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Objective: The aim of this study was to investigate whether the side effects of radiotherapy (RT)
could be reduced by curcumin administered to rats receiving RT to the larynx.

Methods: Forty male Wistar Albino rats were randomly and equally divided into four groups:
RT only (Group I), RT+curcumin+dimethyl sulfoxide (Group II), RT+dimethyl sulfoxide (Group
III), and curcumin+dimethyl sulfoxide (Group IV). Curcumin was administered intraperitoneally,
dissolved in dimethyl sulfoxide, starting five days before RT. A single 16 Gy dose of X-ray was
applied to the neck region in groups receiving RT. All groups were sacrificed on the third day
after RT. Laryngeal tissues were excised and analyzed histopathologically (for edema, hyperemia,
pseudostratification, necrosis, cilia loss, and inflammation) and immunohistochemically [Tumor
Necrosis Factor-alpha (TNF-a) expression]. Histopathological parameters were graded as none,
mild, moderate, and severe (0, 1+, 2+, 3+). The severity of TNF-a expression was scored between
0 and 3.

Results: The formation of edema, hyperemia, necrosis, and pseudostratification in Group II rats
was statistically significantly reduced (p=0.001, 0.003, 0.004, and 0.005, respectively). Similarly,
TNF-a expression was also significantly decreased in Group II rats (p=0.009). However, no
statistically significant differences were observed for cilia loss and inflammation (p=0.055 and
0.091, respectively).

Conclusion: Our findings suggest that curcumin may reduce the development of edema,
hyperemia, necrosis, and pseudostratification in laryngeal tissue due to RT. While further research
is needed to determine whether curcumin confers protection against RT-induced damage in
tumor tissues, the results of this study suggest that curcumin, a natural, non-toxic, and cost-
effective dietary compound, has the potential to be used as a radioprotective agent.

Keywords: Larynx, curcumin, radiotherapy, radiation protection, antioxidants, tumor necrosis
factor-alpha, inflammation
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Introduction

Laryngeal cancers (LCs) rank second among head and
neck malignancies after oral cavity cancers, excluding skin
cancer (1). Radiotherapy (RT) for LCs is used for primary
(definitive), adjuvant, palliative, and salvage purposes.
Primary RT is particularly beneficial for patients with
early-stage LC, those who do not accept surgical treatment,
and inoperable cases (2). Adjuvant RT is administered to
all T3-T'4 stage laryngeal tumors, as well as to those with
neck lymph node involvement, extracapsular extension, or
histopathologically positive surgical margins (2,3). Clinical
side effects of RT in patients with LC include laryngeal
edema, impairment of vocal function, dysphonia, dysphagia,
aspiration, and chondronecrosis (4,5).

To reduce the secondary morbidity of RT, healthy non-
cancerous cells in laryngeal tissue should be preserved as
much as possible. Various methods have been developed to
reduce or eliminate the adverse effects of RT on laryngeal
tissue and its associated pathologies. One of the most used
methods is the systemic administration of radioprotective
agents. Amifostine, a widely used radioprotective agent, has
been approved for clinical use by the U.S. Food and Drug
Administration. However, due to adverse effects such as
hypotension and allergic reactions, the use of amifostine is
limited (6). Therefore, natural, non-toxic radioprotective
substances with a long half-life and minimal side effects are
being investigated. The radioprotective activity of curcumin
(CUR) has been widely studied, and its protective effects
have been reported in numerous rat studies (7,8).

CUR (diferuloylmethane) is a bioactive compound with
the chemical formula C;1H300O¢, which gives turmeric
its characteristic yellow color. It is extracted from the
rhizomes of the Curcuma longa plant. CUR exhibits various
biological effects, including antioxidant, anti-inflammatory,
anti-angiogenic,  chemoprotective,  chemosensitizing,
radioprotective, and radiosensitizing properties (9-11).
Regarding the underlying mechanisms of CUR’s potential
therapeutic effects, it inhibits cell membrane lipid peroxidation,
thereby reducing the formation of free radicals. Moreover, it
has been shown to interact with several signal transduction
molecules, including mitogen-activated protein kinases,
Janus kinase/signal transducer and activator of transcription,
and nuclear factor-kappa B (NF-kB). As a result of these
interactions, CUR can reduce pro-inflammatory cytokines,
such as interleukin-1 (IL-1), IL-8, Tumor Necrosis Factor-
alpha (TNF-a), and interferon-gamma (12).

Dimethyl sulfoxide (DMSO) is a widely used chemical
solvent and a free radical scavenger. It has been observed
to exhibit analgesic, anti-inflammatory, radioprotective,
and chemoprotective properties (13). In laboratory settings,
water-insoluble therapeutic and toxic substances are

commonly dissolved in DMSO (14). According to the
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manufacturer’s specifications, the CUR powder used in this

study is soluble in DMSO (15).

The objective of this study was to determine whether the
adverse side effects of RT could be mitigated by administering
CUR to rats receiving RT to the larynx.

Methods
Ethical Approval and Experimental Groups

Ethical approval for this study was obtained from the
Burdur Mehmet Akif Ersoy University (MAKU) Animal
Experiments Local Ethics Committee (date: 20.05.2021,
number: 773). A total of 40 male Wistar Albino rats (250+20
g) were procured from the Burdur MAKU Laboratory
Animals Production and Experimental Research Center.
After a one-week acclimatization period, the rats were
randomly assigned to four equal groups:

» Group I: Received only RT
» Group IT: Received RT+CUR+DMSO
» Group IIT: Received RT+DMSO

» Group IV: Received CUR+DMSO

All animals were housed under standard environmental
conditions (24 °C, with a 12-hour light-dark cycle) and
provided ad libitum access to standard food and fresh water.

Curcumin-Dimethyl Sulfoxide Application

The solubility of CUR powder (C1386, Sigma-Aldrich,
Schnelldorf, Germany) in DMSO (Isolab Chemicals,
Eschau, Germany) was determined to be 25 mg/mL, as
stated in the product catalog. CUR was administered at a
dose of 100 mg/kg, with the corresponding DMSO dose
calculated as 4 mL/kg based on solubility and the required
CUR amount. CUR and DMSO administration in Groups
IL, II1, and IV commenced five days before RT and was

continued once daily via intraperitoneal (IP) injection (16).
Radiotherapy Application

For RT application, all rats in Groups I, II, and III were
first sedated with xylazine (10 mg/kg, Rompun 2%, Bayer,
Leverkusen, Germany) and ketamine (90 mg/kg, Ketasol
10%, Richter Pharma, Wels, Austria) via IP injection. The
rats were then immobilized in the supine position, and three-
dimensional conformal RT was planned based on computed
tomography images of the rat’s neck region.

A single dose of 16 Gy RT was administered using 6 MV
photon energy, maintaining a source-to-skin distance of 100
cm at a depth of 3 cm, utilizing the Varian DBX (Varian
Medical Systems, Palo Alto, CA, USA) device (17,18).
Following RT, one rat in Group I died in the second hour,
while two rats in Group II died in the fourth and fifth hours,
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respectively. On the third day after RT, all remaining rats
were sacrificed via IP administration of a ketamine (270 mg/

kg) and xylazine (30 mg/kg) mixture.

A necropsy procedure was performed to obtain laryngeal
tissue samples, which were immediately fixed in formaldehyde
and labeled according to their respective groups (Figure 1).

Histopathological and Immunohistochemical Examinations

Laryngeal samples obtained during necropsy were fixed
in 10% neutral formaldehyde solution. After two days of
fixation, the samples were longitudinally sectioned and
placed into cassettes for routine tissue processing using a
fully automated tissue processor (Leica ASP300S; Leica
Microsystem, Nussloch, Germany). The processed samples
were embedded in paraffin wax, cooled for 4-5 hours, and
then serial sections (5 pm thick) were obtained using a Leica
2155 fully automatic rotary microtome (Leica Microsystem,
Nussloch, Germany).

The sections were stained with hematoxylin-eosin and cover-
slipped for examination under an Olympus CX21 light
microscope. Microscopic digital images were captured using
an Olympus DP26 camera and transferred to a computer
for analysis via the Database Manual Cell Sens Life Science
Imaging Software System (Olympus Corporation, Tokyo,

Japan).
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Histopathological parameters for evaluation included:
Edema, hyperemia, pseudostratification, necrosis, ciliary loss,
inflammation. These parameters were graded as follows:

None (0)

Mild (1 positive)

Moderate (2 positive)
Severe (3 positive) (Table 1).

Histopathological evaluations were performed by a single
pathologist who was blinded to the study groups to eliminate
bias. For immunohistochemical analysis, additional
sections were mounted on Poly-L-lysine-coated slides
and stained for TNF-o expression using the streptavidin-
biotin complex peroxidase method. Primary and secondary
antibodies from Abcam (UK) were used for this procedure.
Immunohistochemical staining for TNF-o [Anti-TNF
alpha antibody (EPR21753-109) (ab205587), diluted 1:100]
was conducted using the UltraVision Detection System
Anti-Polyvalent HRP kit (TP-060-HL) (Thermo Shandon
Limited, Cheshire, England).

The reaction was visualized using 3,3’-diaminobenzidine
chromogen, and negative controls were obtained by
incubating sections with antibody dilution solution
instead of primary antibodies. Finally, counterstaining was

|
W
- ‘
v

< A .\\\\\’\X\\\\\\\‘{ \-.\.\\\
) ,{ -t |
|

Figure 1. Experimental setup demonstrating the establishment of study groups (A), administration of **curcumin and/or dimethyl sulfoxide (B),

irradiation of the neck region (C), and excised laryngeal tissue (D).
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Table 1. Histopathological parameters and scoring for laryngeal tissue

Parameters 0 None 1+ Mild

Edema <25% 26-50%
Hyperemia <25% 26-50%

Necrosis None Single cell necrosis
Pseudostratification Normal Low and mild
Loss of cilia None Mild

1-20 lymphocytes 21-50 lymphocytes

Inflammation

no neutrophils 1-2 neutrophils

performed with Harris hematoxylin, followed by cover-
slipping in preparation for light microscopy examination. For
immunohistochemical evaluations, 100 cells were counted in
five fields under a 40x objective lens per section. Based on
the percentage of positively stained cells, the scoring system
was as follows:

<25% positive cells (0)
26-50% (1)

51-75% (2)

>76% (3)

Histopathological evaluations were conducted under a
20x objective lens, and scores were calculated based on the

parameters in Table 1 using Image] 1.46r software (National
Institutes of Health, Bethesda, MD).

Statistical Analysis

Data analysis was performed using SPSS 24.0 software
(IBM SPSS Statistics for Windows, Version 24.0. Armonk,
NY, USA). Descriptive findings are presented as frequency
(n) and percentage (%) distributions for categorical
variables and as median, minimum, and maximum values
for continuous variables. Since each group contained fewer
than 30 samples, non-parametric statistical methods were
applied. The Kruskal-Wallis test was used to compare
histopathological and immunohistochemical scores across
groups. If a significant difference was found, pairwise
comparisons were conducted using the Bonferroni-corrected
Mann-Whitney U test. The accepted level of statistical
significance was p<0.05. Effect size was set at {=0.75, with
a significance level (a) of 0.05 and statistical power (1-B) of
0.95. A total sample size of 36 animals was determined to
achieve a power of 95.79%, as calculated using the G*Power
3.1.9.4 program (Heinrich-Heine-Universitit Disseldorf,
Nordrhein-Westfalen, Germany).

Results
Widespread epithelial shedding and epithelial cell necrosis

were observed in the rats in Group I. Epithelial proliferation
was noted in various areas, along with the presence of
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2+ Moderate 3+ Severe

51-75% >76%

51-75% >76%

Necrosis in local area Diffuse necrosis
Local and moderate Diffuse and marked
Moderate Severe

51-80 lymphocytes 81-120 lymphocytes

3-10 neutrophils >10 neutrophils

intraepithelial neutrophils and leukocytes in multiple
regions. Additionally, marked hyperemia and inflammatory
cell infiltration were detected in the lamina propria. Mild
cilia loss was observed in some cells.

A marked improvement in all pathological findings was noted
in the laryngeal tissues of rats in Group II. Epithelial shedding
was significantly reduced, and no proliferative changes were
detected in any of the rats in this group. Additionally, cilia
structures were significantly preserved. Similarly, a notable
reduction in inflammatory cell infiltration was observed in
the lamina propria.

A mild reduction in pathological findings was observed in
Group IIT rats. Compared to Group III, rats in Group 1I
exhibited greater protection and preservation, as reflected
in their pathological scores. Laryngeal histology appeared
normal in Group IV (Figure 2). A comparative analysis of
histopathological parameters across all groups is presented

in Table 2.

In immunohistochemical examinations, a significant
increase in immunoreactivity was observed in all cell types,
particularly in epithelial cells of Group I. However, a
decrease in expression was noted in Groups II and III, with
a more pronounced reduction in Group II. In Group 1V,
while no expression was detected in most rats, sporadic mild
expression was observed in a few cells in some rats (Figure 3).
A comparative analysis of immunohistochemical parameters
across groups is provided in Table 3.

Discussion

Although RT is a successful treatment for LC, it also has
adverse effects on the larynx. These may include alterations in
taste perception, mucositis, pain, hyperemia, and tenderness
in the irradiated skin area, as well as dysphonia, xerostomia
(dry mouth), swallowing and chewing difficulties, nausea,
and deterioration in hematological parameters (5,19). In a
study examining RT-induced histopathological changes in
the larynx, an acute inflaimmatory reaction characterized
by leukocyte infiltration, necrosis, and hemorrhage was
observed in the deep connective tissues within 2 to 12 days
post-RT, leading to damage in the respiratory epithelium.
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Figure 2. Histopathological comparison of laryngeal tissues across groups. (A) Severe epithelial loss, necrosis (arrowhead), and inflammatory
reaction (arrow) in Group 1. (B) Marked improvement in the pseudostratified epithelial layer with only mild inflammatory reaction (arrow) in
the propria mucosa in Group II. (C) Slight healing of the pseudostratified epithelial layer with a mildly reduced inflammatory reaction (arrow)
in Group III. (D) Normal laryngeal epithelial structure in Group IV. Hematoxylin & eosin (HE) staining; scale bar = 50 pm.

Figure 3. Immunohistochemical analysis of TNF-o expression across groups. (A) Strong TNF-a expression in Group L. (B) Decreased expression
in Group II. (C) Slightly reduced expression in Group III. (D) Negative expression in Group IV. Thick arrows indicate the pseudostratified
epithelium, while thin arrows denote the stratified squamous epithelium. Streptavidin-biotin peroxidase method; scale bar = 50 um.
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Table 2. Comparison of histopathological values in the groups

n Min. Max. Median p-value* p-value*
G1-G2 0.001
Group I 9 2.00 3.00 3.00
G1-G3 0.091
G1-G4 <0.001
Group II 8 0.00 1.00 0.50
Edema <0.001 G2-G3 0.695
G2-G4 1.000
Group III 10 1.00 2.00 1.00
G3-G4 0.027
Group IV 10 0.00 1.00 0.00 - -
G1-G2 0.003
Group I 9 2.00 3.00 3.00
G1-G3 0.143
G1-G4 <0.001
Group I1 8 0.00 1.00 1.00
Hyperemia <0.001 G2-G3 1.000
G2-G4 1.000
Group III 10 0.00 2.00 1.50
G3-G4 0.031
Group IV 10 0.00 1.00 0.00 - -
G1-G2 0.004
Group I 9 1.00 2.00 2.00
G1-G3 0.001
G1-G4 <0.001
Group I1 8 0.00 1.00 0.00
Necrosis <0.001 G2-G3 1.000
G2-G4 1.000
Group III 10 0.00 1.00 0.00
G3-G4 1.000
Group IV 10 0.00 0.00 0.00 - -
G1-G2 0.005
Group I 9 1.00 2.00 1.00
G1-G3 0.164
G1-G4 <0.001
Group I1 8 0.00 1.00 0.00
Pseudo stratification <0.001 G2-G3 1.000
G2-G4 1.000
Group III 10 0.00 1.00 1.00
G3-G4 0.296
Group IV 10 0.00 1.00 0.00 - -
G1-G2 0.055
Group I 9 1.00 2.00 1.00
G1-G3 1.000
G1-G4 <0.001
Group II 8 0.00 1.00 0.50
Loss of cilia <0.001 G2-G3 0.455
G2-G4 0.608
Group III 10 0.00 2.00 1.00
G3-G4 0.002
Group IV 10 0.00 0.00 0.00 - -
G1-G2 0.091
Group I 9 1.00 2.00 2.00
G1-G3 0.130
G1-G4 <0.001
Group I1 8 0.00 2.00 0.50
Inflammation 0.001 G2-G3 1.000
G2-G4 0.758
Group III 10 0.00 2.00 1.00
G3-G4 0.344
Group IV 10 0.00 1.00 0.00 - -

The significance value was calculated with Bonferroni correction for multiple comparisons. The significance value was determined as p<0.05.

*According to Kruskal-Wallis test, *According to Mann-Whitney U test, n: Number of rats in group, Min.: Minimum, Max.: Maximum
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Table 3. Comparison of immunohistochemical values in the groups

TNF-a expression n Min. Max.
Group I 9 2.00 3.00
Group II 8 1.00 2.00
Group III 10 1.00 3.00
Group IV 10 0.00 1.00

Caner et al.
Radioprotective Effect of Curcumin on the Larynx

Median p-value* p-value*
G1-G2 0.009
3.00 G1-G3 0.407
G1-G4 <0.001
100 G2-G3 0.845
' <0.001 G2-G4 0.564
2.00 G3-G4 0.005
0.00 - -

The significance value was calculated with Bonferroni correction for multiple comparisons. The significance value was determined as p<0.05

*According to Kruskal-Wallis test, * According to Mann-Whitney U test, n: Number of rats in group, Min.: Minimum, Max.: Maximum

Additionally, thinning of small blood vessels and lymphatics
resulted in increased endothelial permeability and interstitial

edema (20,21).

Radioprotective agents are wused to mitigate these
complications. Hosseinimehr (22) suggested that an ideal
radioprotective agent should effectively shield healthy tissues
from RT-induced damage, be easy to administer, exhibit low
toxicity, and be compatible with other medications taken
by the patient. CUR, whose radioprotective properties have
been widely reported, is a phytochemical with anticancer,
anti-inflammatory, and antioxidant activities, historically

used in traditional medicine (23,24).

In a study conducted by Lopez-Jornet et al. (25) in rats, a
single dose of lycopene (20 mg/kg) and CUR (50 mg/kg)
was dissolved in DMSO and administered IP’ly 24 hours
before RT. Histopathological examination revealed that rats
receiving lycopene and CUR exhibited reduced cell necrosis,
structural damage, vacuolization, and acinar duct loss in the

parotid glands following 20 Gy RT to the neck region.

While numerous studies have investigated the radioprotective
efficacy of CUR in RT-treated rats, none have examined its
effectiveness in laryngeal tissues. Therefore, our study aimed
to evaluate the potential radioprotective effects of CUR on
the rat larynx. In a study by Jagetia and Rajanikant (26), CUR
doses of 25, 50, 100, 150, and 200 mg/kg were tested, and
the maximum recovery rate was observed in rats receiving 100
mg/kg. Based on these findings, we selected a 100 mg/kg dose
of CUR for our study. Additionally, due to CUR’s low oral
bioavailability, IP administration was preferred to standardize
the delivered dose (10). Considering previous studies, sacrifice
was scheduled for the third day after RT (25,27,28). A longer
observation period could have allowed for compensatory
antioxidant mechanisms, potentially masking the effects of

CUR. Thus, sacrifice on day 3 was deemed appropriate.

In a study conducted by Chen et al. (29), IP’ly administered
CUR significantly reduced brain edema in rats subjected to

traumatic brain injury. Similarly, in our study, RT-induced
edema in the larynx was significantly reduced in rats receiving
CUR+DMSO, with a statistically significant difference
between Groups I and II (p=0.001). Memis et al. (30) reported
that CUR administration in rats with experimental sepsis
reduced edema, inflammation, and hyperemia, as observed
in histopathological examinations. Consistently, in our study,
hyperemia was significantly reduced in Group II (p=0.003).
Conversely, in an in vitro study by Ghoneim (31), CUR was
not found to protect against ethanol-induced cell necrosis
in rat hepatocytes. In contrast, in our study, RT-induced
necrosis was significantly less common in the laryngeal
tissues of Groups II and III, with statistically significant
differences between Groups I-II and I-III (p=0.004 and
p=0.001, respectively). RT-induced necrosis was observed at
a moderate level in Group I, while CUR appeared to mitigate
laryngeal necrosis, suggesting a protective effect. This result
differs from some reports in the literature, possibly due to the
increased epithelial damage associated with administering RT
as a single dose rather than fractionally.

Pseudostratification due to RT was mild in our study.
Comparisons of the pseudostratification parameter revealed
that CUR+DMSO administration reduced this feature, with
a statistically significant difference between Groups I and II
(p=0.005).

In a study by Oyan et al. (27), pseudostratification following
RT was found to be at a level comparable to the control group,
while mild cilia loss was reported in laryngeal tissue. In our
study, no statistically significant difference was observed
between Groups I and II in cilia loss (p=0.055). Justo et al.
(32) demonstrated that CUR suppressed TNF-a release
and reduced inflammation in rats with apical periodontitis.
However, in our study, comparisons between Groups I-II and
Groups I-1I1I for inflammation were not statistically significant
(p=0.091, p=0.130, respectively). Although CUR+DMSO and
DMSO-alone administration did not result in statistically
significant reductions in RT-induced inflammation, the lower
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median values in Groups II and III compared to Group I
suggest some degree of radioprotective efficacy.

TNF-a is a pro-inflammatory cytokine produced by
lymphocytes, neutrophils, monocytes, and other immune
cells during acute inflammation. It plays a key role in
signaling pathways leading to necrosis and apoptosis
(34). A significant increase in serum TNF-o levels was
observed in patients receiving RT to the head and neck
region, with X-rays inducing TNF-a release, leading to
synergistic and distant cytotoxic effects (35). Another
study reported elevated levels of NF-xB and growth
factors, such as vascular endothelial growth factor, matrix
metalloproteinases, 1L.-6, and IL-8, following RT and
chemotherapy. It has been suggested that TNF-a plays
a key role in the development of radioresistance and
chemoresistance in oral cavity cancers (36). Therefore,
inhibiting NF-kB may enhance the efficacy of RT and
chemotherapy. In a study by Li et al. (35), CUR reduced
TNF-a levels, alleviating diabetes-related allodynia and
hyperalgesia in rats with experimental diabetes. In our

study, TNF-a expression was significantly lower in Group
IT compared to Group I (p=0.009).

Yang et al. (37) demonstrated that DMSO reduced acute
radiation-induced damage in the oral mucosa of rats. In
our study, necrosis was significantly reduced in Group III
compared to Group I (p=0.001). While partial improvements
were observed in edema, hyperemia, cilia loss, inflammation,
pseudostratification,and TNF-a expression, these differences
were not statistically significant.

We acknowledge several limitations in our study. First, we
only examined the acute effects of RT, excluding chronic
period effects. Second, we did not measure oxidative and
non-oxidative blood enzyme levels involved in pathological
changes. Third, CUR and DMSO blood concentrations were
not measured. Finally, the animal model used did not include
laryngeal tumors, which may exhibit different responses to
RT and CUR treatment.

Conclusion

Our findings suggest that CUR may reduce RT-induced
edema, hyperemia, necrosis, and pseudostratification in
laryngeal tissue, indicating potential radioprotective effects.
Therefore, we conclude that CUR could serve as an effective
radioprotective agent. Future studies should investigate
CUR’s protective effects on tumor tissues exposed to RT.
We believe that our study is promising, as it highlights
CUR-a food-derived, natural, non-toxic, and cost-effective
compound-as a potential radioprotective agent.
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Main Points

* Laryngeal cancers rank second among head and neck
malignancies, following oral cavity cancers, excluding skin
cancer.

* Radiotherapy (RT) for laryngeal cancer has been associated
with clinical side effects, including laryngeal edema, vocal
function impairment, dysphonia, dysphagia, aspiration, and
chondronecrosis.

* Curcumin  demonstrated radioprotective  effects by
preventing RT-induced edema, hyperemia, necrosis, and
pseudostratification in laryngeal tissue, while also reducing
TNF-a expression levels.

* This experimental study provides promising evidence that
curcumin, a food-derived, natural, non-toxic, and cost-effective
compound, may serve as a radioprotective agent. Our findings
may contribute to guiding future research in this field.

References

1. Basaran B, Polat B, Ulusan M, Aslan I. Gastroesophageal reflux
disease: is it a causative factor in laryngeal cancer? J Ist Faculty
Med. 2011; 74: 55-58. [Crosref]

2. Sen M, Karakaya E, Demiral AN. Bas Boyun Kanserinde
Radyoterapi. In: Kulak Burun Bogaz Hastaliklar1 ve Bas-Boyun
Cerrahisi. Kog¢ C, Editor. 3rd ed. Ankara: Giines Tip Kitabevi. 2019.
p. 1053-75. [Crosref]

3. Myers EN, Fagan JE Management of the neck in cancer of the
larynx. Ann Otol Rhinol Laryngol. 1999; 108: 828-32. [Crosref]

4. Barnhart MK, Hutchison AR. Perspectives on optimizing
radiotherapy dose to the dysphagia/aspiration-related structures
for patients with head and neck cancer. Curr Opin Otolaryngol
Head Neck Surg. 2019; 27: 157-61. [Crosref]


https://doi.org/10.1177/000348949910800902
https://doi.org/10.1097/moo.0000000000000532

Turk Arch Otorhinolaryngol 2024; 62(4): 151-160

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Rancati T, Schwarz M, Allen AM, Feng F, Popovtzer A, Mittal B, et
al. Radiation dose-volume effects in the larynx and pharynx. Int J
Radiat Oncol Biol Phys. 2010; 7: S64-9. [Crosref]

Schuchter LM. Guidelines for the administration of amifostine.
Semin Oncol. 1996;23:40-3. [Crosref]

Kolivand S, Amini P, Saffar H, Rezapoor S, Motevaseli E, Najafi M,
et al. Evaluating the Radioprotective Effect of Curcumin on Rat’s
Heart Tissues. Curr Radiopharm. 2019; 12: 23-8. [Crosref]

Cho Y], Yi CO, Jeon BT, Jeong YY, Kang GM, Lee JE, et al. Curcumin
attenuates radiation-induced inflammation and fibrosis in rat
lungs. Korean J Physiol Pharmacol. 2013; 17: 267-74. [Crosref]

Scartezzini P, Speroni E. Review on some plants of Indian
traditional medicine with antioxidant activity. ] Ethnopharmacol.
2000;71:23-43. [Crosref]

Anand P, Kunnumakkara AB, Newman RA, Aggarwal BB.
Bioavailability of curcumin: problems and promises. Mol Pharm.
2007; 4: 807-18. [Crosref]

Jagetia GC. Radioprotection and radiosensitization by curcumin.
Adv Exp Med Biol. 2007; 595: 301-20. [Crosref]

Sreejayan N, Rao MN. Free radical scavenging activity of
curcuminoids. Arzneimittelforschung. 1996; 46: 169-71. [Crosref]

Brayton CE Dimethyl sulfoxide (DMSO): a review. Cornell Vet.
1986; 76: 61-90. [Crosref]

Swanson BN. Medical use of dimethyl sulfoxide (DMSO). Rev Clin
Basic Pharm. 1985; 5: 1-33. [Crosref]

Sigma-Aldrich. Accessed 22.05.2021. https://www.sigmaaldrich.
com/TR/en/product/sigma/c1386. [Crosref]

Okunieff P, Xu J, Hu D, Liu W, Zhang L, Morrow G, et al. Curcumin
protects against radiation-induced acute and chronic cutaneous
toxicity in mice and decreases mRNA expression of inflammatory
and fibrogenic cytokines. Int J Radiat Oncol Biol Phys. 2006; 65:
890-8. [Crosref]

ArasS, Efendioglu M, Wulamujiang A, Ozkanli SS, Keles MS, Tanzer
[O. Radioprotective effect of melatonin against radiotherapy-
induced cerebral cortex and cerebellum damage in rat. Int J Radiat
Biol. 2021; 97: 348-55. [Crosref]

Aitasalo K, Aro HT, Virolainen P, Virolainen E. Healing of
microvascular free skin flaps in irradiated recipient tissue beds. Am
J Surg. 1992; 164: 662-6. [Crosref]

Barnhart MK, Hutchison AR. Perspectives on optimizing
radiotherapy dose to the dysphagia/aspiration-related structures
for patients with head and neck cancer. Curr Opin Otolaryngol
Head Neck Surg. 2019; 27: 157-61. [Crosref]

Ward PH, Calcaterra TC, Kagan AR. The enigma of post-
radiation edema and recurrent or residual carcinoma of the larynx.
Laryngoscope. 1975;85:522-9. [Crosref]

Calcaterra TC, Stern F, Ward PH. Dilemma of delayed radiation
injury of the larynx. Ann Otol Rhinol Laryngol. 1972; 81: 501-7.
[Crosref]

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Caner et al.

Radioprotective Effect of Curcumin on the Larynx 1 59

Hosseinimehr SJ. Trends in the development of radioprotective
agents. Drug Discov Today. 2007; 12: 794-805.

Liu C, Rokavec M, Huang Z, Hermeking H. Curcumin activates
a ROS/KEAP1/NRF2/miR-34a/b/c cascade to suppress colorectal
cancer metastasis. Cell Death Differ. 2023; 30: 1771-85. [Crosref]

Su LQ, Wang YD, Chi HY. Effect of curcumin on glucose and lipid
metabolism, FFAs and TNF-a in serum of type 2 diabetes mellitus
rat models. Saudi ] Biol Sci. 2017; 24: 1776-80. [Crosref]

Lopez-Jornet P, Gomez-Garcia F Garcia Carrillo N, Valle-
Rodriguez E, Xerafin A, Vicente-Ortega V. Radioprotective effects
of lycopene and curcumin during local irradiation of parotid
glands in Sprague Dawley rats. Br ] Oral Maxillofac Surg. 2016; 54:
275-9. [Crosref]

Jagetia GC, Rajanikant GK. Effect of curcumin on radiation-
impaired healing of excisional wounds in mice. ] Wound Care.
2004; 13: 107-9. [Crosref]

Oyan S, Tathpinar A, Atasoy BM, Giines P, Ozbeyli D, Keskin
S, et al. Early effects of irradiation on laryngeal mucosa in a
gastroesophageal reflux model: an experimental study. Eur Arch
Otorhinolaryngol. 2018; 275: 2089-94. [Crosref]

Lidegran M, Forsgren S, Dahlqvist A, Franzén L, Domeij S. Short-
and long-term effects of irradiation on laryngeal mucosa of the rat.
Acta Oncol. 1999; 38: 1081-91. [Crosref]

Chen B, Shi QX, Nie C, Zhao ZP, Wang T, Zhou Q, et al. Curcumin
alleviates oxidative stress, neuroinflammation, and promotes
behavioral recovery after traumatic brain injury. Curr Neurovasc
Res. 2023; 20: 43-53. [Crosref]

Memis D, Hekimoglu S, Sezer A, Altaner S, Sut N, Usta U. Curcumin
attenuates the organ dysfunction caused by endotoxemia in the rat.
Nutrition. 2008; 24: 1133-8. [Crosref]

Ghoneim Al Effects of curcumin on ethanol-induced hepatocyte
necrosis and apoptosis: implication of lipid peroxidation and
cytochrome c. Naunyn Schmiedebergs Arch Pharmacol. 2009; 379:
47-60. [Crosref]

Justo MP, Cardoso CBM, Cantiga-Silva C, de Oliveira PHC, Sivieri-
Aratjo G, Azuma MM, et al. Curcumin reduces inflammation in
rat apical periodontitis. Int Endod J. 2022; 55: 1241-51. [Crosref]

Comert S, Sen S, Eryilmaz O, Doruk C, Ulusan M, Demokan S.
Evaluation of genetic and epigenetic changes of Tumor Necrosis
Factor-Alpha gene in larynx cancer. Pathol Res Pract. 2022; 238:
154085. [Crosref]

Akmansu M, Unsal D, Bora H, Elbeg S. Influence of locoregional

radiation treatment on tumor necrosis factor-alpha and
interleukin-6 in the serum of patients with head and neck cancer.

Cytokine. 2005; 31: 41-5. [Crosref]

Tamatani T, Azuma M, Ashida Y, Motegi K, Takashima R, Harada
K, et al. Enhanced radiosensitization and chemosensitization in
NEF-kappaB-suppressed human oral cancer cells via the inhibition
of gamma-irradiation- and 5-FU-induced production of IL-6 and
IL-8. Int J Cancer. 2004; 108: 912-21. [Crosref]


https://doi.org/10.1016/j.ijrobp.2009.03.079
https://pubmed.ncbi.nlm.nih.gov/8783665/
https://doi.org/10.2174/1874471011666180831101459
https://doi.org/10.4196/kjpp.2013.17.4.267
https://doi.org/10.1016/s0378-8741(00)00213-0
https://doi.org/10.1021/mp700113r
https://doi.org/10.1007/978-0-387-46401-5_13
https://pubmed.ncbi.nlm.nih.gov/8720307/
https://pubmed.ncbi.nlm.nih.gov/3510103/
https://pubmed.ncbi.nlm.nih.gov/3916302/
https://www.sigmaaldrich.com/tr/en/product/sigma/c1386
https://doi.org/10.1016/j.ijrobp.2006.03.025
https://doi.org/10.1080/09553002.2021.1864047
https://doi.org/10.1016/s0002-9610(05)80730-5
https://doi.org/10.1097/moo.0000000000000532
https://doi.org/10.1288/00005537-197503000-00009
https://doi.org//10.1177/000348947208100407
https://doi.org/10.1016/j.drudis.2007.07.017
https://doi.org/10.1038/s41418-023-01178-1
https://doi.org//10.1016/j.sjbs.2017.11.011
https://doi.org/10.1016/j.bjoms.2016.01.013
https://doi.org/10.12968/jowc.2004.13.3.26589
https://doi.org/10.1007/s00405-018-5010-8
https://doi.org/10.1080/028418699432400
https://doi.org/10.2174/1567202620666230303144323
https://doi.org/10.1016/j.nut.2008.06.008
https://doi.org/10.1007/s00210-008-0335-2
https://doi.org/10.1111/iej.13819
https://doi.org/10.1016/j.prp.2022.154085
https://doi.org/10.1016/j.cyto.2005.02.009
https://doi.org/10.1002/ijc.11640

Caner et al.
160 Radioprotective Eftect of Curcumin on the Larynx Turk Arch Otorhinolaryngol 2024; 62(4): 151-160

36. Li Y, Zhang Y, Liu DB, Liu HY, Hou WG, Dong YS. Curcumin 37. Yang C, Tang H, Wang L, Peng R, Bai F, Shan Y, et al. Dimethyl

attenuates diabetic neuropathic pain by downregulating TNF-a. in Sulfoxide Prevents Radiation-Induced Oral Mucositis Through

a rat model. Int ] Med Sci. 2013; 10: 377-81. [Crosref] Facilitating DNA Double-Strand Break Repair in Epithelial Stem
Cells. Int ] Radiat Oncol Biol Phys. 2018; 102: 1577-89. [Crosref]


https://doi.org/10.7150/ijms.5224
https://doi.org/10.1016/j.ijrobp.2018.07.2010

