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Introduction: Colorectal cancer is a prevalent digestive tract malignancy, with oxaliplatin
being an effective chemotherapeutic drug, but long-term use can lead to drug resistance. It is
crucial to develop methods to reduce CRC cells' oxaliplatin resistance. Peganum harmala L.
(P. harmala), is a common anticancer treatment in traditional medicine.

Materials & Methods: The study used P. harmala seeds extract to treat oxaliplatin-resistant
HCT116 cells for 24 and 48 hours. Cell viability was determined using the MTT assay, and
RNA extraction was performed from the treated and control cells. cDNA synthesis was
performed using extracted RNAs, and the expression level of the BAX gene was analyzed using
Real-Time PCR. Statistical analysis was conducted using Graph Pad Prism 8 software and t-
test, with a significance level of P less than 0.05.

Results: Findings indicated a significant correlation between the increase in the concentration
of extract and the percentage of dead cells. The cytotoxicity of the aqueous extract of P.
harmala seeds significantly increased from 24 to 48 hours in oxaliplatin-resistant HCT116
cells. Furthermore, a significant and considerable upregulation in the relative expression of the
BAX gene was observed compared to the control group (P<0.001).

Conclusion: The cytotoxic effect of the aqueous extract of P. harmala is dose- and time-
dependent. The extract has the potential to induce apoptosis in colorectal cancer cells by
regulating apoptosis-related genes, particularly by upregulating pro-apoptotic genes such as
BAX.
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Introduction

combination of these approaches. For the
treatment of colorectal cancer, oxaliplatin is an

Colorectal cancer is among the most
prevalent malignant tumors of the digestive tract
(1). Treatment strategies for colorectal cancer
(CRC) are determined by the stage of the
cancer, the location of the tumor, and individual
patient factors (2). Current management
strategies for colorectal cancer (CRC) involve
surgical resection for operable cases, while non-
resectable tumors are treated with radiotherapy,
chemotherapy, ~ immunotherapy, or a

effective chemotherapeutic drug; however,
long-term use of this medication often results in
drug resistance (2). It is crucial to develop
methods to reduce CRC cells' oxaliplatin
resistance (4). As a result, the demand for new
anticancer drugs with enhanced efficacy and
reduced side effects is increasing (6). Due to
their historical success, medicinal plants are
considered a valuable source for the discovery
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of novel chemical compounds with potential
anticancer activity. Peganum harmala L. (P.
harmala) is a common anticancer treatment in
traditional medicine (5). This plant is a member
of the Zygophyllaceae family. P. harmala is
native to several regions, including Iran and
other countries in the Middle East (4). The
common name of this plant is P. harmala, and
in Iran, it is traditionally known as "Esfand,"
"Espand,” and "Harmal." (4). Extraction from
medicinal plants is carried out using various
methods and different solvents (5, 6). It is
evident that the properties of the produced
extracts vary depending on the extraction
method and the solvent used. The solvents
commonly used for extraction include water and
organic solvents.

Methods

Wild P. harmala seeds were collected
from Shahrekord Mountain, located in
Chaharmahal and Bakhtiari Province, Iran.
Extraction from Peganum harmala seeds was
performed using the aqueous method.
HCT116/0OXA cells were seeded into 96-well
microplates at a density of 3200 cells per well
for overnight incubation. The cells were
subsequently treated with agueous extract of P.
harmala seeds, at concentrations ranging from
0.05 to 0.4 mg/mL, for 24 and 48 hours. After
the treatment periods, cell viability was
measured using the MTT assay. The
experimental data were analyzed using
GraphPad Prism 8, with the Dunnett test and
one-way analysis of variance (ANOVA)
applied to compare the MTT results. RNA
extraction from both control and treated cells
(ICs0) was carried out using the HiPure Isolation
Reagent (Roche Applied Sciences). NanoDrop
was used to measure the concentration of
extracted RNAs. After RNA extraction, the
quality and quantity of the extracted RNA were
assessed. Following this, cDNA synthesis was
performed using the extracted RNAs with the
Norgen Biotek Crop kit. The expression level of
the BAX gene was analyzed using real-time
PCR. Real-time PCR amplification was carried
out using the SYBR Fast qPCR kit (Ampligon
AJS, Denmark). Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as the
reference gene to normalize the quantitative
data. The mRNA expression of BAX was
assessed 48 hours following treatment with the
aqueous extract of P. harmala (ICsp). In this
study, the fold change was calculated using

REST software. Also, GraphPad Prism 8
software and a t-test were used for statistical
analysis between control and treated samples. P
less than 0.05 was considered significant.

Results

The results of the analysis indicated a
significant correlation between the increase in
the concentration of extract and the percentage
of dead cells. The cytotoxicity of the aqueous
extract of P. harmala seeds significantly
increased from 24 to 48 hours in oxaliplatin-
resistant HCT116 cells. The ICs values were
determined to be 0.2 mg/mL and 0.14 mg/mL
after 24 and 48 hours of exposure to the aqueous
extract of P. harmala, respectively.
Subsequently, RNA was extracted from both
control and treated cells. In the gel analysis, the
presence of two bands corresponding to 18S and
28S ribosomal RNA indicated that the RNA
was not degraded and that the extracted RNA
was intact. In spectrophotometric analysis, the
A260/A280 ratio was found to be between 1.8
and 2, which signifies a high degree of RNA
purity and the absence of contamination with
proteins or phenolic compounds (such as
guanidine thiocyanate). The results of this stage
confirmed that the extracted RNA was suitable
for use in further experimental procedures. BAX
MRNA expression was evaluated after
treatment with P. harmala aqueous extract. A
significant and considerable upregulation in the
relative expression of the BAX gene was
observed compared to the control group
(P<0.001).

Conclusion

The cytotoxic effect of the aqueous extract
of P. harmala is dose- and time-dependent. The
extract has the potential to induce apoptosis in
colorectal cancer cells by regulating apoptosis-
related genes, particularly by upregulating pro-
apoptotic genes such as BAX. These results
suggest that the agueous extract of P. harmala
may serve as a potential therapeutic agent for
drug-resistant colorectal cancer cells.
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