&  Archives of Natural and Medicinal Chemistry

GAVIN PUBLISHERS

Zamakshshari NH, et al. Arch Nat Med Chem 2017: ANMC-110.

Research Article DOI: 10.29011/ANMC-110.000010

Cytotoxic Activities of Anthraquinones from Morinda citrifolia
towards SNU-1 and LS-174T and K562 Cell Lines

Nor Hisam Zamakshshari', Gwendoline Cheng Lian Ee", Siau Hui Mah?, Zalikha Ibrahim?, Soek Sin Teh* , Shaari Daud!
“Department of Chemistry, University Putra Malaysia, Malaysia
2School of Biosciences, Taylor’s University, Malaysia
3Department of Pharmaceutical Chemistry, International Islamic University, Malaysia
“Energy and Environment, Malaysia Palm Oil Board, Malaysia
*Corresponding author: Gwendoline Cheng Lian Ee, Department of Chemistry, University Putra Malaysia, Malaysia. Tel:
+60389466785; Email: gwen@upm.edu.my

Citation: Zamakshshari NH, Lian Ee GC, Mah SH, Ibrahim Z, Teh SS, et al. (2017) Cytotoxic Activities of Anthraquinones from
Morinda citrifolia towards SNU-1 and LS-174T and K562 Cell Lines. Arch Nat Med Chem 2017: ANMC-110. DOI: 10.29011/
ANMC-110.000010

Received Date: 28 November, 2017; Accepted Date: 9 December, 2017; Published Date: 28 December, 2017.

/Abstract R

Background: Plants have been used in medicine for a long time by human civilization to cure diseases. Most of the drugs in
clinical use are from natural products including chemotherapeutic drugs.

Method: Twelve anthraquinone derivatives were successfully isolated from Morinda citrifolia and tested for their cytotoxic
activities against stomach cancer cell line, SNU-1, colon cancer cell line, LS-174T and leukaemia cell line, K562. A molecular
docking study was performed on three potential protein receptors, HER-2 (PDB ID: 3PP0), -catenin (PDB ID: 1JDH) and Src
protein kinase (PDB ID: 2SRC), in order to model the probable binding interaction between isolated compounds towards the
respective protein receptors.

Result: Morindone (4) showed the highest cytotoxic activities against SNU-1 and LS-174T cell lines with IC, values of 2.72 pg/
ml and 2.93 pg/ml, respectively. Meanwhile, nordamnacanthal (1) showed the highest cytotoxic activity against K562 with IC,
value of 5.99ug/ml. The structure-activity relationship studies showed that the presence and arrangements of formyl, hydroxyl
and methoxyl substituents in the anthraquinone skeleton are important towards the cytotoxic activities. Molecular docking studies
showed all the active compounds could bind well with the responsible protein.

Conclusion: Some anthraquinone compounds isolated from Morinda citrifolia were determined and could act as anti-cancer
inhibitors for SNU-1, LS-174T and K562.
)

research that was performed on Morinda lucida reported positive
results towards lowering glucose level on streptozotocin-treated
rats [5]. Most Morinda species are enriched with active phenolic
compounds including anthraquinones which explains its biological
activities [6] such as anti-inflammation, antioxidant, lipoxygenase
inhibition, inhibition of cell transformation and quinone reductase-
inducing activity [7].

Keywords: Anthraquinone; K562; LS-174T; Morinda
citrifolia; Molecular Docking; SNU-1, Structure Relationship
Activity

Introduction

The genus Morinda belongs to the Rubiaceae family. This
genus consists of about 80 species, mostly of old World origin

[1]. In Malaysia, Morinda comprises nine species which include Cancer is a major cause of death worldwide. According to a

three species of trees and six species of climber [2]. Morinda is
known to be used in traditional folk medicine for treatment of
many diseases such as diabetes, hypertension, and cancer [3]. The
species of Morinda morindoides is important in Liberian traditional
medicine for treating malaria, fever and worm infestations [4]. A

World Health Organization survey in 2015, about 8.8 million cases
of deaths have been reported due to cancer [8]. Colon and stomach
cancer are listed as the most common cause of cancer-related death
with 774,000 and 754,000 deaths, respectively [8]. These cancers
are the most common type of cancer diseases in both genders
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[9]. Researches regarding to these types of cancer are less when
compared to breast and cervical cancer [10]. Colon and stomach
cancer differ in terms of their involvement in signaling pathway. In
stomach cancer, amplification or overexpression of HER2 in HER/
EGFR of approximately 10-30% was reported. This significant
amplication of HER2 has served as a prognostic and predictive
biomarker for stomach cancer [11]. Meanwhile, colon cancer was
reported to have a connection with the increase of B-catenin level
in Wnt/B-catenin/Tcf signalling pathway, which has led to high
proliferation and growth of cell cancer [12].

Meanwhile, leukemia had listed as common types of human
cancer occur nowadays with 8% cases from overall cancer cases
reported [13]. Leukemia is a type of cancer that defined by an
abnormal and uncontrolled proliferation of one or more types
of hematopoietic cell [14]. Leukemia may arise from various
factor such as overexpression or inhibition of various genes,
the accumulation of inhibitory mutation in proliferation-related
genes and chromosomal translocation [15]. The different types of
leukemia might arise from different factors. K562 cell is known
as chronic myeloid leukemia that frequently occur in adults at
the age of 40-50 years old and the cause of these types of cancer
is still remaining [16]. Chemotherapy is one of the optional
treatments used to treat leukemia by using a targeted therapy
drug. In order to determined or design this targeted therapy drug,
a specific biological pathway for these types of cancer needs to
be understood. The previous studies had shown an overexpress of
Src kinase activity had occured in leukemia, K562 cell [17,18].
Thus, suppressing the activation of Src kinase activity by targeted
therapy drug might be a key to cure this disease.

Based on the above information, Morinda citrifolia
was selected for a detail phytochemical and pharmacological
investigation. In this study, 12 anthraquinones, compounds 1-12
(Figure 1), were successfully isolated from this species. All the
anthraquinone compounds were tested for their cytotoxic activities
towards SNU-1, LS-174T and K562 cells. The cytotoxic activities
of these compound as well as structure-activity relationship of
anthraquinone derivatives are predicted. In order to elucidate the
potential mechanism by which the active compounds induce the
cytotoxic activity, molecular docking was performed to position
the compounds into the active site of HER-2 (PDB ID: 3PP0),
B-catenin (PDB ID: 1JDH) and Src protein kinase (PDB ID:
2SRC).
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Figure 1: Structures of nordamnacanthal (1), damnacanthal (2), 1,3,5-
trihydoxy-2-methoxy-6-methyl anthraquinone (3), morindone (4), 1,6-
dihydoxy-5-methoxy anthraquinone (5), sorendidiol (6), rubiadin (7),
alizarin (8), 1,4-dihydroxy-2-methoxy anthraquinone (9), damnacanthol
(10), 1,3-dihydroxy-2-methoxy anthraquinone (11) and lucidin-o-
methylether (12)

Materials and Method
Chemicals

The Roswell Park Institute (RPMI 1640) and Eagle’s
Minimum Essential Media (MEM) used for cell culture were
purchased from AMRESCO®. The Fetal Bovine Serum (FBS) and
Phosphate Buffered Saline (PBS) were purchased from Thermo
Scientific. All solvents and chemicals were purchased from Merck,
Fisher and Sigma-Aldrich.

Plant Collection

The root bark of Morinda citrifolia was collected from Negeri
Sembilan, Malaysia and was identified by Professor Dr. Rusea Go
from the Biology Department, Faculty of Science, Universiti Putra
Malaysia. A voucher specimen was deposited in the Herbarium
of Biology Department, Faculty of Science, Universiti Putra
Malaysia.

Plant Extraction

The collected root bark sample was dried under open air
and ground into a fine powder. The powdered sample (0.9 kg)
was then macerated three times in four different solvents which
were hexane, dichloromethane, ethyl acetate and methanol for 72
hours each. The macerated extracts were filtered and evaporated
under reduced pressure in a rotary evaporator to remove all the
solvent. This resulted in solidified extracts of hexane (11g),
dichloromethane (18g), ethyl acetate (19g), and methanol (35g).
Two techniques were used to obtain twelve anthraquinone
compounds: column chromatography (vacuum and gravity)
and preparative thin layer chromatography. Five out of twelve
anthraquinones were successfully isolated from the hexane crude
extract. They were nordamnacanthal (1), damnacanthal (2), 1,3,5-
trihydoxy-2-methoxy-6-methylanthraquinone  (3), morindone
(4) and 1,6-dihydoxy-5-methoxy-2-methyl anthraquinone (5).
Meanwhile, another five anthraquinones from this species were
successfully isolated from the semi polar extract (ethyl acetate
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and dichloromethane). They were sorendidiol (6), rubiadin (7), :
alizarin (8), 1,4-dihydroxy-2-methoxy anthraquinone (9) and
damnacanthol (10). The methanol extract furnished another two
anthraquinones, 1,3-dihydroxy-2-methoxy anthraquinone (11) and
lucidin-o-methylether (12). The structures of these compounds e

were elucidated using spectroscopic analysis such as GCMS, IR, 47 T camscs
UV and 1D NMR. ’ I

Nordamnacanthal (1): Yellow needle crystal (CHCL,); m.p. 219-
222°C (literature 218-220°C [19]; UV (EtOH) A max 290 and
246 nm; IR v 2928, 1734, 1649, 1356, 1274 cm™; EIMS m/z
268 [M+], 240, 212, 184, 128, 69; 'H and *C NMR spectra are
consistent with hterature [20] (Supplementary Material 1-4).

100 b1}

90 :

80 H

?t] ' 1900 0.0 1”0, 1600 1500 100 1000 %00 0.0 0.0 00 500 0o 0

60 I r [ 1

a0 E—

30 18 . W+

R 128 ; nid Supplementary Material 4: *C Nmr Spectrum of Nordamnacanthal (1).
i ” 9 55

y e | bl | | ol B | Damnacanthal (2): Yellow needle crystal (CHCL); m.p. 208-

0 60 % 100 10 140 160 180 200 220 240 260 280 300 320 340 360 380 210°C (literature 211-212°C, [21]); UV (EtOH) A max 392 and 258
nm; IR v 2927, 1664, 1441, 1282 and 1116 cm™'; EIMS m/z 282
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1,3,5-trihydoxy-2-methoxy-6-methyl  anthraquinone (3):
Yellow powder (CHCL,); m.p. 235-239°C (literature 241°C [19]);
UV (EtOH) Amax 412 and 302 nm; IR v 3405,2931, 1737, 1406,

\
> f r \ [ /‘ 1259 and 1161 cm™'; EIMS m/z 300 [M+], 282, 257, 135, 115, 77,
- ‘ \ [ | \ i Ao i 63, 51; 'H and '*C- NMR spectra are consistent with literature [19]
! I I | h n .
6 | | | | nseo I [ A -
‘ \‘ | RH }[ i / \ \, i‘ \/ ‘\) ‘1 (Supplementary Material 9-12).
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Morindone (4): Orange-red needle crystal (Acetone); m.p. 248-
250°C (literature 250-251°C, [22]; UV (EtOH) Amax 422 and 269
nm; IR v 2919,2854,1597, 1273 and 1072 cm!; EIMS m/z 270
[M+], 242, 139, 77, 69, 51; 'H and '3*C NMR spectra are consistent

with literature [20] (Supplementary Material 13-16).
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yellow amorphous powder (CHCI,); UV (EtOH) Amax 240, 314,
480 nm; IR v 2852, 1575, 1359, 1268 and 1026 cm™'; EIMS m/z
284 [M+], 269 238 181,128, 77,51; 'H and "*C- NMR spectra are
consistent with literature [23] (Supplementary Material 17-20). somer ar
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Sorendidiol (6): Yellow needle crystal (Acetone); m.p. 286-288°C
(literature 287-288°C, [24]); UV (EtOH) Amax 412 and 320 nm;
IR v, 3295,2930, 1740, 1561, 1440, 1294 and 1108 cm™'; EIMS
m/z 254 [M+], 225, 197, 139, 115; 'H and *C NMR spectra are
consistent with literature [20] (Supplementary Material 21-24.
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Rubiadin (7): Yellow needle crystal (Acetone); m.p. 288-290°C
(literature 290-291°C, [25]); UV (EtOH) Amax 419, 324 and 225
nm; IR v 3383, 2918, 1733, 1580, 1428, 1306 and 1106 cm;
EIMS m/z 254 [M+], 226, 197, 152, 115, 76; 'H and *C NMR
spectra are consistent with literature [20] (Supplementary Material
25-28.
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1,4-dihydroxy-2-methoxy anthraquinone (9): Reddish orange
amorphous powder (CDCL,); UV(EtOH) Amax 420 and 312 nm;
IR v_ 2921, 2859, 1725, 1454 1253, 1089 cm’'; EIMS m/z 270
[M+] 227, 143, 87, 74; 'H and *C- NMR spectra are consistent
with literature [27] (Supplementary Material 32-35).
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Damnacanthol (10): Yellow needle crystal (MeOH); m.p. 156-
158°C (literature 157°C [21]); UV (EtOH) Amax 427, 282 and 215
nm; IR v 3066, 2925, 1653, 1565, 1444, 1339 and 1258 cm'';
EIMS m/z 284 [M+], 269, 251, 237, 181, 152, 139, 76; 'H and *C-
NMR spectra are consistent with literature [21] (Supplementary
Material 37-40).
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Supplementary Material 38: Ftir Spectrum of Damnacanthol (10).
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1,3-dihydroxy-2-methoxy anthraquinone (11): Yellow needle

crystal (MeOH); m.p. 218-220°C (literature 219-220°C [28]);

UV(EtOH) Amax 411, 245 and 205 nm; IR v 3410, 2926, 1639,

1581, 1452, 1382 and 1276 cm™'; EIMS m/z 270 [M+] 252,227,

196, 115, 1H and *C- NMR spectra are consistent with literature

[28] (Supplementary Material 41-44).
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Supplementary Material 41: Eims Spectrum of 1,3-Dihydroxy-2-
Methoxy Anthraquinone (11).
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Supplementary Material 42: Ftir Spectrum of
Methoxy Anthraquinone (11).
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Supplementary Material 44: *C Nmr Spectrum of 1,3-Dihydroxy-2-
Methoxy Anthraquinone (11).

Lucidin-o-methyether (12): Orange-Yellow needle crystal
(Acetone); m.p. 170-173°C (literature 170°C [29]); UV(EtOH)
Amax 419, 325 and 226 nm; IR v 3142, 2924, 1672, 1573,
1367, 1332 and 1273 cm-'; EIMS m/z 284 [M+], 252, 196, 168;
'"H and "“C- NMR spectra are consistent with literature [29]
(Supplementary Material 45-48).
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Cytotoxic Assay

The cytotoxic assays were performed using MTT assay
described by Mosmann, 1983. All cell lines for this work were
obtained from Taylor’s University, Malaysia. The cytotoxicities
of the compounds were expressed as IC, values. Cis-
diammineplatinum (IT) chloride was used as standard compound
for all cancer cell lines.

Molecular Docking

The three-dimensional structure of selected ligand was
generated and optimized by using MMFF94s force field in
Avogadro software [30,31]. The crystal structures of HER-2 (PDB
ID: 3PPO, chain A), B-catenin (PDB ID: 1JDH, chain A) and Src
protein kinase (PDB ID: 2SRC) receptor proteins were retrieved
from the Protein Data Bank (www.rcsb.com). Then, hydrogen
atoms were added to the protein structures using Auto Dock Tools
[32]. The docking was performed using Auto Dock Vina [33]. The
grid box was set to cover important residues involved in ligand
binding, Lys435 and Lys312 in B-catenin. Meanwhile, the grid
boxes for HER2 and Src kinase were located and identified from
the co-crystallized ligand that were bound to the protein receptor
in HER2 and Src kinase crystal structures. The dimension of the
grid box is tabulated (Table 1).

Stomach Leukaemia
Colon cancer (LS174T) cancer (K562)
(SNU-1)
B-catenin B-catenin
(site A) (site B)
x-dime 20 30 20 20
nsion

y-dimension 20 30 20 20

y-dimension 20 30 20 20
X centre -6.485 -0.707 16.387 16.4
Y centre 0.514 11.906 17.394 20.969
Z centre 51.129 21.721 26.218 58.729

Table 1: Docking Parameters.

The grid box spacing was set to be 1.0 angstrom so that all
the residues are available in equal-opportunity zone for ligand
binding. In B-catenin, two grid boxes were set due to the existence
of two active sites (here after named Site A and Side B) which are
important for B-catenin and Tcf interaction [34]. Control docking
jobs were carried out on each protein receptors. The purpose is
to evaluate the reliability of Vina software in reproducing ligand
conformation to the ones observed in the crystal structures. For
HER?2 and Src kinase, the control docking was preformed using
respective co-crystallized ligand. Meanwhile, the control docking
for B-catenin was performed using isorhamnetin, a ligand that
was reported to have biological activity against f-catenin [35].
Isorhamnetin was shown to actively inhibit f-catenin in 24 hours
at 5 uM [36]. The docked complex of compound with the protein
receptor was carefully inspected and analyzed using LIGPLOT [37].

Statistical Analysis

The cytotoxicity test data were represented as mean with
standard errors obtained from three independent experiments, in
which each experiment was performed in triplicate. The graphs
were generated using Microsoft Excel Software (Version 2010).
The independent sample T-test was performed by SPSS 14.0 to
determine significant difference between the sample and standard
drug, cis-diammineplatinum (II) chloride. The significance level
was set at p < 0.05.

Results and Discussions
Cytotoxic Activity Evaluation

In this study, a total of twelve anthraquinones isolated
from Morinda citrifolia were screened for cytotoxic activities
against SNU-1, LS-174T and K562 cells. The structure-activity
relationships of these anthraquinone were studied to predict the
influence of substituent groups towards cytotoxicity. The general
chemical structures of the anthraquinones consist of three rings
with two carbonyl groups attached to the middle ring. This carbonyl
group can play a role as hydrogen acceptor which is important for
cytotoxic activities [38]. Theoretically, the hydrogen bonds that are
formed between the compound and mutated protein in the cancer
cell will increase the cytotoxic activities. Cis-diammineplatinum
(IT) chloride was used as standard drug for all cancer cells. It is a
well-known synthetic inorganic drug used as a chemotherapeutic
in the treatment of ovarian, testicular, head and neck carcinomas
[39]. From the literature, cis-diammineplatinum (II) chloride
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showed a strong activity towards those cell lines [40,41]. The IC_ values of all twelve compounds and the standard compound are
tabulated (Table 2) (Supplementary Material 49-76).

Compound IC,, (ng/ml)
SNU-1 LS-174T K562
Nordamnacanthal (1) 11.26+0.37 3.41+£0.21" 5.99+0.41"
Damnacanthal (2) 5.52+0.16" 3.86£0.07" 11.15£0.57"
1,3,5-trihydoxy-2-methoxy-6-methyl antraquinone (3) 13.10+0.07" 15.88 +0.97" >50
Morindone (4) 2.72 +£0.05 2.93+0.15" 16.24+0.34"
1,6-dihydoxy-5-methoxy-2-methyl antraquinone (5) >50 19.11£2.41" >50
Sorendidiol (6) >50 >50 >50
Rubiadin (7) >50 >50 >50
Alizarin (8) >50 >50 >50
1,4-dihydroxy-2-methoxy antraquinone(9) >50 >50 >50
Damnacanthol (10) >50 4.81+0.21" 9.16+0.32"
1,3-dihydroxy-2-methoxy antraquinone (11) >50 >50 >50
Lucidin-w-methylether (12) 26.54+ 0.05" 13.28 +£0.83" >50
cis- diammineplatinum (II) chloride 9.64 +0.59 1.32+£0.03 4.08+0.09
The (*) symbol denotes significant difference between sample and positive control, cis-diammineplatinum (II) chloride (p<0.05).

Table 2: Cytotoxic activities of compounds 1-12 towards SNU-1 cell line (stomach cancer) LS-174T cell line (colon cancer and K562 (leukemia).
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Supplementary Material 49: Cytotoxic activity for nordamnacanthal (1) toward SNU-1 (stomach cancer).
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Supplementary Material 50: Cytotoxic activity for damnacanthal (2)
toward SNU-1 (stomach cancer).
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Supplementary Material 51: Cytotoxic activity for 1,3,5-trihydoxy-2-
methoxy-6-methyl antraquinone (3) toward SNU-1 (stomach cancer).
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Supplementary Material 52: Cytotoxic activity for morindone (4)
toward SNU-1 (stomach cancer).
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Supplementary Material 53: Cytotoxic activity for lucidin-o-
methylether (12) toward SNU-1 (stomach cancer).
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Supplementary Material 54: Cytotoxic activity for standard drug cis-
diammineplatinum (II) chloride toward SNU-1 (stomach cancer).
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Supplementary Material 55: Cytotoxic activity for the nordamnacanthal
(1) toward LS174T (colon cancer).
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Supplementary Material 56: Cytotoxic activity for the damnacanthal (2)
toward LS174T (colon cancer).
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Supplementary Material 57: Cytotoxic activity for the 1,3,5-trihydoxy-
2-methoxy-6-methyl antraquinone (3) toward LS174T (colon cancer).
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Supplementary Material 58: Cytotoxic activity for the morindone (4)
toward LS174T (colon cancer).
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Supplementary Material 59: Cytotoxic activity for the 1,6-dihydoxy-5-
methoxy-2methyl anthraquinone (5) toward LS174T (colon cancer).
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Supplementary Material 60: Cytotoxic activity for the damnacanthol
(10) toward LS174T (colon cancer).
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Supplementary Material 61: Cytotoxic activity for the lucidin-o-
methyether (12) toward LS174T (colon cancer).
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Supplementary Material 62: Cytotoxic activity for the cis- Supplementary Material 65: Cytotoxic activity for the morindone (4)
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Supplementary Material 63: Cytotoxic activity for the nordamnacanthal
(1) toward K562 (leukemia).
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Supplementary Material 64: Cytotoxic activity for the damnacanthal (2)
toward K562 (leukemia).

Supplementary Material 66: Cytotoxic activity for the damnacanthol
(10) toward K562 (leukemia).
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Supplementary Material 67: Cytotoxic activity for the cis-
diammineplatinum (1) chloride toward K562 (leukemia).
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Supplementary Material 74: The interaction forces between
damnacanthal (2) with -catenin in colon cancer LS174T in active site B.
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Supplementary Material 75: The interaction forces between
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damnacanthal (2) with -catenin in colon cancer LS174T in active site A.
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The structure-activity relationships on all the tested
anthraquinones showed a close correlation between the substituents
in the compounds and the cytotoxic activities against SNU-1 cell
(Figure 1). An example can be observed in damnacanthal (2), which
gave a higher cytotoxic activity compared to nordamnacanthal
(1) due to the presence of methoxyl at C-1. Meanwhile,
nordamnacanthal (1) and lucidin-o-methylether (12) with almost
similar structures to damnacanthal (2) showed moderate cytotoxic
activities towards SNU-1. This is due to the presence of a hydroxyl
group at C-1 for nordamnacanthal (1) and methoxyl methyl at C-2
for lucidin-o-methylether (12). Explicitly, morindone (4) showed
good cytotoxicity against SNU-1 due to the chelated hydroxyl
present at two different heterocyclic rings. Previous studies have
shown that the presence of two chelated hydrogens at different
rings induced DNA damage and apoptosis in SNU-1 by triggered
bax pathway [42].

The chemical structures of the twelve derivatives of
anthraquinones (Figure 1) were also analyzed for their cytotoxicity
against LS174T cell. Among all the tested anthraquinone
compounds, morindone (4) showed the best cytotoxicity against
LS174T cell line. This can be attributed to the presence of two
chelated hydroxyl groups in different rings which increases the
interaction with the cancer cell. This compound was also reported
for having a good inhibition towards Raji cell [43]. Meanwhile,
the attachment of two chelated hydroxyl groups in one ring of
anthraquinones such as 1, 4-dihydroxy-2-methoxy anthraquinone
(9) was observed to reduce the cytotoxic activity against LS174T
cells. Thepresence ofhydroxymethyland methoxymethylatposition
2 increases the activity towards LS174T cell in damnacanthol (10)
and lucidin-o-methylether (12) respectively. This may be due to
the binding interaction between the substituents with the amino
acid of protein receptor [44]. Both nordamnacanthal (1) and

damnacanthal (2) which contain a formyl moiety at C-2 showed
strong cytotoxic activities in the LS-174T cell assay. This suggests
that the presence of formyl group at position C2 is necessary
for cytotoxic activity. The mild cytotoxic activities observed in
1,3,5-trihydoxy-2-methoxy-6-methyl anthraquinone (3) and 1,6-
dihydoxy-5-methoxy-2-methyl anthraquinone (5) were due to the
presence of hydroxyl, methoxyl and methyl substituents in the
anthraquinone skeleton.

Among all the anthraquinones, nordamnacanthal (1) gave
the highest cytotoxic activity against K562 cell line with IC,
value of 1.23pg/ml. Unfortunately, compound 1 showed less
cytotoxic activity than the standard drug, cis-diammineplatinum
(II) chloride. Besides compound 1, compound 9 also showed
good cytotoxic activity towards K562 cell line. Meanwhile, the
remaining anthraquinones compounds showed moderate or weak
activity against K562 cell line, as listed in (Table 2). Five out of
twelve anthraquinones isolated from this species shown cytotoxic
activity against K562 cell line. The structure-activity relationships
on all the tested anthraquinones showed a close correlation between
the substituents existing in the compounds and the cytotoxic
activity against SNU-1 cell (Figure 1). The presence of a formyl
or a hydroxymethyl group at C-2 in nordamnacanthal (1) and
damnacanthol (10) respectively, gave strong cytotoxic activities
against K562 cell line. Meanwhile, damnacanthal (2) was cytotoxic
due to the presence of a formyl group but it was less active when
compared with nordamnacanthal (1). Damnacanthal (2) has
a methoxyl group attached to C-1 instead of a hydroxyl group.
Previous studies have shown that the presence of formyl group
at C-2 in the anthraquinone skeleton will enhance cytotoxicity in
cancer cell lines [43].

Molecular Docking Studies

Molecular docking experiments were carried out to
determine the interaction between isolated compounds and the
targeted protein receptor in each cancer cell line to support the
relationship between chemical structure and bioactivity. This was
obtained by generating an interaction model between the ligand and
the targeted protein. This binding model derived from a molecular
docking experiment was used to understand the anticancer
mechanism at molecular level. Prior to this study, a manual
inspection of the docked protein-ligand complex was performed
rather than selecting the docked complex with the highest binding
energy in each molecular docking experiment. The relevance is to
provide a rational docked complex that agrees with the IC value
possessed by each ligand. According to Yuen [45], the docked
complex with the lowest binding energy does not always represent
the true binding of ligand in the biological system. The 2-fold
difference in docking score can exist in the face of a large range of
IC, value [46]. The ability of a ligand to dock at a binding pocket
of a protein is depending on its chemical structure. Among all
the twelve isolated anthraquinones tested, morindone (4) showed
the highest inhibition against SNU-1 cell line and was selected
for molecular docking studies. In order to create a binding model
between morindone (4) and the ATP binding site of HER2 protein,
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a molecular docking was performed using the crystal structure of
HER2 dimer (PDB: 3PP0). A visual inspection using LIGPLOT
analysis (Figure 2) revealed the important binding interactions
existing between compound 4 and residues at the ATP binding site
of HER2.

ThrR&2

her2result2

Figure 2: Two-dimensional diagram of binding interaction of the docked
structure of morindone (4) with HER2 (PDB ID: 3PPO0) protein receptor
using LIGPLOT [37].

There were two hydrogen bonds between compound 4 and
Cys805 and Asp863 with lengths of 3.25A and 2.78A, respectively.
Morindone (4) also interacted through hydrophobic contact with
another important amino acid of HER2, Lys753. Other hydrophobic
interactions also existed between morindone (4) and other residues
such as Gly804, Leu726, Leu852, Thr798, Val734, Ala751, Thr862
and Gly729 in the ATP binding sites. The binding interaction of
docked HER2-morindone (4) complex was compared to that in the
HER2-known inhibitor complex (Figure 3).

her2result2

Figure 3: The interaction forces in binding site between known inhibitor
(left) and morindone (4) (right) with HER2 protein in stomach cancer
SNU-1. The common residues are circled.

This is due to morindone (4) giving the highest inhibition
activity against SNU-1 cell line compared to the other
anthraquinones. The observation showed similar hydrophobic
contact and one hydrogen bond with Asp863 residue was formed in
both complex, explaining the high inhibition activity of morindone
(4) against SNU-1 cell line. Meanwhile, a formyl moiety present in
damnacanthal (2) and also in nordamnacanthal (1) at position C-2
gave hydrogen bonds with Cys805 with length of 3.00 A and 2.94
A respectively. Meanwhile, lucidin-o-methyether (12) which had
a methoxyl moiety at C-2 formed a hydrogen bond with Cys805
(3.24 A). Damnacanthal (2) had a high cytotoxic activity compared
to nordamnacanthal (1) and lucidin-o-methyether (12) because of
a hydrophobic interaction with the important amino acid Lys753.
The LIGPLOT analyses for these compounds are shown in the
supporting material.

In colon cancer, the Wnt/B-catenin/Tcf signalling pathway
plays an important role in cancer proliferation and self-renew.
An alternative way to modify the signalling is by disrupting the
interaction between two proteins along this pathway: B-catenin
and Tcf4. There are two active sites (named as Site A and Site
B) on B-catenin. Site A of B-catenin contains the key important
amino acid Lys312, while Site B contains amino acid Lys435
which are important in the interaction between the protein and the
TCF4 protein [47]. Ideally, a potential lead compound to inhibit
the proliferation and self-renew process should be able to bind to
these important residues and consequently block the active site. An
analysis on the docked complex of morindone (4) and B-catenin
using LIGPLOT software (Figure 4) revealed that the good
cytotoxic activity possessed by morindone (4) may be attributed
to the intermolecular interaction between the compound and the
important residues in B-catenin.
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Figure 4: Two- dimensional diagram of binding interaction of the docked
structure of morindone (4) with B-catenin (PDB ID: 1JDH) protein
receptor. A: between morindone (4) and residues at Site A. B: Between
analysis of morindone (4) and residues at Site B.

In Site A, the carbonyl oxygen of morindone (4) was observed
to interact through hydrogen bonding with Lys312 (2.94A).

Hydrophobic interactions also existed between morindone (4)
and other residues such as Gly307, Tyr306, Lys345, Val 346 and
Val 349 in Site A. Meanwhile, in Site B, the hydroxyl oxygen
of compound 4 was hydrogen bonded with Lys435 (2.92A).
Hydrophobic interactions also existed between morindone (4)
and other residues such as His470, Cys429, Arg469 and Gly512
in Site B. This might lead to a strong interaction inhibition
between B-catenin and TCF4. Such interaction was not seen in
other docked complex of the anthraquinone derivatives tested in
this study with -catenin. In re-docking experiment on site A of
B-catenin the protein-ligand binding interaction analysis showed
that isorhamnetin and compound 4 (Figure 5) not only occupied in
the same pocket, but also have similar structure orientation.

betacatmorindane1

betacatmorindonel

betacatmerindonel

Figure 5: The interaction forces in binding site between isorhamnetin (A)
and morindone (4) with B-catenin in colon cancer LS174T in active A: site
A. B: site B. The common residues are circled.

This is because both compounds were attached to similar
residues such as Lys312, Val349, Lys345, Try306, Val346 and
Gly307. On the other hand, both compounds were interacting to
only 3 similar residues in site B, including Lys435, Arg474 and
Asn430. It showed that compound that has almost similar structure
orientation with isorhamnetin led to high cytotoxic activity
against f-catenin. The formyl moiety in nordamnacanthal (1) and
damnacanthal (2) contributed to the interaction with residues in
B-catenin protein. In nordamnacanthal (1) two hydrogen bonds
were observed between Lys312 and oxygen atom of the chelated
hydroxyl group (3.10 A) and carbonyl group (2.93 A). Meanwhile,
Lys 435 gave a hydrogen bond interaction with the oxygen of the
formyl group (2.83A) in compound 1. Meanwhile, damnacanthal
(2) only showed hydrogen bond with Lys 312. In compound
67, Lys 312 connected via hydrogen bond with the methoxy
oxygen (3.15 A) and the carbonyl group oxygen (3.05 A). The
anthraquinones can easily substitute in active side B pocket due
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to its small molecule characteristics. The LIGPLOT analyses for
these compounds are shown in supporting material.

The molecular docking results of nordamnacanthal (1) onto
Src kinase given by LIGPLOT analysis (Figure 6) showed three
intermolecular hydrogen bonds existing between nordamnacanthal
(1) and the amino acid Mat341 (3.33A), Thr338 (3.05A) and
Asp404 (2.91A).

ValZ81

srcluekimiarl

Figure 6: The two-dimensional diagram of binding interaction of the
docked structure of nordamnacanthal (1) and Src kinase (PDB ID: 2SRC)
protein receptor using LIGPLOT [37].

These hydrogen bonds were contributed by oxygen atoms of
two hydroxyl groups and one carbonyl group in nordamnacanthal
(1). Meanwhile the hydrophobic interactions were observed
between nordamnacanthal (1) with amino acid residues which
are Leu273, Try340, Gly344, Val281, Leu393, Lys295, Val323
and Ala293. or hydroxyl and methyl moiety at position C-2 in
nordamnacanthal (1), damnacanthal (2) and damnacanthol (10)
contributed to hydrogen bonds or hydrophobic interactions with
the amino acids in activation loop. Different substituents attached
at position C-1 on nordamnacanthal (1) and damnacanthal (2)
resulted in different cytotoxic activities against the K562 cell line.
The presence of hydroxyl group in nordamnacanthal (1) allows an
intermolecular hydrogen bond to be formed, while the methoxyl
group in compound 1 contributed to a hydrophobic interaction.
The LIGPLOT analysis revealed that there are resemblances in the
interacting residues in the Src-kinase-compound 1 complex and
Src-kinase-ATP complex (Figure 7).

e

srciueki

Figure 7: The interaction forces in binding site between Adenosite
triphosphate (ATP) and nordamnacanthal (1) with with Src protein kinase
in leukaemia K562 at active activation loop. The common residues are
circled.

There were two hydrogen bonds exist between protein and
ligand in both complex; one involving Asp404 and the other one
was with Thr338. Meanwhile, the binding of both compounds was
also assisted by four hydrophobic interactions with residues such
as Leu393, Lys295, Val323 and Val281.

Conclusion

In conclusion, morindone (4) showed strong inhibition
activities towards SNU-1 and LS-174T cancer cells while
nordamnacanthal (1) actively inhibit K562 cell line in comparison
to the other anthraquinones. This activity was influenced by
the types of substituents and their sites of attachment in the
anthraquinone skeleton. Molecular docking result showed that
all the active compounds can bind well into each targeted protein
receptor by binding to important residues in the protein, explaining
their inhibitory activities. A detailed work on in-vitro and in-
vivo assays towards these two compounds are needed for the
development of potential lead compound against SNU-1, LS-174T
and K562 cells.
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