IN SILICO EVALUATION OF ANTIPLASMODIAL AND PHARMACOKINETIC PROPERTIES OF VOLATILE COMPOUNDS FROM HYDROETHANOLIC LEAF EXTRACT OF SOLENOSTEMON MONOSTACHYUS FOR ANTIMALARIAL DRUG DISCOVERY



	Abstract: Malaria remains a major global health burden, particularly in sub-Saharan Africa, with increasing resistance to current antimalarial drugs necessitating the discovery of novel therapeutic agents. This study evaluated the antiplasmodial potential and pharmacokinetic properties of volatile compounds identified in the hydroethanolic leaf extract of Solenostemon monostachyus using in silico approaches. GC–MS analysis revealed 64 volatile compounds, mainly alkanes, phenolics, fatty acids, esters, and oxygenated hydrocarbons. Molecular docking was performed against Plasmodium falciparum lactate dehydrogenase (PfLDH) and plasmepsin II, while ADMET profiling assessed drug-likeness and toxicity. Indazol-4-one derivative showed the strongest binding affinities against PfLDH (–8.0 kcal/mol) and plasmepsin II (–7.1 kcal/mol), outperforming artesunate in some cases. ADMET analysis indicated generally favorable pharmacokinetic properties, although azulene and 1-methylnaphthalene showed potential toxicity risks. The findings suggest that S. monostachyus volatile compounds are promising antimalarial leads for further drug development.
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Malaria remains one of the most serious parasitic diseases globally, responsible for an estimated 249 million cases and over 600,000 deaths annually, with the highest burden in sub-Saharan Africa (World Health Organization, 2023). Despite widespread control measures, malaria persists due to the rapid emergence of drug-resistant Plasmodium falciparum strains.
Resistance to chloroquine, sulfadoxine-pyrimethamine, and reduced susceptibility to artemisinin derivatives have significantly threatened malaria control programs (Balikagala et al., 2021). This situation highlights the urgent need for new antimalarial compounds with novel mechanisms of action.
Natural products remain a major source of antimalarial drugs, with quinine and artemisinin being classic examples of plant-derived therapeutics (Newman & Cragg, 2020). Medicinal plants continue to provide structurally diverse bioactive compounds with pharmacological relevance.
Solenostemon monostachyus (Lamiaceae) is widely used in African ethnomedicine for the treatment of malaria, fever, and inflammatory conditions. Previous studies have reported the presence of essential oils, phenolics, flavonoids, and terpenoids with antimicrobial activity. However, limited information exists on the volatile compounds and their molecular interactions with malaria targets.
Computational approaches such as molecular docking and ADMET prediction provide a rapid and cost-effective method for screening bioactive compounds (Daina et al., 2017). This study therefore investigates the antiplasmodial potential of volatile compounds from S. monostachyus using in silico techniques.


MATERIALS AND METHODS
Fresh leaves of Solenostemon monostachyus were collected, authenticated, and air-dried at room temperature. The dried leaves were pulverized and extracted using hydroethanol solvent through maceration. The extract was concentrated and stored under refrigeration prior to analysis.
The volatile constituents of the extract were analyzed using Gas Chromatography–Mass Spectrometry (GC–MS). Separation was achieved using an HP-5MS column under a programmed temperature gradient. Compounds were identified by comparison of mass spectra with the NIST database, and relative abundance was calculated based on peak area percentages.
Identified compounds were retrieved from the PubChem database and prepared as ligands for docking studies. The target proteins used were Plasmodium falciparum lactate dehydrogenase (PfLDH, PDB ID: 1OC4) and plasmepsin II (PDB ID: 2BJU), which are essential enzymes in parasite metabolism and survival.
Molecular docking was performed to evaluate binding interactions between the phytochemicals and target proteins. Binding affinities were calculated in kcal/mol, and interactions such as hydrogen bonding and hydrophobic contacts were analyzed to determine binding stability.
Pharmacokinetic properties including absorption, distribution, metabolism, excretion, and toxicity (ADMET) were predicted using computational tools. Parameters such as gastrointestinal absorption, blood–brain barrier permeability, cytochrome P450 inhibition, and toxicity risks were evaluated to assess drug-likeness.
RESULTS
GC–MS Analysis
 			Table 1: Major volatile compounds identified
	Compound
	
	RT (min)
	Area (%)
	Formula
	MW

	Docosane, 2,21-dimethyl-
	
	9.428
	8.19
	C24H50
	338.7

	2,4-Di-tert-butylphenol
	
	22.133
	7.74
	C14H22O
	206.3

	1-Decanol, 2-hexyl-
	
	10.158
	5.09
	C16H34O
	242.4

	Decane, 2-methyl-
	
	9.815
	4.88
	C11H24
	156.3

	Cyclohexene derivative
	
	26.072
	4.36
	C10H17NO2
	183.2


 



Molecular Docking Results
Table 2: Binding affinities against malaria targets
	Compound
	
	PfLDH
	Plasmepsin II

	Indazol-4-one derivative
	
	–8.0
	–7.1

	Cyclohexadecane derivative
	
	–6.6
	–6.4

	Naphthalene, 1-methyl-
	
	–6.5
	–5.8

	Azulene
	
	–6.4
	–5.8

	2,4-Di-tert-butylphenol
	
	–6.1
	–5.8



ADMET Analysis
Table 3: Pharmacokinetic profile
	Compound
	
	GI Absorption
	BBB
	CYP Risk
	Bioavailability

	Indazol derivative
	

	High
	Yes
	Low
	Good

	2,4-DTBP
	
	High
	Yes
	Low
	Good

	Azulene
	
	Low
	Yes
	High
	Moderate

	Naphthalene
	
	Low
	Yes
	High
	Moderate




Toxicity Prediction
Table 4: Toxicity profile
	Compound
	AMES
	Carcinogenicity
	Hepatotoxicity
	hERG

	Indazol derivative
	Safe
	Safe
	Safe
	Safe

	2,4-DTBP
	Safe
	Safe
	Safe
	Safe

	Azulene
	Toxic
	Toxic
	Toxic
	Risk

	Naphthalene
	Safe
	Toxic
	Toxic
	Risk




RESULT SUMMARY
Table 3.1 presents the GC–MS analysis of the hydroethanol leaf extract of Solenostemon monostachyus, which revealed 64 volatile compounds dominated by hydrocarbons, phenolics, fatty alcohols, and esters, with major constituents including docosane, 2,21-dimethyl and 2,4-di-tert-butylphenol. The ADMET profiling in Table 3.2 showed that the compounds exhibited varying pharmacokinetic behaviors, with most showing moderate to good gastrointestinal absorption and acceptable drug-likeness, although a few displayed possible CYP450 enzyme interactions and limited permeability. Molecular docking results in Table 3.3 indicated strong binding affinities of selected compounds against Plasmodium falciparum lactate dehydrogenase (PfLDH) and plasmepsin II, ranging from −5.8 to −8.0 kcal/mol, with indazol-4-one derivatives showing the highest binding affinity, even higher than artesunate. Table 3.4 further revealed that most of the lead compounds possessed favorable ADMET profiles, suggesting good safety and pharmacokinetic potential, while azulene and 1-methylnaphthalene showed possible toxicity risks including carcinogenicity and hepatotoxicity. Overall, the results indicate that the plant contains bioactive volatile compounds with promising antiplasmodial activity and acceptable drug-like properties, supporting their potential as lead candidates for antimalarial drug development.
DISCUSSION
The GC–MS profile indicates that Solenostemon monostachyus contains diverse volatile compounds dominated by hydrocarbons and phenolic derivatives. The presence of 2,4-di-tert-butylphenol suggests strong antioxidant potential.
Molecular docking revealed strong binding of several compounds to PfLDH and plasmepsin II, both essential enzymes for parasite survival. PfLDH is critical for glycolysis, while plasmepsin II is involved in hemoglobin degradation.
The indazol-4-one derivative showed the highest binding affinity, indicating strong dual-target inhibitory potential. Fatty acid derivatives and hydrocarbons may enhance membrane permeability and synergistic effects.
ADMET results confirmed that most lead compounds are pharmacokinetically favorable, although some aromatic hydrocarbons showed toxicity concerns.
CONCLUSION
Volatile compounds from Solenostemon monostachyus exhibit strong antiplasmodial potential through inhibition of PfLDH and plasmepsin II. Several compounds demonstrated favorable pharmacokinetic profiles, supporting their potential as lead molecules for antimalarial drug development.
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