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ORIGINAL ARTICLE

Effect of curcumin and irradiation in PE/CA-PJ15 oral squamous
cell carcinoma
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Abstract
Objective. An in vitro study was made to evaluate the effect of curcumin and irradiation upon oral squamous cell carcinoma.
Materials and method. Curcumin was administered at doses of 3, 3.75, 4.50 and 5.25 mM in PE/CA-PJ15 oral squamous
cell carcinoma cultures irradiated with different doses (1, 2.5 and 5 Gy), followed by evaluation of the effects upon cell viability
after 24, 48 and 72 h, based on the MTT colorimetric test. Results. The application of curcumin to the PECA/PJ15 tumor
cells during 24, 48 and 72 h of incubation without irradiation exerted an inhibitor effect upon cell viability. The curcumin
concentration at which the inhibition of cell viability proved maximumwas 5.25 mM, with statistically significant differences for
24 h (p = 0.002), 48 h (p < 0.001) and 72 h of incubation (p < 0.001). In contrast, the combination of curcumin and irradiation
exerted a synergic effect—the greatest effects in relation to cell viability being recorded with a curcumin concentration of
3.75 mM and 5 Gy of irradiation, in the studied cell line. Conclusions. Curcumin increases cytotoxic activity in the PE/CA
PJ15 cell line, while the combination of curcumin and irradiation exerts a synergic effect.
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Introduction

Head and neck cancer accounts for ~5% of all
malignancies. More than 500 000 new cases are
diagnosed worldwide each year, 100 000 in Europe
alone. More than 90% of all head and neck cancers
are of squamous cell origin. The minority of patients
presenting with early-stage disease are subjected to
surgery and in some cases additional radiotherapy is
provided [1,2]. Nearly 80% of these patients are
cured. Chemotherapy added to locoregional treat-
ment has been shown to prolong survival in patients
with non-metastatic squamous carcinoma of the
head and neck [1–3]. However, despite significant
advances in the use of surgery, chemotherapy and
irradiation for the treatment of head and neck cancer,
there has been little improvement in the prognosis of
the disease during the past 30 years and the outlook
for the patients remains poor [1–4].
The search for new molecules with anti-cancer

potential based on natural products remains an impor-
tant priority [5]. Curcumin (diferuloylmethane), a
polyphenol, is one of the main components of the

Indian curry spice turmeric and is known to be a
powerful antioxidant with strong anti-inflammatory
properties [6]. Recently, curcumin has also been
shown to possess potent anti-neoplastic activity against
a number of tumors including prostate, breast, colon
and oral cancer [6–14]. (To date, the exact mechanism
or mechanisms underlying the anti-neoplastic activity
of curcumin has not been established. However, cur-
cumin has been shown to affect numerous signaling
pathways and curcumin-induced cytotoxicity has been
suggested to vary among different cell types [7,14]).
Studies of plant extracts and phytochemicals as modi-
fiers of irradiation effects constitute a new area of
research. In effect, humans consume a variety of
phytochemicals that afford protection from irradiation
exposure. In this context, it is necessary to assess the
protective action of such commonly used phyto-
chemicals and exploit their possible application in
cancer irradiation therapy as an alternative source of
non-toxic radioprotectors.
Radiosensitization has been extensively studied with

various chemotherapy drugs (cisplatin, 5-fluorouracyl,
taxol) prior to irradiation or as concomitant treatment
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for patients with head and neck malignancies.
However, the side effects of these drugs preclude
their routine use in all irradiated patients and thus
chemotherapy-irradiation protocols are currently used
only as a part of clinical trials for organ preservation or
for patients with non-resectable cancers [1,15].
The present study explores the in vitro effects of

curcumin and irradiation upon oral squamous cell
carcinoma.

Materials and methods

Cell line

Use was made of the PECA-PJ15 human oral squa-
mous carcinoma cell line (European Collection
of Cell Cultures) cultured in Iscove’s modified
Dulbecco’s modified Eagle’s medium (DMEM)
(IMDM) supplemented with 10% fetal calf serum
(FCS), 1% penicillin and 1% streptomycin (full
medium) at 37�C, in an atmosphere of 95%
oxygen and 5% CO2. The medium (IMDM),
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetra-
zolium bromide (MTT), dimethylsulfoxide (DMSO)
and curcumin were obtained from Sigma Co.
(Spain).

Drug preparation

Curcumin was dissolved in 0.5% DMSO, with
1 mg/ml of curcumin being used as stock solution.
The working solution was diluted with sterile distilled
water. All manipulations with curcumin were per-
formed under subdued light, the dose range being
3, 3.75, 4.5 and 5.25 mM of curcumin.
Irradiation of the cells was performed using a linear

accelerator (Yxlon Smart, Krautkrämer-Forster
Española, S.A.). The machine was calibrated for
the field size of interest using both special small
ionization chambers and thermo-luminescence
dosimetry. Single irradiation doses of 1, 2.5 and
5 Gy were administered. The cells were irradiated
in 96-microwell plates.

Cell viability test (MTT)

Use was made of the technique described by
Carmichael et al. [16,17], adapted to our culture
conditions for the quantification of cell viability.
The cell were cultured at a density of 5 � 103 cells/
well in 96-microwell plates, after which curcumin was
added at different concentrations (3, 3.75, 4.75 and
5.25 mM) 15 min after plate irradiation (1, 2.5 and
5 Gy).
At different timepoints after the start of treatment

(24, 48 and 72 h), the medium was eliminated and the
cells were incubated with MTT (Sigma Chemical
Co., Spain) (1 mg/ml) during 4 h, after which the

non-metabolized MTT was discarded and 100 ml of
DMSO was added to each well. We measured
the absorbance in each well with an enzyme-linked
immunosorbent assay (ELISA), using a Multiskan
MCC/340P plate spectrophotometer at a reading
wavelength of 570 nm and a reference wavelength
of 690 nm. Each experiment was performed in
triplicate.

Statistical analysis

Data were analyzed using the SPSS version 12.0
statistical package (SPSS� Inc., Chicago, IL).
A descriptive study was made of each variable.
One-way analysis of variance (ANOVA) was used
to verify the equality of several measures, when the
number of quantitative variables compared was
greater than two, verifying in each case whether the
variances were homogeneous. Statistical significance
was accepted for p £ 0.05.

Results

Effects of curcumin upon PECA/PJ15 cell viability

The application of curcumin to the PECA/PJ15 tumor
cells during 24, 48 and 72 h of incubation without
irradiation exerted an inhibitory effect upon the cell
viability. The curcumin concentration associated with
the lowest cell viability was 5.25 mM, with statistically
significant differences for 24 h (p = 0.002), 48 h
(p < 0.001) and 72 h of incubation (p < 0.001)
(Figure 1).

Effects of combined curcumin and irradiation upon the
PECA/PJ15 cell line

Curcumin and 1 Gy of irradiation. The greatest cell
viability reducing effect with 1 Gy of irradiation
occurred after 24 h of incubation with a curcumin
concentration of 3.75 mM (Figure 2).

Curcumin and 2.5 Gy of irradiation. The greatest cell
viability reducing effect with 2.5 Gy of irradiation
occurred after both 24 and 48 h of incubation with
a curcumin concentration of 4.5 mM (Figure 3).

Curcumin and 5 Gy of irradiation. The greatest effect
upon cell viability with 5 Gy of irradiation occurred
after both 48 and 72 h of incubation with a curcumin
concentration of 3.75 mM (Figure 4).

Discussion

The agents most commonly used in chemotherapy
regimens for head and neck cancer are cisplatin or
carboplatin, often administered in combination with
taxanes and/or 5-fuorouracyl—the duration of
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therapy being limited due to toxic effects [15]. Con-
sequently, new therapeutic strategies need to be iden-
tified and evaluated in pre-clinical models before
entering clinical trials.
Curcumin is a dietary antioxidant derived from

turmeric (Curcuma longa) and has been known since
ancient times to possess therapeutic properties [5].
Curcumin prevents head and neck cancer. In this
sense, the experimental studies of Tanaka et al.
[18] showed that male F344 rats fed with dietary
curcumin (0.5 g/kg) during the tumor initiation and
post-initiation stages exhibited a 91% reduction in
the frequency of 4-nitroquinoline-1-oxide-induced

tongue carcinoma, together with a decrease in the
incidence of oral pre-neoplasms.
Another study conducted by Azuine et al. [19]

showed that curcumin alone or in combination with
catechin inhibited methyl-(acetoxymethyl)-nitrosamine
and reduced the number of oral squamous cell
carcinoma lesions.
Radiotherapy plays an important role in the man-

agement of cancers, contributing to secure local con-
trol of tumors following surgery in patients with early
stage cancer. However, radiotherapy alone fails to
suppress tumors, which recur and become radiore-
sistant. The factors conditioning such radioresistance
in patients with recurring malignancies are not clear.
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Figure 1. Cell viability after 24, 48 and 72 h of incubation with the application of curcumin in the absence of irradiation (24 h, p = 0.002; 48 h,
p < 0.001; 72 h, p < 0.001).
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Figure 2. Effects of combination curcumin and irradiation after 24 h of incubation (1 Gy, p = 0.010; 2.5 Gy, p = 0.042; 5 Gy, p = 0.042).
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Several studies have indicated that curcumin may
serve as a radio-enhancing agent [13,14,20–22].
In this sense, it was found to enhance the effect of
gamma irradiation on hamster ovarian cells and on
the PC-3 human prostate cancer cell line. Using cell
growth and a colony forming (clonogenic) assay, we
previously found that curcumin enhances the effect of
ionizing irradiation on squamous cell carcinoma cells
in vitro [20]. Cheng et al. [22] demonstrated that
curcumin, even at high doses (up to 8 g/day), is
non-toxic for patients with pre-malignant lesions
and as such could hypothetically be given for pro-
longed periods of time (6–7 weeks of irradiation
treatments) with minimal side-effects.
Khafif et al. [21] investigated whether curcumin

can sensitize squamous cell carcinoma cells to the
ionizing effects of irradiation. Incubation with curcu-
min only (3.75 mM) for 48 h did not reduce the

number of cells or their ability to form colonies in
the absence of irradiation. In plates that were exposed
to 1–5 Gy of irradiation, however, the cell counts
dropped significantly when pre-treated with curcu-
min—the maximal effect being recorded for the
2.5 Gy irradiation dose. The clonogenic assay
revealed a significant decrease in the ability to form
colonies following pre-treatment with curcumin at all
irradiation doses. Thus, curcumin may serve as an
adjuvant to radiotherapy. Findings of several studies
suggest that curcumin is radioprotective. The oral
administration of curcumin at doses of 5, 10 or
20 mg/kg body weight significantly reduced the fre-
quencies of micronucleated polychromatic erythro-
cytes in mice subjected to whole-body exposure to
1.15 or 0.05 Gy/s of gamma radiation as determined
at 24, 30 or 48 h post-irradiation [23]. Exactly how
curcumin affords radioprotection is not fully clear. On
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Figure 3. Effects of combination curcumin and irradiation after 48 h of incubation (1 Gy, p < 0.001; 2.5 Gy, p = 0.282; 5 Gy, p < 0.001).
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Figure 4. Effects of combination curcumin and irradiation after 72 h of incubation (1 Gy, p = 0.088; 2.5 Gy, p = 0.146; 5 Gy, p = 0.004).
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the other hand, the administration of curcumin in
cancer patients is claimed to kill the tumor cells
effectively by enhancing the effect of irradiation
and, at the same time, protecting normal cells against
the harmful effects of irradiation.
The available information on curcumin suggests

that the radioprotective effect may be fundamentally
due to its ability to reduce oxidative stress and inhibit
the transcription of genes related to oxidative stress
and inflammatory responses, whereas the radiosensi-
tizing activity could be due to the up-regulation of
genes responsible for cell death [13].
In our study, curcumin alone exerted an effect

upon PECA/PJ15 tongue tumor cell viability—the
concentration associated with the greatest reduction
in viability being 5.25 mM. The greatest effects upon
cell viability corresponded to curcumin at a dose of
3.57 mM and an irradiation dose of 5 Gy, in the
studied cell line. Based on the findings of our study,
curcumin combined with irradiation was found to be
more effective. Thus, curcumin may serve as an
adjuvant to radiotherapy. However, since experi-
mental findings cannot be easily extrapolated to
clinical practice, further studies are needed, with
confirmation of these observations in an in vivo
model.
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