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Abstract. Study Objectives: Saffron and its main components have been shown to have anti-tumor and anti-
cancer effects in animal studies and human cancer cell cultures. This study aimed to investigate the anti-cancer
effects of saffron on human ovarian cancer cells. Methods: Powder of saffron was applied to the HO-8910 cell
lines. Cell viability was determined. ELISA test is used to examine the activity of caspase-3 and expression
of AIF, gadd153, grp78, caspase 3, bax, bcl-2, wee 1, which are apoptotic pathway’s mediators. Active ERK
(p-ERK), active JNK (p-JNK) active AKT (p-AKT), and active mTOR (p-mTOR) were also analyzed by
ELISA. Results: Saffron treatment reduced the viability of ovarian cancer cells. Saffron treatment increased
activity of caspase 3 and expression of bax, wee 1, gadd153, grp78, and AIF and decreased bcl-2 which
is anti-apoptotic protein. Saffron also decreased the activity of p-ERK, p-JNK, p-AKT, and p-mTOR in
ovarian cancer cells. Conclusion: This study revealed that saffron has a beneficial effect on cancer treatment.
Saffron may show a synergistic effect with various chemotherapeutics while directing the cancer cell to death.
Crocetin, one of its active components, has shown a synergistic anti-cancer effect combined with cisplatin.

Saffron induced apoptosis via ER stress, AKT/mTOR, and MAPK pathways in the ovarian cancer cell line.
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ailments, insomnia, cough, bronchitis, colds, fever,
heart diseases, and cancer (1-3). Modern biomedical

Although great improvement in the medical and findings showed that saffron and its components may

pharmaceutical field, cancer has remained as an incur-
able disease. This led the researchers to seek alternative
treatments. Traditional medicine knowledge has been
revised all over the world and therapeutic effects began
to be studied in depth. Crocus Sativus is the raw mate-
rial of saffron, the most expensive spice in the world,
and has been used in traditional medicine for centuries.

Saffron has been used in traditional medicine
as an appetizer, stomach acid regulator, tranquilizer,
expectorant, aphrodisiac, abortifacient, for treatment
of liver diseases, gas, and spasm relief, tooth and gum

be useful in the treatment of neuro-degenerative dis-
eases and resultant memory problems, ischemic neu-
ropathy, age-related macular degeneration, coronary
artery disease, blood pressure abnormalities, acute and
chronic inflammatory diseases, mild-moderate depres-
sion, seizure, and Parkinson’s disease (4,5). In addition,
anti-oxidant, anti-mutagenic, anti-genotoxic and tu-
moricidal effects have been found saffron to have (6,7).

As aresult of the chemical analysis of saffron flow-
ers (Figure 1), it has been determined that it has more
than 150 components. It is known that the strongest
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components of saffron are crocin, crocetin, and safranal
(8). In animal studies and human cancer cell cultures,
saffron and its main components have been shown to
have anti-tumor and anti-cancer effects, and the possi-
ble mechanisms of these effects have been investigated
and are under investigation (1,9,10).

The anti-carcinogenic effect of saffron was first re-
ported in the 1990s and studies on this issue have been
accelerating since then. Recent studies on saffron are
encouraging and saffron and its’ derivatives have been
found to affect carcinogenesis in many in vivo and in vitro
models. In particular, crocin and crocetin components

have been shown to have significant anti-cancer activity
on breast, lung, pancreas, and leukemia cells (6,7,9). The
effects of saffron on gynecological cancers such as cervi-
cal and ovarian cancer cell cultures were investigated and
crocetin was found to show anti-proliferative effects de-
pending on concentration. Crocetin inhibits DNA and
RNA synthesis in cervical cancer cells and accelerates
apoptosis in a time-dependent manner (6,11)
Apoptosis has an important function in some
cancers through both developments of cancer itself
and resistance gain against chemotherapeutic agents.
Apoptosis is programmed cell death that functions in

Figure 1. Saffron flower
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the development of tissue, removing damaged tissue
and reshaping of tissue, homeostasis, and aging (9,12).
Recent research on the stimulation or inhibition of ap-
optosis has brought a new perspective to cancer treat-
ment. While stimulated apoptosis causes organ failure,
inhibition of apoptosis causes cancer and hyperplasia.
Apoptosis disorders are important in developmental,
autoimmune, and neuro-degenerative diseases and
cancer development. It is reported in literature that
anti-apoptotic proteins are responsible for resistance
to chemotherapeutics. It has been reported that anti-
apoptotic bel-2 proteins are activated in many cancers
(13-15).

The study aimed to investigate the anti-cancer ef-
fects of saffron on ovarian cancer cells. For this pu-
pose; we planned to analyze the apoptosis mediators
and mitosis factors at the molecular level. In recent
studies, saffron has been shown to alter the activities
and expression of caspase-3, BAX, and bcl-2 protein,
mediators of apoptosis. Caspase 3 and BAX are pro-
apoptotic mediators. Bcl-2 is an anti-apoptotic media-
tor (15,16). In the study, evaluation of the expression
and activities of those mediators, and also evaluation
of the activities of mitosis factors AIF, Weel, Gadd53,
and Grp-78 were aimed. Ovarian cancer is the ninth
most common women cancer and with a 5-year sur-
vival rate of 46%, it is the most fatal gynecological can-
cer probably due to delayed diagnosis and inadequate
treatment (17).

Ovarian cancer is generally not inherited. How-
ever, up to 24% of cases may be related to a genetic
mutation, even if the family history is negative for
ovarian or breast cancer. There are epithelial, stromal
and germ cell ovarian cancer types depending on the
type of cell it originated from. Ovarian cancer and
many other conditions unrelated to cancer may cause
similar symptoms. Unfortunately, in the early stages,
ovarian cancer may not cause noticeable symptoms.
Some symptoms are very vague and many other com-
mon diseases such as digestive system problems also
can cause them. So, women may not pay attention to
those symptoms. Treatment of ovarian cancer usually
includes a combination of surgical intervention and

chemotherapy (17,18).

Saffron has been studied in many cancer cells.
However, the effects of this substance on caspase 3,
bax, bcl2, wee 1, gadd 153, grp 78, and AIF proteins
on human ovarian cancer cells were not studied. Re-
vealing the expression and activities of these mediators
one by one will increase the original value of our study.

Material and Method

This study was supported financially by the Co-
ordination of Scientific Research Projects (SRP) of
Hatay Mustafa Kemal University.

10 grams of powder of saffron mixed with 80%
(v/v) aqueous ethanol and the mixture was macerated
for five days at 4°C. The resulting mixture was then
filtered dried under reduced pressure in a rotary evapo-
rator at 40°C to give water and ethanol crude extracts.

RIPA buffer, fetal bovine serum (FBS), phosphate-
buffered saline (PBS), NaCl, TritonX-100, Ethylene
glycol tetraacetic acid (EGTA), dithiothreitol, NaF,
TrissHCl, Na;VO, were obtained from Sigma-Al-
drich, Inc. RPMI 1640 medium and HO-8910 cell
lines were obtained from ATCC Inc. ELISA kits of
caspase-3, AIF, gadd153, grp78, caspase 3, bax, bcl2,
wee 1, gadd153 were purchased from Shanghai Sun-
red Biological Technology Co., Ltd. ERK (p-ERK),
JNK (p-JNK) akt (p-AKT) and mTOR-(p-mTOR)
ELISA kit were purchased from Mybiosource Inc. In
addition, the Bradford dye reagent was purchased from
Bio-Rad Laboratories, Inc.

Cell Culture

5 mg/mL dose of MTT (3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyl tetrazolium bromide; sigma)
were prepared by dissolving in filtered PBS. Cells
were plated at a density of 104 cells/cm2 in 96-well
plates in a final volume of 180 pL of medium and
were incubated overnight. The cells were then treated
once with a dose of 1,2,4 and 8 mg/ml of Saffron
extract and were observed after 48h. After comple-
tion of the treatment with Saffron, MTT was added
to each well at a 1/10 volume for 3 h at 37°C. The
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supernatants were carefully aspirated, 100 pL of
dimethyl sulfoxide was added to each well, and the
plates were agitated to dissolve the crystal product.
The absorbance of plates was measured at 570 nm
Quantitative Analysis.

Cell Homogenization

Cells (5 x 104 cells/cm2) were exposed to 8mg/
ml saffron for 48 h. They were then washed in PBS
and lysed in RIPA buffer (150 mmol/L NaCl 0.5%,
TritonX-100, 20 mmol/L. EGTA, 1 mmol/L dithi-
othreitol, 25 mmol/L NaF, 50 mmol/L Tris~HCI [pH
7.4],1 mmol/L Na;VO,) for 15 min on ice followed by
centrifugation at 15000 rpm for 20 min. and superna-
tants are taken and pellets are discarded.

Total protein determination

Bradford method is used to determining of the
total protein in homogenized tissues. Protein determi-
nation (pg/pl) is done according to the standard curve
drawn in Prism software.

ELISA (Enzyme Linked Immunosorbent Assay)
Tests

ELISA test is used to examine the activity of cas-
pase 3 and expression of AIF, gadd153,  grp78,
caspase 3, bax, bcl2, wee 1, which are apoptotic
pathway’s mediators. Active ERK (p-ERK), active
JNK (p-JNK) active AKT (p-AKT) and active
mTOR (p-mTOR) were also analyzed by ELISA.

Statistical Analysis

The Independent Sample t test (Student’s t test)
was used for the comparison of parameters from Saf-
fron treated and control groups. Data are presented as
means + SEM. Statistical analysis of differences with
p < 0.05 was taken as the indicator of significance.

Results

Saffron treatment reduced the viability of ovarian
cancer cells (Figure 2). Saffron treatment increased the
activity of caspase3 and expression of bax (Figure 3),
wee 1, gadd153, grp78, and AIF (Table I) and de-
creased bcl2 (Figure 4) which is antia-poptotic pro-
tein. Saffron also decreased activity of p-erk, p-jnk,
p-akt, and p-mtor (Figure 5) in ovarian cancer cells.
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Figure 2. Saffron treatment reduced viability of ovarian cancer cell.
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Figure 3. Saffron treatment increased the activity of caspase 3 and expression of bax
Table 1. Effects of saffron treatment on expression of wee 1, gadd153, grp78, and AIF
Control Saffron
wee 1 0.32+0.02pg/ml 0.68+0.01pg/ml*
AIF 1.1+0.02pg/ml 1.60.09pg/ml*
gadd153 0.36+0.03pg/ml 2.1+0.3pg/ml*
grp78 0.66+0.02pg/ml 1.25+0.13pg/ml*
*: For control p < 0.05
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Figure 4. Saffron treatment decreased bcl2.
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Figure 5. Decreased activity of p-ERK, p-JNK, p-AKT and p-mTOR in ovarian cancer cells.

Discussion

The saffron is extensively used in medicine to treat
multiple diseases such as vascular diseases, inflamma-
tory and autoimmune diseases (8,12). Previous studies
showed saffron has the potentials for cancer preven-
tion and therapy. In vitro studies have shown that saf-
fron is effective in many types of cancer (3,19,20). In
this study, we aimed to reveal the molecular mecha-
nism of anticancer activity of saffron by analyzing ER
stress, apoptotic, AKT/mTOR, and MAPK pathways.

Saffron induced ER stress by increasing IRE1,
ATF6, Gadd153, and grp78 which is endoplasmic
reticulum (ER) stress mediators. ER stress, which re-
stores homeostasis or activates cell death, is activated
by a variety of factors and ER stress mediators. Lots
of studies have shown the correlation between ER
stress and cancer, and particularly the involvement of
ER stress mediators. ER stress mediators modulate
the paradoxical microenvironment of cancer and it is
also one of the resistance mechanisms against cancer

therapy (21).

Saffron treatmentalso inhibited mitogen-activated
protein kinase (MAPK) pathways. MAPK pathways
link extracellular signals to growth, proliferation, dif-
ferentiation, migration, and apoptosis. Drugs targeting
this pathway are currently being developed (22,23).
Furthermore, AKT/mTOR pathway also inhibited by
saffron. This pathway has an important role in regula-
tion of the cell cycle. Inhibitors of this pathway are
being tested in the clinic (24).

The goal of all chemotherapeutics is to lead the
cancer cell to death. Saffron-induced apoptosis has
been shown in this study. Apoptosis is also known
as cell death. The interaction of saffron with all those
mentioned pathways was important, but it was more
important to induce apoptosis itself. This study showed
the molecular mechanism of the anti-cancer activity of
saffron. There were lots of studies that showed anti-
cancer activity of saffron, especially with its active in-
gredients (19,25).

Crocin is a main active component of saffron and
inhibits cancer cell proliferation and induces cell apop-
tosis by inhibition of enzymes which induces nucleic



Saffron induces Apoptosis in Ovarian Cancer cell via MAPK and AKT/mTOR Pathways 7

acid synthesis (9, 19). Crocin has also shown protec-
tive roles for the prevention of early liver cancer (25).
Moreover, crocin inhibits human liver cancer cell pro-
liferation and induces apoptosis by suppressing the ac-

tivity of AKT/mTOR pathway (24).

Conclusion

In conclusion; this study revealed that saffron has
a beneficial effect on cancer treatment. Saffron may
show a synergistic effect with various chemotherapeu-
tics while directing the cancer cell to death. Crocetin
one of its active components has a synergistic anti-
cancer effect combined with cisplatin. Saffron induced

apoptosis via ER stress, AKT/mTOR, and MAPK
pathways in the ovarian cancer cell line.
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