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Potential Inhibiting activities of Phyto icals from Enantia chlorantia Bark
Against Lactate Delydrogenase: in Silico Approach

Malaria is a serious ailment, and j alps a serious challenge for global health organisations. The estab-

lishment of unconventional is ailment has drawn the attention of several researchers. In this

work, selected phytochemica mE 1a chlorantia bark as potential anti-lactate dehydrogenase were in-

vestigated using in silico umber of softwares were used in this study namely: Spartan 14 for op-
e downloaded receptor, Autodock tool for identifying the active site of the

plex. The calculated descriptors from the optimized Enantia chlorantia bark
eir anti-lactate dehydrogenase activities. Compounds 2, 4, 9, 15, 16 and 17
ding affinity (in terms of negativity) than other studied compounds and the reference

Keywords: Lactate Dehydrogenase, Phytochemicals, Enantia chlorantia, In Silico, Malaria, Docking, Bark,
Drug.

Introduction

Malaria, one of the most difficult to dare parasitic sicknesses, remains the disease with devastating ef-
fects in many countries globally [1]. A few years ago, above 210 million malaria cases and hundreds of thou-
sands of malaria death cases were observed and reported by scientists [2, 3]. According to Schlitzer,
2008 [4], malaria in human beings could be attributed to P. falciparum, P. knowlesi, P. ovale, P. vivax, and
P. malariae. Several synthesized drugs to cure malaria have significantly reduced malaria mortality [5]. Ac-
cording to Mutabingwa, 2005 [6], Artemisinin Combination therapy was recommended by World Health
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Organization for proper combat against malaria, and in recent time, the call to overcome drug resistivity has
attracted the attention of researchers, leading to the development of several potent antimalaria drugs such as
artemether, lumefantrine [7]. Despite the efficiency of the synthesized drugs to fight the existence of malaria
among humans, the case of anti-malaria drug resistivity in many part of Africa is still on the high side and
this has necessitated the development of more potent antimalaria agents than the commercial drugs [8].
Moreover, the production of hundreds of drugs from over eighty-five medicinal plants has been carried out,
which may be due to its easy accessibility, efficiency, as well as their mode of action in the human body sys-
tem [9-11].

Two Plasmodium genus (P. falciparum and P. vivax) were the root cause of many malaria among hu-
mans [12-14]. Meanwhile, the mode of action of P. falciparum has led to the highest mortality compared to
others [15]. Several malaria cases with the greatest number of mortality due to malaria have been observed
and reported in Africa. The use of chemical compounds to combat this life-threatening disease (Malaria) has
been employed by many scientists; however, resistance to antimalarial drugs remains a seri

and this has called for more potent drug-like compounds as a lasting solution to this menage i
world [16-20]. * ’\6

Lactate dehydrogenase is a crucial proteinous compound that plays a signifi€ant Il living
cells [21]. It has been observed to be a usual target in malaria and it played a c I In the anaerobic
existence of Plasmodium falciparum [22]. Any molecular drug-like compoun v%ugh potency to hin-
der Plasmodium falciparum lactate dehydrogenase will destroy the Plasmo fa rum in human body

such as liver disease, anemia, heart attack, muscle trauma, cancers, and ve been reported to increase
lactate dehydrogenase in any living cell [24]. According to Garcia et [25], lactate in living beings
can be increased by raising the level of glucose absorption, arfét XV tracted the attention of researchers

system [23]. It helps in transporting hydride among molecular compoun@ eries of health conditions

—_

globally.

Enantia chlorantha has been classified to the annon
this tree based on different cultures, such as Dokitaig
nin, respectively [26, 27]. It is a tree with yellow yvood,
ca it can be found in tropical forests [28]. Every p root and bark) of the tree has been observed and
reported to be medicinal in treating diseases like malaki phoid fever, etc. [29]. Also, several biologically
active compounds were found in Enantia chl@rantha, which has reportedly given it exceptional medicinal
‘Ehs

. Different names have been given to
rim%and Erenba-vbogo Yoruba, Boki, and Be-
igh, and many researchers report that in Afri-

value for humans [30]. Thus, the purpose work is to study the inhibiting capacity of phytochemicals
from Enantia chlorantia bark against e drogenase [31], as well as to identify their descriptors re-
sponsible for anti-lactate dehydrogena @ ity.

Experimental

Ligand Preparation via chemical method
Eighteen phytochemigals 1) from Enantia chlorantia bark were subjected to Spartan 14 software

for geometry optimiza The appropriate elements were bonded together according to the chemical
formula for each co using 6-31G* as basis set. The time required to complete processing of each
compound is.a fulietion\@f the composition of each compound coupled with the basis set used. A series of

e e studied compounds were obtained using Spartan 14 software and included: high-
gcular orbital energy (Enomo), lowest unoccupied molecular orbital energy (ELumo),
90le moment (DM), molecular weight (MW), lipophilicity (LogP), ovality, polar surface
area (PSA), polarizability, hydrogen bond donor (HBD), and hydrogen bond acceptor (HBA). The studied
compounds are presented in Table 1.
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Table 1

Studied phytochemicals obtained from Enantia chlorantia bark

No. Structures IUPAC Names
1 (1S,2R,5S,7S)-2-methyl-8-methylidene-
5-propan-2-yl-11-oxatricyclo[5.3.1.0¢Jundecane
2 1,6-dimethyl-4- pro&m\&ﬂene
rimethyl-9-methylidene-5-
3 (1R4R6R1 hI9 hylidene-5
C [8 2.0.0*%]dodecane
4 (1E76E)-1-methyl-5-methylidene-8-propan-2-
ylcyclodeca-1,6-diene
5 (1R,3E,7E,11R)-1,5,5,8-tetramethyl-12-
oxabicyclo[9.1.0]dodeca-3,7-diene
6 (1S,3aR,8aS)-3a-methyl-7-methylidene-1-propan-
2-yl-2,3,5,6,8,8a-hexahydro-1H-azulen-4-one
(1aR,4aR,7S,7aR,7bR)-1,1,7-trimethyl-
7 4-methylidene-1a,2,3,4a,5,6,7a,7b-

octahydrocyclopropa[h]azulen-7-ol
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Continuation of Table 1

No. Structures IUPAC Names
S~
Hog
o (1R 4S,4aR,8aR)-1,6-dimethyl-4-propan-2-yl-
3,4,4a,7,8,8a-hexahydro-2H-naphthalen-1-ol
9 (1R,5S,6R,7S,10R)-4,10-dimethyl-7-propan-
2-yltricyclo[4.4.0.0%%]dec-3gene
10 (1aR,4R,4al =
1a,2,3,4,4a,5,6,7b-Qetah
L 4
IS \
11 (1 ,8E)-2,6,6,9-tetramethylcycloundeca-1,4,8-
\ triene
H
12 (1R,4aR,8aS)-7-methyl-4-methylidene-1-propan-2-
yl-2,3,4a,5,6,8a-hexahydro-1H-naphthalene
L
13 " (1R,4E,9S)-4,11,11-trimethyl-8-
methylidenebicyclo[7.2.0]undec-4-ene
)
H
\\\Illnn-
14 (1S,2S,4R)-1-ethenyl-1-methyl-2,4-bis(prop-1-en-
2-yl)cyclohexane
15 (1R,4aS,8a8S)-7-methyl-4-methylidene-1-propan-
2-yl-2,3,4a,5,6,8a-hexahydro-1H-naphthalene
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Continuation of Table 1

No. Structures IUPAC Names
\_/
HoOE
16 : (1S,4aS,8aR)-4,7-dimethyl-1-propan-2-yl-
1,2,4a,5,6,8a-hexahydronaphthalene
17 (1R,8aR)-4,7-dimethyl-1-propaf-2-yI-

1,2,3,5,6,8a-hexahy: ne
*

nllllll//
18 (4R)-4- &ethyl-l-propan-z-yl-

3 -1fen-2-ylcyclohexene

I ing

Preparation of the Studied Phytochemicals

The optimized structures were converted fr.
Autodock Vina docking calculation the .pdb for
.pdbgt format using Autodock Tool software.

Preparation of the Lactate Dehydrogenas@for Docking Study

The downloaded lactate dehydrogen ture (PDB ID: 1LDG) (Fig. 1) [31] from the Protein Data
Bank was processed using Pymol softw@fégto 1dentify any extraneous molecules (small molecules and water
molecules) downloaded with th ein. Other molecules downloaded with lactate dehydrogenase
r

.pdb format using Spartan software. Before
studied phytochemicals was converted to the

were removed and subjected to Adtedocke0ol software to locate the appropriate binding site for the studied
compounds. The calculated v entre and binding site in X, Y and Z directions that show the locat-
ed binding site were 27.7 %305 A, and 36.464 A for the centre and 66A, 56 A and 66 A for
site (Fig. 2). The bin in the studied complex was determined using Autodock Vina software.

Figure 1. 3D structure of lactate dehydrogenase (PDB ID: 1LDG)

66 Eurasian Journal of Chemistry. 2023. No. 4(112)



Potential Inhibiting Activities of Phytochemicals from Enantia chlorantia Bark ...

N
&

Figure 2. 3D structure of lactate dehydrogenase (PDB ID: 1L binding site located

m ence drug (quinine) were subjected
mics package [33]. Hydrogen atoms

BER14. AMBER force field 99SB was
for ligand [34, 35]. Appropriate number of
omplexes before solvation which was executed
es, and 12°A was overextended beyond the pro-

Molecular Dynamic Simulation Study *

In this work, compound 15 with the lowest binding affinit
to molecular dynamics simulation using AMBER14 mol
were added to the complexes under study via a leap
used for the protein while general AMBER force,field
counterions were added so as to neutralize the investi
in a condensed octahedral cell of TIP3P [36] water
tein.

Moreover, 5000 frames of steepest desgentyninimization were used for minimization, and 10000 frames

of conjugated gradient minimization vereyals ployed in order to eradicate unwanted atom interactions.
The temperature used for the entire sas 300K at 100ns and the study was executed at 1 atm via the
particle mesh Ewald method [ o¢” molecular dynamics trajectories analysis was executed via
CPPTRAJ module [34].

Quantitative Structure- elationship (QSAR) Study

The optimized poun e converted to .sdf format before subjecting to PaDEL (Pharmaceutical
Data Exploration Labo rsion 2.21 to generate 2D descriptors [38, 39]. For reliability, the studied
compounds were div two different sets ((training set (80%) and test set (20%)), and the training set
compounds were Subjectéd to Material Studio software to develop a valid QSAR model via genetic function

tio

@o 117614842(ALogp2) + 0.006900712 (ATS1m) + 0.002645580 (ATS7m) —
~ 0007905861 (ATSOV) + 29.444475533. (1)

The studied QSAR model was validated by considering CVR?, adjusted R?, and F-value.
R-squared = 0.80602900, Adjusted R-squared = 0.72844100,
Cross validated R-squared = 0.61235600, Significance-of-regression F-value = 10.38855500

Result and Discussion

Calculated Descriptors for Obtained Phytochemicals from Enantia chlorantia Bark

In this work, a series of descriptors were obtained, and four descriptors were selected using Lipinski
rule of five, i.e. Molecular Weight < 500 amu, Log P < 5, Hydrogen Bond Donor (HBD) < 5 and Hydrogen
Bond Acceptor (HBA) < 10 [40] (Table 2).
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Table 2

Calculated descriptors for studied compounds

MW LogP HBD HBA

1 220.35 3.47 0 1
2 198.30 2.87 0 0
3 220.35 3.29 0 1
4 204.35 4.69 0 0
5 220.35 3.6 0 1
6 220.356 4.35 0 1
7 220.356 3.01 1 1
8 222.372 3.49 1 1
9 204.357 4.23 0 0
10 204.357 4.08 0 0
11 204.357 4.78 0 0
12 204.357 4.34 0 o
13 204.357 4.48 0 0
14 204.357 4.76 0

15 204.357 4.34 0

16 204.357 4.29 0

17 204.357 4.14 0

18 204.357 471

According to Lien, 1982 [41], the calculated molecular Vi optimized molecular structures us-
he state (solubility, Van der Waals
dynamic activity, partition coefficient,
is a function of molecular weight in the

roved to be orally bioavailable.

etc.) of such compound. The oral bioavailability of a
range of 150-500 amu [42]; thus, all the calculat

Moreover, the solubility of molecular comp ophilic phase reveals the role of Log P in drug
design [43]. Also, the report by Meanwell 2011 [44] d that there may be possible complications which
human body system may experience if the calculated Log P value is higher than 5 for oral absorption of
drug-like molecule; therefore, all the caleulatéd Log P value were within the accepted range for Log P

(Log P < 5). This implies that the studj ds have the ability to be taken orally without any compli-
cation.
It was observed that all the ig:ounds obeyed the Lipinski rule of five, and this shows that all
they have the potential ability rug.
Molecular Docking St d@vytochemicals from Enantia chlorantia Bark and Lactate dehydrogenase
ined from Enantia chlorantia bark were screened for inhibitory activities
ing the molecular docking method. As reported in several literature sources,
terms of negativity) corresponds to the better ability of the compound to inhib-

he TRhibitory activity of the individual studied ligand was compared with the inhibitory
rug (quinine) and presented in Table 3.

against Lactate dehy
the higher binding af
it the receptg

Table 3

Calculated binding affinity for Phytochemicals from Enantia chlorantia Bark—Lactate dehydrogenase complex

Binding Types of Non-bondin
No Affinity Residues involved in the interactions yp Lo 9
interaction involved
(kcal/mol)
1 -6.4 PHES2, ILE54, ALA98, ILE119 Pi-Alkyl, Alkyl
2 7.4 PHE100, ILE119, VAL26, ILE54, PHE52, ALA98 Pi-Alkyl, Alkyl, Pi-Sigma
3 -5.9 LEU201, VAL200, LYS314, PHE229, LEU202, LYS203 Pi-Alkyl, Alkyl
4 70 ILE119, VALS5, ALA9S, \I/I,_Aé_:f TYR85, PHE52, ILE123, Pi-Alkyl, Alkyl
5 -6.0 LYS203, LEU201, PHE229, LEU202, VAL200, LYS314 Pi-Alkyl, Alkyl
6 -6.2 LYS314, LYS198, VAL200, VAL233 Alkyl

68 Eurasian Journal of Chemistry. 2023. No. 4(112)
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Continuation of Table 3

Binding Types of Non-bondin
No Affinity Residues involved in the interactions ypes ot Nor g
interaction involved
(kcal/mol)

7 6.6 VAL233, LYS314, VAL200, LEU201 U”favorab'lil'lf;lnor'Donor’

8 —6.3 VALS5, ALA98, PHES2, ILE119, ILE54, VAL26 Pi-Alkyl, Alkyl

9 73 ILE54, PHE100, ILE119, \|/|ﬁ5|_122§ ALA98, PHES52, TYRSS5, Pi-Alkyl, Alkyl

10 —6.4 ALA98, ILE54, ILE119, PHE100 Pi-Alkyl, Alkyl

11 -5.8 LYS314, VAL200, LEU202, PHE229, ARG204, LY?203 Pi-Alkyl, Alkyl

12 -5.8 TYR174, TYR175, ILE239, ARG171, ALA249 Pi-Alkyl, Alkyl

13 -5.9 ILES4, ILE119, ALA98

14 —6.1 ILE119, ALA98, PHES2, ILE54, PHE100, LYS118

15 —7.8 ALA98, ILE123, VAL26, ILE54, ILE119, TYRS85, PHE52

16 70 ILE54, ILE119, PHE100, VAL26, ILE123, TYRS85, PHES2,

) ALA98
17 —7.0 PHES52, ALA98, ILE54, ILE119, PHE100
PHES52, VAL26, ALA98, ILE5S4, ILE123, TYRS5, ILE1 .

18 -6.4 PHE100 Pi-Alkyl, Alkyl

Quinine —6.7 - -
According to the data in Table 3, compound 15, with the hig i g affinity value in terms of

negative, has the highest tendency to inhibit Lactate dehydrogéna ared with other studied compounds

and the reference drug (Fig. 3).

It can also be seen from Table 3 that six compounds
ties than the other studied compounds and the refer is showed that these phytochemicals en-
hanced the biological activities of Enantia chlorantia potential antimalaria agent. The reference
drug with -6.7 kcal/mol binding affinity showe reateffitendency to inhibit Lactate dehydrogenase than
compounds 1, 3,5, 6, 7, 8,10, 11, 12, 13, 14 and 18.

16 and 17) have better binding affini-

ILE
A:l123

Interactions

|:| Alkyl |:| Pi-Alkyl
a) 2D structure b) 3D structure

Figure 3. Binding site of Lactate dehydrogenase amino acid residues with compound 15

Molecular Dynamic Simulation Analysis

Root of Mean Square Deviation (RMSD)

Root of mean square deviation of Lactate dehydrogenase backbone atoms in connection to the initial
structure of the studied enzyme in forming complexes with compounds 15 and quinine during the 100 ns MD
simulation is presented in Figure 4.
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Figure 4. RMSD of Compound 15-1LDG (black) and Quinine-ILD@X(re lexes
during the 100 ns MD simulations

This study was carried out to investigate the rate of deviation @f inftial studied compounds upon
binding, as well as the stability of the simulated complexes. Ther oreyas n in Figure 4, compound 15-
Lactate dehydrogenase complex proved to be more stable afterix oseconds (60 ns) of the simulation

time than quinine- Lactate dehydrogenase complex.

Binding Energy Calculation
Table 4 presents the calculated binding en compa@nents (total binding energy; van der Waals ener-
gy; electrostatic energy; gas-phase energy; solvationienergy).

Table 4
Binding energy profiles 0 ound 15-Lactate dehydrogenase complex
Lactate dehydrogenase complex
Binding Energy Components (kcal/mol)
Compl
omplexes AEvdw AEele AGgas AGsol AGbind
CP15-protein -1.30 £ 0.01 —28.25 £+ 0.08 3.08 + 0.02 —25.17 £ 0.08
REF-protein 10.69 +0.18 —2.65 +£0.44 —7.51+0.44 —-10.17 £0.13
Note: AGuind = total bindi AEvaw = van der Waals energy; AEee = electrostatic energy; AGgss = gas-phase energy;
AGsol = solvation energy.
The g free energy for compound 15-Lactate dehydrogenase complex (—25.17 kJ/mol)
confirme anding activity of compound 15 as potential Lactate dehydrogenase inhibitor. The pre-
sented mol namic simulation result revealed that van der Waal energy, electrostatic energy, and gas-

phase energy Were favourable while polar solvation energy was not favourable for the binding of compound
15 to lactate dehydrogenase.

Quantitative Structure Activities Relationship Study

The obtained descriptors were screened, and the selected descriptors were divided into two sets, i.e.
training and test sets. Compounds 2, 6 and 10 were used as test sets, while other compounds obtained from
Enantia chlorantia bark were used as the training set. The descriptors from the training set were used as the
independent variable, while calculated binding affinity was used as the dependent variable. The 2D-QSAR
model shown in Equation 1 included four descriptors which align with ratio 1:4 of the descriptors to the en-
tire studied compounds as described in several reports [46]. The developed model was used to predict the
calculated binding affinity. It was observed that the predicted binding affinity of the training set was closer to
the original binding affinity. This is proof that the developed QSAR model is predictive, and its reliability
was confirmed via the test set, which also goes in line with the squared correlation coefficient (R?). Also,
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according to Adegoke et al., 2020 [47], the predictive ability of any developed QSAR model is not enough to
justify its potency; thus, this calls for 2D-QSAR validation. Adjusted R-squared, Cross validated R-squared
and Significance-of-regression F-value were considered for QSAR validation. According to Oyebamiji et al.,
2022 [48], Adjusted R-squared must be less than or equal to 0.6 while Cross validated R-squared must be
less than or equal to 0.5 for any developed QSAR model to be considered valid; thus, the developed 2D-
QSAR model can be considered valid and efficient (Table 5).

Table 5
Observed and predicted binding affinity
Original Predicted
Binding Affinity | Binding Affinity

1 6.4 6.4

2% 7.4 0.6

3 5.9 5.9

4 7.0 7.0 * \
5 -6.0 -6.0 \
6* 6.2 2.9

7 6.6 6.6

8 6.3 6.3

9 -7.3 -7.3
10* 6.4 2.2

11 5.8 5.8

12 5.8

13 -5.9

14 6.1

15 -7.8

16 -7.0

17 -

18 6.4

Note: *Denote tegt set.

Eighteen phytochemicals were selé
ico study. The structure of the se
and a series of descriptors describ
15 (1R,4aS,8aS)-7-methyl-4-

imalaria activities of the studied plant were obtained. Compound
-1-propan-2-yl-2,3,4a,5,6,8a-hexahydro-1H-naphthalene) showed —
7.8 kcal/mol binding affinity,\that is/higher than all other studied compounds, as well as the reference drug.
This proves that Co 1 better ability to inhibit Lactate dehydrogenase, thereby downregulating
malaria. Also, the developed using binding affinity as the dependent variable showed good
prediction, and was fo toPbe reliable and valid.

@

We arefg | to the Department of Chemistry and Industrial Chemistry, Bowen University, Iwo,
Osun State, Ia, for the computational resources and Mrs E.T. Oyebamiji, as well as Miss Priscilla F.
Oyebamiji, for the assistance in the course of this study.

S

Acknowledgements

References

1 Uzor, P.F. (2020). Alkaloids from Plants with Antimalarial Activity: A Review of Recent Studies. Evidence-Based Comple-
mentary and Alternative Medicine, 17 pages. https://doi.org/10.1155/2020/8749083

2 Kaur, K., Jain, M., Khan, S.I., et al. (2011). Synthesis, antiprotozoal, antimicrobial, B-hematin inhibition, cytotoxicity and
methemoglobin (MetHb) formation activities of bis(8-aminoquinolines). Bioorganic & Medicinal Chemistry, 19(1), 197-210.
https://doi.org/10.1016/j.bmc.2010.11.036

3 Ashok, P., Ganguly, S., & Murugesan, S. (2013). Review on in-vitro antimalarial activity of natural p-carboline alkaloid.
Mini-Reviews in Medicinal Chemistry, 13(12), 1778-1791. https://doi.org/10.2174/1389557511313120008

ISSN 2959-0663 (Print); ISSN 2959-0671 (Online); ISSN-L 2959-0663 71


https://doi.org/10.1155/2020/8749083
https://doi.org/10.1016/j.bmc.2010.11.036
https://doi.org/10.2174/1389557511313120008

A.K. Oyebamiji, F.E. Olujinmi et al.

4 Schlitzer, M. (2008). Antimalarial Drugs—what is in use and what is in the pipeline. Archiv der Pharmazie, 341(3), 149-163.
https://doi.org/10.1002/ardp.200700184

5 Nwanosike Dominic, U., Orji, A., Okafor, J.C., & Umesiobi, S. (2015). Progressive health spending and health outcomes in
Nigeria: the case of malaria. International Journal of Academic Research in Business and Social Sciences, 5(12), 2222-6990.
https://doi.org/10.6007/IJARBSS/v5-112/1924

6 Mutabingwa, T.K. (2005). Artemisinin-based combination therapies (ACTS): best hope for malaria treatment but inaccessible
to the needy! Acta Tropica, 95(3), 305-315. https://doi.org/10.1016/j.actatropica.2005.06.009

7 Udu, R., Oyweri, J., & Gathirwa, J. (2021). Antimalarial Activity of Nigella sativa L. Seed Extracts and Selection of Re-
sistance in Plasmodium berghei ANKA in a Mouse Model. Journal of Pathogens, 2021, 1-10. https://doi.org/10.1155/2021/6165950

8 Nyandwaro, K., Oyweri, J., Kimani, F., & Mbugua, A. (2020). Evaluating Antiplasmodial and Antimalarial Activities of
Soybean (Glycine max) Seed Extracts on P. falciparum Parasite Cultures and P. berghei-Infected Mice. Journal of Pathogens, 2020,
1-8. https://doi.org/10.1155/2020/7605730

9 Kinghorn, A.D., Pan, L., Fletcher, J.N., & Chai, H. (2011). The relevance of higher plants in lead compound discovery pro-
grams. Journal of Natural Products, 74(6), 1539-1555. https://doi.org/10.1021/np200391c

10 Ridley, R.G. (2002). Medical need, scientific opportunity and the drive for antimalarial drugs. Nature, 415(6872), 686-693.
https://doi.org/10.1038/415686a

11 Ginsburg, H., & Deharo, E. (2011). A call for using natural compounds in the development of rg larial tfeatments—an
introduction. Malaria Journal, 10(1), (S1). https://doi.org/10.1186/1475-2875-10-S1-S1
12 Kuznetsov, G., Dyke, K.T., Towle, M.J., Cheng, H., Liu, J., Marsh, J.P., Schiller, S.E, Spyv .R¥ Yang, H., Seletsky,

B.M., Shaffer, C.J., Marceau, V., Yao, Y., Suh, E.M., Campagna, S., Fang, F.G., Kowalczyk, J
lin-based antimitotic mechanism of E7974, a novel analogue of the marine sponge natural pr:
8, 2852-2860. https://doi.org/10.1158/1535-7163.mct-09-0301

, ttigfield, B.A. (2009). Tubu-
t he erlin. Mol. Cancer. Ther.

13 Guinovart, C., Navia, M., Tanner, M., & Alonso, P. (2006). Malaria: burde, e urr. Mol. Med. 6(2), 137-140.
https://doi.org/10.2174/156652406776055131

14 Abdel-Sattara E, Abdallaha HM, EI-Mekkawy S, Ichinod C, Kiyohépad mada H (2020). Antimalarial alkaloid from
Hypoestes forskaolii. Experimental Parasitology, 211, 107851. https://doi.org 0 ppara.2020.107851

15 Onguéné, PA., Ntie-Kang, F., Lifongo, L.L., Ndom, J.C., Sippl 4"~
compounds derived from African medicinal plants. Part I: A phar i
nal, 12, 449. https://doi.org/10.1186/1475-2875-12-449

16 Tajbakhsh, E., Kwenti, T.E., Kheyri, P., Nezaratiza
larial activities and toxicity of African medicinal plant
https://doi.org/10.1186/512936-021-03866-0

17 Kwenti, E.T. (2018). Malaria and HIV coinfecti
Rep Trop Med. 9, 123-36. https://doi.org/10.2147/rv

18 Kwenti, E.T., Kukwah, T.A., Kwenti,
analysis of 1gG and 1gG subclasses against Pl
Cameroon. Malar J., 18, 16. https://doi.

19 Dondorp, AM., Nosten, F., Yi .
parum malaria. N Engl J Med., 361, -//doi.org/10.1128/microbiolspec.EI10-0013-2016

20 Murray, C.J., RosenfeldgL . .S., Andrews, K.G., Foreman, K.J., Haring, et al. (2012). Global malaria mortality be-
tween 1980 and 2010: a s . Lancet., 379, 413-31. https://doi.org/10.1016/s0140-6736(12)60034-8

21 Schumann, G., B . 1otti, F., Férard, G., Ferrero, C. A., Franck, P.F.H., Gella, F.-J., Hoelzel, W., Jorgensen, P.J.,
Kanno, T., Kessner, A., ., Kristiansen, N., Lessinger, J.-M., Linsinger, T.P.J., Misaki, H., Panteghini, M., Pauwels, J.,

ze, L.M. (2013). The potential of antimalarial
uation of alkaloids and Terpenoids. Malaria Jour-

:S., & Khamesipour, F. (2021). Antiplasmodial, antima-
atic review of literature. Malaria Journal, 20, 349

01

a, B.R., Dilonga, M.H., Enow-Orock, G., et al. (2019). Comparative
falciparum MSP-119 in children from five contrasting bioecological zones of
936-019-2654-9

Schiele, F., & Sehim 2002). IFCC Primary Reference Procedures for the Measurement of Catalytic Activity Concentra-
tions of En t 5. Reference Procedure for the Measurement of Catalytic Concentration of Aspartate Aminotransfer-
ase. Clinica nd Laboratory Medicine, 40(7). https://doi.org/10.1515/cclm.2002.125

22 Bzik, B , B.A., & Gonyer, K. (1993). Expression of Plasmodium falciparum lactate dehydrogenase in Escherichia

coli. Molecular an@Biochemical Parasitology, 59(1): 155-166. https://doi.org/10.1016/0166-6851(93)90016-q

23 Simpalipan, P., Pattaradilokrat, S., & Harnyuttanakorn, P. (2018). Global sequence diversity of the lactate dehydrogenase
gene in Plasmodium falciparum. Malar J., 17, 16. https://doi.org/10.1186/s12936-017-2157-5

24 Holmes, R.S., & Goldberg, E. (2009). Computational analyses of mammalian lactate dehydrogenases: human, mouse, opos-
sum and platypus LDHs. Comput Biol Chem., 33(5), 379-85.https://doi.org/10.1016/j.compbiolchem.2009.07.006

25 Garcia, AM., Marik, P., & Bellomo, R. (2014). Sepsis-associated hyperlactatemia. Crit Care. 18(5), 503.
https://doi.org/10.1186/513054-014-0503-3

26 Tcheghebe, O.T., Tatong, F.N., & Seukep, A.J. (2016). Traditional uses, phytochemical and pharmacological profiles, and
toxicity of Enantia chlorantha (Oliver): An overview. Edorium J Med, 3, 12-18. https://doi.org/10.5348/m05-2016-4-ra-2

27 Adesokan, A.A, Akanji, I.A. (2003). Effect of administration of aqueous extract of Enantia chlorantha on the activity of some
enzymes in the small intestines of rats. Nigeria biochem Mol Biol, 18(2), 103-5. ISSN 1684-5315

28 Apkulu, I.N., Dada, J.D., Odama, E.L., & Galadima, O. (1994). Antibacterial activity of aqueous extract of some Nigerian
medicinal plants. Nigeria Journal of Botany, 7, 45-8.

72 Eurasian Journal of Chemistry. 2023. No. 4(112)


https://doi.org/10.1002/ardp.200700184
https://doi.org/10.6007/IJARBSS/v5-i12/1924
https://doi.org/10.1016/j.actatropica.2005.06.009
https://doi.org/10.1155/2021/6165950
https://doi.org/10.1155/2020/7605730
https://doi.org/10.1021/np200391c
https://doi.org/10.1038/415686a
https://doi.org/10.1186/1475-2875-10-S1-S1
https://doi.org/10.1158/1535-7163.mct-09-0301
https://doi.org/10.2174/156652406776055131
https://doi.org/10.1016/j.exppara.2020.107851
https://doi.org/10.1186/1475-2875-12-449
https://doi.org/10.1186/s12936-021-03866-0
https://doi.org/10.2147/rrtm.s154501
https://doi.org/10.1186/s12936-019-2654-9
https://doi.org/10.1128/microbiolspec.EI10-0013-2016
https://doi.org/10.1016/s0140-6736(12)60034-8
https://doi.org/10.1515/cclm.2002.125
https://doi.org/10.1016/0166-6851(93)90016-q
https://doi.org/10.1186/s12936-017-2157-5
https://doi.org/10.1016/j.compbiolchem.2009.07.006
https://doi.org/10.1186/s13054-014-0503-3
https://doi.org/10.5348/m05-2016-4-ra-2

Potential Inhibiting Activities of Phytochemicals from Enantia chlorantia Bark ...

29 Tsabang, N., Fokou, P.V., Tchokouaha, L.R., et al. (2012). Ethnopharmacological survey of Annonaceae medicinal plants
used to treat malaria in four areas of Cameroon. J Ethnopharmacol., 139(1), 171- 80. https://doi.org/10.1016/j.jep.2011.10.035

30 Dawodu, A.O., Moses, U.D., Apena, A., Adetoro, A., & Dairo, J.O. (2014). The proximate evaluation and phytochemistry of
Enantia chlorantha stem bark in aqueous and ethanolic extract. Middle-East Journal of Scientific Research, 21(11), 2145-2148.

31 Dunn, C.R., Banfield, M.J., Barker, JJ., Higham, C.W., Moreton, K.M., Turgut-Balik, D., Brady, R.L., & Holbrook,
J.J. (1996). The structure of lactate dehydrogenase from Plasmodium falciparum reveals a new target for antimalarial design. Nat
Struct Biol., 3, 912-915. https://doi.org/10.1038/nsh1196-912

32 Wang, J., Wolf, R.M., Caldwell, JW., Kollman, P.A., & Case, D.A. (2004). Development and testing of a general amber
forcefield. Journal of Computational Chemistry, 25(9), 1157-1174. https://doi.org/10.1002/jcc.20035

33 Nyeguea, M., Amvam-Zollo, P.-H., Etoa, F.-X., Agnaniet, H., & Menut C. (2008). Chemical and Biological Investigations of
Essential Qils from Stem Barks of Enantia chlorantha Oliv. and Polyalthia suaveolens Engler. & Diels. from Cameroon. Natural
Product Communications, 3 (7), 1089-1096. https://doi.org/10.1177/1934578X0800300711

34 Roe, D.R., & Cheatham, T.E. (2013). PTRAJ and CPPTRAJ: Software for Processing and Analysis of Molecular Dynamics
Trajectory Data. Journal of Chemical Theory and Computation, 9(7), 3084-3095. https://doi.org/10.1021/ct400341

tions for simulating liquid water. The Journal of Chemical Physics, 79(2), 926-935. https://doi.org/10.106

36 Darden, T., York, D., & Pedersen, L. (1993). Particle mesh Ewald: an N.log(N) method for Ew.
Journal of Chemical Physics, 98(12), 10089-10092. https://doi.org/10.1063/1.464397

37 Roe, D.R., & Cheatham, 11l T.E. (2013). PTRAJ and CPPTRAJ: software for processing a
trajectory data. Journal of Chemical Theory and Computation, 9(7): 3084-3095. https://doi.org/

38 Oyebamiji, A.K., Kaka, O.M., Akintelu, S.A., Semire, B., & Adelowo, J.M. (2020)%§Iheo

molecular dynamics
341p

cal Bio-evaluation of 3,5-

dimethoxy-N-vinylbenzenamine Analogues as Potential anti-Sclerotinia sclerotiorum. P | nline, 3, 427-439. ISSN: 1827-
8620
39 Oyebamiji, A.K., Tolufashe, G.F., Oyawoye, O.M., Oyedepo, T.A., & Semire, 0). Biological Activity of Selected

Compounds from Annona muricata Seed as Antibreast Cancer Agents: Th@or Stady. Journal of Chemistry, 2020, Article 1D
6735232, 10 pages. https://doi.org/10.1155/2020/6735232

40 Adeoye, D., Olarinoye, E.F., Oyebamiji, A.K., & Latona, D.F. ( T etical Evaluation of Potential Anti-Alanine De-
hydrogenase Activities of Acetamide Derivatives. Biointegifac ese in Applied Chemistry, 12(6), 7469-7477.
J

https://doi.org/10.33263/BRIAC126.74697477

41 Lien, E.J. (1982). Molecular weight and therapeuti
https://doi.org/10.1111/j.1365-2710.1982.th01009.x

42 lbrahim, Z., Uzairu, A., Shallangwa, G., &
ADMET prediction of some novel B-Amino alcohol gra
levels. Scientific African, 10, e00570. https://doi.or /j.sciaf.2020.e00570

43 Oyebamiji, A,K., Fadare, O.A., Akinte A ire, B. (2021). Biological Studies on Anthra[1,9-cd]pyrazol-6(2D)-one
Analogues as Anti-vascular Endothelial actor Via In silico Mechanisms. Chemistry Africa, 4(4), 955-963.
https://doi.org/10.1007/s42250-021-002

44 Meanwell, N.A. (2011). Synopsi
Chemistry, 54(8), 2529-2591. https:
45 Oyebamiji, A.K., Josi
Semire, B. (2021). Data
Mycobacterium  tuberculosi

se of drug. rnal of Clinical and Hospital Pharmacy, 7, 101-106.

echi, S. 0). Molecular docking studies, drug-likeness and in-silico
1,4,5-trisubstituted 1,2,3-triazoles derivatives as elevators of p53 protein

e recent tactical application of bioisosteres in drug design. Journal of Medicinal
21/jm1013693

telu, S.A., Adeoye, M.D., Sabitu, B.O., Latona, D.F., Esan, A.O., Soetan, EA., &
Bio-Evaluation of 2-(quinoline-4-yloxy)acetamide Analogues as Potential Anti-
-Peroxidase Agents Via In silico Mechanisms. Data in Brief, 38, 107441.

46 Erazua . i A., Adelowo, J.M., Odoemene, S.N., Josiah, O.M., Raheem, S.F., Latona, D.F., Adeoye, M.D.,
Esan, A.O ami . (2021). QSAR and Molecular Docking Studies on Nitro(Triazole/Imidazole)-Based Compounds as
Anti-Tube Trop J Nat Prod Res., 5(11), 2022-2029. https://doi.org/10.26538/tjnpr/v5i11.22

activities of 1,2,3sfffazole-pyrimidine derivatives against Human Esophageal Carcinoma (EC-109). Data in Brief, 31, 105963.
https://doi.org/10.1016/j.dib.2020.105963

48 Oyebamiji, A.K., Soetan, E.A., Akintelu, S.A., Ayeleso, A.O., & Mukwevho, E. (2022). Alpha-glucosidase activity of phyto-
chemicals from Phyllanthus amarus leaves via in-silico approaches. Pharmacological Research — Modern Chinese Medicine, 2,
100054. https://doi.org/10.1016/j.prmecm.2022.100054

Information about authors*

Oyebamiji, Abel Kolawole (corresponding author) — PhD, Assistant Professor, Industrial Chemistry
Programme, Bowen University, Iwo, Osun State, Nigeria; e-mail: abel.oyebamiji@bowen.edu.ng;
https://orcid.org/0000-0002-8932-6327

ISSN 2959-0663 (Print); ISSN 2959-0671 (Online); ISSN-L 2959-0663 73


https://doi.org/10.1016/j.jep.2011.10.035
https://doi.org/10.1038/nsb1196-912
https://doi.org/10.1002/jcc.20035
https://doi.org/10.1177/1934578X0800300711
https://doi.org/10.1021/ct400341p
https://doi.org/10.1063/1.445869
https://doi.org/10.1063/1.464397
https://doi.org/10.1021/ct400341p
https://doi.org/10.1155/2020/6735232
https://doi.org/10.33263/BRIAC126.74697477
https://doi.org/10.1111/j.1365-2710.1982.tb01009.x
https://doi.org/10.1016/j.sciaf.2020.e00570
https://doi.org/10.1007/s42250-021-00276-2
https://doi.org/10.1021/jm1013693
https://doi.org/10.1016/j.dib.2021.107441
https://doi.org/10.26538/tjnpr/v5i11.22
https://doi.org/10.1016/j.dib.2020.105963
https://doi.org/10.1016/j.prmcm.2022.100054
mailto:abel.oyebamiji@bowen.edu.ng
https://orcid.org/0000-0002-8932-6327

A.K. Oyebamiji, F.E. Olujinmi et al.

Olujinmi, Faith Eniola — Technologist, Industrial Chemistry Programme, Bowen University, Ilwo,
Osun State, Nigeria; e-mail: olujinmieniola@gmail.com; https://orcid.org/0000-0002-0655-4018

Akintayo, Emmanuel T. — Professor, Industrial Chemistry Programme, Bowen University, lwo, Osun
State; Department of Chemistry, Ekiti State University, Ado-EKkiti, Ekiti State, Nigeria Nigeria; e-mail: em-
manuel.akintayo@bowen.edu.ng; https://orcid.org/0000-0001-8543-9554

Akintayo, Cecilia Olufunke — Professor, Industrial Chemistry Programme, Bowen University, Iwo,
Osun State; Department of Chemistry, Federal University, Oye-Ekiti, Ekiti State, Nigeria; e-mail: cecil-
ia.akintayo@bowen.edu.ng ; https://orcid.org/0000-0002-6023-5405

Akintelu, Sunday Adewale — PhD Candidate, School of Chemistry and Chemical Engineering, Bei-
jing Institute of Technology, Beijing, 100811, China; e-mail: akintelusundayadewale@gmail.com;
https://orcid.org/0000-0001-8919-3029

Pure and Applied Chemistry, Ladoke Akintola University of Technology, P.M.Bg4 0s0, Oyo
State, Nigeria; e-mail: bsemire@lautech.edu.ng; https://orcid.org/0000-0002-4173-91

Babalola, Jonathan Oyebamiji — Professor, Department of Chemistry, U
Oyo State, Nigeria; e-mail: bamijibabalola@yahoo.co.uk; https://orcid.org/00

Okunlola, Felix — Lecturer, Department of Natural Sciences, Fa ure and Applied Sciences,

Semire, Banjo — PhD, Professor, Candidate of Computational Chemistry Laboselt& artment of

f Ibadan, Ibadan,

Precious Cornerstone University, Ibadan, Nigeria; https://orcid.org/000040042-8/

Olawoye, Bolanle Mary — PhD Candidate, Department of Ba ces, Adeleke University, Ede,
Nigeria; e-mail: blessedbolanlemary@gmail.com; https://orcid. 008-2981-133X

*The author's name is presented in the order: Last Name, Fi¢st aAdAMi ames

74 Eurasian Journal of Chemistry. 2023. No. 4(112)


mailto:olujinmieniola@gmail.com
https://orcid.org/0000-0002-0655-4018
mailto:emmanuel.akintayo@bowen.edu.ng
mailto:emmanuel.akintayo@bowen.edu.ng
https://orcid.org/0000-0001-8543-9554
mailto:cecilia.akintayo@bowen.edu.ng
mailto:cecilia.akintayo@bowen.edu.ng
https://orcid.org/0000-0002-6023-5405
mailto:akintelusundayadewale@gmail.com
https://orcid.org/0000-0001-8919-3029
mailto:bsemire@lautech.edu.ng
https://orcid.org/0000-0002-4173-9165
mailto:bamijibabalola@yahoo.co.uk
https://orcid.org/0000-0002-1407-6677
https://orcid.org/0000-0002-5471-2375
mailto:blessedbolanlemary@gmail.com
https://orcid.org/0009-0008-2981-133X



