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ABSTRACT
Background: The present study aimed to identify the cytotoxicity of Tiliacora acuminata 
extract/fraction(s) plant via bioactivity guided approach and predict the binding affinity 
with Topoisomerase II. Materials and Methods: Extract and fractions were screened using  
brine shrimp lethality bioassay and the potent fraction was further evaluated for its  
in vitro cytotoxicity using five different cell lines i.e. HT-29, HepG2, MCF-7 and A-549.  
The binding affinity of individual phytoconstituent from the potent fraction with 
Topoisomerase II was further predicted using autodock4. Results: The fraction containing 
alkaloids showed the highest cytotoxicity against the HT-29 cell line. Molecular docking study  
identified coclaurine as a potent alkaloid phytoconstituent to bind with topoisomerase II.  
Conclusion: The study revealed the potential cytotoxic alkaloids from T. acuminata which 
may find use in the development of cytotoxic or chemopreventive agents.
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INTRODUCTION
Cancer has emerged as a severe health 
issue worldwide, increasing at an alarming 
rate and it was responsible for 8.8 million 
deaths in 2015.1 The primary abnormality 
that drives the development of  cancer is 
the continuous unregulated proliferation of  
cancer cells, which invade normal tissues and 
eventually spread throughout the body; due 
to mutations leading to genetic alterations 
and abnormal proliferation of  single-cell.2

Primarily, the current cancer therapy includes 
surgery, radiation and chemotherapy. Due 
to toxicity and contraindications associated 
with current drugs and limited selectivity 
towards cancer cells, the search for newer 
agents for cancer management and treatment 
is of  great interest.3 This necessitates the 
design and development of  novel anticancer 
drugs or combinations in cancer biology. 
Targeted cancer therapy has come to attain 
great attention with a number of  molecular 
targets being identified; opens door to 
potential treatment options for cancer 

pharmacotherapy. Topoisomerase II, a] 
catalyst in the cleavage and rejoining of  
double-stranded DNA is one such molecular 
target for the development of  novel 
anticancer agents.4

Traditional medicine around the globe has 
utilized natural products as therapeutic 
agents since ancient times. The Indian 
traditional system of  medicine itself  offers 
a number of  plants useful in the treatment 
of  different conditions associated with 
cancer such as hard swellings, abscesses 
and inflammation.5 The evaluation of  their 
therapeutic efficacy may be useful in modern 
drug development. The chemotherapeutic 
properties of  many phytochemicals have 
been well established in recent times. 
Currently, more than 60% of  drugs used 
in therapy have been derived from natural 
sources.6 The phytochemicals present in 
plants possess structural diversity that makes 
them a unique source in drug development. 
With the use of  simple yet reliable  
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pre-screening models such as the brine shrimp lethality 
assay, medicinal plants can be effectively screened for 
their cytotoxic potentials.7

Tiliacora acuminata (Lam.) belonging to the family  
Menispermaceae is a large woody climber. It is  
mentioned in Ayurvedic medicine as Krishnavetra 
which alleviates many ailments and cures cancerous 
diseases.8,9 It is also traditionally used as an antidote to 
treat snake bites.10 The root of  T. acuminata contains 
a number of  bisbenzylisoquinoline alkaloids and the 
cytotoxic activity of  the root extract has been reported 
previously.11 However; investigations on the active 
compounds are still in progress. Hence the present  
study aims to evaluate T. acuminata for in vitro cytotoxicity  
and in silico molecular docking.

MATERIALS AND METHODS
Collection of plant material

The whole plant of  T. acuminata was collected from 
the wild regions of  Tirupati, Eastern Ghats, Andhra 
Pradesh, authenticated by Botanist, Dr. K. Madhava 
Chetty at Sri. Venkateswara University, Tirupati,  
Andhra Pradesh and herbarium of  the same was deposited  
with voucher number 0948.

Preparation of extracts and fractions

The extraction and fractionation were carried out 
according to the generic scheme described by Cos et al.12  
with minor modifications. The coarsely powdered  
material was subjected to maceration using 70% ethanol  
for 24 hrs. After filtration, the marc was dried and  
subjected to soxhlet extraction using ethanol as solvent.  
The macerate and percolate were then combined and 
concentrated using a rotary evaporator (IKA-RV 
Digital) to obtain the final extract. Fractionations of  
ethanol extract yielded methanol, petroleum ether, 
dichloromethane and aqueous fractions (Figure 1).

Brine shrimp Lethality (BSL) Bioassay

The brine shrimp (Artemia salina Leach.) eggs (Seamonk 
international Artemia cyst 003) were used for the assay. 
The bioassay was carried out according to the method 
described by McLaughlin et al.13 with modifications. 
Stock solutions (5000µg/ml) of  extracts/fractions were  
prepared in 1% DMSO and serial dilutions in geometric  
progression were made using seawater. Ten shrimps 
were exposed to 5ml of  each test solution. Control 
tubes contained equal volumes of  distilled water. The  
assay was carried out in triplicate for each concentration.  
At the end of  24 hr, the number of  survivors was 

counted and LC50 values were calculated by probit 
analysis.

Cell culture

The cell lines A-549 (Human, small cell lung carcinoma), 
MCF-7 (Human, breast cancer), HepG-2 (Human, 
hepatic cancer), HT-29 (Human, colon cancer) and 
L-6 (Rat, normal skeletal muscle) were procured from 
National Centre for Cell Sciences, Pune, India. Stock 
cells were cultured and grown in 25 cm2 culture flasks  
(Tarsons India Pvt. Ltd, Kolkata, India) using Dulbecco’s  
Modified Eagle Medium (DMEM) supplemented with 
10% inactivated fetal bovine serum (FBS), penicillin  
(100 IU/ml), streptomycin (100 mg/ml) and amphotericin  
B (5 mg/ml) in an humidified atmosphere of  5% CO2 
at 37°C until confluent. The cells were detached with  
trypsin phosphate versene glucose solution (0.2% trypsin,  
0.02% EDTA, 0.05% glucose in PBS).

MTT Assay for cytotoxicity

The bioactive fractions from brine shrimp bioassay were 
screened for cytotoxicity by 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay.14 

Briefly, cell monolayers were trypsinized, washed with 
culture medium and plated in 96-well microtiter plates  
and incubated for 24 hr. Each dilution of  fraction 3 
was added to the wells and plates were incubated for 
48 hr in a humidified incubator at 37°C with 5% CO2. 
After incubation, 10µl of  MTT (5mg/ml in PBS) was 
added to each well and incubated again for 4 hr. The 
absorbance was measured using a microplate reader at a 
wavelength of  540 nm.

Molecular docking

Docking of  phytoconstituents with topoisomerase II 
was performed as previously explained by Khanal et 

Figure 1: Scheme of extraction and fraction of T. acuminata.
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al.15 Briefly, the selected ligand molecules i.e. coclaurine, 
magnoflorine and stepholidine were retrieved from 
the PubChem database in. sdf  format and converted 
into.pdb using discovery studio 2017; minimized using 
mmff94 force field and conjugate gradients as an 
optimization algorithm. After minimization, the pose 
scoring the minimum binding energy was chosen as a 
ligand molecule for docking. Topoisomerase II (PDB  
ID: 4GHF) was retrieved from the RCSB database;  
used as a template for query sequence for accession  
number: P11388.3 for homology modeling by adding  
the missing amino acid using Modeller 9.10. The  
retrieved protein molecule contained the water molecules  
and other heteroatoms; removed using Discovery  
Studio 2017; avoids docking interference and saved 
in .pdb format and docking was carried by using 
autodock4.0 under Lamarckian GA 4.2. After docking 
the pose scoring minimum binding energy was chosen  
to visualize the ligand-protein interaction using  
Discovery Studio 2017.

Statistical analysis

Data were expressed as Mean ± SD using Graph Pad 
Prism version 5.0. All experiments were performed in 
triplicates. IC50 was calculated using a linear regression 
curve and lethal concentration (LC50) was calculated 
probit analysis. The binding affinity of  compounds was 
represented as binding energy.

RESULTS AND DISCUSSION
BSL bioassay of extract and fractions

The extract of  T. acuminata showed promising toxicity  
towards brine shrimps with LC50 of  51.299± 3.16 μg/ml.  
Fractions 3 showed the most cytotoxicity with LC50 of  
45.57 ± 2.14 μg/ml; summarized in Table 1. The other 
fractions showed moderate to no activity in the BSL 
bioassay.

MTT Assay of the fraction

The fraction 3 showed the highest cytotoxicity against 
HT-29 (IC50= 79.52±1.21 µg/ml) compared to the 
other cell lines A-549 (127±6.44µg/ml) and Hep G-2 
(185.1± 8.16 µg/ml). Percentage cell growth inhibition 
was observed in a concentration-dependent manner 
and summarised in Figure 2. Fractions did not show 
cytotoxicity towards the MCF-7 cell line. The fraction was  
also found to be non-cytotoxic to normal cells displaying  
more than 70% cell viability at all the concentrations in 
the L6 normal cell line.

Molecular docking

Three phytoconstituents caclaurine, magnoflorine and 
stepholidine; previously reported in T. acuminata were  
studied by molecular docking for their binding affinity  
with topoisomerase II. Coclaurine was predicted for the 
highest binding affinity with topoisomerase II with a 
maximum number of  H-bond interactions.
Stepholidine was found to show the least binding affinity  
with topoisomerase II. The binding energy, inhibitory  
coefficient and H-bond interactions of  individual  
phytoconstituents with topoisomerase II are summarized  
in Table 2. The interaction of  individual compounds 
with topoisomerase II is shown in Figure 3.

Figure 2: Percentage inhibition of cell growth of T. acuminata 
fraction 3 on various cell lines. Values are expressed as 

Mean±SEM (n=3).

Table 1: Lethal concentration (LC50) of  
extract/fractions of T. acuminata in BSL Bioassay.

Extract / Fractions LC50 (ppm)
T. acuminata hydroalcoholic extract 51.299 ±1.13

Fraction 1 83.28±1.35

Fraction 2 332.7±2.26

Fraction 3 45.57±1.56

Fraction 4 395.22±1.19

Values are expressed as Mean ± SEM

Table 2: Binding energy and inhibition constant of 
compounds with Topoisomerase II.

Phytoconstituents Topoisomerase II (PDB: 4GHF) 
BE 

(kcal/
mol)

IC50(µM) Interacting Hydrogen 
Bond Residues

Coclaurine -5.29 133.53 ASP 479, ASP 446, 
ARG 450, GLU 454, 

LYS 480

Magnoflorine -5.21 150.75 LEU 473, GLY 474, 

Stepholidine -4.48 520.33 SER 709

BE: Binding Energy, IC50: Inhibitory Concentration 50
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Tiliarine has previously shown in vitro inhibition of  
human melanoma cells.23

Targeting topoisomerase II is a well-accepted approach 
in cancer chemotherapy by inhibiting the enzyme-
mediated DNA damage. Topoisomerase II enzyme 
is of  vital use in cell processes namely, replication, 
transcription, chromosome separation and segregation 
since it acts as a catalyst in the cleavage and rejoining 
of  double-stranded DNA. Topoisomerase II is reported 
to be highly overexpressed in proliferating cancer cells 
and hence makes it a potential target for new anticancer 
drugs.24 Further, previous docking studies also report 
the interaction of  multiple phytoconstituents with 
various protein molecules.15,25 Hence, we investigated 
the binding affinity of  reported alkaloids from  
T. acuminata with topoisomerase II. Nine different  
alkaloids i.e. coclaurine, coreximine, isoboldine, liridenine,  
magnoflorine, norjuziphine, nortrilobine, stepholidine 
and trilobine were investigated to predict the binding 
affinity and possible phytoconstituent-topoisomerase 
II interaction using in silico molecular docking. 
Interestingly, we identified coclaurine to have the 
highest binding affinity by interacting with ASP 479, 
ASP 446, ARG 450, GLU 454, LYS 480 amino acid 
residues (Table 2). The present study is also supported 
by the anti-cancer activity of  coclaurine on various cell 
line studies.26 Further, previous studies suggest that a 
lead molecule can target multiple proteins and regulate 
the multiple pathways in a particular disease27,28 which is 
the future scope of  the study to evaluate the role of  hit  
molecules in cancer treatment. Further, a single  
compound can modulate multiple protein/pathway(s)29 
which can be further evaluated for Coclaurine via gene 
set enrichment analysis with special reference to the 
pathways involved in cancer pathogenesis.

CONCLUSION
The present study utilized bioactivity guided screening  
of  hydroalcoholic extract/fraction(s) of Tiliacora acuminata  
which identified fraction rich in alkaloids to be a 
potent agent against multiple cell lines. Additionally, 
coclaurine was predicted to have the highest binding  
affinity with Topoisomerase II which needs to be further  
confirmed via in vitro enzyme assay. Additionally, we 
suggest performing a coclaurine-modulated gene set 
enrichment analysis with special reference to protein/
pathway(s) involved in cancer pathogenesis. 
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The present study aimed to identify potential 
phytoconstituents from T. acuminata with special reference 
to cytotoxicity using in vitro and in silico approach. To deal  
with this approach, BSL bioassay and MTT cytotoxicity  
assay were performed which identified alkaloid fraction  
as a promising group of  phytoconstituents. Initially,  
BSL bioassay was performed to pre-screen the fractions  
to narrow down the active fraction from T. acuminata  
extract. This bioassay has been successful in the 
identification of  many bioactive components from 
natural sources including cytotoxic constituents.16,17 

Compounds with LC50 lower than 100 μg/ml may be 
considered as cytotoxic.18 The lethality to brine shrimps 
has been frequently reported as a reliable pre-screening 
assay to the existing cytotoxicity assays.19 Thus, rapid 
screening of  extracts and fractions for potential 
cytotoxicity can be obtained by this assay.
In the present study, a fraction rich in alkaloids showed 
the highest toxicity to brine shrimps. The methanolic 
fraction 1, petroleum ether fraction 2 and aqueous 
fraction 4 did not show promising cytotoxicity in the  
BSL bioassay. Hence alkaloidal fraction of  T. acuminata  
was taken assessed for in vitro cytotoxicity studies using 
a panel of  cell lines. The ability of  the fraction to 
inhibit cell growth was determined by reduction in the 
MTT dye to soluble formazan crystals by metabolically 
active mitochondrial enzymes.20 The alkaloidal fraction  
showed the cytotoxicity in HEPG2 and HT29, however,  
the highest cytotoxic potency was towards the HT-29 
cell line. Diphenylbisbenzylisoquinoline alkaloids 
have been identified as the principal components in 
T. acuminata.21 The cytotoxic activity of  T. racemosa has  
been previously reported in acute myeloblastic leukemia  
(HL-60), chronic myeloblastic leukemia (K-562) and 
cervical epithelial carcinoma (HeLa) tumor cell lines.22 

Figure 3: Interaction of (a) Caclaurine, (b) Magnoflorine,  
(c) Stepholidine.
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