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Abstract: Aims: Deaths from cancer are still very common all over the world and continue to be the focus of
scientific research. Chemotherapy is one of the primary treatments used to prevent deaths from cancer. Side ef-
fects of chemotherapeutic drugs and resistance of cells to drugs are essential problems that limit the treatment
process. Drug combination therapy is regarded as a significant application that inhibits the growth of tumors and
is anticipated to provide a solution for the issues encountered. The combination therapy aims at a synergistic
effect that will limit drug resistance and cytotoxic effects with appropriate drug combinations. In this context, we
aim to investigate the in vitro, in vivo, and in silico effects of single and combined doses of umbelliferone and
irinotecan, known for their anticarcinogenic and curative effects, on MDA-MB-231 breast cancer cell lines and
the model organism Drosophila melanogaster.

Background: Trinotecan is currently used as an anticarcinogenic drug. Anticarcinogenic effects of umbelliferone
have also been detected. The in vivo, in vitro, and in silico impacts of single and combined doses use of these two
agents are not yet available in the literature.

Objective: This study aims to determine the anticarcinogenic effects of single and combined use of umbelliferone
and irinotecan at the molecular level. It also attempts to determine the binding energies of chemicals to cancer-
related proteins through docking and molecular dynamic studies.

Methods: The cytotoxic effects of individual and combinational doses of umbelliferone and irinotecan on the MDA-
MB-231 cell line and D. melanogaster were calculated by XTT and probit analyses. ICs, values for the cancer cells,
ARTICLE HISTORY LCso, and LCy values for D. melanogaster were found. Gene expression analysis was performed to determine the
- effects of chemical agents on miR-7, miR-11, and miR-14, and their expression levels were found. The sequences of
g:izzsfksi:lén(ﬁ’efg%fZOZ 4 miRNAs not found in the literature were determined, and their molecular imaging was performed. In addition, the
Accepted: September 24, 2024 binding energies of irinotecan and umbelliferone to Bel-2, Bad, and Aktl proteins, which are known to have apoptot-
Dor- ic effects, were found by the molecular docking method. Molecular dynamics studies of Bad proteins and chemicals
10.2174/0118715206340868241018075528  were also performed. The drug potential of chemicals was determined by ADME/T analysis.

Results: The cytotoxic effect on cells was calculated, and the ICsy value of umbelliferone was calculated as 158
CrossMark

uM, the ICs, value of irinotecan was calculated as 48,3 uM and the ICs, value was calculated as 20 uM. In the
probit analysis performed to calculate the cytotoxic effects of drugs on D. melanogaster, the LCs, value of umbel-
liferone was 2,5 pM, and the LCyo value was 13,4 pM. The LCs, value of irinotecan was found to be 0,1 pM, and
the LCyg value was 0,28 pM. It was concluded that single and combined doses of chemicals in the invasion exper-
iment significantly affected the spread of cells. As a result of expression analysis, a significant increase in Hsa-
miR-7 (Homo sapiens miRNA-7), Hsa-miR-14 (Homo sapiens miRNA-14), and Hsa-miR-11(Homo sapiens
miRNA-11) expression was observed in cells treated with umbelliferone irinotecan compared to the control
groups.

Conclusion: In our study, it can be concluded that the cytotoxic effects of individual and combination doses of
umbelliferone and irinotecan on MDA-MB-231 cells and D. melanogaster larvae are significant. In addition, the
effects of umbelliferone and irinotecan on the expression level of miR-7, which is a common D. melanogaster
and human miRNA, should be widely investigated. Expression analyses and docking studies of Hsa-miR-11 and
Hsa-miR-14, which have been newly studied and are not in data repositories, are important for cancer research. In
particular, the expression and binding energy of these miRNAs in new drug combinations and the expression
level in different cancer cell lines are important for future studies. Another crucial point is that in vivo tests using
different model species validate the usage of drugs at both single and mixed dosages.

Other: As a result of this study, the in vivo, in vitro, and in silico effects of single and combined doses of umbel-
liferone and irinotecan were determined. In future studies, it would be useful to determine the binding energies of
umbelliferone and irinotecan to other cancer-related proteins and to find their interactions with different miRNAs.
Additionally, studies on different model organisms are also important.
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1. INTRODUCTION

Cancer is one of the most important diseases in the world, and
studies for new treatments continue. The cell cultures and animal
experiments have been used in new drug development studies. D.
melanogaster is used as a model organism in many fields, especial-
ly in molecular biology [1]. Research conducted on D. melano-
gaster offers valuable insights into signal transmission networks,
tumor-forming genes, and potentially evolutionarily protected apop-
totic or anti-apoptotic genes. These insights are applicable to stud-
ies on cancer as well as many other disorders. First identified in
Drosophila, signal transduction pathways, including EGFR/RTK-
Ras, PI3K, Notch, Wnt, Jak-STAT, Hedhegog, and TGF-f are be-
lieved to be evolutionarily conserved. The Drosophila tumor sup-
pressor gene dPTEN (Drosophila PTEN) is the homolog of the
mammalian tumor suppressor gene phosphatase and tensin homolog
(PTEN) [2]. Numerous factors can contribute to the development of
cancer. Therefore, doing research using a variety of techniques,
including in vivo, in vitro, and in silico, may yield more accurate
results.

In the vast majority of cancer diseases (95%), the effects of
genetic and environmental factors have been encountered together.
Although angiogenesis, inflammation, and altered cell metabolism
are clues for carcinogenesis, both genetic and environmental factors
are thought to be effective in these processes [3, 4].

The method used in cancer treatments, also known as the tradi-
tional treatment method, is chemotherapy. Chemotherapy was used
in the 1940s. Before 1950, the fight against cancer was mostly done
with surgical methods, but after 1960, chemotherapy began to be
used much more [5]. The side effects of chemotherapy drugs are an
important process that determines the outcome of the treatment.
Another important situation is that cancer cells acquire drug re-
sistance. It is known that one of the ways to minimize drug re-
sistance is the simultaneous use of two different chemical agents
with different effects and mechanisms. Combination chemotherapy
aims to achieve synergy by using different chemicals together and
to achieve therapeutic progress by discovering ideal drug partners
[6]. In a study conducted on 1581 metastatic breast cancer patients,
combination chemotherapy treatment using doxorubicin and an
alkylating agent showed more positive results than classical chemo-
therapy. In this treatment, doxorubicin, fluorouracil, and cyclo-
phosphamide (FAC) were used in the induction phase, and cyclo-
phosphamide, methotrexate, and fluorouracil were used in the con-
tinuation of the treatment [6, 7].

Irinotecan (Camptosar®, CPT-11), which is known for its cyto-
toxic effects, was first approved for use in cancer treatments in
Japan. It has been reported that the drug, which has been used for
more than twenty years, makes a great contribution to cancer treat-
ments [8]. In recent years, irinotecan has been used frequently in
the treatment of pediatric sarcoma, rhabdomyosarcoma and Ewing
sarcoma, neuroblastoma, nephroblastoma, neuroectodermal, and
leiomyosarcoma diseases [9]. Important findings were found in a
study examining irinotecan's impact on colon cancer. Irinotecan is
known to extend the course of treatment [10]. Additionally, it has
been determined that applying it in conjunction with medications
like bevacizumab improves survival [10]. Umbelliferone is a 7-
hydroxycoumarin derived from the Apiaceae family known for its
antioxidant, anticarcinogenic, anti-inflammatory, antidiabetic, an-
timicrobial, and antibacterial properties [11, 12]. Umbelliferon,
which is well-known for its anticarcinogenic effects, is also promis-
ing for future studies. In a study conducted on hepatocellular carci-
noma cells, umbelliferone was found to induce apoptosis, arrest the
cell cycle, and exert antitumor effects through DNA fragmentation
[13]. The apoptotic action of umbelliferone has been elucidated in a
study looking into its impact on prostate cancer [14]. Aegle mar-
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melos (L.) Corr (Rutaceae) plant roots were used to isolate umbel-
liferone B-D-galactopyranoside, which was given to mice in a dif-
ferent investigation. According to Kumar et al. (2013) [15], the
application led to the conclusion that umbelliferone B-D-
galactopyranoside exhibits antihyperlipidemic, antioxidant, and
antidiabetic properties. Albino mice were used in a different inves-
tigation on this topic. The experiment's results indicate that umbel-
liferone may have an anticarcinogenic effect on lung cancer [16].
Another study that looked into how umbelliferone affected MKN-
45 and MIA-PaCa-2 cell lines also produced some significant find-
ings in which cytotoxic properties of umbelliferone have been
shown

In this study, the cytotoxic, molecular, in vitro, and in silico
effects of umbelliferone and irinotecan on the MDA-MB-231 breast
cancer cell line and the model organism D. melanogaster were in-
vestigated. In this research, ICsy, LDsy, and LDy values of irinotec-
an and umbelliferone were calculated on cells and model organ-
isms. Additionally, the metastatic effects of irinotecan and umbel-
liferone were analyzed on MDA-MB-231 cell lines. To better de-
termine the effects of irinotecan and umbelliferone at the molecular
level, RNA was isolated from drug-treated and untreated MDA-
MB-231 cell lines and D. melanogaster larvae. The expression lev-
els of miR-7, miR-11, and miR-14 of the drugs were calculated.
Docking studies were carried out to determine the binding energies
of Bcl-2, Bad, and Akt-1 proteins, as well as umbelliferon and iri-
notecan. Molecular dynamics studies of Bad proteins and chemicals
were performed.

This work aims to investigate the effects of two compounds,
umbelliferone, and irinotecan, which are known to have anticar-
cinogenic effects, on D. melanogaster and MDA-MB-231 breast
cancer cell lines in vivo, in vitro, and in silico. Furthermore, by
examining the effects of single and combination chemical dosages
on the expression levels of specific miRNAs, the goal was to ascer-
tain the molecular effects of chemicals. Molecular modeling studies
were utilized to visualize miRNAs and apoptotic proteins. The
combined consideration of in vivo, in vitro, and in silico investiga-
tions led to an interpretation of the cytotoxic effects of substances
in conjunction with docking studies.

2. MATERIALS AND METHODS
2.1. Chemical Structure of Umbelliferon and Irinotecan

The molecular weight of irinotecan, whose chemical formula is
C33H3gN4Og, is 586.7 g/mol. Irinotecan is a member of the pyra-
noindolizinoquinoin group [17]. Umbelliferon has a molecular
weight of 162.14 g/mol. It is a natural product of the coumarin fam-
ily [18], and can be distinguished from plant extracts using metha-
nol [19]. The molecular formula of umbelliferone is CoHO3 [20].
Spectroscopic techniques isolated umbelliferone from the Acacia
nilotica plant of the Mimosceae family, which is used for viral
treatments (cold, flu), bacterial (diarrhea), dysentery, fungal, and
leucoderma diseases, and shows antimutagenic and cytotoxic activi-
ties [21]. The 2- and 3-dimensional structures and formulas of um-
belliferon and irinotecan are shown in Table 1.

2.2. Cell Culture

In the study, MDA-MB-231 breast cancer cell lines in the Med-
ical Pharmacology Laboratory of Kirsehir Ahi Evran University
Faculty of Medicine were used. Cell lines were developed in 10%
(v/v) fetal bovine serum (FBS), 1% gentamicin antibiotic, and 88%
(v/v) RPMI-1640 medium in a 75 cm?® flask. Cell lines were al-
lowed to grow in a 5% CO,, 37°C incubator. When the flask bottom
was approximately 80% covered with cells, the trypsin-EDTA en-
zyme was used to remove the cells from the surface. The cell pas-
sage number is 15.
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Table 1. The chemical properties of umbelliferone and irinotecan.
Chemical Agent | Formula 2D Structure 3D Structure References

https://pubchem.ncbi.nlm.nih.gov/compound/5281426#s

Umbelliferon CyH0; ection=3D-Conformer

0 PubChem Id: 5281426

o 0
. Cy3HigN, https://pubchem.ncbi.nlm.nih.gov/compound/Irinotecan.
Irinotecan ’ .
Os PubChem [d: 60838
Q
O

2.3. Cytotoxicity Analyses on MDA-MB-231 and D. melano-
gaster

Cytotoxicity analysis was performed using probit analysis in D.
melanogaster larvae and XTT analysis in MDA-MB-231 cell lines.
MDA-MB-231 cell lines were seeded in 96-well plates. The first
vertical row in the wells was considered medium control, and no
chemicals were added. The second vertical row of cells was desig-
nated as control. Umbelliferon and irinotecan were added in serial
dilutions starting from the third vertical row. Umbelliferon was
applied in serial dilutions, increasing by 100 uM in each well. Iri-
notecan was applied in serial dilutions, increasing by 20 uM in each
well. XTT reagent kit was added to the wells after 72 hours and
kept in the incubator for 4 hours. The absorbance value on the
plates was read on a spectrophotometer at 450 nm. As a result of
the analyses, 1Csy values were found for MDA-MB-231 cell lines as
a result of the applications of each chemical separately and in com-
bination. Various doses of chemicals were given to D. melano-
gaster larvae. The critical dose LCs, which killed half of the lar-
vae, and the critical dose LDgg, which killed almost all of the larvae,
were found and recorded.

2.4. Wound-healing Assay

The wound-healing assay, an early and cost-effective technique,
is straightforward and mimics in vitro directional cell migration,
resembling the process of wound healing observed in living organ-
isms [22]. In this analysis, MDA-MB-231 cell lines were added to
96-well plates. After 24 hours, a smooth line was drawn from the
top to the bottom of each well. The ICs, doses of Umbelliferon (158
uM) and irinotecan (48.3 uM) were administered separately and
together (20 uM) to different experimental wells. Photographs were
taken at 0, 24, 48, and 72 hours.

2.5. Invasion Assay

Cell culture inserts were embedded within 24-well plates, and
100 pL of diluted matrigel at a 1:10 ratio was introduced after 48
hours; the desired matrigel structure was established, RPMI-1640
medium supplemented with fetal bovine serum (FBS) was added
into the wells. After a 48-hour incubation period, the cells were
immobilized by exposure to 4% formaldehyde for 15 minutes at
room temperature, and they were subsequently dyed with a 10%
Giemsa stain for 20 minutes [23].

2.6. In vivo Analyses

The model organism D. melanogaster was used in the experi-
ment to perform in vivo analyses. D. melanogaster cultures were
grown in falcon tubes with a medium at 25°C and approximately
60% relative humidity. D. melanogaster media were prepared using
50 g corn flour, 50 g granulated sugar, 35 g brewer's yeast, 10 g
agar, 1000 ml distilled water, and Sml propionic acid [24]. Larvae
that reached the third instar stage were placed in petri dishes, with
50 larvae in each dish. Umbelliferon and irinotecan were then ap-
plied to the larvae at varying doses. In the study conducted to calcu-
late the cytotoxic effect of umbelliferone and irinotecan on D. mel-
anogaster larvae, firstly 250, 500, 1000, and 6000 uM umbelliferon
were applied to the larvae. After 24 hours, surviving and dead lar-
vae were counted. Additionally, irinotecan was applied to 50 D.
melanogaster larvae at doses of 25, 50, and 100 pM, and the sur-
viving larvae were counted after 24 hours. At the end of 24 hours,
live and dead larvae were counted. Probit analysis was performed
based on the data obtained. As a result of the analyses, LCsy and
LCyy values were calculated. Additionally, the effect of combined
LCs doses of chemicals on larvae was calculated as percent mortal-

ity.
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2.7. cDNA Synthesis and RNA Isolation

1Cs, values of umbelliferone and irinotecan were administered
to MDA-MB-231 cell lines separately and in combination. Gene
analysis and RNA isolation were performed from the samples ob-
tained. GeneAll® Hybrid-R™ RNA isolation kit was used for RNA
isolation. Samples for gene analysis were sent to Atlas Biotechnol-
ogy Laboratory Materials Industry and Trade LTD. Hsa-miR-7,
Hsa-miR-11, and Hsa-miR-14 gene expressions were calculated in
umbelliferon and irinotecan applications. All applications here were
performed according to the manufacturer's protocol. After deter-
mining the purity and concentrations of the RNA, cDNA synthesis
was performed using the GeneAll® HyperScriptTM (cat. no: 601-
005) first-strand synthesis kit. Following cDNA synthesis, RT-PCR
reactions were performed.

2.8. In silico Analyses
2.8.1. Molecular Docking Analysis

Two- and three-dimensional structures of umbelliferon and
irinotecan were taken from PubChem (https://pubchem.ncbi.nlm.
nih.gov/). Sequences of miRNAs were obtained from miRDB
(http://www.mirdb.org/) and miRBase (https://mirbase.org/) [25].
Using these sequences, the two-dimensional structures of miRNAs
were obtained from the Centroid Fold (http://rtools.cbrc.jp/
centroidfold/) software site. Then, the three-dimensional structures
of miRNAs were obtained from the RNA composer
(https://rnacomposer.cs.put.poznan.pl/) [26] site. Autodock vina
(https://vina.scripps.edu/) (Trott et al. 2010) [27] and MGL tools
(https://ccsb.scripps.edu/mgltools/) programs were used as molecu-
lar docking programs. Bcl-2, Aktl, and Bad proteins were selected
for Molecular Docking. In addition, the binding energies of umbel-
liferone and irinotecan to miR-7, miR-11, and miR-14 were calcu-
lated using the same program. The binding of ligands and proteins
was visualized in three dimensions using the Pymol (https://pymol.
org/2/) [28] program. Swissdock (http://www. swissdock.ch/) [29],
a docking software program available over the internet, and
Seamdock (https://bioserv.rpbs.univ-paris-diderot.fr/services/Seam
Dock/) [30] are used to confirm the docking work program was
used.

2.8.2. ADME/T Analyses

ADME/T analysis was performed to reveal whether umbellifer-
one has drug properties. In this context, PDB files of the molecules
were uploaded to the SwissADME program (http://www.swissadme.
ch/index.php) [31] and radar graphs were shown.

2.8.3. miRNA Analyses

RNA was isolated from MDA-MB-231 breast cancer cell lines
using the GeneAll® Hybrid-RTM RNA isolation kit, and human
miR-7, miR-11, and miR-14 gene expression analyses were per-
formed. RNA isolation was performed according to the protocols in
this kit. Atlas Biotechnology Trading and Limited company per-
formed expression analyses. Since Hsa-miR-11 and Hsa-miR-14
are miRNAs that have recently entered the literature, their sequenc-
es were taken from Atlas Biotechnology Trading and Limited com-
pany, and three-dimensional imaging and docking studies were
performed according to these sequences. miR-11 (NCBI Series:
GSE178917) (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc
=GSM5400833) and miR-14 (NCBI Series: GSE178917)
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM540083
6) are available in the National Library of Medicine data set.

The association of miR-7 with cancer and its presence in D.
melanogaster was effective in selecting this miRNA in the study.
Since Hsa-miR-11 and Hsa-miR-14 are new miRNAs that have
entered the literature, no studies have been found yet, especially in
the field of cancer. For this reason, these RNAs were chosen to
investigate.
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2.8.4. Molecular Dynamic Analyses

WebGro online application was chosen for molecular dynamics
studies of proteins and ligand-protein complexes. The stabilities of
the single and ligand-bound states of the proteins are shown graph-
ically at 50 nc (nanosecond) simulation time [32-37].

3. RESULTS
3.1. Cytotoxicity Analyses

Umbelliferon, irinotecan, and drug combination (irinotec-
antumbelliferon) were administered to MDA-MB-231 cell lines at
a dose of ICsy. The cytotoxic effect on cells was calculated, and the
1Cso value of umbelliferone was calculated as 158 puM, the 1Cs,
value of irinotecan was 48.3 uM, and the ICsy value of the drug
combination was calculated as 20 uM. The IC50 values of umbel-
liferon and irinotecan are shown in. Fig. (1), and the ICs, values of
the drug combinations are shown in Fig. (2).
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Fig. (1). (A) Figure showing cell proliferation rates as a result of umbellif-
eron application to MDA-MB-231 cell lines (B) Figure showing cell prolif-
eration rates as a result of irinotecan application to MDA-MB-231 cell lines.
(A higher resolution / colour version of this figure is available in the elec-
tronic copy of the article).

In the probit analysis performed to calculate the cytotoxic ef-
fects of drugs on D. melanogaster, the LCs, value of umbelliferone
was found to be 2.5 uM, and the LCyy value was 13.4 uM. The
LCs, value of irinotecan was 0.1 pM, and the LCyg value was 0.28
uM. LCsy and LCyg values of umbelliferon and irinotecan adminis-
tered to D. melanogaster larvae are shown in Table 2.

Since there has been no research on utilizing irinotecan and
umbelliferon together, the combined dosage was calculated using
LCsg values. These results were achieved by co-administering Iri-
notecan (0.1 pM) and Umbelliferon (2.5 uM). It was observed that
38% of the larvae died when the two drugs were applied together.

3.2. Wound-healing and Invasion Assay

Images of the control groups in the wound healing experiment
at the end of 0 h, 24 h, and 48 h are shown in Fig. (3). At the end of
48 hours, it was observed that the opened channel remained wider
in the groups administered umbelliferon, irinotecan, and drug com-
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Fig. (2). Comparison of cell proliferation rates as a result of co-administration of umbelliferon and irinotecan to MDA-MB-231 cell lines with single dose
applications. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

binations compared to the control groups. The progress of MDA-
MB-231 cells applied to umbelliferon, irinotecan, and drug combi-
nations in the opened channel is shown in Fig. (4).

Table 2. LCsy and LCy values of umbelliferon and irinotecan as a
result of serial doses applied to D. melanogaster third instar larvae.

Duration (24 h) N LCsopM LCyopM
Umbelliferon 50 2,5 13,4
Irinotecan 50 0,1 0,28

The narrowing occurring in the control groups in the wound
healing experiment indicates the migration of cells under normal
conditions. It was observed that this shrinkage was more limited in
the cell lines treated with umbelliferon, irinotecan, and drug combi-
nation compared to the control groups.

The spread of MDA-MB-231 cell lines stained with 10% Giem-
sa dye prepared using invasion experiment protocols, without
chemical application, was observed at 0, 24, and 48 hours, and the
images were recorded as the control group. The invasions of MDA-
MB-231 cell lines as a control group at 24, 48, and 72 hours are
shown in Fig. (5). Invasion of cells was observed at the end of the
48th hour in the groups administered irinotecan, umbelliferon, and
drug combination (umbelliferon and irinotecan), and the pictures
were recorded in the experimental group. Invasion of MDA-MB-
231 cells applied with umbelliferon, irinotecan, and drug combina-
tions at the end of the 48th hour is shown in Fig. (6).

In the invasion experiment performed on cells stained with
Giemsa dye, it is seen that the cells in the control groups initially
showed an active spread. It is observed that this spread is limited in
the groups administered by umbelliferon, irinotecan, and drug com-
binations. In the invasion experiment, the partial decrease in cells in
the control group is due to excessive invasion of the cells. This
decrease is clearly seen in the drug-administered groups.

3.3. Gene Expression Analysis

For gene expression analysis, RNA was isolated from cancer
cells and D.melanogaster larvae, and then cDNA synthesis and
gene expression levels were analyzed by RT-PCR. According to the
analysis results, a statistically significant change was observed in
miR-7, miR-11, and miR-14 expression levels when irinotecan was
applied to cancer cell lines (Fig. 7).

3.4. Two-dimensional Structures of miR-7, miR-11, and miR-14

Hsa-miR-7, Hsa-miR-11, and Hsa-miR-14 sequences were
obtained as a result of receiving services from Atlas Biotechnology
Laboratory Materials Industry and Trade LTD. The obtained miR-
NA sequences were converted into 2-dimensional miRNA struc-
tures using the Centroid Fold online software program. 3D images
of miRNAs were prepared with Pymol and Discovery Studio 2021
programs. The sequence and 2D and 3D structure of Hsa-miR-7-5p
are shown in Table 3.

The sequence and 2D and 3D structure of Hsa-miR-11 are
shown in Table 4.

The sequence and 2D and 3D structure of Hsa-miR-14 are
shown in Table 5.

3.5. Molecular Docking

Bcl-2, Akt-1, Bad and BUFFY, CG15530, and Aktl proteins,
which are known to have apoptotic properties, were selected for
molecular docking studies for humans and insects, respectively.
Autodock Vina 1.5.6 program was used in docking studies, and the
results were obtained from the online docking program Swissdock
(http://www.swissdock.ch/) and Seamdock (https://bioserv.rpbs.
univ-paris-diderot.fr/services/SeamDock). It was observed that the
program used was compatible with the results of the online docking
programs. PDB ID codes, Uniprot names, and 3D structures of Bcl-
2, Akt-1, Bad and BUFFY, CG15530, and Aktl proteins are shown
in Table 6 [38].

The binding energy of BUFFY, CG15530, and Aktl insect
proteins, which are homologous to Bcl-2, BAD, and Aktl proteins
in H. sapiens, to umbelliferon and irinotecan ligands was also de-
termined with Autodock Vina and Seamdock programs.

The Three-dimensional structures of D. melanogaster proteins
were accessed from the UniProt protein data site [39]. The binding
energies of umbelliferone and irinotecan to hsa-miR-7-5p, hsa-miR-
11, and hsa-miR-14 are shown in Table 7.

Binding energies of umbelliferone and irinotecan to Bcl-2
(1G5M), Aktl (1H10), BAD (1G5J), BUFFY (AT16536p), dAktl
(RAC serine/threonine-protein kinase), CG15530 (AT23209p) pro-
teins are shown in Table 8.

The binding energies of umbelliferon and irinotecan to D. mel-
anogaster proteins were calculated using Autodock Vina,
Swissdock, and Seamdock programs. The binding energies of
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Fig. (3). MDA-MB-231 control 0 h (A): A wound was created in MDA-MB-231 breast cancer cells using a pipette tip and the image obtained under a light
microscope was recorded. Control 24 h (B): The distance at which the created wound was closed by the cells was noted at the 24™ hour. Control 48 h (C) The
distance at which the created wound was closed by the cells was noted at the 48" hour (Scale Bar: 100 uM). (4 higher resolution / colour version of this figure
is available in the electronic copy of the article).

(A) (B)

Scale Bar: 100uM

Fig. (4). Irinotecan 48 h (A): Irinotecan was applied (48.3 uM) to MDA-MB-231 cell lines and the wound healing amount of the cells was monitored at the
48th hour. Umbelliferone and Irinotecan 48 h (B): Combined doses of umbelliferon and irinotecan were applied (20 uM) to MDA-MB-231 cell lines, and the
wound healing amount of the cells was monitored at 48 hours. Umbelliferone 48 h (C): Umbelliferone was applied (158 uM) to MDA-MB-231 cell lines and
the wound healing amount of the cells was monitored at the 48" hour (Scale Bar: 100 uM). (4 higher resolution / colour version of this figure is available in
the electronic copy of the article).

Fig. (5). MDA-MB-231 control (A) 24 h: Invasion image of MDA-MB-231 breast cancer cells stained with Giemsa dye at 24 hours. (B) 48 h: Invasion image
of MDA-MB-231 breast cancer cells stained with Giemsa dye at 48 hours 48 h. (C) 72 h: Invasion image of MDA-MB-231 breast cancer cells stained with
Giemsa dye at 72 hours. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (6). (A) Irinotecan: Invasion image of MDA-MB-231 cell lines applied with 48.3 uM irinotecan at the end of the 48" hour. (B) Umbelliferone: Invasion
image of MDA-MB-231 cell lines applied with 158 uM umbelliferone at the end of the 48" hour. (C) Irinotecan and Umbelliferone Invasion image of MDA-
MB-231 cell lines applied with 20 uM umbelliferone and irinotecan at the end of the 48" hour. (Scale Bar: 100 uM). (4 higher resolution / colour version of
this figure is available in the electronic copy of the article).
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Fig. (7). Expression levels of Hsa-miR-7, Hsa-miR-11, and Hsa-miR-14 in MDA-MB-231 cell line. (4 higher resolution / colour version of this figure is avail-
able in the electronic copy of the article).

Table 3. a: Hsa-miR-7-5p (H. sapiens miR-7-5p) sequence, b: The Two-dimensional structure of  Hsa-miR-7
(http://rtools.cbre.jp/centroidfold/index.cgi?query=%3EmiR-7%0D%0Agcggtggaagactagtgatt GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC
ACTGGATACGACacaacaGTGCAGGGTCCGAGG&model_str_1=CONTRAfold&gamma_1=4&req_id=1bc399fa0df1489e184896015352307b11edd
9¢8), c¢: The three-dimensional structure of Hsa-miR-5p (https://rnacomposer.cs.put.poznan.pl ) was prepared using the Discovery studio visualizer
program.

Hsa-miR-7-5p Sequence (a) Hsa-miR-7-5p two-dimensional Structure (b) Hsa-miR-7-5p Three-dimensional Structure (c)

Hsa-miR-7-ST: GTCGTATCCAGTG-
CAGGGTCCGAGGTATTCGCACTGGATAC-
GACacaaca

Univ-R: GTGCAGGGTCCGAGG
Forwad: gcggtggaagactagtgatt
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Table 4. a: Hsa-miR-11(H. sapiens miR-11) sequence, b: The Two-dimensional structure of Hsa-miR-11 (http://rtools.cbre.jp/centroidfold/index.
cgi?query=%3EmiR-11%0D%0AgcggcaagaactttctctgtGTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACcgggtcGTGCAGGG
TCCGAGG&model_str_1=BL&gamma_1=4&req_id=0f64ael11c12d3b6a257365cd9896bfc09688e4af), c: The three-dimensional structure of Hsa-miR-
11 (https://rnacomposer.cs.put.poznan.pl) was prepared using Discovery Studio Visualizer.

Hsa-miR-11 Sequence (a) Hsa-miR-11 Two-dimensional Structure (b) Hsa-miR-11 Three-dimensional Structure (b)

Hsa-miR-11-ST:
GTCGTATCCAGTGCAGGGTCCGAGGTATTCG-
CACTGGATACGACcgggtc
Univ-R: GTGCAGGGTCCGAGG
Forwad: gcggcaagaactttctetgt

Table 5. a: Hsa-miR-14 (H. sapiens miR-14) sequence, b: The Two-dimensional structure of Hsa-miR-14 (http://rtools.cbre.jp/centroidfold/
index.cgi?query=%3EmiR-14%0D%0AgcgggggagcgagacggggaGTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACagtgagGTG
CAGGGTCCGAGG&model_str_1=CONTRAfold&gamma_1=4&req_id=6efb6b5c¢92130fa8626e09e7d59f64adf3elaScf ), c: The Three-dimensional
structure of Hsa-miR-14 (https://rnacomposer.cs.put.poznan.pl ) was prepared using Discovery Studio Visualizer.

Hsa-miR-14 Sequence (a) Hsa-miR-14 Two-dimensional Structure (b) Hsa-miR-14 Three-dimensional Structure (c)

Hsa-miR-14-ST: GTCGTATCCAGTG-
CAGGGTCCGAGGTATTCGCACTGGA-
TACGACagtgag

Univ-R: GTGCAGGGTCCGAGG
Forwad: gcgggggagegagacgggga
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Table 6. Proteins used in molecular docking studies, their PDB (Protein Data Bank) ID codes, and Uniprot names with the three-dimensional
structure.

Name of . A . . .
: PDB ID The Three-dimensional Structure Name of Protein . The Three-dimensional Structure
Protein . Uniprot Name .
. Code of Protein (D. melanogaster) of Protein
(H. sapiens)
Bcl-2 1G5M BUFFY AT16536p
RAC serine/threonine-protein kinase
Akt-1 1H10 dAKT1 [38] (Daktl)
BAD 1G5J CG15530 AT23209p

Table 7. The binding energy of umbelliferon and irinotecan to Hsa-miR-7, Hsa-miR-11, and Hsa-miR-14 miRNA molecules.

Binding Energy
S. No. miRNA Ligand (kcal/mol) Binding Position
(Autodock Vina)
Umbelliferone L.-7,1
Hsa-miR-7-
1
5p
Irinotecan L.-13,5
2 Hsa-miR-11 Umbelliferone L,.-6,5

(Table 7) Contd....
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Binding Energy
S. No. miRNA Ligand (kcal/mol) Binding Position
(Autodock Vina)
B - Irinotecan L;.-94
Umbelliferone L.-7,3
3 Hsa-miR-14
Irinotecan L;.-10,5

Table 8. Bcel-2 (1G5M), Aktl (1H10), BAD (1G5J), BUFFY (AT16536p), dAktl (RAC serine/threonine-protein kinase), CG15530 (AT23209p), The
binding energy of proteins to umbelliferon and irinotecan.

Binding Position Binding Position
= = -~ =
> ® < < N > = =
2 gE o E" = E" = £ 5E o E‘J =
= £ = g >3 Z ° Z ° = §‘¢ = | & - 3 3
s X = = o< B A B A B ) S | = 2 B| ~ E
2185 5 |23 23 |23 Autodock V- £S5 2223 %3 Autodock V
7 2 s = utodock Vina 3 I utodock Vina
3 % £%& 32 ¢z =Y |7 £%& §¢
S =27 g~ E ~ N £=2 7 ET
=2 |z 5 S) 22 |3
»n »n »n
= =
o o
£ £
3 -6,1 6,31 -5.9 EN Y 47
p=} p=}
g g
=] =]
1 Bcl-2 BUFFY
(1G5M)
3 g
] ]
3 -9,2 -8,5 9,1 3 -8,3 -7.8
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2 2
Aktl £ &
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(1H10) 2 ]
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(Table 8) Contd....
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umbelliferone, irinotecan, and drug combinations to Bcl-2 (1G5M),
Aktl (1H10), and BAD (1G5J) proteins are shown in Table 9.

The binding energies of umbelliferon and irinotecan to D
.melanogaster proteins were calculated using Autodock vina and
Seamdock programs. The binding energies of umbelliferone, iri-
notecan, and drug combinations to BUFFY (AT16536p), dAktl
(RAC serine/threonine-protein kinase), CG15530 (AT23209p) pro-
teins are shown in Table 10.

The binding positions and hydrogen bonds of umbelliferon and
irinotecan to H. sapiens proteins are shown in Table 11.

3.6. ADME/T Analyses

The drug potential of umbelliferon and irinotecan was calculat-
ed with the SwissADME online program.

As a result of the ADME/T analysis, it was found that the prop-
erties of umbelliferone, such as molecular weight, polarity, insolu-
bility, flexibility, and oil solubility, were within the specified range.

According to the drug-likeness analysis, Umbelliferone was
identified as consistent with Lipinski's, Veber's, or Ghose's rules.

Following Lipinski's rule (often referred to as Pfizer's rule or
Lipinski's rule of five), an active drug should have no more than
one violation of the following properties: molecular weight (MW) <
500, LogP < 5, hydrogen bond acceptors < 10, and hydrogen bond
donors < 5. According to Veber's rules, an active drug should have
a total of hydrogen bonds < 12, rotatable bonds < 10, and a polar
surface area (PSA) < 140, which tends to result in oral bioavailabil-
ity > 20%. Following Ghose's rules, an active drug should have
properties such as Log P (— 0.4~5.6), Molar refractivity (40~150),
MW (160~480), the number of atoms (20~70), and a polar surface
area (PSA) < 140 [40-42]. As a result of the drug similarity analy-

sis, it is seen that Umbelliferon complies with the rules of Lieber,
Weber, and Ghose. ADME/T analysis of umbelliferone is shown in

Fig. (8).
3.7. Molecular Dynamics Analyses

For molecular dynamics research, the BAD protein was select-
ed. Table 12 displays the BAD (PDB ID: 1G5J) protein's single,
umbelliferon-bound, and combined drug-bound dynamic investiga-
tions. Graphs that display the stability of a complex structure at a
given time are called root mean square deviations, or RMSDs. The
distribution of a structure's atoms along an axis is known as its ra-
dius of gyration (Rg). Rg graphs provide details regarding the struc-
ture's compactness. The chemical and physical characteristics of
matter are mostly determined by hydrogen bonding [43].

The BAD protein's RMSD (Root mean square deviation) value
was steady at around 0.25 nm throughout our investigation. The
stability of the BAD and umbelliferone combination declined after
35 ns, while it remained constant for around 0.5 nm. The BAD-
Irinotecan and umbelliferone complex exhibits varied initial stabil-
ity. Stability was attained at about 0.58 nm after 35 ns. The BAD
protein has an average Rg (Radius of gyration) value of around 1.65
in the Rg simulation research. The BAD and umbelliferone com-
plex has an average Rg value of around 1.65 nm. The average value
was around 2 nm after 35 ns. The BAD irinotecan and umbellifer-
one complex had an estimated Rg value of 1.65 nm, but after 35 ns,
the average Rg value was 1.60 nm. According to hydrogen bond
analysis, an increase in the number of bonds is correlated with a
decrease in the energy of pharmacological systems. It is evident that
the BAD-irinotecan+umbelliferone complex and the BAD protein
have greater average energies than the BAD-umbelliferone com-
plex. This might suggest that compared to other compounds, the
BAD-+umbelliferone combination has a better solubilization impact.
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Table 9. Comparison of the binding energy of the second ligand-free to the protein-ligand complex and the single binding energy of the ligand.
Audock
u. o¢ Seamdock Swissdock Seamdock
Receptor Ligand Vina Receptor-ligand Complex Second Ligand
(Kcal/mol) (Kcal/mol) (Kcal/mol)
(Kcal/mol)
Bcl-2 (1G5M) Umbelliferon -6,1 -6,31 Bcl-2 (1G5M)+irinotecan Umbelliferon -5,9 -5,9
Bcl-2 (1G5M) Irinotecan -10,7 9,1 Bcel2(1G5M)+Umbelliferon Irinotecan -8,53 -89
Aktl (1H10) Umbelliferon -5,6 =54 Aktl (1H10)+Irinotecan Umbelliferon -5,9 -5.4
Aktl (1H10) Irinotecan -84 -8,3 Akt1(1H10)+Umbelliferon Irinotecan -6,92 -7,8
BAD (1G5J) Umbelliferon -6,9 -6,7 BAD (1G5J)+Irinotecan Umbelliferon -6,62 -6,7
BAD (1G5J) Irinotecan 93 -8,2 BAD (1G5J)+Umbelliferon Irinotecan -7,7 -8,5
Table 10. Comparison of the binding energy of the second ligand-free to the D.melanogaster protein-ligand complex and the single binding energy
of the ligand.
Audock Vina Seamdock Audock Vina Seamdock
Receptor Ligand Receptor-ligand Complex Second Ligand
(Kcal/mol) (Kcal/mol) (Kcal/mol) (Kcal/mol)
BUFFY Irinotecan -8.3 -7,8 BUFFY+Umbelliferone Irinotecan -8,0 -7,2
BUFFY Umbelliferone -4,7 -4,7 BUFFY+Irinotecan Umbelliferone -4,1 -4,5
CG15530 Irinotecan -85 -7,9 CG15530+Umbelliferone Irinotecan -9,5 -8,0
CG15530 Umbelliferone -5,0 =51 CG15530+Irinotecan Umbelliferone -5,2 -5,1
Aktl Irinotecan -11,3 -9.4 Aktl+Umbelliferone Irinotecan -10,4 -9,2
Aktl Umbelliferon -6,4 -6,3 Akt + Irinotecan Umbelliferone -6,4 -6,2
Table 11.  The binding position and the number of hydrogen bonds of umbelliferone and irinotecan with Bcl2, BAD, and Akt1 proteins.
R P i Number of
Protein-ligand Complex Binding Position Hydrogen Bonds
GLU
A:128
TYR
A:124
A1
BAD (PDB id: 1G5J)- . 2 Hydrogen Bonds:
Umbelliferon 5 TRP (A:173)
ASP
A:180
Interactions
:I van der Waals :l Carbon Hydrogen Bond
[E] Gonventona Hysrogen Bon [ PP stacked
. £ 2 Hydrogen Bonds
BAD (IPDB 1d: 1G5))- pl ASN (A37),
rinotecan 0 Fea e
- ) SER (A:29)
Interactions
[ van der Waals [ Pi-anion
[ Conventional Hydrogen Bond

(Table 11) Contd....
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Protein-ligand Complex

Number of

Binding Position Hydrogen Bonds
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Umbelliferon) + Irinotecan

LEU

= 5 o BAD-Umb; No hy-
RS N e drogen bonds
» o BAD-Irinotecan; 2
i W\ 1 Hydrogen Bonds
o = I W ASN (A:37),
R Y. o : SER (A:29)
D Ayl
= o =L

(BAD (PDB id: 1G5J)-
Irinotecan) + umbelliferon

interactions
] van der Waals

[l Unfavorable Donor

BAD-Umbelliferon:

& No hydrogen bonds
i) BAD-Irinotecan: 2
Hydrogen Bonds
wtEs LEU (A:154), GLY
(A:142)
=r T s -

[C] Garbon Hydrogen Bond

(Bcl-2(PDB id: 1G5M)-
Umbelliferon) + Irinotecan

GLN
A:190
TYR
&3y -. .
Bcl-2 (PDB Id: 1G5M) 2 Hydrogen Bonds
cl- : - .
Umbelliferon ASP (A:196),
s TRP (A:195)
Als Al
Interactions
[0 van der wasis [ 7 secked
[ Conventonal Hydrogen Bond [ P+PiT-shaped
[ carbon Hyerogen Bond
1 Hydrogen Bonds
Bcl-2(PDB id: 1G5M)- TRY
Irinotecan & (A:180)

6w
a2

Bcl2- Umbelliferon: 1
Hydrogen Bonds:
HIS (A:94)
Bcl2-Irinotecan: 2
Hydrogen Bonds;
ASN (A:11), THR
(A7)

AA

(Table 11) Contd....
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Protein-ligand Complex

Binding Position

Number of
Hydrogen Bonds

ay.
Ads

e
A3%0

(Bcl-2(PDB id: 1G5M)-
Irinotecan) + Umbelliferon

e
147

A6

. Bcl2-Irinotecan: 1
VR NS Hydrogen Bonds, HiS
(A:94),
Bcl2-Umbelliferon: 2
Hydrogen Bonds:
ASP (A:196), TRP

ILE (A:195)

Molecule 1
” ® O @ L Water Solubility
q Log S (ESOL)@® -2.46
Saolubility 5.66e-01 mg/ml : 3.49e-03 mol/1
FLEX SIZE Class @ Soluble
Log S (Ali) @ -2.25
Solubility 9.12e-01 mg/ml : 5.62e-03 mal/1
Class @ Soluble
R poLar  Log S (SILICOS-IT) @ -3.03
Solubility 1.53e-01 mg/ml : 9.42e-04 mol/1
Class @ Soluble
INsoLu ‘ Pharmacokinetics
SMILES  Ocleoc2e{ct)oo(=0)cc2 Gl absorption @ High
| Physicochemical Properties R 7*1 BBB permeant @ Yes
Formula C9HBO3 P-gp substrate @ No
Molecular weight 162.14 g/mol CYP1A2 inhibitor @ Yes
Num. heavy atoms 12 CYP2C19 inhibitor @ No
Num. arom. heavy atoms 10 CYP2G9 inhibitor @ No
Fraction Csp3 0.00 CYP2D6 inhibitor @ No
Num. rotatable bonds 0 GYP3A4 inhibitor @ No
Num. H-bond acceptors 3 Log K;, (skin permeation) Q@ si17camss
Num. H-bond donors 1 r‘ 2 Druglikeness m———
Molar Refractivity 44.51 Lipinski @ Yes: 0 violation
TPSA@ 50.44 A2 - Ghose @ No: 1 violation: #atoms<20
Lipophilicity = Veber @ Yes
Log P,y (LOGP) @ 1.44 Egan © Yes
Log Py, (XLOGP3) @ 1.58 Muegge @ No: 1 violation: MW<200
Log Py (WLOGP) (] 1.50 Bioavailability Score @ 0.55
Log Py (MLOGP)O 1.04 ' Medicinal Chemistry
Log Poy, (SILICOS )@ 1.97 PAINS @ 0 alart
Brenk @ 1 alert: cumarine @
Consensus Log Papw o 1.51 Leadlikeness @

No: 1 violation: MW<250

Synthetic accessibility @ 2.56

Fig. (8). Table showing ADME/T analysis of umbelliferone (SIZE: Molecular weight, POLAR: Polarity, INSOLU: Indissolubility, INSATU: Saturation,
FLEX: Flexibility, LIPO: Lipophilicity). (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

4. DISCUSSION

In this study, the cytotoxic effects of irinotecan [8], a cytotoxic
drug used for cancer treatments, and umbelliferone, which is known
to have curative effects on diseases such as bacterial diarrhea, dys-
entery, leucoderma, and fungi, especially in viral therapies [21],
were investigated on D. melanogaster and MDA-MB-231 breast
cancer cell lines. In vivo, in vitro, and in silico analyses were per-
formed. The expression levels of umbelliferon and irinotecan, miR-
7, miR-11, and miR-14 were investigated, and molecular docking
studies were conducted to calculate the binding energies of the
drugs to both the proteins associated with apoptosis and the miR-
NAs in question. In the studies, the cytotoxic effects of the drugs on
MDA-MB-231 cell lines and the model organism D. melanogaster
were studied, and their effective doses were determined.

D. melanogaster, a model organism that has been frequently
used in recent years, is extremely important in terms of signaling
pathways that cause apoptosis, genes that cause tumor formation,
and evolutionarily conserved genes that are orthologous to human
genes.

GBM (glioblastoma), one of the most common brain tumors,
occurs as a result of mutations in the PI3K signaling pathway and
EGFR tyrosine kinase receptors. The cellular origin of GBM was
found through studies on the model organism D. melanogaster [44].
Signal transduction pathways such as EGFR/RTK-Ras, PI3K,
Notch, Wnt, Jak-STAT, Hedhegog, and TGF-B, which are thought
to be evolutionarily conserved, were found as a result of studies
conducted on the model organism D. melanogaster. Likewise,
dPTEN found in D. melanogaster is the homolog of PTEN, which
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Table 12. Molecular dynamic studies of BAD, BAD-Umbelliferone, BAD-Irinotecan+Umbelliferon.
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functions as a tumor suppressor gene in mammals [2]. PI3K phos-
phorylation activates 4,5-bisphosphate (PIP2), which in turn acti-
vates the second messenger phosphatidylinositol 3,4,5-triphosphate
(PIP3). The PIP3 receptor activates serine/threonine kinase, Akt,
and PDK1, which control various receptors in regulating cell cycle
progression, cell death, and protein synthesis. Studies conducted on
D. melanogaster reveal that this transmission pathway has an im-

portant role in the control of general growth [2, 45]. The first ex-
amples of tumor suppressor genes were discovered thanks to D.
melanogaster [46, 47]. These examples show the importance of the
model organism D. melanogaster in cancer research.

In the wound healing experiment, the spread of cells is seen at
the end of the 48 hours. In addition, this progress has been limited
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in umbelliferon, irinotecan, and drug combinations. It is a situation
that should be taken into consideration, especially when the cells to
which drug combinations are applied die to a large extent. In the
invasion experiment, the invasive behavior of the cells was restrict-
ed compared to the control group. It can be understood from the
dying cells that invasion is prevented more, especially in drug com-
binations.

As a result of expression analyses, a significant increase in hsa-
miR-7, hsa-miR-14, and hsa-miR-11 expressions was observed in
cells treated with umbelliferon and irinotecan - compared to the
control groups (p < 0.05). However, it was determined that miRNA
expression levels decreased when umbelliferon and irinotecan were
treated together (p < 0.05). miR-14 is a miRNA with known
antiapoptotic properties [48-50]. In fact, human miR-11 and miR-
14 are miRNAs that have recently entered the literature. Although
they are not yet available on RNA data sites, they are available on
NCBI data accumulation sites.

In separate and combinational applications, the increase in the
expression of miR-7 [51], which is known to cause tumor for-
mation, is remarkable. Another issue that needs to be taken into
consideration is the downregulation of gene expression levels by
combinatorial doses of molecules.

In previous studies, miR-7 is abundantly expressed in the hu-
man brain, spleen, and pancreas, while its expression is less in other
tissues [52-54]. It has been explained that miR-7, which suppresses
the genes regulating KLF4 (Kruppel-Like-Factor) expression, limits
the metastasis capacity of cells [50, 52]. Additionally, studies have
shown that it binds to the RAF1 molecule, reducing its activity, and
as a result, it has an antitumor effect [51, 53].

In another study, it was found that high expression of miR-7 led
to the suppression of MRP1 and Bcl-2 and enhanced the response to
chemotherapy [53, 55]. Based on these studies, the changes ob-
served in the expression levels of miR-7, which generally functions
as a tumor suppressor, in single and combination doses of irinotec-
an and umbelliferone, especially in the MDA-MB-231 breast cancer
cell line, are important.

Moreover, the fact that irinotecan, umbelliferon, and drug com-
bination (umbelliferon and irinotecan) inhibit the invasion and mi-
gration of MDA-MB-231 cells is an important indicator for the
anticarcinogenic effects of chemicals.

Another issue as important as the effect of drugs on expression
levels is the binding energies of chemical agents to target proteins
and miRNAs. As a result of in silico analyses, binding energies and
binding positions of umbelliferon and irinotecan to target molecules
in single and combinational doses were found, and amino acids and
hydrogen bonds at the binding points were determined.

In the docking studies, the binding energy of umbelliferon,
irinotecan and their combination with Bcl2, one of the anti-
apoptotic proteins, was determined. As a result of the analysis, um-
belliferon and irinotecan bound to Bcl-2 protein with high energy.
In docking studies, the binding energy of umbelliferon and irinotec-
an to Aktl protein at single and combination doses was determined.
It has been observed that the two chemical agents bind with high
binding energy. In particular, the binding energy of irinotecan is
extremely high. Akt protein is closely associated with cancer for-
mation and resistance to chemotherapy [56]. For this reason, the
high binding energy of drugs to the Akt protein is extremely im-
portant for the progress of chemotherapy and the prevention of
cancer formation. Furthermore, in the study, the binding energy of
umbelliferon and irinotecan to the BAD protein was calculated, and
it was revealed that both chemical agents were bound to the protein
with high binding energy. When examining the impact of combined
drugs on Drosophila and conducting docking studies, it is necessary
to consider the entirety of the findings. Specifically, the lower bind-
ing energy of combined applications on apoptotic proteins like Aktl

Tamtiirk et al.

and BUFFY indicates a reduced toxic effect. Our study is supported
by in vivo research on Drosophila larvae, which confirms the di-
minished toxicity of drug combinations. However, previous studies
suggest that single use of drugs may lead to increased toxicity
[10, 57].

In vivo studies conducted on D. melanogaster larvae provide
important information about the toxicity of drugs. As in our study,
D. melanogaster is preferred as a model organism in many cancer
studies. Cancer occurs in many steps, such as loss of function of
tumor suppressor genes and activation of oncological pathways.
The evolutionary conservation of these signaling pathways, which
are similar to humans, in D. melanogaster and the ease of their
genetic analysis are the greatest strengths of this model organism.
D. melanogaster has been used extensively in cancer research, par-
ticularly in the past 10 years, and this is highly crucial [58].

Additionally, in these studies, miRNAs with both apoptotic and
anti-apoptotic properties were selected. The effect of single and
combined doses of these two chemicals on the expression levels of
different proteins stands out as an issue that needs to be investigated
in future studies.

CONCLUSION

In our study, it can be concluded that the cytotoxic effects of
individual and combination doses of umbelliferon and irinotecan on
MDA-MB-231 breast cancer cells and D. melanogaster larvae are
significant. In addition, the effects of umbelliferone and irinotecan
on the expression level of miR-7, which is common to D. melano-
gaster and human miRNAs, should be widely investigated. Expres-
sion analysis and docking studies of hsa-miR-11 and hsa-miR-14,
which have been newly studied and are not available in data reposi-
tories, are important for cancer research. In particular, the expres-
sion and binding energy of these miRNAs in new drug combina-
tions and the expression level in different cancer cell lines are im-
portant for future studies. Another crucial point is that in vivo tests
using different model species validate the usage of drugs at both
single and mixed dosages.
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