuppression (Matsumura 

and Ananthaswamy 2004). Numorous natural products 

present in algae have been proven to produce effective 
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