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Ilex khasiana Purkay. is a critically endangered species of holly found only in Khasi Hills and Mizoram, Northeast India. Of its
several medicinal uses in the Khasi and Mizo traditional systems, the anticancer and anthelmintic applications remain unexplored.
A methanol extract (IKM) and three fractions, namely, butanol (IKM-B), diethyl ether (IKM-D) and hexane (IKM-H) extracts
were prepared from the leaves. Cytotoxicity tests were performed in vitro on malignant human alveolar adenocarcinoma (A549)
and human colorectal carcinoma (HCT116) cell lines using the 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide
(MTT) reduction reaction. All the extracts exerted inhibitory efficacy in the order, IKM-D > IKM-B > IKM > IKM-H. IKM-D was
the most efficacious extract exhibiting the half-maximal inhibitory concentration (ICs,) values of 26.9, 64.04 and 28.61 ug/mL
against A549 cells, and 22.77, 69.41 and 18.37 ug/mL against HCT116 cells at 24, 48 and 72 h, respectively. The most bioactive
extract, IKM-D, was used for further anticancer tests. It induced apoptosis as indicated by red fluorescence in the dead cells. The
apoptotic index values were determined at 33.5, 55.18 and 57.62 in A549 cells, and 32.47, 54.29 and 62.55 in HCT166 cells at the
corresponding concentrations of 25, 50 and 100 yg/mL. It also caused significant clonogenicity by repressing cancer proliferation,
but only at a concentration of 100 pg/mL. Surviving fractions of the cancer cells following extract treatment at 25, 50 and 100 ug/
mL were 52.16%, 47.56% and 21.77% for A549 cells, and 52.56%, 48.12% and 8.42% for HCT116 cells. The plant extract also caused
concentration-dependent inhibition of colony formation against both cell lines. Anthelmintic activity was demonstrated in an
intestinal cestode, Raillietina galli. Scanning electron microscopy revealed hallmark anthelmintic alterations on the body parts of
the parasite. The GC-MS analysis showed that the plant extract is mainly composed of a phenol, 2,6-di-tert-butylphenol. High-
performance thin-layer chromatography (HPTLC) fingerprinting and quantification indicated the presence of B-sitosterol at an
amount of 198.68 ng. The two compounds were predicted by computational modelling to have high binding potentiality on
B-tubulin, a common anticancer and anthelmintic target. The findings established that I. khasiana leaves contain bioactive
principles that caused inhibitory effects on carcinoma cells and produced anthelmintic effects on cestode parasite. The study
advocates further investigations into the identification of the exact molecules, the precise mode of actions and therapeutic tests, as
well as the need for conservation of the rare species of holly.
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1. Introduction

A multifactorial disease, cancer, is one of the most per-
plexing medical conditions in terms of management and
remediation due to a complex interplay of cell signalling
systems, metabolic pathways, immune responses and diverse
environmental cues involved [1]. Not a single therapy, or
even a regiment of treatments, does not offer complete cure
or alleviation of the associated morbidity in various forms of
cancers. Novel drugs and new combinations of therapies are
in relentless demand to counter the debilitating manifes-
tations of the disease, especially to keep clinical care at par
with the pervasive drug resistance in different cancer cells
[2, 3]. Secondary metabolites of plants are established to be
among the best sources of anticancer pharmaceutical drugs.
Some of the most reliable cancer medications are known and
developed from traditional medicines from substantiated
medicinal plants [4, 5]. The most widely used prescription
anticancer drugs are the vinca alkaloids, namely, vinblastine
and vincristine, that are discovered and obtained from the
periwinkle plant, Catharanthus roseus, traditionally known
from Ayurveda. Another common drug, paclitaxel, is a tet-
racyclic diterpenoid derived from the bark of Pacific yew,
Taxus brevifolia. The vinca alkaloids and paclitaxel are
microtubule-targeting agents and prevent protein poly-
merisation by competitively binding to S-tubulin, thereby
inhibiting mitotic proliferation [6]. An indole alkaloid,
camptothecin, from the stem wood of Camptotheca acu-
minata, which is used in the traditional Chinese medicine,
has been employed as a base molecule for the synthesis of
several anticancer drugs [7]. Other plant metabolites are
under investigations, including curcumin, epigallocatechin
gallate and resveratrol (polyphenols) [8], kaempferol and
quercetin (flavonoids), artemisinin (sesquiterpene lactone),
betulinic acid (pentacyclic triterpene), gingerol (8-hydroxy
ketone) and rutin (flavonol glycoside) [9]. Therefore, it is
crucially vital for research attentions to focus on unexplored
traditional medicines in search of novel lead molecules from
botanical sources.

Of the family Aquifoliaceae, members of the genus Ilex
representing the only surviving group, and many of them are
well known in the traditional medicines of Asia and South
America [10]. In traditional Chinese medicine, bitter tea
prepared from I kudingcha and I latifolia are widely used
for the treatments of diarrhoea, haematologic disorders, liver
cirthosis, myalgia and pyrexia [11]. I. pubescens is exten-
sively studied as it is traditionally used in the treatment of
bronchial asthma, coronary artery disease, hepatitis, high
cholesterol, and hypertension [12]. Its bioactive metabolites
have been reported to have anticancer [13], analgesic, anti-
inflammatory [14], anticoagulant [15] and neuroprotective
activities [16]. I. paraguariensis is a common refreshing
drink commercialised as yerba mate tea in South American
and is medicinally used as a therapy of cancer, inflammation
and obesity [17]. Experiments have validated the anticancer
property against various cell lines [18, 19].
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I khasiana Purkay. is a large and rare tree endemic to
Northeast India, originally described from the Khasi Hills in
Meghalaya in 1938 [20]. It has been categorised in the TUCN
Red List of Threatened Species as critically endangered. A
localised and natural distribution had been identified in
Aizawl, Mizoram, and was reported in 2019 [21]. It is an
evergreen species growing up to 20 m in height. In the Khasi
traditional system, a mixed extract of the bark and root is
acclaimed to be potent curative for tuberculosis and viral
infections. The Mizo folk healers have asserted the usefulness
of the leaves against a plethora of ailments, including different
microbial and parasitic infections, cancer and blood diseases.
The plant’s antiparasitic activity was the first of the medicinal
application investigated and elucidated [22], with a sub-
sequent demonstration of the anti-inflammatory and anal-
gesic activities [23]. Its purported uses as a cancer therapy and
as an anthelmintic have never been widely known, or sys-
tematically explored; hence, a study on its chemical property
and possible effects on cancer cell lines and helminths became
a stimulating vista of experimental scrutiny.

2. Materials and Methods

2.1. Chemicals. All chemicals were of standard analytical
grades. Acetonitrile, agarose, ethylenediamine tetra-acetic
acid, L-glutamine, methanol, phenol red, trichloroacetic
acid, trizma base and trizma hydrochloride were obtained
from Sigma-Aldrich Chemicals Private Limited, Bangalore,
India. All other chemicals were procured from HiMedia
Laboratories Private Limited, Mumbai, India. Anthelmintic
drug albendazole (Zenlee) was manufactured by UNI-PEX
Pharmaceutical Private Limited, New Delhi, India.

2.2. Plant Identification and Extraction. I. khasiana is known
in Mizoram, India, only at Luangmual, a locality within
Aizawl, located at 23°44.556'N and 92°41.956'E, from where
the specimens were collected. Specimen validation was done
by taxonomists at the Botanical Survey of India, Eastern
Regional Office, Shillong, Meghalaya, and a voucher
(bearing accession code BSI/EC/Tech./2008/577) is main-
tained at the Department of Pharmacy Herbarium Section,
Regional Institute of Paramedical and Nursing Sciences,
Mizoram, India. The leaves were collected, washed and dried
in shade at room temperature (24 +1°C). Extraction was
done using methanol (relative polarity of 0.762) in a Soxhlet
apparatus of 5-L capacity continuously for 3 days. To con-
centrate the extract, the solvent was evaporated and re-
covered in a pressurised rotary vacuum evaporator (Buchi
Rotavapor R-215, Flawil, Switzerland).

Three fractions were prepared from the crude methanol
extract using solvents of high, medium and low polarities,
namely, butanol (relative polarity of 0.586), diethyl ether
(relative polarity of 0.117) and hexane (relative polarity of
0.009). In brief, 250 mL of the solvents were mixed with
equal volumes of the crude extract in a separating funnel.
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The solutions were added until a clear suspension of the
solvents was formed. After refluxing for 4h, the aqueous
solution at the bottom and solvent fraction on top were
allowed to settle down and collected in separate flasks. The
fractions were concentrated in a rotary vacuum evaporator
as before. After complete fractionation, four extracts were
obtained, namely, the methanol (hereafter designated as
IKM), butanol (IKM-B), diethyl ether (IKM-D) and hexane
(IKM-H) extracts.

2.3. Cell Lines and Culture. Malignant type II human alve-
olar adenocarcinoma (A549) and human colorectal carci-
noma (HCT116) cell lines were used to evaluate the
anticancer activity of I khasiana extracts. Both the cell lines
were preserved at and provided by the National Centre for
Cell Sciences (NCCS) at Pune, India. Minimal essential
medium (MEM, composed of CaCl,, KCI, MgSO,, NaCl,
Na;PO,, NaHCO; and amino acids), supplemented with
10% foetal bovine serum (FBS), 50 pg/mL gentamicin and
1% L-glutamine, was used to maintain the stock cultures
using 25 cm” culture flasks in a humidified gas incubator
(Eppendorf AG, Germany).

2.4. Cytotoxicity Assay. Anticancer efficacy was assessed
using cytotoxic activity on the cancer cell lines based on 3-
(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide
(MTT) reduction reaction [24]. Approximately 10* A549
and HCTI116 cells were seeded into 96-well culture plates
containing 100 uL MEM. They were incubated in a carbon
dioxide incubator maintained at 37°C £+ 1°C, an atmosphere
of 5% CO, and with 95% moisture. Initial incubation was for
24 h to allow maximum cell adherence, after which the cells
were treated with varying concentrations, viz., 50, 100, 200,
300 and 500 pg/mL of I. khasiana extracts. A control group
was maintained without any treatment. The assay was ceased
at 24, 48 and 72 h for each test by washing the cells with FBS-
free MEM. 10pL of MTT (5mg/mL) was added to each
sample to develop purple formazan crystals after incubating
at 37°C £ 1°C for 2 h. The crystals were dissolved in 100 puL of
dimethyl sulfoxide, and the solution was incubated at
37°C £ 1°C for 30 min. Each test was performed in triplicate.
The absorbances of the final solutions were measured in
a microplate reader (SpectraMax M2e, Molecular Devices,
California, the United States of America) at the wavelength
of 560 nm. The most effective extract based on the best
treatment time was selected for further experiments. Cy-
totoxicity was determined as a percentage of inhibition from
the following equation:
Control - Treatment

Inhibition (%) = Control x 100. (1)
ontro

2.5. Apoptotic Assay. Cell death was studied by dual fluo-
rescent staining method using acridine orange and ethidium
bromide [25]. 1% 10° of both A549 and HCT116 cells were
plated onto six-well culture plates containing MEM. They
were incubated at 37°C + 1°C for 24 h for cell adhesion. Then,

they were treated with I. khasiana extract for another 24 h.
Control cells were maintained without the plant extracts.
After completion of the treatment, the plates were washed
with phosphate-buffered saline (PBS). Cells were allowed to
detach by adding 0.25% trypsin-ethylenediaminetetraacetic
acid (1X). 100 uL of FBS-free MEM was added to the cell
pellet to obtain a cell suspension. 2.5 pL each of acridine
orange (100 pg/mL) and ethidium bromide (100 ug/mL)
were added to 25pL cell suspension, and staining was
allowed for 2 min. The cell suspension was spread on a glass
slide and visualised using a fluorescent microscope (Invi-
trogen EVOS FL auto 2, Waltham, the United States of
America). The apoptotic index was estimated by scoring
a minimum of 300 cells based on the following equation:

[Apoptotic cells scored x 100]

Apoptotic index (%) = Total cells scored

(2)

2.6. Clonogenic Assay. The efficacy of I. khasiana extracts to
inhibit cell proliferation and colony formation was de-
termined against A549 and HCTI116 cells [26]. Approxi-
mately 200 cells were cultured in 5 mL MEM in Petri dishes.
After incubating for 24 h at 37°C + 1°C for cell adherence, the
plant extract was added and then incubated again for 24 h.
The cells were washed with PBS and resumed culturing for
another 11 days in fresh media. The cells were then stained
with 1% crystal violet prepared in methanol. After staining
for 30 min, they were observed under an inverted micro-
scope (Invitrogen EVOS XL Core imaging system, Waltham,
the United States of America) to enumerate the colony
formation. To determine the total clonogenicity, plating
efficiency (PE) and surviving fraction (SF) of the cells were
estimated from the following formulae:

[Number of colonies x 100]
PE =

(3)

Number of cells seeded

Number of colonies
SF =

"~ | Number of cells seeded x Mean PE. @)

2.7. Anthelmintic Susceptibility Assay. Anthelmintic activity
was evaluated against a gastrointestinal cestode, Raillietina
(Taenia Mégnin, 1881) galli Yamaguti, 1935, based on
helminth survival assay [27]. The cestodes were collected
from an intestine of chicken, Gallus gallus. The efficacy was
tested in comparison to albendazole at 20 mg/mL, a standard
manufactured dosage, in a microbiological incubator at
37°C £ 1°C. Culture medium consisting of 0.9% neutral PBS
supplemented with 1% dimethyl sulfoxide was taken as
a negative control. The cestodes were prepared for scanning
electron microscopy following the standardised method for
helminths [28]. The cestodes were first fixed in 10% neutral-
buffered formaldehyde, postfixed in osmium tetroxide,
dehydrated in acetone, stabilised in tetramethylsilane, coated
with gold and finally observed under a scanning electron
microscope (JSM-6360, JEOL Ltd., Tokyo, Japan).



2.8. GC-MS Analysis. The most bioactive extract, IKM-D,
was analysed for its metabolite composition in a single
quadrupole TRACE 1300 ISQ LT gas chromatography-mass
spectrometer  (Thermo  Scientific, ~Waltham, the
United States of America). Methanol was used as the solvent.
A nonpolar column TR-5MS with a dimension of 30m
length x 0.25mm width X 0.25ym film thickness was the
stationary phase. The carrier gas, helium, was injected at
1 mL/min at a splitting ratio of 1:50. The oven temperature
was raised to 250°C starting from 70°C with an increment of
10°C every 10 min. The temperatures of the ion source and
transfer line were set at 250°C. The mass spectrometer was
run for 32 min. Chemical data were generated using Thermo
Scientific Xcalibur software and identified from the libraries
of Wiley Registry and the National Institute of Standards
and Technology based on chemical formulae, molecular
mass and retention values.

2.9. Chromatographic Fingerprinting. Chemical finger-
printing was performed using high-performance thin-layer
chromatography (HPTLC) [29]. Nine reference compounds
were chosen that included asiatic acid (triterpene), boswellic
acid (triterpene), chebulagic acid (tannin), chlorogenic acid
(caffeic acid ester), ellagic acid (phenol), ferulic acid (phe-
nol), gallic acid (phenol), quercetin (flavonoid) and
B-sitosterol (steroid). A working concentration of 50 pg/mL
was prepared for each compound. The compounds and
IKM-D were loaded in 10mm bands on precoated TLC
plates on the aluminium sheet embedded with silica gel 60
coupled with the fluorescence indicator F,s5, (Merck KGaA,
Darmstadt, Germany), having layer thickness of 250 ym and
size 20 x 10 cm. Sample application was done with CAMAG
Linomat 5 applicator coupled to CAMAG HPTLC system
(Muttenz, Switzerland). The plates were developed in
CAMAG twin-trough chamber using the appropriate mobile
phases (Table 1). The plates were removed when the solvent
front reached 7 cm, air-dried and scanned in CAMAG TLC
Scanner 4 winCATS software (Cordial Versicher-
ungs-Dienstleistungen GmbH, Hannover, Germany). For
compound quantification, 2, 4, 6, 8, 10, 12 and 14 pL of
standard compounds were applied on TLC plates at the
speed of 150 nL/sec. 4 uL of I. khasiana extract (prepared at
50 mg/mL) was similarly put on a TLC plate. The developing
chamber was presaturated with a mobile-phase solvent
mixture of toluene:methanol (16:2 v/v) for 15min. Chro-
matographic migration was allowed on the TLC plates when
the mobile phase attained a distance of 7 cm. Scanning was
done at 254 nm wavelength, in a slit width of 5x 0.45 mm,
with a scanning speed of 40 mm/s and data resolution at
50 um/step using a deuterium lamp.

2.10. Molecular Docking. To predict the molecular in-
teraction of 2,6-di-tert-butylphenol and pB-sitosterol, the
three-dimensional (3D) structures were retrieved from
PubChem (https://pubchem.ncbi.nlm.nih.gov), the US Na-
tional Centre for Biotechnology Information (NCBI), and
saved in structured data file (SDF) formats. Structure op-
timisation and cumulative potential energy minimisation
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TaBLE 1: Inhibitory activity of I. khasiana extracts prepared from
different solvents against A549 cells recorded at daily intervals.

Solvent IG5
Extract .

polarity 24h 48h 72h
IKM 5.1 202.50+4.53 195.77 +4.15 162.27 +5.30
IKM-B 3.9 134.90+7.64 077.98+6.55 052.74 +5.66
IKM-D 2.8 026.90 £ 6.08 064.04 +3.27 028.61 +7.44
IKM-H 0.1 257.70+£6.98 216.13+7.32 192.50+9.67

Note: Values in means * standard error of the means; IKM: I. khasiana
methanol extract; IKM-D: diethyl ether fraction of IKM; IKM-B: IKM
butanol fraction of IKM; IKM-H: hexane fraction of IKM.

were performed on ChemBio3D Ultra 12.0 (CambridgeSoft
Corporation, Cambridge, the United States of America)
using the force field MMFF94. The compounds were docked
to the protein f-tubulin, a common molecular target of
major anthelmintic and anticancer drugs. The X-ray dif-
fraction structure of fS-tubulin was obtained from the Re-
search Collaboratory for Structural Bioinformatics (RCSB)
protein data bank (RCSB-PDB) (https://www.rcsb.org, PDB
code 1SA0) [30]. To avoid unwanted chemical interruptions,
molecules associated with the protein such as cofactors,
water and unique ligands were removed using Molegro
Molecular Viewer software. Molecular docking was done on
the AutoDock Vina v1.2.4 platform (Molecular Graphics
Lab, The Scripps Research, La Jolla, the United States of
America) [31]. Polar hydrogens and Kollman charges were
added using the Molecular Graphics Lab biosoftware
MGLTools 1.5.6 before saving the data in protein data bank,
partial charge (Q) and atom type (T) (PDBQT) format.

2.11. Statistical Analysis. All data were expressed as
means + standard error of means. Statistical differences were
determined by one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc test using GraphPad Prism 8.0
(Insight Partners, New York, the United States of America).
The half-maximal inhibitory concentration (ICsy) was de-
termined from the log doses generated from GraphPad
Prism. Clonogenicity and anthelmintic efficacy were com-
pared between the test group against the controls by Stu-
dent’s t-test with a significant difference taken at p <0.05.

3. Results

3.1. Cytotoxicity. Cytotoxic efficacy of I. khasiana extracts
was assessed on A549 and HCT116 cells. A549 cells were
responsive to all the plant extracts as shown in Figure 1. The
cells responded well to all the extracts, with the order of
inhibitory efficacy as IKM-D >IKM-B>IKM >IKM-H
(Table 1 and Figure 2). IKM-D was by far the most effec-
tive extract, indicating ICsy values of 26.9, 64.04 and
28.61 ug/mL at 24, 48 and 72 h, respectively. IKM-H showed
the least activity with ICs, values of 257.7, 216.13 and
192.5 ug/mL at the three-hour intervals, respectively.

The cytotoxic responsiveness of HCT116 cells to
I. khasiana extracts is depicted in Figure 3, and the com-
parative inhibitory efficacy is presented in Table 2 and
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FIGURE 1: Inhibitory effect of I. khasiana extracts against human alveolar adenocarcinoma (A549) cell line after treatment for 24,48 and 72 h.
IKM: I. khasiana methanol extract; IKM-D: diethyl ether fraction of IKM; IKM-B: IKM butanol fraction of IKM; IKM-H: hexane fraction of

IKM.
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FIGURE 2: ICs of I. khasiana extracts on A549 cells after treatment for 24, 48 and 72 h. IKM: I. khasiana methanol extract; IKM-D: diethyl
ether fraction of IKM; IKM-B: IKM butanol fraction of IKM; IKM-H: hexane fraction of IKM. Values are expressed as means + standard
error of the means. Same letters on the bars indicate significant variation (<0.05) between the test groups; different letters are not significant.



Scientifica

80 — 80 —
60 — 60 —
o =
g S
Z b=
= 40 — ;‘g 40 -
k= =
= =
20 20 -
0 T T T T T T7TTT I T T TT T T17TTT I T 11T 0 T T T T T T TT I T T T T T T17TTT I T TTrT1
1.5 2.0 2.5 1.5 2.0 2.5
Log dose (pg/mL) Log dose (ug/mL)
24h 48h
-0~ IKM —A— IKM-B -~ IKM —— IKM-B
- IKM-D -¥- IKM-H - IKM-D IKM-H
80 —
o 60 —
S
2
= 40
S
20 —
O LN I I B B B B B | I LN I I B B B B B | I LI I B |
1.5 2.0 2.5
Log dose (pg/mL)
72h
—A— IKM-B -~ IKM
-v- IKM-H - IKM-D

FiGure 3: Inhibitory effect of I. khasiana extracts against colorectal carcinoma cell line (HCT116 cells) after treatment for 24, 48 and 72 h.
IKM: I khasiana methanol extract; IKM-D: diethyl ether fraction of IKM; IKM-B: IKM butanol fraction of IKM; IKM-H: hexane fraction of

IKM.

TaBLE 2: Inhibitory activity of 1. khasiana extracts prepared from different solvents against HCT116 cells recorded at daily intervals.

Extract Solvent polari ICs0
Xtrac olven olarl

polarity 24h 48h 72h
IKM 5.1 222.73+7.14 153.90 + 6.50 157.87 + 8.90
IKM-B 3.9 135.10 + 8.34 048.28 + 6.25 040.51 +9.21
IKM-D 2.8 022.77 + 4.68 069.41 + 3.49 018.37 + 3.53
IKM-H 0.1 255.90 +7.45 206.53 + 4.76 265.87 +4.75

Note: Values in means + standard error of the means; IKM: I. khasiana methanol extract; IKM-D: diethyl ether fraction of IKM; IKM-B: IKM butanol fraction

of IKM; IKM-H: hexane fraction of IKM.

Figure 4. IKM-D was again the most cytotoxic showing ICs
of 22.77, 69.41 and 18.37 ug/mL at 24, 48 and 72h, re-
spectively. However, at 48 h treatment, IKM-B (at 48.28 ug/
mL) and IKM-C (at 68.9 ug/mL) showed better inhibition as
indicated by higher ICs, values. The overall result indicates
that IKM-D has the most potent cytotoxicity among the
different extracts used and therefore was most suitable for all
the subsequent biological and chemical assays.

3.2. Cell Death. Cancer cells were exposed to 25, 50 and
100 pg/mL of IKM-D, and any change in cell appearance was
examined and compared with that of untreated (control)
cells under a fluorescent microscope. The fluorescent mi-
crographs of A549 and HCT116 cells are shown in Figures 5
and 6, respectively. Live cells were distinctively captured
with bright-green fluorescence due to acridine orange up-
take indicating intact cytoplasmic and nuclear organisations
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letters are not significant.
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(d)

FIGURE 5: Fluorescent micrographs of A549 cells dual stained with acridine orange and ethidium bromide after treatment with IKM-D for
24h. Green arrows point to live cells that displayed green fluorescence, while red arrows indicate apoptotic cells that display reddish

colouration. (a) Control, without any treatment; (b) treatment with IKM-D at 25 ug/mL; (c) treatment with IKM-D at 50 pg/mL; (d)
treatment with IKM-D at 100 ug/mL.
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FIGURE 6: Fluorescent micrographs of HCT116 cells dual stained with acridine orange and ethidium bromide after treatment with IKM-D
for 24 h. Green arrows point to live cells that displayed green fluorescence, while red arrows indicate apoptotic cells that display reddish
colouration. (a) Control, without any treatment; (b) treatment with IKM-D at 25 ug/mL; (c) treatment with IKM-D at 50 pg/mL; (d)

treatment with IKM-D at 100 ug/mL.

TaBLE 3: Apoptotic index of I. khasiana methanol-diethyl ether
extract (IKM-D) against carcinoma cells.

. Cell line
Concentration (ug/mL)
A549 HCT116
25 33.50£2.80 32.47+£1.83
50 55.18+3.03 54.29+2.43
100 57.62+2.22 62.55+£2.16

Note: Values in means + standard error of the means.

(Figures 5(a) and 6(a)). Apoptotic cell deaths were observed
as showing dull red or greenish red with vivid orange-red
nuclear regions, indicating nuclear chromatin fragmentation
and membrane disruption as stained by ethidium bromide.
The degree of colour transition in different cells reflects the
stages of apoptosis, with the most reddish ones (Figures 5(d)
and 6(d)) induced by the plant extract at 100 ug/mL, the
most apoptotic.
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FIGURE 7: Apoptotic deaths of A549 and HCT116 cells after
treatment with IKM-D for 24 h. Values are expressed as mean-
s + standard error of the means. Same letters on the bars indicate

significant variation (p <0.05) between the test groups; different
letters are not significant.
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TABLE 4: Surviving fraction of A549 and HCTI116 after treatment with I. khasiana methanol-diethyl ether extract (IKM-D).

. Cell line
Concentration (ug/mL)
A549 HCT116
0 89.93+1.37 87.39+1.33
25 52.56+3.15" 52.58 +2.38"
50 47.14 +4.30" 48.12+3.30"
100 21.77 +0.78* 08.42+0.12*
Note: Values in means + standard error of the means.
*Significantly different at p <0.05 against control.
100 — 100 —

= ] = ]

S 1 S 1

D ] D ]

g ] by g ] b

E 1 E 1

Z ] Z ]

3 1 3 1

w E wv m

] ] c
0 Lhpl ==y 0 LEpl== %E
0 10 25 50 0 10 25 50
Concentration (ug/mL) Concentration (ug/mL)
A549 HCT116

FiGURre 8: Inhibitory effects of IKM-D on the proliferation of A549 and HCT116 cells after treatment for 24 h. Values are expressed as
means + standard error of the means. Same letters on the bars indicate significant variation (p <0.05) between the test groups; different
letters are not significant.

FiGgure 9: Continued.
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(d)

FIGURE 9: Colony formation of A549 cells in minimal essential medium. (a) Control, without any treatment; (b) treatment with IKM-D at
25 pg/mL; (c) treatment with IKM-D at 50 ug/mL; (d) treatment with IKM-D at 100 pg/mL.

F1GuRre 10: Colony formation of HCT116 cells in minimal essential medium. (a) Control, without any treatment; (b) treatment with IKM-D
at 25 ug/mL; (c) treatment with IKM-D at 50 pg/mL; (d) treatment with IKM-D at 100 pg/mL.
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TaBLE 5: Anthelmintic efficacy of I. khasiana methanol-diethyl ether extract (IKM-D) against the cestode, R. galli, compared to untreated
control and positive control, i.e., albendazole-treated groups.

Treatment media Concentration (mg/mL) N‘orma.l ised t value t critical value
survival time (h)
Negative control 0 100.00 £ 2.56 — —
Albendazole 20 004.48 +0.98"* 49.77 2.23
IKM-D 20 022.21 +2.85* 85.48 2.25
Note: n=6.

*Significantly different at p <0.05 against negative control.

*
=
i

W,
B hiras

NEHU-SHL

FIGURE 11: Scanning electron micrograph of a cestode, R. galli, treated with I. khasiana methanol-diethyl ether extract (IKM-D). (a)
Anterior end of the body show a spheroidal scolex connected to the neck; ovoid suckers are located laterally. (b) A single sucker indicates
extensive damage, with scraps of tissues distributed haphazardly. (c) The rim of a sucker where attachment devices called spines should
normally present but instead represented by diffused tissues with two spines remaining in the middle in degraded pointy structures. (d) The

main body shows a chain of body segments, proglottids. (e) Magnification of the proglottids reveals extensive disruption of the teguments
which otherwise should be covered with smooth microtriches.
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FIGURE 12: GC-MS chromatogram and mass spectra

The apoptotic effectiveness of the plant extract against
both A549 and HCT116 cells is shown in Table 3 and
Figure 7. The values of apoptotic deaths were determined as
33.5%, 55.18% and 57.62% for A549 cells, and 32.47%,
54.29% and 62.55% for HCT166 cells after treatments with
25, 50 and 100 yg/mL of the plant extract, respectively. The
apoptotic index revealed dose-dependent activity of IKM-D
against both the cell lines (Figure 7).

3.3. Cell Proliferation. Cell proliferation or clonogenicity
of A549 and HCTI116 cells under control and IKM-D
treatments at 25, 50 and 100 ug/mL is shown in Table 4.
The survival duration of A549 cells was 89.93h and
HCT116 cells was 87.39h in control media consisting of
MEM. Treatment with IKM-D for 11days showed
concentration-dependent growth inhibition (Figure 8).
Only the extract at a concentration of 100ug/mL in-
dicated significant efficacy (p <0.5) compared to that of
the control. The surviving fractions were estimated at
52.16%, 47.56% and 21.77% for A549 cells, and 52.56%,
48.12% and 8.42% for HCT116 cells against the three

Phenol, 2,4-di-tert-butyl-
OH

of I. khasiana methanol-diethyl ether extract (IKM-D).

concentrations of IKM-D, respectively. Concentration-
dependent activity on inhibition of cell colony formation
was observed as shown in Figures 9 and 10.

3.4. Anthelmintic Activity. The survival of R. galli in control
medium and treatment with IKM-D is shown in Table 5. The
plant extract was noted to cause significant anthelmintic
activity in comparison with albendazole at a standard dosage,
i.e., 20 mg/mL. Normalised survival times against those of the
cestode in negative control indicated 1.89+0.52h in alben-
dazole and 31.73+1.21h in IKM-D treatments. Scanning
electron micrographs show that the cestode has a bulbous
anterior end, called the scolex, that bears apical mouth-like
rostellum and rounded suckers on the sides (Figure 11(a)). A
sucker is extensively damaged with its spines, which are the
main parasitic attachment organs, dislocated and the sur-
rounding body surface (tegument) eroded (Figure 11(b)). On
higher magnification, tissue necrosis appeared more pro-
nounced on the sucker that shows disintegration of spines,
with very few remaining, and massive tissue clumping of the
tegument (Figure 11(c)). The main body of the cestode is
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TaBLE 7: HPTLC fingerprinting of I. khasiana extract (IKM-D) for bioactive compounds.
No. Compound TLC mobile phase Solvent ratio Detection
1 Asiatic acid Toluene:ethyl acetate:formic acid 5:5:1 -
2 Boswellic acid Acetic acid:hexane:ethyl acetate:toluene 0.3:1:8:2 -
3 Chebulagic acid Ethyl acetate:toluene:formic acid:methanol 6:1:1:2 -
4 Chlorogenic acid Ethyl acetate:dichloromethane:formic acid:acetic acid:water 10:2.5:1:1:1.1 -
5 Ellagic acid Toluene:ethyl acetate:methanol:formic acid 5:4.5:3:2.5 -
6 Ferulic acid Toluene:ethyl acetate:formic acid 5:5:0.2 -
7 Gallic acid Toluene:ethyl acetate:methanol:formic acid 5:4.5:3:2.5 -
8 Quercetin Toluene:ethyl acetate:formic acid 5:4:0.2 -
9 B-Sitosterol Toluene:methanol 16:2 +

Standard track

FiGure 13: TLC fingerprinting shows the migration of I. khasiana methanol-diethyl ether extract (IKM-D) in comparison with ten-level

concentrations of {-sitosterol.

TaBLe 8: HPTLC validation parameters for [-sitosterol
quantification.

Parameter Result
Linearity (ng/band) 100-550
R value 043+1
Correlation coefficient 0.99
Slope 3.05
Intercept 209.87
Limit of detection (ng/band) 42.99
Limit of quantification (ng/band) 143.28

composed of chains of segments, proglottids (Figure 11(d)).
Fuzzy hair-like filaments are visible indicating disintegration
of the tegumental surface (Figure 11(e)).

3.5. Chemical Profiling. The chromatogram and mass
spectra of IKM-D from GC-MS are shown in Figure 12.
From the mass spectral library, 19 different compounds were
identified as listed in Table 6. An alkylated phenol, 2,6-di-
tert-butylphenol (formula: C;4,H,,0; molecular mass:
206.32), was determined to be the most abundant constit-
uent, comprising 100% of the total compounds by relative
abundance, and probability value of 70%. Only another
compounds was in high occurrence, which was palmitic acid
(formula: C;7H3,0,; molecular mass: 256.42) at 60%
probability and 43% relative abundance. The rest of the
compounds in trace amounts were all lipids and lipid
derivatives.

3.6. HPTLC Fingerprinting and Compound Quantification.
From HPTLC fingerprinting, only $-sitosterol was detected in
IKM-D out of the nine reference compounds (Table 7 and
Figure 13). The precision and fidelity of the method applied
were indicated by consistently high mean recovery percentage
(> 97) for all test samples. The linear calibration curve was
obtained at the range of 100-550 ng for quercetin from which
a correlation coeflicient was determined at 0.99 between the
plant extract and f3-sitosterol (Table 8). The high correlation
coeflicient, supported by high recovery values (all above
97.5%), further strengthened the fidelity of the procedure
(Table 9). The limit of detection (LOD) reflecting the least
level of the compound detectable was determined at 42.99 ng/
10 mm band, while the limit of quantification (LOQ) for the
lowest quantifiable amount was 143.28 ng/10 mm band. IKM-
D showed an R, value of 0.43, corresponding to that of the
standard compound (Figure 14), and the total amount of
B-sitosterol quantified in the extract was 198.68 ng (Table 10).

3.7. Computational Molecular Binding. Two main com-
pounds, 2,6-di-tert-butylphenol and f-sitosterol, detected
from IKM-D using GC-MS and HPTLC fingerprinting,
respectively, were docked against f-tubulin, a common
target protein of anticancer and anthelmintic drugs.
Molecular interactions for the two compounds are pre-
pared as shown in Table 11 and the binding sites in
Figure 15. Both compounds showed quintessential
binding scores against the target protein with strong
deviation on negative values, a binding energy of
—5.7 kcal/mol for 2,6-di-tert-butylphenol and -6.7 kcal/
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TaBLE 9: HPTLC recovery values of B-sitosterol from I. khasiana extract (IKM-D).

Amount (uL) Amount (ng/band) Expected area

Mean recovery Relative standard

Area obtained

(%) deviation (%)
4 200 2509.91 2467.11 98.29 0.29
4 300 2877.31 2806.60 97.54 0.27
4 400 3398.21 3218.12 98.70 0.32

TaBLE 10: HPTLC quantification of I. khasiana extract (IKM-D).

R; value Mean area Amount (ug) Regression Compound

1326.10 198.68

043+1 Linear  pB-Sitosterol

mol for B-sitosterol (Table 12). 2,6-Di-tert-butylphenol
displayed the limited interaction site only at glycine at
amino acid position 146 (Figure 15(a)). In contrast,
B-sitosterol exhibited multiple binding sites, alanine and
valine at two positions each and phenylalanine and
tryptophan at one position each (Figure 15(b)). Thus,
p-sitosterol has a more versatile interaction with
B-tubulin than 2,6-di-tert-butylphenol.

4. Discussion

A549 and HTC116 cell lines are established models for the
first-line experimental assessment of anticancer agents, as
their molecular responses, cell cycle interruptions and
biochemical processes are fairly understood [32, 33].
Knowing that these cells are highly susceptible to anticancer
agents and that substantial drugs have been derived from
medicinal plants after testing upon the cells, it is interesting
that I khasiana leaves are shown for the first time to exhibit
anticancer activity. With 669 species identified, many Ilex
are known in various traditional systems as versatile me-
dicinal plants, with at least 38 of them claimed as a cancer
therapy [34]. Different species such as I argentina,
L brasiliensis, I. brevicuspis, 1. dumosa, 1 integerrima,
I microdonta, I paraguariensis, I.  pseudobuxus,
I taubertiana and I theezans are commercially used as
alternatives to tea in South America [11] and are specifically
claimed to be preventive against cancer development [10].

I paraguariensis is the best understood species and most
used beverage. The chemical analysis showed that it is a rich
source of bioactive metabolites such as caffeine derivatives
(caffeic acid, chlorogenic acid, 3,4-dicaffeoylquinic acid, 3,5-
dicaffeoylquinic acid and 4,5-dicaffeoylquinic acid) and
flavonoids (kaempferol, quercetin and rutin) [35]. These
phytocompounds are already established for their antioxi-
dant, thereby, cancer preventive, and direct cytotoxic activity
against cancer cell lines [9, 36]. I. paraguariensis extract has
shown to have a cytotoxic effect against human colon ad-
enocarcinoma cells (HT-29 and CaCo-2 cells) [37], urinary
bladder carcinoma cell (T24), Caucasian oesophageal car-
cinoma cell (OE-33) (Caucasian oesophageal carcinoma)
and A549 cells [38].

I. vomitoria extract reportedly exhibits cytotoxic activity
against human colon adenocarcinoma cells (HT-29), while

capable of acting synergistically with anticancer compounds
such as caffeoylquinic acids, quercetin and kaempferol to
increase cellular antioxidation reactions [39]. A popular
Chinese bitter tea, I. kudingcha, was demonstrated as an
anticancer agent and specifically regulates oncogenes such as
Bax and Bcl-2, while suppressing iNOS and COX-2 ex-
pressions, which are pivotal steps in carcinogenesis, in
human breast adenocarcinoma (MCEF-7) [40] and tongue
carcinoma cells (TCA8113) [41]. I hainanensis effectively
inhibits several oncogenes in experimental melanoma-
bearing mice [42]. Another herbal tea, I latifolia, contains
several phenolic and caffeic derivatives that has shown to
have cytotoxicity against human cervix carcinoma HeLa
cells [43]. Four novel triterpenoid saponins isolated from
I. rotunda were found to have anticancer activity against
A549, HeLa and glioblastoma (LN229) cell lines [44]. In the
present study, I. khasiana extracts showed an unusual effect
on the cancer cells that at some points there were nonlinear
responses such as IKM-D on A549, and IKM, IKM-D and
IKM-H on HCT116 cells. This kind of anomalous cellular
response is due to dose-effect limitations and stress con-
ditions of target cells that is a common phenomenon often
seen in the effects of anticancer drugs [45] and phyto-
compounds [46, 47].

Identifications of two compounds form of I. khasiana
extract, namely, 2,6-di-tert-butylphenol, as the major
component from GC-MS and p-sitosterol from HPTLC
fingerprinting have important implication in the plant’s
medicinal values. The chemistry and biological property of
the compounds have attracted pharmacological in-
vestigations ~ with  valuable outcomes.  2,6-Di-tert-
butylphenol is a phenolic compound and secondary me-
tabolite of several species of bacteria and plants [48]. It is not
particularly stable as a pure compound, and thus, not
suitable for clinical use. It has a high antioxidant power for
which it is widely used in drug synthesis as a functional
moiety to boost and stabilise the antioxidant activities
[49, 50]. Its integration as a base compound in the chemical
synthesis of anticancer compounds is known to enhance
bioefficacy against different cell lines [51, 52]. 8-Sitosterol is
a phytosterol for which the chemistry and pharmacology are
fairly established. From various botanical sources, it is
established to have analgesic, antimicrobial, anticancer,
antidiabetic, anti-inflammatory, antioxidant, hypolipidemic,
hepatoprotective and wound healing activities [53, 54]. It is
considered as a prospective medication in several cancers
including those of the breast, colon, leukaemia, lung,
ovarian, prostate and stomach [55]. Its anticancer activity in
particular has been vindicated from its molecular in-
teractions with multiple cell signalling pathways involving
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Fieure 14: HPTLC chromatogram profiles. (a) Standard B-sitosterol detected at 366 nm and its respective R, value. (b) B-Sitosterol in
I khasiana methanol-diethyl ether extract (IKM-D) detected at 254 nm and an R ¢ value of 0.43.

TaBLE 11: Molecular data set-up for ligand-binding modelling in AutoDock Vina, showing the grid size, and centre position of compounds
detected in I khasiana.

Ligand Size x Size y Size z Centre x Centre y Centre z
2,6-Di-tert-butylphenol 70 62 60 136.118 104.379 17.042
B-Sitosterol 70 62 60 136.118 104.379 17.042

TaBLE 12: Molecular docking scores of compounds detected in I. khasiana against common anticancer and anthelmintic target protein.

Binding energy Amino acid Amino acid

Ligand Target PDB code

(kcal/mol) residue position
2,6-Di-tert-butylphenol B-Tubulin 1SA0 -5.7 Glycine 146
B-Tubulin 1SA0 Alanine 100
Alanine 180
. Valine 181
B-Sitosterol —6.7 Valine 182
Phenylalanine 404
Tryptophan 407

apoptosis, angiogenesis cell cycle, DNA repair and metas-
tasis [56, 57].

Anthelmintic effects are most conveniently substantiated
by electron microscopy and drug molecules primarily act on

the body surface to induce tegumental disruptions [27, 28].
Furthermore, each anthelmintic drug exhibits characteristic
and signature damaging effects on different body parts of
helminths [58]. It is interesting to note that the most widely
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FIGURE 15: 3D structural depiction of S-tubulin (PDB code 1SA0) shows the molecular interaction sites with major bioactive compounds
detected in I. khasiana methanol-diethyl ether extract (IKM-D). (a) 2,6-Di-tert-butylphenol in black colour. (b) f-Sitosterol in yellow

colour.

used anticancer drugs such as vinca alkaloids and paclitaxel
share the same mechanisms of action as anthelmintic drugs
such as albendazole. They are all inhibitors of tubulin as-
sembly, the cellular process critical for normal microtubules
during cell proliferation [4, 6, 59]. Molecular interactions
showed that 2,6-di-tert-butylphenol and f-sitosterol do have
high binding affinity for p-tubulin. The binding energy of
each compound is not exceptionally high, but a strong
deviation on the negative values is an indication of good
binding interactions [60]. Therefore, the two compounds
can specifically act as microtubule inhibitors by binding to
free B-tubulins. Although it is by no means conclusive from
the present findings that anticancer and anthelmintic ac-
tivities of I khasiana may have pharmacological activity
consonant to the pharmaceutical drugs, it is enticing to infer
that the plant’s metabolites may act similarly to the drugs in
causing the biological effects, and that 2,6-di-tert-
butylphenol and B-sitosterol could potentially be the mol-
ecules behind the plant’s anticancer and anthelmintic
properties.

5. Conclusions

The methanol extract of I. khasiana leaves (IKM) and its
fractions, including butanol (IKM-B), diethyl ether (IKM-D)
and hexane (IKM-H), were found to exhibit in vitro anti-
cancer activity against malignant type II human alveolar
adenocarcinoma (A549) and human colon carcinoma
(HCT116) cell lines. IKM-D showed the most pronounced
cytotoxicity against both cell lines and was used for other
biological and chemical analyses. The plant extract effec-
tively exerted apoptosis as indicated by red fluorescence in
the dead cells and high apoptotic index. Significant in-
hibition of cell proliferation and colony formation was also
observed in IKM-D-treated cells. The plant extract further
showed anthelmintic activity and caused typical drug effects
on the tegument of cestode, as revealed by scanning electron

microscopy. GC-MS data showed that the principal chemical
compound in the plant extract was 2,6-di-tert-butylphenol.
This phenolic compound may be the bioactive principle
responsible for the anticancer and anthelmintic properties.
B-Sitosterol was also identified using HPTLC fingerprinting.
Both the detected compound can structurally interact with
B-tubulin, which could be the molecular target for both
anthelmintic and anticancer activities. The study hereof
advocates the conservation and propagation of this en-
dangered plant for any further pharmacological
investigations.
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