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Abstract
Background The present study aimed to elucidate the potential anticancer activity and mechanism of P. harmala’s alkaloid 
extract, harmine (HAR), and harmaline (HAL) in HCT-116 colorectal cancer cells.
Methods and results P. harmala’s alkaloid was extracted from harmala seeds. HCT-116 cells were treated with P. harmala’s 
alkaloid extract, HAR and HAL. Cytotoxicity was determined by MTT assay, apoptotic activity detected via flow cytometry 
and acridine orange (AO)/ethidium bromide (EB) dual staining, and cell cycle distribution analyzed with flow cytometry. 
The mRNA expression of Bcl-2-associated X protein (Bax) and glycogen synthase kinase-3 beta (GSK3β) was measured by 
real-time PCR. Furthermore, the expression of Bax, Bcl-2, GSK3β and p53 proteins, were determined by western blotting. 
The findings indicated that, P. harmala’s alkaloids extract, HAR and HAL were significantly cytotoxic toward HCT116 
cells after 24 and 48 h of treatment. We showed that P. harmala’s alkaloid extract induce apoptosis and cell cycle arrest at 
G2 phase in the HCT116 cell line. Downregulation of GSK3β and Bcl-2 and upregulation of Bax and p53 were observed.
Conclusion The findings of this study indicate that the P. harmala’s alkaloid extract has anticancer activity and may be 
further investigated to develop future anticancer chemotherapeutic agents.
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Introduction

Colon carcinoma is a prevalent and highly aggressive malig-
nant neoplasm, and is the second most common cause of 
cancer-related deaths worldwide [1]. Standard cancer treat-
ment is generally based on the use of chemotherapy, radio-
therapy, surgery, immunotherapy, or a combination of the 
two [2]. Chemotherapy is used in patients with advanced 
stage disease, but resistance to medicines reduces its effec-
tiveness. On the other hand, chemical drugs can eliminate 
cancer cells, but can also damage perfectly healthy cells, 
which leads to side effects. Therefore, it is not surprising 
that researchers are looking for more effective anticancer 
drugs from natural sources to reverse those abnormal char-
acteristics of cancer [3, 4]. According to statistics, herbal 

medicines are used by approximately 80% of people world-
wide to treat different diseases [5]. Peganum harmala L., 
also referred to as “harmal” is a botanical species widely 
utilized for its medicinal attributes and belongs to the family 
Nitrariaceae [6]. The seeds contain 2.5 to 4% mixed harmala 
alkaloids [7]. The antineoplastic effects of P. harmala seeds 
on cancerous cell lines have been explained in previous stud-
ies [8, 9]. However, the effects and mechanism of action 
of P. harmala seeds on colorectal cancer are still unclear. 
The most critical alkaloids in P. harmala that have benefi-
cial effects are harmaline (HAL) and harmine (HAR). HAL 
and HAR are tricyclic β-carboline alkaloids isolated from 
harmal seeds. HAR and HAL possess several pharmaco-
logical effects, such as antimicrobial, antifungal, antioxi-
dant, and antitumor effects [10, 11]. HAR, which exhibits 
a variety of biological activities, has been identified as the 
most potent component of P. harmala [12, 13]. These alka-
loids decrease the growth of cancer cells in a dose-dependent 
manner by inducing apoptosis [14, 15]. Apoptosis is a type 
of programmed cellular death, making it a highly promis-
ing target for anticancer therapies. A broad range of fac-
tors, including the overexpression of antiapoptotic proteins 
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and the underexpression of proapoptotic proteins, typically 
inhibit the apoptotic pathway in cancer. Therapies that tar-
get apoptosis activate molecules that promote apoptosis 
and inhibit the activity of antiapoptotic molecules [16]. The 
tumor suppressor protein p53 is essential for controlling 
apoptosis signaling pathways, as it regulates the activity of 
the BCL-2 family proteins [17]. The Bcl-2 family contains 
a large number of proteins, including both proapoptotic and 
antiapoptotic proteins. These molecules play crucial roles 
in the process of apoptosis [18]. Some of the members to 
this family induce apoptosis (Bax, Bid, Bim), while others 
prevent apoptosis (Bcl-2, Bcl-xl, Bcl-w) [18]. The regula-
tion of apoptosis is largely dependent on Bcl-2 and Bax 
among all of these proteins [19]. The examination of effect 
of the extract obtained from P. harmala on breast cancer 
cells (MDA-MB-231) has demonstrated the ability of this 
extract to stimulate both internal and external processes by 
increasing the expression of the Bax, Puma, and Caspase8 
genes while reducing the expression of Bcl-2 [20]. Glyco-
gen synthase-3 kinase (GSK-3) is a serine-tyrosine kinase 
with two isoforms (α and β) that is constitutively expressed 
and involved in the regulation of numerous essential cellular 
pathways [21]. GSK3β has been found to play both tumor 
suppressor and promoter roles in various types of cancer 
[22, 23]. GSK3β is overexpressed in various tumor types, 
including pancreatic, liver, ovarian, and colon carcinomas 
[24, 25]. GSK3β inhibitors are anticipated to be therapeutic 
agents for colorectal cancer [26].

The purpose of the present investigation was to identify 
the therapeutic effects of P. harmala and its underlying 
molecular mechanisms in the treatment of colon cancer, 
serving as a foundation for future research on P. harmala’s 
as a medicinal product for this disease.

Materials and methods

P. harmala’s alkaloids extraction

Harmala seeds from Shahrekord, Chaharmahal Bakhtiari 
Province, Iran, were powdered and mixed with 50 mL of 
glacial acetic acid (30%). After 60 min of stirring, the solu-
tion was filtered and washed three times with ethyl acetate: 
petroleum ether (1:1) to remove organic impurities using a 
separatory funnel. Then, 10 M sodium hydroxide was added 
to the collected aqueous layer. The chloroform phase was 
used to extract the organic component, which contained 
alkaloids primarily HAR and HAL. Finally, the solvent was 
removed using a rotary evaporator [8].

HPLC analysis

For high-performance liquid chromatography (HPLC) analy-
sis, Cecil 1100 series was used. A serial dilution (100–1000 
μg/mL) of harmine (Sigma, 286,044-1G) and harmaline 
standard (Sigma, 51,330-1G) were prepared in methanol 
to draw out a standard curve. P. harmala’s alkaloid extract 
curve was confirmed by the reference peak of HAL and 
HAR standard [8].

Fourier Transformation Infrared Spectroscopy (FTIR)

FTIR spectra were measured by Bruker optics. In this tech-
nique, a total of 1% (w/w) of P. harmala’s alkaloid extract 
was mixed with dry KBr. In the wavenumber range of 
500–4000  cm−1, each KBr disc was scanned at 2 mm.s−1 at 
a resolution of 4  cm−1. For various samples, the character-
istic peaks were recorded.

Cell line and cell culture

The HCT116 colorectal cancer cell line was purchased 
from the Iranian Biological Resource Center. The Cells 
were cultured at 37 °C in 5% CO2 in Dulbecco’s modi-
fied Eagle medium supplemented with 10% fetal bovine 
serum (FBS, Gibco) and 1% penicillin/streptomycin. [27].

MTT assay for cell viability

HCT-116 cells were seeded in a 96-well microplate (3200 
cells per well) overnight incubation. Then, the cultured cells 
were treated with varying concentrations of HAR, HAL, and 
P. harmala’s alkaloid extract for 24 and 48 h. The control 
was the untreated cells, and the absorbance was measured 
using an ELISA plate reader [28].

Fluorescence microscopic studies

The indole alkaloids HAL and HAR are fluorescent [29]. 
Due to the fluorescent properties of P. harmala, in this study, 
only the cells were examined with the alkaloid extract with-
out any staining. After 24 h of treatment (IC50), the cells 
were rinsed with PBS and analyzed using a fluorescence 
microscope.

Measurement of ROS

Reactive oxygen species (ROS) have been identified as sub-
cellular messengers in various cellular processes, such as 
apoptosis. To measure the levels of ROS, HCT-116 cells 
were treated with P. harmala’s alkaloid extract at the IC50 
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for 48 h. Following this, the cells were rinsed with PBS 
and treated with DCFH2-DA and PI dye. The alterations in 
fluorescence intensity were observed using flow cytometry 
for both the control and treated cells.

Acridine orange (AO)/ethidium bromide (EB) dual 
staining

To distinguish between normal cells and condensed apop-
totic or necrotic nuclei, we used the dual staining technique 
AO/EB. HCT-116 cells were seeded into a chamber slides 
and allowed to grow overnight. Then, the cells were exposed 
to P. harmala’s alkaloid extract (IC50) for 24 h. Control 
and treated cells were stained with AO/EB (100 μg/mL) for 
3 min, and images were immediately collected by fluores-
cence microscopy.

Cell apoptosis analysis by flow cytometry

The FITC Annexin V/ PI Apoptosis Detection Kit (BioLeg-
end) was used for flow cytometry analysis to determine the 
percentage of apoptotic cells in untreated and treated HCT-
116 cells with P. harmala’s alkaloid extract (IC50, 48 h) 
[30]. FlowJo software was used for the data analysis.

Cell cycle analysis by flow cytometry

HCT-116 cells were treated with P. harmala’s alkaloid 
extract at the IC50 for 48 h. The control and treated cells 
were washed twice with PBS before being fixed in 70% etha-
nol. Subsequently, the cells were subjected to staining with 
PI, which included DNase-free RNase, for 2 h [30]. FlowJo 
software was used for the data analysis.

RNA extraction and cDNA synthesis

Total RNA extracted from both control and treated cells after 
48 h using HiPure Isolation Reagent (Roche Applied Sci-
ences), following the manufacturer’s protocol. For cDNA 
synthesis, a First Strand cDNA Synthesis Kit (Thermo 
Fisher Scientific, Germany) was used to transcribe 1 μg of 
total RNA from each sample into cDNA.

Real‑time PCR

Real-time PCR was conducted utilizing Rotor-Gen 6000 
real-time DNA analysis system (Corbett, Australia) and a 
SYBR Fast qPCR kit (Ampliqon A/S, Denmark) with appro-
priate primers (Table 1). The endogenous reference gene 
(GAPDH) was used for the normalization of the quantita-
tive data. The expression of Bax and GSK3β mRNA was 
detected 48 h after treatment with P. harmala’s alkaloid 
extract, HAR, and HAL (at the IC50).

Western blot assay

HCT116 cells were treated with P. harmala’s alkaloid 
extract at IC50 concentrations for 48 h. The control and 
treated cells were lysed with RIPA buffer (Beyotime), sup-
plemented with protease inhibitors (Roche). Subsequently, 
proteins were extracted and separated based on their molec-
ular weight using SDS-PAGE. After separating the pro-
teins, they were then transferred from the gels onto PVDF 
membranes. Subsequently, the membranes were subjected 
to blocking using a bovine serum albumin solution of 3% 
at room temperature for a duration of 1 h. The membranes 
were then incubated overnight at 4 °C with a primary anti-
bodies’ solution diluted at a ratio of 1:1000. The primary 
antibodies included anti-BAX (Santa Cruz Biotechnology, 
INC, sc-7480), anti-Bcl-2 (Santa Cruz Biotechnology, INC, 
sc-7382) anti- GSK3β (Santa Cruz Biotechnology, INC, 
sc-7291) and anti-p53 (Santa Cruz Biotechnology, INC, 
sc-126). Subsequently, the membranes underwent a series of 
washes using TBST, with a duration of 5 min for each wash. 
Following that, the membranes were subjected to incuba-
tion with the HRP-conjugated secondary antibody solution 
(Santa Cruz Biotechnology, INC, sc-2357) at room tempera-
ture for 1 h. Ultimately, the blots were washed three times 
for 5 min each using TBST. Lastly, the chemiluminescent 
substrate was administered to the blot in accordance with the 
guidelines provided by the manufacturer. The chemilumines-
cent signals were then recorded using a CCD camera-based 
imager (Thermo Fisher Scientific, US). Following that, the 
signals underwent analysis with ImageJ software, version 
1.4.1, and were then normalized to the β-actin bands for the 
purpose of comparison.

Statistical analysis

The experimental data were analyzed by Graph Pad Prism 
8 and are presented as the mean ±  SEM of two independ-
ent experiments. For the comparison of MTT data, a one-
way analysis of variance (ANOVA) followed by Dunnett’s 
test was utilized. Quantitative real-time PCR and Western 
blot data were analyzed by an unpaired t- test with Welch’s 
correction. For the comparison of flow cytometry data, an 

Table 1  Primer sequences for real time PCR

Name Primer sequence Size (bp)

GAPDH F GCA GGG GGG AGC CAA AAG GGT 
R TGG GTG GCA GTG ATG GCA TGG 

219

Bax F TGC CTC AGG ATG CGT CCA CCAA 
R CCC CAG TTG AAG TTG CCG TCAG 

175

GSK3β F GGT GAG AAG AAA GAT GAG GTC 
R GCT GAT ACA TAT ACA ACT TGA CAT 

137
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unpaired t- test was used. A p value less than 0.05 was con-
sidered to indicate statistical significance.

Result

Evaluation of alkaloids contents

The P. harmala’s alkaloid extract of seeds was analysed 
with FTIR, and the major β-carboline alkaloids, including 
HAL and HAR were detected. According to the analogy of 
infrared absorption of P. harmala’s alkaloid extract with 
the standards of alkaloids (Fig. 1B), it could be found 
that in the frequency region of 500–4000  cm−1. The spec-
trum of P. harmala’s alkaloid extract was consistent with 
HAR and HAL standards, and the absorptions of P. har-
mala’s alkaloid extract at different wavenumbers 1076.2, 
1153.4, 1365.6, 1531.4 and 1629.8  cm−1 associated with 

different functional groups (C–N), (C–O), (C–C), (C = C) 
and (C = O) respectively. The C–H groups were shown 
in 2856 and 2929   cm−1. In the P. harmala seeds, the 
major β-carboline alkaloids were quantified by HPLC. 
The seeds of P. harmala are known for the presence of 
HAR and HAL alkaloids. The HPLC chromatogram of 
two standard alkaloids, HAR and HAL, has shown. The 
HPLC chromatogram of P. harmala’s alkaloid extract has 
shown two prominent peaks. The peak with the highest 
abundance is seen at retention time 8.3 (min), and another 
peak with a significant abundance is found at retention 
time 10.89 (min), which were very closely comparable 
to HPLC of known standard alkaloids of HAR and HAL. 
Hence, it may be concluded that P. harmala’s alkaloid 
extract contains HAR and HAL alkaloids. The HPLC chro-
matogram standard alkaloids and P. harmala’s alkaloid 
extract have been depicted in Fig. 1A.

Fig. 1  HPLC chromatogram and FTIR spectrum A HPLC chromatogram of Harmine, Harmaline, and P. harmala’s alkaloid extract, B FTIR 
spectrum, a Harmaline, b Harmine, and c P. harmala’s alkaloid extract
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MTT assay for cell viability

Cell viability was determined by treating HCT116 cells with 
various concentrations of all substances at different times. It 
was found that the IC50 value of all treatments for 48 h was 
more effective with a higher anti-proliferative effect against 
HCT-116 cells than the IC50 value for 24 h (Table 2). The 
analysis showed a significant relation between the increase 
of concentration of the treatments and the increase of cell 
death (p < 0.001).

Fluorescence microscopic studies

Both of P. harmala’s important beta-carbolines, HAL and 
HAR, are greatly fluorescent compounds [29]. The HCT-116 
cells were treated and analyzed with UV light of a fluores-
cence microscope. Treated cells emitted blue fluorescence, 
while untreated cells did not emit blue light (Fig. 2). The 
HCT-116 cells were treated and analyzed with UV light of 
a fluorescence microscope compared with untreated.

Measurement of ROS

In this investigation, it was observed that the HCT116 
cells treated with P. harmala’s alkaloid extract (IC50, 48 h) 
showed an increase in the amount of ROS levels compared 
to the control cells. The mean fluorescent intensity changed 
from 619 (control) to 757 after 48 h treatment. The intensity 
of ROS increased by approximately 1.2 folds compared to 
the control after 48 h of treatment with P. harmala’s alkaloid 
extract.

Acridine orange (AO)/ethidium bromide (EB) 
dual staining

AO is a fluorescent cationic dye that can permeate cells and 
effectively stain nuclear DNA in both living and dead cells. 
In contrast, the fluorescent dye EB can only stain nuclear 
DNA in cells that have lost their plasma membrane integrity 

[31]. Apoptosis was observed  in P. harmala’s alkaloid 
extract treated cells using AO/EB staining, and after 24 h, 
there were notable morphological changes between treated 
and control cells (Fig. 3).

Cell apoptosis analysis of HCT116 cells

The apoptotic effect of P. harmala’s alkaloid extract on 
HCT116 cells was confirmed by using of Annexin V-FITC/
PI double staining. The proportion of apoptotic cells was 
followed in Fig. 4. After HCT116 cells were treated with P. 
harmala’s alkaloid extract, the early and late apoptotic cells 
increased from 3.3% (control) to 13% (24 h) and 40.4% 
(48 h) and viable cells decrease from 95.9% (control) to 
82.8% (24 h) and 58.5% (48 h).Observed Necrotic cells were 
0.8% (control), 3.7% (24 h) and 1% (48 h).

Cell cycle analysis by flow cytometry

Cell cycle analysis revealed that the percentage of HCT116 
cells in the sub G1 phase increased from 3.2% (control) to 
12.6% (IC50, 48 h) and the G1 phase increased from 31% 
(control) to 35.1% (IC50, 48 h), whereas the percentage of 
cells in the S phase significantly decreased with the corre-
sponding treatment and percentage of HCT116 cells in the 
G2 phase significantly increased from 7.9% (control) to 
25% (IC50) (Fig. 5). These results showed that P. harmala’s 

Table 2  The IC50 values at 24 and 48 h

Substances IC50 (μg/mL)
HCT-116 (24 h)

IC50 (μg/mL)
HCT-116 (48 h)

harmine 11.9 7.9
harmaline 51.2 38.1
P. harmala’s alkaloid 

extract
31.2 21.7

Fig. 2  Fluorescence microscope graphs of HCT-116 cells untreated 
and treated with P. harmala’s alkaloid extract

Fig. 3  Ethidium bromide and acridine orange staining A HCT-
116 control cells, B HCT-116 treated cells. Live cells are indicated 
by white arrows next to “L”, apoptotic cells are indicated by yellow 
arrows next to “A” and necrotic cells are indicated by red “N”
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alkaloid extract could inhibit the growth of HCT116 cells 
through an arrest in the G2 phase of the cell cycle.

Real‑time PCR

At the IC50 of HAR, HAL and P. harmala’s alkaloid extract 
treatment, Bax expression was significantly up-regulated about 
by 4.6, 2.5 and 2.4 fold and GSK3β expression was signifi-
cantly down-regulated about by 3.2, 4.1 and 2.4 fold (Fig. 6).

Western blot assay

The protein expression levels of Bax, Bcl-2, GSK-3β, and 
p53 were evaluated using the western blot analysis tech-
nique after treatment with P. harmala alkaloid extract. The 

expression of Bax and p53 proteins showed a significant 
increase of approximately 5.1 and 1.5 fold, respectively, 
while the expression of GSK3β and Bcl-2 exhibited a signifi-
cant decrease of approximately 1.2 and 1.4 fold, respectively 
(Fig. 7). In the current investigation, the Bax/Bcl-2 ratios 
showed a notable increase of about 7.3 fold.

Discussion

Researchers worldwide have shown great interest in the 
powerful anticancer properties of P. harmala, resulting 
in numerous pharmacological studies investigating this 
essential impact. The significant cytotoxic effects of the 
chief beta-carboline alkaloids, HAR and HAL, which are 
derived from P. harmala, have been observed against dif-
ferent cancer cell lines [14, 32]. The effects of P. harmala 
seed extracts on different tumor cell lines both in vitro and 
in vivo, have also been demonstrated [9, 33]. According to 
research by Jahaniani et al., P. harmala exhibited greater 
specificity towards cancerous cells compared to commonly 
used anticancer drugs such as doxorubicin [34]. All of these 
data suggest that P. harmala and its alkaloids could be used 
as novel antioxidants in cancer therapy. In the present study, 
we observed that P. harmala’s alkaloid extract, HAR, and 
HAL significantly decreased the proliferation of HCT116 

Fig. 4  A bar graph showing the proportion of total apoptotic cells 
Data represent the mean ± SEM of three experiments (n = 3) (***P 
value < 0.001)

Fig. 5  cell cycle distribution HCT116 cells were incubated with 
P. harmala’s alkaloid extract at IC50 concentrations for 48 h, 
and the cell cycle was detected by PI staining. Data represent the 
mean ± SEM of three experiments (n = 3) (***P value < 0.001)

Fig. 6  The graphs of RNA expression change after treatment com-
pared with control groups A Bax, B GSK3β. Symbols *** show sta-
tistical differences between each column and its control counterpart 
(*** P value < 0.001)
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colorectal cancer cells in a dose- and time-dependent man-
ner. In the present study, among these substances, HAR 
was the most effective against colorectal cancer, with the 
lowest IC50. Furthermore, the alkaloid extract of P. har-
mala was more effective than HAL. An imbalance between 
cell proliferation and apoptosis is widely recognized as the 
underlying cause of oncogenesis [35]. In the present study, 
we observed that the percentage of apoptotic cells (early and 
late) among HCT116 cells treated with P. harmala’s alkaloid 
extract at 24 and 48 h was greater than that among control 
cells. However, apoptosis was significantly greater for the 
treated cells at 48 h than treated cells at 24 h. Addition-
ally, we showed that P. harmala’s alkaloid extract inhibited 
HCT116 cell growth by arresting in the G2 phase of the cell 
cycle. Zou et al. reported that HAR treatment significantly 
arrested the cell cycle distribution of B16 melanoma cells 
in the G2 phase [36]. Wang et al. showed the ability of HAL 
to induce cell cycle arrest at the G2/M phase and apoptosis 
in SGC-7901 gastric cancer cells [37]. Our results are in 
accordance with these studies, however, in previous stud-
ies, the effects of HAR and HAL on the cell cycle and the 
percentage of apoptotic cells were investigated alone, and 
the effects of P. harmala’s alkaloid extract (HAR and HAL) 
were not investigated until now. Cancer cells in the colon 
require a substantial amount of reactive oxygen species 
(ROS) in order to maintain their cellular functions. However, 
excessive production of ROS within the cells can disturb 
the balance of cellular redox, leading to the death of cancer 
cells. Therefore, there is potential for medicinal plants and 
their phytochemicals to be used as therapeutic agents by 
increasing ROS levels within the cells and inducing apop-
totic cell death in cancer cells through the manipulation of 
diverse molecular targets. In the study Bhattacharjee et al. 
have observed that the alkaloid induced DNA damage and 
changes in mitochondrial membrane potential in the HeLa 
(human cervical cancer) cell line [38]. In previous studies it 

was reported that Cellular damage was associated with the 
excessive production of ROS caused by anticancer agents 
[39]. Zhang et al. have documented in their research that 
harmine derivatives triggered cell apoptosis in human colo-
rectal cancer cell lines. This effect was attributed to the 
accumulation of ROS and the inhibition of the PI3K/AKT 
signaling pathway [40]. In this investigation, consistent with 
prior researches, it was observed that the HCT116 cells 
treated with an alkaloid extract from P. harmala displayed an 
increase in the levels of ROS compared to the control cells. 
The rise in ROS levels following exposure to P. harmala 
alkaloid extract suggests an indirect DNA damage. However, 
further investigations into the P. harmala alkaloid extract’s 
effects on DNA damage were not conducted in this study. It 
is suggested that future research delve deeper into this aspect 
for more comprehensive understanding. HAL and HAR 
are fluorescent indole alkaloids [41].  In the present study, 
the HCT-116 cells were treated with P. harmala’s alkaloid 
extract and analyzed via fluorescence microscopy. Normally, 
to observe the fluorescence under a fluorescence microscope, 
cells must be stained with fluorescent dyes, but in this study, 
the cells were only treated with the P. harmala’s alkaloid 
extract and were not stained with any fluorescent dye. Under 
the fluorescent microscope, we observed that the cells that 
were treated emitted a fluorescent blue color, whereas the 
untreated cells did not exhibit any blue light. The fluores-
cence characteristics of these alkaloids have been studied, 
but for the first time, these compounds were studied on cells 
without staining via fluorescence microscopy. We observed 
that P. harmala’s alkaloid extract has fluorescent properties 
and can enter cells. Hence, due to its fluorescing properties, 
P. harmala’s alkaloid extract represents a promising model 
substance for further investigations of organic fluorophores. 
This study revealed that P. harmala’s alkaloid extract, HAR, 
and HAL standards inhibit the growth of human colorectal 
cancer cells in vitro in a dose- and time-dependent manner 

Fig. 7  Representative western blot and the graphs of quantification of expression of Bax, Bcl-2, Gsk-3β and p53 after treatment compared with 
control groups Data represent the mean ± SEM of three experiments (n = 3) (*P < 0.05, **P < 0.01, ***P < 0.001)
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by reducing GSK3β and simultaneously increasing Bax 
expression.

Additionally, HCT116 cells underwent treatment with P. 
harmala’s alkaloid extract, showed decrease in the expres-
sion of anti-apoptotic proteins Bcl-2 and GSK3β, while 
increasing the expression of pro-apoptotic proteins Bax and 
p53. The Western blot assay results corroborated the qRT-
PCR findings for BAX and GSK-3β expression levels.

The upregulation of Bax gene and downregulation of 
Bcl-2 resulted in the induction of cell death in cancer cells. 
Various herbal drugs can potentially alter Bax and Bcl-2 
expression, thereby initiating apoptosis in cancerous cells. 
Previous studies have shown the presence of anticancer and 
cytotoxic characteristics in the P. harmala’s alkaloid extract, 
HAR, and HAL [42–44]. Hamsa et al. studied the effect of 
HAR on B16f-10 melanoma and reported that it affected 
both intrinsic and extrinsic pathways by upregulating the 
Bax gene and downregulating Bcl-2 [45]. In another study, 
DING et al. reported that HAR led to a decrease in the lev-
els of p-Akt and Bcl-2, while simultaneously increasing the 
expression of Bax. They suggest that HAR promoted apop-
tosis, prevented the proliferation of breast cancer cell lines, 
and inhibited tumor growth in vivo [42]. In the present study, 
the ratios of Bax/Bcl-2 were significantly increased during 
apoptosis. In this study, another protein that was examined 
is p53. In the cytoplasm and mitochondrial membrane, p53 
plays a crucial role in promoting apoptosis. It does by form-
ing inhibitory complexes with anti-apoptotic proteins BCL-2 
and BCL-xL, or activating pro-apoptotic proteins Bak and 
Bax [46–48]. In previous investigations, it has been demon-
strated that HAR and the extract from P. harmala’s extract 
can induce apoptosis in breast cancer cell lines by enhancing 
the expression of P53 [20, 49]. Another research conducted 
by Xu et al. revealed that HAL effectively boosts the expres-
sion of p53 protein in Hepatocellular cancer cells [50]. In the 
current study, consistent with the prior findings, an increase 
in the levels of p53 protein was observed after treatment P. 
harmala’s alkaloid extract. GSK3β, known to be a survival 
factor for cancer, is fundamentally activated in colorectal 
cancer cells. Several studies have shown that the expression 
level and amount of active forms of GSK3β are significantly 
elevated in colon cancer cell lines and colon cancer patients 
compared with those in their normal counterparts [51, 52]. 
The induction of cytotoxicity in colon cancer cells has been 
demonstrated by inhibiting GSK3β activity through the use 
of chemical inhibitors and targeting its expression through 
RNA interference against GSK3β [52, 53]. Blocking GSK3β 
with drugs in human colorectal cancer cells was found to 
activate Bax via a p53-dependent mechanism, ultimately 
resulting in apoptosis [54]. A previous study showed that 
the downregulation of GSK3β by natural compounds such as 
flavonol glycosides has cytotoxic effects on cancerous intes-
tinal cells [55]. The research demonstrated that the alkaloid 

extract from P. harmala enhances the p53 level and stimu-
lates the production of its downstream protein Bax. Simul-
taneously, it reduces the expression of the anti-apoptotic 
protein Bcl-2, thereby facilitating the intrinsic apoptosis 
pathway. Additionally, it inhibits apoptosis by decreasing 
the expression of  GSK3β. It is suggested that GSK3β gene 
mRNA and protein decreased by approximately 2.4 and 
1.2 fold respectively compared to untreated cells. We have 
observed that the alkaloid extract of P. harmala has been 
found to reduce the activity of  GSK3β and simultaneously 
activate p53. It is well-documented that p53 directly triggers 
the activation of Bax and forms inhibitory complexes with 
Bcl2 protein. These interactions ultimately lead to the per-
meabilization of mitochondria and the release of cytochrome 
c, leading to apoptosis.

Conclusion

The present study demonstrates the anticancer activity of P. 
harmala’s alkaloid extract, HAR and HAL against human 
colon cancer cell lines. This suggests that P. harmala’s alka-
loid extract could be an effective anticancer agent for both 
chemoprevention and treatment of colorectal cancer. How-
ever, further clinical and pharmacological investigations are 
necessary to authenticate these finding.

In addition, the limitation of this study is that the effect 
of the P. harmala’s alkaloid extract on normal cell lines and 
other colon cancer cell lines has not been investigated, thus 
further research is needed.
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