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  A beneficial radioprotective agent has been used to treat the radiation-induced lung injury. This 
study was performed to investigate whether curcumin, which is known to have anti-inflammatory and 
antioxidant properties, could ameliorate radiation-induced pulmonary inflammation and fibrosis in 
irradiated lungs. Rats were given daily doses of intragastric curcumin (200 mg/kg) prior to a single 
irradiation and for 8 weeks after radiation. Histopathologic findings demonstrated that macrophage 
accumulation, interstitial edema, alveolar septal thickness, perivascular fibrosis, and collapse in 
radiation-treated lungs were inhibited by curcumin administration. Radiation-induced transforming 
growth factor-β1 (TGF-β1), connective tissue growth factor (CTGF) expression, and collagen 
accumulation were also inhibited by curcumin. Moreover, western blot analysis revealed that curcumin 
lowered radiation-induced increases of tumor necrosis factor-α (TNF-α ), TNF receptor 1 (TNFR1), 
and cyclooxygenase-2 (COX-2). Curcumin also inhibited the nuclear translocation of nuclear factor-κB 
(NF-κB) p65 in radiation-treated lungs. These results indicate that long-term curcumin administration 
may reduce lung inflammation and fibrosis caused by radiation treatment. 
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INTRODUCTION

  Radiation therapy is widely used to treat inoperable solid 
tumors and hematologic malignancies in conjunction with 
chemotherapy [1,2]. Many studies have described ways to 
prevent or ameliorate radiation-induced lung injury [3-6]. 
These include applying the minimum dosage of radiation, 
minimizing the treatment field to prevent normal lung be-
ing included in the therapeutic irradiation zone, and using 
a radioprotective agent. 
  Although the molecular mechanisms of radiation-induced 
lung injury pathogenesis are not fully understood, many re-
searchers insist that the cytokine transforming growth fac-
tor-β1 (TGF-β1) is an important component [7,8]. One 
study demonstrated the potent fibrinogenic action of TGF-

β1 in damaged lung tissue after thoracic irradiation and 
showed that it led to lung fibrosis [9]. Anscher et al. [10] 
found that the blocking the TGF-β1 pathway with a specif-
ic antibody ameliorated radiation-induced lung injury in 
rats. 
  Tumor necrosis factor-α (TNF-α) is another important 
cytokine involved in radiation-induced lung injury. TNF-α- 
mediated nuclear factor kappa-B (NF-κB) activation en-
hances the release and production of pro-inflammatory cy-
tokines and cyclooxygenase-2 (COX-2) [11]. In an animal 
study, TNF-α-mediated activation of NF-κB was shown 
to enhance COX-2 expression in thoracic irradiation-da-
maged lung tissue [12]. 
  Curcumin exerts potent anti-inflammatory effects by in-
hibiting pro-inflammatory cytokines and modulating adhe-
sion molecules [13,14]. These suppressive effects are ach-
ieved through the inhibition of NF-κB-mediated inflam-
mation [15-18]. Previous evidence showed that oral curcu-
min administration reduced the lung collagen hydroxypro-
line in rats with lung fibrosis induced by whole-body irradi-
ation [19]. Recently, several studies described antioxidant 
molecules as potential radioprotective agents of curcumin 
including flaxseeds and omega-3 [20,21]. The intake of diet-
ary curcumin after thoracic irradiation attenuates pulmo-
nary fibrosis, inflammation and oxidative lung damage and 
also improves survival in Lewis lung carcinoma cell injected 
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mice [22]. 
  In the present study, we evaluated the effect of curcumin 
on radiation-induced pulmonary inflammation and colla-
gen-associated fibrosis in rat lungs 8 weeks after radiation.

METHODS

Animals

  Male Sprague Dawley rats (n=32) initially weighing 250
∼270 g were purchased from Japan SLC (Hamamatsu, 
Japan) and maintained in the animal facility of the 
Gyeongsang National University School of Medicine. The 
study was approved by institutional Board of Research of 
the Gyeongsang National University and performed in ac-
cordance with standard guidelines for laboratory animal 
care. Rats were housed three per cage and allowed to accli-
mate for 1 wk prior to treatment. The cages were kept in 
rooms with an alternating 12-h light/dark cycle, and they 
received standard rodent chow and water ad libitum. Rats 
were randomly divided into four groups: control (CTL, n=5), 
irradiated (RT, n=11), irradiated along with curcumin (RT
＋Cur, n=11), and curcumin only (Cur, n=5). 

Radiation exposure and curcumin administration 

  Rats were anesthetized with an intramuscular injection 
of 2% xylazine hydroxychloride (3 mg/kg, Rumpun; Bayer 
Korea Ltd., Seoul, Korea) and tiletamine-zolazepam (2 
mg/kg, Zoletil 50; Virbac Laboratory, Carros, France) prior 
to radiation exposure. Rats received a single 18-Gy dose 
of thoracic irradiation using a 4 MV linear accelerator 
(21EX 3153 VARIAN, Palo Alto, CA, USA). Rats were posi-
tioned so that the entire thoracic cavity (including both 
lungs) was within the radiation field. A 3-cm block of Lucite 
was positioned above the chest to provide adequate buildup 
and facilitate even radiation distribution. Curcumin was 
purchased from Sigma-Aldrich (St. Louis, MO, USA) and 
mixed with 0.5% carboxylmethylcelluose sodium salt in 
0.9% normal saline. According to previous studies [23-25], 
rats were given intragastric administrations of curcumin. 
Beginning one wk before radiation exposure until the end 
of the study (9 wk), RT＋Cur and Cur rats received curcu-
min (200 mg/kg) five times per wk. 

Tissue preparations

  All animals were sacrificed 8 wks after thoracic irra-
diation. A median thoracotomy was performed under gen-
eral anesthesia with zoletil (5 mg/kg, Virbac Laboratories, 
Carros, France), and a blood sample was obtained by direct 
ventricular puncture to measure serum TGF-β1 concen-
tration. For western blot analysis, the right lung was ex-
tracted and stored at −80oC until use. The left lung was 
removed for histological examination. 

Histopathological evaluation

  Tissue samples were fixed in 4% paraformaldehyde in 0.1 
M phosphate-buffered saline (PBS), embedded in paraffin, 
and 5-μm sections were cut. To assess the degree of in-
flammation and fibrosis in each group, sections were 
stained with hematoxylin and eosin (H&E) and Masson’s 
trichrome, respectively. We evaluated macrophage accumu-

lation, interstitial edema, alveolar septal thickening, and 
perivascular fibrosis, which were scored on a scale of 0 
(absent) to 4 (severe) (Score 0: −, Score 1: ＋/−, Score 2: 
＋, Score 3: ＋＋, Score 4: ＋＋＋), as described previously 
[26]. Each slide received four scores for separate fields, and 
the mean value was considered representative of the slide. 
Alveolar septa thickness was assessed by measuring the 
length of a straight line that crossed the alveolar wall with 
Image-Pro Plus software (Media Cybernectics, Bucking-
hamshire, UK). The mean thickness was obtained for four 
measurements from each slide; the means for each animal 
were used to calculate the average alveolar septal thickness 
of each group.

Sircol collagen assay

  The Sircol collagen assay is a dye-binding method used 
to analyze newly synthesized acid- and pepsin-soluble colla-
gens during inflammation and wound healing. The lung tis-
sues (n=5∼6 per group) had been previously frozen in liq-
uid nitrogen and stored at −80oC until assayed. The sam-
ples were thawed, and collagen concentration was analyzed 
using the Sircol assay kit (Biocolor Ltd., Northern Ireland, 
UK) according to the manufacturer's instructions. A stand-
ard curve was used to calculate the collagen content of each 
sample. 

Measurement of serum TGF-β1 concentration 

  Serum concentrations of TGF-β1 (n=5∼6 per group) 
were quantitatively measured using a TGF-β1 rat en-
zyme-linked immunosorbent assay (ELISA) kit (Alpco Diag-
nostics, Salem, NH, USA) according to the manufacturer's 
instructions. 

Immunohistochemical analysis

  After deparaffinization, sections were sequentially treat-
ed with 1% H2O2 for 10 min and rinsed thoroughly with 
PBS. Sections were blocked with 2% normal goat serum in 
PBS at room temperature for 60 min to minimize non-
specific immunoglobulin G (IgG) binding, followed by in-
cubation with rabbit anti-F4/80 (dilution 1：50; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) or mouse anti-NF-κ
B p65 (dilution 1：100; Santa Cruz Biotechnology) or rabbit 
anti-COX-2 (dilution 1：100; Cayman Chemical, Ann Arbor, 
MI, USA) antibodies. The samples were washed with PBS, 
incubated for 60 min at room temperature with biotin-con-
jugated secondary IgG (diluted 1：200; Vector Laborato-
ries, Burlingame, CA, USA), diluted in 2% normal blocking 
serum, and then incubated for 60 min at room temperature 
with avidin-biotin-peroxidase complex (ABC Elite kit, 
Vector Laboratories). The samples were then washed with 
PBS and incubated for 3 min with diaminobenzidine tetra-
hydrochloride (DAB, Sigma) containing 0.05% hydrogen 
peroxidase to develop color. The sections were visualized 
under light microscopy (model BX51, Olympus, Tokyo, 
Japan), and digital images were captured and analyzed. For 
each treatment group, F4/80-positive cells were manually 
counted in three sections of each rat (n=5∼6 per group). 
The F4/80 positive cells were counted by observers blinded 
to the treatment conditions using 40× objectives. 
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Fig. 1. Effects of curcumin on alveolar inflam-
mation in radiation-induced rat lung. (A) Repre-
sentative photomicrographs of H & E-stained 
lung sections from control (CTL), radiation (RT), 
radiation＋curcumin (RT＋Cur), and curcumin 
(Cur) rats. Scale bar=200 μm. (B) Representati-
ve photomicrographs of immunostained F4/80 in 
rat lungs from each group. Scale bar=100 μm. 
Arrows indicate macrophage.

Table 1. Effects of curcumin on pathological findings in irradiated rat lungs (n=5∼6/group)

CTL RT RT＋Cur Cur p value

Macrophage accumulation 0.25±0.14 3.10±0.10 1.00±0.30 0.55±0.23 ＜0.001
Interstitial edema 0.00±0.00 2.20±0.37 0.88±0.23 0.00±0.00 ＜0.001
Alveolar cell change 0.50±0.29 2.00±0.32 0.94±0.15 0.40±0.24  0.006
Vascular thickening 0.00±0.00 2.20±0.34 0.81±0.21 0.60±0.24 ＜0.001
Perivascular fibrosis 0.00±0.00 2.10±0.10 0.81±0.19 0.20±0.20 ＜0.001

Western blot analysis 

  Total extracts and nuclear fractions were prepared from 
the right lung according to the protocol described by Müller 
et al. [27]. Lysate protein concentration was determined us-
ing bovine serum albumin (BSA) standards and a bicincho-
ninic acid (BCA) kit (Pierce/Thermo Scientific, Rockford, IL, 
USA). Equal amounts of protein (30 μg) were separated 
by sodium dodecyl sulfate-polyacrylamide gel electropho-
resis and transferred to nitrocellulose membranes. The 
membranes were washed in Tris-buffered saline containing 
0.5% Tween-20 (TBST) and incubated with the following 
TBST-diluted primary antibodies: rabbit anti-TGF-β1 
(Chemicon International/Millipore, Temecula, CA, USA); 
rabbit anti-TNF-α, mouse anti-TNFR1, rabbit anti-TNFR2, 
and rabbit anti-NF-κB p65 (Santa Cruz Biotechnology); 
rabbit anti-COX-2 (Cayman); and rabbit anti-connective tis-
sue growth factor (CTGF, Abcam, Cambridge, UK); rabbit 
anti-acetylated NF-κB p65 (Abcam). The samples were 
then incubated with their corresponding secondary 
antibodies. An enhanced chemiluminescence (ECL) western 
blot analysis system (Amersham Pharmacia Biotech/GE 
Healthcare, Piscataway, NJ, USA) was used for detection. 
Band densities were normalized to α-tubulin expression 
levels. β-actin and lamin A were used as internal control 
for cytosolic and nuclear extracts, respectively. 

Statistical analysis 

  All statistical analyses were performed using statistical 
package for social sciences (SPSS, version 12.0, SPSS inc., 
Chicago, IL, USA). Results are presented as means±stand-
ard error of mean (SEM). Differences between groups were 
analyzed using one-way analysis of variance (ANOVA), fol-
lowed by Student Newman-Keul tests for pairwise multiple 
comparisons. Results were considered statistically sig-
nificant if p＜0.05.

RESULTS

Effect of curcumin on alveolar inflammation in 
irradiated lung 

  We hypothesized that curcumin exerts an anti-inflam-
matory effect in irradiated rat lung. To assess the effect 
of curcumin on radiation-induced inflammation, rats were 
pretreated with oral curcumin at 200 mg/kg/day from day-7 
to the end of study and exposed to single irradiation. Eight 
weeks after radiation exposure, many macrophages had in-
filtrated rat lung alveoli. Inflammation was assessed in H 
& E-stained lung sections (Fig. 1A). We observed marked 
interstitial edema and macrophage accumulation in lung 
tissue from irradiated rats but not controls (Table 1). 
However, both pathologies were inhibited by curcumin 
treatment. To confirm these findings, we performed an im-
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Fig. 2. Effects of curcumin on alveolar septal 
thickening and fibrosis in radiation-induced rat 
lungs. (A) Representative photomicrographs of H 
& E-stained lung sections from control (CTL), 
radiation (RT), radiation＋curcumin (RT＋Cur), 
and curcumin (Cur) rats. Scale bar=100 μm. (B) 
Alveolar septal thickness is presented as mean±
SEM. (C) Representative photomicrographs of 
Masson’s trichrome-stained lung sections from 
each group. Scale bar=200 μm. (D) Collagen 
content measured by Sircol assay in rat lungs 
(n=5∼6 per group) after radiation. p＜0.05 by 
ANOVA. *p＜0.05, †p＜0.001 vs. CTL and RT, 
respectively.

munohistochemistry for the macrophage marker F4/80 (Fig. 
1B). F4/80-immunostained macrophage cells were observed 
in lung sections obtained from both irradiated groups. 
Importantly, F4/80-positive macrophages were significantly 
increased in radiation-treated lungs (30.94±1.68) compared 
to controls (4.87±0.42, p＜0.001) and significantly decrea-
sed in radiation-treated lungs with curcumin (11.00±0.80) 
compared to the radiation-treated lungs (p＜0.001).

Effect of curcumin on alveolar and vascular remode-
ling in irradiated lung

  We measured alveolar septal thickness in H & E-stained 
lung sections (Fig. 2). We observed that radiation-induced 
pneumonitis caused alveolar inflammation and remodeling 
(Table 1, Fig. 2A). However, curcumin significantly attenu-
ated the increased alveolar septal thickness that occurred 
following radiation (Fig. 2B). Next, we performed Masson’s 
trichrome staining and Sircol collagen assay (Fig. 2C and 
D) to determine whether curcumin effectively inhibited ra-
diation-induced collagen accumulation and fibrosis. As 
shown in Figure 2C, vascular thickening and perivascular 
fibrosis were increased in irradiated lungs. However, curcu-
min attenuated both pathological changes (Table 1). This 
finding was confirmed by the results of the Sircol collagen 
assay (Fig. 2D), which showed that increased collagen con-
tent in irradiated lungs was ameliorated in curcu-
min-treated rats. 

Effect of curcumin on TGF-β1 and CTGF levels in 
irradiated lung

  To evaluate whether curcumin could attenuate radia-
tion-induced collagen synthesis in rat lungs, we assessed 
serum TGF-β1 levels by ELISA and TGF-β1 and CTGF 
expression levels with western blots (Fig. 3). Serum TGF-β
1 levels from irradiated rat lungs were significantly in-
creased compared to irradiated curcumin-treated rats (Fig. 
3A). Western blots revealed that radiation-induced TGF-β
1 and CTGF expression were reduced by curcumin (Fig. 3B 

and C).

Effect of curcumin on TNF-α and TNFRs expression 
in irradiated lung

  The western blots in Fig. 4A illustrate that curcumin at-
tenuated increased TNF-α and TNFR1 expression levels 
in radiation-induced lungs. However, neither radiation nor 
curcumin affected TNFR2 expression in rat lungs. 

Effect of curcumin on NF-κB nuclear translocation 
and COX-2 expression in irradiated lung

  First, we performed western blots and determined that 
curcumin effectively inhibited NF-κB p65 nuclear trans-
location in irradiated lungs (Fig. 5A). Correspondingly, we 
found that radiation-induced increased NF-κB p65 im-
munoreactivity was decreased by curcumin (Fig. 5B). In ad-
dition, in comparison with controls, acetylated p65 NF-κB 
was increased in irradiated lungs and its acetylation was 
inhibited by curcumin treatment (Fig. 5C and D). Finally, 
western blot analysis and immunohistochemical experi-
ments demonstrated that curcumin also inhibited radia-
tion-induced COX-2 expression (Fig. 6). 

DISCUSSION

  Radiation-induced lung injury is characterized by pulmo-
nary inflammation and alveolar fibrosis. Although it has 
been reported that dietary curcumin has potential ther-
apeutic effects due to its anti-inflammatory effects, the 
TGF-β1-mediated fibrotic mechanisms of curcumin in radi-
ation-induced lung injury were unclear. In the present 
study, we demonstrated that long-term curcumin adminis-
tration attenuates radiation-induced inflammation and col-
lagen-mediated fibrosis in rat lung. Specifically, curcumin 
reduces collagen levels and CTGF expression in irradiated 
lung. These findings suggest that curcumin may play an 
important role in inhibiting NF-κB-mediated inflam-
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Fig. 3. Effects of curcumin on serum TGF-β1 and 
lung TGF-β1 and CTGF expression in irradiated 
rats. (A) Serum concentrations (n=5∼6 per group) 
of TGF-β1 in control (CTL), radiation (RT), 
radiation＋curcumin (RT＋Cur), and curcumin 
(Cur) rats. (B) Western blot showing TGF-β1 and 
CTGF in lung from each group. (C) Quantification 
of lung TGF-β1 from western blot analysis. 
Densitometry values of each protein were 
normalized to α-tubulin and represented as arbi-
trary units (A.U.) relative to CTL levels. Data (n=5
∼6 per group) are presented as mean±SEM. *p
＜0.05 vs. CTL rats; †p＜0.05 vs. RT rats.

Fig. 4. Effects of curcumin on TNF-α, TNFR1, and TNFR2 ex-
pression in irradiated rat lung. (A) Western blot showing TNF-α, 
TNFR1, and TNFR2 in lungs from control (CTL), radiation (RT), 
radiation＋curcumin (RT＋Cur), and curcumin (Cur) rats. (B) Wes-
tern blot quantification of lung TNF-α and TNFR1. TNFR2 
expression was unchanged in all groups. Densitometry values of 
each protein were normalized to α-tubulin and represented as 
arbitrary units (A.U.) relative to CTL expression levels. Data (n=5
∼6 per group) are presented as mean±SEM. *p＜0.05 vs. CTL rats; 
†p＜0.05 vs. RT rats.

mation and TGF-β1-mediated fibrotic lung remodeling 
downstream of irradiation injury.
  Radiation-induced lung injury is also marked by macro-
phage infiltration, interstitial edema, and subsequent fi-
brotic changes including alveolar wall thickening and peri-
vascular fibrosis [28,29]. Several studies have suggested 
that radiation-induced lung inflammation is related to the 

pneumonitis phase [30,31]. During late-phase pneumonitis 
after radiation, the chronic fibrosis period begins and is 
characterized by progressive alveolar septa fibrosis, and 
collagen accumulates in the interstitium and perivascular 
areas, leading to alveolar septal thickening [32,33]. The two 
responses of both pneumonitis and fibrosis period are not 
completely separate 8 wks after radiation exposure, and 
partly overlap. The present study started from the hypoth-
esis that curcumin inhibits TGF-β1, COX-2, and NF-κB, 
which are the primary mediators related to inflammation, 
as this finding could give rise to protective or ameliorative 
effects of curcumin on radiation-induced pneumonitis. 
Thus, we examined the inflammation-lowering effects of 
curcumin at the climax of inflammation and to examine the 
effects of curcumin in the initial stage of fibrosis progre-
ssion in only one time point 8 wks after radiation exposure. 
  In the present study, curcumin effectively inhibited radi-
ation-induced lung injuries. Our findings are consistent 
with those of a study demonstrating that cyclo- (L-Phenyla-
lanyl-L-Prolyl) or adenoviral vector expressing a soluble 
TGF-β receptor (AdTβ-ExR) ameliorates fibroproliferative 
changes in the lung at 8 wks postirradiation [34]. Previous 
reports have shown that supplemental dietary vitamin A 
inhibits radiation-induced lung fibrosis [5], and oral curcu-
min diminishes radiation-induced alveolitis in rat models 
[4]. Our data further indicate that long-term curcumin ad-
ministration attenuates radiation-induced inflammation 
and fibrotic changes in rat lung during the pneumonitis 
phase following irradiation. 
  One of the most important pieces of evidence from the 
current study is that macrophage accumulation is sig-
nificantly decreased by curcumin. It has been reported that 
the number of macrophages increases shortly after irradi-
ation, and they subsequently produce a wide spectrum of 
cytokines that regulate fibroblast proliferation and the pro-
duction of extracellular matrix components, such as TNF-
α, TGF-β1, platelet-derived growth factor (PDGF), and in-
terleukin-4 [35]. These inflammatory cytokines have been 
associated to pulmonary fibrosis because of their ability to 
regulate matrix production [36]. These cytokines induce col-
lagen synthesis and deposition and also recruit other types 
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Fig. 5. Effects of curcumin on NF-κB p65 
nuclear translocation in irradiated rat lung. (A) 
Western blot showing NF-κB p65 in the cytop-
lasm and nucleus of lungs from control (CTL), 
radiation (RT), radiation＋curcumin (RT＋Cur), 
and curcumin (Cur) rats. Cytosolic (cyto) and nu-
clear (nu) protein levels were normalized to β- 
actin and lamin A, respectively. (B) Represen-
tative photomicrographs of immunostained NF- 
κB p65 in lung from each group. Scale bar=100 
μm. Arrows indicate macrophage. (C) Western 
blot showing acetylated NF-κB p65 in lungs 
from each group. Densitometry values for ace-
tylated NF-κB p65 were normalized to α-tu-
bulin and expressed as arbitrary units. Data 
(n=5∼6 per group) are presented as mean±SEM.
*p＜0.05 vs. CTL rats; †p＜0.05 vs. RT rats.

Fig. 6. Effects of curcumin on COX-2 expression 
in irradiated rat lung. (A) Western blot showing 
COX-2 in lungs from control (CTL), radiation 
(RT), radiation＋curcumin (RT＋Cur), and cur-
cumin (Cur) rats. (B) Western blot quantification 
of lung COX-2. Densitometry values of each pro-
tein were normalized to α-tubulin and repre-
sented as arbitrary units relative to CTL. Data 
(n=5∼6 per group) are presented as mean±SEM.
*p＜0.05 vs. CTL rats; †p＜0.05 vs. RT rats. (C) 
Representative micrographs of immunostained 
COX-2 in lungs from each group. Scale bar=100 
μm.

of inflammatory cells that cause more extreme inflam-
mation and fibrosis in damaged lung tissue [37-39]. In par-
ticular, the role of TNF-α in the development of fibrosis 
has been extensively investigated. TGF-β1 is also a key 
cytokine in the fibrotic process and radiation-induced lung 
fibrosis [40]. In accordance with our study, Park et al re-
ported that TGF-β1 was increased from 4∼8 weeks after 
20 Gy of radiation [41]. In this point, we hypothesized that 
the cellular mechanism associated with the fibrotic process 
is due to repeated episodes of acute inflammation leading 
to excessive healing characterized by collagen accumulation 
and extracellular matrix proteins. Two responses of both 
acute injury and fibrosis were simultaneously appeared in 
the rat lungs 8 weeks after irradiation. In the present 
study, we supported the evidence that the TNF-α protein 
expression level in the RT group appears to be very strong. 
First, fibrotic cytokines such as TGF-β1 and CTGF were 
increased in radiation-treated rat lungs. Secondly, we found 
that increased nuclear translocation of NF-κB in irradi-
ated lungs was reduced by curcumin. Therefore, we suggest 

that proinflammatory and fibrotic cytokines such as TNF-
α, TGF-β1, and CTGF play an important role in radia-
tion-induced lung injury. 
  It was recently reported that irradiated patients with lo-
cally advanced lung cancer who received ambroxol treat-
ment exhibited a statistically significant decrease in serum 
TGF-β1 compared to a control group [42]. Our results sup-
port the concept that serum TGF-β1 is a useful parameter 
for evaluating treatment effects in patients with radia-
tion-induced lung injuries. Furthermore, we found that nu-
clear NF-κB p65 levels decreased in response to curcumin 
treatment, indicating that curcumin blocked the radia-
tion-induced activation of NF-κB. We also confirmed that 
the increase of NF-κB p65 acetylation indicates hyper-
active NF-κB signaling in irradiated rat lungs. Curcumin 
suppressed the radiation-induced expression of NF-κ
B-regulated COX-2. Our results are consistent with a re-
cent report showing that curcumin inhibits radiation-in-
duced NF-κB activation by suppressing IκBα activation 
in human colorectal cancer cells [43]. With regard to pulmo-
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nary fibrosis, COX-2 has been shown to be important regu-
lator of lung diseases [44]. Radiation-induced COX-2 ex-
pression was attenuated by COX-2 inhibitor [45]. Although 
disruption of COX-2 activity worsens bleomycin-induced 
lung dysfunction, COX-2 deficiency did not alter the extent 
or severity of fibrosis [46]. These data indicate that curcu-
min inhibits radiation-induced COX-2 expression by in-
hibiting NF-κB nuclear translocation and the other 
COX-2-independent mechanisms may be contributed to pul-
monary fibrosis. 
  In the present study, there are some limitations. First, 
we did not explore the dose-dependent effects of curcumin 
on radiation-induced lung injury. Previous studies showed 
that 25, 50, 100, 150, or 200 mg/kg of oral curcumin supple-
mentation in the excision wound model after radiation ex-
posure showed dose-dependent elevation in the wound con-
traction [25]. Furthermore, curcumin (200 mg/kg) had pro-
tective effects against nicotine-induced lung injury or radia-
tion-induced acute oral mucositis in the rats [23,24]. Based 
on previous studies, the daily dose (200 mg/kg) of curcumin 
was performed for the prevention of radiation-induced lung 
injury for 8 wks in this study. In fact, the relationships 
between supplemental doses and therapeutic doses have 
not been clearly defined. Thus, to know the optimal ther-
apeutic dosage of curcumin for the prevention of radia-
tion-induced lung injury in human will be more 
investigated. Second, although numerous lines of evidence 
suggest that curcumin is a potent anti-inflammatory and 
anti-fibrotic agent, the precise pharmacological mechanism 
is not clear. In the present study, we propose more direct 
anti-inflammatory and anti-fibrotic effects of curcumin by 
showing that it inhibits TNF-α, TNFR1, NF-κB, TGF-β1, 
collagen accumulation in lungs during two responses of 
both pneumonitis and fibrosis period 8 wks after radiation 
exposure. Furthermore, our study was not limited to the 
intracellular level, but also examined tissues changes such 
as the accumulation of macrophages and thickening of the 
alveolar septa. A comparison of tissue changes through his-
tological grading is an important aspect of our study that 
differentiates it from the previous study.  
  In conclusion, the present study showed that long-term 
curcumin administration inhibits the radiation-induced in-
flammatory processes, including macrophage infiltration 
and pro-inflammatory cytokine expression, and attenuated 
fibrotic changes, including alveolar septal thickening and 
perivascular fibrosis. Thus, curcumin treatment might be 
a beneficial radioprotective agent for patients with radia-
tion-induced pneumonitis.
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