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Abstract
It is of great importance to find an effective approach that not only eliminates gastric cancer
cells but also do exhibits significant side effect to normal cells. Some studies have shown the
effectiveness of hypericin against cancer cells. In this study, we evaluated the anti-cancer effect
of Hypericin in the treatment of gastric cancer. In this study, the AGS cell line was exposed to
different concentrations of hypericin for 24 and 48 h. Evaluation of cell death was done by MTT
assay. The rate of apoptosis was measured by flow cytometry assay using Annexin V/ Propidium
Iodide. The expression rate of Bcl2, p53 and Bax genes was evaluated by Real-time PCR test,
and immunocytochemistry (ICC) analysis and western blotting was used for further evaluation of
p53. MTT assay test showed that hyepricin induces 50% cell death in the concentration of 1 (µg/
mL) and 0.5 (µg/mL) at 24 h and 48 h post-treatment, respectively, however no similar effect seen
on fibroblast cells. Annexin/PI test revealed that cell apoptosis after exposure to hypericin for 24
h was 74%. Real-time PCR showed that expression level of Bax, p53 and Bax genes increases
and Bcl2 gene decreases in AGS cell lines after treatment by hypericin. ICC analysis and western
blotting for p53 confirmed these data. The results of this study indicated that hypericin has the
potential to be introduced as an effective treatment for gastric cancer. Therefore, it seems that this
substance has potential to be utilized as anti-cancer drug.
Keywords: Hypericin; Herbal medicine; Gastric cancer; Anticancer drug, AGS; Apoptosis.

Introduction
Gastric cancer is one of the most common
types of cancers and is ranked third among
the most lethal cancers, with thousands of
deaths per year occurring worldwide (1-3).
* Corresponding author:
E-mail: maj136@gmail.com

The etiology of gastric cancer remains largly
unknown, but several factors have been shown
to contribute to the development of this cancer,
including infections such as Helicobacter
Pylori and Epstein-Barr virus. In addition,
high salt intake, smoking, obesity and family
history are also associated with gastric cancer
risk (4-6).
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Gastric cancer begins with uncontrolled
proliferation of cells in the inner lining of the
stomach. Primary symptoms of gastric cancer
include heartburn, upper gastrointestinal pain,
nausea and appetite loss. Other symptoms
include weight loss, jaundice, difficulty
swallowing and bloody stool (7).
Gastric cancer may spread to other parts
of the body, including liver, lungs, bones and
lymph nodes (8). In most cases, the disease is
diagnosed in its advanced state and the initiation
of treatment is delayed, and the survival rate is
less than five years (3). Currently, treatments
for this cancer include a combination of
surgery, chemotherapy, and radiotherapy.
However, these methods are possibly followed
by irreparable complications for the patient.
Furthermore, resistance of tumors to current
treatments calls for development of novel
anticancer drugs (9, 10).
Today, the use of medicinal herbs in the
treatment of many diseases is being considered
by the scientific society(11-13). Hypericin
is a naphthodianthrone extracted from
Hypericum genus plant. In various studies, the
photodynamic, anti-viral and anti-depressant
effects of hypericin have been proved.
Moreover, some studies have mentioned the
cytotoxicity effect of hypericin. Hypericin
cytotoxicity effect leads to inhibitory effects
on the angiogenesis of cancer cells and
induction of apoptosis (14-16).
Although studies have been done on
the anticancer effects of Hypericin, the
mechanism of action in which this product
exerts its anti-cancer activity on gastric cancer
cells is not well understood. Therefore, this
study aimed to evaluate the anticancer effect
of hypericin on AGS cell line and its effects
on the expression level of important genes in
apoptotic pathway.

obtained from Sigma Aldrich (USA).
Immunocytochemistry (ICC) was performed
using rabbit polyclonal anti-p53 antibody,
goat anti-rabbit IgG Fc (FITC) (Abcam, UK).
PI (Abcam) was used to stain cell nuclei in
ICC-test. All other reagents used in this study
were obtained from Sigma Aldrich.
Cell culture
AGS and fibroblast cell lines were cultured
in the complete medium and incubated at 37 °C
with 5% CO2. The medium was changed every
four days. When confluency of cells reached
90%, the cells were washed with PBS and then
detached by trypsin. After detaching, trypsin
was neutralized and cells were centrifuged at
1200 rpm, 37 °C for 5 min. These cells where
then counted and utilized for tests.
MTT assay and Apoptosis assay by flow
cytometry
For MTT assay in 24 and 48 h, 8000 or
6000 cells were seeded in each well of 96
well plates. After 24 h, culture media were
replaced with fresh media containing various
concentrations of hypericin in triplicate. After
24 or 48 h the media of each well was replaced
with fresh media plus an appropriate amount
of MTT solution based on manufacturer’s
protocol. Purple formazan sediments appeared
after 3 h. MTT containing media in the wells
were depleted and 200 µL of DMSO was added
to each well, in order to dissolve formazan
crystals. The absorption of the solution in
each well was determined by Biotek ELX800
microplate reader (BioTek Instruments, Inc.)
at 570 nm.
The cellular death occurring after hypericin
treatment was further investigated using
Annexin V/PI apoptosis assay kit exactly
based on manufacture’s manual.
Real-time PCR
Total RNA was extracted by TRIzol
reagent
(Invitrogen)
according
to
manufacturer’s recommendation. The quality
and concentration of extracted RNA were
determined by spectrophotometry. cDNA
was synthesized using Takara (Japan) cDNA
synthesis kit. The primers were designed to
specifically amplify Bax, Bcl2 and p53 mRNAs
(Table 1). GAPDH was used as reference gene.
Real-time PCR was performed using Applied
Biosystems 7500 Fast Real-Time PCR device
and SYBR green master mix (Takara, Japan)
with the following program: 1- Holding Stage:

Experimental
Materials and reagents
AGS and normal fibroblast cell lines were
purchased from Pasteur Institute of Iran. The
cells were cultured in high glucose Dulbecco’s
Modified Eagle’s Medium (HDMEM).
Complete medium included HDMEM
plus 10% fetal bovine serum, 100 mg/mL
streptomycin and 100U/mL penicillin (all
from Gibco, USA).
Trypsin, Hypericin and MTT (3-(4,
5-Dimethyl-2-thiazolyl)-2,5-diphenyl2-tetrazolium bromide) assay kit were
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Table1.
1. Primers
Primers used
PCR.
Table
usedfor
forreal
realtime
time
PCR.
Forward primer

Reverse primer

Amplicon
length

GAPDH

AAGTTCAACGGCACAGTCAAGG

CATACTCAGCACCAGCATCACC

121 bp

p53

TCCTCAGCATCTTATCCGAGTG

AGGACAGGCACAAACACGCACC

265 bp

Bax

CCAAGAAGCTGAGCGAGTGT

CCCAGTTGAAGTTGCCGTCT

156 bp

Bcl-2

TCTTTGAGTTCGGTGGGGTC

GTTCCACAAAGGCATCCCAG

153 bp

Gene

Chemiluminescent HRP substrate (Millipore,
USA). For quantification of the bonds, Image
J (Fiji) software was used. Bands of GAPDH
protein from each sample was used for
normalization.

95 °C/5 min 2- Cycling Stage: denaturing step:
95 °C/15 s, followed by annealing step 60
°C/30 s, amplification step 72 °C/20s (Number
of Cycles: 40). 3- Melt curve analysis stage.
The raw result were analyzed using 2-∆∆Ct
method to obtain fold change values.

Statistical analysis
All statistical analysis performed by
GraphPad Prism software (version 5.00) with p
≤ 0.05 as significant level (error bars represent
mean ± SD). To investigate whether the
difference between groups were significant,
t-test performed.

Immunocytochemistry
AGS cells were cultured in 24 well plates.
After treatment by hypericin, cells were fixed
with 4% paraformaldehyde (10 min at 25
°C). The cells were then incubated at 4 °C
with anti-p53 antibody overnight. Cells were
washed three times with PBS and incubated
with FITC for 1 hour. Nuclei of cells were
stained by DAPI and cells stained without
primary antibody were employed as a negative
control.

Result
Morphological change
Treatment of AGS cells with hypericin
caused cell morphology change and elongated
cells were replaced by round cells as seen
through invert microscope (Figure 1). This
shape change may indicate apoptosis.

Western blotting
p53 expression at the protein level in
normal untreated AGS cells and AGS cells
treated with IC50 of hypericin was determined
by western blotting. Cells were lysed and the
same amount of protein from each sample
was utilized for western blotting. Proteins
were separated by 10% SDS-PAGE and
transferred to nitrocellulose membranes.
Then the membranes were incubated 1 hour
with 5% nonfat milk at room temperature.
Rabbit monoclonal antibody against p53
protein (abcam) was utilized as the primary
antibody. Membranes were incubated with
primary antibody at 4 °C overnight. Rabbit
monoclonal antibody against GAPDH was
used as the control. Washing buffer contained
Tris buffered saline and Tween 20. After
washing step, the membranes were incubated
with the secondary antibodiy goat Anti-Rabbit
IgG H&L (HRP) (abcam). The complexes
were visualized with an Immobilon Western

MTT assay
The IC50 of Hypericin on AGS cells
was determined to be 1 μg/mL and 0.05 μg/
mL in 24 and 48 h, respectively (Figure 2).
Interestingly, even 30 μg/mL of hypericin did
not have any significant effect on survival of
normal fibroblast cells in 24 and 48 h (Figure
3).
Flowcytomemtry Annexin V/PI-test
On hypericin treatment AGS cells
underwent apoptosis, as revealed by Annexin/
PI flow cytometry (Figure 4). Treatment of
cells with 5 μg/mL hypericin for 24 h, induced
about 74% apoptosis and no necrosis (Figure
4).
Real time PCR and ICC
To further investigate whether hypericin
treatment induces apoptosis, the expression
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Figure 1.changes
Morphological
changes
in AGS
cells after
treatment
with IC50
dose of Hypericin
24 h.
Left, untreated
AGS cells;
Figure 1. Morphological
in AGS
cells after
treatment
with
IC50 dose
of Hypericin
for 24 h.for
Left,
untreated
AGS cells;
right,right, exactly
same
cells
24 h treatment
by Hypericin
(magnification
100X).
exactly same cells
after
24 after
h treatment
by Hypericin
(magnification
100X).

Figure 2. MTT assay results. The left diagram shows that the IC50 dose of Hypericin in 24 h was 1 (μg/mL) (p-value = 0.0074) and the right

diagram
reveals
thatThe
IC50left
dose
of Hypericin
48 hthe
wasIC50
0.5 (μg/mL)
= 0.0046).
Figure 2. MTT
assay
results.
diagram
showsinthat
dose of(p-value
Hypericin
in 24 h was 1 (µg/mL) (p-value = 0.0074) and
the right diagram reveals that IC50 dose of Hypericin in 48 h was 0.5 (µg/mL) (p-value = 0.0046).

Figure 3. MTT assay results for the treatment of fibroblast normal cells with different concentrations of Hypericin for 24 h (left diagram) and 48
h (right diagram). Hypericin does not have a significant effect on fibroblast normal cells in concentrations up to 30 (μg/mL) in 24 and 48 h (p
Figure 3. MTT assay results for the treatment of fibroblast normal cells with different concentrations of Hypericin for 24 h (left
diagram)value=
and 480.05).
h (right diagram). Hypericin does not have a significant effect on fibroblast normal cells in concentrations up to 30
(µg/mL) in 24 and 48 h (p value= 0.05).
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Figure 4. Annexin/PI flow cytometry results. Left diagram is the untreated AGS cells, and the right diagram is AGS cells which treated w
Figure 4. Annexin/PI (μg/mL)
flow cytometry
results.for
Left
the untreated
AGS
cells,
and the
right diagram
is AGS
cells
which treated
of Hypericin
24diagram
h. Afteristreatment,
about
74 %
of cells
underwent
apoptosis
(right
diagram,
up-right and down-right quadran
with 5 (µg/mL) of Hypericin
forwith
24 h.untreated
After treatment,
compared
cells. about 74 % of cells underwent apoptosis (right diagram, up-right and downright quadrants) compared with untreated cells.

Figure 5. Real-time PCR results for investigating the change in relative expression of proapoptotic Bax and p53 genes and antiapoptotic gene

Figure 5. Real-time
PCR
results for
investigating
relative expression
of proapoptotic
Bax and p53 genes
antiapoptotic
Bcl2, after
treatment
of AGS
cells with the
IC50change
dose ofinHypericin
for 24 h. Hypericin
induced overexpression
of p53and
(p-value
= 0.00451) and Bax
gene Bcl2, after
treatment
AGS cells
IC50plots)
dose and
of Hypericin
for Bcl2
24 h.(p-value
Hypericin
induced
overexpression
of p53
=
genes
(p-value of
= 0.0084)
(left with
and center
downregulated
= 0.0061)
mRNA
expression level
(right(p-value
plot) (Normal;
0.00451) and untreated
Bax genes
(p-value
AGS
cells). = 0.0084) (left and center plots) and downregulated Bcl2 (p-value = 0.0061) mRNA expression level
(right plot) (Normal; untreated AGS cells).
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of Hypericin
for 24 h. (A
Figure 6.Figure
ICC-test
for p53for
protein.
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are AGS
untreated
cells,
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treated
with
IC50
of Hypericin
andand
D) are
nucleinuclei
that stained
with DAPI.
and E stained
anti p53
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(C) is the merged(C)
picture
for 24 h. (A
D)cells
are cells
that stained
withBDAPI.
B and with
E stained
with
anti p53 antibody-secondary
is of (A
the merged
(Amerged
and B),
F is the
merged
of (Ddemonstrates
and E). Thequantification
diagram demonstrates
quantification
of=p53
positive
andpicture
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picture
of (D
and E).picture
The diagram
of p53 positive
cells (p-value
0.0447).
Aftercells
treatment of
(p-value =AGS
0.0447).
After
red
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and F);
demonstrates
aboutlevel.
twofold p53 upregulation
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(E AGS
and F);cells,
which
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about(E
twofold
p53which
upregulation
at the protein
at the protein level.
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Figure 7. Western blot analysis for p53 protein after treatment of AGS cells with Hypericin. After treatment of AGS cells with the
Figure 7. Western blot analysis for p53 protein after treatment of AGS cells with Hypericin. After treatment of AGS cells with the I
IC50 of Hypericin, p53 protein level increased about 2 fold more in treated cells (p value = 0.0071).
Hypericin, p53 protein level increased about 2 fold more in treated cells (p value = 0.0071).

In a study by Mirmalek et al. on the effect
of Hypericin on breast cancer cell line, they
concluded that hypericin played a dosedependent apoptotic impact on MCF-7 cell
line. They showed that the IC50 hypericin and
cisplatin on the MCF-7 cell line were 5 μg/
mL and 20 μg/mL, respectively, indicating
the effectiveness of hypericin at much lower
concentrations compared with cisplatin.
Moreover, they concluded that hypericin had
a suitable cytotoxic effect on the breast cancer
cell line and is a good candidate to be used in
the treatment of breast cancer (17). Hamilton et
al. showed that hypericin induced apoptosis in
hypophysis adenoma cells AtT-20 and GH4C1
at 100 nM. Interestingly, a concentration of
10 μM did not induce apoptosis in human
fibroblasts (20). Moreover, Kim et al. (21)
demonstrated that that concentration of
hypericin for growth inhibition in 50% of
histiocytic lymphoma cells was 0.2 µM. Yi et
al. (22) found that photoactivated hypericin at
a concentration of 50 nM induced apoptosis
through elevation of Bax-to Bcl-2 ratio in
RINm5F insulinoma cells. In the study
caspase-3 and caspase-9 were also found to
be elevated. In addition to inducing apoptosis,
hypericin has also been reported to eliminate
von-Hippel Lindau protein from cancerous
cells and thus prevented growth of cancer
cells (23). In contrast to this study and other
reports on the apoptotic cell death caused by
hypericin, Mikeš et al. (24) found that necrosis
is the main type of cell death in human colon

level of proapoptotic and antiapoptotic genes
at mRNA level was studied. After treatment
of AGS cells with the IC50 dose of hypericin
for 24 h, the expression level of Bax and p53
proapoptotic genes was increased, and the
expression level of anti-apoptotic Bcl2 was
decreased (Figure 5). ICC confirmed that
treatment of AGS cells with the IC50 dose
of hypericin for 24 h causes p53 protein
overexpression (Figure 6).
Western blot
Western blot results revealed that after
treatment of AGS cells with the IC50 dose
of hypericin, p53 is over-expressed at protein
level (Figure 7). Western blot data confirmed
that this treatment triggers upregulation of p53
proapoptotic gene, which would in turn results
in cell cycle arrest and apoptosis in treated
cells (this phenomenon was demonstrated
with Annexin V/PI-test either).
Discussion
Gastric cancer is a common cancer with
high mortality rate (17). The treatment of
gastric cancer is done by surgery, radiotherapy,
and chemotherapy. However, tumor resistance
to radiotherapy and chemotherapy calls for
development of novel anticancer drugs (9,
10, 18). Hypericum perforatum is a medicinal
plant, having hypericin as one of its active
ingredients. Previous studies have shown
that hypericin has antioxidant effects and is
cytotoxic to some cancer cell lines (17, 19).
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p53 was up-regulated in MDA-MB-175VII cells which underwent apoptosis when
treated with hypericin. Halaburková et al.(38)
showed that the induction of apoptosis in
colon cancer cells HT-29 and HCT 116 cotreated with the histone deacetylase inhibitor
sodium phenylbutyrate+ hypericine was P53dependent. The authors also suggested that
the effect was due to hypericin photodynamic
therapy rather than sodium phenylbutyrate.
These results are also in line with our findings.
However, the results by Lee et al. suggested
that hypericin (0.06-1 µ/mL) mediated
phototherapy acted independently from p53,
and the authors suggested that photodynamic
therapy may have equal efficacy regardless
of the presence or absence of p53 (39). In a
similar report Weller et al. (40) had found that
in human malignant glioma cells, hypericin
induced apoptosis independently of p53.
Finally we suggest that the synergistic
effect of YM155 (29) or genistein (26) with
hypericin may be also tested in induction of
apoptosis in AGS cells.

adenocarcinoma HT-29 cells treated with
photodynamic therapy with 60-400 nM
hypericin. Another report in which did not
confirm our study was done by Do et al. (25).
They found that hypericin, at a concentration
of 0.5 μM, inhibited methylglyoxal-induced
apoptosis. The action was mediated through
changes in the expression level of Bcl-2 and
Bax.
We observed down-regulation of Bcl-2
and up-regulation of Bax. Photoactivated
hypericin (0.021 μM) in presence of genistein
also down-regulated Bcl-2 and up-regulated
Bax in human breast adenocarcinoma cell lines
MCF-7 and MDA-MB-231 (26). In a study
by You et al. (27) the extract of Hypericom
perforatum, the source of hypericin, also
increased the expression of Bax and decreased
the expression of Bcl-2.
Hypericin may physically interact with
Bcl2 family proteins (28)). In U87 MG
and HCAEC cells, hypericin (500 nM)
signiﬁcantly changed the distribution of Bcl2
and Bax proteins in the dark (29). Hypericin
also alters the distribution of Bcl-2 in U-87 MG
glioma cells (30) and in human coronary aorta
endothelial cells (31). In the study by Chan et
al. (32), six hour post hypericin photodynamic
therapy, apoptotic nuclei were seen in
HK-1 nasopharyngeal carcinoma cells. Bax
translocation and formation of Bax channels
in mitochondria membrane were mentioned
as the causes of cell death in the study. As
found by Balogová (30) apoptotic stimulus by
hypericin photodynamic action on U-87 MG
glioma cell line caused Bax translocation into
mitochondria. In sonodynamic therapy with
hypericin (25 μg/mL) in THP-1 macrophages
Bcl-2 protein was found to be down-regulated
(33).
In a survey by Acar et al. (34) it was shown
that treatment of MCF-7 breast cancer cells
with hypericin (7.5, 5 and 1 μM ) did not
alter expression of p53 gene, although it did
induce apoptosis. Furthermore, the level of
Bcl-2 was not altered in both p53-null and wtp53-expressing HCT-116 cells after hypericin
photodynamic therapy, which is in contrast to
our findings (35).
Xu et al.(36) found that hypericin (6.25200 ng/mL) photodynamic therapy induced
apoptosis and G2/M phase cell cycle arrest
in Adult T-cell leukemia. Bcl-2 was downregulated while Bax and p53 were upregulated. Gamasaee et al. (37) found that

Conclusion
The results of this study indicated that
hypericin is a cytotoxic and apoptosis-inducing
substance on AGS cell line. Hypericin showed
low IC50 in AGS gastric cancer cell line
but was well tolerated by fibroblasts at even
higher concentrations. These results suggest
hypericin is potentially be proposed as a
suitable treatment for gastric cancer. We
propose that the anticancer effects of hypericin
be studied through in-vivo studies.
Acknowledgments
This work was supported by a donation
from Soheila Mohebbi.
References
(1) Abbas M, Habib M, Naveed M, Karthik K, Dhama
K, Shi M and Dingding C. The relevance of gastric
cancer biomarkers in prognosis and pre- and
post-chemotherapy in clinical practice. Biomed
Pharmacother. (2017) 95: 1082-90.
(2) Leeaphorn N, Kue APP, Thamcharoen N, Ungprasert
P, Stokes MB and Knight EL. Prevalence of cancer
in membranous nephropathy: a systematic review
and meta-analysis of observational studies. Am. J.
Nephrol. (2014) 40: 29-35.
(3) Rugge M, Fassan M and Graham DY, Epidemiology
of gastric cancer, in Gastric Cancer, Springer (2015)

355

Naderi M et al. / IJPR (2020), 19 (3): 349-357

Phytomedicine (2008) 15: 1010-5.
(15) Schempp CM, Kirkin V, Simon-Haarhaus B,
Kersten A, Kiss J, Termeer CC, Gilb B, Kaufmann T,
Borner C and Sleeman JP. Inhibition of tumour cell
growth by hyperforin, a novel anticancer drug from
St. John’s wort that acts by induction of apoptosis.
Oncogene (2002) 21: 1242.
(16) Süntar I, Oyardı O, Akkol EK and Ozçelik B.
Antimicrobial effect of the extracts from Hypericum
perforatum against oral bacteria and biofilm
formation. Pharm. Biol. (2016) 54: 1065-70.
(17) Mirmalek SA, Azizi MA, Jangholi E, YadollahDamavandi S, Javidi MA, Parsa Y, Parsa T, SalimiTabatabaee SA and Alizadeh-Navaei R. Cytotoxic
and apoptogenic effect of hypericin, the bioactive
component of Hypericum perforatum on the MCF7 human breast cancer cell line. Cancer Cell Inter.
(2016) 16: 3.
(18) Song S, Xiong C, Zhou M, Lu W, Huang Q, Ku G,
Zhao J, Flores LG, Ni Y and Li C. Small-animal PET
of tumor damage induced by photothermal ablation
with 64Cu-bis-DOTA-hypericin. J. Nuclear Med.
(2011) 52: 792-9.
(19) Wurglics M and Schubert-Zsilavecz M. Hypericum
perforatum: a ‘modern’ herbal antidepressant:
pharmacokinetics of active ingredients. Clin.
Pharmaco. (2006) 45: 449-68.
(20) Hamilton HB, Hinton DR, Law RE, Gopalakrishna
R, Su YZ, Chen Z-H, Weiss MH and Couldwell
WT. Inhibition of cellular growth and induction
of apoptosis in pituitary adenoma cell lines by
the protein kinase C inhibitor hypericin: potential
therapeutic application. J. Neurosurg. (1996) 85:
329-34.
(21) Kim J-I, Park J-H, Park H-J, Choi S-K and Lee
K-T. Induction of differentiation of the human
histocytic lymphoma cell line U-937 by hypericin.
Arch. Pharm. Res. (1998) 21: 41-5.
(22) Yi J, Yang X, Zheng L, Yang G, Sun L, Bao Y, Wu
Y, Huang Y, Yu C and Yang S-N. Photoactivation
of hypericin decreases the viability of RINm5F
insulinoma cells through reduction of JNK/ERK
phosphorylation and elevation of caspase-9/
caspase-3 cleavage and Bax-to-Bcl-2 ratio. Biosci.
Rep. (2015) BSR20150028.
(23) Barliya T, Mandel M, Livnat T, Weinberger D
and Lavie G. Degradation of HIF-1alpha under
hypoxia combined with induction of Hsp90
polyubiquitination in cancer cells by hypericin: a
unique cancer therapy. PloS One (2011) 6: e22849.
(24) Mikeš J, Kleban J, Sačková V, Horváth V,
Jamborová E, Vaculová A, Kozubík A, Hofmanová
J and Fedoročko P. Necrosis predominates in the cell
death of human colon adenocarcinoma HT-29 cells

23-34.
(4) Asombang AW and Kelly P. Gastric cancer in Africa:
what do we know about incidence and risk factors?
Trans. R. Soc. Trop. Med. Hyg. (2012) 106: 69-74.
(5) Meng W, Bai B, Sheng L, Li Y, Yue P, Li X and Qiao
L. Role of Helicobacter pylori in gastric cancer:
advances and controversies. Discov Med. (2015) 20:
285-93.
(6) Marzouni HZ, Lavasani Z, Shalilian M, Najibpour
R, Fakhr MS, Nazarzadeh R, Farshad A and Bahrami
N. Women’s awareness and attitude toward breast
self-examination in dezful city, Iran, 2013. Iran.
Red. Crescent Med. J. (2015) 17: e17829.
(7) Malekzadeh R, Derakhshan MH and Malekzadeh
Z. Gastric cancer in Iran: epidemiology and risk
factors. Arch. Iran. Med. (2009) 12: 576-83.
(8) Rocken C and Warneke V. [Molecular pathology of
gastric cancer]. Pathologe. (2012) 33 Suppl 2: 23540.
(9) Shahzamani K, Zare marzouni H, Tarkhan F and
Lashgarian H. A Study of Mechanism and Rate of
PC12 Cancer Cell Destruction Induced by LysineCoated Gold Nanoparticle. J. Babol University Med.
Sci. (2016) 18: 41-7.
(10) Marzouni HZ, Bagherabad MB, Sharaf S,
Zarrinkamar M, Shaban S, Aryan H and Saburi
E. Thioredoxin Reductase Activity and Its Tissue
Distribution in the Pathologic Specimens of Patients
with Laryngeal Squamous Cell Carcinoma. Galen
Med. J. (2016) 5: 153-59.
(11) Kooti W, Servatyari K, Behzadifar M, AsadiSamani M, Sadeghi F, Nouri B and Zare Marzouni
H. Effective Medicinal Plant in Cancer Treatment,
Part 2: Review Study. Evid-Based. Compl. Alt. Med.
(2017) 22: 982-95.
(12) Javidi MA, Zolghadr F, Babashah S and
Sadeghizadeh M. Introducing Dendrosomal
Nanocurcumin as a Compound Capable of in-vitro
Eliminating Undifferentiated Stem Cells in Cell
Therapy Practices. Exp. Clin. Endocrinol. Diabetes
(2015) 123: 632-6.
(13) Mirmalek SA, Jangholi E, Jafari M, YadollahDamavandi S, Javidi MA, Parsa Y, Parsa T, SalimiTabatabaee SA, Ghasemzadeh Kolagar H, Khazaei
Jalil S and Alizadeh-Navaei R. Comparison of
in-vitro Cytotoxicity and Apoptogenic Activity of
Magnesium Chloride and Cisplatin as Conventional
Chemotherapeutic Agents in the MCF-7 Cell Line.
Asian Pac. J. Cancer Prev. (2016) 17: 131-4.
(14) Momekov G, Ferdinandov D, Zheleva-Dimitrova
D, Nedialkov P, Girreser U and Kitanov G.
Cytotoxic effects of hyperatomarin, a prenylated
phloroglucinol from Hypericum annulatum Moris
subsp. annulatum, in a panel of malignant cell lines.

356

Hypericin, as an Efficient Herb for Gastric Cancer Treatmen

(33) Li X, Gao L, Zheng L, Kou J, Zhu X, Jiang Y,
Zhong Z, Dan J, Xu H and Yang Y. The efficacy
and mechanism of apoptosis induction by
hypericin-mediated sonodynamic therapy in THP-1
macrophages. Int. J. Nanomed. (2015) 10: 821.
(34) Acar M, Ocak Z, Erdogan K, Cetin EN, Hatipoglu
OF, Uyeturk U, Gunduz E and Gunduz M. The effects
of hypericin on ADAMTS and p53 gene expression
in MCF-7 breast cancer cells. Cancer (2014) 3: 5.
(35) Mikeš J, Jendželovský R, Sačková V, Uhrinová
I, Kello M, Kuliková L and Fedoročko P. The role
of p53 in the efficiency of photodynamic therapy
with hypericin and subsequent long-term survival
of colon cancer cells. Photochem. Photobiol. Sci.
(2009) 8: 1558-67.
(36) Xu L, Zhang X, Cheng W, Wang Y, Yi K, Wang
Z, Zhang Y, Shao L and Zhao T. Hypericinphotodynamic therapy inhibits the growth of adult
T-cell leukemia cells through induction of apoptosis
and suppression of viral transcription. Retrovirology
(2019) 16: 5.
(37) Gamasaee NA, Radmansouri M, Ghiasvand S,
Shahriari F, Marzouni HZ, Aryan H, Jangholi E and
Javidi MA. Hypericin Induces Apoptosis in MDAMB-175-VII Cells in Lower Dose Compared to
MDA-MB-231. Arch. Iran. Med. (2018) 21: 387-92.
(38) Halaburková A, Jendželovský R, Kovaľ J, Herceg
Z, Fedoročko P and Ghantous A. Histone deacetylase
inhibitors potentiate photodynamic therapy in
colon cancer cells marked by chromatin-mediated
epigenetic regulation of CDKN1A. Clin. Epigen.
(2017) 9: 62.
(39) Lee H, Ho A and Teo S. p53 Status does not affect
photodynamic cell killing induced by hypericin.
Cancer Chemother. Pharmacol. (2006) 58: 91-8.
(40) Weller M, Trepel M, Grimmel C, Schabet M,
Bremen D, Krajewski S and Reed J. Hypericininduced apoptosis of human malignant glioma cells
is light-dependent, independent of Bcl-2 expression,
and does not require wild-type p53. Neurol. Res.
(1997) 19: 456-70.

treated under variable conditions of photodynamic
therapy with hypericin. Photochem. Photobiologi.
Scien. (2007) 6: 758-66.
(25) Do MH and Kim SY. Hypericin, a Naphthodianthrone
Derivative, Prevents Methylglyoxal-Induced Human
Endothelial Cell Dysfunction. Biomol. Ther. (2017)
25: 158.
(26) Ferenc P, Solár P, Kleban J, Mikeš J and Fedoročko
P. Down-regulation of Bcl-2 and Akt induced
by combination of photoactivated hypericin and
genistein in human breast cancer cells. J. Photochem.
Photobiol. B, Biol. (2010) 98: 25-34.
(27) You M-K, Kim H-J, Kook JH and Kim H-A. St.
John’s Wort Regulates Proliferation and Apoptosis
in MCF-7 Human Breast Cancer Cells by Inhibiting
AMPK/mTOR and Activating the Mitochondrial
Pathway. Inter. J. Mol. Sci. (2018) 19: 966.
(28) Huntosova V, Novotova M, Nichtova Z, Balogova
L, Maslanakova M, Petrovajova D and Stroffekova
K. Assessing light-independent effects of hypericin
on cell viability, ultrastructure and metabolism in
human glioma and endothelial cells. Toxicol. In-vitro
(2017) 40: 184-95.
(29) Huntosova V and Stroffekova K. Hypericin in the
dark: foe or ally in photodynamic therapy? Cancers
(2016) 8: 93.
(30) Balogová L, Maslanakova M, Dzurová L,
Miskovsky P and Stroffekova K. Bcl-2 proapoptotic
proteins distribution in U-87 MG glioma cells before
and after hypericin photodynamic action. Gen.
Physiol. Biophys. (2013) 32: 179-87.
(31) Maslaňáková M, Balogová L, Miškovský P,
Tkáčová R, and Štroffeková K. Anti-and proapoptotic Bcl2 proteins distribution and metabolic
profile in human coronary aorta endothelial cells
before and after hyppdt. Cell Biochem. Biophys.
(2016) 74: 435-47.
(32) Chan PS, Koon HK, Wu ZG, Wong RN, Lung ML,
Chang CK and Mak NK. Role of p38 MAPKs in
hypericin photodynamic therapy‐induced apoptosis
of nasopharyngeal carcinoma cells. Photochem.
Photobiol. (2009) 85: 1207-17.

This article is available online at http://www.ijpr.ir

357

