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Abstract
Colon cancer is the third significant reason for death related to cancers in the world. There are various treatments for colon 
cancer, which have several side effects. Polyphenol agents are a type of antioxidant in plants that have diverse biological 
properties, such as anti-cancer effects. Here, we investigate the effect of Trachyspermum ammi essential oil (TEO) and red 
light irradiation on the colorectal cancer cell line (SW 480). The colorectal cancer cell lines were irradiated at 660 nm for 
90 s and then the cells were incubated with different TEO concentrations. In another study, cells initially were treated with 
various TEO concentrations and then irradiation for 90 s. Effect of TEO and the red light irradiation on viability of the cell, 
ROS generation, and cell cycle was assessed by MTT and flow cytometry, respectively. The findings demonstrated that early 
incubation with TEO and then irradiation decreased the SW 480 cells survival more than the early irradiation at 660 nm and 
then essential oil. In addition, TEO treatment at  IC50 concentration in combination with low-level laser irradiation induces 
ROS generation in SW 480 cells as compared to the dark group. In addition, TEO treatment at  IC50 in combination with 
low-level laser irradiation induces G0/G1 arrest of the cell cycle in SW 480 cells in comparison to the dark group. This study 
revealed that the Trachyspermum ammi essential oil in combination with low-level laser results in more reduction in survival 
which leads to ROS generation and cell cycle arrest in SW 480 colorectal cancer cells.

Keywords Colorectal cancer · Trachyspermum ammi essential oil · Low-level laser therapy (LLLT) · ROS generation · Cell 
cycle arrest

Background

Colon or colorectal cancer (CRC) is the third greatest preva-
lent reason for cancer-related deaths in the world, which 
commonly occurs in the colon or rectum [1–3]. The walls of 
the colon and rectum are made of several layers. CRC starts 
in the lining of the mucosa and can spread to other layers or 
layers, so cancer cells that are in the wall can grow in blood 
vessels or lymphatic vessels and move to nearby or distant 
lymph nodes in the body [4–6]. It usually takes a long time 
for abnormal cells to grow and develop colorectal cancer. As 

a result, regular screening can prevent patients from death 
[7]. CRC is a serious health risk in most developed countries 
[8]. It has been suggested that regular exercise and physical 
activity could reduce the risk of colon cancer [9]. Also, It is 
recommended to eat foods rich in calcium and vitamin D3 
and enough vegetables and fruits and should limit fat, red 
meat [10], plus processed meats for decreasing the risk of 
colorectal cancer [11–15]. Conventional treatments for colo-
rectal cancer, like other cancers, include surgery, chemother-
apy, and radiation therapy which have various side effects 
[16–18]. The application of medicinal plants in cancer treat-
ment has shown that medicinal plants are an excellent and 
reliable source for the progress of new anti-cancer drugs [19, 
20], around the world due to fewer side effects [21].

Traychspermum ammi is known as Anison Berry, Abys-
sinian Commune, Ajwan, Spray Kai, and Nankhah. Traych-
spermum ammi is an annual, hairless, and 30- to 90-cm-tall 
herbaceous plant that raises in the eastern regions of Iran, 
Egypt, and India [22, 23]. This plant is used in the treat-
ment of gastrointestinal diseases, anorexia, and bronchial 
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problems [24, 25]. Photobiomodulation from red to infrared 
(NIR) wavelength has low heat effects on cells. The thera-
peutic effects of this method appear to be due to photochemi-
cal reactions that alter the permeability of the cell membrane 
and subsequently increase the formation of mRNA and cell 
proliferation [26, 27]. Low-level laser cellular action is based 
on absorbing red and infrared light by chromophores or light 
receptors in mitochondria, producing nitric oxide (NO), 
reactive oxygen species (ROS), ultimately increasing ATP, 
and activating antioxidant enzymes such as catalase and per-
oxidase [28, 29]. Photobiomodulation can be used as a safe 
and effective multifunctional treatment that could potentially 
be used with other therapies or as an independent method in 
cancer treatment and other complex diseases [26, 30].

In this study for the first time, we studied the Traychsper-
mum ammi essential oil (TEO) effects with red light irradia-
tion on colon cancer cells (SW 480) and evaluated the ROS 
generation and cell cycle changes.

Methods

Materials

Acridine orange, trypan blue solution 0.4%, 3-(4, 5-dimeth-
ylthiazol-2-yl) 2, 5-diphenyltetrazoliumbromide (MTT), 
ethidium bromide, polysorbate 20, gallic acid, and dimethyl 
sulfoxide (DMSO) were received from Sigma-Aldrich (St 
Louis, MO, USA). Fetal bovine serum (FBS), phosphate 
buffer saline (PBS), and antibiotics (penicillin and strepto-
mycin) were acquired from Gibco (Gibco BRL). Dulbecco’s 
Modified Eagle Medium (DMEM) was prepared from Invit-
rogen (Invitrogen, Carlsbad, CA, US). All the other materi-
als were obtained from Merck.

Traychspermum ammi essential oil preparation 
and analysis

Essential oil preparation

Trachyspermum ammi seeds were purchased from a medici-
nal plant market (Shiraz, Iran). The seeds were ground in a 
mechanical grinder and the essential oil was obtained from 
100 g of ground powder by the hydro-distillation method 
using clevenger apparatus for 3 h. The essential oil usu-
ally floats on top of the aromatic water and was apart from 
aromatic water through a decanting funnel. The aromatic 
water and essential oil separately were collected in a glass 
container and kept in the refrigerator (4 ± 1 °C) and pro-
tected from light until used. Since the obtained essential oil 
is hydrophobic and fat-soluble, a water-soluble emulsion was 
prepared for ease of work. To make polysorbate-essential 
oil-aromatic water emulsion, 1 mL of essential oil included 

in 100 mL of aromatic water. Polysorbate-20 (100 µg/mL) 
included in the essential oil-aromatic water mixture and the 
mixture kept at 30 °C for 24 h and then at 4 °C for 48 h. 
At this stage, a milky emulsion created which applied for 
further experiments.

Essential oil analysis

The analysis of essential oil elements was taken by a gas 
chromatography-mass spectrometry (GC–MS) system 
(Agilent 5975, USA used a silica capillary HP-5 column 
(30 m × 0.25 mm internal diameter, 0.25 μm film thickness). 
A mixture of homologous n-alkanes (C8–C25) as standard 
was injected on the GC column after essential oil through 
the same chromatographic terms. The constituents of the 
essential oils were detected by GC–MS apparatus software 
as compared to their retention indices and mass spectra 
with standard compounds of NIST library (software library, 
NIST05a and Wiley 7n Libraries) [31]. Quantitative analysis 
of each compound relied on the relative area under the curve 
of each peak in the spectrum.

Cell culture

Colon cancer (SW 480) and human dermal fibroblast (HDF) 
cell lines were gained from the Institute of Pasture, Tehran, 
Iran. The SW 480 cells were cultured in DMEM medium 
plus 10% FBS, 100 IU ml −1 penicillin, and 100 µg ml −1 of 
streptomycin and then kept in a humidified incubator includ-
ing 5%  CO2 at 37 ºC. For the tests, the cells were detached 
using trypsin 0.025%, EDTA 0.02%.

Effect of TEO on colon cancer cells

In short, the SW 480 colon cancerous and dermal fibroblast 
(HDF) cells were planted in plates covered by fresh cul-
ture medium and kept at the incubator for 24 h (5%  CO2, 
at 37 °C). Afterward, the cells were incubated with various 
TEO concentrations including 0, 5, 10, 25, 50, and 100 μg/
mL. Following another 24 h, the cells were rinsed using PBS 
then the MTT test was applied to identify the cell’s survival. 
Every assay was done in triplicate.

In vitro red laser irradiation

Illumination was carried out using a red light source at 
660 nm with 30 mW  cm−2 power density. The plates were 
separated into a dark sample (without irradiation), and the 
cells that irradiated at 660 nm with 3 J/cm2 energy density 
for 90 s. Irradiation was done in a dark condition. The light 
source power-meter was undertaken as explained previously 
[32].
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TEO and red light irradiation as pre and post‑treatment

The SW 480 colon cancer and dermal fibroblast (HDF) cells 
(1 ×  104 cells) were individually cultures in 96 well plates 
and kept in an incubator for 24 h as previously mentioned. 
For the pre-treatment test, first, the cells were illuminated 
and then treated with various TEO concentrations and kept 
incubator for 24 h. For the post-treatment test, first, the cells 
were incubated with various TEO concentrations and after 
24 h, one of the plates mentioned as dark (without irradia-
tion (control)) and the other plate under irradiation and kept 
in the incubator for 24 h. Eventually, the cells were rinsed 
with PBS and the cell survival was determined using the 
MTT test. Every assay was done in triplicate.

Cell proliferation assay

In brief, the culture medium was removed and cells were 
cover by a medium containing 0.5 mg/ml of thiazolyl blue 
tetrazolium bromide (MTT) for 3–4 h at 37 °C. The purple 
formazan crystals were solved using DMSO. The absorbance 
was read at 570 nm by an ELISA reader (Hyperion, Inc., FL, 
USA). Every assay was done in triplicate and data are shown 
as the mean ± SD.

Morphology changes determination

Morphological alternations of SW 480 colon cancer cells 
were determined after incubation in four different condi-
tions: (1) dark (control), these cells were incubated only with 
culture medium; (2) TEO, these cells were treated by  IC50 
of TEO (25 µg/ml); (3) laser irradiation, these cells illumi-
nated by red light irradiation for 90 s without TEO; and (4) 
combination therapy, these cells were treated firstly with 
 IC50 of TEO and then irradiated at 660 nm for 90 s.. The 
morphology of SW 480 cells was investigated using light 
inverted microscopy at × 20 magnification.

Apoptosis detection using fluorescence microscopy

The SW 480 cells were seeded and then treated in four dif-
ferent conditions as described previously. Following 24 h 
after incubation time, the cells were studied using s fluores-
cent staining by Acridine Orange/Ethidium Bromide (AO/
EB) as described in previous work [33]. Morphological 
alternations as a result of apoptosis death were determined 
via fluorescence microscopy (BEL, Italy).

ROS production after TEO and irradiation in SW 480 colon 
cancerous cells

The intracellular generation of ROS was detected by 
the 7.2-dichlorofluorosine diacetate (DCFH2-DA) test. 

Therefore, the SW 480 colon cancer cells were seeded in 
about  106 cells in a petri dish then were incubated by TEO at 
concentrations of 0 and  IC50 for 24 h then were irradiated at 
660 nm for 90 s. After that, the cells were treated with 2 mM 
DCFH2-DA for 45 min in the dark. Later the cells were 
rinsed with PBS and shifted to a flow cytometer for detecting 
produced ROS. The results were examined by FlowJo 7.6.1.

Cell cycle determination after treatment with TEO and then 
irradiation

Around 1 ×  106 SW 48 cells/cm2 were incubated with TEO 
then irradiation after that the cells were rinsed with PBS 
twice using centrifugation (200 g, 5 min, 4 °C) and were 
fixed by cold 70% ethanol (24,102; Sigma). The fixed cells 
were remaining at a minimum at − 20 °C for 2 h. Then, the 
SW 480 cells centrifuged and resuspended in 300 μL of 
PBS containing 10 mg/mL PI (P4170; Sigma),100 mg/mL 
RNAse (PR891628C; SinaClon BioScience, Tehran, Iran), 
and 10 mL of 0.1% (v/v) Triton X‐100 (108,643; Merck, 
Germany) in the dark for 15 min. Obtained graphs were 
assayed by Becton–Dickinson FACS Calibur Flow Cytom-
eter using FlowJo 7.6.1 program.

Statistical analysis

Data were stated as mean of standard deviation (± SD) of at 
least three independent experiments and analyzed with the 
Student’s t-test. P values less than 0.05 were used as statisti-
cally significant.

Results

TEO chemical composition

TEO chemical composition was analyzed by GC–MS. As 
shown in Table 1, TEO mainly composed of monoterpenes 
(58%), and monoterpenoids (42%). Among them, the princi-
pal constituents of TEO were identified p-cymene (15.84%), 
γ-terpinene (38.68%), and thymol (40.25%) (Fig. 1) and the 
lower elements were hexadecane (1.1%), β-pinene (1.9%) 
and ethylene methacrylate (6.9%).

Effect of after TEO on SW 480 colon cancer: dark 
cytotoxicity

The TEO cytotoxicity effect in dark conditions was ana-
lyzed by considering the cell viability after 24 h treatment 
with various TEO including 0, 5, 10, 25, 50, and 100 μg/
mL in the dark condition. The results represented that the 
viability of colon cancer cells reduced in the existence of 
essential oil and the cell survival was 31.3% at 100 μg 
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/mL of TEO (Fig. 2). As it is shown in Fig. 2 without 
irradiation at 0, 5, 10, 25, 50, and 100 μg/mL of TEO, 
the cell survival of SW 480 cell lines was 100%, 95%, 
80%, 46.3%, 33%, and 31%, accordingly. Considering the 
findings, the TEO  IC50 on colon SW 480 cell was around 
25 µg/mL at dark.

Effect of pre‑ and post‑red light irradiation on TEO 
effect against SW 480 colon cancer cells

The TEO cytotoxicity impact in the existence of pre and post 
illumination was determined in SW 480 cells. As illustrated 
in Fig. 3, in control groups incubated with PBS, there were 
no considerable alternations as compared to the dark sample 
which suggests the used light dose did not has any photo-
toxicity on human SW 480 colon cancer cells.

The impact of TEO on colon cancerous cells using pre-
irradiation at 660 nm with 3 J/cm2 energy density repre-
sented that pretreatment with low-level laser decreased 
SW 480 colon cancer cells viability. The cell survival in 
pre- (L–T) and post-irradiation (T-L) was 26% and 25% at 
100 μg/mL of TEO, respectively (Fig. 3A and B).

It could be noted that using red light irradiation leads to 
phototoxic reactions which can sensitize cancer cells to TEO 
lead to cell survival reduction. It could be due to the red 
light illumination function in ROS generation in the cells. 
As TEO as an anticancer agent could also produce ROS 
in cancer cells, applying it prior than light could enhance 
the impact of red light illumination in ROS production the 
cancer cells. To evaluate the toxic effect of this combina-
tion treatment on normal healthy cells, HDF cells were used 
and treated as described for SW 480 colon cancer cell. The 
effect of TEO and red irradiation on HDF cells is shown in 
Fig. 3C. As it can be seen the TEO at dark or in combination 
with irradiation had effect on cell viability of HDF cells but 
this reduction was not significant (P > 0.05). It can be noted 
that combination of TEO and red irradiation has not toxic 
effect on normal HDF cells as the cell viability of HDF in 
 IC50 of TEO (25 µg/mL) was around 80% (Fig. 3C).

Cytotoxicity of TEO in presence of different 
irradiation energy densities on

The impact of various laser irradiation energy densities at 
660 nm at 0 and 25 μg/ml  (IC50) of TEO on SW 480 cancer 
cells was studied. The finding represented that 25 μg/ml of 
TEO without irradiation decreased the cell viability up to 
46% in the SW 480 cell line. The cell survival was reduced 
to 46% (L–T) and 45% (T-L) at red light illumination for 

Table 1  Chemical composition (percent area) of TEO analysed by 
GC–MS

* Retention indices (RI) were defined on n-alkanes  (C8-C25) retention 
times (RT) as standard that were injected after essential oil under the 
same chromatographic conditions. The compounds were identified by 
comparison of RI with those reported in NIST library

No Formula Compounds RT RI* Percent area

1 C10H16 α-Thujene 5.72 924.773 0.15
2 C10H16 α-Pinene 5.92 931.939 0.40
3 C10H16 Camphene 6.32 946.562 0.03
4 C10H17 Sabinene 7.00 971.153 0.15
5 C10H16 β-Pinene 7.11 975.336 1.71
6 C10H16 Myrcene 7.49 989.16 0.52
7 C10H16 α-Phellandrene 7.95 1004.26 0.10
8 C10H16 δ-3-Carene 8.14 1009.51 0.05
9 C10H16 α-Terpinene 8.38 1016.22 0.16
10 C10H14 p-Cymene 8.64 1023.51 15.85
11 C10H16 Limonene 8.77 1027.13 0.00
12 C10H18O 1,8-Cineole 8.86 1029.4 0.52
13 C10H16 β-Ocimene 9.43 1045.21 0.01
14 C10H16 γ-Terpinene 10.03 1061.81 38.68
15 C10H16 Terpinolene 10.93 1086.82 0.00
16 C10H18O Borneol 14.02 1163.61 0.00
17 C10H18O Terpinene-4-ol 14.50 1175.13 0.05
18 C10H18O α-Terpineol 15.05 1188.58 0.06
19 C11H16O Carvacrol methyl 

ether
17.28 1241.5 0.00

20 C10H14O Thymol 19.41 1291.73 40.25
21 C10H14O Carvacrol 19.77 1300.24 0.73
22 C12H16O2 Carvacrol acetate 22.74 1371.38 0.02
23 C15H24 (E)-Caryophyllene 24.63 1417.42 0.00

Monoterpenes 58.00
Monoterpenoids 42.00

Fig. 1  The main components 
structures of TEO

p-Cymene (15.85) γ-Terpinene (38.68)  Thymol (40.25)
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30 s and 1 J/cm2 energy density. At 60 s and 2 J/cm2 energy 
density irradiation, the cell survival was 45% (L–T) and 44% 
(T-L) and at 90-s irradiation with an energy density of 3 J/
cm2, cell viability was 44% (L–T) and 42.5% ( T-L). The cell 
survival was declined to 30% (L–T) and 36% (T-L) at 180 s 
of radiation with 6 J/cm2 energy density (Fig. 4).

These findings implied that at higher energy density the 
cell viability was more decreased. Moreover, at 180 s with 
6 J/cm2 energy density, the cell viability of the control also 
reduced to 85%. Regarding findings, the optimum radiation 
time and energy for the next experiments were planned to 
90 s at 3 J/cm2 energy density.

Fig. 2  The cell viability of SW 
480 colon cancer cells treated 
with different concentrations 
of TEO in dark conditions. 
The arrow shows the  IC50. 
The results are expressed as 
mean ± SD (n = 3), *P < 0.05 
compared with control 
(untreated) group
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Fig. 3  The cell viability of SW 
480 colon cancer treated with 
different concentrations of TEO 
in pre (A), and post (B) red 
light irradiation. (C) The cell 
viability of HDF human dermal 
fibroblast cells treated with dif-
ferent concentrations of TEO in 
dark, pre and post red light irra-
diation. Low-level laser irradia-
tion was used at 3 J/cm2 energy 
density for 90 s. The results are 
expressed as the mean ± SD 
(n = 3), *P < 0.05 compared 
with control (untreated) group
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Analysis of cellular morphology by invert light 
microscopy and apoptosis induction by AO/EB 
double staining

To notice the TEO effect and irradiation, the SW 480 cells 
treated with (0 0 μg/mL and  IC50 of TEO) for 24 h then 
were illuminated using red light illumination at 660 nm 
and energy density of 3 J/cm2. The morphology of cells 
was investigated by light inverted microscopy (× 20) and 
apoptosis induction was investigated by AO/EB double 
staining.

As shown in Fig. 5 by adding TEO at  IC50 (25 μg/mL) 
and then using red light, the cell number particularly 
reduced also the shape of the cells altered from spindle 
to circular.

The lower panel displays the cell shape alternation of 
SW 480 cells by fluorescent dual staining. As illustrated in 
the control sample (0 μg/mL of TEO), the cells show the 
form of live cells with green color. By the addition of TEO 
at 25 μg/ml, the nuclei of cells alter to orange/red cells 
represent early or late apoptosis. After illumination and 
adding TEO, the colon cancer cells display the features of 

the apoptotic cells including nuclear fragmentation and 
condensation of chromatin. It implies that using TEO and 
red light illumination leads to SW 48 cell death.

ROS generation in SW 480 colon cancer cells 
after TEO treatment then irradiation

As represented in Fig. 6, the SW 480 colon cancer cells 
displayed the ROS generation after incubation with 25 μg/
mL TEO in comparison to the control sample (0 µg/mL). By 
irradiation, the SW 480 cells denote more accumulation of 
ROS as compared to TEO alone cells or control (irradiation- 
0 µg/mL) samples. It suggests that ROS generation could 
consider as primary agents in cancer cells death mechanism 
under TEO and irradiation incubation.

Cell cycle changes in SW 480 colon cancer cells 
after TEO treatment then irradiation

To assay the anti-proliferative mechanism of TEO then 
irradiation, cell cycle progression in treated SW 480 colon 
cancer cells was determined. The percentages of the cell 

Fig. 4  The effect of various 
pre (A) and post irradiation (B) 
energy density on TEO cytotox-
icity in SW 480 colon cancer 
cell lines. The data represent as 
the mean ± SD (n = 3). *P < 0.05 
compared with dark group
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Fig. 5  Light microscopy and 
AO/EB double staining fluo-
rescence microscopy (× 20) of 
SW 480 colon cancer cells after 
treatment in different conditions
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cycle were determined using flow cytometry. As seen in 
Fig. 7, treatment with TEO caused to a potent arrest of G0/
G1 phase in dose-dependent manner. Whereas the SW 480 
cells were treated with 25 μg/mL of TEO for 24 h and then 
irradiation, mass of cells in a G0/G1 phase decreased in 
comparison to alone TEO treatment group.

Discussion

Nowadays, herbal medicines have received a lot of atten-
tion due to their lack of side effects compared to chemical 
medicines [34, 35]. Trachyspermum ammi is an important 
medicinal plant that has properties such as reducing cho-
lesterol level, affecting the activity of pancreatic and small 
intestinal digestive enzymes, fungal infections, and cleanses 
the bloodstream [36].

The phytochemical studies of trachyspermum ammi have 
shown the existence of flavonoids, alkaloids, glycosides, 
steroids, carbohydrates, phenols, tannins, and terpenes.

The most important compounds in tannins include thy-
mol, para-cymen, alpha-pinene, dipenten, gamma terpenine, 
betapinin, myrsin, and carvacrol. Other chemical compounds 
include protein, fat, and cations, including sodium, potas-
sium, iron, calcium, magnesium, zinc, copper, and cobalt.

The T. ammi essential oil GC–MS analysis in the pre-
sent study shows that the principal elements are p-cymene 
(15.84%), γ-terpinene (38.68%), and thymol (40.25%). This 
data is in agreement with previous results, Mahboubi and 
Kazempour noted that the great compounds of T. ammi 
oil are p-cymene (19%), γ-terpinene (20.6%), and thymol 
(45.9%) [37]. The GC–MS analysis of T. ammi essential oil 
by Ahmed M. Abdallah et al. indicated that TEO consists 
about 20 compositions, in particular the major elements 
are aromatic and monocyclic terpenes [38]. Thymol was 
existed in the highest level (36%) then m-cymene (21.44%) 
and γ-terpinene (26.01%). The T. ammi essential oil includes 
around 6.70% of β-pinene and 9.77% bicyclic terpenes [39].

Vitali et al. examined the diverse biological activies of 
T. ammi essential oil and showed that γ-terpinene (11.3%), 
p-cymene (17.9%) and thymol (67.4%) are the main parts of 
TEO. TEO has antimicrobial and antioxidant activity. Also, 
MTT test results after treatment with varoius concentrations 
of TEO (0.78 to 200 μg/ml) for 72 h in melanoma cancer 
cells (A375), breast adenocarcinoma (MDA-MB 231) and 
colon cancer cells (HCT116) showed that TEO has anti-
cancer effects and its  IC50 is 16.93, 66.52, and 9.6 μg/mL, 
respectively [40].

As it noted the main active ingredient of this essential 
oil is thymol [41] that is a potent antiseptic and antifungal 

Fig. 6  Effects of treatment 
with TEO (25 µg/ml) for 24 h 
and then red light irradiation 
for 90 s on intracellular ROS 
generation in SW 480 cells. The 
cells were stained with DCFH-
DA (2 mM), analyzed by flow 
cytometry
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compound. Ramya et al. studied the anti-cancer activity of 
T. ammi ethanolic extract against the MCF7 breast cancer 
cell category. The results of the MTT assay from their study 
showed that there is more cell toxicity at a dose of 25 µg/
mL [42].

Our study also uncovered that the colorectal cancer SW 
480 cells survival was reduced by using various essential 
oils concentrations in a dose-dependent behavior. It was also 
found that the  IC50 of TEO was 25 µg/mL.

On the other hand, previous researches have shown that 
low-level laser can be used as a safe and effective multifunc-
tional treatment, potentially for use with other treatments or 
be used as an independent method in the cancer treatment 
and other complex diseases.

The findings of this study noted that pre-treatment of 
colorectal cancer cells with different TEO concentrations 
and then red light illumination has better effect than TEO 
alone on reducing the survival of colorectal cancer cells. 

Therefore, this study can be suggested as an effective way 
to combat colorectal cancer cells. This study has shown 
that laser irradiation alone could not kill colorectal can-
cer cells which were the same as our previous finding on 
melanoma and breast cancer cell lines [32, 43].

Morphological study of cells treated with TEO, along 
with irradiation, confirms the findings of cell survival 
study. As a result, the death in cells after TEO along 
with irradiation was higher in compare to dark groups. 
Our experiment also revealed that the SW 480 colorectal 
cancer cells treatment with TEO and then the irradiation 
increases the ROS generation in cancer cells more than the 
alone TEO treated groups.

In addition, the results of the cell cycle study demon-
strated that treatment with TEO and then irradiation leads 
to more cell arrest in G0 phase. All of these results con-
firm more deaths in cells exposed to TEO and the laser 
irradiation as compared to treated cells with alone TEO.
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Fig. 7  Representative flow cytometry histograms used to quantify the distributions of the cell cycle phases of SW 480 colon cancer cells treated 
with TEO (25 µg/ml) for 24 h and then red light irradiation for 90 s
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Conclusion

This study showed that TEO, in addition to several medici-
nal properties mentioned in other studies, also has anti-
cancer effects in SW 480 colorectal cancer cells. Besides, 
here we showed that the first treatment with TEO then 
irradiation caused more cell death in comparison to 
cells kept in dark. This is could be due to the fact that 
TEO could produce ROS, which using irradiation could 
enhance the previous generated ROS and lead to a series 
of molecular reactions that cause free radicals production 
in the cells and consequently more cell death. The com-
bination of TEO with low-level laser irradiation could be 
considered as an effective way for colon cancer treatment. 
Investigation of anti-cancer effects of TEO and its active 
ingredients alone and along with low-level laser irradia-
tion in other cancer cells as well as in the tumor-bearing 
animal models are suggested in future studies as results 
have shown here are preliminary.
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