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ABSTRACT

The emergence of drug-resistant strains of Mycobacterium tuberculosis and the limitations
of current therapies has necessitated a search for more effective drugs for tuberculosis. This
study investigates phytoconstituents from the Icacina trichantha tubers as potential anti-
tuberculosis agents. A molecular docking approach, employing SwissDock, was used to evaluate
the interactions of twenty (20) phytoconstituents with key M. tuberculosis proteins, including
DprE1 (6HEZ), InhA (1ENY), KasA (2WGE), PanK type 1 (4BFT), PknB (2FUM), and Pks13 (5V3X).
Furthermore, the compounds were screened for drug-likeness and toxicity using SwissADME
and admetSAR, respectively. The results revealed that most phytochemicals exhibited superior
binding affinities compared to standard anti-tuberculosis drugs. Icaceine, humirantholide C,
icacinlactone G, 17-hydroxyicacinol, and hydroxyicacinlactone B were identified as the most
promising candidates based on their binding energies. Drug-likeness evaluations confirmed that all
the compounds met Lipinski’s criteria. Toxicological analysis (using admetSAR) revealed that the
compounds were non-carcinogenic, non-AMES toxic, and weak HERG channel inhibitors, however,
in vitro and in vivo assessments are needed to validate these findings. This study highlights the
potential of phytochemicals in tubers of Icacina trichantha as promising leads for anti-tuberculosis
drug development.

Keywords: Tuberculosis, Icacina trichantha, molecular docking, drug-likeness.

This article published © 2026 by the Journal of ®
Science and Technology is licensed under CC BY 4.0

38  JUST KNUST 2026



Phytochemicals from Icacina Trichantha as Anti-TB Agents

INTRODUCTION

Tuberculosis (TB), caused by Mycobacterium
tuberculosis, remains a major global health
burden. In 2023, an estimated 10.8 million
people were infected with TB worldwide;
1.25 million people died from the disease
within the same year, restoring it as the
leading cause of death from a single infectious
agent worldwide. Also, it was the leading
killer of people with HIV and a major cause
of deaths related to antimicrobial resistance
(WHO, 2024). The disease's incidence is
disproportionately higher in low —and middle-
income countries. For example, in 2022
most TB cases were in the WHO regions of
South-East Asia (46%), Africa (23%) and the
Western Pacific (18%), with smaller shares
in the Eastern Mediterranean (8.1%), the
Americas (3.1%) and Europe (2.2%) (WHO,
2023). Current tuberculosis treatment
regimens are prolonged and complex,
often requiring a combination of antibiotics

administered over six months or more.
Challenges such as drug resistance, adverse
side effects, and patient non-compliance
exacerbate treatment difficulties (Tuyiringire
et al., 2022). The emergence of multidrug-
resistant TB (MDR-TB) and extensively drug-
resistant TB (XDR-TB) further complicates
therapeutic strategies, necessitating the
exploration of novel anti-tubercular agents
(Sharma and Yadav, 2016).

In silico techniques, particularly molecular
docking studies, have revolutionized drug
discovery by enabling the virtual screening
of compounds against specific biological
targets. These computational methods offer
advantages such as cost-effectiveness, time
efficiency, and the ability to predict binding
affinities and interactions at the molecular
level (Pinzi and Rastelli, 2019). In this study,
the antimycobacterial potential of twenty (20)
compounds (Figure 1)
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Figure 1: /cacina trichantha compounds: Icacinol (1), Icaceine (2), 17-hydroxyicacinol
(3), Humirianthol (4), Methoxyhumirianthol (5), Icacinlactone | (6), Humirantholide C (7),
Icacenone (8), Icacinlactone E (9), Icacinlactone F (10), Icacinlactone G (11), Icacinlactone J (12),
Icacinlactone A (13), Hydroxyicacinlactone A (14), Icacinlactone B (15), Hydroxyicacinlactone B
(16), Icacinlactone H (17), Icacinlactone C (18), Icacinlactone D (19), Icacintrichantholide (20)

The antimicrobial properties of extracts of
Icacina trichantha have been previously

reported (Otun et al., 2015). In the
ethnomedicinal practices of southwestern
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Nigeria, the leaves and seeds of the plant have
been used to treat hypertension and asthma
(Ajibesin et al., 2008); the tubers and leaves
are used as aphrodisiacs (Quattrocchi, 2012).
The plant is also used as first-aid treatment
for food poisoning (Mbatchou and Dawda,
2012). Additionally, the tubers of the plant
are allegedly effective in the treatment of
tuberculosis. A previous study reported the
isolation of an antimycobacterial compound
from the chloroform extract of the tuber
of the plant (Akoh et al., 2024). This study
systematically evaluates compounds isolated
from Icacina trichantha for anti-tubercular
activity using in silico methodologies (Che
et al., 2016). By integrating computational
techniques with phytochemical research,
this study seeks to identify promising
lead candidates for further development,
potentially contributing to the diversification
and enhancement of TB treatment options.

MATERIALS AND METHODS

Selection of Compounds

Twenty (20) bioactive compounds previously
isolated from tubers of Icacina trichantha (Che
etal., 2016), along with five (5) standard drugs
used for treating tuberculosis (ethambutol,
Isoniazid, Pyrazinamide, ciprofloxacin, and
clofazimine) were selected for this study.
The standard drugs served as control against
which the activities of the phytochemicals

were measured.

Selection of Target Proteins

The 3D structures of six proteins associated
with the pathogenesis and survival of
Mycobacterium tuberculosis were retrieved
from the Protein Data Bank in the PDB format
(www.rcsb.org). These include: DprE1 (6HEZ),
InhA (1ENY), KasA (2WGE), PanK type 1 (4BFT),
PknB (2FUM), and Pks13 (5V3X). Previous
studies have highlighted the suitability of these
proteins for anti-tubercular drug development
(Baptista et al., 2021).
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Molecular Docking

Molecular docking studies were performed
using SwissDock. The ligands and the proteins
were uploaded via spaces provided on the
webserver and docking was carried out using
the AutoDock Vina option (Bugnon et al.,
2024; Eberhardt et al., 2021). The docking
results were analyzed to identify the binding
poses with the least binding energy, as these
are indicative of stronger interactions.

Drug-Likeness and Toxicity
Assessment

The potential drug-likeness of the compounds
was assessed using the Lipinski’s Rule of
Five. The physicochemical properties of the
compounds were evaluated using SwissADME
(Daina et al., 2017). The parameters evaluated
included molecular weight, topological polar
surface area (TPSA), number of hydrogen bond
acceptors/donors, number of rotatable bonds,
ability of the compound to cross the blood-
brain barrier, among others. Toxicological
profiles were predicted using AdmetSAR
(Cheng et al., 2012), an in silico tool for

predicting human and environmental toxicity.

RESULTS AND DISCUSSION

Tuberculosis (TB) is a leading cause of
morbidity and mortality worldwide. The
ability of the causative agent, Mycobacterium
tuberculosis, to evade the host immune
system and develop resistance to conventional
therapies necessitates the identification of
novel therapeutic agents (Chandra et al.,
2022). This study evaluated the potential
of phytoconstituents isolated from Icacina
trichantha tubers as anti-tuberculosis agents
by targeting key proteins essential for the
pathogenesis and survival of M. tuberculosis.
DprE1, a decaprenylphosphoryl-d-ribose
oxidase, is involved in the biosynthesis of
decaprenylphosphoryl-D-arabinose, an
essential component of the mycobacterial cell
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wall (Crellin et al, 2011; Wolucka, 2008). InhA,
KasA and Pks13 are essential for the synthesis
of mycolic acid by M. tuberculosis (Schaeffer
et al., 2001; Portevin et al , 2004). Mycolic
acid forms the waxy cell envelope essential
for the bacterium’s virulence and drug
resistance (Nataraj et al., 2015). Pantothenate
kinase (PanK) participates in coenzyme A
biosynthesis, which is crucial for fatty acid
metabolism and energy production (Das et
al., 2006). PknB, a serine/threonine-protein
kinase, determines cell shape, morphology
and possibly cell division (Chawla et al., 2014).
Binding of compounds to these proteins

can inhibit their activity, thereby impairing
bacterial survival and replication.

The molecular docking results revealed that
most of the compounds exhibited better
binding affinities to the selected target
proteins than the standard anti-tubercular
drugs (including ethambutol, isoniazid,
pyrazinamide, ciprofloxacin, and clofazimine),
implying that they may exhibit stronger
inhibitory effects on the target proteins,
potentially leading to enhanced therapeutic
efficacy. Table 1 presents the binding affinities
of the compounds against the target proteins.

Table 1: Binding affinities of compounds against target protei

Compound 6HEZ (kcal/ 1ENY (kcal/ 2WGE (kcal/  4BFT (kcal/ 2FUM (kcal/  5V3X (kcal/
mol) mol) mol) mol) mol) mol)
1 -8.384 -6.839 0.883 -10.509 -6.809 -4.545
2 -8.712 -6.980 -10.302 -6.474 -2.919
3 -7.823 -5.737 -10.661 -5.672 -3.702
4 -8.522 -4.652 -1.708 -10.568 -5.913 -4.619
5 -8.214 -5.850 0.806 -10.047 -6.054 -4.671
6 -8.564 -6.557 -3.262 -9.968 -6.286 -5.276
7 -8.199 -8.408 -5.044 -10.200 -6.701 -5.086
-8.039 - -4.249 -10.299 -6.479 -5.193
9 -8.329 -7.140 -4.275 -10.266 -6.653 -4.935
10 -8.318 -8.115 -5.010 -10.452 -6.159 -4.955
11 -8.368 -7.501 -5.187 -10.335 -7.068 -4.626
12 -8.052 -7.744 -2.421 -9.899 -6.014 -4.967
13 -7.706 -7.079 -4.852 -9.285 -6.936 -5.862
14 -7.739 -7.157 -4.216 -9.693 -6.857 -5.562
15 -7.595 -6.802 -1.227 -9.591 -6.952 -5.646
16 -7.182 -7.360 1.081 -9.563 -5.914
17 -7.460 -3.795 -2.921 -9.651 -6.820 -5.627
18 -7.720 -6.259 2.036 -9.904 -6.554 -5.594
19 -7.815 -5.983 0.818 -9.834 -6.458 -5.537
20 -7.964 -7.889 -9.837 -6.350 -5.691
ethambutol -3.864 -4.490 -3.885 -5.223 -3.526 -4.374
Isoniazid -4.409 -5.064 -3.944 -5.124 -3.956 -4.461
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Pyrazinamide -3.741 -4.427 -3.957
ciprofloxacin -6.509 -6.502 -3.117
clofazimine -8.005

10.765

-4.755 -3.463 -4.058
-8.828 -6.059 -5.630
-10.252 -7.607 -6.419

From Table 1, it can be seen that Icaceine
(with a binding energy of — 8.712 kcal/mol)
had the highest binding affinity against DprE1
(6HEZ); Humirantholide C (with a binding
energy of — 8.408 kcal/mol) showed the best
affinity against InhA (1ENY); Icacinlactone G
(with a binding energy of — 5.187 kcal/mol)
was the most active compound against KasA
(2WGE); 17-Hydroxyicacinol (with a binding
energy of — 10.661 kcal/mol) exhibited

the strongest affinity against PanK type
1(4BFT); Icacinlactone G (with a binding
affinity of — 7.068 kcal/mol) also had the
highest affinity against PknB (2FUM); while
Hydroxyicacinlactone B (with a binding energy
of — 5.914 kcal/mol) had the best binding
affinity against Pks13 (5V3X). The binding
poses of these ligands within the protein
active sites are illustrated in Figure 2.

Figure 2: Binding poses of key compounds in the active sites of target proteins.

All the compounds investigated satisfied
Lipinski's Rule of Five, which is a widely
accepted guideline for predicting the drug-
likeness of compounds (Table 2). According
to this rule, a potential drug candidate
should have molecular weight < 500, < 5
hydrogen bond donors, < 10 hydrogen bond
acceptors, and a logP < 5 (Lipinski et al., 2001).
Compounds that meet these criteria are more
likely to have favorable pharmacokinetic
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properties, enhancing their potential as drug
candidates.
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Table 2: Drug-likeness and pharmacokinetic profiles of compounds

MW NRB HBA HBD TSPA iLogP Gl BBB P-gp Lipinski
1 378.42 0 7 3 105.45 2.16 High  No Yes Yes
2 375.50 1 5 1 59.00 3.03 High  Yes Yes Yes
3 394.42 1 8 4 125.68 0.98 High  No Yes Yes
4 362.42 0 6 2 85.22 1.94 High  No Yes Yes
5 392.44 1 7 2 94.45 1.62 High  No Yes Yes
6 346.42 0 5 1 72.83 2.23 High  Yes Yes Yes
7 346.37 0 6 1 82.06 2.11 High  No Yes Yes
8 360.36 0 7 2 106.20 1.60 High  No Yes Yes
9 344.36 0 6 1 85.97 1.85 High  No Yes Yes
10 360.36 0 7 2 106.20 1.43 High  No Yes Yes
11 346.37 0 6 1 82.06 1.60 High  No Yes Yes
12 346.37 0 6 2 96.97 1.76 High  No Yes Yes
13 312.32 0 5 1 68.90 1.82 High  Yes No Yes
14 328.32 0 6 2 89.13 1.97 High  No No Yes
15 342.34 1 6 1 78.13 2.52 High  No No Yes
16 358.34 1 7 2 98.36 2.23 High  No No Yes
17 358.34 1 7 2 98.36 2.01 High  No No Yes
18 372.37 1 7 2 98.36 1.89 High  No No Yes
19 372.37 1 7 2 98.36 2.39 High  No No Yes
20 370.35 1 7 1 95.20 2.25 High  No No Yes

The ability of some compounds to cross the
blood-brain barrier (BBB) suggests potential
for treating tuberculosis infections in the
central nervous system, including tuberculous
meningitis, which is difficult to manage due
to limited drug penetration (Madadi and
Sohn, 2024). However, compounds identified
as P-glycoprotein (P-gp) substrates may
face challenges in maintaining therapeutic
concentrations, as P-gp-mediated efflux could
reduce drug accumulation in target tissues
(Geldenhuys et al., 2015). Strategies such as
co-administration with P-gp inhibitors may
enhance the efficacy of these compounds
(Nguyen et al., 2021).

Toxicological predictions using admetSAR
suggested that the compounds have low
carcinogenic and AMES toxicity potential.
However, as these predictions are based on
computational models, further in vitro and
in vivo assessments are necessary to confirm
these findings.
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Table 3: Predicted toxicological properties of studied compounds based on AdmetSAR

analysis
Compounds HERG AMES Toxicity Carcinogenicity
1 Weak Inhibitor No No
2 Weak Inhibitor No No
3 Weak Inhibitor No No
4 Weak Inhibitor No No
5 Weak Inhibitor No No
6 Weak Inhibitor No No
7 Weak Inhibitor No No
8 Weak Inhibitor No No
9 Weak Inhibitor No No
10 Weak Inhibitor No No
11 Weak Inhibitor No No
12 Weak Inhibitor No No
13 Weak Inhibitor No No
14 Weak Inhibitor No No
15 Weak Inhibitor No No
16 Weak Inhibitor No No
17 Weak Inhibitor No No
18 Weak Inhibitor No No
CONCLUSION findings of this study are preliminary and serve

This study highlights the potential of Icacina
trichantha phytochemicals as anti-tubercular
agents, leveraging molecular docking to
provide insights into their mechanisms of
action. The results showed that many of these
compounds exhibited better binding affinities
compared to standard anti-tuberculosis
drugs, suggesting their potential as effective
inhibitors of critical bacterial proteins.
Furthermore, the compounds are drug-like
and toxicological evaluations revealed
promising safety profiles. However, the
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as a foundation for guiding further bioassays
and toxicity evaluations.
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