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ABSTRACT
Article Info: © [oTTMDE Pancreatic cancer is one of the deadliest cancers related to the digestive system in the world.
Received: 12 Feb 2022 Due to the increasing resistance of cancer cells to chemotherapy and its side effects, there is a need
Accepted: 19 Jul 2022 for drugs with fewer side effects and natural origin. In this study, the effect of harmine combined with
Available Online: 01.Jul 2022 fluorouracil on apoptosis induction in pancreatic cancer cells (AsPC-1) and the expression of apoptotic
© genes was investigated.
YIETGEEE In this experimental study, MTT assay was used to study the cytotoxic effects. Annexin V/prop-
idium iodide test and DAPI staining method were used to determine the type of cell death. The expression
of apoptotic genes (P53, Bax, Caspase-3, and Caspase-9) was measured by real-time PCR. The data were
analyzed using one-way ANOVA in SPSS software, version 16. The significance level was set at 0.05.
The results of MTT assay showed that the use of harmine at 20 pg/mL concentration combined
with 10 pg/mL fluorouracil significantly reduced the growth (IC50) of AsPC-1 cells. The results of DAPI
staining and annexin V/propidium iodide test showed the induction of apoptosis in treated samples. In
: addition, the results of real-time PCR showed that the expression of BAX, P53, Caspase-3 and Caspase-9
Keywords: genes increased in the treated groups compared to the control group.
Pancreatic The combined use of harmine and fluorouracil can induce apoptosis in pancreatic cancer cells
Neoplasms, Harmine, :  due to high cytotoxicity and reduce the concentration of chemotherapy drugs. Therefore, this method
Fluorouracil, Caspases © canbeused along with other treatment methods for pancreatic cancer.
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Extended Abstract

Introduction

or many years, cancer has affected many people

and is known as a leading cause of death world-

wide. This disease is considered a serious medi-

cal problem both in developed and less devel-

oped countries. The results of a survey based on
the latest national cancer registration data in Iran predicted
a 43% increase in the cases of cancer from 2017 to 2025
in Iran. Iran is located in a area with moderate risk of can-
cer based on the global cancer map. Pancreatic cancer is the
most common type of cancer in the current century; it is one
of the deadliest cancers related to the digestive system in the
world. The most common treatment method for pancreatic
cancer is surgery combined with chemotherapy.

Today, research on natural products has increased due to
the increasing demand in the field of complementary medi-
cine, which have low side effects and high safety. The treat-
ment of diseases and the reduction of their symptoms by us-
ing herbal extracts has received more attention due to lower
unwanted side effects and toxicity compared to synthetic
compounds. Some of the compounds obtained from plants
have even been used as models or precursors for making ef-
fective products with more effectiveness and less toxicity.
Harmine is a beta-carboline alkaloid that is found naturally
in many plants, but the main source of it is the pecan plant.
It seems that the use of natural compounds obtained from
plants along with the use of chemical drug can be more ef-
fective and useful. This study aims to assess the synergistic
effect of fluorouracil combined with harmine on induction of
apoptosis in AsPC-1 cell line and the expression of apoptotic
genes (BAX, P53, Caspase-3, Caspase-9).

Methods

In this study, the AsPC-1 cell line was prepared from
the cell bank of Pasteur Institute of Iran and cultured in
RPMI1640 medium. When the density of cells reached 80%,

Table 1. The used primers in Real-Time PCR
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the cytotoxicity of different concentrations of harmine and
fluorouracil and their combination on human pancreatic can-
cer cells was evaluated by MTT method. For this purpose,
the cells were cultured with a density of 2 x 104 cells in a 96-
well plate. 24 hours later, the cells were treated with different
concentrations of harmine and fluorouracil and their combi-
nation for 24 hours. After this period, cytotoxicity was evalu-
ated. By using the DAPI staining method, it is possible to
confirm the cytotoxic and antiproliferative effect of harmine,
fluorouracil and their combination on ASPC-1 cells. First,
2 x 105 cells were cultured in each well of a 6-well plate
for 24 hours in an incubator. Then the cells were exposed
to harmine, fluorouracil, and their combination. It should be
noted that the doses used in the DAPI test were determined
based on the results of the MTT test and the IC50 calculated
for the cells. After 24 hours, they were fixed with methanol
for 10 minutes and then stained with DAPI for 10 minutes.
Next, apoptotic nuclei were evaluated and photographed us-
ing a fluorescent microscope. Apoptosis was evaluated by
annexin-propidium iodide diagnostic kit. In this regard, after
24 hours of culture in the plate, the cells were treated with
harmine, fluorouracil and their combination for 24 hours.
Then, the supernatant of the control group and the three treat-
ment groups were transferred to Eppendorf and centrifuged
at 4500 rpm for 8 minutes. Binding Buffer 1X, Annexin
V-FITC and propidium iodide were added to the samples.
Then, they were incubated at room temperature and in the
dark, and its graphs were plotted using a flow cytometer.
For gene expression assessment, 1x106 human pancreatic
cancer cells were cultured for 24 hours after cell counting.
Then, they were treated with harmine, fluorouracil, and their
combination at specific concentrations for 24 hours. Next,
RNA was extracted based on the protocol of the kit and the
concentration was determined by the nanodrop method us-
ing a spectrophotometer. Afterwards, the extracted RNA was
converted into cDNA. A pair of primers was designed by
Oligo 7 software for each of the study genes and the internal
control gene (Table 1). Then, the amount of CG, temperature
of the primer, and their specific connection were checked on
the NCBI website and BLAST algorithm. Finally, the ex-

Gene Sens Antisense
BAX TTT GCT TCA GGG TTT CAT CCA CTCCAT GTT ACT GTCCAG TTC GT
Caspase-3 AGA CAG ACA GTG GTG TTG ATG GTT CAT CCAGTC GCT TTG TGC
Caspase-9 CCA GAG ATT CGC AAA CCA GAG CAATGT GAA CCT CTG CCG TGA
p53 TTG CCG TCC CAA GCA ATG GA TCT GGG AAG GGA CAG AAG ATG
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Figure 1. Viability of AsPC-1 cells exposed to different concentrations of harmine
(A), fluorouracil (B), and their combination (C).

pression of apoptotic genes caspase-3, caspase-9, BAX and of 10 pg/ml fluorouracil and 20 pg/ml harmine caused the
p53 was investigated using the SYBR green fluorescent stain death of half of the cells (Figure 1).
with Real-Time PCR method in Bio Rad device.

Morphological results showed that 24 hours after treat-

3. Results ment with 30 pg/ml harmine, almost half of the cells left
the polyhedral state and became spherical. In treatment with

The results showed that, among the studied concentrations, 35 pg/ml fluorouracil, the cells were rounded and out of the
30 pg/ml harmin, 35 pg/ml fluorouracil, and the combination normal shape. This rounded shape was also observed in the
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Figure 2. Morphology of AsPC-1 cells (inverted microscope, x20 magnification)
(A) control group, (B) treated with 30 pg/ml harmine, (C) treated with 35 pg/ml fluorouracil, (D) treated with 20 pg/ml harmine +
10 pg/ml fluorouracil. The mentioned concentrations were determined based on the IC50 values from the MTT assay.
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Figure 3. Nucleus of AsPC-1 cells stained with DAPI.

(A) control group, (B) treated with 30 pg/ml harmine, (C) treated with 35 pg/ml fluorouracil, (D) treated with 20 pg/ml harmine +
10 pg/ml fluorouracil. Fragmentation and wrinkling of nuclei are observed in each treated samples.

combined group (20 pg/ml harmine + 10 pg/ml fluorouracil) apoptosis in these cells. In the control group, the nuclei were
(Figure 2). healthy and intact (Figure 3).

The results of DAPI staining test showed that in AsPC-1 The results of annexin 5-propidium iodide test showed
cells, immediately after and 24 hours after treatment, the nu- that, while 92% of the cells were alive in the control group,
clei were fragmented and the shape of the nuclei was out of about 40% were alive and 52% were apoptotic in the har-
normal form and wrinkled, which indicates the occurrence of mine group with a concentration of 30 pg/ml. In the cells
Figure 4. Flow cytometry results. @ﬁ?ﬁﬂﬁﬁ:ﬁfﬂ?ﬁﬁé?ﬁ?ﬁ scences

(A) control group, (B) treated with 30 pg/ml harmine, (C) treated with 35 pg/ml fluorouracil, (D) treated with 20 pg/ml harmine +
10 pg/ml fluorouracil.
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Figure 5. Expression analysis of caspase-3, caspase-9, BAX and P53 genes in different study groups iﬁQgAmk University of Medical Sciences

treated with 35 pg/ml fluorouracil, about 35% of the cells
had undergone apoptosis. In the cells treated both harmine
and fluorouracil, about 60% of the cells underwent apoptosis
and only about 15% were alive (Figure 4).

Figure 4 shows the expression results of the study genes
under the influence of harmine, fluorouracil and their combi-
nation compared to the control group. All four studied genes
showed the significant synergistic effect of harmine and
fluorouracil (p<0.05), which caused a significant increase in
gene expression. The results related to the expression of cas-
pase-3 and caspase-3 genes showed that although there was
also an increase in the harmine and fluorouracil treatment
groups, the increase in the synergistic group was only signifi-
cant (p<0.05). In BAX and P53 genes, a significant increase
in expression was seen only in the synergistic group; treat-
ment with harmine and fluorouracil alone could not cause
significant changes in gene expression.
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