
Klin Onkol 2021; 34(4): 273– 277 273

REVIEW

Curcumin‘s antineoplastic, radiosensitizing  
and radioprotective properties

Antineoplastické, radiosenzibilizující a radioprotektivní  
vlastnosti kurkuminu
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Summary
Background: Curcumin is an ingredient in the turmeric plant that gives yellow color to dishes 
and is used as a spice. It has been used locally/topically and systemically in the treatment of 
diseases in Far Eastern societies, especially in Indian and Chinese traditional medicine. Cur-
cumin is a natural substance that does not show toxic properties in overdose. In addition to 
its anti-inflammatory, anti-oxidant, anti-neoplastic, anti-viral, anti-microbial, anti-angiogenic 
properties, platelet aggregation, apoptosis, and wound healing have been demonstrated in 
different studies. In recent years, it has been used as a radiosensitizing agent and a radiopro-
tector in radiation therapy. Although curcumin has low bioavailability, it seems to be the ideal 
molecule due to its low molecular weight, high activity in inhibiting the growth of tumor cells 
and protecting normal tissues from the side effects of radiation. Purpose: Curcumin in combi-
nation with radiotherapy was discussed in the light of the literature.
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Souhrn
Východiska: Kurkumin je látka z kořene kurkumy, která dává pokrmům žlutou barvu a používá 
se jako koření. V kulturách Dálného východu, zejména v indické a čínské tradiční mediccíně, 
se používá lokálně/ místně i systémově při léčbě nemocí. Kurkumin je přírodní látka, která při 
předávkování nemá toxické účinky. V různých studiích byly prokázány jeho protizánětlivé, an-
tioxidační, antineoplastický, antivirové, antimikrobiální a antiangiogenní účinky a také vliv na 
migraci buněk, buněčný cyklus, srážení krevních destiček, apoptózu a hojení ran. V posledních 
letech se kurkumin používá při radioterapii jako radiosenzibilizátor a radioprotektivum. Ačkoli 
má nízkou biologickou dostupnost, díky své nízké molekulové hmotnosti a vysoké aktivitě in-
hibovat růst nádorových buněk a chránit zdravé tkáně před nežádoucími účinky radiace se jeví 
jako ideální molekula. Cíl: V článku je diskutováno použití kurkuminu v kombinaci s radioterapií 
z pohledu literatury.
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Introduction
According to the statements of the 
World Health Organization, 13% of all 
deaths are due to cancer. It is estimated 
that this ratio will be 45% in 2030 [1]. It 
is one of the most studied topics on the 
prevention and treatment of cancer, due 
to the high prevalence and incidence of 
cancer among the causes of death. In re-
cent years, the use of plant extracts in 
cancer treatment has been increasing 
day by day. One of these plant extracts 
is curcumin [2-4].

Curcumin is extracted from the roots 
of the turmeric plant. It is often used as 
a  food color or spice. It grows in many 
Asian countries, especially in India and 
China  [4]. Oral bioavailability of cur-
cumin is quite low [5]. The antioxidant, 
anticancer, anti-inflammatory and an-
tiseptic properties of curcumin are 
known  [5–10]. In recent years, many 
studies have been carried out on the use 
of extracts of curcumin plant as a radio-
sensitizing agent and a  radioprotector 
combined with radiotherapy and prom-
ising results have been shown.

In this review, the data regarding the 
use of curcumin, one of the complemen-
tary treatment methods, in combination 
with radiotherapy were discussed in the 
light of the literature.

 
Curcumin (Curcuma longa)
Curcumin is herbaceous perennial plant 
belonging to the ginger family, addi-
tionally known as turmeric and Indian 
saffron. Since the use of turmeric has 
been found to be effective as a  thera-
peutic agent for various diseases, it has 
become more popular. Its homeland is 
South Asia. Although its main producer 
is India, it is also grown in Bangladesh, 
China, Indonesia, the Caribbean islands 
and several countries in South America. 
It is used as a coloring, preservative and 
aromatic herb in the food industry. It is 
also consumed as tea in various regions 
of Japan [2,3,6,9].

Curcumin is present at 3–5% in tur-
meric root and is the main ingredient 
responsible for biological activity. Cur-
cumin, a natural yellow pigment in tur-
meric, is extracted from the plant‘s tu-
bers. Four types of curcuminoids are 
obtained from turmeric roots. These 

are curcumin, demethoxycurcumin, 
bisdemethoxycurcumin and cyclocur-
cumin. However, curcumin has the most 
effective properties compared to the 
other three types  [11]. While curcumin 
cannot be dissolved in water and ether, 
it is soluble in ethanol, chloroform, di-
chloromethane and acetone [6,9].

 
Usage, bioavailability, dosage 
and metabolism
A total of 40–85% of orally administered 
curcumin passes into the gastrointesti-
nal system unchanged and is metabo-
lized in the liver. Most of the curcumin 
is excreted in stool and a small part in 
urine [12]. In a study conducted, it was 
reported that one hour after oral admi-
nistration of curcumin (1g/ kg), curcumin 
was found in the intestine at a high rate, 
in smaller amounts in the spleen, liver 
and kidney, and the lowest in the brain 
tissue [13]. In a study conducted in rats, 
it was shown that curcumin given orally 
was absorbed at a rate of 60% and the 
remaining part was excreted with stool 
and urine [14]. In the study conducted, 
it was reported that an individual of 
approximately 60 kg could safely take 
60–100 mg of curcumin per day [15]. In 
study conducted by the Department 
of Prevention of the American National 
Cancer Institute, no side effects were re-
ported in various experimental animals 
at doses up to 3.5 g/ kg for more than 
three months  [10]. Curcumin has been 
reported to have no toxic effect even 
when taken in high doses [3,6,9].

Curcumin, which has a  very limited 
solubility in water (P < 0.005), has a very 
low bioavailability due to its hydropho-
bic structure  [16]. Many studies on in-
creasing the bioavailability have been 
done. Curcumin and piperine were 
used as adjuvants in a study conducted 
in rats. They reported that piperine de-
creased curcumin elimination half-life 
and increased curcumin level in plasma 
2–4 times [17].

Use of curcumin in medicine
Many effects of curcumin in its use in 
medicine have been studied. It is known 
to have antimicrobial, anti-oxidant, anti-
inflammatory, antiaging, wound healing, 
immunomodulating, anticarcinogenic, 

antimetastatic, neuroprotective, and an-
giogenesis inhibiting effects [5–7,9–15]. 
Its antiviral, antimalarial, antifungal, and 
anti-protozoal (Leishmania major) ef-
fects have also been reported [18]. Dif-
ferent studies have shown that cur-
cumin reduces the level of cholesterol in 
the blood, prevents HIV replication, sup-
presses the symptoms of diseases such 
as type 2  diabetes, rheumatoid arthri-
tis, multiple sclerosis and Alzheimer‘s 
disease, accelerates wound healing, in-
creases bile secretion and prevents liver 
damage [19]. When the chemical struc-
ture of curcumin is analyzed, hydroxyl 
groups connected to phenyl rings in its 
structure are responsible for the antiox-
idant activity of curcumin, while ketone 
groups and double bonds in its structure 
are responsible for anti-inflammatory, 
anticancer and antimutagenic activities. 
It is thought that curcumin shows its an-
tioxidant activity by affecting enzymes, 
such as superoxide dismutase, chlo-
ramphenicol acetyltransferase and glu-
tathione peroxidase. This gives curcumin 
the property of being a  very powerful 
and effective natural antioxidant [20]. In 
addition, curcumin decreases oxidative 
stress by inactivating the nuclear factor-
kB (NK-kB) pathway [21]. Indeed, when 
curcumin is administered to mice, it has 
been observed that phagocytic activi-
ties of Kupffer cells decrease [22]. Reyes 
et al reported that curcumin inhibits the 
increase of cytokines, such as TNF-a, 
IL-6 and IL-1 [21].

Antineoplastic, radiosensitizing 
and radioprotective properties  
of curcumin
Curcumin is a  molecule that has been 
researched much in recent years for its 
anticancer effects, and there are many 
articles revealing its antineoplastic 
mechanism. It has been determined by 
in vivo and in vitro studies that it shows 
its inhibitory effect in all three steps of 
carcinogenesis. These steps are as fol-
lows; tumor development, angiogen-
esis, and tumor growth. It performs its 
anticancer activity by causing apopto-
sis in cancerous cells without damaging 
healthy cells. It also acts by stopping the 
division of curcumin in some types of 
cancer cells and increasing cancer cells 



Curcumin‘s antineoplastic, radiosensitizing and radioprotective properties 

Klin Onkol 2021; 34(4): 273– 277 275

curcumin does not have a toxic effect on 
the cell [36-41].

Studies examining the radioprotec-
tive effects of curcumin extract at dif-
ferent doses have been conducted. 
Thresiamma et al reported that cur-
cumin (200  μmol/ kg) administered 
orally in rats greatly reduced lipid per-
oxidation products and collagen hy-
droxyproline increased by irradiation in 
serum and liver tissue in lung fibrosis 
caused by whole body irradiation  [42]. 
Inano and Onoda found that the rate of 
breast tumor formation in rats fed with 
a normal diet and exposed to X-rays was 
70.3%, whereas in rats where curcumin 
was added to their diet at 1% and was 
exposed to X-rays, this rate decreased 
to 18.5% [43]. In their study in prostate 
cancer cell series, Chendil et al observed 
that curcumin at concentrations of 2 and 
4  μM significantly increased apoptosis 
and clonogenic inhibition due to radia-
tion when combined with radiation [44]. 
In the study evaluated by Hejazi et al, it 
was stated during the treatment in pa-
tients with prostate cancer who received 
radiotherapy that the antioxidant capac-
ity was higher in the group receiving cur-
cumin [36]. In a multicenter, randomized, 
double-blind, placebo-controlled study 
conducted by Wolf et al, they looked at 
the effect of curcumin applied during 
radiotherapy on radiation dermatitis in 
686 breast cancer patients. As a  result, 
they reported that curcumin did not re-
duce radiation dermatitis severity  [39]. 
In the review written by Farhood et al, in-
flammation caused by radiotherapy was 
seen to be dermatitis, mucositis, fibrosis, 
pneumonia and bone marrow toxicity in 
the acute period. They stated that in the 
chronic period, it may lead to the devel-
opment of a second cancer. It has been 
stated that curcumin prevents acute tox-
icity during radiotherapy due to its anti-
inflammatory effect. Again, in this re-
view, it was emphasized that NF-kB can 
also reduce angiogenesis, tumor growth 
and metastasis through modulation of 
the downstream signaling cascade  [5]. 
In another review, the efficacy and 
safety of curcumin in eliminating resist-
ance was evaluated, since gynecological 
tumors were resistant to chemotherapy 
and radiotherapy. It has been empha-

time. While this activity decreases the 
expression level of NF-kB, b-catenin, cyc-
lin D1 and Bcl-2; It has been reported to 
increase p53, p21  and BAX expression 
levels  [31]. Menon et al, on the other 
hand, observed that oral administration 
of 200 nmol/ kg of curcumin to or in mice 
developing melanoma reduced lung 
metastasis by 80% and increased sur-
vival by almost 144% [32]. 

Clinical studies have started because 
of the positive results of curcumin dur-
ing the experimental phase. The first 
phase I study was conducted by Cheng 
et al in 2001  in a  group of 25  patients 
with different types of cancer. It was de-
termined that curcumin given to pa-
tients at a dose of 8 mg/ day for 3 months 
did not have a toxic effect [33]. In a phase 
II study conducted by Dhillon et al, daily 
oral 8 mg curcumin was given to pa-
tients with locally advanced pancreatic 
cancer. It has been reported that cur-
cumin-related toxicity is not observed, 
it is well tolerated and has strong bio
logical effects [34].

Recent studies indicate that curcumin 
is effective and safe when used in com-
bination with radiotherapy, as well as its 
use as an alternative treatment option. 
It shows this effect by having a  dou-
ble effect on both cancer and normal 
cells. It increases the genes responsi-
ble for apoptosis in cancer cells, mak-
ing these cells sensitive to radiation. In 
normal cells, it acts by decreasing oxida-
tive stress and inhibiting the transcrip-
tion of genes involved in inflammatory 
response. In addition, curcumin has an 
effect on cellular antioxidants (super-
oxide dismutase, catalase, glutathione 
peroxidase, glutathione transferase) in 
irradiated systems. It helps its radiopro-
tective activity in increasing glutathione 
and sulfhydryl groups and decreasing 
lipid peroxidation. In addition, curcumin 
prevents side effects due to radiation by 
inhibiting protein kinase-c, mitogen ac-
tivating kinases and nitric oxide. Due to 
these properties, it is a good free radical 
scavenger and hydrogen donor. In addi-
tion, curcumin does not delay cell divi-
sion and does not alter the division pro-
cess of the proliferating cell. The growth 
inhibition is dose-dependent and is re-
versible with the removal of curcumin, 

the death rate  [5,7,23]. Curcumin sup-
presses the proliferation of mitogen-
stimulated blood mononuclear cells and 
inhibits neutrophil activation [24]. In an-
other study, it was reported that cur-
cumin decreases angiogenesis via nu-
clear factor kappa B (NF-kB), which is 
a  transcription factor  [25]. In addition, 
curcumin has been reported to have 
an anti-carcinogenic effect by affect-
ing processes such as inflammation, cell 
proliferation, some oncogenes, tumor 
implantation and biotransformation of 
carcinogens, and inhibition of the tran-
scription factor NF-kB and COX2  en-
zyme  [13,25]. It has been stated that 
curcumin is an alternative anti-can-
cer agent that inhibits proliferation by 
triggering the G1 cell cycle phase reg-
ulated by Cdk-2  and that functions as  
target-specific [26].

Since curcumin has anti-neoplastic ac-
tivity, low molecular weight and no tox-
icity, the number of studies on this sub-
ject has increased in recent years and 
has caused it to be tested on different 
cancer models. Many preclinical in vivo 
and in vitro studies evaluated as dose 
dependent have been conducted and 
it has a protective effect against tumors. 
It has been shown especially in can-
cers of the skin, breast, mouth, esopha-
gus, stomach, intestine, colon, lung and 
liver  [27]. Especially obtaining differ-
ent responses as a result of studies with 
different cell lines for each cancer type 
is essential in terms of understanding 
the pathways curcumin follows when 
it shows these effects. Abuelba et al re-
ported in their study on breast cancer 
cell cultures that curcumin suppressed 
tumor cell growth and increased ap-
optosis  [28]. In the Lopez study, it was 
reported that curcumin (at a  dose of 
20 μg/ mL) in K-562 human chronic mye-
locytic leukemia cells stopped tumor 
growth by 50% [29]. Zunino et al studied 
four different doses (5, 10, 25, 50 mg/ kg) 
of oral and parenteral curcumin in 
lymphoblastic leukemia. They found 
the dose of curcumin 25 mg/ kg effec-
tive in leukemia [30]. In the study con-
ducted by Prasad et al on breast can-
cer cell lines, it was stated that curcumin 
has increased antiproliferative and ap-
optotic activity depending on dose and 
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sized that curcumin increases chem-
osensitization and radiosensitization 
when it is used with cisplatin, paclitaxel 
and irradiation in gynecological can-
cers  [40]. In another article examining 
the effect of curcumin in glioblastoma 
multiforme, it was stated that a synergis-
tic response was observed when used in 
combination with both chemotherapy 
and radiotherapy. However, it has been 
reported that clinical studies on this sub-
ject are insufficient [23]. In the analysis 
of the studies, it was emphasized that 
curcumin has both a  radiosensitizing 
and a radioprotective effect. It has been 
shown to increase radiosensitivity espe-
cially in pediatric, lymphoma, sarcoma, 
prostate, gynecological, pancreatic, liver, 
colorectal, breast, lung, head/ neck and 
glioma tumors. Although there are few 
clinical studies performed, it has been 
reported that there is a radioprotective 
effect in dermatitis, pneumonia, catarac-
togenesis, neurocognition, myelosup-
pression, secondary malignancies and 
mucositis/ enteritis [35].

 
Conclusion
Curcumin is used as a coloring agent in 
diets, food and textiles as well as many 
different pharmacological activities and 
biological benefits have attracted con-
siderable attention in recent years. Pub-
lications on the radioprotector and anti-
carcinogenic properties of curcumin 
have begun, and the results seem to be 
positive. However, enough evidence has 
yet been obtained for the clinical use of 
such an effective molecule. The reason 
for this is that curcumin is rapidly me-
tabolized, its bioavailability is low, the 
response is different in each type of can-
cer, the response changes according to 
the stage of the cancer, and the genetic 
makeup of the patients is different. Fur-
ther studies are needed to reveal the 
molecular effects of curcumin on dif-
ferent organs and metabolic pathways 
to better understand the effects of cur-
cumin on the human body.

References
1. World Health Organization. Cancer.  [online]. 
Available from: http:/  /  www.who.int/  mediacen-
tre/ factsheets/ fs297/ en/ .
2. Kocaadam B, Sanlier N. Curcumin, an active compo-
nent of turmeric (curcuma longa), and its effects on 



Curcumin‘s antineoplastic, radiosensitizing and radioprotective properties 

Klin Onkol 2021; 34(4): 273– 277 277

tory effect on formation of urinary 8-hydroxy-2’-deoxy-
guanosine, tumorigenesis, but not mortality, induced 
by gamma-ray irradiation. Int J  Radiat Oncol Biol Phys 
2020; 53(3): 735–743. doi: 10.1016/ s0360-3016(02)027 
94-3.
44. Chendil D, Ranga RS, Meigooni D et al. Curcumin con-
fers radiosensitizing effect in prostate cancer cell line 
PC-3. Oncogene 2004; 23(8): 1599–1607. doi: 10.1038/ sj.
onc.1207284.

41. Wang WH, Shen CY, Chien YC et al. Validation of en-
hancing effects of curcumin on radiotherapy with 
F98/ FGT glioblastoma-bearing rat model. Int J  Mol Sci 
2020; 21(12): 4385. doi: 10.3390/ ijms21124385.
42. Thresiamma KC, George J, Kuttan R. Protective effect 
of kurkumin, ellagic acid and bixin on radiation induced 
toxicity. Indian J Exp Biol 1996; 34(9): 845–847.
43. Inano H, Onoda M. Radioprotective action of kur-
kumin extracted from curcuma longa LINN: inhibi-

39. Ryan Wolf J, Heckler CE, Guido JJ  et al. Oral cur-
cumin for radiation dermatitis: a URCC NCORP study of 
686 breast cancer patients. Support Care Cancer 2018; 
26(5): 1543–1552. doi: 10.1007/ s00520-017-3957-4.
40. Momtazi-Borojeni AA, Ghasemi F, Hesari A et al. Anti-
cancer and radio-sensitizing effects of curcumin in na-
sopharyngeal carcinoma. Curr Pharm Des 2018; 24(19): 
2121–2128. doi: 10.2174/ 1381612824666180522105 
202.


