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Abstract

Safranal is a cyclic monoterpene which occurs in saffron (Crocus sativus). Gastric cancer is a
highly prevalent malignancy worldwide, which is also among the five most common cancers in
Iran. Although surgery, chemotherapy and radiotherapy are routine approaches for gastric cancer,
the survival rate of patients at advanced stages is low. The purpose of current research was to study
apoptosis-inducing effects of safranal and radiotherapy on human gastric cancer cells for the first
time. To do so, MKN-¢ 2@ cells were treated with Y, mM safranal for 41 h. Meanwhile, cells were
treated with Y, mM safranal for ¢A h, exposed to ¥ Gy ionizing radiation and recovered for £A h.
Cells only exposed to 1 Gy radiation and recovered for £¢A h were also considered in our study. To
study changes induced on the cell cycle, treated cells were harvested and suspended in the staining
solution containing propidium iodide (PI). For detection of apoptosis, cells were suspended in the
binding buffer containing FITC-annexin V and PI and finally analyzed by flow cytometry. Our
findings revealed that treatment of human gastric adenocarcinoma cells with safranal led to the
accumulation of cells in the sub G\ phase of the cell cycle, and increased the number of early and
late apoptotic cells. Likewise, treatment of cells with safranal + radiation also changed the
distribution of cells in the cell cycle and increased the number of apoptotic cells. Radiation,
however, did not induce considerable changes on MKN-£2 cells. More research is suggested to
determine the mechanism of safranal action on gastric cancer cells.
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Introduction

In recent years, natural products have been widely used for the prevention and treatment of various
diseases. For instance, natural terpenes have attracted a lot of attention as anticancer agents with
valuable effects in vitro and in vivo (Samarghandian and Shabestari, Y+)Y). Safranal (Y¢1¢1-
trimethylcyclohexa-) «¥-diene-) -carbaldehyde) is a cyclic monoterpene which occurs in saffron
(Crocus sativus). Safranal produces the aroma of saffron via enzymatic and thermal degradation
of the picked stigmas (Amin and Buratovich, Y+ +).

Cancer is one of the most common causes of illness and death worldwide, making it the second
highest cause of death globally (Zhou, Y et al.,¥ + ). In Iran, cancer is known as the second largest
group of chronic diseases and the third most common cause of death after heart disease and
accidents (Dolatkhah et al., Y+1?). Gastric cancer is a highly prevalent malignancy worldwide
(Farmanfarma et al., Y+ %), which is also among the five most common cancers in Iran (Dehdari,
Dehdari and Jazayeri, ¥+ )7). Routine therapeutic approaches for gastric cancer include resection
surgery, chemotherapy, radiotherapy and immunotherapy. Nevertheless, survival rate of this cancer
still remains low, specifically when the disease is diagnosed at advanced stages.

Apoptosis is a common type of eukaryotic cell death, which could be induced by external stress
like ionizing radiation (Vali F et al., Y+)°). Flow cytometry is a powerful tool to study cell cycle
and also detect apoptosis. The purpose of current research was to study apoptosis-inducing effects
of safranal and radiotherapy on human gastric cancer cells for the first time.

Methods:

The human gastric adenocarcinoma cell line used in our study was MKN-£¢ (purchased form
Pasteur institute, Tehran, Iran). Cells were maintained in Dulbecco's modified Eagle’s medium
(Capricorn) supplemented with ) +7 fetal bovine serum (Gibco) and )7 penicillin-streptomycin
(Betacell). MKN-£© cells were incubated at YV°C in a humidified atmosphere with 7 COr
(Memmert) and subcultured by trypsin +,Y°Z-YmM EDTA (Betacell).

To study the effects of safranal and radiotherapy on the cell cycle and apoptosis induction, MKN-
¢0o cells were seeded in 11-well plates (SPL) and treated with Y, mM safranal (Sigma aldrich) for
47 h. Meanwhile, cells were also treated with Y, mM safranal for £¢A h, exposed to 1 Gy ionizing
radiation (Elekta Compact™ linear accelerator, Crawley) and recovered for ¢A h (overall treatment
time was 17 h). Cells only exposed to 1 Gy radiation and recovered for ¢A h were also considered
in our study.

To study changes induced on the cell cycle, cells were harvested using trypsin and centrifuged at
Yé+«+ rpm for © min. After washing with phosphate buffered saline, the cell pellet was dissolved
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in the staining solution containing triton X-) * +, sodium citrate and propidium iodide (PI, Sigma).
Then, cells were analyzed by BD FACSCalibur using FL-Y filter. For the detection of apoptosis,
cells were harvested and washed similarly, but suspended in biding buffer containing FITC-
conjugated annexin V and PI (Zist Pajoohan) and finally analyzed by FL-) and FL-Y filters.

Results:

Findings of the present study revealed that safranal changed the distribution of MKN-£¢ cells in
the cell cycle. As shown in Figure Y, YA,YZ, ¢,AZ and oY,/ of cells were detected in Gy, S and
Gy/M phases of the cell cycle, respectively. On the other hand, upon 371 h treatment of cells with
V.7 mM safranal, 1,97, €0,17, V,A/ and YA,AZ of cells were detected in sub Gy, Gy, S and Gv/M
phases, respectively. Exposure of cells to 1 Gy radiation did not induce considerable changes in
comparison with untreated cells, while after safranal + radiation treatment, A,V7, £Y,Y7, ) +,¥/ and
YA,e7 of cells were detected in sub Gy, Gy, S and Gy/M phases, respectively.
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A B
E00 = _— -
] ?-':h;,; 1_;;/& i Sub G1: 6.92%
1 #1138, - 4560
& = §:4.82% w 0 f;;‘li ;6-3:/6
" 1 G2/M:52.6% H G2/M: 38.8%
a 400 g 400
- 1 =
h—] 4
0= 03+
0 rrreney b B ' o 2
0 10 100 Q10 0 0 0 ] i
FL2-H
FL2 11
Control+Radiation 1.6 mM safranal+Radiation
cC D
Sub G1:2.09% . i
i G1:41.7% i‘;bﬁlj;‘”%
S: 4.58% P
a0 G2/M: 50.8% ] 5:10.3%
“ ] G2/M: 38.5%
5 3ne 8
- -
M o B oo
1004
- 04
Un I'l‘ Ivo: 10 U‘ 10 1J‘ '] 'l.") Il'll
FL2 11 FL2-H

Figure V: Cell cycle analysis after treatment of MKN-£ @ cells with safranal, radiation and safranal
+ radiation. Distribution of cells in different phases of the cell cycle was detected by PI staining
and flow cytometry.
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To determine whether accumulation of cells in the sub Gy phase was due to necrosis or safranal
induced apoptosis, cells were examined after staining with FITC-annexin V and PI. Figure ¥ shows
analyzed data represented by dot plots. As indicated, Y,V%, V,Y/, ©,¥/ and +,Y7 of untreated cells
were alive, necrotic, late apoptotic and early apoptotic, respectively. However, VY h after treatment
with safranal, Y1,YZ, Y,V 7, Y+,%% and Y,V of cells were alive, necrotic, late apoptotic and early
apoptotic, respectively. Similar to the cell cycle histograms, no considerable change was observed
after radiation exposure in comparison with untreated cells. Nevertheless, after treatment with
safranal + radiation, A, ¢7, «,AZ YV,o/ and Y,V of cells were detected as alive, necrotic, late
apoptotic and early apoptotic, respectively.
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Figure Y: Detection of apoptosis in MKN-£¢ cells after treatment with safranal, radiation and
safranal + radiation. Alive, necrotic, early apoptotic and late apoptotic cells were detected by FITC-
annexin V and PI staining and flow cytometry.
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Discussion:

Present study indicated, for the first time, that treatment of human gastric adenocarcinoma cells
with safranal led to the accumulation of cells in the sub Gy phase, and increased the number of
early and late apoptotic cells. Likewise, treatment of cells with safranal + radiation also changed
the distribution of cells in the cell cycle and increased the number of apoptotic cells. Radiation,
however, did not induce considerable changes on MKN-£@ cells. More research is suggested to
determine the mechanism of safranal action on gastric cancer cells.
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