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Abstract

Furocoumarins are produced by plant members via the phenylpropanoid pathway. Natural and chemically synthesized furocoumarins exhibit promising anticancer
activity. This work aims to increase our understanding of the mechanism by which these compounds can suppress cancer. Therefore, two medicinal plants, Apium
graveolense & Ruta graveolense and 10 synthesized furocoumarin derivative compounds were tested against hepatocellular carcinoma cell line (HepG-2). Our results
indicated that compound 9 exhibited the highest cytotoxic activity (IC, =11.9 pM). Other compounds exerted less cytotoxic activity ranging from IC_=28.38 uM
for compound one to IC, =67.10 pM in case of compound 5. The natural crude extracts exhibited the lowest cytotoxic activity on HepG-2 with values of IC,=312.4
and 445.7 uM for Ruta graveolens and Apium graveolens, respectively. Compound 9 was found to inhibit topoisomerase I enzyme, based on the molecular docking

analysis, and significantly suppressed the mitotic cell division in the meristematic cells of pea (Pisum sativum) root tips.

Introduction

Cancer is one of the major deaths causing disease that accounts
for 8.2 million deaths all over the world, with 745000 deaths
resulted from liver cancer alone [1]. Natural and chemically
synthesized furocoumarins exhibit promising anticancer activity [2].
Furocoumarins are produced by plant members of families Apiaceae,
Umbelliferae, and Rutaceae [3]. They are synthesized in plants via the
phenylpropanoid pathway [4]. Their chemical structure consists of a
furan ring fused with coumarin either in a linear (psoralen) or angular
(angelicin) manner. Furocoumarins and other phytochemicals can
induce apoptosis in human promyelocytic leukemia, HL-60 cells [4],
control cancer progression [5] and act as hepatoprotective agents
[6]. Photosensitizer effect in combination with UVA irradiation
(320-380 nm) is used particularly with linear furocoumarin psoralen
derivatives in medicine for the treatment of many dermatological
disorders including psoriasis [7,8] . During the phototoxic reaction,
furocoumarins intercalate DNA to form a non-covalent psoralen-DNA
complex. This property is useful in cancer therapy as it can prevent
DNA replication [9]. On the other hand, the angular furocoumarin
(angelicin) inhibits DNA synthesis and consequently blocks cell
division by different mechanism as it could not form inter-strand
cross-linkage with DNA due to its geometry. Angelicin (angular
furobenzopyrone) has been proved to have lower genotoxicity than
psoralens (linear furobenzopyrones) and lacks skin erythemogenic
effect [10]. Furocoumarins are also able to activate the production
of singlet oxygen which results in protein inactivation and can also
interfere with the action of cytochrome P450, the target of many drugs
[11]. The inhibition of topoisomerase enzyme by natural furocoumarin
compound was previously recorded in many studies [12,13]. However,
the spatial orientation, intricate ring systems and numerous chiral
centers present in natural crude extracts are often retarding its
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mechanism of action as anticancer agents [14]. This made the synthesis
of analogues with favorable features an important target in this respect.
Topoisomerases are crucial for DNA replication and thus, considered
major targets for many anticancer drugs. DNA Topoisomerase I (Topo
I) relaxes supercoils generated during replication/transcription process
[15]. It also mediates DNA relaxation by creating a transient single-
strand break in the DNA duplex. This transient nick allows the broken
strand to rotate around its intact complement, effectively removing
local supercoils. Strand nicking results from the transesterification of an
active-site tyrosine (Tyr-723) at a DNA phosphodiester bond forming
a 3_-phosphotyrosine covalent enzyme-DNA complex. After DNA
relaxation, the covalent intermediate is reversed when the released 5_-
OH of the broken strand reattacks the phosphotyrosine intermediate in
a second transesterification reaction. The rate of religation is normally
much faster than the rate of cleavage, and this ensures that the steady-
state concentration of the covalent 3-phosphotyrosyl topo I-DNA
complex remains low [16]. There are two types of topoisomerase
inhibitors: one stabilizes the topoisomerase-DNA complex t then leads
to apoptosis due to formation of chromosomal breaks, while the second
type will antagonize topoisomerase and prevent DNA replication
[17]. Camptothecin (CPT) is the only topo I inhibitor which is used
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in clinical trials. It exerts its inhibitory effect through stabilizing the
enzyme-DNA complex [18]. CPT was used in this study as a positive
control. Thus, our present study aimed first to compare the biological
activity of natural and synthetic plant furocoumarin compounds on
cancer cell viability. Secondly, the compound with the most potent
activity was further tested for its effect on: 1-DNA Topo I enzyme
activity using molecular docking technique; 2: the mitotic index and
chromosomal abnormalities on the root cell of pea plants.

Materials and method

Chemical compounds

The chemical formulae of synthetic compounds used in this
study are shown in Table 1. They were synthesized according to [19].
Compound 10 is newly synthesized following the equation shown
in Figure 1. The chemical structures of all synthesized compounds
were confirmed using both analytical and spectrophotometrical tests.
In addition, the crude plant extracts of Apium graveolense and Ruta
graveolense were used as references for comparison as they contain
high content of the plant linear coumarin “psoralen”.

Plant material

Pisum sativum seeds var. master B were purchased as a true
breeding line from the Agricultural Research Center, Ministry of
Agriculture, Giza, Egypt. Apium graveolense and Ruta graveolense
were collected as fresh samples from the certified farm of Sekem herb
company. Cairo, Egypt.

Plant extract

Methanolic plant extracts were prepared immediately after
collecting plant samples according to the method described by [20].
Briefly, 200 g fresh leaves were cleaned and dried in solar oven, grinded
into powder and extracted with methanol at room temperature using
steel percolator (450 ml for each 75 g powder). The powder was soaked
in methanol at room temperature overnight. Methanol extract was
filtered sterilized then dried in rotvapour under vacuum of 120 millibar
in a water bath at 40°C. Finally, extracts were lyophilized using a freeze
dryer to eliminate water traces and stored at-20°C until being used.

Cytological studies

Chromosome structure and abnormalities were observed in roots
of Pisum sativum seedling treated with compound 9 as the highest
cytotoxic and compound 8 as a compound with average cytotoxic
effect. In this study, 1-2 cm long intact roots of Pisum sativum seedlings
germinated in distilled water were soaked in the test solutions for 4 and
24 hours. At the end of treatment time, roots were excised and placed
in carnoy’s fixative (absolute alcohol: glacial acetic acid 3:1) for 24
hours then washed and kept in 70% ethanol in the fridge until ready to
use. Root tips were hydrolyzed in 1 N AR HCl at 58-60 oC for about 11-
12 minutes. Root tips were stained with leuco basic fuchsin according
to [21]. The root tips were squashed in 45% acetic acid. Dehydration
was done using ascending series of ethyl alcohols; 30%, 50%, 70%, 95%,
absolute alcohol; then absolute alcohol: xylene (1:1) and finally pure
xylene; keeping root tips 5 minutes in each concentration. Preparation
was then mounted in Canada balsam and placed in an oven at 30°C for
2-3 days until dry. The preparations were examined microscopically
with the power of 400x. For each concentration, 90 fields were
examined. The results were statistically analyzed using t-test. All
treatments were in triplicate.
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Table 1. Synthetic fuorocoumrine derivatives used in this study

Name Chemical formula No.

4-methyl-8-toloyl-9-phenyl-

2H-furo[2,3-h]chromen-2-one. L0 1
benzopyran-2-one.

4-methyl-8-anisoyl-9-tolyl-2H-

furo[2,3-h]chromen-2-one > 2
4-Phenyl-8-p-anisoyl-9-phenyl-2H- 3

furo[2,3-h]chromen-2-one .
4-Phenyl-8-p-anisoyl-9-p-anisyl-2H- 4

furo[2,3-h]chromen-2-one. e

5-Phenyl-3-tolyl-7H-furo[3,2-g] 5
chromen-7-one

8-Benzoyl-9-methyl-4-phenyl-2H- 6

furo[2,3-h]chromen-2-one °

[
I

8- Anisoyl-9-methyl-4-phenyl-2H- PP 7

furo[2,3-h]chromen-2-one =
8-p-Bromophenyl-9-methyl-4-phenyl- 3

2H-furo[2,3-h]chromen-2-one

e LD

4,9-dimethoxy-5-methyl-7-oxo-7H- TYY U 1 0
furo[3,2-g]chromene-6-carbonitrile [t b v
4,9-dimethoxy-5-methyl-6-(4-ethyl-
5-mercapto-4H-1,2 4-triazol-3-yl)-7- 10

oxo-7H-furo[3,2-g]chromene

Cell culture

HepG-2 cells were purchased from Vacsera (Pharmaseutics, Cairo,
Egypt). Entity of cells was confirmed using STR DNA profile assay for
human cells authenticaton following the manufacturer instructions
(Promega, WI,USA). HepG-2 cells were maintained during the time of
the experiment in RPMI-1640 medium, supplemented with 10% heat
inactivated FBS, penicillin (50 U/ml) and streptomycin (50 mg/ml) at
37°C in a humidified atmosphere containing 5% CO,. The cells were
subjected to serial sub-culturing in order to keep it as a homogenous
monolayer. Equal cell number were sub cultured and treated with
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Compound 10

Figure 1. Mechanism of compound 10 formation from compound 9

0.1, 1, 10, 100, and 1000 pM of each compound each at a time. Each
experiment was done in replicates of three and repeated twice to make
sure that the results are reproducible. All chemicals used, except STR
assay kit, were purchased from Sigma Aldrish (USA).

SRB cytotoxicity assay

Cytotoxicity was determined using the sulforhodamine B (SRB)
method as described by [22]. Exponentially growing cells were
collected using 0.25% Trypsin-EDTA and seeded in 96-well plates at
1000-2000 cells/well in RPMI-1640 supplemented medium. After 24 h,
cells were incubated for 72 h with various concentrations of the tested
compounds. Following 72 h treatment, the cells were fixed with 10%
trichloroacetic acid for 1 h at 4°C. Wells were stained for 10 min at
room temperature with 0.4% SRB dissolved in 1% acetic acid. The plates
were air dried for 24 h and the dye was solubilized with Tris-HClI for 5
min on a shaker at 1600 rpm. The optical density (OD) of each well was
measured spectrophotometrically at 564 nm using ELISA microplate
reader (ChroMate4300, FL, USA). The IC,, values were calculated
according to the equation of Boltzman sigmoidal concentration-
response curve, using the nonlinear regression fitting models using
version 5 of GraphPad software (GraphPad Software, Inc., CA, USA).

Molecular modelling studies

The discovery studio software version 2.5 computer docking
program was used in this study. This program is well known to
predict favorable protein-ligand complex structures with reasonable
accuracy and speed [23]. The most promising compound number 9
and camptothecin (CPT) as a positive control (Figure 2) were placed,
each at a time, into the binding site of the target macromolecule in a
non-covalent fashion as described before [13,24]. Automated docking
studies were carried out using the scoring functions and hydrogen
bonds formed with the surrounding amino acids to predict binding
modes, binding affinities and orientation of these compounds at the
active site of the topoisomerase I. Prior to the docking, optimization
was done by redocking of the positive control bound in the topo-I
active site to validate the docking protocol. The generated most stable
conformer was virtually used for afterward docking with compound
9. The final docked models were energetically minimized and used to
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Figure 2. The chemical formula of camptothecin. (CPT) Topol inhibotor which used in this
study as a positive control

predict the interaction of compound 9 as a ligand with the amino acids
in the active site of the enzyme.

Docking study

The general scheme for docking mechanism used in this study is
illustrated in Figure 3. Molecular docking in this study was based on
the x ray generated crystal structures of topoisomerase I which was
obtained from the protein data bank in PDB formate (http://www.rcsb.
org/pdb/welcome.do) (PDB ID: 1sc7 human topoisomerase I (Topol)
[25]. Protein was prepared using prepare protein parameter which
cleans up common problems in the input protein structure for further
processing. For instance, the program inserts missing atoms in residues
as hydrogen to remove alternate conformations. All waters and free
ions were removed as well. Camptothecin and furocoumarin analogues
were prepared from ligands prepare tool which adds hydrogen, fix bad
valencies and generates a 3D coordinates using catalyst. Docking was
performed using (CDOCKER) protocol. Pose cluster radius was set to
0.5 A, top hits were set to 10 and other docking parameters were kept
at default.

Molecular docking (MD) data were analyzed using Accelrys
Discovery studio 2.5 software using the Dock ligands (CDOCKER)

Volume 1(6): 3-7



Esmat A (2017) Delineate the role of plant fuorocoumarin derivatives on hepatocarcinoma, DNA Topoisomerase I and mitotic cell division

Separate backbone unit or pendant anchor

(small molecule) models, e.g. :

X= Y-Anc (1)
~Anc =
-16.6 -156.1
Polymeric chain motifs 4

L1 L2 L3

Covancane 29,17 NM
minimum N 2 3-4
optimum N = 5-6

minimumnN =4, +2 Anc ~
optimumn = 9-12, + 3 Anc

T
"y 3 sy

-18.7 Iff:alfmol [-, f‘~

so- so- > AGpn
L N 70% 60%  (100%)
Y

Extrapolation toward

1) n = 30-50

2) effective Anc >9
(2 6-8% from all X)

Predicted AG,,,, <- 200 kcal!molé

Figure 3. General scheme of the docking based modeling interaction using molecular docking program

protocol. Random ligand conformations were generated using
high temperature MD in order to run a refinement docking of any
number of ligands against a single protein receptor. The amino acids
of the binding site where defined using data in pdbsum (http://
www.ebi.ac.uk/thoronton-srv/databases/pdbsum). Various scoring
functions were applied to the ligands including CDOCKER_ENERGY
(CHARMm energy: interaction energy plus ligand strain) and-
CDOCKER_INTERACTION_ENERGY: interaction energy only).
Poses are sorted by CHARMm energy and the top scoring poses were
calculated according to CDOCKER_ENERGY [26].

Results and discussion

The antiproliferative activity of furocoumarin compound
derivatives against liver cancer cell lines was reported in many
studies [27]. Despite of their moderate toxic effect on HepG-2 cells,
they are less toxic on normal cells if compared with other anticancer
drugs such as 5-Fluorouracil (5-FU) and Doxorubicin (DOX). Here,
we tested the cytotoxic effect of newly synthesized furocoumarin
analogues and the crude extracts of Apium graveolense and Ruta
gravelense on hepatocellular carcinoma by treating HepG-2 cell line
with different concentrations of these compounds for 72 hours using
SRB cytotoxicity assay as shown in Table 2. It is worth to mention that
the mechanism of cancer inhibition through the phototoxic reactions
of furocoumarins is excluded in this study as all treatments were done
in the dark. The results indicated that proliferation in treated cells was
reduced in a dose dependent manner. However, the cytotoxic effect
was more observed at higher concentrations of 100 and 1000 uM in
all treatments in all compounds used as shown in Table 2. The highest
reduction in viability % was observed in cells treated for 72 h at the
concentration of 1000 uM with compound one (0.9+1.1), compound
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7 (1+0.2) and compound 9 (1.5+0.7) as compared to positive control
DOX (0.840.2) (Table 2). Compound 9 exhibited the highest IC, =11.9
UM. Other compounds had relatively low IC_ ranging from 22.8 uM
(compound 10) to 67.10 uM (compound 5) as shown in Table 3. One
of the recent studies used a compound called 8-MOP with similar
chemical structure composition to our compounds. It was reported
that 8-MOP can inhibit cancer by inducing apoptosis in HepG-2 either
in light or dark conditions by increasing ROS generation and inhibiting
ERK1/2 pathway [28]. In another study, imperatorin (a furocoumarin
isolated from Urena lobata L. (Malvaceae) was found to inhibit cell
growth in SNU 449 (liver cancer) and HCT-15 (colon cancer) in a
dose dependent manner. Imperatorin was found to down regulate
the expression of the anti-apoptotic protein Bcal-2 and upregulate
the expression of the proapoptotic protein Bax. Thus, the anticancer
activity of imperatorin was mainly due to directing cancer cells towards
apoptosis pathway as well [29]. In addition, natural furocoumarins like
Bergamottin, extracted from grapefruit, can induce chemosensitization
and apoptosis through the inhibition of STAT3 signaling pathway in
tumor cells. STAT3 gene is responsible for the regulation of cell cycle
and apoptosis [30]. Recently, it was suggested that furocoumarins
exert their anticancer activity through the inhibition of topoisomerase
enzyme [12]. Topoisomerases (Topo I & II) are enzymes that control
the DNA relaxation/coiling during replication and transcription
processes of DNA in living cells [31]. Topo I enzyme initiates the
cleavage of DNA molecule at a single strand while Topo II cleaves both
strands. The accumulation of cleaved fragments will result into the cell
death either by forcing the cell into apoptosis or by arresting cell cycle
[32]. To date, the exact mechanism by which Topo I targeting drugs
achieve their selective toxicity is not fully understood. Interestingly,
Topo I inhibitor drugs depend on the length of exposure rather

Volume 1(6): 4-7


http://www.ebi.ac.uk/thoronton-srv/databases/pdbsum
http://www.ebi.ac.uk/thoronton-srv/databases/pdbsum

Esmat A (2017) Delineate the role of plant fuorocoumarin derivatives on hepatocarcinoma, DNA Topoisomerase I and mitotic cell division

Table 2. Viability percentage of HepG-2 liver cell carcinoma treated for 72 hours with furocoumarin compounds (1-10) and 2 natural crude extracts (Apium graveolense and Ruta

graveolense). Each value is a mean of 3 replicates

than the concentration applied [33]. To determine if the anticancer
activity detected in the furocoumarin derivative 9 is resulted from the
inhibition of DNA replication via the interaction with Topo I enzyme,
we compared the putative geometry of a protein-ligand complex
of CPT-Topo I and Compound 9-Topol using molecular docking
binding model technique. Camptothecin (CPT) is a cytotoxic alkaloid
isolated from Camptotheca acuminata tree and is used as anticancer
drug. CPT inhibits cancer by binding with Topo I and consequently
stops DNA replication. Molecular modelling had been proven to be
successful and its results were parallel to those determined by x ray
crystallography in many other studies [34]. We found that the binding
model into the active site of Topo I (PDB ID: 1sc7) in compound 9 was
in consistency with the proposed design and rational as described with
that of CPT. To determine if compound 9 can be used as a potential
Topo I drug inhibitor, we determined the system energetics in order to
determine the affinity between the ligand (compound 9) and the target
(Topo I) using the grid-based molecular dynamics docking algorithm,
CDOCKER (CHARMm-based DOCKER). CDOCKER offers full
information about ligand flexibility including bonds, angles....etc.
The CDOCKER energy scores indicated favorable binding modes of
camptothecin and compound 9 into the active site of Topo I (PDB
ID: 1sc7) as shown Figures 4 and 5, respectively. It was found that
the CDOCKER energy score of the original ligand camptothecin was-
4.38 forming five hydrogen bond interactions, 2 hydrogen bonds with
Arg 364, one hydrogen bond with Lys 374, and two hydrogen bonds
with Lys 425 as shown in Figure 4. On the other hand, CDOCKER
energy score was-15.137 for compound 9-Topo I indicating its higher
binding affinity and stronger bond with Topo I when compared with
the positive control (CPT). Compound 9 binds with 2 hydrogen bonds
where O of 2 Carbonyl form hydrogen bond with Lysine 425 with bond
length=2.09 °A, and another hydrogen bond between N of 3 Cyano and
Tyrosine 246 forming a bond of 1.93 °A as shown in Figure 5. From
these results, it was found that both compounds bind topo I with Lys
425 Figures 4 and 5. It also showed that compound 9 has higher affinity
and may act as dual inhibitor for topoisomerase I which in turn would
likely lead to cancer inhibition through production of many DNA
fragments which will force the cell to enter apoptotic events. This is
likely can explain its effect as antiproliferative when used with HepG-
2 cells. Our results were in agreement with those obtained by [12],
who found that furocoumarin compounds present in Ruta graveolens
(psoralen, bergapten and xanthotoxin) showed Potent topoisomerase I
inhibitory activity.
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Concentration % of viability (Mean+SD)
uM Compound No.
1 2 3 4 5 6 7 8 9 10 Apium Ruta i xorubsin
graveolens | graveolens
0.1 97.5+6.7 = 91.9+3.3 | 100.6+2.5 | 101.4+0.8 | 105.1+1.8 | 106.0+2.5 = 96.1+3.5 | 101.8+2.1 | 95.043.5 | 85.5+4.4 | 85.4+11.6 = 95.5+5.5 76.8+51
1 97.143.1 | 85.5+3.8 | 98.7+£6.7 | 101.4+2.6  105.743.2 | 98.746.7 | 95.1+3.5 | 104.5+2.5 @ 99.0+3.0 = 65.9+4.8 | 87.6+8.5 | 102.3+42 41.246.9
10 70.0+4.3 | 73.8£10.1 = 77.046.0 | 75.5+3.3 | 88.0+4.4 | 81.3£10.2 | 86.7+4.3 = 94.5+5.0 | 53.5+53 | 59.1+3.9 | 89.3+0.6 | 94.7+2.4 | 23.8+1.7
100 24.6+2.9 | 354+7.0 | 343+11.2 | 39.9+5.9 | 47.5+3.8 | 37.2+6.7 | 32.1£6.0 = 45.7+53 4.6+0.7 28.6+1.4 | 65.6+1.8 = 68.6£5.9 1241.9
1000 0.9+1.1 19.5+1.3 5.3+1.8 4.1+2.1 11.442.1 6.7+0.8 1+0.2 15.742.2 1.5+0.7 15.542.8 5.0+4.2 3.6+1.2 0.80+0.2
Table 3. In vitro cytotoxic activity of synthetic and natural furocoumarin compounds tested against HepG-2 cell line represented by Ic values
Compound 1 2 3 4 5 6 7 8 9 10 Apium Ruta
graveolens | graveolens
in ICJOM 28.38 33.71 41.24 50.85 67.10 50.96 62.21 65.37 11.97 22.8 4457 3124
-

Figure 5. Binding mode of compound 9 in the binding site of Topoisomerase I

The induction of chromosomal aberration by furocoumarins was
investigated by many scientists before using mammalian models [35].
Here, we further investigated the effect of compound 9 on the mitotic
rate and chromosomal abnormalities using root cells of Pisum sativum
(pea). This screening method had been proven to give accurate results
in this respect [36]. The mitotic index (MI) decreased by increasing
the treatment concentration being significant at 500 ppm and highly
significant at 1000 ppm after 24 hours as compared to the control
(Table 4) . No effect was detected in MI in root cells treated with
compound 9 for 4 hours (Table 4). On the other hand, the overall
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Table 4. Frequency of normal cells at different mitotic phases after treating Pisum sativum root tips with the methanolic extract of compound 9 for 4 and 24 hours

Figure 6. Representative micrographs showing some chromosomal abnormalities in the
meristematic cells of the root tip of pea plants treated with different concentrations of
compound 9. A: C-metaphase; B: Sticky metaphase; C: Chromosomal bridge at anaphase;
D: Micronucleus which results mainly from chromosomal breaks These abnormalities
showed up mostly at concentrations 500 and 1000 ppm of compound 9 as shown in Table
5. Scale bars=0.5 um

Cancer Rep Rev, 2017 doi: 10.15761/CRR.1000136

I::tr)?lt::)n Conc.(ppm) | Total Cells | Total Mitosis Prophase Metaphase Ana-Telophase M
No. % No. % No. % Mean+SE
Control 4144 146 68 46.58 42 28.77 36 24.66 3.524+0.36316
Water +DMSO 4234 148 69 46.62 43 29.05 36 2432 3.50+0.650
4 Hours 50 4126 144 67 46.53 44 30.56 33 22.92 3.49+0.41
125 4364 150 66 44 46 30.6 38 25.33 3.42+0.34078
250 4569 140 60 42.86 44 3143 36 25.71 3.06+0.3853
500 3450 94 37 39.36 32 34.04 25 26.6 2.7+0.36573
1000 4490 102 36 35.29 38 37.25 28 27.45 2.27+0.37889
Control 3978 250 124 49.6 55 22 71 28.4 6.28+0.66
Water +DMSO 4136 255 127 49.8 58 22.75 70 27.45 6.16+0.768
50 4372 240 119 49.5 60 25 61 25.42 5.44 £0.548
24 Hours 125 4220 208 95 45.67 60 28.85 53 25.48 4.9 £0.65754
250 4350 154 64 41.56 55 35.71 35 22.72 3.54+0.5714
500 4800 161 57 354 61 37.89 43 26.7 3.35+0.50435*
1000 4668 142 43 30.28 60 43 39 27.46 3.04+0.62%*
Table 5. Frequency of abnormal cells at different mitotic phases after treating Pisum sativum root tips with the methanolic extract of compound 9 for 4 and 24 hours
= R Metaphase Ana-telophase
:S’ g é 7 - - ., 2 - - Mian % (1>f
El O S = 'g £ 2 g, = & % 2 g, 2 3 abnormal
2 = ¢ s 2 Z 2 & F & 32 ¥ 2z £ cell
@ a = 2 = a
Cont. 4.76 4.76 2.78 2.78 5.56 2.7+0.360
Water+DMSO 4.65 4.65 2.78 2.78 5.56 2.7+0.54
50 4.55 4.55 9.09 6.06 3.03 9.09 4.86+1.29
< 125 6.52 2.17 4.35 2.17 15.12 7.89 2.63 10.53 7.33+£2.18
250 9.09 2.27 6.81 4.55 22.72 13.89 5.56 19.44 12.14+2.54
500 5.41 12.5 3.13 15.63 6.25 3.13 40.63 20 4 12 36 25.53+3.36™
1000 13.89 15.79 5.26 21.05 7.89 2.63 52.63 25 3.57 14.29 31.58 36.27+2.38"
Cont. - - - - 5.45 - 5.45 - - - - - - 1.20+ 0.49534
Water+DMSO 3.45 345 1.43 1.43 1.18+0.356
50 2.52 333 333 10 16.67 8.2 3.28 11.48 8.33+£3.63
& 125 8.42 10 1.67 8.33 10 30 13.20 1.89 3.77 7.55 26.42 19.23+2.64
250 15.63 18.18 5.45 16.36 14.54 3.63 58.18 20 2.86 11.43 5.71 40 36.36+4.97"
500 21.05 18.03 4.92 31.15 9.84 63.93 23.26 4.65 6.98 11.63 233 48.84 44.72+1.85™
1000 23.26 20 5 35 11.6 - 71.67 25.64 5.13 7.69 12.82 51.28 51.4+4.259"
percentage of chromosomal abnormalities showed proportional

increase with dose and times of treatment with compound 9 as
shown in Table 5. C-metaphase, stickiness, anaphase bridges and
micronuclei were the most common chromosomal abnormalities
found in HepG-2 cells treated with compound 9 (Figures 6A and
6B). C-metaphase appears due to complete inhibition of spindle
fiber formation which results in the arrangement of chromosomes
in the center of the cell as shown in Figure 6A. Stickiness is indicative
of DNA intercalators (like furocoumarins) as shown in Figure 6B.
Chromosomal breaks were also detected as a consequence for the
presence of C-metaphase and Stickiness abnormalities. This result
was in accordance with that of [37], where furocoumarins (psoralen
and bergapten) presented in the methanolic extract of Brosimum
gaudichaudii  Trécul (Moraceae) resulted in chromosomal
abnormalities in Chinese hamster ovary (CHO) cells. Chromosomal
abnormalities within ana-telophase cells were lagging chromosomes,
bridges, and chromosomal breaks Figure 6C. Chromosomal breaks
results in the formation of micronuclei Figure 6D. These types of
abnormalities were expected to appear as a result of chromosomal
stickiness in metaphase cells.
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Conclusion

Our biological and molecular modeling results indicated that

compound 9 is very promising as anticancer drug. Molecular docking
indicated that the binding affinity and bond strength with Topol
enzyme were much higher in compound 9 than the positive control.
Further studies need to be done to test this new compound on animal
cells to decide upon its efficiency to treat cancer in animals and human
systems.
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