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Abstract
Scientists are becoming more interested in the possibility of natural bioactive chemicals as
supplemental medicines in cancer treatment. Investigating the biological effects of Crataegus orientalis
fruit extract on different human cell lines was the goal of this investigation. HepG2 (liver), MCF-7
(breast), HEK293 (embryonic kidney), HCT-116 (colon), and A549 (lung) cell lines were used to evaluate
cytotoxic characteristics using the MTT test. The extract was made with a variety of solvents and tested
at different doses to assess dose-dependent effects. The results demonstrated that the cytotoxic effects
were varied by the cell line, concentration, and extraction solvent. Notably, the extract's low IC₅₀ value
demonstrated high cytotoxicity against the HCT-116 cell line. The mRNA expression levels of important
apoptosis-related genes, specifically Bcl2, Bax, and p53, were quantitatively examined using qRT-PCR in
human HepG2 and MCF-7 cancer cell lines in order to obtain additional understanding of apoptotic
mechanisms. Gene expression was found to have decreased statistically significantly in HepG2 cells (p
0.0002 for Bcl2, p 0.0344 for Bax, and p 0.0035 for p53). All of these results suggest that the fruit extract
of C. orientalis may have anticancer properties via influencing the expression of genes linked to
apoptosis in cancer cells.

Highlights
• The cytotoxic effects of C. orientalis fruit extract were evaluated in five human cell lines

• HCT-116 cells showed the highest sensitivity with a low IC₅₀ value

• The extract was prepared using different solvents and tested at various doses

• Apoptosis-related genes Bcl2, Bax, and p53 were analyzed by qRT-PCR

• Significant downregulation of these genes was observed in HepG2 cells.

INTRODUCTION
Serious health issues include hypertension, liver-related disorders, blood sugar abnormalities, and
cardiovascular disease affect a large number of people worldwide. The most dangerous of these
illnesses is cancer, for which there is now no known cure [1]. According to the World Health
Organization’s 2019 report, cancer ranks among the primary causes of premature mortality in 112 out of
183 countries, affecting individuals before the age of 70. In 23 countries, it is identified as the third or
fourth leading cause of early death [2]. It is anticipated that 15.5 million individuals will be battling
cancer globally by 2030, and 11.5 million will lose their lives to the illness. It is anticipated that
15.5 million individuals will be battling cancer globally by 2030, and 11.5 million will lose their lives to the
illness [3]. Even though there are many medications available to treat cancer, a totally safe and effective
therapeutic approach has not yet been created [4]. Among the most popular methods for combating
cancer are include radiotherapy, bone marrow transplants, surgery, immunotherapy, and hormone
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therapy [5, 6]. Cancer treatment with chemotherapy can harm healthy cells and result in severe side
effects like anemia, hair loss, and exhaustion. Therefore, creating novel methods to minimize side
effects and lower treatment expenses is crucial. Patients frequently resort to traditional therapy
approaches in areas with limited access to modern care [4]. For ages, herbal items have been used
extensively in various countries and have served as the foundation for traditional medical systems [7].
According to recent studies, 63% of cancer medications are sourced from plants, and traditional herbal
extracts have anti-cancer properties. It has been discovered that certain herbal ingredients have a high
response to treatment and few adverse effects. Thus, research into the potential of herbal remedies in
the battle against cancer is still ongoing. According to recent studies, 63% of cancer medications are
sourced from plants, and traditional herbal extracts have anti-cancer properties. It has been discovered
that certain herbal ingredients have a high response to treatment and few adverse effects. Thus,
research into the potential of herbal remedies in the battle against cancer is still ongoing [8, 9, 10].
According to the World Health Organization, herbal medicines account for almost 80% of the economies
of developing nations [11]. Additionally, since about 20% of current medications are derived from
traditional medicinal plants, there is growing interest in researching herbal items for the treatment of
cancer [2, 12]. The fact that 80% of synthetic medications used globally are plant-based further supports
this tendency [13]. Therefore, many plants have been found to have anti-cancer capabilities in addition to
their beneficial effects as medical plants [14, 15]. Crataegus, a member of the Rosaceae family, is
regarded by some as a prickly tree or shrub [16, 17]. The other names of this plant, which is native to the
Mediterranean, Crimea, Turkey and Western Iran, are carpets, nuts, hawthorn, wild roses and aktiken [17,
18]. Since ancient times, extracts made from hawthorn leaves, blossoms, and fruits have been used to
treat respiratory issues, diarrhea, abdominal pain, palpitations, cardiovascular illnesses, and
hypertension [19, 20]. Because of its historical use, Hawthorn has also caught the attention of scientists
[21]. In addition to being a strong source of vitamin C, hawthorn fruit is said to include sugars and carbs
and is especially rich in important minerals including calcium, potassium, phosphorus, magnesium, and
iron [22]. Flavonoids, proanthocyanidins ,organic acids, and amines are its primary constituents [23]. It is
well known that phytochemicals derived from a variety of plants can effectively treat cancer. Research is
being conducted worldwide to find novel plant extracts with potent antibacterial and anticancer effects
[24]. In the context of cancer research, oncogenes and tumor suppressor genes have recently drawn a lot
of attention for their functions in regulating the cell cycle and apoptosis. Since resistance to apoptosis is
a significant treatment issue for cancer, a thorough understanding of apoptosis, a type of programmed
cell death, is crucial for the development of effective anticancer medicines. [12, 25]. There have been
some studies on C.orientalis's antibacterial and antioxidant properties, but none that have looked closely
at how it affects human cells.

With an emphasis on apoptosis-related gene expression, this work intends to examine the cytotoxic and
pro-apoptotic effects of C. orientalis fruit extract on HepG2 and MCF-7 cell lines. The extract was also
tested in other human-derived cell lines, such as A549, HCT-116 and HEK293 to investigate its effects
across a variety of cellular models and deepen our understanding of its biological activity.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was employed as a housekeeping gene to
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normalize the expression data and ensure analytical accuracy. Quantitative real-time PCR (qRT-PCR) was
conducted to measure the mRNA expression levels of apoptosis-related genes, including p53, Bax, and
Bcl2.

MATERIALS AND METHODS
Obtaining C.orientalis and cell lines used in the experiment

C.orientalis species collected from Cip town in Elazığ province of Turkey in September and November.
Assoc. Prof. Dr. Semih Dalkılıç, one of the faculty members of the Molecular Biology and Genetics
Programme of the Department of Biology, Fırat University that has HepG2, MCF-7, HEK293, HCT-116 and
A549 cell lines in his laboratory.

Preparation of the extract

C. orientalis fruits were dried at room temperature and ground to obtain a homogeneous particle size.
For the extraction process, 1 gram of dry plant sample was weighed on a precision balance, and the
process was carried out using two different solvents. In the first step, extraction was performed with 10
mL hexane, followed by 10 mL methanol. The extraction process was carried out in a shaking oven at
37°C for 72 hours, after which the extracts were filtered with Whatman No. 1 filter paper to remove the
solvents. After drying the extracts, yield calculation was performed, and extraction efficiency was
determined. When evaluated on a solvent basis, the yield of hexane extract was 31.3%, and the yield of
methanol extract was 29.4%, as shown in Table 1. It was dissolved in 10 mL dimethylsulfoxide (Dimethyl
Sulfoxide Merck 116743.1000) The extracts were stored at +4 °C for the duration of the study. Hexane
and methanol solvents, which are widely preferred for the identification of phenolic compounds, were
chosen for the cytotoxicity evaluation of C. orientalis extract in this study.

Cell culture and determination of cytotoxic activity

MCF-7, HepG2, A549, HCT-116 and HEK 293 cell lines were cultured in 75 cm² flasks at 37°C with 5% CO₂

in RPMI 1640 Medium, with L-Glutamine (Cat-No: RPMI-A) medium containing 10% FBS (Cat-No: FBS-
11A) and 1% Penicillin-Streptomycin (Cat-No:PS-B). MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay is a technique used to evaluate cytotoxicity, proliferation and cell
viability. The basis of this technique is that MTT and active mitochondria in living cells combine to form
water-insoluble purple formazan crystals [26]. MTT method was used to evaluate the effect on
C.orientalis cell viability. After dissolving formazan crystals in appropriate solvents, the amount of viable
cells was counted using spectrophotometry. 90% confluent cells were removed from the medium in 75
cm² flasks and washed with 5 ml sterile PBS. After adding 1 ml trypsin-EDTA (Lot: 325043240, Cat:325-
043-EL) to the flasks, they were incubated at 37˚C for two minutes in an incubator containing 5% CO₂.
Trypsin-EDTA was inactivated and 5 ml RPMI was added after the cells were detached from the surface.
After the cells were removed from the flask, the supernatant was discarded after centrifugation at 2000
rpm for five minutes. Countess II automated cell counter was used to count the cell pellet after
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resuspension with 1000 µL RPMI. After cell dilution was calculated, 96-well plates containing 5x10³ cells
and 100 µL RPMI per well were applied. The positive control was 2.5 µg/mL doxorubicin, while blank and
negative controls were media only. Cells were incubated at 37.0 C with 5% CO2 for 24 hours. Methanol
and hexane extracts of C.orientalis fruit produced in RPMI were administered to the cells in six replicates
at four different concentrations (100, 200, 400 and 800 µg/mL) after the medium was removed after
incubation. Cells were incubated at 37˚C with 5% CO₂ for 72 hours. After completion, 10 μL of MTT
solution (5 mg/mL) was added to each well and incubated at 37˚C with 5% CO₂ for 4 hours. Once
incubation was over, the medium was taken out, formazan crystals were dissolved in 100 μL DMSO, and
an ELISA microplate reader (Allsheng) set to 450 nm wavelength was used to measure the anticipated
color change [27]. The control wells' absorbance readings were calculated, averaged, and approved as
representing a 100% viable cell ratio. The viability % was calculated by comparing the absorbance values
from the plant extracts with the absorbance value of the control group. This is how cytotoxicity was
computed:

% Live cell = (Sample absorbance) / (Control absorbance) x100

RNA isolation from cell and cDNA synthesis

The apoptotic pathway effect of C.orientalis on HepG2 and MCF-7 cell lines was evaluated by looking at
the expression levels of Bcl2, Bax and p53 genes. Based on the cytotoxicity results of C.orientalis , the
best extract and dosage for the two cell lines were determined. HepG2 and MCF-7 cells were exposed to
the highest concentration of C.orientalis hexane extract (800 μg/ml) for 48 hours. Following the
manufacturer's instructions, total RNA was extracted from these cells using the Total RNA Mini Kit
(Generaid-Cat. No. RB300). The quality of the extracted RNA was analyzed using the iBright FL 1000 gel
imaging system. The quantity and quality of RNA molecules determine how reliable gene expression
analysis is [11]. Following the manufacturer's instructions, the quality and quantity of total RNA isolated
was assessed using a Qubit™ RNA HS Assay Kit (REF: Q32852, LOT 1913928) and a Thermo Fisher
Scientific Invitrogen instrument. RNA concentration was measured in ng/ml. RNA samples determined
to be optimal in both quality and quantity were used to generate cDNA. Following the manufacturer's
instructions, cDNA was generated by reverse transcription using the WizScript™ cDNA Synthesis Kit
(REF: W2211, LOT 4E0420-02). Two microliters of reverse transcription buffer, 0.8 μl 25x dNTPs, 2 μl 10x
random primers, one microliter MultiScribe Reverse Transcriptase, 4.2 μl nuclease-free water and 500 ng
total RNA (50 μl) were included in 20 microliters of reaction mix. Using a SimpliAmp Thermal Cycler
(Applied Biosystems, Singapore), reaction mixtures were incubated at 25°C for 10 min, 37°C for 120 min
and 85°C for 5 min for each sample.

Quantitative real-time polymerase chain reaction (qRT-PCR)

The expression levels of four different genes (Bcl2, Bax, p53 and GAPDH) were evaluated using
quantitative RT-PCR. As indicated by the manufacturer, reactions were performed using Amplifyme SYBR
Universal Mix (AM02-020) and Applied Biosystems Step One Plus Real-Time PCR System. The following
components were present in 10 µl of reaction mix for each sample: Each sample was run in duplicate
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using 5 µl 2X Amplifyme SG Universal Mix, 0.3 µl forward primer, 0.3 µl reverse primer, 0.2 µl 50× High
Rox solution, 2.2 µl PCR Grade Water and 2 µl cDNA sample. The following are the steps of the PCR
cycling program: 3 minutes at 95°C followed by 40 cycles of 95°C for 5 seconds, 58°C for 30 seconds,
95°C for 15 seconds, 60°C for 1 minute and finally 95°C for 15 seconds. Untreated cells were used as an
external control in qRT-PCR, while GAPDH was used as an internal control. (Table 2) lists the primer
sequences used.

Statistical analysis

SPSS (version 22) and GraphPad Prism (version 8.0.2) software were used for experimental design and
statistical analysis of the data. As a result of the analysis, the statistical difference between the groups
was evaluated by ANOVA test and significance levels were determined as p < 0.05.

RESULTS
Extract yield

Fruits of C. orientalis were gathered in September and November from the Cip district in the Elazığ region
of Turkey. The HepG2, MCF-7, HEK293, HCT-116, and A549 cell lines utilized in this investigation were
acquired from the lab of Assoc. Prof. Dr. Semih Dalkılıç, a professor in the Department of Biology's
Molecular Biology and Genetics Program at Fırat University. The following formula was used to
determine the extraction efficiency [28].

Percent yield (w/w) = (weight of the dried extract (g))/ (weight of the dry seed material before extraction
(g)) x100

Cytotoxic activity

The cytotoxic potential of MCF-7 and HepG2 methanol and hexane extracts obtained from Crataegus
orientalis fruit. The MTT method was used to assess the cancer cell lines HCT-116 and A549 as well as
the healthy cell model HEK293 cell line. Fruit extracts' cytotoxic activity on C. orientalis in vitro, based on
dosage and solvent type (Figure 1(A-E)).

Cell viability in the MCF-7 cell line with the methanol extract was between 59-64%, while with the hexane
extract it was between 57-66%. HepG2 cells show that both extracts have moderate cytotoxic effects.
HCT-116 cell line showed the highest cytotoxic effect. With 400 g/mL hexane extract, cell viability
decreased by 19%, while with 800 g/mL methanol extract it decreased by 15%. These results confirm
that both extracts have strong antiproliferative effects in a dose-dependent manner.

A more limited cytotoxic effect was observed in A549 cells compared to other cell lines; the highest
efficacy was obtained with 29% viable cell ratio in 400 µg/mL hexane extract treatment. In contrast,
HEK293 cells were used as a reference to evaluate the possible toxic effects of the extracts on healthy
cells and no significant cytotoxic effect was observed in this cell line. Therefore, the IC₅₀ value for
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HEK293 cells was not calculated. This suggests that C. orientalis fruit extracts have low toxicity on
healthy cells and have selective anticancer potential.

These data were further supported by IC₅₀ analyses, revealing that methanol and hexane extracts
exhibited cytotoxic effects that varied depending on the cell type but generally showed anticancer
potential (Table 3).

Effects of C. orientalis extract on apoptotic pathway

To assess the impact of the C. orientalis hexane extract on apoptosis-related genes in HepG2 and MCF-7
cell lines, gene expression analysis was carried out using quantitative real-time PCR (qRT-PCR).
Following a 24-hour treatment period, there were observable changes in the expression levels of the p53,
Bax, and Bcl2 genes when compared to the control group. Notably, treatment led to a modest shift
toward apoptosis, particularly in MCF-7 cells, as reflected by the calculated Bax/Bcl2 ratio of 0.83 in
MCF-7 and 0.67 in HepG2 cells.

As shown in Figure 2, Bcl2 expression increased more markedly in HepG2 cells, whereas Bax expression
exhibited a relative increase in both cell lines post-treatment. Similarly, p53 expression showed a
moderate elevation in treated groups. These results suggest that the C. orientalis hexane extract may
modulate apoptotic gene expression patterns, though the overall pro-apoptotic shift appears limited.

In addition, the specificity of qRT-PCR amplification was confirmed by melting curve analysis, which
revealed single and distinct peaks for all target genes, indicating the absence of non-specific products or
primer-dimer formation.

DISCUSSION
Apoptosis, a regulated form of programmed cell death, plays a vital role in preserving cellular
homeostasis and is a central mechanism in cancer biology. The intrinsic apoptotic pathway, which is
mitochondria-mediated, is tightly controlled by the relative expression of pro-apoptotic (Bax) and anti-
apoptotic (Bcl2) genes. This balance determines the release of cytochrome c from mitochondria into the
cytosol, a critical event that triggers the activation of downstream apoptotic signaling cascades [29, 30].
A crucial stage in the intrinsic apoptotic process, the Bax protein stimulates the release of cytochrome c
from the mitochondria. By blocking this release, Bcl2, which is attached to the outer mitochondrial
membrane, stops apoptosis. Consequently, it is commonly acknowledged that a key factor influencing a
cell's propensity to undergo apoptosis is the Bax/Bcl2 expression ratio [31].

In this study, C. orientalis fruit extracts showed significant cytotoxic effects on various cancer cell lines.
In particular, dose-dependent cytotoxic effects were observed in HCT-116 (colorectal cancer) and MCF-7
(breast cancer) cell lines. Methanol extract stood out as the most effective fraction with lower IC50

values in most cell lines. On the other hand, since no toxic effect was observed in HEK293 (human
embryonic kidney) cells, IC50 values could not be calculated for these cells. This suggests that the
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extracts have low toxicity on healthy cells and may have a selective effect against cancer cells. When the
data obtained are evaluated in general, it can be said that C.orientalis has anticancer potential especially
against colorectal and breast cancer cells.

The effect of the hexane extract on the expression of apoptosis-related genes (p53, Bax, and Bcl2) was
further evaluated in MCF-7 and HepG2 cells. The results demonstrated an induction of apoptosis,
characterized by a significant upregulation of p53 and Bax, and a concurrent downregulation of the anti-
apoptotic gene Bcl2. This pattern indicates activation of the mitochondrial (intrinsic) apoptotic pathway.
Moreover, the increased Bax/Bcl2 ratio, commonly considered a key marker for apoptosis initiation,
reinforces this conclusion [31, 32].

Hexane extract from C. orientalis fruit was used to evaluate the expression of apoptosis-related genes in
MCF-7 and HepG2 cells. The calculated Bax/Bcl2 ratios were found to be 0.83 for MCF-7 cells and 0.67
for HepG2 cells. The fact that these ratios were below 1 in both cell lines indicates that the anti-apoptotic
effect was dominant and the apoptotic response was limited. However, the up-regulation observed in the
Bax gene and the increase in the p53 gene reveal the potential of the extract to direct the cell to
apoptosis. Indeed, the increase in the Bax/Bcl2 ratio in our study supports that the extract activates the
apoptotic process. The p53 tumor suppressor gene, a critical regulator of apoptosis, becomes activated
under cellular stress conditions, particularly those involving genomic instability [33]. In this context,
increased p53 expression is expected to trigger Bax transcription and initiate cell death [31]. In the
literature, it is reported that some compounds of Crataegus species, especially triterpenoid ursolic and
oleanolic acids, stimulate apoptosis via mitochondrial pathway and accelerate cell death by increasing
caspase-3 and caspase-9 activation [34, 35]. The gene expression profile found in this investigation is
consistent with earlier findings. In particular, the idea that triterpenoid chemicals in C. orientalis fruit may
trigger apoptotic pathways is supported by the overexpression of p53 and Bax and the downregulation
of Bcl2. It is also noteworthy that compared to previous studies on the anticancer effects of nearby
species such as Crataegus aronia, C. orientalis showed a higher cytotoxic effect at lower concentrations.
For instance, it has been observed that extracts from C. aronia only significantly affect HepG2 cells at
500 µg/mL [36]. In this respect, it can be said that C. orientalis has a stronger anticancer potential.

CONCLUSION
According to the study's findings, fruit extracts from C. orientalis have cytotoxic effects on cancer cell
lines like MCF-7 and HepG2, and they may also alter the expression of genes linked to apoptosis. The
methanol extract's increased bioactivity emphasizes how important the extraction technique and solvent
choice are in affecting the effectiveness of chemicals produced from plants. The Bax, Bcl2, and p53
gene expression levels did not approach statistical significance, but the trends particularly in the MCF-7
cell line indicate a pro-apoptotic response. This possible effect may also be reflected molecularly in the
rise in the Bax/Bcl2 ratio. Important hints that C. orientalis might be a potential natural anticancer drug
are provided by these early results. However, more thorough in vitro testing, mechanistic research, and in
vivo investigations are required to completely illustrate this effect. Whether this plant represents a
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pharmacologically evaluable therapeutic resource will be made clear by more thorough research in the
future.
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Figure 1

Cytotoxic effects of different concentrations of hexane and methanol extracts of C. orientalis on (A)
MCF-7, (B) HepG2, (C) HCT-116, (D) A549 and (E) HEK293 cell lines. Statistical analysis was performed
using one-way ANOVA followed by Tukey's post hoc test. p < 0.05 was considered statistically
significant. PC = Doxorubicin (2.5 μg/ml); NC= Untreated cells (DMEM).
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Figure 2

MCF-7 and HepG2 cell lines were treated with gypsum extract at a concentration of 800 µg/mL. Gene
expression levels of (a) Bcl2, (b) Bax, and (c) p53 were evaluated after 48 hours using the quantitative
real-time PCR method. The results were compared with untreated cells, and gene expression levels were
normalized to the GAPDH gene. Statistical significance: p < 0.0002 for Bcl2, p < 0.0344 for Bax, and p <
0.0035 for p53.
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