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ABSTRACT

Palm oil is an edible vegetable oil that is rich in saturated fat, it is derived from the mesocarp of the
oil palm fruit especially the African oil palm fruit (Elaisi guineenses), this study investigates the
possible inhibition of lung cancer cells using the bioactive constituents of Elaisi guineenses. The
chemical constituents of the oil were extracted in n-hexane, analyzed with Fourier transform
infrared spectrometer (FTIR) and gas chromatography-mass spectrometry (GC-MS) studies.
Absorption, distribution, metabolism and elimination and toxicity (ADMET) properties were
predicted using ADMETSAR online software while the molecular docking was achieved using the
Autodock Vina found in PYRX software. The ADMET properties of the constituents showed that
they are good drug leads for lung cancer treatment. The docking result revealed that 1,4,10,13-
tetraoxa-7,16- dithiacyclooctadecane gave a good binding affinity (-5.8 kcal mol'l) that is close to
that of the control (Osimertinib) (-7.8 k cal mol'l). The obtained results showed that palm oil may be
a promising lead candidate for the treatment of lung cancer.
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1. INTRODUCTION

“Cancer is one of the most deadly diseases
known in developing African countries especially
Nigeria” [1-2]. “Cancer has limited chances for
curing it, especially when it goes beyond the
early stage. It occurs as a result of biochemical
alteration in the genetic and epigenetic
mechanisms while targeting many tracts in
growth and malignant progression towards
incurable lethal disease” [3]. Most cancer
treatment methods especially chemotherapeutic
agents offer some level of toxicity to the patient
showing severe side effects. Natural anticancer
products have proven to be reliable when it
comes to the management of the disease [4-6].
Lung cancer is one of the major life threatening
diseases in Nigeria today; this may be attributed
to the careless life style of people living in this
area. Majority of the young men smoke tobacco
and hard drugs. Molecular docking is a method
used to model the interaction between natural
compounds and target protein [7-9], the binding
site area around the amino acid residues plays
an important role in binding with drugs or ligands
[10]. “Molecular docking correlates the
computational and experimental approaches and
has been of great assistance in the identification
and development of promising and novel
compounds” [11-12]. West Africa Palm oil (Elaisi
guineenses ) is one of the most beneficial food
products in the world today. It is made from the
fruit of the African oil palm. It is used for
preparing meals and also as an ingredient in ice
cream, margarine, and many other food
products. It is also used traditionally for the
control of rheumatism headaches, pains, arterial
thrombosis, cancer, cardiovascular diseases and
an atherosclerosis because of the very rich
phytonutrients it contains [13-14]. “The biomass
extracted from palm oil industries which include
oil palm frond, oil palm leaves, oil palm trunks,
mesocarp fibers, empty fruit bunches, palm
kernel shells, and palm oil mill are poorly utilized”
[15-16]. This work tries to identify some natural
lung cancer inhibitors from palm oil through
molecular docking method.

2. MATERIALS AND METHODS
2.1 Collection of Plant Materials

Fresh palm fruits were harvested from a local
village in Imo State Nigeria and were identified

by Prof. Martins Mbagwu of the Plant Science
and Biotechnology department Imo State
University, Owerri. After proper identification and
authentication, the fruits were ground with care
so that the hard nut does not crack. The nut was
separated from the fiber and the fiber was
subsequently dipped in hexane and allowed to
stand for 24 hours after which the oil was filtered
and stored in an air tight container for further use
[17].

2.2 FTIR Analysis

Fourier transform infrared spectroscopy (FTIR)
analysis was conducted on the extract to identify
the functional groups therein. The analysis was
carried out at a frequency range of 4000-400
cm™. The extracted oil was encapsulated in 200
mg of KBr salt pellet, using a mortar and pestle,
compressed into a thin pellet, the sample scans
was set at 30 to calibrate it. Resolution was
set to 8.2 and the Background Scans was set at
16 [18].

2.3 Gas-Mass Chromatography Analysis

The extracted oil sample was subjected to GC-
MS experiment using an Agilent technology gas-
mass chromatography instrument (model:
19091S-433Ul) USA. The conditions for the gas
chromatography part were set with the parameter
as follows: A HP-5ms capillary standard nonpolar
column Ultra Inert 0 °C—325 °C (350 °C): 30 m x
250 ym x 0.25 ym was used. The temperature
range was 50 — 325°C, held at 50 °C for 2 min,
the rate was 5 °C/min and at 180 °C for 0 minutes
increased to 20°C/min at 270 °C for 5 min, the
carrier gas used was helium at a rate of 1 mL
per minute. The results obtained were
analyzed by comparing with the spectra program
imbibed in the National Institute of Standards
and Technology (NIST) mass spectral library
[19].

2.4 Ligands Preparation and ldentification

“The three dimension (3D) structures of the
compounds identified in the GC-MS experiment
were downloaded from the pubchem online
database. The obtained compounds were
minimized at PyRx virtual screening tool with the
aid of universal force field with 200 steps and
changed to AutoDock ligands and used for the
molecular docking procedures” [20].
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2.5 Absorption, Distribution, Metabolism
and Elimination and Toxicity (ADMET)
Screening

The identified compounds were submitted to
ADMETsar 2 server for drug-like properties,
pharmacokinetics, and  pharmacodynamics
parameter examination [21].

2.6 Identification
of Molecular Targets

and Preparation

The three dimension (3D) structure of
epidermal growth factor receptor protein target
with PDB ID: 4zau was downloaded from
protein data bank (PDB database). The
protein was prepared using discovery studio

where the interfering crystallographic water
molecules and co-crystallized ligand were
removed; the active site was discovered

using pymol software. Further preparation was
done by addition of polar hydrogen. The
prepared protein was saved as protein data
bank file and used for the molecular docking
analysis.

2.7 Docking Analysis

Docking studies of the compounds on the
prepared protein was achieved with the Autodock

vina imbibed in PYRX software. Depending on
several scoring functions, the PYRX software
allows one to virtually screen a library of
compounds and detects the strongest binders.
The ligand binding site of Osimertinib was
chosen to be the active site of the 4zau protein.
The results from this study showed that all the
docked compounds bind either at the active site
or very close to the site [22]. The amino acid
residues involved in covalent interaction around
the active site of the chosen protein are Leu718,
Val 726, Ala 743, Rhu 723, Thr 790, Pro 794 and
Cys 797. The docked results were subsequently

visualized in discovery studies for further
analysis.

3. RESULTS

3.1 FTIR Results

Fourier  transform infrared  spectroscopy
(FTIR) analysis was used to identify the

functional groups present in the Hexane extract
Elaisi guineenses. The presence of some
functional groups was observed. The major

functional groups are summarized in Table 1
while the spectrum is shown in Fig 2. The
functional groups observed is similar to those
reported elsewhere to enhance drug activity
[23].

Fig. 1. Three dimension (3D) view of (a) 4zau protein and (b) Osimertinib (Atom legend: white =
H; gray = C; red = O; blue = N.)
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Table 1. Major functional groups found in n-Hexane extract of Elaisi guineenses

Absorption peak (cm™1) Functional group Appearance
3008.0 O-H of carboxylic acid Weak Broad
2922.2 Asymmetric sp® C-H Strong sharp
2855.1 Symmetric Sp3 C-H H Strong sharp
1744.4,1710.8 C=0 Strong sharp
1481.1 C—H Sharp
= __21730:98.708
i e ez BEIT N /Y
_‘ ~— f_-—.cr' | 36.6: 87.08
,3008.0/81.077 N T s || _r'?ﬁ_l' .
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7 | | . A1337.5; 82.701
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Fig. 2. FTIR spectra of the n-hexane extract of Elaisi guineenses
3.2 GC-MS Result determine if a compound with given

The Hexane extracted oil was injected into an
Agilant Gas chromatography-mass
spectrophotometer (model 19091S-433Ul) for
examination and analysis. The chromatogram is
presented in Fig. 3 while Table 2 gives the
compounds identified from the GC-MS analysis.
N-(2-{[2-(dimethylamino)ethyl](methyl)amino}-4-
methoxy-5-{[4-(1-methyl-1H-indol-3-yl)pyrimidin-
2-yllamino}phenyl)prop-2-enamide (Osimertinib)
with Pubchem Id 71496458, molecular formula
C,g Hss N7 O, and weight 499.6 g/mol was used
as control drug to identify compounds with good
binding affinities for the studied cancer protein.

3.3 ADMET Behavior

The  Absorption, distribution,  metabolism
and elimination and toxicity prediction which
show their pharmacokinetics and

pharmacodynamics properties are summarized
in Table 3. pfizer's rule of five by Lipinksi [24]
was used to evaluate the drug-likeness of the
identified compounds. The rule helps to

pharmacological activity has chemical and
physical properties that would likely make it an
orally active drug in humans. In compliance to
the rule, none of the compound has more than 5
hydrogen bond donors, none has more than 10
hydrogen bond acceptors, Table 2 showed that
all have molecular masses of(< 500), According
to Lipinski, an orally active drug should not
violate more than one of the rules. The result
revealed that all the compounds studied were in
compliance with the rule, the higher human
intestinal absorption (HIA) results indicated that
the compounds may be better consumed from
the gastrointestinal tract upon oral administration,
none of the compounds was found to be
carcinogenic. With the observed results, the
compounds may be classified as good drug
candidates.

3.4 Molecular Docking Result
Molecular docking was performed on epidermal

growth factor receptor lung cancer protein (4zau)
using the identified compounds and a control
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(Osimertinib). The 3D and 2D protein—ligand
interactions of the compounds are presented in
Fig. 4 while the binding scores, forces of
interaction and amino acid residues involved in
the interactions with the compounds and the
control drug Osimertinib are shown in
Table 4.The main forces involved in the
interactions were Van der Waals, conventional

hydrogen bond, alkyl, unfavorable acceptor-
acceptor. The results from the docking studies
showed that all the compounds either bound
exactly at active site or close to the active site
and their binding scores were equally close to
that of the control. 1,4,10,13-tetraoxa-7,16-
dithiacyclooctadecane gave the closest binding
score (-5.8 kcal mol™) to the control.
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Fig. 3. Chromatogram of the n-hexane extract of Elaisi guineenses

Table 2. Compounds identified in the hexane extract of Elaisi guineenses oil

S.No. Compound Area Pubchem Id Structure Molecular  Molar
Peak formula weight
(g/mol)
cis-Vaccenic acid 28.5039 5282761 A C1gH3405 282.50
13-Octadecenal, (Z)- 3.1848 5364497 A A A A A CigHsO 26650
. Palmitic acid 6.6054 985 A CueH30,  256.42
5 Oleic Acid 27.5039 445639 A C18H3400 28250
6 trans-13- 4.1679 6161490 it CigH340, 282.50
Octadecenoic acid
7 9-Octadecenal, (2)- 4.8017 5364492 P I o T e} 266.50
8 Hexadecenoic acid, 8.983 5312414 A CieH300, 25441
Z-11- -
9 1,4,10,13-tetraoxa- 9.0417 67527 NN CioH40,4S, 296.5
7,16- h ﬁ
dithiacyclooctadecane [ j
10 Z-2-Octadecen-1-ol 7.2167 5365011 w CigH360 268.5
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Table 3. ADMET characteristics of the docked compounds

S/No. Compound HIA AOT BBB WS H-bond H-bond donor Rotatable Carcinogeniety
acceptor bonds
1. Osimertinib + 2.893 - -3.549 8 2 10 -
2. cis-Vaccenic acid + 1.238 + -4.04 1 1 15 -
3. 13-Octadecenal, (Z2)- + 1.535 + -2.949 1 0 15 -
4. Palmitic acid + 1.16 + -3.502 1 1 14 -
5. Oleic Acid + 1.246 + -4.04 1 1 15 -
6. trans-13-Octadecenoic acid + 1.228 + -3.791 1 1 15 -
7. 9-Octadecenal, (Z)- + 1.228 + -3.791 1 1 15 -
8. Hexadecenoic acid, Z-11- + 1.268 + -3.791 1 1 13 -
9. 1,4,10,13-tetraoxa-7,16- + 1.853 + -1.002 6 0 0 -

dithiacyclooctadecane

-
o

Z-2-Octadecen-1-ol + 1.297 + -2.349 1 1 15 -

HIA=Human Intestine Absorption, AOT=Acute Oral Toxicity, BBB=Blood Brain Barrier, WS=Water Solubility
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Table 4. Binding affinity, forces of interactions and amino acid residues involved in the
docking studies

S.No. Compound Pubchem BA  Types of amino acids involved
ID interaction
1 Osimertinib 71496458 -7.6 Van der Waals, Leu 718,Val 726, Ala
carbon hydrogen, 743, Glu 762, Leu 792,
pi-anion , pi-sigma, Leu 844 Asp 855
alkyl , pi-alkyl.
2 cis-Vaccenic acid 5282761 -5.1 Van der Waals, Val 726, Ala 743, Lys
Conventional 745, Thr 790, Leu 792,
hydrogen bond, Met 793, Thu 844,
alkyl.
3 13-Octadecenal, (Z)- 5364497 -4.6  Van der Waals, Leu 718, Val 726, Ala
Conventional 743, Lys 745, Leu 844,
hydrogen bond, Thr 854
alkyl.
4 n-Hexadecanoic acid 985 .49 Van der Waals, Leu 718, Val 726, Ala
(Palmitic acid) Conventional 743 Lys 745, Leu 788,
hydrogen bond, Thr 790, Leu 792, Leu
alkyl. 844, Met 793
5 Oleic Acid 445639 -5.0 Van der Waals, Val 726, Ala 743, Lys
unfavorable 745, Thr 790, Leu 844,
acceptor-acceptor Thr 854
6 trans-13- 6161490 53 VvVan der Waals, Leu 718,Val 726, Ala
Octadecenoic acid Conventional 743, Leu 788, Thr 790,
hydrogen bond, Leu 844
alkyl
7 9-Octadecenal, (2)- 5364492 .4 Van der Waals, Leu 718, Val 726, Ala
alkyl 743, Lys 745, Leu 792,
Met 766, Leu 844
8 Hexadecenoic acid, 5312414 54 Van der Waals, Leu 718, Val 726, Ala
Z-11- Conventional 743, Cys 775, Thr 790,
hydrogen bond, Leu 844, Lys 745
alkyl, unfavorable
acceptor-acceptor
9 1,4,10,13-tetraoxa- 67527 .58 Van der Waals, Leu 718, Val 726, Met
7,16- Conventional 793, Leu 844
dithiacyclooctadecane hydrogen bond,
alkyl
10 Z-2-Octadecen-1-ol 5365011 -4.7 Van der Waals, Leu 718, Val 726,
Conventional Ala743, Lys793, Leu

hydrogen bond,
alkyl

788, Thr 854, Leu 844,
Met 793

BA= Binding Affinity in (kcalmol™1)

4. CONCLUSION

The chemical constituents of Elaisi guineenses
were extracted in n-hexane, analyzed with FTIR
and GC-MS. The FTIR result showed that the
compound contained some functional groups
which had been associated with drug properties

and the GC-MS analysis revealed that it
contained many compounds with known
biological and therapeutic activities. ADMET

properties

showed
have good pharmacological

that the

constituents
and pharmaco-

dynamics properties in the human system. The
molecular docking study of the identified
compound against the epidermal growth factor
receptor lung cancer protein showed that the
constituents of the African palm oil (Elaisi
guineenses ) were good candidates in the
inhibition of the activity of the lung cancer
protein.

580



Blessing; J. Mater. Sci. Res. Rev., vol. 6, no. 3, pp. 572-582, 2023; Article no.JMSRR.103707

COMPETING INTERESTS

Author has declared that no competing interests

exist.

REFERENCES

1.

Vikas J, et al. Screening of phytochemicals
as potential inhibitors of breast cancer
using structure based multitargeted
molecular docking analysis. Phytomedicine
Plus. 2022;2667-0313.
Available:https://doi.org/10.1016/j.phyplu.2
022.100227

Drescher CW, Bograd AJ, Chang SC,
Weerasinghe RK, Vita A, Bell R. Cancer
case trends following the onset of the
COVID-19 Pandemic: A community-based
observational study with extended follow-
up. Cancer. 2022;128:1475-1482.

Davis EJ, Beebe-Dimmer JL, Yee CL,
Cooney KA. Risk of second primary tumors
in men diagnosed with prostate cancer: A
Population-Based Cohort Study. Cancer
2014;120:2735-2741.

Taghizadeh MS, Niazi A, Moghadam A,
Afsharifar A. Experimental, molecular
docking and molecular dynamic studies of
natural products targeting overexpressed
receptors in breast cancer. PLoS ONE.
2022:17;5:e0267961.
Available:https://doi.org/10.1371/journal.po
ne.0267961.

Al-Amiery AA, Al-Majedy YK, Kadhum
AAH, Mohamad AB. Novel
macromolecules derived from coumarin:
Synthesis and  antioxidant  activity.
Scientific Reports. 2015;1(5):1-7.
Available:https://doi.org/10.1038/srep1182
5

Sanket R, et al. Computational exploration
of anti-cancer potential of flavonoids
against cyclin-dependent kinase 8: An In
Silico Molecular Docking and Dynamic
Approach, ACS Omega. 2023;8:391-409.
Available:https://doi.org/10.1021/acsomeg
a.2c04837

Larionova |, Cherdyntseva N, Liu T,
Patysheva M, Rakina M, Kzhyshkowska
J, Interaction of  tumor-associated
macrophages and cancer chemotherapy.
Oncoimmunology. 2019;8:1-15.
Available:https://doi.org/10.1080/2162402X
.2019.1596004

Lyskov S, Gray J. The rosettadock server
for local protein-protein docking. Nucleic
Acids Research. 2008;36:233—-238.

10.

11.

12.

13.

14.

15.

16.

17.

581

Available:https://doi.org/10.1093/nar/gkn21
6

Mace PD, Riedl SJ, Salvesen GS,
Caspase enzymology and activation
mechanisms. In: Methods in Enzymology.
Elsevier Inc. 2014;161-178.
Available:https://doi.org/10.1016/B978-0-
12-417158-9.00007-8

Arwansyah |, Ambarsari L, Sumaryada TI,
Simulasi docking senyawa kurkumin dan
analognya sebagai inhibitor reseptor
androgen pada kanker prostat. Current
Biochemistry 2014;1:11-19.
Available:https://doi.org/10.29244/cb.1.1.1
1-19

Gong N, Wang L, An L and Xu Y,
Exploring the active ingredients and
potential mechanisms of action of
sinomenium acutum in the treatment of
rheumatoid arthritis based on systems

biology and network pharmacology.
Front. Molecular Bioscience. 2023;10:
1065171.

DOI: 10.3389/fmolb.2023.1065171

Awik PD, et al. Anti-cancer potency by
induced apoptosis by molecular docking
P53, caspase, cyclin D1, -cytotoxicity
analysis and phagocytosis activity of
trisindoline 1,3 and 4, Saudi
Pharmaceutical Journal. 2022;30:1345—
1359.

Kamal-Eldin A, Appelqvist LA. The
chemistry and antioxidant properties of
tocopherols and tocotrienols.  Lipids.
1996;3,17:671-701

Fattore E, Fanelli R, Palm oil and palmitic
acid: A review on cardiovascular effects
and carcinogenicity. International Journal
of Food Sciences And  Nutrition.
2013;164(5):648-59.

Romes N B, Hamid M A, Hashim S E,
Wahab R A, Statistical modelling of
ultrasonic-aided extraction of Elaeis
guineensis leaves for better-quality yield
and total phenolic content. Indonesia
Journal of Chemistry, 2018;19(3):811-826.
Romes NB, Wahab RA, Hamid MA,
Proximate analysis and bioactivity study on
acoustically isolated Elaeis guineensis
leaves extract. In: AIP Conference
Proceedings. AIP Publishing LLC, Berlin.
2019;20001.

Duru CE Mineral and phytochemical
evaluation of Zea mays husk. Sci Afr.
2020;7:e00224.
Available:https://doi.org/10.1016/j.sciaf.201
9.e00224


https://doi.org/10.1016/j.phyplu.2022.100227
https://doi.org/10.1016/j.phyplu.2022.100227
https://doi.org/10.1038/srep11825
https://doi.org/10.1038/srep11825
https://doi.org/10.1021/acsomega.2c04837
https://doi.org/10.1021/acsomega.2c04837
https://doi.org/10.1093/nar/gkn216
https://doi.org/10.1093/nar/gkn216
https://doi.org/10.1016/j.sciaf.2019.e00224
https://doi.org/10.1016/j.sciaf.2019.e00224

18.

19.

20.

21.

Blessing; J. Mater. Sci. Res. Rev., vol. 6, no. 3, pp. 572-582, 2023; Article no.JMSRR.103707

Ikpa CCB and Maduka TOD. Antimicrobial
properties of methanol extract of
dacryodes edulis seed and determination
of phytochemical composition using FTIR
and GCMS. Chemistry Africa. 2020:3(4);
927-935.

Iwu IC, Oze RN, Onu UL, Amarachi N,
Ukaoma A. Phytochemical and gc/ms
analysis of the rhizome of Zingiber
officinale plant grown in eastern part of
Nigeria. African Journal of Biology and
Medical Research. 2018;1(1):43-54

Duru CE, Duru IA, Adegboyega AE, In
silico identifcation of compounds
from Nigella sativa seed oil as potential
inhibitors of SARS-CoV-2 targets, Bulletin
of National Research Center. 2021;45:57.
Avalilable:https://doi.org/10.1186/s42269-
021-00517-x

Aprilita RY, et al. Molecular docking
analysis of natural products from centella

22.

23.

24.

asiatica for inhibition of renin, Rasanyan
journal of chemistry. 2023;16(2):557-564.
Yosaatmadija Y. et al. Binding mode of the
breakthrough inhibitor AZD9291 to
epidermal growth factor receptor revealed,
Journal of Structural Biology. 2015;1047-
8477.
Available:http://dx.doi.org/10.1016/j.jsb.201
5.10.018

lkpa CB, lkezu UJ, Maduwuba MC, In
Silico Docking analysis of anti-malaria and
anti-typhoid potentials of phytochemical
constituents  of ethanol extract of
Dryopteris dilatata. Tropical Journal of
Natural Product Research. 2022;6(5):772-
782.

Lipinski CA. Rule of five in 2015 and
beyond: Target and ligand structural
limitations, ligand chemistry structure and
drug discovery project decisions, Advance
Drug Delivery Rev. 2016;2015(101):34-41.

© 2023 Blessing; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/103707

582


https://doi.org/10.1186/s42269-021-00517-x
https://doi.org/10.1186/s42269-021-00517-x
http://creativecommons.org/licenses/by/2.0

