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ABSTRACT

Plasmodium falciparum is the most pathogenic of the five species of Plasmodium parasites that
cause human malaria. Due to high drug resistance of P. falciparum on clinical prescribed anti-
malaria drugs, there is urgent need to identify new alternative anti-malaria drugs to possibly avoid
problems related to drug resistance. Chrysophyllum albidum has been claimed to be used in the
treatment of malaria so the aim of this study is to evaluatethe phytochemicals and anti-malaria
potentials of the chloroform extract of Chrysophyllum albidumstem bark. The phytochemicals of the
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crude chloroform extract was identified using gas chromatography mass spectrometry (GCMS),
while the pharmacokinetics and anti-malaria potentials were examined using Swiss absorption,
distribution, metabolism, and excretion (ADME) parameters and molecular docking respectively.
The result of the GCMS revealed the presence of 10 compounds which include beta.-d-
Mannofuranoside, O-geranyl, 13-Octadecenal (Z)-, -Piperidinone, N-[4-bromo-n-butyl]- among
others. Some of the identified compounds had good pharmacokinetic score by meeting the
Lipinski’'s rule of five, with most of them attaining a good score of bioavailability, though most of
them are not very soluble in water. However, the In silico antimalaria study demonstrated that Beta-
d-mannofuranoside has better docking score of -7.0 than that of quinine (- 6.7 kcal/mol). Beta-d-
mannofuranoside and O-geranyl are potential compounds responsible for the antimalarial activity of
stem bark extract of Chrysophyllum albidum by being inhibitors of Plasmodiumfalciparum lactate
dehydrogenase (PfLDH). These findings provide more evidence to support the traditional use
of Chrysophyllum albidum for treatment of malaria and to justify the relevance of these compounds

as good drug candidates for the treatment of malaria.

Keywords: Mannofuranoside;
phytochemicals.

1. INTRODUCTION

“‘Malaria remains one of the life-threatening
infectious diseases in tropical and subtropical
regions of the world” [1]. “Plasmodium falciparum
is the most pathogenic of the five species of
Plasmodium parasites that cause human
malaria, and it also has the highest chance of
developing resistance to medication” [2,3].
Despite the widespread distribution and use of
mosquito nets and the millions of malaria
medications already in use, the high incidence of
malaria infection and fatality rate has turned into
a global public health concern [4]. “At present,
artemisinin-based combination therapies (ACTs)
are the first-line treatment that has been
recommended by the World Health Organization
(WHO) for uncomplicated falciparum malaria in
all endemic countries. Unfortunately, the
emergence and spreading of artemisinin (ART)-
resistant P. falciparum has already been reported
in Southeast Asian countries, including Thailand,
Africa and many other malaria endemic
countries” [5,6]. The lack of an effective vaccine
for malaria prevention and the widespread use of
multidrug-resistant to P. falciparum [7] have led
to the urgent need to identify lead compounds
and develop new alternative anti-malaria drugs to
possibly avoid problems related to drug
resistance [8].

“Plasmodium falciparum lactate dehydrogenase
(PfLDH) is an essential enzyme in the parasite’s
life cycle for survival and growth. It controls the
production of adenosine triphosphate (ATP) by
catalyzing the conversion of lactate to pyruvate in
the final step of the glycolytic pathway during the
anaerobic erythrocytic stages of the P.
falciparum life cycle” [9]. “The inhibition of PfLDH
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leads to parasite death, suggesting a potential
anti-malaria target” [10]. “Therefore, this enzyme
is an attractive target for the design and
discovery of anti-malaria drugs” [10].

“This tremendous interest in plants-derived drugs
are mainly due to the current widespread belief
that herbal medicine is safer and more reliable
than the costly orthodox medicine, many of which
may have adverse side effects” [11]. One of such
is the African star apple (Chrysophyllum
albidum).

Adewoye, et al. [12] reported that methanolic
extract of the bark of C. albidum has anti-
plasmodia activities and non-toxic to mice. It has
been reported by that plants whose
phytochemicals are alkaloids, anthraquinones
and saponin may have anti-malaria activities
[12,13,14]. Newbold., et al. [15] reported that
Saponins have anti-protozoan activities as well
as possible defaunation agents in the rumen.
Numerous infectious protozoans, including P.
falciparum, have been reported to be adversely
affected by triterpenoid, steroid, and saponin
compounds. It has also been discovered that
Chrysophyllum albidum contains alkaloids that
are harmful or toxic to alien species' cells,
including bacteria, viruses, and protozoa, which
include malaria parasites [12].

“Extracts from different parts of C. albidum,
including the stem bark, leaves, roots and seeds
have been used for the treatment of different
ailments, such as yellow fever, malaria, certain
skin diseases, stomach ache, and diarrhea,
vaginal and infertility problems as well as
dermatological and urinary related infections”
[16]. “The extracts have also been found useful
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as liniments and in stopping microbial growth in
open wounds” [17]. “The extracts of the leaves
and fruits using different solvent of varying
polarity have shown antimicrobial and antioxidant
properties in vitro and in- vivo” [18]. “Other
studies relating to extracts from different parts of
the plant show that ethanolic extracts from the
plant significantly reduced blood glucose levels
and hepatic lipids at higher dose concentrations
except high density lipids (HDL) -cholesterol,
which was found to increase significantly in
diabetic rats” [19]. “These results point to the fact
that extracts from this plant have anti-malaria,
antimicrobial, hypolipidemic, hypoglycemic and
antioxidant properties. In this study, the
compounds present in the bark of C. albidum
were identified with Gas chromatography mass
spectrometry (GC-MS). This GC is a separation
science technique that is used to separate the
chemical components of a sample mixture and
then detect them to determine their presence or
absence and/or how much is present” [20]. Also
molecular  docking against Plasmodium
falciparum lactate dehydrogenase (PFLDH) was
to determine their inhibitory potentials against
malaria. Molecular docking is one of the most
frequently used methods in structure-based drug
design, due to its ability to predict the binding-
conformation of small molecule ligands to the
appropriate target binding site [21]. This study
aimed at evaluating the phytochemicals in C.
albidum and to screen the anti-malaria potentials
of the plant’s stem bark.

2. METHODOLOGY
2.1 Collection and Identification

The bark of the African star apple was harvested
from Umuehie in Mbano Local Government of
Imo State Nigeria and authenticated by a plant
taxonomist Professor Mbagwu of Imo State
University Owerri. The collected plant materials
were brushed to remove soils and other debris,
cut into small pieces and were evenly distributed
to facilitate homogenous drying on clean brown
paper sheet in a room with adequate ventilation
at temperature for 3 weeks. The dry plant
material was then powdered, and a measured
guantity was soaked with chloroform for two
days. The mixture was then filtered, and the
solvent evaporated to get the crude sample
extract.

2.2 Phytochemical Screening

Gas chromatography-mass spectrometry (GC-
MS) analysis;

The GC-MS analysis was done at Zaria, kaduna
state Nigeria. The compounds in the sample
were identified using agilent GC-MS (Agilent
19091-433HP, USA) coupled to a mass
spectrophotometer.

GC-MS operating conditions;

The initial column temperature was 35 °C with a
hold time of 3 minutes. The temperature was
programmed to rise by 8°C /min with a final
temperature of 280°C. In the process, 1l of the
sample was injected into the port and
immediately vaporized and moved down the
column with helium as the carrier gas with flow
rate of 1 ml/min. The MS Spectrum was taken at
70 eV. The identification of the compounds was
done by comparing the spectrum of unknown

compounds with the spectrum of known
compounds in NIST14 structural library.
2.3The Pharmacokinetic (ADME)

Examination

The potential of a good drug could be ruined
because of the limited absorption, distribution,
metabolism, and excretion (ADME)
characteristics. Therefore, ADME parameters
were estimated using swissADMEto determine
the probability of the phytochemicals of crude
chloroform extract of C. albidum becoming a
potential candidate for the development of drugs.

2.4 Molecular Docking

Ligand preparation:The three-dimensional (3D)
structure of the identified compounds was
downloaded from PubChem online server.
Hydrogen Bonds were added using the
CHARMM force field in open babel software.

Protein target preparation: The 3D structure of
the Plasmodium Falciparum L-Lactate
Dehydrogenase was retrieved from Protein
Databank (PDB ID: 1LDG). The 3D structure has
been prepared by removing water molecules,
cofactor and substrate and determination of the
active sites using the pymol software.
Furthermore, addition of polar hydrogen using
autodock tools was done.

Docking studies: Biovia Discovery Studio 2020
was used to prepare the protein while Virtual
screening toolPyRx was used for the molecular
docking. Autodock Vinaprogram was used to do
docking analysis on the prepared ligand and
protein. Based on several scoring functions, the
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software allows us to virtually screen a library of
compounds and anticipate the strongest binders.
The docking result was visualized using the
accelrys discovery studio software.

3. RESULTS AND DISCUSSION
3.1 Result of the Extraction

The phytochemicals in the stem bark of the plant
was extracted using chloroform; exactly 168.49g
of the powdered sample was percolated for 3
days using a solvent volume of 1.5L. The mass
of wine yellow coloured extract recovered after
filtration was 0.94g which was 0.56%yield.

3.2 Result of the Gas Chromatography-
Mass Spectrometry (GC-MS) Analysis
of the Extract

Ten (10) compounds were identified in the
Chrysophyllum albidum stem bark extract by gas
chromatography/mass spectrometer analysis, the
selected compounds were chosen based on their
percentage peak area which is described as their
concentration and the 2D structure of the
compounds retrieved from PUBCHEM soft ware
(Table 1). The majority of the bioactive
substances are terpene glycoside compounds,
bicyclic aromatic hydrocarbons, mono-
unsaturated fatty-aldehyde derivatives, mono
saturated and unsaturated fatty acids, and fatty
acid ester.

These compounds are responsible for the
antibacterial, antifungal and antioxidant activity of
and antimalaria activity of the plant bark.
Previous studies concluded that the compound
cis-9-hexadecenal has potential anti-
melanogenic and anti-fungal properties [22].
Additionally, compounds like 2-Piperidinone, N-
[4-bromo-n-butyl]-, 5-methylhex-2-yl butyl ester,
Phthalic acid, Pentadecanoic acid, and
hexadeconoic acid ethyl ester have antibacterial
properties [23]. 13-Octadecenal, (Z)- has been
found to have antimicrobial activity specifically
against Pseudomonas aeruginosa and may also
be useful as a potential antibacterial agent. 9,12-
Octadecadienoic acid (Z, Z)-, methyl ester has
analgesic, anti-inflammatory, and ulcerogenic
properties [24]. It has been claimed that
hexadecanoic acid, commonly known as palmitic
acid, has anti-inflammatory, antibacterial, and
antioxidant properties [25]. Regardless of the
solvent polarity, beta-d-mannofuranoside has
been shown in privious studies to be active

molecule [25,26] that has antibacterial properties
that could have economic potential.

Pharmacokinetic
the Identified

3.3 Results of the
(ADME) of

Phytochemicals

Interestingly, all of the phytoconstituents were
found to meet the Lipinski’s rule of five, with most
of them attaining a good score of bioavailability.
One more important attribute is the solubility for
the absorption of the compound and its
distribution in the body, which was specified via
the value of aqueous solubility. Unfortunately, it
can be observed in the results that most of the
compounds are not very soluble in water.

The Log P reflects the ratio of a compound's
concentration in two phases, an oil and a liquid
phase, at equilibrium. The criteria used to
determine the lipophilicity of substances are Log
P and Topological Polar Surface Area (TPSA). A
log P value of 2 to 3 is always regarded as
optimum for oral medicines to achieve a balance
of permeability and first-pass clearance. TPSA
less than 90A2 is normally necessary for
molecules to pass the blood-brain barrier,
whereas TPSA larger than 140A2 is usually
ineffective in permeating cell membranes [27].

The Log S Scale is used to forecast a medicinal
compound's solubility. When the maximal dose
strength of a medicine is soluble in 250 mL or
less of aqueous media over a pH range of 1 -
7.5, it is called very soluble. The 250 mL volume
estimate is based on standard bioequivalence
testing protocols, which call for giving a medicinal
product to fasting human volunteers with a glass
of water. All drugs have been divided into four
classes: class I-high soluble and high permeable,
class lI-high soluble and low permeable, class llI-
low soluble and high permeable, and class IV-
low soluble and low permeable. The ESOL
model (Solubility class: Log S Scale: Insoluble -
10, weakly -6, moderately-4 soluble, -2 very 0
very soluble) was used to predict water solubility
in this investigation.

The permeability of the white and yolk of a boiled
egg is used to predict gastrointestinal absorption
(GA) and blood-brain barrier (BBB) penetration.
The Boiled-Egg model generates a quick,
spontaneous, efficient, yet boisterous method for
predicting passive Gl absorption, which is useful
for drug discovery and development. The white
part (yolk) contains compounds that are more
likely to be absorbed by the Gl tract, whereas the
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Table 1. Phytochemicals Identified in the chloroform extract of C. albidium

O-gerany!

SN Phytochemical class Compound % area RT PubChem id MW (g/mol) MF Structure
1 mono-unsaturated fatty- 9-Octadecenal, (2)- 0.37 24.365 129724815 266.5g/mol Ci1sHz340
aldehyde "
2 mono-unsaturated  fatty- cis-9-Hexadecenal 80.42 25.007 5283375 238.41g/mol C16H3200
aldehyde Rt S
3 Aldehyde 13-Octadecenal, (2)- 1.10 21.868 5364497 266.5 Ci1sHz340
M
4 Essential fatty acid 9,12-Octadecadienoic acid 12.44 23.798 5282797 280.4g/mol C18H3202
(Z, Z)_ EI
5 Ethyl ester Hexadecanoic acid, ethyl 0.29 25.621 12366 284.5g/mol C18H3602
ester SRFRRRARAS
6 Saturated fatty acid n-Hexadecanoic acid 3.42 31.623 985 256.42g/mol C16H3202
- B
7 Saturated fatty acid Pentadecanoic acid 0.30 33.995 13849 242.4g/mol C15H3002
" D
8 Bicyclic Aromatic 2-Piperidinone, N-[4-bromo- 0.31 22.457 536377 234.13 CoH16BrNO
Hydrocarbon n-butyl]- 3
9 Bicyclic Aromatic Phthalic acid, 5-methylhex- 0.65 35.429 91720768 320.4g/mol C19H2804
Hydrocarbon 2-yl butyl ester M'lgr‘
10 Terpene glycoside .beta.-d-Mannofuranoside, 0.71 20.893 5365843 316.39 C16H2806 w)r
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SN: serial number; RT: retention time; MW: molecular weight; MF: molecular formula
Table 2. Absorption, distribution, metabolism, and excretion (ADME) properties of the identified phytochemical compounds of C. albidum

s/n  Compounds ADME parameters
MW(g/mol) TPSA(A)®> LogP LogS GA BBB P-gp LogKp(cm/s) BS SA LV
1 .beta.-d-Mannofuranoside, 316.39 99.38 -0.09 -0.24 High  No Yes -7.31 cm/s 0.55 526  Yes;vO0
O-geranyl
2 13-Octadecenal, (2)- 266.5 17.07 4.68 -5.97 Low No No -2.81 cm/s 0.55 3.20 Yes; V:1:
MLOGP
3 2-Piperidinone, N-[4- 234.13 20.31 1.93 -2.97 High  Yes No -6.24 cml/s 0.55 1.81 Yes; V0
bromo-n-butyl]-
4 9,12-Octadecadienoic acid 280.4 37.30 4.47 -4.67 High  Yes No -3.05 cm/s 0.85 3.10 Yes;v:l
(2,2)- MLOGP
5 9-Octadecenal, (2)- 266.5 17.07 4.68 -5.97 Low No No -2.23 cm/s 0.55 3.26  Yes; v:l:
MLOGP
6 cis-9-Hexadecenal 238.41 17.07 4.20 -5.17 High yes No -3.13 cm/s 0.55 298 Yes; vl
MLOGP
7 Hexadecanoic acid, ethyl 284.5 26.30 4.67 -6.41 High No No -2.44 cm/s 0.55 280 Yes;vil
ester MLOGP
8 n-Hexadecanoic acid 256.42 37.30 4.19 -5.31 High  Yes No -2.77 cm/s 0.85 231 Yes; Vi
MLOGP
9 Pentadecanoic acid 242.4 37.30 3.94 -4.91 High  Yes No -3.07 cm/s 0.85 220 Yes;v:0
10 Phthalic acid, 5- 320.4 52.60 4.14 -5.42 High  Yes No -4.19 cm/s 0.55 3.24  Yes; v

methylhex-2-yl butyl ester

MW: molecular weight; TPSA: topological surface area;Log P:Lipophilicity; Log S: Water Solubility;GA: Gastrointestinal absorption; BBB: Blood brain barrier; P-gp:P-
glycoprotein substrate;Log Kp:Skin permeation; BS: Bioavailability score;SA: Synthetic accessibility; LV: Lipinski Violation
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yellow part (white) contains chemicals that are
more likely to permeate to the brain. All of the
chemicals either pass through the blood-brain
barrier (BBB) or are absorbed through the
gastrointestinal ~ tract (GA).  Transdermal
distribution is a medicine delivery method that
differs from oral and hypodermic injection. The
advantages of trans-dermal delivery include;
avoiding stomach degradation of drugs,
supposing steady plasma levels, avoiding first-
pass metabolism, increasing patient compliance,
inexpensive, invasive, easy to use, and
decreasing side effects. The skin absorption of
the substances is measured using the
permeability coefficient (Kp), which is a
relationship between solute flux and the
concentration gradient across the membrane.
The lower the log Kp (in cm/s), the less
absorbable the molecule is to the skin. P-
glycoprotein substrate (P-gp) is widely distributed
throughout the intestinal epithelium, which
pumps xenobiotics back into the intestinal lumen
as well as from the brain's capillary endothelial
cells into the capillaries.

The bioavailability score (BS) indicates how
much of a substance is likely to reach the active
site in bioactive form. The Synthetic Accessibility
(SA) estimation is based on a fingerprint-based
approach that involves closed source information
about fingerprint definitions, which hinders a
simple implementation open to the scientific
community. The BS and SA Scores for a
molecule to be considered a medication should
range from 1 (extremely easy) to 10 (very
difficult) (very difficult). The Lipinski filter is the
first of five rules that characterize tiny molecules
based on physicochemical property profiles such
as Molecular Weight (MW) less than 500,
MLOGP < 4.15, Nor O 10, and NH or OH < 5.
All nitrogens and oxygens are considered H-
bond acceptors by Lipinski, while all nitrogens
and oxygens with at least one hydrogen are
considered H-bond donors. Apart from that,
aliphatic fluorine compounds are acceptors [28].
Where as alanine nitrogens are neither donors
nor acceptors. A chemical must not break more
than one Lipinski rule to be considered a drug
candidate [29].

3.4 In-silico Antimalaria Activity of the
Chloroform Extract of C. albidum

To predict the potential interactions of
compounds with plasmodium falciparum lactate

dehydrogenase (PfLDH) enzyme targets (Fig. 1),
molecular docking calculations were performed.
The binding energy of each compound was given
in Table 3. “The binding energy with a higher
negative value corresponds to a more stable
interaction between the compound and target
enzyme” [30].

To predict the binding modes of active
compounds with PfLDH and identify the
interacting amino acid residues, the 2D
interactions of the top two active compounds
with PILDH were created, as shown in Fig. 2.
Among  the 10  compounds, beta.-d-
Mannofuranoside, O-geranyl exhibited the best
binding affinity to PILDH in terms of a low
binding energy of -7.0kcal/mol; however, its
binding energy was also higher than that of
quinine (- 6.7 kcal/mol). It is predicted to strongly
interact with three hydrogen bonds with GLY99,
THR97, and GLY29 (Fig. 2B). Additionally, the
compound was stabilized through hydrophobic
interactions alkyl bonding with amino acid
residues PRO250, LEU167, VAL138, ILE31,
LEU163, and LEU167 and Van der
waals interactions with residues MET30, ILE54,
VAL55, THR101, ASN40, ARG171, SER245,
THR139, GLY32, PHE100, SER28, ALA9S,
ASP53, and VALS55. For Quinine, the potent
antimalarial drug interacted with GLY99 at
the PfLDH active site (Fig. 2A), formed Pi bonds
with ALA98, and ASP53 and formed further
hydrophobic interactions with residues VALS55,
ILE54, MET58, ILE99, and ILE100 using alkyl
bonds and van der waals interactions with
residues GLY29, PHE52, SER28, GLY27,
THR97. While Phthalic acid, 5-methylhex-2-yl
butyl ester possessed a weak interaction, it
formed only one intermolecular carbon to
hydrogen bond with GLY99 with a binding energy
of —6.2kcal/mol. (Fig. 2C) as well as other
hydrophobic interactions.

The predicted binding energy is calculated and a
more negative binding energy indicates stronger
binding. Docking results showed that Beta. d-
Mannofuranoside, O-geranyl, had most potent
anti-malaria activity against P. falciparum, which
is characterized by the presence of three
hydroxyl groups at furan ring of the
Mannofuranoside, O-geranyl which had strong
PfLDH. The compound had better binding
compared to the control drug quinine. This result
justifies the use of C. albidum as an anti-malarial
agent.
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Fig. 1. Cartoon display of 3D image of PFLDH protein
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Table 3. Showing the binding affinity of phytochemicals with the target protein from molecular
docking analysis

SN Compound PCID B.A (kcal/mol)
0 Control (Quinine) 3034034 -6.7
1 .beta.-d-Mannofuranoside, O-geranyl 5365843 -7.0
2 Phthalic acid, 5-methylhex-2-yl butyl ester 91720768 -6.2
3 9,12-Octadecadienoic acid (Z,2)- 5282797 -5.6
4 Hexadecanoic acid, ethyl ester 12366 -55
5 Pentadecanoic acid 13849 -5.3
6 n-Hexadecanoic acid 985 -5.2
7 9-Octadecenal, (2)- 129724815 -5.1
8 cis-9-Hexadecenal 5283375 -5.0
9 2-Piperidinone, N-[4-bromo-n-butyl]- 536377 -5.0
10 13-Octadecenal, (Z2)- 5364497 -4.7
SN: serial number; B.A: Binding affinity; PCID: Pubchem compound identification number
4. CONCLUSION 2. Dorothy E Loy,
WeiminLiu,YingyingLi,Gerald H Learn,
The chloroform extract of Chrysophyllum albidum Lindsey J  Plenderleith, Sesh A
indicated10  compounds  with the GC-MS Sundararaman, Paul M Sharp, Beatrice
analysis, Interestingly, all of the H.Hahn.  Out of Africa: Origins and
phytoconstituents were found to meet the evolution of the human malaria parasites
Lipinski’s rule of five, with most of them attaining Plasmodium falciparumandPlasmodium
a good score of bioavailability However, the vivax. International J. for Parasitology.
present study demonstrated that 2017;47(2-3):87-97.
Mannofuranoside, O-geranylis a potential 3. Monroe A, Williams NA, Ogoma S, Karema
compound responsible for the antimalarial C, Okumu F. Reflections on the 2021 world
activity of stem bark extract of Chrysophyllum malaria report and the future of malaria
albidum and is an inhibitor of PfLDH. These control. Malar J.2022;21:154.
findings provide more evidence to support the 4. Conrad MD, Rosenthal PJ. Antimalarial
traditional use of Chrysophyllum albidum for drug resistance in Africa: The calm before
malaria treatment. Structural models of its the storm? The Lancet Infectious
interactions at the PfLDH active site are plausibly Diseases. 2019;19(10):e338-e351.
useful for the future design of antimalarial drugs. 5. Oboh MA, Ndiaye D, Antony HA, Badiane
AS, Singh US, Ali NA, Bharti PK and Das
DISCLAIMER (ARTIFICIAL INTELLIGENCE) A. Statgs of Artemisinin Resistance in
Author(s) hereby declare that NO generative Al g@?g?umfrom Molefuell;arsni\z:ssme%dlucr;
technologies such as Large Language Models theK%IchlBGene in SouthwesternyNi eria
(ChatGPT, COPILOT, etc) and text-to-image Biomed Res Int 2018'3(2018)'2305032 '
generators have been used during writing or ' ’ 2 SN
editing of manuscripts. 6. Me!'lard D., Dondorp A. Anqmalgngl d_rug
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