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Objective: Side-effects to normal tissues reduce the therapeutic window of radiotherapy. 
During radiotherapy, the skin is inevitably exposed to doses of ionizing radiation, leading to 
varying degrees of skin damage. Natural antioxidants have been explored for their radio-
protective potentials. Thus, the present study aimed to investigate the protective effect of 
curcumin against radiotherapy-induced oxidative damage to the skin.
Methods: Forty rats were divided into four groups as follows: vehicle control (without 
irradiation or drug treatment), treatment with 150 mg/kg curcumin, 10 Gy single dose 
irradiation only, and 150 mg/kg curcumin plus 10 Gy radiation (RC). In the treatment 
groups, each rat was treated orally with 150 mg/kg curcumin 1 day before irradiation to 
3 consecutive days after irradiation. Weeks 1, 2, or 4 after irradiation, all rats were sacrificed 
and their skin tissues collected and frozen at −80°C for the determination of malondialde-
hyde (MDA), catalase (CAT), superoxide dismutase (SOD), and glutathione peroxidase 
(GSH-Px) activity in skin tissues.
Results: Radiotherapy-induced oxidative injury to the skin was evidenced by elevated MDA 
levels as well as depleted CAT, SOD, and GSH-Px activities. However, the administration of 
curcumin before and after irradiation prevented radiotherapy-induced oxidative damage by 
significantly elevating the activities of antioxidant enzymes.
Conclusion: From the findings of the present study, curcumin showed potential for protec-
tion against radiotherapy-induced oxidative injury to the skin. However, future studies are 
required to evaluate its clinical efficacy.
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Introduction
It is estimated that more than half of cancer patients receive radiation during their 
course of therapy, a process known as radiotherapy.1 In spite of the fact that 
radiotherapy has become a mainstay in cancer therapy, it could also lead to normal 
tissue toxicity. Ionizing radiation can generate reactive oxygen species (ROS) to 
attack genetic contents of cells including the nucleus and DNA. Normal tissue 
toxicity is a limiting factor for receiving sufficient radiation doses to kill tumors, 
thereby reducing the therapeutic window of radiotherapy.

During radiotherapy, the skin is usually the first organ of contact with ionizing 
radiation, hence, it is inevitably exposed to ionizing radiation. It has been estimated 
that about 90–95% of cancer patients experience acute skin reactions after 
radiotherapy.2,3 Thus, radiation-induced damage to the skin is a major complication 
from radiotherapy. The mechanism of ionizing radiation-induced skin toxicities has 
been attributed to apoptosis, mitotic catastrophe, and necrosis, which gives rise to 
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the appearance of skin reactions such as inflammation, 
occurring a few weeks after radiotherapy.4 Apart from 
being a dose-limiting factor, this has a negative effect on 
patient’s quality-of-life post radiotherapy. Therefore, it is 
imperative that this important organ is protected from the 
deleterious effects of ionizing radiation.

In a bid to ensure protection of normal tissues against 
radiotherapy-induced toxicities, several studies have been 
conducted to evaluate the protective effects of different 
agents. However, due to side-effects from some of these 
chemical agents, there is a growing interest towards nat-
ural agents. Amongst the different types of natural agents, 
polyphenols such as curcumin are the most important and 
well known. Curcumin has been traditionally used for 
healing some diseases such as inflammation, thrombosis, 
and preventing hepatic disorders.5 Curcumin has shown 
potential as a chemopreventive agent in a Phase 1 clinical 
trial without side-effects.6 Thus, based on the promising 
protective effects of curcumin, the present study aimed to 
investigate its potential for radioprotection of the skin.

Methods
Ethics
The conducts of this experimental study was subjected to 
approval by the ethical committee of Tehran University of 
Medical Sciences (approval number: 35,116). Thus, their 
guidelines for the care and use of laboratory animals were 
strictly followed in this study.

Animals
Forty male wistar rats (8-week-old and weighing 180–210 
g) were procured from the animal laboratory of the School 
of Medicine, Tehran University of Medical Sciences, 
Tehran, Iran. Before commencement of experiments, all 
animals were kept in plexiglas cages for 1 week for accli-
matization under the following conditions: feeding with 
rodent chow diet and water, ambient temperature (21°C), 
relative humidity (50–70%), air-flow rate (15 exchanges 
per hour), in addition to a 12-hour light and dark cycle 
(7 am to 7 pm).

Study Design and Irradiation
Forty rats were randomly allocated into 4 groups (10 rats 
each) as follows; G1: vehicle control (VC) without drug 
treatment or irradiation, treatment with curcumin (C), 
treatment with radiation only (R), treatment with curcumin 
plus radiation (RC). Curcumin was dissolved in 20% 

ethanol to give a final concentration of 30 mg/mL. Each 
rat was treated orally with 1 mL curcumin (150 mg/kg) 
1 day before irradiation to 3 consecutive days after irradia-
tion. Before irradiation, rats were anesthetised via an 
intraperitoneal injection of ketamine 10% (80 mg/kg) and 
xylazine 2% (5 mg/kg). Afterwards, they were irradiated 
with a 10 Gy single dose to the abdominal and pelvis 
region using a cobalt-60 gamma ray source at a dose rate 
of 0.65 cGy per minute and a source to skin distance of 
1 m. The choice of the curcumin dose was based on 
a previous study by Kolivand et al,7 while that of radiation 
was according to Jourdan et al.8 All rats were sacrificed 1, 
2, or 4 weeks after irradiation. Afterwards, their skin 
tissues were carefully removed and frozen at −80°C.

These tissues were cut into small pieces, and homo-
genized in ice cold potassium phosphate buffer (PBS) (pH 
7.4) to produce 10% homogenates. Afterwards, centrifuga-
tion was done at 4000 rpm for 15 minutes at 4°C. The 
supernatants were removed and serum enzymes were mea-
sured including malondialdehyde (MDA), catalase (CAT), 
superoxide dismutase (SOD), and glutathione peroxidase 
(GSH-Px). These biochemical parameters were evaluated 
using Zell Bio kit (Zell Bio, Germany) according to its 
instruction manual.

Measurement of MDA Level
MDA is a common marker of lipid peroxidation. The 
amount of lipid peroxidation was assessed by thiobarbitu-
ric acid reactive substances (TBARS) in the colon. MDA 
activity was determined colorimetrically at 532 nm.

Measurement of CAT Activity
CAT activity is considered as the sample that will catalyze 
1 μmole of hydrogen peroxide to water and oxygen in 
1 minute. Catalase activity was determined colorimetri-
cally at 405 nm.

Measurement of GSH-Px Amount
GSH-Px amount is considered as the amount of sample 
that will catalyze the decomposition of 1 μmole of GSH to 
glutathione disulfide (GSSG) in 1 minute. GSH was deter-
mined colorimetrically at 412 nm.

Measurement of SOD Activity
SOD activity is expressed as the amount of the sample that 
will catalyze 1 μmole of superoxide radicals to hydrogen 
peroxide and oxygen in 1 minute. SOD activity was deter-
mined colorimetrically at 420 nm.
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Statistical Analysis
SPSS software version 22 (IBM, Chicago, IL, USA) was 
used for all statistical analyses. The obtained results were 
expressed as mean±standard deviation (SD). Two-way 
ANOVA followed by Tukey’s multiple comparison tests 
were implemented for analysis of differences between 
groups. Mann-Whitney test was used for nonparametric 
biochemical comparisons at each time point. Statistical 
significance was set at a Pvalue<0.05.

Results
Skin Tissue MDA Levels
One, 2, and 4 weeks post-irradiation, MDA levels in the 
skin tissue samples were found to be significantly higher 
in the R group compared to VC (P<0.0001). Treatment 
with curcumin before and after irradiation reduced MDA 
levels significantly (P<0.0001). Curcumin significantly 
reduced MDA levels in the skin compared to the VC 
group (P<0.01) at 1, 2, and 4 weeks. No significant 
differences were observed between the levels of MDA 
in the skin tissues of the VC group compared with the 
RC group until after 1, 2, and 4 weeks (P>0.05), as 
shown in Figure 1. These effects of curcumin as well 
as radiation were time-dependent (P<0.05).

Skin Tissue CAT Activity
One, 2, and 4 weeks post-irradiation, CAT activity in the 
skin tissue samples were found to be significantly lower 
in the R group compared to VC (P<0.0001). Treatment 
with curcumin before and after irradiation significantly 
reversed CAT activity (P<0.0001). Treatment with curcu-
min also significantly increased CAT activity in the skin 
compared to the VC group (P<0.0001) at 1, 2, and 

4 weeks. No significant differences were observed 
between the levels of CAT in the skin tissues of 
C compared with the RC group (P>0.05), as shown in 
Figure 2. The effects of curcumin and radiation were also 
time dependent (P<0.05).

Skin Tissue SOD Activity
One, 2, and 4 weeks post-irradiation, SOD activity in the 
skin tissue samples was found to be significantly lower in 
the R group compared to VC. Treatment with curcumin 
before and after irradiation reversed SOD activity 
(P<0.0001). Treatment with curcumin also significantly 
increased SOD activity in the skin compared to the VC 
group (P<0.05). There was a significant difference 
between the levels of SOD in the skin tissues of curcu-
min compared with the RC group (P<0.01), as shown in 
Figure 3. The effects of curcumin and radiation were not 
time dependent (P>0.05).

Figure 1 Effects of irradiation pre- and post-treatment with curcumin on MDA 
levels (µmol/mg of protein) at 1, 2, and 4 weeks post-irradiation.

Figure 2 Effects of irradiation pre- and post-treatment with curcumin on CAT 
activity (U/mg of protein) at 1, 2, and 4 weeks post-irradiation.

Figure 3 Effects of irradiation pre- and post-treatment with curcumin on SOD 
activity (U/mg of protein) at 1, 2, and 4 weeks post-irradiation.
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GSH-Px Activity in Skin Tissue
One, 2, and 4 weeks post-irradiation, GSH-Px activity in 
the skin tissue samples were found to be significantly 
lower in the R group compared to VC (P<0.0001). 
Treatment with curcumin before and after irradiation sig-
nificantly reversed CAT activity (P<0.0001). Significant 
differences were observed between the levels of CAT in 
the skin tissues of VC compared with the RC group 
(P<0.05), as shown in Figure 4. The effects of curcumin 
as well as radiation were not time dependent (P>0.05).

Discussion
Findings from biochemical evaluations showed that expo-
sure to radiation led to significant damage to skin tissues. 
Furthermore, comparison between the radiation and con-
trol groups showed a significant increase in MDA produc-
tion in the radiation group. This is in agreement with 
previous findings which showed that radiation-induced 
oxidative damage increases MDA levels of irradiated 
tissues.9,10 Irradiation of the skin tissues also led to 
a significant reduction in SOD and CAT activities as well 
as GSH levels when compared to the control group. These 
results show the effect of ionizing radiation in upsetting 
the antioxidant balance in biological systems due to the 
production of excess free radicals.11 Antioxidant imbal-
ance has been shown to induce detrimental effects on 
healthy tissues.12

Proliferating cells such as those of the skin are highly 
radiosensitive and are mostly affected by irradiation.4,13 

Irradiation of the skin could damage proliferating stem 
cells as well as further development of ischemic and 
fibrous tissue via reduction of resident and recruited stem 

cells in the vascularized tissue.14 Radiation-induced oxi-
dative damage gives rise to changes in lipid bilayer fluidity 
and permeability. Thus, ROS are responsible for structural 
and functional damage to membrane lipids. Furthermore, 
cell membrane permeability and variations in tissue ionic 
contents are hampered.15,16 Results from the present study 
show that the administration of curcumin before and after 
irradiation prevented radiation-induced oxidative damage 
to the skin as well as increased antioxidant system. These 
findings are in agreement with previous studies which 
reported the ability of curcumin to inhibit the development 
of lipid peroxidation and neutralize ROS.17,18 It has also 
been shown to attenuate the expressions of several inflam-
matory mediators including nuclear factor κB (NF-κB), 
cyclooxygenase-2 (COX-2), inducible nitric oxide 
synthase (iNOS), lipoxygenases, inflammatory cytokines 
(IL-1, IL-6, IL-8), chemokines, etc.19

To ensure that the therapeutic effects of radiotherapy 
are fully maximized, it is imperative that side-effects to 
normal tissues are greatly minimized. Thus, in recent 
decades, several investigations have been conducted on 
the use of radioprotectors to counter the deleterious effects 
of ionizing radiation on normal tissues. An ideal radio-
protector should protect healthy tissues without sparing 
tumor cells. Radioprotectors can come in either natural 
or chemical forms. Natural radioprotectors such as mela-
tonin, curcumin, sheng-mai-san, dan-hong, metformin, etc. 
have been reported to protect against ionizing-radiation 
toxicities to several organs.5,20 Furthermore, they are 
easily available, cheap, and less toxic. These are major 
advantages over chemical radioprotectors.

While curcumin has been investigated for its radio-
protective effects, studies have also shown that curcumin 
has anti-cancer abilities.21,23 Thus, curcumin could be 
a double-edged sword in cancer therapy. Hence, based on 
these interesting findings in addition to its low toxicity and 
sensitization of tumor cells, there is growing interest for 
clinical applications of curcumin in radiotherapy, espe-
cially in its ability to protect the skin which is inevitably 
exposed to ionizing radiation.

Conclusion
Findings from the present study have shown that curcumin 
has the potential to protect against radiotherapy-induced 
oxidative damage to the skin via restoration of the antiox-
idant balance of irradiated skin tissues. We recommend 
future clinical studies to further evaluate its clinical 
efficacy.

Figure 4 Effects of irradiation pre- and post-treatment with curcumin on GSH-Px 
activity (U/mg of protein) at 1, 2, and 4 weeks post-irradiation.
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