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Apoptotic Effects of Hypericum dogonbadanicum on Lung

and Gastric Cancer Cell Lines
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ABSTRACT

Aim/Background: Cancer is the second deadliest disease worldwide. Medicinal plants have
been recognized for their cytotoxic and antitumor properties. This study aimed to assess the
potential anticancer effects of the hydroalcoholic extract and essential oil of an Iranian endemic
species, Hypericum dogonbadanicum, on AGS, A549 and a normal cell and the novel investigation
of changes in caspase-3 and caspase-8 genes expression level. Materials and Methods: The
essential oil and extract were extracted using Clevenger and Maceration techniques respectively.
Their components were determined employing GC/MS and HPLC methods. The evaluation of
gene expression levels was accomplished by a quantitative PCR method. Results: According to
MTT assay data, it was observed that the IC,  value for the essential oil was 200 pg/mL. However,
for the extract, the IC,  values were different, with a value of 50 ug/mL after 72 hr of treatment in
A549 cells and a value of 200 pg/mL after 48 hr of treatment in AGS cells. The Apoptosis analysis
showed a notable rise in the numbers of both early and late apoptotic cells in both cell lines upon
treatment with the extract and essential oil. Furthermore, when exposed to the extract, there
was an observed overexpression pattern in both caspase-3 and caspase-8 genes in both cell lines.
However, the essential oil effects led to significant upregulation of these genes only in AGS cells.
Conclusion: Based on our findings, H. dogonbadanicum extract and essential oil give promising
results as apoptotic inducers for both cancer cell lines via targeting and increasing caspase-3 and
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INTRODUCTION

Cancer, which is the second leading cause of death worldwide,
presents a significant challenge to improving global life
expectancy.' It is often regarded as the primary or secondary
leading cause of death for individuals under the age of 70.? In
2020, lung cancer was recognized as the second most prevalent
form of cancer and the primary cause of cancer-related deaths
worldwide. It accounted for over 2.2 million newly diagnosed
cases and resulted in approximately 1.9 million deaths.” The
majority of lung cancers can be classified into two major
histological groups: Non-Small Cell Lung Cancer (NSCLC)
and Small Cell Lung Cancer (SCLC). These two categories help
differentiate lung cancers based on their distinct characteristics
and treatment approaches.! Gastric cancer is recognized as the
fifth most commonly diagnosed cancer and the fourth leading
cause of cancer-related death globally’ Even with recent
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advancements in the early detection and treatment of cancer, the
majority of patients are diagnosed at an advanced stage and suffer
a significantly poorer prognosis than those in the early stages.®*
Caspases are indeed proteolytic enzymes that is important in
regulating cell death and inflammation. They are known to have
well-defined functions in apoptosis (Programmed cell death).
Caspases can act as initiators or executioners in the apoptotic
process.” The initiator caspase-8 is involved in the activation of
the cascade responsible for receptor-induced cell death. Its active
form can stimulate the activity of executioner caspase-3 through
the extrinsic death pathway.>'® Indeed, caspases, have significant
roles in orchestrating apoptosis, regulating cell death pathways
and mediating both extrinsic and intrinsic apoptotic pathways.
Their activation and involvement in these pathways are critical
for the execution of programmed cell death. Most common
cancer treatments induce apoptosis indirectly to eliminate the
cancer cells by applying such caspases.''"* Due to employing
various chemical medicines for cancer treatment that their
nonselective toxic properties can destroy a high percentage of
normal cells, applying plant compounds as natural resources
could be an appropriate successor.'*7 The various species of
Hypericum have been traditionally used for the treatment.'® The
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EOs of different Hypericum species such as H. perforatum, H.
perfoliatum and H. scabrum have been investigated during the last
decade. The Hypericum EOs comprise major phytocomponents
including a-pinene, P-pinene, E-caryophyllene, germacrene
D, spathulenol and caryophyllene.” Moreover, in Hypericum
extracts, approximately 150 different components have been
discovered, with flavonol glycosides being the predominant
group of compounds in Hypericum perforatum.”® Hypericin and
pseudohypericin belonging to the naphthodianthrones group,
are found in the crude extract of flowers and leaves. Additionally,
adhyperforin and hyperforin, classified as phloroglucinols, are
exclusively present in the pistils and green fruit.® Hypericum
dogonbadanicuin Assadi is a medicinal shrub that is endemic
to the mountains of Dogonbadan in southwest Iran (Kuhkiluye
and Boyer-Ahmad province).? Earlier research has indicated that
it has the potential to act as an anti-depressant, sedative, nerve
tonic and antioxidant.>** Other research has also focused on
studying the cytotoxic properties of various Hypericum species,
with a particular emphasis on H. Perforatum. Investigations on
Hypericum dogonbadanicum Assadi are relatively limited. Hence,
the present study aims to explore the potential cytotoxic effects of
H. dogonbadanicum, a plant species with a limited distribution, for
the first time. Considering that ecological factors, such as altitude
and growth conditions, can significantly influence the chemical
composition even within different varieties of the same species,
it is crucial to assess the cytotoxic properties of this unique plant.
Therefore, the cytotoxicity of hydroalcoholic extract and EO from
this valuable endemic species will be evaluated. The focus will be
on evaluating its potential to induce apoptosis and examining any
changes in the expression of caspase-3 and caspase-8 genes.

MATERIALS AND METHODS

Plant collection and preparation of EO and extract

The flowering aerial parts of H. dogonbadanicum were collected
from southwestern Iran, Kohgiluyeh and Boyer-Ahmad province,
10 km east of Dogonbadan (30° 28.31’ N, 50° 47.91° E), at 1600
m. A voucher specimen is deposited at IAUH (No. IAUH-12139,
Identified by Iraj Mehregan).

The hydroalcoholic extract of the plant was prepared by employing
the maceration technique.? For this reason, 30 grams of the dried
twig powder was added to a glass jar containing 500 mL of 80%
ethanol and placed in a shaker incubator (Innova 42) at 40°C (100
rpm/24 hr). All organic solvents were Analytical Reagents (AR)
grade chemicals obtained from Merck Chemical Inc. (Darmstadt,
Germany). The extract was filtered through Whatman filter paper
and concentrated by a rotary device (Heidolph Laboratory Rotary
Evaporator, WB eco, Germany) at 4°C temperature, 150-180
atm at 40 rpm. The EO was extracted from H. dogonbadanicum
and hydro-distilled in a Clevenger-type apparatus for 4 hr. The
collected EO was dried over anhydrous Na,SO, and stored in a
sealed vial in a refrigerator until it was required.*
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HPLC evaluation of hypericin

Before the HPLC analysis, 0.3 g of the dried ethanolic extract
was dissolved in a 4 mL solvent and filtered through a 0.45 uM
filter membrane and then, 1 pL of ethanolic extract was injected
into the device. Liquid chromatographic analysis of hypericin
was performed on a High-Performance Liquid Chromatography
(HPLC) system (KNAUER Company, HPLC PUMP K-1001).
Hypericin was eluted isocratically, at 30°C, on a reversed-phase
Hypersil C18 column (LengthxID:250x4.6 mM), (Eurosphere
100-5) protected by a guard column of the same material and
quantified by fluorescence detection at 322/593 nm (ex/em).
The mobile phase was prepared weekly by mixing 95 volumes
of methanol with 5 vol. of phosphate buffer solution (pH 2.2).
For the preparation of the buffer solution, 2.5 g of KH,PO, was
dissolved in 950 mL double distilled water, adjusted to a pH of 2.2
with concentrated phosphoric acid and filled up to 1000 mL with
double distilled water. The mobile phase was filtered before use,
through a 0.45-uM nitrocellulose membrane and it was delivered
isocratically at a flow rate of 1 mL/min.*

Gas Chromatography-Mass Spectrometry (GC/MS) of
the EO

The Agilent 7890A/5975C GC/MS system with DB-5 fused silica
column analyzed the EO composition (30 mx0.25 mM, i.d., film
thickness 0.25 pM-ISO15303). The oven temperature program
used for the experiment was as follows: The initial temperature of
60°C was quickly raised to 220°C at a rate of 3°C per minute. It was
then further increased to 260°C at a rate of 20°C per minute and
held at this temperature for 5 min. Both the temperature of the
injector and transfer line were maintained constant at 260°C and
280°C respectively. The carrier gas used was helium with a linear
velocity of 30.6 cm/s and a split ratio of 1:100. The ionization
energy used was 70 eV, the scan time was set to 1 sec and the mass
range was from 40 to 300 a.m.u. The EO was also analyzed by GC,
using an Agilent model 7890A gas chromatograph equipped with
a DB-5 fused silica column (30 mx0.25 mM i.d., film thickness
0.25 uM-ISIRI-6117). The oven temperature programming was
as follows: The initial temperature of 60°C immediately increased
to 220°C at a rate of 3°C/min and subsequently, the temperature
rose to 260°C at a rate of 20°C/min and held at this temperature
for 10 min. The detector (FID) and injector temperature were
280°C. Nitrogen was used as a carrier gas with a linear velocity of
0.7 mL/min. Quantification data was obtained from GC-FID area
percentages without the use of correction factors.”

Cell culture and reagents

The A549 cell line, which represents human lung epithelial-like
cells, the AGS line, which represents human adenocarcinoma
gastric cells and HDF (as a normal cell), were purchased from
the Iranian Biological Resource Center (IBRC). Dulbecco’s
Modified Eagles Medium (DMEM) was used for A549 cells,
RPMI-1640 medium for AGS cells and Fibroblast growth medium
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PCS-201-030 for HDF cells. Additional materials including FBS,
trypsin-EDTA, glutamine and Dulbeccos Phosphate-Buffered
Saline (D-PBS) were purchased from Gibco by Life Technologies,
South America. The cell culture medium was supplemented
with 10% FBS, 100 U/mL penicillin, 100 mg/mL streptomycin
(BIO-IDEA, Iran) and 2 mM glutamine. The cultures were
maintained at 37°C in a humidified atmosphere containing 5%
v/v carbon dioxide. The adherent cells were sub-cultured every
3-4 days.

MTT cytotoxicity assay

MTT obtained from Sigma Aldrich Company (St Louis, MO,
USA) was used to assess the cytotoxicity of the derived EO and
extract of Hypericum dogonbadanicum on both A549 and AGS
cancer cell lines and HDF as a normal cell. MTT assays were
performed based on the standard protocol.** For this aim,
10* cells were distributed in 96 well-plates and kept in a 37°C
incubator for 24 hr. Then, the culture medium of each well was
slowly removed and afterward, cells were treated with different
serial concentrations of plant extract and EO of 3.12, 6.25, 12.5,
25, 50, 100, 200 pg/mL and 50, 100, 200, 400 and 600 pg/mL,
respectively. To measure survival 24, 48 and 72 hr after treatment,
the plates were removed from the incubator separately and, 50
puL of MTT solution (5 mg/mL) was added to each well and
incubated for 4 hr. The MTT dye was then depleted and 50 puL
of DMSO was added to each well and the plate was wrapped in
aluminum foil, then incubated for about an hour in the incubator
to dissolve the purple crystals from the MTT reduction and
finally, the absorption of each sample in the wavelength of 570
nm was measured with an ELISA reader (Srcituro BiiketoiB). The
resulting purple color represents the ratio of living cells in each
well. The formula used to estimate cell viability was as follows:

Cell survival rate=100%x(mean control light absorption/mean
sample light absorption)

Apoptosis detection

The apoptosis rate was quantitatively measured by Annexin
V-FITC (Fluorescein isothiocyanate) Apoptosis Detection kit,
using the manufacturer’s protocol (BD Biosciences, Waltham,
MA). Concisely, 2x10° density of cell lines, were treated with
the IC_ value of each extract and EO and non-treated cell
lines were detached using trypsin/EDTA and separated by
centrifugation for 5 min at 112 g. The cells were washed with cold
PBS and resuspended in 1-2 mL 1X AVBB (1x10° cells/mL) and

centrifuged. Thereafter, the pellets were resuspended in 100 uL of
PI staining mix in AVBB and added 2-4 pL of Annexin V-FITC.
This mix was incubated for 15 min at room temperature and at
least 500 pL of AVBB was added while keeping samples on ice. The
mentioned above cells were immediately analyzed by the Flow
cytometer (Becton Dickinson FACSCanto II (BD FACSCanto II,
BD Biosciences, Waltham, MA).3%3!

RNAs extraction and cDNA preparation

Total RNAs were extracted from both A549 and AGS cell lines
that were treated with IC, concentration of each extract and
EO, as well as from non-treated cell lines. The RNA extraction
was performed employing RiboEX kits (Cat. No.302-001)
from GeneALL Korea. The purity of the extracted RNAs was
determined using a nanodrop device (Srcituro BiiketoiB).*

cDNAs were synthesized from the extracted RNAs using the
cDNA Synthesis Kits (Cat. No. A101161) from Pars Tous
Biotechnology, Iran, according to the manufacturer’s protocol.
The synthesized cDNAs were cooled on ice and 1 uL of RNase
H was added to the tubes, followed by incubation for 20 min at
37°C. The resulting cDNA products were either stored at -20°C
for later use or used immediately for real-time PCR experiments.

Expression of caspase-3 and caspase-8 genes by
Q-PCR assay

The mRNA expression of both caspase-3 (Location: 4q35.1)
and caspase-8 (Location: 2q.33.1) was evaluated employing
quantitative PCR-Assay (Q-PCR) by Rotor-Gene 6000 QIAGEN
real-time PCR detection system.*” The PCR primers were designed
using the Primer3 online bioinformatics software (http://bioinfo.
ut.ee/primer3-0.4.0) in accordance with a standard protocol. The
quality of the primers was checked using Beacon Designer and
M-FOLD bioinformatics software (Table 1). The Q-PCR was
performed applying YTA SYBR Green qPCR Master Mix 2X kit
in a final volume of 25 pL including 12.5 pL of cyber green, 1 puL of
cDNA, 1 pL of each primer (0.2 pmol/uL) and 9.5 pL of distilled
water. PCR amplicons were performed in 40 cycles according to
the following steps: initial denaturation at 95°C for 15 min and
then, for each cycle for 15 sec at 94°C, primers annealing at 60°C
for 1 min and 10 sec for the final expansion at 70°C. Melting
curve analysis was accomplished for PCR amplification in the
temperature range from 70°C to 95°C.**° The GAPDH (Location:
12p13.31) served as a housekeeping gene. All experiments were
done in triplicate. The take-off and amplification data were used

Table 1: Gene names, primer sequences and primer length used in the current study.

Genes Forward primer

GAPDH CTCATTTCCTGGTATGACAACG

CASP3 GCTCTGGTTTTCGGTGGGTG

CASP8 ATTCAGCAAAGGGGAGGAGT
S912

Reverse primer Product
length
CTTCCTCTTGTGCTCTTGCT 122
AAGCACCAAATCCACACTCCT 185
TTCAAAGGTCGTGGTCAAAG 241
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to obtain the reaction efficiency in REST 2009 software. After
obtaining E, the following formula was used to calculate the fold
change of each gene in Excel 2016.

ACt target (control—sample)

(E target)
(E T‘Ef) ACt ref (control—sampel)

Data analysis

Fold change =

The average data from the three replicates of the MTT assay
were normalized and the IC, | values were calculated. A two-way
ANOVA was conducted to compare the IC,  values between
different cell lines. Moreover, a one-way ANOVA test was
performed to analyze the results of the apoptosis test. Tukey’s
test was then applied to assess the significance of differences
among sample means (p-value<0.05). The analysis was conducted
utilizing GraphPad Prism version 9.3.1 (GraphPad Software, Inc.,
San Diego, CA) and SPSS version 21 (SPSS Inc., Chicago, Illinois,
USA). Furthermore, the REST 2009 software was applied to
calculate the reaction efficiency and compare the mean of three
replicates of gene expression. An independent sample two-way
ANOVA was also employed to assess the significance of the mean
ACTs between the control and treatment groups.

RESULTS

HPLC analysis of the crude ethanolic extract

The chromatograms related to the ethanolic extract of H.
dogonbadanicum (with a retention time of 4.8 min) and the
standard hypericin (with a retention time of 4.7 min) over
a run time of 10 min are shown in Figure 1. HPLC analysis of
the crude extract of this species demonstrates hypericin as an
anthraquinonoid compound, determined in the retention time

of 4.802 min and peak area of 1.33803%. Consequently, the
ethanolic extract was found to contain a precise yield of 3.6 mg/
kg hypericin (Figure 1).

GC/MS analysis

The results of GC/MS analysis of the EO led to the recognition of
15 different chemical compounds in the species. 8-pinene, with
47.16% parts present in the EO, determined as the major isolated
constituent, followed by a-pinene (29.49%), limonene (6.28%),
camphene (3.03%), n-tetracosane (2.13%), n-pentacosane
(1.86%) and n-tricosane (1.57%) (Table 2, Figure 1).

The red and the blue color of the first chromatogram indicate
the standard hypericin with a retention time of 4.7 min and the
ethanolic extract containing hypericin with a retention time of
4.8 min respectively.

Cytotoxic activity of an extract and the EO

The cytotoxic effect of different concentrations of an extract and
the EO after 24, 48 and 72 hr of exposure against AGS, A549
and HDF cells, were screened properly employing MTT assay
(Figure 2). The results were expressed as half-maximal Inhibitory
Concentrations (IC,) for each cell line which is expressed as the
concentration of an EO and extract that is necessary to destroy
half of the malignant cells. Therefore, the lesser the IC,  value, the
more cytotoxic EO and extract for malignant cells. Based on our
results, the IC, value for the A549 cell line after 72 hr of an extract
treatment was 50 pg/mL. Whereas, this value was equal to 200 pg/
mL after 72 hr of EO treatment for this cell line (Figures 2 A, B).
On the other hand, the IC_  value for the AGS cell line after 48 hr

Table 2: Phytochemical compounds of the H. dogonbadanicum EO.

Compounds RT
(min)
a-pinene 8.66
Camphene 9.24
3-pinene 10.26
Myrcene 10.42
P-cymene 11.92
Limonene 12.11
1,8-cineole 12.20
Y-terpinene 13.25
Terpinolene 14.41
linalool 14.91
n-tricosane 56.06
n-tetracosane 57.43
n-pentacosane 58.98
n-hexacosane 59.63
n-heptacosane 60.79

RT: Retention Time Kl: Kovats Retention Index.
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Area % (GC) Kl
29.49 941
3.03 958
47.16 984
0.47 990
0.23 1020
6.28 1032
0.35 1036
0.53 1063
0.81 1091
0.24 1100
1.57 2300
2.13 2400
1.86 2500
0.35 2600
1.38 2700
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Figure 1: HPLC chromatogram of the extract and GC/MS chromatogram of the EO.

of extract exposure was equal to 200 pg/mL. However, this value
was equal to 200 pg/mL when they were exposed to the EO after
72 hr (Figures 2 C, D). Although increasing the EO and extract
concentrations of this species gives rise to an increasing number
of cell deaths, it could not be the cause of 50% death of the normal
HDF cells in each concentration (Figures 2 E, F). Moreover, the
average percentage of the living cells in different concentrations

was significant (p<0.05) compared to the control (Figure 3).

S914

Extract and the EO induce apoptosis

A549 cells were exposed to IC_ concentration of an extract and
the EO after 72 hr of treatment. The percentage of live, apoptotic
and necrotic cells is shown in (Figures 4 A, B). The results
demonstrated that, under the impression of an extract and EO the
number of live cells decreased significantly (p<0.01). However,
this reduction was especially affected by an extract rather than
EO (Figure 4 B). This cell death pathway was an apoptosis death
type more than necrosis. AGS cells were also exposed to the
IC,, concentration of an extract and EO after 48 hr and 72 hr of
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Figure 2: Anti-proliferative and inhibitory effects of different concentrations of the extract and the EO of H. dogonbadanicum on A549 (A, B), AGS (C,
D) and (E, F) HDF cell lines during 24, 48- and 72 hr post-inoculation time and half-maximal inhibitory concentrations (IC, ) measured for each cell line.
(Significant compared with control: ****p<0.0001, *** p<0.0001, ** p<0.01 * p<0.05 ns: non-significant difference).

treatment respectively. Both extract and EO had inducing effects
on apoptosis and the number of live cells decreased significantly
after treatment (Figures 4 A, B).

Gene expression analysis

In the present study, the expression level of both caspase-3 and
caspase-8 was assessed for associations with IC_ concentration of
derived extract and the EO from H. dogonbadanicum species. The

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3 (Suppl), Jul-Sep, 2025

results showed significant overexpression of both caspase-3 and
caspase-8 associated with extract in the A549 cell line (p<0.01).
Furthermore, in AGS cells, both caspase-3 and caspase-8
were significantly upregulated when treated with extract and
EO (Figure 5). Extract treatment significantly increased the
expression of both genes, especially caspase-8, in each cell line
(p<0.01).
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Figure 3: The mean survival rate of AGS (blue color) and A549 (red color) cell lines in response to different concentrations of an extract and the
EO treatments. (A, C) Extract treatment (A) after 48 hr (C) after 72 hr (B, D) EO treatment (B) after 48 hr (D) after 72 hr (Significant compared with
control: ****p<0.0001, *** p<0.0001, ** p<0.01 * p<0.05 ns: non-significant difference).

DISCUSSION

The role of natural antitumor agents in preventing cancer
development is of great importance. These agents exhibit
therapeuticeffectsbyreducingtheproliferationrateof carcinogenic
cells, inducing apoptosis and inhibiting invasion and angiogenic
factors. Moreover, their side effects are generally lower compared
to other conventional anticancer drugs.** In this particular
study, the antitumor effects of the EO and extract derived from
Hypericum dogonbadanicum (Hypericaceae), were evaluated on
gastric and lung cell lines. The chemical composition of the EO
of H. dogonbadanicum has been previously reported. The main
constituents of the EO were a-pinene (34.7%), p-pinene (32.1%),
limonene (12.1%) and camphene (6.6%).** These compounds,
particularly the three with the highest percentage, are considered
to be the most abundant and effective in terms of their potential
anticancer properties. Moreover, the most abundant compounds
in the EOs were -pinene (54.3%), -pinene (12.0%) and p -cymene
(11.0%).% The difference in the amounts of compounds reported
by different studies may be attributed to variations in the harvest
time and altitude of the plant samples.

In the present study, the in vitro cytotoxic effects, EO and
extraction conditions of H. dogonbadanicum in both A549
and AGS cell lines were investigated for the first time. The
concentration-response curve for an extract and EO for both
A547 and AGS cells demonstrated the remarkable effects of
dose-dependent phytocomponents during treatment (Figure 2).
The inhibitory effect of EO was equal to 200 uL/mL for both AGS

S916

and A549 celllines after 72 hr of treatment. Moreover, the cytotoxic
effect of both extract and EO on the studied cancer cell lines was
higher than that obtained for HDF as a normal cell representing
that the EO and extract of the species had a low cytotoxic effect
on the normal cell. The strong cytotoxicity of Hypericum Eos was
observed against three human cell lines (A375, MDA-MB 231
and HCT116).% In the current research, the EO of one subspecies
of H. perforatum showed moderate results against three human
cancer cell lines (HeLa, HCT116 and U20S).* The presence of
the -pinene, - pinene as the main component in the EO could
probably relate to its cytotoxic activity.

The comparison of the two cell lines revealed that the IC50 value
for the A549 tumor cell line was lower than that reported for AGS
after both 48 hr and 72 hr of exposure to the H. dogonbadanicum
extract. In the present study, the precise yield of hypericin in the
ethanolic extract is 3.6 mg/kg. However, the hypericin yield in
the ethanolic extract of another species of Hypericum i.., H.
perforatum L. was 35 mg/kg by employing Soxhlet techniques.?”
Despite the lower amount of hypericin in H. dogonbadanicum
in contrast with another related species, i.e., H. Perforatum, the
antiproliferative activity of the plant extract on both AGS and
A549 cell lines has been confirmed. This suggests that there
may be other compounds present in H. dogonbadanicum with
a significant role in exhibiting such properties. Future studies
should focus on identifying and investigating these potential
compounds. The pure composition of hypericin derived from the
extract exhibited cytotoxic properties on AGS gastric cancer cell
lines.?® Additionally, the cytotoxic effects of Hypericin-mediated

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3 (Suppl), Jul-Sep, 2025



Maddabh, et al.: Apoptotic Effects of Hypericum dogonbadanicum

A A549:Control A549:Essential oil A549:Extract
ar Q2
N 0.98% 204%
10
_to:
&
10
10
a3
w0’ 3% .
W o' o W 10! To? '1“: 10 w0 10°
FITC: Annexin V FITC: Annexin V FITC: Annexin V
AGS: Control AGS: Essential oil AGS: Extract
atl a2
‘03 1.67% 0.18% 10
102 “:
— —
n‘“l Q“o'
"d 10°
w! 0!
B
Ab549 AGS
120+
e Control
100 oo Extract
== Essential oil
L
o
(&}
=
Alive Early Late Necrotic  Alive Early Late Necrotic
Apoptosis Distribution

Figure 4: Annexin V-FITC analysis in both A549 and AGS cells (A) A549 cells treated with IC_  concentration of an extract and the
EO after 72 hr of treatment (B) AGS cells treated with IC, concentration of an extract and the EO after 48 and 72 hr respectively.
The two cell lines had sensitivity to the extract and the EO. Q1=necrosis Q2=late apoptosis Q3=early Q4=viable cells (C) Bar chart
comparison of cellular death type percentage in both A549 and AGS cell lines affected by an extract (green color) and the EO
(red color). Control is shown in gray color. (Significant compared with control: *** p<0.0001, ** p<0.01 * p<0.05 ns: non-significant
difference).

Photodynamic Treatment (HY-PDT) were shown to have the
potential to both eliminate and control primary colon cancer.
This further emphasizes the potential therapeutic applications
of hypericin in cancer treatment.”® Apoptosis, also known as
programmed cell death, is a highly regulated process that plays
a crucial role in maintaining tissue growth and homeostasis by
eliminating aging, damaged and unwanted cells. The antitumor
activity of hypericin, including its apoptotic and anti-metastatic
effects, has been evaluated in various types of cancers in previous
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studies.”** The results of the current study demonstrated the
ability of the extract and EO of H. dogonbadanicum to induce
apoptosis in both the studied cell lines (Figure 3). However, it
was observed that the extract exhibited greater effectiveness in
inducing cell apoptosis compared to the EO in the AGS cell line.
The abnormal expression of caspase and/or activation of caspase-3
and caspase-8 is associated with different types of cancer."
Caspase-3 overexpression and expressionless have been reported
in varied human cancers.” Loss of caspase-8 mRNA/protein
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Figure 5: Expression pattern of caspase-3 and caspase-8 in both A549 and AGS cell lines under the influence of extract and the EO of
H. dogonbadanicum. Gene expression diagrams show significant overexpression pattern in both caspase-3 and caspase-8 genes in two
cell lines under the exposure of extract (A) upregulation of A549 cell line under the influence of extract separately (B) upregulation
of AGS cell line under the impression of both the EO and extract of the plant (Significant compared with control: ****p<0.0001, ***
p<0.0001, ** p<0.01 ns: non-significant difference).

expression has been demonstrated in high-grade small-cell lung
cancer, neuroendocrine lung cancer and pediatric neuroblastoma.
Previous studies have shown that caspase-8 might act as a tumor
suppressor in certain types of lung cancer and neuroblastoma.* In
the present study, the results of data analysis revealed a significant
increase in caspases-3 and caspase-8 gene expression in both
A549 and AGS cell lines while exposed to the plant extract and
the AGS cell line showed better response to the plant components
compared to the A549 cell line. However, under the impression
of the EO of the plant, significant upregulation was only observed
in AGS cells. Lung, gastric and other malignancies often have
dysregulated caspase-3 and caspase-8 expression patterns,
leading to inequality between their apoptotic and non-apoptotic
roles within the tumor and its microenvironment.** Hyperforin
increases caspase-9 and caspase-3 activity in U937 leukemia cells

and also raises caspase-8 and caspase-3 activity in K562 cells.*

According to the recent study conducted by Brankiewicz et al.,
(2023), extracts of H. perforatum sourced from various origins,
which contain differing levels of bioactive phenolic components
and hyperforin, exhibit varying levels of activity against
malignant cells in both normoxic and hypoxic conditions. The
synergistic effects of H. perforatum extract compounds and pure
hyperforin in its salt form play a critical role in the viability,
apoptosis and oxidative stress of melanoma cells. Furthermore,
varying gene expression levels were noted based on the dosage
and cell line under these two mentioned conditions. The findings
indicate a significant complexity in the mechanisms of action of

the extracts used, which differ according to their composition.
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Additionally, they indicate that hyperforin and its derivatives, as
individual molecules, can exhibit distinct behaviors by activating
different signaling pathways within the cell. They discovered that
the composition of extracts, which contributes to their unique
properties, may play a vital role in the selection of plants for
therapeutic applications.*

CONCLUSION

In conclusion, the findings of this study suggest that the extract
and EO of H. dogonbadanicum display potential as an effective
apoptotic inducer for cancer cell lines (A549 and AGS). This
effect is achieved by targeting and upregulating the expression
of caspase-3 and caspase-8 genes, primarily attributed to the
presence of hypericin. Nevertheless, further research is warranted

to explore the therapeutic applications of this plant species.
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ABBREVIATIONS

FBS: Fetal bovine serum; MTT: (3-4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide; EO: Essential oil; AVBB:
Annexin V Binding Buffer; HDF: Human Dermal Fibroblasts.

SUMMARY

Hypericum dogonbadanicum is regarded as an Iranian endemic
medicinal herb due to its outstanding therapeutic properties. In
the present study, we demonstrated that extract and EO can induce
Apoptosis in Gastric (AGS) and lung (A549) cancer cell lines by
targeting and increasing caspase-3 and caspase-8 gene expression
levels. However, the cytotoxic effect of both extract and EO on
HDF was lower than those obtained for two mentioned cancer
cell lines showing that the EO and extract of the species had a low
cytotoxic effect on the normal cell.

REFERENCES

1.

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3 (Suppl), Jul-Sep, 2025

Bray F, Laversanne M, Weiderpass E, Soerjomataram |. The ever-increasing
importance of cancer as a leading cause of premature death worldwide. Cancer.
2021;127(16):3029-30. doi: 10.1002/cncr.33587, PMID 34086348.

. Global Burden of Disease 2019 Cancer Collaboration, Kocarnik JM, Compton K, Dean

FE, Fu W, Gaw BL, et al. Cancer incidence, mortality, years of life lost, years lived with
disability and disability-adjusted life years for 29 cancer groups from 2010 to 2019:
A Systematic Analysis for the global burden of disease study 2019. JAMA Oncol.
2022;8(3):420-44. doi: 10.1001/jamaoncol.2021.6987, PMID 34967848.

. Zhou B, Zang R, Zhang M, Song P, Liu L, Bie F, et al. Worldwide burden and

epidemiological trends of tracheal, bronchus and lung cancer: A population-based
study. EBiomedicine. 2022;78:103951. doi: 10.1016/j.ebiom.2022.103951, PMID
35313216.

. Nicholson AG, Tsao MS, Beasley MB, Borczuk AC, Brambilla E, Cooper WA, et al. The

2021 WHO classification of lung tumors: Impact of advances since 2015. J Thorac
Oncol. 2022;17(3):362-87. doi: 10.22037/ijpr.2019.14904.12735.

. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin.

2022;72(1):7-33. doi: 10.3322/caac.21708, PMID 35020204.

. Gogna S, Goyal P, Sodhi A. Recent advances in gastric cancer treatment. 1JCRI.

2019;9(1):5-8. doi: 10.5348/ijcri-201802-ED-10014.

. Li J, Li X, Li M, Qiu H, Saad C, Zhao B, et al. Differential early diagnosis of benign

versus malignant lung cancer using systematic pathway flux analysis of peripheral
blood leukocytes. Sci Rep. 2022;12(1):5070. doi: 10.1038/s41598-022-08890-x, PMID
35332177.

. Petrillo A, Pompella L, Tirino G, Pappalardo A, Laterza MM, Caterino M, et al.

Perioperative treatment in resectable gastric cancer: current perspectives and future
directions. Cancers. 2019;11(3):399. doi: 10.3390/cancers11030399, PMID 30901943.

. Shalini S, Dorstyn L, Dawar S, Kumar S. Old, new and emerging functions of caspases.

Cell Death Differ. 2015;22(4):526-39. doi: 10.1038/cdd.2014.216, PMID 25526085.

. Widmann C. Caspase 3. In: Enna SJ, Bylund DB, editors. xPharm: the comprehensive

Pharmacology Reference. Amsterdam: Elsevier; 2007. p. 1-9. doi: 10.1016/
B978-008055232-3.60558-6.

. Boice A, Bouchier-Hayes L. Targeting apoptotic caspases in cancer. Biochim Biophys

Acta Mol Cell Res. 2020;1867(6):118688. doi: 10.1016/j.bbamcr.2020.118688, PMID
32087180.

. Brentnall M, Rodriguez-Menocal L, De Guevara RL, Cepero E, Boise LH. Caspase-9,

caspase-3 and caspase-7 have distinct roles during intrinsic apoptosis. BMC Cell Biol.
2013;14(32):32. doi: 10.1186/1471-2121-14-32, PMID 23834359.

. Brown-Suedel AN, Bouchier-Hayes L. Caspase-2 substrates: to apoptosis, cell cycle

control and beyond. Front Cell Dev Biol. 2020;22:1-17. doi: 10.3389/fcell.2020.6100
22.

. Kooti W, Servatyari K, Behzadifar M, Asadi-Samani M, Sadeghi F, Nouri B, et al.

Effective medicinal plant in cancer treatment, part 2: a review study. J Evid Based
Complementary Altern Med. 2017;22(4):982-95. doi: 10.1177/2156587217696927,
PMID 28359161.

. Kuruppu Al, Paranagama P, Goonasekara CL. Medicinal plants commonly used

against cancer in traditional medicine formulae in Sri Lanka. Saudi Pharm J.
2019;27(4):565-73. doi: 10.1016/j.jsps.2019.02.004, PMID 31061626.

. Park J, Jeong D, Song M, Kim B. Recent advances in anti-metastatic approaches of

herbal medicines in 5 major cancers: from traditional medicine to modern drug
discovery. Antioxidants (Basel). 2021;10(4):527. doi: 10.3390/antiox10040527, PMID
33801741.

17.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Yuan M, Zhang G, Bai W, Han X, Li C, Bian S. The role of bioactive compounds in
natural products extracted from plants in cancer treatment and their mechanisms
related to anticancer effects. Oxid Med Cell Longev. 2022; 2022:1429869. doi: 10.115
5/2022/1429869, PMID 35211240.

. Ghasemi Pirbalouti A, Fatahi-Vanani M, Craker L, Shirmardi H. Chemical composition

and bioactivity of essential oils of Hypericum helianthemoides, Hypericum perforatum
and Hypericum scabrum. Pharm Biol. 2014;52(2):175-81. doi: 10.3109/13880209.201
3.821663, PMID 24073965.

. Grafakou ME, Barda C, Karikas GA, Skaltsa H. Hypericum essential oils- Composition

and bioactivities: an update (2012-2022). Molecules. 2022;27(16):5246. doi: 10.3390/
molecules27165246, PMID 36014484.

Butterweck V, Schmidt M. St. John’s wort: role of active compounds for its mechanism
of action and efficacy. Wien Med Wochenschr. 2007;157(13-14):356-61. doi: 10.1007/
510354-007-0440-8, PMID 17704987.

Beerhues L. Hyperforin. Phytochemistry. 2006;67(20):2201-7. doi: 10.1016/j.phytoch
em.2006.08.017, PMID 16973193.

Sajjadi SE, Rahiminezhad MR, Mehregan |, Poorassar A. Constituents of essential oil
of Hypericum dogonbadanicum Assadi. J Essent Oil Res. 2001;13(1):43-4. doi: 10.1080
/10412905.2001.9699600.

Jaimand K, Rezaee MB, Naderi M, Mozaffrian V, Azadi R, Karimi S, et al. Chemical
composition of the essential oils of six Hypericum species (Hypericaceae) from Iran. J
Med Plants Prod. 2012;1:7-11. doi: 10.22092/jmpb.2012.108434.

Khanavi M, Davoodipoor AM, Sadati SN, Ardekani MR, Sharifzadeh M. Antinociceptive
effect of some extracts from Ajuga chamaecistus Ging. Ssp. Tomentella (Boiss.) Rech. F.
aerial parts. DARU J Pharm Sci. 2014;22(1):1-6. doi: 10.1186/2008-2231-22-56.
AzimiY, Maddah SM, Mostafavi G. The comparative study of the antioxidant activity of
aqueous and hydroalcoholic extracts of an Iranian endemic species Rhabdosciadium
aucheri Boiss. Iranian. J Plant Physiol. 2021;11(3):3701-8. doi: 10.30495/1JPP.2020.18
99213.1222.

Gioti EM, Skalkos DC, Fiamegos YC, Stalikas CD. Single-drop liquid-phase
microextraction for the determination of hypericin, pseudohypericin and hyperforin
in biological fluids by high-performance liquid chromatography. J Chromatogr A.
2005;1093(1-2):1-10. doi: 10.1016/j.chroma.2005.07.038, PMID 16233865.
Schepetkin IA, Ozek G, Ozek T, Kirpotina LN, Khlebnikov Al, Quinn MT. Chemical
Composition and Immunomodulatory Activity of hypericum perforatum Essential
Oils. Biomolecules. 2020;10(6):916. doi: 10.3390/biom 10060916, PMID 32560389.
Naderi M, Cherati MR, Mohammadian A, Bidhendy MB, Ghiasvand S, Marzouni HZ,
et al. Hypericin induces apoptosis in the AGS cell line with no significant effect on
normal cells. IJPR. 2020;19(3):349-57. doi: 10.22037/ijpr.2019.14904.12735.

Maddah SM, Mostafavi G, Amin Malek M, Anbarestani M, Sharif Y, Mir Hassani Z.
Combined application of cisplatin and salicylic acid suppresses cell growth and
promotes apoptosis in human lung cancer cell lines. Biologia. 2022;77(1):215-23. doi:
10.1007/511756-021-00920-9.

Maddah SM, Mostafavi G, Seifi Z. Tighnavard Siah Piran M, Amin Malek M. The
Synergic cytotoxicity Effect of cisplatin and salicylic acid on the A2780 cp Ovarian
Carcinoma Cell Line and the Evaluation of p21 and ZEB1 Expression Levels. Indian J
Gynecol Oncol. 2021b;19(73):1-8. doi: 10.1007/540944-021-00574-0.

Wlodkowic D, Skommer J, Darzynkiewicz Z. Flow cytometry-based apoptosis
detection. Methods Mol Biol. 2009;559:19-32. doi: 10.1007/978-1-60327-017-5_2,
PMID 19609746.

Murphy NR, Hellwig RJ. Improved nucleic acid organic extraction through use of a
unique gel barrier material. BioTechniques. 1996;21(5):934-6, 938-9. doi: 10.2144/9
6215pf01, PMID 8922637.

Thornton B, Basu C. Real-time PCR (qPCR) primer design using free online software.
Biochem Mol Biol Educ. 2011;39(2):145-54. doi: 10.1002/bmb.20461, PMID 21445907.
Menegazzi M, Masiello P, Novelli M. Anti-tumor activity of Hypericum perforatum L.
and hyperforin through modulation of inflammatory signaling, ROS generation and
proton dynamics. Antioxidants (Basel). 2020;10(1):18. doi: 10.3390/antiox10010018
,PMID 33379141.

Zorzetto C, Sanchez-Mateo CC, Rabanal RM, Lupidi G, Petrelli D, Vitali LA, et al.
Phytochemical analysis and in vitro biological activity of three Hypericum species
from the Canary Islands (Hypericum reflexum, Hypericum canariense and Hypericum
grandifolium). Fitoterapia. 2015;100:95-109. doi: 10.1016/j.fitote.2014.11.013, PMID
25464055.

Vuko E, Dunkic V. Ru§'ci’c M, Nazli’c M, mandi‘c N, Soldo B, $prung M, Fredotovi'c Z.
Chemical composition and new biological activities of essential oil and hydrosol of
Hypericum perforatum L. sp. veronense (Schrank) H. Lindb Plants. 2021;10:1014. doi:
10.3390/plants10051014.

Cossuta D, Vatai T, Bathori M, Hohmann J, Keve T, Simandi B. Extraction of hyperforin
and hypericin from St. John’s Wort (Hypericum perforatum L.) with different solvents.
J Food Process Engineering. 2012;35(2):222-35. doi: 10.1111/j.1745-4530.2010.0058
3.X.

Kaleta-Richter M, Aebisher D, Jaworska D, Czuba Z, Cieslar G, Kawczyk-Krupka A. The
influence of hypericin-mediated photodynamic therapy on interleukin-8 and-10
secretion in colon cancer cells. Integr Cancer Ther. 2020;19:1534735420918931. doi:
10.1177/1534735420918931, PMID 32508149.

Agostinis P, Vantieghem A, Merlevede W, de Witte PA. Hypericin in cancer treatment:
more light on the way. Int J Biochem Cell Biol. 2002;34(3):221-41. doi: 10.1016/
$1357-2725(01)00126-1, PMID 11849990.

S919



Maddah, et al.: Apoptotic Effects of Hypericum dogonbadanicum

40.

41.

42.

43.

Chen H, Feng R, Muhammad I, Abbas G, Zhang Y, Ren Y, et al. Protective effects of
hypericin against infectious bronchitis virus induced apoptosis and reactive oxygen
species in chicken embryo kidney cells. Poult Sci. 2019;98(12):6367-77. doi: 10.3382/
ps/pez465, PMID 31399732.

Piryaei M, Mehrparvar B, Mohammadian A, Shahriari F, Javidi MA. Anti-cancer impact
of hypericin in B-CPAP cells: extrinsic caspase dependent apoptosis induction and
metastasis obstruction. Eur J Pharmacol. 2021;910:174454. doi: 10.1016/j.ejphar.20
21.174454, PMID 34454929.

Rodriguez-Ramiro |, Ramos S, Bravo L, Goya L, Martin MA. Procyanidin B2 and a
cocoa polyphenolic extract inhibit acrylamide-induced apoptosis in human Caco-2
cells by preventing oxidative stress and activation of JNK pathway. J Nutr Biochem.
2011;22(12):1186-94. doi: 10.1016/j.jnutbio.2010.10.005, PMID 21334869.

Persad R, Liu C, Wu TT, Houlihan PS, Hamilton SR, Diehl AM, et al. Overexpression of
caspase-3 in hepatocellular carcinomas. Mod Pathol. 2004;17(7):861-7. doi: 10.1038/
modpathol.3800146, PMID 15098015.

44,

45.

46.

47.

Pu X, Storr SJ, Zhang Y, Rakha EA, Green AR, Ellis |0, et al. Caspase-3 and caspase-8
expression in breast cancer: caspase-3 is associated with survival. Apoptosis.
2017;22(3):357-68. doi: 10.1007/510495-016-1323-5, PMID 27798717.

Kostova I, Mandal R, Becker S, Strebhardt K. The role of caspase-8 in the tumor
microenvironment of ovarian cancer. Cancer Metastasis Rev. 2021;40(1):303-18. doi:
10.1007/s10555-020-09935-1, PMID 33026575.

Brankiewicz A, Trzos S, Mrozek M, Opydo M, Szostak E, Dziurka M, et al. Cytotoxic and
Antioxidant Activity ofHypericum perforatum L. extracts against Human Melanoma
Cells from Different Stages of Cancer Progression, Cultured under normoxia and
Hypoxia. Molecules. 2023;28(3):1509. doi: 10.3390/molecules28031509, PMID
36771178.Kostoval,MandalR,BeckerS, StrebhardtK.Therole of caspase-8inthetumor
microenvironment of ovarian cancer. Cancer Metastasis Rev. 2021;40(1):303-18. doi:
10.1007/510555-020-09935-1, PMID 33026575.

Brankiewicz A, Trzos S, Mrozek M, Opydo M, Szostak E, Dziurka M, et al. Cytotoxic and
Antioxidant Activity ofHypericum perforatum L. extracts against Human Melanoma
Cells from Different Stages of Cancer Progression, Cultured under normoxia and
Hypoxia. Molecules. 2023;28(3):1509. doi: 10.3390/molecules28031509, PMID
36771178

Cite this article: Maddah SM, Mostafavi G, Vaali M, Ranjbar E. Apoptotic Effects of Hypericum dogonbadanicum on Lung and Gastric Cancer Cell Lines. Indian
J of Pharmaceutical Education and Research. 2025;59(3s):5s910-5920.

$920

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3 (Suppl), Jul-Sep, 2025



