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The constant emergence of resistant strains of Plasmodium falciparum has necessitated the
continuous screening of traditional plants such that novel and effective antimalarial drugs will be
developed. The antiplasmodial activity of the methanol root extract of Dictyandra arborescens
against Plasmodium berghei was determined in vivo and the active compounds responsible for
the observed activity identified in silico. Column chromatography was used to determine the
solvent fraction containing the active compounds. All fractions reduced percentage parasitaemia
in the treated mice, and hexane fraction showed significant (p < 0.05) antimalarial activity. The
hexane fraction gave two eluates coded E and Eg whose bioactive components were determined
using Gas Chromatography-Mass Spectrometry (GC-MS). Eluate Ea gave 11 compounds
(propane 1,2-dichloro propane, hexadecanoic acid, methyl ester, n-hexadecanoic acid, 9,17
octadecadienal, (Z)-, cis-13- octadecenoic acid, methyl ester, 6-octadecenoic acid, methyl ester,
(2)-, heptadecanoic acid, 16-methyl, methyl ester and bis (2-ethylhexyl) phtalate). In
comparison, eluate Eg gave 16 compounds (carbonic acid, prop-1-en-2-yl tetradecyl ester, 5-
octadecene, (E)-, isobutyl tetradecyl carbonate, hexadecanoic acid, methyl ester, n-hexadecanoic
acid butyl octadecyl ether, 10-octadecenoic acid, methyl ester, cyclopropaneoctanoic acid, 2-
hexyl-2,3-divinyloxirane and carbonic acid, dodecyl 2,2,2-trichloroethyl ester). These
compounds were subjected to molecular docking against Lactate dehydrogenase and Plasmepsin
Il enzymes from P. berghei. Bis(2-ethylhexyl) phthalate and bis(3-methylbutan-2-yl) phthalate
gave binding affinity values close to artesunate for the two protein targets. The antimalarial
potential of D. arborescens root as a novel source of an antimalarial drug is thus validated.

Keywords: Dictyandra arborescens, Bis(2-ethylhexyl) phtalate, Bis(3-methylbutan-2-yl)
phthalate, Plasmepsin I, lactate dehydrogenase, Plasmodium berghei.

Introduction

Since the creation of man, he has continuously familiarized

therapeutic effects as a result of their bioactive chemical constituents,
though their mechanisms of action are not usually known in most

himself with plants and uses them for the treatment of different
ailments. This relationship between plants and man has developed
such that a lot of plants are now used as medicines.'The use of plants
to treat diseases continued at an alarming rate while plant-derived
drugs also increased. Despite the screening techniques and discovery
of modern drugs, traditional knowledge of medicinal plants has given
insights into the discovery and development of important drugs.?
Patronage of indigenous medicinal plants is often attributed to the fact
that they are readily available, cheaper, and usually consumed raw or
as uncomplicated medicinal preparations. Presently, folklore medicine
has formed an essential part of complementary and alternative
medicines. These medicinal preparations from herbs often have
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cases.’ Due to the efficacy of most medicinal plants, World health
organization (WHO) now encourages, recommends and promotes the
consumption of traditional medicines due to their safety and people's
belief in such.

Many indigenous plants have been comprehensively studied in the last
few decades using advanced scientific techniques and their various
activities such as antioxidant, antimalarial, anticancer, anti-
inflammatory, antibacterial, antidiabetic and antifungal properties
have been reported. Medicinal plants, therefore, remain a priceless gift
of nature to man. They are the source of an array of secondary
metabolites (phytochemicals) used as food, drugs, spices, etc. Plants
use these phytochemicals to protect themselves from diseases and
damages from man and animals. These chemical compounds equally
contribute to plants' aroma, fragrance, colour and flavour.® The
medicinal property for which a particular plant is known is linked to
the fact that a combination of these secondary metabolites exerts their
activities in a synergistic manner.® It is believed that traditional
medicinal plants and natural products are important sources of novel
chemical substances with possible therapeutic values.”

The female Anopheles mosquitoes transmit Plasmodium parasites to
man resulting to the life-threatening disease called Malaria. The
disease is common in the tropical and sub-tropical regions of the
world where environmental factors favour the breeding of these
anopheles species. It is responsible for more than 300 million deaths
per annum all over the world,® ®and 90 % estimated to be in Africa.*
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The disease affects not only the health of individuals but also the
wealth of nations and is regarded as a disease of poverty and cause of
poverty as the vicious cycle continues. Antimalarial drug resistance is
a major challenge in the fight against malaria. The constant
development of resistance to antimalarial drugs over the past few
decades™ necessitated the search for new and more effective
antimalarial agents. In Africa and other countries where malaria is
prevalent, medicinal plants are commonly used for the treatment of
malaria.'? Parasite resistance to antimalarial drugs is believed to be
due to mutations in the active sites of drug targets or from biochemical
changes in the drug receptors.”*Therefore the investigation into the
antimalarial potentials of different traditional medicinal plants should
go together with search for new molecular targets for drug design.
Dictyandra arborescens is a flowering plant belonging to Rubiaceae
family which derived their name from the madder genus Rubia.
Species in this family are usually found in warm and tropical
climates,** and are mostly herbs, shrubs, though trees may also be
present. A lot of plants in the rubiaceae family are known for their
therapeutic importance,however; little or nothing is known about the
medicinal potentials of D. arborescens. This plant is found in the
tropical rain forests of West Africa. It is widely used by natives of
Ahiazu Mbaise L.G.A, Imo State, South Eastern Nigeria for the
treatment of malaria and other ailments.

This study is aimed at evaluating the phytochemicals present in the
root extract of D. arborescens (Welw.) using chromatographic
methods. In vivo studies of the column eluates were used to determine
the fraction with antimalarial potentials and the bioactive compounds
in the eluates with good activity against Plasmodium berghei proteins
identified by molecular docking.

Materials and Methods

Sample collection and processing

Fresh roots of D. arborescens were harvested from uncultivated
farmland at Ahiazu Mbaise L.G.A, Imo State, Nigeria during the wet
season (May 2019). They were washed, transported to the laboratory
and identified by Dr M.C. Duru of the Department of Biology, Federal
University of Technology, Owerri with voucher number FUTOH- 005.
The roots were then cut into smaller pieces, left to dry at room
temperature and ground using a laboratory milling machine. The
coarse powder was used to prepare the extract.

Preparation of extract and fractions

Coarse powder of D. arborescens root (200 g) was extracted with
1000 mL of 80% v/v methanol using soxhlet extraction. The methanol
extract was dried using a rotary evaporator (RE- 52A, Searchtech
Instruments) set at a temperature of 50°C. The extract was then
subjected to silica gel (70-230 mesh) column chromatographic
separation by slurry method . The column was first eluted with
hexane as the mobile phase with increments of 10 % chloroform. At
100 % chloroform, the polarity was adjusted by increments of 10 %
methanol. The eluting solvent was collected at 150 mL volumes and
each allowed to evaporate to about 5 mL volume at room temperature
(25°C) to concentrate eluted compounds. The eluates collected were
stored at — 4°C.

Experimental animals and Plasmodium berghei

Male Swiss albino mice weighing 18-25g (7-8 weeks old) were used
in this study; they were obtained from the animal house of Veterinary
medicine, University of Nigeria, Nsukka, and acclimatized for 14 days
with free access to feed (rat pellets) and water ad libitum. Monitoring
was done under 12 h light and dark cycles, in well-aerated cages. They
were then separated into their respective groups according to their
body weights. Chloroquine-resistant malaria parasite (P. berghei
NK®65) used in this study was obtained from the parasitology unit of
the Department of Veterinary Medicine, University of Nigeria,
Nsukka. The P. berghei was maintained by sub-passaging into
apparently healthy mice every five days throughout the study.
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This study was conducted after obtaining ethical approval from the
Animal Research and Ethics committee of the Department of
Veterinary Medicine, University of Nigeria, Nsukka, Enugu State,
Nigeria. Written consent was obtained whereby all the
participants/authors filled and signed an informed consent form.

Antimalarial evaluation of fractions from column chromatography
The resulting fractions were screened for antimalarial activity using
the 4-day curative test described by ** 7. Twenty four (24)male Swiss
albino mice weighing 20 g were used for the study. They were shared
into eight groups of three (3) mice each (n = 3). These groups were
labeled 1 to 8 as follows:

Group 1 — feed and water (normal control group)

Group 2 — infected and treated with artesunate (standard control
group)

Group 3 — infected but no treatment (negative control group)

Group 4 — infected and treated with fraction A [100% hexane (1)]
Group 5 — infected and treated with fraction B [100% hexane (2)]
Group 6 - infected and treated with fraction C [50% hexane :50 %
chloroform (1:1)]

Group 7 - infected and treated with fraction D [40 % hexane : 60 %
chloroform (2:3)]

Group 8 - infected and treated with fraction E [80 % chloroform : 20%
methanol (4:1)]

All animals in the treatment groups received 100 mg/kg body weight
of the standard antimalarial drug (artesunate) and 100 mg/kg body
weight of the various fractions from chromatographic separation once
daily for four consecutive days. Animals were inoculated on day zero
(0), and the parasite count was determined on day 3 (72 h after
infection). Treatment commenced on the same day (day 3). Level of
parasitaemia was monitored in all the groups on the 7" day (4 days
post-treatment) and the 14" day (7 days post-treatment).'® Percentage
parasitaemia was calculated according to Eq. 1 *°:

NoofParasitemia inTreated _ 100 (1)

% Parasitaemia = — X —
NoofParasitemia incontrol 1

Results obtained were compared with those of the untreated group.
Hexane fraction, which showed the highest antimalarial activity, was
sub-fractionated using column chromatography to get two purer
eluates coded Ea and Eg.

Gas Chromatography-Mass spectrometry (GC-MS) analysis

The sample was analyzed as described by,® using Agilent
technologies 7890A GC and 5977B MSD. A HP 5-MS capillary
standard non-polar column, dimension: 30M, ID: 0.25 mm, film
thickness: 0.25 um, was used. The flow rate of the carrier gas (helium)
was set at 1.0 mL/min. The temperature programme (oven
temperature) was set at 40 °C and raised to 250°C at 5°C/min, at an
injection volume of 1 pl. Samples dissolved in methanol were run
thoroughly scanned at a range of 40-650 m/z, and the results were
compared and interpreted using National Institute Standard and
Technology (NIST) Mass Spectral library database search programme
with over 62 000 patterns for identifying chemical components.

Molecular docking analysis

The compounds identified from the GC-MS analysis were suszected to
molecular docking with two antimalarial protein targets.”" These
molecular target proteins include P. berghei lactate dehydrogenase
(PbLDH) (ID: 10C4) and Plasmepsin Il (ID: 1SME). Lactate
dehydrogenase is a key enzyme that catalyses the synthesis of lactate
from pyruvate in Plasmodium species, while Plasmepsin Il is a
haemoglobin degrading enzyme in this parasite. The protein molecules
were obtained from protein databank (www.rcsb.org), and minimized
using UCSF Chimera 1.14. The structure data file (SDF) of all the
compounds was obtained from the PubChem database. The chemical
compounds in the two hexane eluates (A and B) of D. arborescens
roots were used as ligands. The binding affinities of the ligands on the
protein targets were determined using AutodockVina from
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PyRx.ZMolecular interactions between protein and ligands were
viewed with BIOVIA discovery studio 2020.

Statistical analysis

Data obtained from antimalarial studies were presented as mean +
standard error of mean (SEM). They were subjected to analysis of
Variance (ANOVA) procedure using a statistical analysis system
(SAS) package version 20 software. Mean differences were subjected
to Duncan’s multiple range test (DMRT) at significance level of p <
0.05.

Results and Discussion

In vivo antimalarial study
Column chromatographic separation of methanol extract of D.
arborescens root yielded five fractions, and they are shown in Table 1.

Table 1: Fractions obtained from methanol extract of D.
arborescens roots using column chromatography at
different solvent mixtures

Solvent Mixture Colour of Eluates

Hioo Eluate A — Pale green
Eluate B — Yellowish orange
Hs0:Cso (1:1) Eluate C - Pale brown
Hao: Ceo (2:3)
Cso: M2 (4:2)

H = hexane; C = Chloroform; M = methanol

Eluate D - Dark brown
Eluate E - Orange

Results obtained from the in vivo antimalarial study revealed that all
the fractions from the methanol root extract of this plant had
antimalarial activity on mice infected with P. berghei (Table 2 and
Table 3). Results showed that administration of the fractions
significantly reduced (p < 0.05) parasite count in all the treated groups
by the 7" day (4days post-treatment) when compared with the
untreated group (negative control). Eluate A coded ‘EaHio’showed
the highest antimalarial activity by reducing percentage parasitaemia
from 50 % on day 3 to 30.4 % on day 7 and 14.8% on day 14. The
activity of this eluate differed significantly (p < 0.05) from that of
other eluates. However, when compared with the standard antimalarial
drug (artesunate), antimalrial activity of this eluate differed
significantly (p < 0.05) as activity of artesunate was higher.

Eluate A (EaHi00) Obtained from hexane soluble fraction of methanol
extract of D. arborescens roots which showed the highest antimalarial
activity was sub-fractionated using column chromatography to obtain
two purer eluates coded E and Eg.

Africa is gifted with a myriad of herbal medicines. Indigenous people
acquire this knowledge, preserve it and pass it to their generations.
The colour of each fraction of the methanol extract of D. arborescens
root was visually different. This indicated that compounds contained
in each of the fractions varied in types and compositions.?® Fractions
obtained from column chromatographic separation of methanol extract
of D. arborescens roots showed varying degrees of antimalarial
activities against P. berghei in male Swiss albino mice as seen in the
reduction of parasite count and decrease in percentage parasitaemia.
Antimalarial activity of EluateA (EaHiqo) differed significantly (p <
0.05) from activities of other eluates (Table 2). Antimalarial activities
observed in this fraction may be due to the classes of compounds in
the hexane fraction of methanol extract of D. arborescens.?*The
phytochemical constituents of hexane fraction may have an individual
or synergistic effect to exert their antimalarial activity.

The chromatograms of Ea and Eg are shown in Figures 1 and 2, and
their compositions are summarized in Tables 4 and 5.

The most abundant compounds in Ea were 6-octadecenoic acid methyl
ester and hexadecanoic acid methyl ester whose percentage
constituents were 36.80% and 28.20% respectively. For Eg, the most
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abundant compounds were 10-octadecenoic acid- methyl ester and n-
hexadecanoic acid with percentage constituents of 20.70% and 15.29
%. The vast ethnomedicinal and traditional uses exhibited by D.
arborescens could be attributed to the presence of these chemical
compounds as found in other plants such as Macrotyloma uniflorum,*
and Litsea glutinosa.*? Although some of these characterized
compounds are not common, they are interesting compounds which
occurred in appreciable amounts. The biological activities of some of
these compounds have been reported (Table 6).

Molecular docking studies

The emergence of resistant strains of Plasmodium species to
conventional drugs has motivated the search for new antimalarials
with improved modes of action. One of the approaches to this problem
is the identification of enzymes that play vital roles in the life of the
parasites and has notably different properties to enzymes which
catalyze similar reactions in the human hosts. Such differences are
exploited in the design of inhibitors to specific parasite proteins to
develop pharmaceutical products that will target the disease. In the
fight against malaria, lactate dehydrogenase from Plasmodium species
has been a major target due to the essential role this enzyme plays in
the anaerobic lifestyle of Plasmodium species. Therefore any
compound that inhibits the enzyme will also kill the Plasmodium.*
Plasmodium species rely extensively on homolactic fermentation for
energy production, therefore inhibiting this enzyme will disrupt the
synthesis of lactate from pyruvate and energy production in the
parasites will be altered.*This enzyme from P. falciparum and P.
berghei has been considered as a potential molecular target for
antimalarial drugs.**Plasmepsin 11 is a haemoglobin degrading protein
in Plasmodium species. It is also a potential drug target for
antimalarial drugs.® Degradation of haemoglobin is an important step
in the development of malarial parasites and is catalysed by enzymes
known as plasmepsins (PMs).**Plasmepsin Il is a useful therapeutic
target for the treatment of malaria. This enzyme degrades
haemoglobin by proteolytic cleavage.

The antimalarial activity of the chemical compounds from the GC-MS
analysis against lactate dehydrogenase and plasmepsin Il enzymes
from P. berghei were investigated using computational methods.
Lactate dehydrogenase has four binding pockets with sizes in the order
Site 1 > Site 2 > Site 3 > Site 4 (Figure 3).

Plasmepsin Il enzyme has two active sites with sizes in the order Site
1 > Site 2 and the residues at these points are shown in Figure 4.

The change in the Gibb's free energy (AG) of the compounds in the
hexane eluates of D. arborescens root was used to determine the
binding affinities of the compounds on the protein targets. The values
are shown in Tables 7 and 8.

For Ea, the best binding affinity (- 6.1 Kcal/mol and -6.6 Kcal/mol)
were recorded for bis (2-ethylhexyl) phthalate for the two protein
targets lactate dehydrogenase and plasmepsin Il. In Eg, bis(3-
methylbutan-2-yl) phthalate showed the best binding affinity (-6.2
Kcal/mol and -6.0 Kcal/mol) for the two protein targets. These
docking scores were found to be close to those of the standard ligand,
artesunate (-8.1 Kcal/mol and -7.5 Kcal/mol) for the two protein
targets. This result agrees with ** who studied antimalarial activity of
potential inhibitors of P. falciparum lactate dehydrogenase enzyme
using in silico method. The study is also in line with ** who studied
plasmepsin Il as a potential drug target for resistant malaria. The
protein-ligand interaction was made possible by the presence of
chemical bonds such as van der Waals' forces, conventional hydrogen
bond, carbon-hydrogen bond, and alkyl-alkyl bonds which held the
compounds in the protein pockets.

The 2D and 3D views of the interactions of the compounds with the
proteins are shown in Figures 5 and 6.

The protein residues that interacted with bis(2-ethylhexyl) phthalate,
bis(3-methylbutan-2-yl) phthalate and artesunate at the enzyme active
site are summarized in Tables 9 and 10.

Bis (2-ethylhexyl) phthalate and bis(3-methylbutan-2-yl) phthalate
interacted at active site 2 while the control drug artesunate interacted
at an allosteric site on lactate dehydrogenase. The phytochemicals
formed hydrogen bonds with ARG171 together with other similar
interactions though at different residues. This is an indication that the
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mechanism of action of the compounds on the target is similar and
different from the control drug.”’

Bis(2-ethylhexyl) phthalate and the control drug interacted at active
site 1, while bis(3-methylbutan-2-yl) phthalate interacted at an
allosteric site on plasmepsin Il. This indicated that bis (2-ethylhexyl)
phthalate and artesunate had a similar mechanism of interaction with
this enzyme while bis(3-methylbutan-2-yl) phthalate followed a
different mechanism of action.

The absorption, distribution, metabolism, elimination and toxicity
(ADMET) properties of chemical compounds are important
determinants in selecting a drug molecule.®*The Absorption,
Distribution, Metabolism, Excretion and Toxicity (ADMET)
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properties of these two compounds also suggested no toxicity when
compared to the standard antimalarial drug * (Table 11). Their water
solubility values, however, showed that bis(3-methylbutan-2-yl)
phthalate was soluble in water while bis(2-ethylhexyl) phthalate is
poorly soluble in this solvent. Though this compound had good
binding properties with the enzymes, its poor solubility infers that it
would not have effective pharmacokinetic and pharmacodynamic
properties .These observations suggested that bis(3-methylbutan-2-yl)
phthalate was responsible for the observed antimalrial activity and
therefore, a better oral drug candidate than bis(2-ethylhexyl) phthalate.
These observations justify earlier results obtained for methanol extract
of D. arborescens roots for acute and sub-acute toxicity studies.

Table 2: Antimalarial activities of eluates/fractions obtained from column chromatography of methanol extract of D. arborescens roots

SIN Groups/ Eluates Parasite Count in Days
Before inoculation Before Treatment  After Treatment After Treatment
(Day 0) (Day 3) (Day 7) (Day 14)
1 NC 0.00 0"+ 0.00 0"+ 0.00 0% 0.00
2 STD.C 0.00 86.67°+0.14 8.679+0.18 0°+0.00
3 NEG.C 0.00 83.67°+0.31 103.33%+0.37 128.0°+0.50
4 Eluate A (EaH100) 0.00 83.33%+0.31 50.67"+0.21 24.67"+0.32
5 Eluate B (EgH100) 0.00 84.0°+0.17 67.0°+0.58 55.33%+0.27
6 Eluate C (EcHs0:Cso) 0.00 82.50%+2.00 62.67°+0.16 47.60°+0.21
7 Eluate D (EpHa0:Ce0) 0.00 84.33%+0.39 71.67°+0.02 60.67°+0.27
8 Eluate E (EcCgo:Mao) 0.00 87.0°+0.14 76.67°+0.18 68.67°+0.19
Valu)es are average parasite count=SEM of 3 replicates. Mean values having different superscripts along the same column are significantly different (p <
0.05).
Table 3: Effects of the various fractions/eluates on percentage parasitaemia
SIN Groups/Eluates Average percentageParasitaemia (%)
Before inoculation Before Treatment  After Treatment After Treatment
(Day 0) (Day 3) (Day 7) (Day 14)
1 NC 0.00 0.00 0.00 0.00
2 STD.C 0.00 52.0 5.2 0.00
3 NEG.C 0.00 50.2 62.0 76.8
4 Eluate A (EaH100) 0.00 50 304 14.8
5 Eluate B (EgH1o0) 0.00 50.4 40.2 332
6 Eluate C (EcHs0:Cso) 0.00 49.5 37.6 28.6
7 Eluate D (EpHa0:Ce0) 0.00 50.6 43 36.4
8 Eluate E(EeCso:Mao) 0.00 52.2 46 41.2
Table 4: Compounds identified in GC-MS analysis of E,
PK RT Name of compound Molecular structure Molecular Formula MW (g/mol) Percentage (%)
Cl
1 7.10 1,2 dichloro propane /‘\/C' C3HsC12 112.98 1.14
2 8.04 Cis-alpha-bisabolene CioHoa 204.35 1.32
. =
3 9.02 Dichloroacetic acid i
tridecyl ester % C15H25Cl,0; 311.3 0.91
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=
4 1140  1-octadecene m CigHae 252.5 0.61

5 1242  Hexadecanoic acid /DWWV C17H340, 270.45 28.20
methyl ester 0

6 13.53 n-hexadecanoic acid 0 C16H3202 256.43 2.30

WOH

7 15.00 9, 17-octadecadienal, AN AAAN/ C19H3402 294.47 3.55
@ h /

8 15.08 Cis-13-octadecenoic acid B C21H4002 3245 15.77

9 16.17  6-octadecenoic acid IIAINANANANAS Ci9H3s0; 282.47 36.80
methyl ester, (2)- 0

10 15.59 Heptadecanoic acid, 0 C19H3502 298.5 3.61
16 methyl-, methy! ester \OM\/WV\(

9 oHy

11 21.88 Bis (2-ethylhexyl) @ZW? Ca24H3804 390.56 5.79

phtalate I ﬁw 3

PK=Peak, RT = Retention time; MW = Molecular weight

Table 5: Compounds identified in GC-MS analysis of Eg

PK RT Name of compound Molecular structure Molecular Formular MW (g/mol)  Percentage (%)

1 6.42 Carbonic acid, prop-1-en-2-yl )\ i C17H3203 284.4 4.55

tetradecyl ester

2 9.01 5-Octadecene, (E)- _ CigHas 252.5 4.67
3 11.40  Isobutyl tetradecyl carbonate S C19H3s03 314.5 3.90
T
4 13.01  Hexadecanoic acid, methyl ester . 10.47
W MO, 2705

5 13.53  n-Hexadecanoic acid 0 Ci6H320; 256.4 15.29
WOH

6 13.87  Butyl octadecyl ether ) Ca2Has0 326.6 2.90
AVAVAVAVAVAVAVAVAVAVAVA

7 15.35 10-Octadecenoic  acid, methyl /OW C19oH3602 296.48 20.70

ester 0
8 15.41  Cyclopropaneoctanoic acid, 0 CaoH3s02 310.5 3.12

2-hexyl-,methyl ester MOH
9 15.69  Methyl tetradecanoate /OW Ci5H3002 242.4 6.10
10 15.87  2-Methyl-2,3-divinyloxirane w C7H100 110.2 5.83
o
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15.94  Carbonic acid, dodecyl 2,2,2 VT\ C15H27Cl303 361.7 5.70
-trichloroethy! ester OTO L
o
21.88  Bis(3-methylbutan-2-yl) phtalate o Ci1sH2604 306.4 7.76
OJ\‘/
o
i \‘/'\
25.86  1H-Isoindole-1,3(2H)-dione, o C12,H17NO, 207.3 1.96
2-butyl-4,5,6,7-tetrahydro OiéNW
26.81  Acetic acid, 2-[bis(methylthio) H CeHsN2S; 170.3 3.64
methylene]-1-phenylhydrazide CH3 S\% N
CHsS g*
26.94  Heptasiloxane,1,1,3,3,5,5,7,7,9,9,1 i C14H4,06Si7 503.1 341
/

1,11,13,13-tetradecamethyl 7?%0
H

PK=Peak, RT = Retention time; MW = Molecular weight

Table 6: Reported biological activities of some compounds identified in eluate A (E,) and eluate B (Eg) from hexane fraction of

methanol extract of D. arborescens roots

SIN Name of compound Biological activity
1 1-octadecene Antioxidant, antibacterial, antimalarial
2 n-hexadecanoic acid Anti-inflammatory, antioxidant, mosquito larvicide, nematicide® %
3 9,17 Octadecadienal, (2)- Antimicrobial %
4 6-octadecenoic acid methyl ester (2)- Anti-inflammatory, antioxidant, anticancer 2
5 Hexadecanoic acid, methyl ester Antioxidant, antimicrobial, hypocholesterolemic, nematicide, pesticide,
antiandrogenic, insecticide ¥
6 Heptadecanoic acid, 16 methyl-, methyl ester Protein, anticancer **
7 Bis (2-ethylhexyl) phthalate Antimicrobial, antifungal *, antitumor *
8 5-octadecene Antioxidant, antibacterial, antifungal *
9 Isobutyl tetradecyl ester Antibacteria®
10 10-octadecenoic acid, methyl ester Antioxidant, antibacterial, antifungal, decreases blood cholesterol %
11 Cyclopropaneoctanoic acid, 2-hexyl-, methyl ester Antimicrobial ¥
12 Methyl tetradecanoate Lowers blood cholesterol ®, antimicrobial *°
13 2-methyl-2,3- divinyloxirane Adhesive
Table 7: Binding affinities of chemical compounds in E on lactate dehydrogenase and plasmepsin 11
SIN Chemical compounds in eluate Ea Binding affinity (Kcal/mol)
Lactate dehydrogenase Plasmepsin 11

1 Propane, 1,2-dichloro- -3.2 -2.7

2 2-Pentyn-1-ol -4.1 -4.0

3 Dichloroacetic acid, tridecyl ester -4.5 -3.8

4 1-Octadecene -4.1 -3.8
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5 Hexadecanoic acid, methyl ester -4.7 -3.6
6 n-Hexadecanoic acid -4.6 -4.5
7 9,17-Octadecadienal, (Z)- -4.3 -3.9
8 cis-13-Octadecenoic acid, methyl ester -4.5 -5.9
9 6-Octadecenoic acid, methyl ester, (Z)- -4.2 -5.1
10 Heptadecanoic acid, 16-methyl-, methyl ester -4.4 -5.6
11 Bis(2-ethylhexyl) phthalate -6.1 -6.6
Avrtesunate (control) -8.1 -7.5
Table 8: Binding affinities of chemical compounds in Eg on lactate dehydrogenase and plasmepsin |1
S/IN  Chemical compounds in Eg Binding energy (Kcal/mol)
Lactate dehydrogenase Plasmepsin 11
1 Carbonic acid, prop-1-en-2-yl tetradecyl ester -4.5 -5.6
2 5-Octadecene, (E)- -4.2 -3.6
3 Isobutyl tetradecyl carbonate -4.7 -5.3
4 Hexadecanoic acid, methyl ester -4.4 -4.2
5 n-Hexadecanoic acid -4.5 -4.4
6 Butyl hexadecyl ether -4.1 -4.9
7 10-Octadecenoic acid, methyl ester -5.0 -4.3
8 Cyclopropaneoctanoic acid, 2-hexyl-, methyl ester -5.0 -54
9 Tetradecanoic acid, 12-methyl-, methyl ester -4.8 -5.2
10 2-Methyl-2,3-divinyloxirane -4.3 -4.3
11 Carbonic acid, dodecyl 2,2,2-trichloroethyl ester -4.6 -4.2
12 Bis(3-methylbutan-2-yl) phthalate -6.2 -6.0
13 1H-Isoindole-1,3(2H)-dione, 2-butyl-4,5,6,7-tetrahydro- -5.6 -5.7
14 Acetic acid, 2-[bis(methylthio)methylene]-1-phenylhydrazide -4.9 -5.0
15 Heptasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13-tetradecamethyl- 0.0 0.0
Artesunate -8.1 -1.5
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Figure 1:GC-MS chromatogram of Exfrom hexane fraction of D. arborescens roots
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Conclusion

Phytochemical evaluation and molecular docking of bioactive
compounds from the root extract of D. arborescens against P. berghei
was carried out. Hexane fraction of methanol extract of D.
arborescens roots demonstrated antimalarial activity in male Swiss
albino mice by reducing percentage parasitaemia in treated animals.
GC-MS analysis of this fraction revealed different bioactive
compounds which showed different binding affinities and molecular
interactions with two antimalarial protein targets lactate
dehydrogenase and plasmepsin Il thereby validating the antimalarial
potential of the plant. ADMET properties of bis(2-ethylhexyl)
phthalate and bis(3-methylbutan-2-yl) phthalate whose binding
affinities were close to that of artesunate suggested bis(3-methylbutan-

2-yl) phthalate is a better oral drug candidate than bis(2-ethylhexyl)
phthalate, and therefore a novel antimalarial compound.

Conflict of interest
The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

379

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, February 2021; 5(2):370-381

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Yuan H, Ma Q, Ye L, Piao G. The traditional medicine and
modern medicine from natural products. Molecules 2016;
21(5):5509.

Welz AN, Emberger-Klein A, Menrad K. Why people use
herbal medicine: insights from a focus-group study in
Germany. BMC Complement Altern Med. 2018; 18:92.

Ali M, Khan T, Fatima K, Ali QUA, Ovais M, Khalil AT,
Ullah I, Raza A, Shinwari ZK, Idrees M. Selected
hepatoprotective  herbal medicines: Evidence from
ethnomedicinal applications, animal models, and possible
mechanism of actions. Phytother Res. 2018; 32(2):199-215.
Divatar MC. Herbal therapy. Plant Drug Evolution. 2002;
119:1-11.

Saranraj P, Sivasakthi S, Deepa MS. Phytochemistry of
pharmacologically important medicinal plants — A review.
Int J Curr Res Chem Pharm Sci. 2016; 3(11):56-66.

Hussein  RA and El-Anssary AA. Plants Secondary
Metabolites: The key drivers of the pharmacological actions
of medicinal plants, Herbal Medicine. Builders PF,
IntechOpen, 2018; DOI:10.5772/INTECHOPEN.76139.
Duru IA and Duru CE. Identification and quantification of
phytochemicals from Carica papaya Linn (Caricaceae) root
extract using GC-FID. JChemSoc Nigeria. 2019;
44(7):1291-1297.

Obbo CJD, Kariuki ST, Gathirwa JW, Olaho-Mukani W,
Cheplogoi PK, Mwangi EM. In vitroantiplasmodial,
antitrypanosomal and antileishmanial activities of selected
medicinal plants from Ugandan flora: refocusing into multi-
component potentials. J Ethnopharmacol. 2019; 229:127-
136.

World Health Organization. World Malaria Report. WHO,
Geneva 2012.

WHO. World
WHO/HTM/GMP/2008.1
Kaur H, Mukhtar HM, Singh A, Mahajan. Antiplasmodial
medicinal plants: a literature review on efficacy, selectivity
and phytochemistry of crude plant extracts. JBAPN. 2018;
8(5):272-294.

Philip K, Elizabeth M, Cheplogoi P, Samuel K.
Ethnobotanical survey of antimalarial medicinal plants used
in Butebocounty, Eastern Uganda. EJMP. 2017; 21(4):1-22.
Penna-Coutinho J, Cortopassi WA, Oliveira AA, Franca
TCC, Krettli AU. Antimalarial activity of Potential
inhibitors of Plasmodium falciparum lactate dehydrogenase
enzyme selected by docking studies. PLoS ONE 2011;
6(7):21-31.

Dalziel IM. The useful plants of West Tropical Africa. 2™
Ed. Cress, London. 1997; 2:196pp.

Duru IA and Duru CE. Infrared studies and mineral element
analysis of the leaf Vernonia amygdalina. WNOFNS 13
2017.1-9p.

Fenta M and Kahaliw W. Evaluation of antimalarial activity
of hydromethanolic crude extract and solvent fractions of
the leaves of Nuxiacongesta R. Br. Ex Fresen
(Buddlejaceae) in Plasmodium berghei Infected Mice. J
ExpPharmacol. 2019; 11:121-134.

Gebrehiwot S, Shumbahri M, Eyado A, Yohannes T.
phytochemical screening and in vivo antimalarial activity of
two traditionally used medicinal plants of Afar Region,
Ethiopia, against Plasmodium berghei in Swiss Albino
Mice. J Parasitol Res. 2019; 2:4519298.

Arrey TP, Okalebo FA, Ayong LS, Agbor GA, Guantai
AN. Antimalarial activity of a polyherbal product (Nefang)
during early and established Plasmodium infection in rodent
models. Malar J. 2014; 13:456.

RA Syarif, MSH Wahyuningsih, M Mustofa, N Ngatidjan.
Antiplasmodial and onset speed of growth inhibitory
activities of Tithoniadiversifolia (Hemsley), A Gray leaf

Malaria Report, 2008.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

fractions against Plasmodium falciparum. Trop J Pharm
Res. 2018; 17(11):2213-2218.

Pakkirisamy M, Kalakandan SK, Ravichandran K.
Phytochemical screening, GC-MS, FT-IR Analysis of
Methanolic Extract of Curcuma caesia (Black turmeric).
Pharmacogn J.2017;9(6):952-956.

Tian W, Chen C, Lei X, Zhao J, Liang J. CASTp 3.0:
computed atlas of  surface topography of
proteins. Nucleic Acids Res. (2018); 46(1):363-367.
Johnson TO, Odoh KD, Akinanmi AO, Adegboyega AE.
Biochemical evaluation and molecular docking assessment
of the anti-inflammatory potential of Phyllanthusnivosus
leaf against ulcerative colitis. Heliyon. 2020; 6:e03893.
Lubis RA. Antimalarial activity of ethyl acetate fraction of
Bidarasea (Strychnosligustrina) wood against Plasmodium
bergheiin vivo. Pharmacogn J. 2007; 7(5):234-240.

Duru CE and Onuh EF. Fatty acid alkyl esters from
Vernoniaamygdalina leaf extract as potent antibacterial
agents. JChemSoc Nigeria. 2018; 43(2):187-194.

Adeyemi MA , Ekunseitan DA , Abiola SS , Dipeolu MA,
Egbeyale LT, Sogunle OM. Phytochemical analysis and
GC-MS determination of Lagenariabreviflora R. Fruit. Int J
PharmacognPhytochem Res. 2017; 9(7):1045-1050.
Rahuman AA, Gopalakrishan G, Ghouse BS, Arumugan S,
Himalayan B. Effects of Feronialimonia on mosquito
larvae. Fitoterapia. 2000; 71:553-559.

Aparna V, Dileep KV, Mandal PK, Karthe P, Sadasivan C,
Haridas MC. Anti-inflammatory and antioxidant properties
of n-hexadecanoic acid: structural evidence and Kinetic
assessment. ChemBiol Drug Des. 2012; 80:434-439.
Rajeswari G, Murugan M, Mohan VR. GC-MS analysis of
bioactive components of HugoniamystaxL. (Linaceae). Res
J Pharm BiolChem Sci. 2013; 29(29):818-824.

Singh R and Chaturvedi P. Phytochemical characterization
of rhizome, fruit, leaf and callus of Rheum emodi Wall.
using GC-MS. Pharmacogn J. 2019; 11(3):617-623.

Tyagi T and AgarwalM. Phytochemical screening and GC-
MS analysis of bioactive constituents in the ethanolic
extract of Pistiastratiotes L. and Eichhorniacrassipes
(Mart.) solms. J PharmacognPhytochem. 2017; 6(1):195-
206.

Elaiyaraja A and Chandramohan C. Comparative
phytochemical profile of Crinum defixumKer Gawler leaves
using GC-MS. J Drug delivTher. 2018; 8(4):365-380.

Habib MR and Karim MR. Antimicrobial and cytotoxic
activity of bis(2-ethylhexyl) phthalate. Mycobiology. 2009;
6(3):21-29.

Habib MR and Karim MR. Antitumour evaluation of di(2-
ethylhexyl) phthalate (DEHP) isolated from Calotropis
gigantean L. flower. Acta Pharm. 2012; 62(4):607-615.
Narajani K, Mangammi U, Muvva V, Poda S, Munaganti
RK. Antimicrobial potential of  Streptomyces
cheonanensisVUK-A from mangrove origin. Int J Pharm
Pharm Sci. 2016; 8(3):53-57.

Singh R, Dar SA, Sharma P. antibacterial activity and
toxicological evaluation of semi purified hexane extract of
Urticadivica leaves. Res J Med Plant. 2012; 6(2):123-135.
Asghar SF and Choudhary MI. GC-MS profile and
antibacterial efficacy of Acacia modestawall against dental
pathogens. J Biol Sci. 2011;6(24):2024-2029.

Mishra PM and Sree A. Fatty acid profile, volatiles, and
antibacterial screening of lipids of the sponge
Syphonodictyoncoralliphagnum collected from the Bay of
Bengal (Orissa coast). Asian J Chem. 2009; 21(6):4429-
4434,

Micha R and Mozaffarian S. Saturated fat and
cardiometabolic risk factor, coronary heart disease, stroke
and diabetes: A fresh look at the evidence. Lipids. 2010;
45:893-905.

380

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

39.

40.

41.

42.

43.

44,

Trop J Nat Prod Res, February 2021; 5(2):370-381

Singh R and Chaturvedi P. Phytochemical characterization
of rhizome, fruit, leave and callus of Rheum emodi wall
using GC-MS. Pharmacogn J. 2019; 11(3):617-623.
Ramalakshmi S, Muthuchalian K, Chudry M. Analysis of
bioactive constituents from the ethanolic leave extract of
Tabebuiarosea (Bertol) DC by Gas chromatography-mass
spectrometry. Int J Chemtech Res. 2011; 3(3):1054-1059.
Yesu RJ, Paul M, Joy V. Chemical compounds
investigation of Cassia auriculata seeds: A potential
folklore medicinal plant. Asian J Plant Sci Res. 2012;
2:187-192.

Sessions RB, Dewar Victoria, Clarke RA, Holbrook JJ. A
model of Plasmodium falciparum lactate dehydrogenase
and its implications for the design of improved antimalarials
and the enhanced detection of parasitaemia. Protein
Eng.2017; 10(4):301-306.

Royer RE, Deck LM, Campos NM, Hunsaker DL, Vander-
Jagt DL. Biologically active derivaties of Gossypol (I):
synthesis and  antimalarial  activities of  peri-
acylatedGossylic Nitriles.J Med Chem.2006;18(6):102-109.
Winter VVJ, Cameron A, Tranter R, Sessions RB, Brady RL.
Crystal structure of Plasmodium berghei Lactate

45.

46.

47.

48.

49.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Dehydrogenase indicates the unique structures of these
enzymes are shared across the Plasmodium genus.
MolBiochemParasitol.2003; 131:1-12.

Gulati M, Narula A, Vishnu R, Katyal G, Negi A, Ajaz I,
Narula K, Chauhan G, Kant R, Lumb V, Babbar S,
Wadehra NR, Bhaskar D. Plasmepsin Il as a potential Drug
Target for Resistant Malaria. DU J Undergrad Res and
Innova.2015; 1(3):85-95.

Fracis SE, Sullivan DJ, Goldberg DE. Hemoglobin
metabolism in the malaria parasite Plasmodium falciparum.
Annu Rev Microbiol. 2014; 51:97-123.

Duru CE, Duru IA, Bilar A. Computational investigation of
sugar fermentation inhibition by bergenin at the pyruvate
decarboxylateisoenzyme 1 target of Scharomycescervisiae.
J Med Plants Stud. 2020; 8(6):21-25.

Cheng F, Li W, Zhou Y, Shen J, Wu Z, Liu G, Li PW, Tang
Y. admetSAR: A comprehensive source and free tool for
assessment of chemical ADMET properties. J ChemInf
Model.2012; 52:3099-3105.

Duru 1A and Duru CE. Molecular docking of compounds in
the essential oil of Ocimiumgratissimum leaf against PIM-1
kinase of Escherichia coli. EJ-CHEM. 2020; 1(6):1-4.

381

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



