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					ABSTRACT  

					ARTICLE INFO  

					Although significant efforts have been made to reduce the malaria burden, the development and  

					spread of resistance by the malaria parasite have necessitated the development of better  

					alternatives to existing therapies. The role of Plasmodium falciparum casein kinase-2 alpha  

					(PfCK-2α) in sexual and asexual blood stages highlights its potential as a target for multistage  

					antimalarial drugs. This study aimed to determine the antimalarial potential of bioactive  

					compounds from Alstonia boonei stem bark using computational methods. The bioactive  

					constituents were characterized using UPLC-QTOF-MS, and the identified compounds were  

					docked against Plasmodium falciparum casein kinase-2 alpha (PfCK-2α) using Molecular  

					docking tools. UPLC-QTOF-MS analysis structurally characterized 85 compounds. Ricinoleic  

					acid and corosolic acid are among the compounds showing high retention times. Docking studies  

					revealed that the selected compounds demonstrated higher binding affinity (-8.6 to -11.0 kcal/mol)  

					than the standard drug (Artesunate) (-7.8 kcal/mol). These compounds interacted favorably with  

					the binding pocket amino acid residues (Lys72, Ile120, Ser179, Tyr119, Tyr54, Glu118, and  

					Ser55). This study, therefore, demonstrates the antimalarial potential of the A. boonei  

					phytoconstituents against PfCK-2α. Although this study holds a lot of promise, further  

					investigation of the safety and efficiency of these identified compounds is required.  
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					Introduction  

					9

					On a global scale, malaria represents both a major health and  

					socioeconomic burden affecting millions of lives each year.1–3  

					Estimates for malaria cases globally in 2021 were 247 million,  

					Although children under the age of five are mostly at risk, other risk  

					groups include travelers, pregnant women, and immunocompromised  

					patients.9 Over the years, significant approaches have been used to  

					reduce the burden of malaria on a global scale, such as utilizing bed nets  

					treated with insecticides, indoor residual spraying (IRS) and the use of  

					antimalarial drugs.10,11 These approaches have yielded a significant  

					reduction in malaria burden12. However, a recent study indicates that  

					malaria parasites are developing and spreading resistance to existing  

					treatment strategies including the recently approved artemisinin-based  

					combination therapies in endemic areas.10,13 Additionally, the efficiency  

					of treating malaria is further diminished by the high cost and  

					unfavorable side effects of certain medications.14 Therefore, the  

					development of significantly potent drugs that are new, safe, and  

					affordable to control malaria epidemics is an urgent healthcare concern.  

					Many therapeutic compounds, including antimalarials, have been  

					obtained from natural products.15 Quinine and artemisinin are highly  

					4

					including a staggering 627,000 deaths. More than half of all malaria  

					cases worldwide were found in sub-Saharan Africa, including Nigeria,  

					the Democratic Republic of Congo, Uganda, Angola, Burkina Faso, and  

					Mozambique.5 In addition, due to the costs of treatment and missed  

					productivity at work, malaria is associated with quantifiable direct and  

					indirect economic losses that are predicted to reduce the GDP of the  

					most affected nations by more than 1.3% yearly.2,6 P. falciparum infects  

					humans and accounts for many cases of illnesses and deaths.7,8 The  

					clinical manifestations of malaria include headache, fever, chills,  

					cough, muscle pains, vomiting, and diarrhoea. Severe anaemia,  
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					effective drugs against malaria derived from medicinal plants.13,16–18  

					A
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					recent study suggests that the primary healthcare needs of more than  

					70% of developing nations are met by medicinal plants, which have a  

					wide variety of therapeutic bioactive compounds that are effective  

					against a wide range of ailments.9,19 Therefore, owing to their  

					affordability, accessibility, and safety, these medicinal plants offer  

					potential alternatives for the development of new therapeutic  

					molecules.9,14  

					Official Journal of Natural Product Research Group, Faculty of  

					Pharmacy, University of Benin, Benin City, Nigeria  

					Alstonia boonei, a member of the Apocynaceae large family, is a huge  

					deciduous tree with an average size of 45 meters and a diameter of  
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					roughly 1.2 meters.20,21 It is widely distributed in Africa, especially in  

					Nigeria, where it is known by different names in different Nigerian  

					languages.22,23 A. boonei extracts have shown promise in managing  

					anemia, a defining feature of malaria illness, and in combating malaria.  

					Its antimalarial properties have been investigated in animal models,  

					downloaded and further optimized using AutoDock Vina tool. To avoid  

					inaccurate binding scores, co-crystalized ligand and water molecules  

					were deleted. Charges and bond orders were assigned. Additionally,  

					polar hydrogen was added and saved in pdbqt file format.  

					The chemical structures of the compounds obtained from the chemical  

					analysis of the extract were obtained from the PubChem website  

					(https://pubchem.ncbi.nlm.nih.gov/) and converted from SDF file  

					format to PDB format using Biovia Discovery Studio. They were then  

					prepared using Auto Dock tool and saved in PDBQT file format  

					24  

					either by itself or in conjunction with other plants.21 For example,  

					demonstrated that the combination of A. boonei and Khaya ivorensis  

					exhibited anti-plasmodial action and reduced toxicity in a murine model  

					of malaria. Similarly, combining A. boonei with Picralima nitida and  

					Gongronema latifolium demonstrated anti-plasmodial efficacy without  

					posing any risk to the kidneys or liver.21 More recent investigations by  

					25, 26 and 27 demonstrated the dose-dependent antimalarial potential of A.  

					boonei extracts. These effects have been attributed to the bioactive  

					components inherent in A. boonei extracts28, targeting crucial biological  

					molecules in the parasite’s physiology.  

					Receptor Grid Generation  

					The co-crystal ligand was used to generate the receptor grid box in each  

					direction (x = 3.844 Å, y = -6.56 Å, and z = -13.068 Å), and the box  

					was set at the center of the cognate ligands with allowance for the  

					binding pocket to accommodate any ligand using Biovia Discovery  

					Studio software. The dock main after the grid generation was 27 Å for  

					each dimension (x, y, and z).  

					In one study, P. falciparum kinases were suggested as possible  

					therapeutic targets with MMV390048, which targets the  

					phosphatidylinositol 4-kinase presently being investigated in phase 2  

					clinical trials.29 P. falciparum casein kinase 2 alpha (PfCK-2α) is  

					another enzyme that has been suggested as a desirable possible target  

					for antimalarial drugs.30,31 Different from the human tetrameric CK2,  

					PfCK-2α is composed of two regulatory (β1 and β2) and one catalytic  

					(α) subunit.32 The autophosphorylation of a few sites in domain I of the  

					catalytic subunit has been proposed as the activation mechanism of  

					PfCK-2α.32 The extensive distribution of PfCK-2α throughout the  

					parasite nucleus, along with its in vitro phosphorylation of chromatin  

					proteins suggests that PfCK-2α plays a role in chromatin dynamics and  

					Molecular Docking Analysis  

					The docking analysis was carried out to obtain the ligand with the best  

					binding energy against the target protein. The protein was fixed, and the  

					ligands were set flexible for docking using the AutoDock tool. 10  

					Different ligands conformation was generated for each of the ligands,  

					and the best docking score was selected for visualization. The 2-  

					dimensional (2D) and 3-dimensional (3D) modes were generated using  

					Maestro software (Maestro Version 12.9.123, Release 2021-3, Platform  

					Windows-x64).  

					assembly.29,32,33 34  

					demonstrated that knocking down conditionally the  

					,

					expression of PfCK-2α in 3D7 parasites resulted in a lethal phenotype  

					Prediction of Drug-Likeness Properties  

					linked to a failure in merozoite invasion. This emphasizes the  

					The in silico prediction of the drug-likeness properties of the ligands  

					was carried out using the SwissADME online server  

					(http://www.swissadme.ch/index.php). The following parameters were  

					estimated: Molecular weight (MW), Hydrogen bond acceptor (HBA),  

					Hydrogen bond donor (HBD), Clog P, Number of rotational Bonds,  

					Lipinski’s rule of five and Topological polar surface area (TPSA).  

					importance of PfCK-2α for the propagation of asexual blood-stage  

					29  

					parasites. In line with their study,  

					demonstrated that conditional  

					suppression of PfCK-2α prevented stage IV gametocytes from  

					becoming transmission-competent stage V parasites. PfCK-2α is crucial  

					for both asexual and sexual blood-stage parasites. This highlights  

					PfCK-2α’s potential as a target for multi-stage antimalarial drugs.  

					In this study, we explored the antimalarial potential of A. boonei  

					through virtual screening of the phytoconstituents characterized from A.  

					boonei extract against PfCK-2α by employing computational  

					techniques. The binding interaction between the targets and ligands  

					were also characterized. ADMET and toxicity studies were also  

					performed. This would provide valuable insight into the potential of the  

					bioactive constituents in A. boonei in serving as an antimalarial drug  

					candidate.  

					ADMET Prediction Studies  

					The absorption, distribution, metabolism, excretion, and toxicity  

					(ADMET) properties of the A. boonei bioactive compounds were  

					calculated  

					using  

					the  

					ADMET  

					web  

					server  

					(https://admetmesh.scbdd.com/service/evaluation/cal) and vnnadmet  

					web server (https://vnnadmet.bhsai.org)  

					Results and Discussion  

					Materials and Methods  

					Malaria remains a major global health menace affecting millions of  

					people each year, especially in areas like sub-Saharan Africa where the  

					disease is widespread. Despite significant pharmacological  

					interventions to reduce the disease burden, there is a current need for  

					the development of newer therapies to combat rising incidences of drug  

					resistance by the P. falciparum parasite. This study investigated the  

					anti-malarial potential of A. boonei bioactive compounds by targeting  

					P. falciparum casein kinase 2 alpha (PfCK-2α) using computational  

					methods. To systematically analyze and identify the bioactive  

					constituents in A. boonei extract, UPLC-QTOF-MS was utilized.  

					The result presented in Tables 1 and 2 shows the chemical contents of  

					the methanol extract of A. boonei with the retention time, compound  

					names, molecular weights (MZ), chemical formulas, and the respective  

					ontologies or chemical classifications of each compound.  

					A total of 85 compounds were confirmed in the extract (34 alkaloids  

					and 51 flavonoids, respectively). Corynoxeine and Isolaureline  

					appeared at retention times of 10.507 and 10.305, respectively, while  

					Corosolic acid and Ricinoleic acid appeared at retention times of 14.335  

					and 14.407, respectively. Figures 1 and 2 show the base-peak  

					chromatogram of A. boonei compounds. These compounds have been  

					shown to have numerous positive health benefits on humans due to their  

					antioxidant, anti-inflammatory, anti-malarial, and tumor-suppressing  

					properties.36–38 Casein kinase 2 alpha (CK-2α) is known for its role in  

					Collection and Preparation of Plant Material  

					We collected the stem bark of Alstonia boonei the Faculty of Biological  

					Sciences of the University of Nigeria, Nsukka, Enugu State (6o52’24”N  

					7o23’45”E) in June 2023. The sample was authenticated by Prof.  

					Njokuocha of the Department of Plant Science and Biotechnology. A  

					voucher number (UNH/129) was assigned to the sample after we  

					deposited a voucher specimen to the same department for future access.  

					Extraction and Chemical Analysis of the Plant Sample  

					The stem bark samples were air-dried at room temperature and  

					pulverized. About 350 g of the sample was then defatted using n-  

					hexane, followed by maceration with 1500 ml of methanol (JHD,  

					China; 98% purity) at room temperature for 72 hours. The macerate was  

					then filtered first with a muslin cloth and then with Whatman paper (No.  

					4). The resulting filtrate was evaporated in vacuo at 35oC to obtain the  

					crude methanol extract. To determine the chemical constituents of the  

					A. boonei stem bark, the extract was analyzed using an ultra-  

					performance liquid chromatograph coupled to a Quadrupole time-of-  

					flight (QTOF) mass spectrometer as described by 35  

					Computational Methodology  

					Ligand and Protein Preparation  

					The crystal structure of the target (PfCK2) was retrieved from RSCB  

					PDB (http://www.rscb.org/). The protein target with PDB 5XVU was  
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					Table 1: UPLC-MS Profile of the Alkaloid Contents of the Methanol Extract of A. boonei Stem Bark.  

					S/N  

					Retention  

					time  

					Compounds  

					MZ  

					Formula  

					Ontology  

					1

					(3aS,5aS,9bR)-5a,9-dimethyl-3-methylidene-  

					3a,4,6,7,8,9b-hexahydrobenzog1benzofuran-2,5-  

					dione  

					5.741  

					6.381  

					264.15976  

					C15H21NO3  

					Pyridinones  

					2

					3

					Pesticide4_Dimoxystrobin_(2E)-2-{2-(2,5-  

					Dimethylphenoxy)methylphenyl}-2-  

					(methoxyimino)-N-methylacetamide  

					NCGC00380565-01!2-(3,4-dihydroxyphenyl)ethyl  

					(5Z)-4-2-2-(3,4-dihydroxyphenyl)ethoxy-2-  

					oxoethyl-5-2-(E)-3-phenylprop-2-  

					Lycorine-type  

					amaryllidaceae  

					alkaloids  

					327.168  

					C19H22N2O3  

					Alkaloids and  

					derivatives  

					6.954  

					826.29846  

					C41H47NO17  

					enoyloxyethylidene-6-(2S,3R,4S,5S,6R)-3,4,5-  

					trihydroxy-6-(hydroxymethyl)oxan-2-yloxy-4H-  

					pyran-3-carboxylate  

					4

					Corynanthean-type  

					alkaloids  

					7.13  

					7.265  

					7.4  

					Yohimbic Acid  

					341.18448  

					371.19528  

					413.20929  

					C20H24N2O3  

					C21H26N2O4  

					C23H28N2O5  

					5

					6

					Splendoline  

					Strychnos alkaloids  

					2-hydroxy-4-methoxy-3,5-bis(3-methylbut-2-enyl)-  

					6-pentylbenzoic acid  

					Yohimbine alkaloids  

					7

					8

					Aspidospermatan-type  

					alkaloids  

					7.452  

					7.478  

					11,12-Methylenedioxykopsinaline  

					Isoformosanine  

					399.189  

					C22H26N2O5  

					C21H24N2O4  

					Aspidospermatan-type  

					alkaloids  

					369.18085  

					9

					7.587  

					7.654  

					7.771  

					7.89  

					Strictosidinic acid  

					Perivine  

					517.2193  

					339.1705  

					385.21188  

					355.20093  

					353.18436  

					C26H32N2O9  

					C20H22N2O3  

					C22H29N2O4  

					C21H26N2O3  

					C21H24N2O3  

					Terpene glycosides  

					Strychnos alkaloids  

					Carbazoles  

					10  

					11  

					12  

					13  

					14  

					Echitamine  

					19S-Methoxytubotaiwine  

					14,15-Dehydro-16-epi-vincamine  

					Yohimbine alkaloids  

					Yohimbine alkaloids  

					Plumeran-type  

					7.976  

					8.01  

					Hirsuteine  

					367.20099  

					309.16196  

					713.28717  

					C22H26N2O3  

					C19H20N2O2  

					C37H44O14  

					alkaloids  

					15  

					16  

					8.085  

					8.144  

					Vincanidine  

					Strychnos alkaloids  

					Hexacarboxylic acids  

					and derivatives  

					Plumeran-type  

					2,3,5,7,15-pentaacetoxy-8-tigloyloxy-9,14-  

					dioxojatropha-6(17),11E-diene  

					17  

					18  

					8.182  

					8.396  

					Hirsuteine  

					367.20325  

					357.18057  

					C22H26N2O3  

					C20H24N2O4  

					alkaloids  

					(E)-5-(1,2,4a,5-tetramethyl-7-oxo-3,4,8,8a-  

					tetrahydro-2H-naphthalen-1-yl)-3-methylpent-2-  

					enoic acid  

					Strychnos alkaloids  

					19  

					20  

					21  

					22  

					23  

					8.5  

					Isoxaben_Na-Adduct  

					355.16336  

					385.21149  

					371.19632  

					917.36115  

					C20H22N2O4  

					C22H28N2O4  

					C21H26N2O4  

					C44H56N2O19  

					Indolizidines  

					8.781  

					8.901  

					8.908  

					Isorhynchophylline  

					Indolizidines  

					Splendoline  

					Carbazoles  

					Unknown  

					Terpene glycosides  

					Lycorine-type  

					amaryllidaceae  

					alkaloids  

					8.931  

					9.006  

					Gelsenicine  

					327.17041  

					355.20078  

					C19H22N2O3  

					C21H26N2O3  

					24  

					14-deoxy-11,12-dihydroandrographolide  

					Yohimbine alkaloids  

					3387  
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					25  

					26  

					9.2  

					NCGC00385306-01  

					387.18976  

					337.18976  

					C21H26N2O5  

					Yohimbine alkaloids  

					Plumeran-type  

					alkaloids  

					9.223  

					Catharanthine  

					Tabersonine  

					C21H24N2O2  

					C21H24N2O2  

					27  

					28  

					Plumeran-type  

					alkaloids  

					9.381  

					9.496  

					337.19049  

					357.18085  

					(E)-5-(1,2,4a,5-tetramethyl-7-oxo-3,4,8,8a-  

					tetrahydro-2H-naphthalen-1-yl)-3-methylpent-2-  

					enoic acid  

					C20H24N2O4  

					Strychnos alkaloids  

					29  

					30  

					31  

					9.623  

					9.736  

					Gardneramine  

					413.20648  

					427.22372  

					C23H28N2O5  

					C24H30N2O5  

					Yohimbine alkaloids  

					Yohimbine alkaloids  

					MMV687765  

					2,4-dihydroxy-6-methyl-3-(2E,4E)-3-methyl-5-  

					(1R,2R,6R)-1,2,6-trimethyl-3-oxocyclohexylpenta-  

					2,4-dienylbenzaldehyde  

					Corynanthean-type  

					alkaloids  

					10.159  

					409.21259  

					C24H28N2O4  

					32  

					Ajmaline-sarpagine  

					alkaloids  

					10.241  

					10.305  

					10.507  

					Unknown  

					381.21945  

					310.14423  

					383.19751  

					C23H28N2O3  

					C19H19NO3  

					C22H26N2O4  

					33  

					34  

					Isolaureline  

					Corynoxeine  

					6,6a-secoaporphines  

					Aspidospermatan-type  

					alkaloids  

					Table 2: UPLC-MS Profile of the Polyphenol Contents of the Methanol Extract of A. boonei Stem Bark.  

					S/N  

					Retention  

					time  

					Compounds  

					MZ  

					Formula  

					Ontology  

					1

					2

					3

					4

					1.244  

					1.252  

					1.267  

					1.326  

					Exifone  

					277.03378  

					181.06955  

					215.03082  

					721.1886  

					C13H10O7  

					Naphthoquinones  

					D-Mannitol  

					Xanthotoxin  

					Unknown  

					C40H34O13  

					C30H40O20  

					C12H22O11  

					Isoflavonoid O-  

					glycosides  

					5

					6

					7

					1.344  

					1.352  

					1.352  

					Unknown  

					719.20166  

					387.10291  

					O-glycosyl compounds  

					5-Demethylnobiletin  

					NCGC00384589-01!(2R,3R,4S,5R,6R)-6- 683.2254  

					2-(3,4-dihydroxyphenyl)ethoxy-3,5-  

					dihydroxy-4-(2S,3R,4R,5R,6S)-3,4,5-  

					trihydroxy-6-methyloxan-2-yloxyoxan-2-  

					ylmethyl (E)-3-(4-hydroxy-3-  

					O-glycosyl compounds  

					methoxyphenyl)prop-2-enoate  

					8

					9

					1.356  

					1.36  

					Trehalose  

					341.10818  

					191.05478  

					C12H22O11  

					C7H12O6  

					O-glycosyl compounds  

					Quinic acids and  

					derivatives  

					D-(-)-Quinic acid  

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					17  

					1.394  

					1.401  

					3.981  

					4.07  

					Unknown  

					845.27802  

					503.15869  

					201.0795  

					C37H50O22  

					C18H32O16  

					Hydrolyzable tannins  

					Oligosaccharides  

					D-(+)-Raffinose  

					Metamitron  

					Unknown (carbon number 9)  

					Benzoic acid  

					185.07947  

					315.07281  

					359.10181  

					1127.41235  

					375.12857  

					4.531  

					4.782  

					5.089  

					5.093  

					C13H16O9  

					C15H20O10  

					Phenolic glycosides  

					Hydrolyzable tannins  

					Benzoic acid  

					Unknown  

					loganic acid  

					C16H24O10  

					Iridoid O-glycosides  

					3388  
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					18  

					19  

					20  

					5.093  

					5.096  

					5.141  

					Unknown  

					751.26611  

					213.07336  

					537.17749  

					C16H24O10  

					Iridoid O-glycosides  

					Phenolic glycosides  

					Unknown (carbon number 10)  

					6-5,7-dihydroxy-2-(4-hydroxyphenyl)-4-  

					oxochromen-6-yl-5,7-dihydroxy-2-(4-  

					hydroxyphenyl)chromen-4-one  

					6-5,7-dihydroxy-2-(4-hydroxyphenyl)-4-  

					oxochromen-6-yl-5,7-dihydroxy-2-(4-  

					hydroxyphenyl)chromen-4-one  

					2,4,5-trimethoxybenzoic acid  

					NCGC00381184-01_C15H20O9_  

					Unknown (carbon number 16)  

					Unknown  

					C29H30O10  

					21  

					5.311  

					537.18085  

					C22H34O15  

					Iridoid O-glycosides  

					22  

					23  

					24  

					25  

					26  

					27  

					28  

					29  

					30  

					31  

					32  

					33  

					5.475  

					5.512  

					5.793  

					6.411  

					6.426  

					6.538  

					6.546  

					6.546  

					6.546  

					6.546  

					6.789  

					6.924  

					211.05879  

					389.10724  

					373.11432  

					227.09195  

					435.14893  

					179.05357  

					195.05994  

					357.11655  

					393.09512  

					403.1228  

					C16H22O11  

					C16H22O10  

					C11H16O5  

					C25H24O7  

					Iridoid O-glycosides  

					Terpene glycosides  

					Terpene lactones  

					Xanthones  

					Loganin  

					D-Galactose  

					2-Hydroxyphenanzine  

					Unknown (carbon number 15)  

					Unknown  

					C16H22O9  

					C22H18O7  

					C16H22O9  

					C25H24O6  

					C17H24O11  

					O-glycosyl compounds  

					Angucyclines  

					C17H24O11; PlaSMA ID-1023  

					Pomiferin  

					O-glycosyl compounds  

					Pyranoflavonoids  

					419.15005  

					403.1225  

					2-3-ethenyl-5-methoxycarbonyl-2-  

					(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-  

					(hydroxymethyl)oxan-2-yloxy-3,4-  

					dihydro-2H-pyran-4-ylacetic acid  

					NCGC00380565-01!2-(3,4-  

					dihydroxyphenyl)ethyl (5Z)-4-2-2-(3,4-  

					dihydroxyphenyl)ethoxy-2-oxoethyl-5-2-  

					(E)-3-phenylprop-2-enoyloxyethylidene-  

					6-(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-  

					(hydroxymethyl)oxan-2-yloxy-4H-pyran-  

					3-carboxylate  

					Terpene glycosides  

					34  

					6.924  

					807.25281  

					C17H24O11  

					Terpene glycosides  

					35  

					36  

					37  

					38  

					39  

					40  

					41  

					6.931  

					6.931  

					6.931  

					7.186  

					7.875  

					7.905  

					8.017  

					Theophylline  

					179.05618  

					223.05769  

					371.09613  

					433.1311  

					C6H12O6  

					Hexoses  

					Unknown (carbon number 11)  

					C16H20O10  

					C16H20O10  

					C25H22O7  

					Phenolic glycosides  

					Pyranoxanthones  

					Unknown (carbon number 18)  

					Reserpic acid  

					399.19003  

					565.19598  

					411.18887  

					NCGC00380861-01!  

					C27H34O13  

					C17H32O11  

					Iridoid O-glycosides  

					Fatty acyl glycosides of  

					mono- and  

					4,8-dihydroxy-3-(3-methoxy-3-oxoprop-  

					1-en-2-yl)-8a-methyl-5-oxo-  

					1,2,3,4,4a,6,7,8-octahydronaphthalen-2-yl  

					3,4-dihydroxy-2-methylidenebutanoate  

					NCGC00381154-01_C27H35ClN2O6_6-  

					{7-Acetoxy-5-chloro-3-(1E,3E)-3,5-  

					dimethyl-1,3-heptadien-1-yl-7-methyl-  

					6,8-dioxo-7,8-dihydro-2(6H)-  

					isoquinolinyl}norleucine  

					disaccharides  

					42  

					43  

					9.72  

					9.75  

					517.21246  

					551.18237  

					C27H34O10  

					Germacranolides and  

					derivatives  

					methyl (4aR,6S,7R,7aS)-4a,7-dihydroxy-  

					7-methyl-6-(E)-3-phenylprop-2-enoyloxy-  

					C26H32O13  

					Stilbene glycosides  
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					1-(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-  

					(hydroxymethyl)oxan-2-yloxy-1,5,6,7a-  

					tetrahydrocyclopentacpyran-4-carboxylate  

					44  

					45  

					46  

					13.546  

					13.909  

					14.029  

					Unknown  

					473.33319  

					293.20667  

					915.67102  

					Unknown (carbon number 20)  

					(30E,34E)-2,6,10,14,18,22,26,30,34-  

					nonamethyl-36-(2R,3R,4S,5S,6R)-3,4,5-  

					trihydroxy-6-(hydroxymethyl)oxan-2-  

					yloxyhexatriaconta-2,30,34-triene-  

					6,10,14,18,22,26,27-heptol  

					C29H46O4  

					Oxosteroids  

					47  

					14.131  

					Unknown (carbon number 18)  

					295.2261  

					C18H32O3  

					C40H56O7  

					Lineolic acids and  

					derivatives  

					48  

					49  

					50  

					51  

					14.253  

					14.29  

					Unknown  

					647.40057  

					293.20169  

					471.34653  

					297.23929  

					Triterpenoids  

					Unknown  

					14.335  

					14.407  

					Corosolic acid  

					Ricinoleic acid  

					C30H48O4  

					C18H34O3  

					Triterpenoids  

					Figure 1: Chromatogram of the Alkaloid Contents of the Methanol Extract of A. boonei Stem Bark  
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					Figure 2: Chromatogram showing the polyphenolic content of A. boonei stem bark  

					cellular processes, including differentiation and apoptosis, hence, it is  

					hydrogen bond interactions with SER 179 and one hydrogen bond  

					interaction with LYS 72. This suggests that D-(-)-Quinic acid may have  

					similar mechanism of action as the standard drug, making it an even  

					better potential substitute to the standard drug. 6-5,7-dihydroxy-2-(4-  

					hydroxyphenyl)-4-oxochromen-6-yl-5,7-dihydroxy-2-(4  

					an appealing candidate for a potential anti-malarial drug target.30,31  

					Docking analysis was carried out on the phytocompounds of A. boonei  

					stem bark against Plasmodium falciparum casein kinase 2 alpha (PfCK-  

					2α) subunit at the binding pocket to investigate the intermolecular  

					interactions between the bioactive ligands and the receptor of PfCK-2α.  

					The binding affinities of phytocompounds were compared to those of  

					the standard anti-malarial drug (Artesunate) as shown in Table 3. The  

					binding affinities were recorded in negative values, indicating that the  

					compounds were accurately docked. As summarized in Table 3, the  

					binding energies ranged from -8.6 Kcal/mol to -11.0 Kcal/mol. The  

					selected phytocompounds all proved to have higher binding scores than  

					the standard drug (-7.8 Kcal/mol), with 6-5,7-dihydroxy-2-(4-  

					hydroxyphenyl)-4-oxochromen-6-yl-5,7-dihydroxy-2-(4  

					hydroxyphenyl)chromen-4-one had the highest hydrogen bond  

					interactions (4) with the amino acid residues LYS 53, LYS 162, ASN  

					165, ASN 122. The same amino acid residues (ALA 70, LYS 72, PHE  

					117, ILE 99, SER 179, MET 167, ASN 165, HIS 164, ILE 178, VAL  

					57, GLY 52, ARG 51, GLY 50, ILE 49) found in the standard were also  

					found in the pockets of Strictosidinic acid, although there was no  

					interaction with them. This implies that these compounds can perform  

					a similar function as the standard drug and could potentially serve as  

					substitute medications. Rather than making a surface or shallow binding  

					interaction, the 3D representation (Figure. 4) shows that the compounds  

					from A. boonei bind deeply into the binding pocket of the target. Studies  

					have shown that deeply bound compounds are of particular interest in  

					drug discovery due to forming a stable complex resulting from an  

					energetically favourable contact between the compound and the target.  

					40. The Ramachandran Plot of the target protein (PfCK-2α) is presented  

					in Figure. 5. The dots indicate the amino acid residues of PfCK-2α. The  

					residues present in red, yellow and pale yellow regions of the plot  

					represent the most favoured, additional allowed and generously allowed  

					regions, respectively. The white region represents disallowed regions of  

					the plot, respectively. The amino acids in PfCK-2α are mostly found in  

					the most favoured region of the Ramachandran plot. Per Lipinski's rule  

					of five, compounds considered as potential drug leads with limited  

					absorption or permeation tend to exhibit certain characteristics. These  

					include having more than 10 hydrogen bond acceptors (HBA), more  

					than 5 hydrogen bond donors (HBD), a molecular weight of more than  

					500 Da and a Clog P value of more than 5. On the contrary, compounds  

					with better bioavailability prospects are those with fewer than or equal  

					to 10 rotatable bonds (nROTB) and a total polar surface area (TPSA) of  

					140 Å or less. From the drug-likeness properties shown in Table 4, it  

					was observed that most of the compounds obeyed Lipinski's rule of five.  

					hydroxyphenyl)chromen-4-one having the highest binding score, as  

					shown in Table 3. Greater binding energies suggest enhanced  

					specificity and stronger interactions between the ligands and the target  

					protein. Therefore, the ligands from A. boonei exhibited better  

					interactions and specificity than the standard drug and could be used as  

					potential PfCK-2α inhibitors in P. falciparium. All the phyto-  

					compounds with higher binding affinities were selected for further  

					molecular visualization. Compound conformations play an important  

					role in how they interact with the active site amino acids. The  

					conformation is used to optimize the compounds as the best fit to the  

					receptor. In the visual depiction illustrating the 2D and 3D interactions  

					between the protein and various amino acids (Figures 3 & 4), the  

					standard compound (Artesunate) had 2 hydrogen bond interactions with  

					the amino acids LYS 72 and SER 179, respectively. All the compounds  

					interacted with similar amino acid residues (Lys72, Ile120, Ser179,  

					Tyr119 and Tyr54, Glu118, Ser55) within the active site pocket.  

					Pomiferin and D-(-)-Quinic showed similar H-bond interactions (Lys72  

					and Ser179) to the standard drug, indicating that the amino acid residues  

					are crucial for binding to ligands. Pomiferin had 1 hydrogen bond  

					interaction with LYS 72. D-(-)-Quinic acid showed 3 hydrogen bond  

					interactions with the same amino acids from the standard with 2  
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					Table 3: Binding Energies of Ligands against Targeted Protein  

					Compound  

					Molecular Formula  

					Binding Energies  

					(kcal/mol)  

					-8.8  

					Name  

					2-Hydroxyphenanzine  

					C13H8N2O3  

					5-Demethylnobiletin  

					C20H20O8  

					C30H18O10  

					-8.6  

					6-5,7-dihydroxy-2-(4-hydroxyphenyl)-4-  

					oxochromen-6-yl-5,7-dihydroxy-2-(4-  

					hydroxyphenyl)chromen-4-one  

					D-(-)-Quinic acid  

					-11.0  

					C16H18O8  

					C19H19NO3  

					C30H38O15  

					-8.7  

					Isolaureline  

					-9.6  

					NCGC00384589-01!(2R,3R,4S,5R,6R)-6-2-  

					(3,4-dihydroxyphenyl)ethoxy-3,5-  

					dihydroxy-4-(2S,3R,4R,5R,6S)-3,4,5-  

					trihydroxy-6-methyloxan-2-yloxyoxan-2-  

					-10.6  

					ylmethyl  

					(E)-3-(4-hydroxy-3-  

					methoxyphenyl)prop-2-enoate  

					Perivine  

					C20H22N2O3  

					C25H24O6  

					-8.4  

					-10.0  

					-9.1  

					-9.1  

					-7.8  

					Pomiferin  

					Reserpic acid  

					C22H28N2O5  

					C26H32N2O9  

					Strictosidinic acid  

					Artesunate (Standard)  

					Table 4: Drug-Likeness Properties of the A. boonei Phytocompounds  

					Compound  

					MW  

					HBA  

					HBD  

					ClogP  

					NOR  

					TPSA  

					(Å²)  

					NOV  

					Name  

					(g/mol)  

					2-Hydroxyphenanzine  

					5-Demethylnobiletin  

					240.21  

					388.37  

					538.46  

					5

					8

					2

					1

					6

					1.71  

					2.78  

					3.51  

					1

					6

					3

					83.31  

					96.59  

					0

					0

					3

					6-[5,7-dihydroxy-2-(4-hydroxyphenyl)-4-  

					oxochromen-6-yl]-5,7-dihydroxy-2-(4-  

					hydroxyphenyl)chromen-4-one  

					D-(-)-Quinic acid  

					10  

					181.80  

					338.31  

					309.36  

					638.61  

					338.40  

					420.45  

					400.47  

					516.54  

					8

					4

					5

					0

					8

					2

					3

					3

					7

					-0.07  

					3.12  

					-0.07  

					2.37  

					4.35  

					1.15  

					-0.12  

					5

					1

					144.52  

					30.93  

					0

					0

					3

					0

					0

					0

					3

					Isolaureline  

					NCGC00384589  

					15  

					4

					12  

					2

					234.29  

					71.19  

					Perivine  

					Pomiferin  

					6

					3

					100.13  

					95.02  

					Reserpic acid  

					6

					3

					Strictosidinic acid  

					10  

					7

					173.73  

					MW-molecular weight; HBA-hydrogen bond acceptor; HBD-hydrogen bond donor; ClogP- consensus LogP; TPSA-Topological Polar Surface Area;  

					NOV- Number of violation; NOR-Number of rotatable bonds  

					Coupled with the high amino acid to hydrogen bond interaction of D-(-  

					)-Quinic acid during the docking analysis, it can be a potent drug for the  

					inhibition of P. falciparum casein kinase 2 alpha, as it obeys all of  

					Lipinski’s rule of five. properties shown in Table 4, it was observed that  

					most of the compounds obeyed Lipinski's rule of five. Coupled with the  

					high amino acid to hydrogen bond interaction of D-(-)-Quinic acid  

					during the docking analysis, it can be a potent drug for the inhibition of  

					P. falciparum casein kinase 2 alpha, as it obeys all of Lipinski’s rule of  

					five.  

					influence various molecular processes such as absorption, bile  

					elimination rate, blood-brain barrier penetration, as well as interactions  

					with both intended and unintended targets. It has a Clog P value of -  

					0.07, HBA of 8 and HBD of 5. The topological polar surface area  

					(TPSA), which reflects a drug's ability to traverse cell membranes,  

					measured 144.52 Å². D-(-)-Quinic acid had a TPSA score of 144.52 Å.  

					Drugs with a polar surface area exceeding 140 Å² are often less effective  

					at permeating cell membranes.39 Pomiferin, which also showed 1 amino  

					acid to hydrogen bond interaction similar to that of the standard drug,  

					is also a potent drug for inhibition of P. falciparum. It obeyed all  

					Lipinski's rule of 5 with a molecular weight of 420.45, HBA of 6, HBD  

					of 3 and Clog P of 4.35. It also has a TPSA score of 100 Å, which is  

					fiFrom its physicochemical characteristics, D-(-)-Quinic acid has a  

					molecular weight of 338.31 g/mol, which falls within the typical range  

					for drug molecules (200-500 g/mol). This attribute can undoubtedly  
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					B

					C

					D

					E

					Interaction diagram between the ligand and  

					PfCK-2α:  

					A. 6-[5,7-dihydroxy-2-(4-hydroxyphenyl)-4-  

					oxochromen-6-yl]  

					B. D-(-)-Quinic acid  

					C. Pomiferin  

					D. Strictosidinic acid  

					E. Artesunate (Standard)  

					Figure 3: 2D interaction of molecular interactions within the binding pocket of PfCK-2α  

					3393  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, July 2025; 9(7): 3385 - 3397  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					A

					B

					C

					D

					Interaction diagram between the ligand  

					and PfCK-2α:  

					E

					A. 6-[5,7-dihydroxy-2-(4-  

					hydroxyphenyl)-4-oxochromen-6-yl]  

					B. D-(-)-Quinic acid  

					C. Pomiferin  

					D. Strictosidinic acid  

					E. Artesunate (Standard)  

					F

					Figure 4: 3D illustration of molecular interactions within the binding pocket of PfCK-2α  

					Figure 5: Ramachandran Plot of the target protein (PfCK-2α)  
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					Table 5: ADMET properties of A. boonei phytocompounds  

					P-gp  

					Cyp1A  

					2

					Cyp3A  

					4

					Cyp2D  

					6

					Cyp2C  

					9

					Cyp2C1  

					9

					Inhibitor  

					Cyto-  

					/

					hERG  

					Block  

					er  

					DIL toxicit HL  

					Inhibito Inhibito Inhibito Inhibito Inhibito BB  

					Substrat  

					e

					MM  

					P

					AM  

					ES  

					Query  

					I

					y

					M

					r

					r

					r

					r

					r

					B

					5-  

					Demethylnobiletin  

					Yes  

					No  

					No  

					No  

					No  

					No  

					No  

					No  

					Yes  

					No  

					No  

					No  

					No  

					No  

					No  

					No  

					Yes  

					N0  

					No  

					Yes  

					No  

					No  

					No  

					No  

					Yes/No  

					Yes  

					No  

					No  

					No  

					No  

					No  

					No  

					No  

					No  

					Yes  

					No  

					No  

					Isolaureline  

					Yes  

					No  

					No  

					No  

					No  

					No  

					Yes No/No  

					No No/No  

					Yes Yes/No  

					NCGC00384589  

					Yes  

					No  

					Perivine  

					2-  

					Hydroxyphenanzine No  

					No  

					No  

					No  

					No  

					No  

					No  

					No  

					Yes  

					No  

					No  

					No  

					No  

					No  

					No  

					No  

					Yes/No  

					No/No  

					No  

					No  

					No  

					No  

					No  

					No  

					Strictosidinic acid  

					No  

					Yes  

					Pomiferin  

					Yes  

					No  

					Yes  

					No  

					No  

					No  

					Yes  

					Yes  

					No  

					No/No  

					No  

					Yes  

					Yes  

					6-5,7-dihydroxy-2-  

					(4-hydroxyphenyl)-  

					4-oxochromen-6-yl-  

					5,7-dihydroxy-2-(4-  

					hydroxyphenyl)chro  

					men-4-one  

					No  

					No  

					No  

					Yes  

					Yes  

					No  

					No  

					Yes  

					No  

					No  

					No  

					Yes  

					No  

					within the approved range. On the contrary, 6-5,7-dihydroxy-2-(4-  

					hydroxyphenyl)-4-oxochromen-6-yl-5,7-dihydroxy-2-(4-  

					Conclusion  

					The results from this study revealed the rich alkaloid profile of the A.  

					boonei stem bark as well as the potential of these compounds in  

					mitigating the rising incidence of antimalarial resistance by P.  

					falciparum. The docking analysis showed the potential of the A. boonei  

					alkaloids as promising candidates for developing new anti-malarial  

					drugs. The ADMET and drug-likeness properties of the compounds  

					hydroxyphenyl)chromen-4-one, NCGC00384589 and Strictosidinic  

					acid contradicted Lipinski's rule of five. These compounds showed high  

					molecular weight exceeding 500 Da and possessed more than 10 HBA  

					and greater than 5 HBD. However, these contradictions do not prevent  

					the exploration of other methods to improve their bioavailability,  

					especially considering their potential therapeutic benefits. Absorption,  

					distribution, metabolism, excretion, and toxicity (ADMET) properties  

					of the phyto-compounds were investigated using ADMET web server  

					(https://admetmesh.scbdd.com/service/evaluation/cal) and vnnadmet  

					web server (https://vnnadmet.bhsai.org). ADMET represents a crucial  

					component of the initial phases of drug discovery, expediting the  

					transformation of potential hits and lead compounds into verified  

					candidates suitable for drug development. The following parameters  

					were calculated: DILI, cytotoxicity, HLM, cytochrome P450, BBB, P-  

					gp inhibitor/substrate, hERG Blocker, MMP, and AMES. The result  

					presented in Table 5 revealed that certain compounds, such as  

					isolaureline and pomiferin, exhibited mutagenic properties. 5-  

					Demethylnobiletin, NCGC00384589, and pomiferin were found to  

					potentially induce drug-induced liver injury. Interestingly, all the  

					compounds were determined to be non-cytotoxic. Isolaureline and 6-  

					5,7-dihydroxy-2-(4-hydroxyphenyl)-4-oxochromen-6-yl-5,7  

					open  

					a

					new line of further preclinical investigations of the  

					chemotherapeutic potential of the identified compounds. Further studies  

					are still required to elucidate the underlying molecular mechanisms and  

					evaluate these compounds' long-term safety and efficacy. Moreover,  

					additional research is needed to validate these findings and determine  

					the optimal treatment dosage and duration.  
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					dihydroxy-2-(4-hydroxyphenyl)chromen-4-one were identified as  

					inhibitors of the CYP3A4 enzyme, while isolaureline and perivine were  

					unable to penetrate the blood-brain barrier (BBB), a crucial requirement  

					for a drug molecule intended for the treatment of cerebral malaria.  

					Nonetheless, these findings suggest that they possess the potential to  

					fulfil a similar role to the standard drug and could potentially serve as  

					alternatives, especially in light of the malaria parasite's resistance to the  

					standard drug.  
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