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Abstract
Introduction: Cervical and ovarian cancers are well-known causes of death among women in 
developing countries. There are various technologies to treat cancer cells, but the polyphenolic 
compound is a natural one and has an anti-cancer effect. Sinensetin is one of them and is found 
in Orthosiphon stamineus and citrus fruits. Since combination therapy is more effective than drug 
treatment alone, in this study, we investigated combination therapy using sinensetin and low-level 
laser therapy (LLLT) to enhance treatment.
Methods: The cancer cells purchased from Pasteur Institute, Iran, were cultured. 
The cells were treated with various concentrations of sinensetin (0.1-1-10-50,150 µg/mL for 24 
hours), wavelengths of laser therapy (660 nm) and power density (3 J/cm2) for different times)30, 
60, and 90 seconds) separately. Furthermore, sensitivity of cells to sinensetin, LLLT and combined 
therapy was determined by clonogenic assays. To measure DNA damage and repair at individual 
cell level used comet assay. To examine the intracellular generation of reactive oxygen species used 
2′,7′-dichlorodihydrofluorescein (DCFH) as an intracellular probe. To analyze data we used SPSS 
software and comparison between groups was used (ANOVA) and t test statistical analyses were 
performed using SPSS 17 software. Data are presented as means – standard error of mean. The level 
of statistical significance was set at a two-tailed P value of 0.05. All tests were performed in triplicate.
Results: Our results demonstrated that the doubling time for CHO is more than Hella cells, with 20.7 
and 27.7 h for each cell respectively. The pretreatments (first LLLT, then sinensetin) can decrease the 
viability of both cell lines more than the first treatment (sinensetin + LLLT). In the clonogenic assay, 
the pretreatment of cells with LLLT and Sinensetin significantly reduced the surviving fraction of both 
cell lines. MTT results showed that pretreatment with LLLT and Sinensetin can increase cell death 
compared to Sinensetin and LLLT alone. Production of ROS within the cell was enhanced with LLLT 
+ sinensetin.
Conclusion: Our result indicated that combined therapy with LLLT and Sinensetin can treat CHO 
and Hela cells better than the other groups. Combination treatment with sinensetin-LLLT and the 
other treatment means, sinensetin and LLLT alone, did not change the cell viability significantly.
Keywords: Sinensetin; Low-level laser irradiation (LLLT); CHO; Hella; Anti-cancer effect; Combined 
therapy.
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Introduction
Cervical cancer is one of the most frequently female 
cancers in developing countries. The young patients are 
forced to endure cervical cancer, and the pathological 
types of the malignancies change. The main risk factor 
for developing this carcinoma is HPV. HPV types are 
classed as low-risk or high-risk strains depending on 
their oncogenic potential.1-4 Ovarian cancer is one of 
the most prevalent cancers in women. The texture type 
of ovarian malignancies contains germ cell (6%–40%), 
borderline (21%–35%), epithelium (28%–30%), and 
sex cord-stromal (9%–16%) origin.5-7 In 2009, some 
researchers demonstrated that the survival gap for both 

ovarian and cervical cancers could be decreased by 
early diagnosis.8 Phenolic compounds are secondary 
metabolites in plants that have become an emerging field 
in cancer, cardiovascular diseases, and neurodegenerative 
disorders.9,10 Citrus fruits are noticed to be great sources 
of phytochemicals. Sinensetin is a polymethoxylated 
flavones (PMF) found in Orthosiphon stamineus and 
orange oil. This PMF acts against cancer with antioxidant 
effects.11-13 Photobiomodulation (PBM), including low-
level laser therapy (LLLT), is one type of non-invasion 
therapy.14 LLLT could be useful in anti-inflammatory 
effects and tissue repair action.15 LLLT can increase cell 
permeability for drugs due to enforced mitochondria 
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transition mediated by reactive oxygen species.16 LLLT 
is accepted with cytochrome c oxidase. In this way, 
ROS and nitric oxide are ephemerally produced.17 The 
clonogenic assay is necessary for tests in cells for its ability 
to sustain unlimited division. The clonogenic assay is 
the method of assigning the cell death after treatment 
and shows the effectiveness of some cytotoxic factors.18,19 
The comet assay, which can demonstrate DNA damage 
and DNA repair kinetics, has been extensively used in 
radiation biology, toxicology, oncology, and molecular 
epidemiology.20

In the present survey, we examined sinensetin and 
LLLT cytotoxicity, ROS production, clonogenic potential, 
and the activity of the Comet test in two cell lines, Hella 
and CHO. 

Materials and Methods
Cell Culture
Cervical cancer cells (Hella) and Chinese hamster ovary 
cell lines (CHO) were obtained from the National Cell 
Bank of Iran (Pasteur Institute, Iran). 

These two cell lines were cultured in medium RPMI-
1640 (Gibco: UK), which is a complement to 10 % heat-
inactivated fetal bovine serum (FBS), 500 units/mL 
penicillin (Sigma, USA), and 200 mg/mL streptomycin 
(Jaberebn-Hayan, Tehran, Iran). The cells were incubated 
at 37°C in a humidified atmosphere of 5% CO2.

Growth Curve and Doubling Time
In order to measure growth cure and doubling time (TD), 
Hella and CHO cell lines were seeded with efficiency cells 
in 24-well plates (SPL, Korea) for 7 days in triplicate (used 
Trypan blue dye exclusion method).

The doubling time of each category was defined with 
the Patterson formula.

Cell Viability Assay (Sinensetin and LLLT)
Succinctly, Hella and CHO cell lines were seeded in 96-
well culture plates (SPL, Korea) beneath 5% CO2, at 37°C 
for 24 hours. The next day, the two groups were treated 
as follows: the first one was treated with 0.1-1-10-50,150 
µg/mL of sinensetin (Cayman Chemicals, Germany) and 
the other one was exposed to a low-level laser (660 nm; 
power density: 3 J/cm2) for different times (30, 60, and 90 
seconds). These two groups of cells were incubated for 24 
hours. The MTT reagent (Sigma Aldrich, USA) was added 
to each well and after that, the cells were incubated for 3 
hours then added dimethyl sulfoxide (Merck, Germany) 
to dissolve the formed formazan crystals. The plates were 
rotated slowly to measured Absorbance at 570 and 630 
nm wavelengths (BioTek, USA).

Treatment with Sinensetin + LLLT and LLLT + Sinensetin 
The cells in the log phase were seeded in a 24-well plate 
and incubated for 24 hours. Thereafter, the cells were 

treated with 10, 50 µg/mL sinensetin for CHO and Hela 
respectively and exposed to LLLT (660 nm, 3 J/cm2) for 90 
seconds. The other treatments included LLLT followed by 
sinensetin. The control groups were not exposed to LLLT 
and sinensetin.

Colony-Forming Assay
The cells were seeded in 35 mm Petri dishes (SPL, Korea) 
and treated with sinensetin 10, 50 µg/mL for CHO and 
Hella, respectively, and they were exposed to LLLT (660 
nm, 3 J/cm2 for 90 seconds). Afterward, the cells were 
incubated for 7-10 days to give rise colony formation. 
Colonies were stabled with formaldehyde (Merck) and 
dye with a 2% crystal violet dilution (Merck). The plating 
efficiency was determined. 

Alkaline Comet Assay
In order to comet assay, sinensetin-treated, LLLT-treated, 
and sinensetin + LLLT-treated cells were suspended in 1 
% low-melting-point agarose in PBS, pH 7.4, and poured 
onto glass microscope slides pre-coated with a layer of 1% 
normal melting-point agarose. The agarose was allowed 
to be set at 4°C for 10 minutes. Then the slides were 
incubated in a lysis buffer (1% Triton X-100, 100 mM 
EDTA, 2.5 M NaCl, and 10 mM Tris/HCl at pH 10) at 4°C 
for 1 hour. The denaturation buffer (NaOH (300 mM), 
EDTA (1 mM); pH 13) was set on slides for 30 minutes. 
Electrophoresis was done in a fresh denaturation buffer 
at 1 V/cm for 30 minutes. The neutralization buffer 
(Tris-HCl (400 mM); pH 7.5) was poured on slides for 5 
minutes. All points were done at 4°C. In each sample, 200 
cells were analyzed by Cometscore software.

The Activity of Intracellular Reactive Oxygen Species 
 CHO and Hella were exposed to LLLT at 660 nm for 
90 seconds for the first group; afterward, the cells were 
treated with sinensetin 10, 50 µg/mL for CHO and Hella 
respectively. The other groups were treated with LLLT 
and sinensetin. After 24 hours, the cell culture medium 
was picked up and the cells were incubated with 2µM 
2, 7 dichlorodi hydrofluoresceindiacetate (DCFH-DA) 
(Sigma, USA) and incubated at 37°C for 45 minutes. 
Then, the cells were washed with PBS and read in 530 nm 
by a plate reader device (BioTek H4).

Statistical Analysis
All data were illustrated as the mean ± standard error 
of the mean (SEM). Data analysis was done using SPSS 
software. Standard analysis of variance (ANOVA) and t 
test were employed to evaluate the data between groups. 
All experiments were done in triplicate and a P value of 
0.05 was considered to be significant.

Results
Determination of Potential Doubling for CHO and Hella Cells
Calculating doubling time is very useful to demonstrate 
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the change in the number of cells. These phases were 
divided into lag phase, exponential or log phase, linear 
phase, deceleration phase and stationary. The treated 
cells and colony assay required a growth curve. In this 
investigation, the duplication rate of CHO is more than 
Hella cells, 20.7 and 27.7 hours respectively (Figure 1).

Cell Viability Affected by Sinensetin and Low-Level 
Laser Treatments
Due to the effect of sinensetin and LLLT on cell viability, 
we examined several experimental parameters. The MTT 
assay was accomplished to investigate the cytotoxic effects 
of sinensetin on CHO and Hela cells for 24 hours. As 
shown in Figures 2A and 2B, the viability of CHO and 
Hela cells decreased at high concentrations of sinensetin 
(IC50 concentrations were 10µM, 50µM for CHO and 
Hella respectively). Also, this test examined the effect of 
different wavelengths of LLLT (660 nm; power density: 3 J/
cm2) for different times, 30, 60, and 90 seconds separately. 
The cytotoxicity effect of LLLT was reduced over 30 to 
90 Sierra Time Zone (Figure 2C, 2D). To compare these 
two treatments, sinensetin + LLLT and LLLT + Sinensetin 
used half maximal inhibitory concentration (IC50) of 
CHO (10µM) and Hela (50µM) for 90 seconds. As it can 
be seen in Figures 2E and 2F, the treatment with LLLT 
and sinensetin reduced the survival of CHO and Hela 
cells more than the other treatments (sinensetin + LLLT) 
(P < 0.05). Figure 1. Evaluation of CHO and Hella Growth Curve. As it is obvious in 

the figure, CHO proliferation is more than Hella.

Figure 2. Effect of Various Concentrations of Sinensetin on the Viability of (A) CHO and (B) Hela Cells. The cells were treated with low-level laser irradiation 
with 3 J/cm2 (C) CHO and (D) Hela. The cells were treated with sinensetin (IC50) and LLLT was used for 90 s (E) CHO and (F) Hela. The data represent the 
mean ± SEM of three independent experiments (*P < 0.05).
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Effect of Sinensetin and LLLT on Cell Proliferation
In order to detect the effect of different concentrations of 
LLLT and sinensetin on the clonogenic potential of CHO 
and Hela cancer cells, both cell lines were irradiated with 
3 J/cm2 for 90 seconds, and then they were treated with 10, 
50 µM sinensetin. LLLT and sinensetin slightly decreased 
cell proliferation on CHO and Hela cells. In comparison, 
this treatment may reduce the survival of CHO more 
than Hela cells (Figure 3). Each result is compared 
to the control group, *P < 0.05. This way of treatment 
significantly changed CHO and Hela morphology. The 
microscopic assessment of the cells before and after the 
treatment showed significant changes (Figure 4).

The Level of DNA damage
The Alkaline comet assay represented the level of DNA 

damage in each modality. The cells were treated with 
LLLT (90 seconds) and sinensetin (10, 50 µM) for CHO 
and Hela cells respectively. In the treated CHO and Hella 
cells with sinensetin only, there were not any significant 
changes in the level of DNA damages, whereas both cells 
that were treated with LLLT alone and LLLT + sinensetin 
showed slight changes in the DNA tail and DNA moment. 
The DNA level and migration were determined in 
Figures 5 and 6 (P < 0.05).

Evaluated ROS in CHO and Hela Cancer Cells After 
Treatments
Here we hypothesized that combined therapy change 
ROS levels in Hela and CHO cells. In this direction, 
the intracellular ROS level was analyzed by the DCFH-
DA probe. As it is evident in Figure 7, CHO and Hela 

Figure 3. Colony Forming Ability of CHO and Hela Cells in the Presence of LLLT and Sinensetin IC50. The cells were exposed to LLLT and treated with 10, 50 
µM Sinensetin, repeated, and incubated for the indicated number of days to form colonies. (A) CHO cells. (B) Hela cells (*P < 0.05).

Figure 4. Light Microscopy Images of (A) CHO and (B) Hela Cells Before the Treatment; C and D were shown CHO and Hela after combine therapy (treated 
with 3 J/cm2 for 90 s LLLT and 10, 50 µM sinensetin respectively.

      
                                A                                                                         B 
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cells demonstrated ROS production. The level of ROS 
substantially increased during combined treatment (LLLT 
+ sinensetin), whereas treating with LLLT and sinensetin 
alone did not change significantly. This data may show 
that irradiation is more effective than sinensetin in the 
level of reactive oxygen molecules (P < 0.05).

Discussion
LLLT has been used in Eastern Europe and Asia since 
many years ago.21 Laser treatment covers various fields in 
the clinic such as pain, tinnitus, and cancer cells.22,23 

Low-level laser irradiation is a novel treatment, this 
way of treatment without any remarkable thermal effects 
on cells, which treats a wide range of diseases including 
wound healing and tissue repair, reduces inflammation 
and relieves pain.24,25 The substantial mechanism of the 
low-level laser initiates mitochondria as the first cellular 
target for the photons to enhance cytochrome c oxidase 
activity.26 For reducing cancer mortality with the use of 
the natural substance, this way of treatment can sensitize 
tumors.27 Treated cancer cells with chemotherapy plant 
compounds are valuable.28 It has been shown LLLT 
reduces oxidative stress and improves antioxidants 
levels in several clinical treatments.29 It seems this way of 
treatment can reduce cancer.

Polyphenols are natural compounds detected in 
ubiquitous plants like fruits, vegetables, cereals, and 
drinks. Polyphenols are secondary metabolites and 
against insects, herbivores, and microorganisms. In 

Figure 5. Effects of LLLT and Sinensetin-Induced DNA Damage Measured by Comet assay. LLLT induced breaks in the presence of Sinensetin. (A) %DNA in the 
tail in CHO, (B) %DNA in the tail in Hela. C) Tail moment in CHO, (D) Olive tail moment in Hela. The data are represented as the mean ± SD (n = 3). *P < 0.05.

Figure 6. Comet assay images of CHO and Hela cells did not show 
any specific changes in DNA damage levels. The cells were treated 
with LLLT 660nm,3J/CM2 for 90S and Sinensetin 10,50 µM sinensetin 
for A) CHO and B) Hela respectively.

Figure 7. ROS Production Level. The cells were treated with LLLT, 
sinensetin and a combination of these treatments. The intracellular 
ROS was measured with DCFH-DA. All values are mean ± SEM; These 
data were shown in 3 independent samples. *P < 0.05. Abbreviation: 
RFU, Relative fluorescence unit.
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food, polyphenols have effects on bitterness, astringency, 
color, flavor, odor, and oxidative stability.30,31 Polyphenols 
scavenge free radicals by H-atom transfer, therefore, 
decrease noxious effects due to oxidative stress.32 LLLT 
provides oxidative stress (ROS) in biological systems with 
cellular antioxidant systems.33 Sinensetin which is one of 
the significant groups of polyphenols (poly methylated 
flavone) is gained from Orthosiphon aristatus var. aristatus 
and various citrus fruits. These groups behaved as an 
anticancer activity.34 The purpose of this research was 
to investigate the effect of combined therapy (LLLT and 
sinensetin) on the treatment of cancer cells. In the present 
study, we used LLLT and sinensetin to treat cancer cells. 
Our data demonstrated that sinensetin has cytotoxicity 
against CHO and Hela cell lines; this result is similar to 
other studies.12 IC50 values for CHO and Hela cells were 
10µM and 50µM respectively. Our results showed that 
sinensetin has cytotoxicity effect against CHO and Hela 
cell lines, and the half-maximal inhibitory concentration 
of the Hela cell line is more than the CHO other cell lines. 
However, another study demonstrated that sinensetin can 
against AML-2/D100 cells with a high concentration.35 
These researches illustrated sinensetin has the lowest 
toxicity for normal cells. This study showed that treated 
cancer cells with low-level laser alone could not be more 
effective than the use of low-level laser and sinensetin 
together. Treating the cells with LLLT and sinensetin also 
decreased the colony-forming ability of the cells. The 
clonogenic ability showed how cells can divide after the 
treatment.36 Djavid et al, in 2015, demonstrated a possible 
radio sensitizing effect with colonogenic ability for 685 
nm LLLI in HeLa cancer cells.19 Based on a previous 
study in the comet assay, DNA damage was reduced in 
each treatment, whereas x-irradiation and polyphenols 
enhanced DNA damage significantly.37,38 Tanaka et al 
introduced polyphenols sensitivity, and in this treatment, 
DNA could be repaired.39 Our data revealed that treatment 
with low-level laser and sinensetin compared to the other 
treatments means LLLT and sinensetin increased the 
amount of ROS production in both cell lines and the 
fundamental absorption of low-level laser is cytochrome 
c oxidase.40 One of the respiratory complexes, complex IV 
or cytochrome c oxidase, catalyzes the transfer of electrons 
from reduced cytochrome c.41 Our results demonstrated 
that sinensetin can act as an anti-cancer effect in CHO 
and Hela cell lines. Treated CHO and Hela cells with LLLT 
and sinensetin could be impressive treatment compared 
to sinensetin and LLLT.

Conclusion
Combined treatments (LLLT + sinensetin) inhibited 
clonogenicity in the two cell lines, conforming with the 
previous results. LLLT + sinensetin compared to the 
inverse treatment cannot change DNA breaks significantly. 
The use of LLLT and sinensetin may improve cellular 

penetration. To attain better results, these data needed to 
detect the molecular mechanism.
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