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Resistance of  Plasmodium falciparum to the first-line antimalarial drug (artemisinin) has been 
reported in several endemic regions, highlighting the need for new therapeutic alternatives. 
Medicinal plants are potential sources of  bioactive compounds with antimalarial properties. 
Achyranthes aspera (Amaranthaceae) which is widely distributed in Africa and Nigeria, has 
shown significant antimalarial activity. This study investigated the in silico inhibitory effects 
of  phytochemicals from the chloroform fraction of  A. aspera against the Plasmodium 
falciparum dihydrofolate reductase (PfDHFR) enzyme. Bioactive compounds were 
identified and screened using molecular docking via AutoDock Vina 4.2 to evaluate their 
binding affinities to PfDHFR. Twelve phytochemicals demonstrated promising interactions 
with the target enzyme. Notably, Chikutsesusaponin iva (-9.4 kcal/mol) and Gypsogenin-3-
O-glucuronide (-9.0 kcal/mol) exhibited stronger binding energies than standard inhibitors 
pyrimethamine (-5.6 kcal/mol) and cycloguanil (-5.8 kcal/mol). These lead compounds 
formed multiple traditional hydrogen bonds and other interactions within the PfDHFR 
binding pocket, suggesting a higher spontaneity and stability of  binding. Some of  the 
additional active compounds included are Betulin (-7.2 kcal/mol), Causapogenin (-7.8 kcal/
mol), Gypsogenic acid (-7.9 kcal/mol), Kaempferol-3-O-galactoside (-6.9 kcal/mol), Lupeol 
(-7.8 kcal/mol), Lutein (-7.1 kcal/mol), Oleanolic acid (-7.6 kcal/mol), Squalene (-6.6 kcal/
mol), and α-Spinasterol (-7.8 kcal/mol). These findings suggest that Chikutsesusaponin 
iva and Gypsogenin-3-O-glucuronide are promising candidates for antimalarial drug 
development targeting PfDHFR.
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INTRODUCTION
Malaria is a parasitic disease caused by Plasmodium parasites 
and transmitted through the bite of  infected female 
Anopheles mosquitoes (Paul et al., 2023; Tripathi et al., 
2023; WHO, 2024). The World Malaria Report 2024 
estimated 263 million cases of  malaria in 2023, with 
597,000 resulting deaths (WHO, 2025). Nigeria bears a 
disproportionate share of  this burden, which accounts for 
over 30% of  global cases, and with 97% of  its population 
at risk (Bayode & Siegmund, 2022). 
The treatment of  malaria has primarily relied on 
artemisinin-based combination therapies (ACTs), 
along with other antimalarial drugs like lumefantrine, 
mefloquine and sulfadoxine-pyrimethamine (SP) for 
preventive treatment (Nosten & White, 2007). SP targets 
dihydrofolate synthase (DHFS) and dihydrofolate 
reductase (DHFR) enzymes in the folate synthesis pathway 
by inhibiting the parasite’s DNA synthesis (Heinberg & 
Kirkman, 2015). However, growing resistance to these 
drugs and their associated side effects in the liver and 
kidney necessitate the search for safer and more effective 
alternatives (CDC, 2024; Yeung et al., 2004).
Plants have long served as a source of  bioactive 
compounds for drug discovery (Aware et al., 2022; 
Chaachouay & Zidane, 2024). In Nigeria, Achyranthes aspera 

has traditionally been used for malaria treatment with a 
promising ant plasmodial activity (Mankilik et al., 2021, 
2025). Preliminary in vivo studies on aqueous, methanol, 
and chloroform fractions of  A. aspera confirmed its 
potential against P. berghei infection in mice (Mankilik 
et al., 2021, 2025). Therefore, this study investigates 
the in-silico binding potential of  phytochemicals from 
the chloroform fraction of  A. aspera with Plasmodium 
falciparum DHFR, with the aim of  identifying promising 
compounds for future antimalarial drug development.

LITERATURE REVIEW
Drug resistance in malaria parasites continues to 
challenge global malaria control and eradication efforts 
(CDC, 2024). Resistance arises when parasites survive 
and multiply despite appropriate drug administration 
(Vestergaard & Ringwald, 2007; White, 2013). In P. 
falciparum, mutations in the PfDHFR gene significantly 
reduce the effectiveness of  antifolate drugs such as 
pyrimethamine and cycloguanil. Specific point mutations 
at positions 108, 59, 51, 164 and 540 have been linked 
to reduced binding affinity of  these drugs, making them 
less effective (Choowongkomon et al., 2010; Fernandes 
et al., 2007; Nwankwo et al., 2024; Rastelli et al., 2000). In 
addition to genetic mutations, factors such as immunity, 
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parasite density, transmission intensity, and the use of  
substandard drugs contribute to the emergence and 
spread of  resistance (Witch et al., 2020).
Antifolates like pyrimethamine function by inhibiting 
DHFR and preventing the conversion of  dihydrofolate to 
tetrahydrofolate which is essential for DNA synthesis in 
the parasite (Hadni & Elhallaoni, 2021). Although these 
drugs were effective in the past, the growing incidence of  
resistance has limited their clinical usefulness. Moreover, 
their use has been associated with adverse effects on bone 
marrow and other vital organs (Blessborn et al., 2010; 
Marrelli & Brotto, 2016).
The search for alternative therapies for malaria treatment 
has led to increased interest in natural products, 
particularly plant-derived compounds with known 
therapeutic properties (Habibi et al., 2022) as several 
antimalarial drugs like quinine and artemisinin were 
originally derived from plants (Uzor et al., 2020). This is 
because, natural compounds are generally more accessible 
especially in rural areas and are associated with fewer side 
effects compared to synthetic drugs (Sarkar et al., 2024; 
Shrestha et al., 2025). In this context, research has shifted 
toward identifying and characterizing phytochemicals 
with potential antimalarial properties.
Achyranthes aspera, commonly known as “Chaff  flower”, 
belongs to the Amaranthaceae family and has been widely 
used in traditional medicine for various ailments including 
malaria, asthma, and hypertension (Adeleye et al., 2021). 
Phytochemical screening has revealed the presence of  
secondary metabolites such as alkaloids, tannins, phenols, 
flavonoids, and saponins, which are believed to contribute 
to its pharmacological effects (Mankilik et al., 2021). The 
presence of  high concentrations of  saponins in particular, 
has been linked to the inhibition of  malarial parasite 
proteins such as plasmepsins I, II, and IV (Mankilik et 
al., 2025).
Further investigation into the chloroform fraction of  
A. aspera using LC-MS analysis revealed 37 distinct 
phytocompounds. These compounds were subjected 
to molecular docking studies to assess their binding 
interactions with PfDHFR. Findings from earlier in vivo 
experiments highlighted that the chloroform fraction 
at a dose of  200 mg/kg body weight showed the 
highest antimalarial efficacy (Mankilik et al., 2021). The 
identification and analysis of  these compounds could 
lead to the development of  effective antimalarial agents 
that act on the parasite’s folate pathway while minimizing 
adverse effects in patients.

MATERIALS AND METHODS
Ligand Identification
A total of  37 compounds previously identified from the 
chloroform fraction of  Achyranthes aspera shoot using 
LC-MS analysis (Mankilik et al., 2025) were subjected to 
computational evaluation. The compounds were searched 
and retrieved from the PubChem database, where 

their chemical details such as canonical SMILES and 
PubChem CIDs were obtained and downloaded in SDF 
file format. Two-dimensional structures were retrieved 
and later confirmed in three-dimensional format. The 
SDF files were converted to PDBQT format using Open 
Babel’s online format converter available at https://
www.cheminfo.org/Chemistry/Cheminformatics/
FormatConverter/index.html.

Drug-Likeness Screening
Drug-likeness of  the compounds was evaluated using 
Lipinski’s Rule of  Five through an online server (Lipinski 
et al., 2001). The screening considered physicochemical 
parameters such as cLogP, hydrogen bond donors and 
acceptors, and molar refractivity. Further prediction 
of  ADMET (Absorption, Distribution, Metabolism, 
Excretion, and Toxicity) properties was conducted using 
the ADMETlab server at https://admetmesh.scbdd.
com, following the approach outlined by (Guan et al., 
2018; Jung et al., 2024; Xiong et al., 2021)

Target Identification
The Plasmodium falciparum dihydrofolate reductase 
(PfDHFR; PDB ID: 7CTW) was selected as the target 
enzyme. The protein structure was retrieved from the 
RCSB Protein Data Bank (https://www.rcsb.org/). The 
PDB file was prepared for docking by removing water 
molecules, adding hydrogen atoms, and assigning charges 
using AutoDock Tools. The protein was then saved in 
PDBQT format. The docking grid was defined around 
the active site with the following coordinates: x = -1.569 
Å, y = -2.223 Å, z = 24.213 Å. Energy minimization of  
the ligands was conducted using the Merck Molecular 
Force Field and steepest descent optimization. Ligands 
were transformed into PDBQT format using a universal 
force field. Protonation states of  the targets were 
adjusted using PROPKA, which estimates the pKa 
values of  ionizable groups based on protein and ligand 
complex structures (Bas et al., 2008). Protonation was 
set to physiological pH (~7.0), accounting for different 
tautomeric and stereoisomeric states of  the compounds.

In Silico Docking Study
Docking simulations were performed using AutoDock 
Vina to predict the inhibitory potential of  the 
phytochemicals. Each ligand (in PDBQT format) was 
docked with the prepared enzyme target. Binding affinity 
scores and interaction conformations were used to 
determine the best binding ligands, following the method 
described by Trott and Olson (2020). Docked complexes 
were visualized and analyzed using Discovery Studio 
Visualizer and Protein Plus software, as described by 
Adasme et al. (2021).

RESULTS AND DISCUSSION
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Table 1: Chemical Constituents of  the Chloroform Fraction of  Achyranthes aspera (Shoot) from PubChem 
S/N Name of  compound Mol. Formula Mol. Weight CID Canonical SMILES
1. 17-Pentatriacontane 

(Alkane)
C35H75 490.9 5365022 CCCCCCCCCCCCCCCCC/

C=C/CCCCCCCCCCCCCCCC
2. 1-pentacontanol 

phosphate ester
NA NA NA NA

3. 27-cyclohexy-
hepacosy-7-0L

NA NA NA NA

4. 4-(3-hydroxy-1-
propenyl-2-methoxy 
(phenol)

C20H40O 180.2 9983 COC1=C(C=CC(=C1)C=CCO)
O

5. 5,7, dimethoxyflavone 
-4 – 0 0 alpha-6-
rhamnopyranosyl 
glycosyl (flavonoids)

NA NA NA NA

6. 9,12-octadecanoic acid 
(linoliec acid)

C18H36O2 284.5 5362793 CCCCCCCCCCCCCCCCC
C(=O)O 

7. Acetoxy-6-benzoxyloxy 
apangamide          

NA NA NA NA

8. Betaine C5H11NO2 117.15 247 C[N+](C)(C)CC(=O)[O-]  
9. Betain C5H11NO2 117.15 247 C[N+](C)(C)CC(=O)[O-]  
10. Betulin (triternoid 

flavonoid)
C30H50O2 442.7 72326 CC(=C)C1CCC2(C1C3CCC

4C5(CCC(C(C5CCC4(C3(C
C2)C)C)(C)C)O)C)CO

11. Cauasapogenin C30H48O4 472.7 73299 CC1(CCC2(CCC3(C(=CCC 4C3
(CCC5C4(CCC(C5(C)CO)O)C)
C)C2C1)C)C(=O)O)C

12. Chikutsesusaponin iva C42H66NO4 794 13909684 CC1(CCC2(CCC3(C(=CCC4C3
( C C C 5 C 4 ( C C C ( C 5 ( C ) C )
OC6C(C(C(C(O6)C(=O)O)O)
O)O)C)C)C2C1)C)C(=O)OC7C
(C(C(C(O7)CO)O)O)O)C

13. Dexapanthenol C9H19NO4 205.25 131204 CC(C)(CO)C(C(=O)NCCCO)O
14. Dibuthylphathalate 

(pthalic acid) 
NA NA NA NA

15. Eugenol acetate 
(phenol)

C12H14O3 206.24 7136 CC(=O)OC1=C(C=C(C=C1)
CC=C)OC

16. Gypsigenin-3-0-D 
glucoronide (saponin)

NA NA NA NA

17. Gypsogenic 
acid (Pentacyclic 
triterpenoid saponins

C30H46O5 486.7 15560324 CC1(CCC2(CCC3(C(=CCC4C3
(CCC5C4(CCC(C5(C)C(=O)O)
O)C)C)C2C1)C)C(=O)O)C

18. Gypsogenin - 3 - 0 
glucoronides

C37H56O10 660.8 3086515 CC1(CCC2(CCC3(C(=CCC
4C3(CCC5C4(CCC(C5(C)C
=O)OC6C(C(C(C(O6)C(=O
)O)O)O)O)C)C)C2C1)C)C(=O)
O)C

19. Hepta-cosan-2-one 
(ketone)

C29H54O 394.7 547857 CCCCCCCCCCCCCCCCCCC
CCCCCCC(=O)C 

20. Hexatriacontane II 
methyl 

NA NA NA NA
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21. Hydrooxyphyto-
laccagenin (saponin)

NA NA NA NA

22. Kemferol 
3-0-galactoside 
(flavonoids)

C21H20O11 448.4 5282149 C1=CC(=CC=C1C2=C(C(=O)
C3=C(C=C(C=C3O2)O)O)O
[C@H]4[C@@H]([C@H]([C@
H]([C@H](O4)CO)O)O)O)O

23. Lupeol (triterpene) C30H50O 426.7 259846 CC(=C)C1CCC
2(C1C3CCC4C5(CCC
(C(C5CCC4(C3(CC2)C)C)(C)C)
O)C)C

24. Lutein C40H56O2 568.9 5281243 CC1=C(C(CC(C1)O)
(C)C)C=CC(=CC=CC(=CC
= C C = C ( C ) C = C C = C ( C )
C=CC2C(=CC(CC2(C)C)O)C)
C)C

25. Oleonolic acid 
(triterpene aglycone 
saponin)

C30H48O3 456.7 10494 CC1(CCC2(CCC3(C(=CCC
4C3(CCC5C4(CCC(C5(C)C)
O)C)C)C2C1)C)C(=O)O)C

26. P. benzoquinone 
(Alkaloid)

C6H4O2 108.09 4650 C1=CC(=O)C=CC1=O

27. Pentatriacontane 
(Alkane)

C35H72 492.9 12413 CCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCC

28. Phytol (deterpene 
alcohol)

C20H40O 296.5 5280435 C C ( C ) C C C C ( C ) C C C C ( C )
CCCC(=CCO)C

29. Quercetin 
monoisotope 
(flavonoids)

NA NA NA NA

30. Rotundioside B 
(triterpenoid Saponin)

C54H87O26S 1184.3 441943 CC1(CCC2(CCC3(C(=CCC
4C3(CCC5C4(CCC(C5(C)C
)OS(=O)(=O)[O])C)C)C2C1
)C)C(=O)OC6C(C(C(C(O6)
COC7C(C(C(C(O7)CO)O)O
)OC8C(C(C(C(O8)COC9C(
C(C(C(O9)CO)O)O)O)O)O)
O)O)O)O)C

31. Spathulenol (Alkaloid) C15H24O 220.35 92231 CC1(C2C1C3C(CCC3(C)O)
C(=C)CC2)C

32. Squalene C30H50 410.7 638072 CC(=CCC/C(=C/CC/C(=C/
C C / C = C ( / C C / C = C ( /
CCC=C(C)C)\C)\C)/C)/C)C  

33. Tetradecane (alkane) C14H30 198.39 12389 CCCCCCCCCCCCCC  
34. Tetraflourenthylene C2F4 100.01 8301  C(=C(F)F)(F)F
35. Triacontanol (Aliphatic 

alcohol)
C30H62O 438.8 68972 CCCCCCCCCCCCCCCCCCCC

CCCCCCCCCCO 
36. α-ionone (compound 

of  volatile oil)
C13H20 192.3  5282108 CC1=CCCC(C1C=CC(=O)C)

(C)C
37. α-spinasterol-3-

glycoside
C35H58O6 574.8 12960505 CCC(C=CC(C)C1CCC2C1(

CCC3C2=CCC4C3(CCC(C
4)OC5C(C(C(C(O5)CO)O)
O)O)C)C)C(C)C

38. Pyrimethamine C12H13ClN4 248.71 4993 CCC1=C(C(=NC(=N1)N)N)
C2=CC=C(C=C2)C

39. Cycloguanil C11H14ClN5 251.71 9049 CC1(N=C(N=C(N1C2=CC=
C(C=C2)Cl)N)N)C 

NA signifies no detail available from the PubChem data based
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Phytochemical Diversity in the Chloroform Fraction
Table 1 presents 27 out of  the 39 compounds identified from 
the chloroform fraction of  Achyranthes aspera (shoot) which 
were selected for further analysis based on the availability of  
complete chemical data from the PubChem database. These 
compounds are listed along with their chemical properties, 
such as PubChem CID, molecular formula, molecular 
weight, and canonical SMILES. These compounds 
also belong to various chemical classes like the alkanes, 
triterpenoids, flavonoids, saponins, alkaloids, phenols, 
ketones, and alcohols, with varying molecular weights and 

structural features. The diversity observed in the compounds 
showed the chemical richness of  the extract and its potential 
as a source of  bioactive molecules. The compounds such as 
Betulin, Gypsogenic acid, and α-spinasterol-3-glycoside have 
been documented to have pharmacological relevance among 
the constituents (Jonnalagadda et al., 2017; Yang et al., 2017). 
This broad phytochemical profile highlights the potential of  
A. aspera in drug discovery, especially for developing novel 
antimalarial agents with alternative mechanisms of  action.
Drug-likeness evaluation of  compounds based on Lipinski’s 
Rule of  Five and molar refractivity range (40–130). 

Table 2: Drug-Likeness of  Achyranthes aspera (Shoot) Compounds Based on Lipinski’s Rule of  Five
S/N Name of  

compound
Molecular
Mass 
≤500 
Dalton

Hydrogen 
Bond
Donor ≤5

Hydrogen 
Bond 
Acceptor 
≤10

High 
lipophilicity 
expressed as 
Log P ≤ 5

Molar 
Refractivity 
less should 
be between 
40-130

Status

1. 17-Pentatria
contane (Alkane)

490.9 0 0 15.15 0.00 Accepted

2. 4-(3-hydroxy-
1-propenyl-2-
methoxy

180.2 2 3 1.38 46.45 Accepted

3. 9,12-octade
canoic acid 
(linoliec acid)

284.5 1 2 7.57 37.30 Accepted

4. Betaine 117.15 0 2 0.94 31.84 Accepted
5. Betulin 

(triternoid 
flavonoid)

442.7 3 3 6.70 152.99 Not accepted

6. Cauasapogenin 472.7 4 6 -0.05 77.15 Accepted
7. Chikutsesu

saponin iva 
794 4 4 1.51 55.40 Accepted

8. Dexapanthenol 205.25 0 3 2.40 54.10 Accepted
9. Eugenol acetate 

(phenol)
206.24 3 5 6.36 151.45 Not accepted

10. Gypsogenic acid 486.7 5 6 0.05 77.14 Accepted
11. Gypsogenin - 3 - 

0 glucoronides
660.8 3 5 6.36 151.45 Not accepted

12. Hepta-cosan-2-
one (ketone)

394.7 0 1 11.09 17.07 Accepted

13. Kemferol
3-0-galactoside 
(flavonoids)

448.4 7 11 0.83 190.29 Not 
Accepted

14. Lupeol 
(triterpene)

426.7 1 1 7.83 153.44 Not accepted

15. Lutein 568.9 2 2 9.34 189.85 Not accepted
16. Oleonolic acid 

(triterpene 
aglycone)

456.7 2 3 7.01 152.05 Not accepted

17. P. benzoquinone 
(Alkaloid)

108.09 0 2 0.38 23.73 Accepted
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18. Pentatriacontane 
(Alkane)

492.9 0 0 15.92 0.00 Accepted

19. Phytol 
(deterpene 
alcohol)

296.5 1 1 5.72 109.17 Accepted

20. Rotundioside 
B (triterpenoid 
Saponin)

1184.3 5 6 -0.05 77.15 Accepted

21. Spathulenol 
(Alkaloid)

220.35 1 1 3.67 75.94 Accepted

22. Squalene 
(vitamin E)

410.7 0 0 10.07 0.00 Accepted

23. Tetradecane 
(alkane)

198.39 0 0 7.59 0.00 Accepted

24. Tetraflouren
thylene

100.01 0 0 1.55 0.00 Accepted

25. Triacontanol 
(Aliphatic 
alcohol)

438.8 1 1 12,68 20.23 Accepted

26. α-ionone 
(compound of  
volatile oil)

192.3 0 1 3.24 64.81 Accepted

27. α-spinasterol-3-
glycoside

574.8 2 2 7.52 154.31 Not accepted

Compounds exceeding limits in molecular mass (>500 
Da), H-bond donors (>5), H-bond acceptors (>10), log P 
(>5), or molar refractivity between 40 or 130 are marked 
Not accepted.

Evaluation of  Drug-Likeness Properties
Drug-likeness analysis using Lipinski’s Rule of  Five in 
Table 2 revealed that 19 out of  the 27 compounds met 
the acceptable parameters. Most of  these compounds 
had molecular weights below 500 Da and exhibited 
acceptable ranges for hydrogen bond donors, acceptors, 
and molar refractivity. Compounds like 4-(3-hydroxy-1-
propenyl-2-methoxy) phenol, Betain, and Dexapanthenol 
fully met the selection criteria, indicating favourable oral 

bioavailability. Others, such as Betulin and Kemferol 
3-O-galactoside, violated one or more parameters due to 
their high lipophilicity or excessive molecular flexibility. 
This filtering step demonstrates a practical approach to 
narrowing down phytochemical candidates for further 
analysis and emphasizes that despite the complexity of  
some natural products, many still hold promise as drug-
like molecules. Such findings are important in the context 
of  current challenges in antimalarial therapy, where 
physicochemical balance is key to effective bioavailability 
and therapeutic action (Ikegbunam & Okoye, 2022).
This table summarizes key physicochemical properties, 
oral bioavailability predictions (EGAN and VEBER 
models), and the acceptance status for various compounds

Table 3: ADMET Analysis of  Achyranthes aspera (Shoot) Compounds

S/
N

N
am

e 
of

 c
om

po
un

d

R
ot

at
or

y 
A

to
m

H
et

er
o 

A
to

m

So
lu

bi
lit

y 
(m

g/
L)

O
ra

l (
B

io
av

ai
la

bi
lit

y 
(E

G
A

N
)

O
ra

l (
B

io
av

ai
la

bi
lit

y 
(V

E
B

E
R

)

R
at

io
 (H

/C
)

3-
75

St
at

us

1. 17-Pentatriacontane (Alkane) 31 0 3.69x10-11 Bad Bad

0.
94 Bad Rejected

2. 4 - ( 3 - hyd r ox y - 1 - p r o p e n y l - 2 -
methoxy (phenol)

13 6 22863.0 Good Good

0.
30 Warming Accepted

3. 9,12-octadecanoic acid 20 0 Bad Bad

0.
94 Bad Rejected
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4. Betaine 8 3 82544.3 Good Good

0.
60 Warming Accepted

5. Betulin (triternoid flavonoid) 32 0 Bad Good

0.
93 Bad Accepted

6. Cauasapogenin 34 4 459.8 Bad Good

0.
13 Warming Accepted

7. Chikutsesusaponin iva 56 0 Bad Bad

0.
90 Bad Rejected

8. Dexapanthenol 14 5 176739.5 Good Good

0.
56 Good Accepted

9. Eugenol acetate (phenol) 15 6 Good Good

0.
23 Good Accepted

10. Gypsogenic acid 35 5 942.2 Good Good

0.
28 Warming Accepted

11. Gypsogenin - 3 - 0 glucoronides 46 0 Bad Bad

0.
86 Bad Rejected

12. Hepta-cosan-2-one (ketone) 28 0 Bad Bad

0.
96 Bad Rejected

13. Kemferol 3-0-galactoside 
(flavonoids)

32 16 Bad Bad

0.
29 Bad Rejected

14. Lupeol (triterpene) 31 0 Bad Good

0.
93 Bad Accepted

15. Lutein 42 0 Bad Good

0.
45 Bad Accepted

16. Oleonolic acid 33 0 Bad Good

0.
90 Bad Accepted

17. P. benzoquinone (Alkaloid) 8 2 57215.3 Good Good
0.

33 Warming Accepted

18. Pentatriacontane (Alkane) 35 0 Bad Bad

1.
00 Bad Rejected

19. Phytol (deterpene alcohol) 21 01 749.7 Good Good

0.
05 Warming Accepted

20. Rotundioside B (triterpenoid Saponin) 81 27 3491.9 Low Low

0.
50 Good Accepted

21. Spathulenol (Alkaloid) 16 01 9297.3 Good Good

0.
07 Bad Accepted

22. Squalene (vitamin E) 30 0 -- --

0.
60 Bad Rejected

23. Tetradecane (alkane) 14 0 Bad Good

1.
00

Bad Accepted

24. Tetraflourenthylene
25. Triacontanol (Aliphatic alcohol) 31 0 Bad Bad

1.
00 Bad Rejected

26. α-ionone (volatile oil) 14 1 6712.3 Good Good

0.
08 Bad Accepted

27. α-spinasterol-3-glycoside 41 0 Good Good Good Accepted
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Pharmacokinetics and ADMET Profile Assessment
The 19 drug-like compounds were further evaluated for 
pharmacokinetics and toxicity profiles using ADMET 
screening as shown in Table 3. The results showed that 17 
of  the 19 compounds have favourable ADMET properties. 
Compounds such as Betain and Dexapanthenol exhibited 
high aqueous solubility, good intestinal absorption, and 
acceptable bioavailability based on Egan and Veber filters 
(Alagga et al., 2024; Daina et al., 2017; Pereira et al., 2018). 

Even structurally larger compounds like Gypsogenic 
acid and Phytol passed most parameters, suggesting 
potential for systemic activity. However, highly lipophilic 
molecules like Pentatriacontane and Hepta-cosan-2-one 
were excluded due to poor solubility and low predicted 
oral absorption. These results reinforce the importance 
of  integrating both drug-likeness and ADMET profiling 
in early-phase screening to identify viable drug candidates 
(Sun & Shahrajabian, 2023).

Table 4: Docking results of  A. aspera compounds and standard inhibitors with PfDHFR
S/N Name of  

Compound
Binding Energies 
(kcal/mol)

Ligand-Amino acid 
Interactions

Type of  
Interaction

Distance of  
Interaction (Å)

1. 17-
Pentatriacontane 
(Alkane)

-3.2 -LysB321, TyrB322, 
ProB324, LysB359

-Alkyl 3.55 to 3.74

2. 4-(3-hydroxy-
1-propenyl-2-
methoxy (phenol)

-4.8 -HisA323
-AspA212, LysA321
-ProA324
-LysA359, GlnA542, 
GlnA364, PheA360, 
AspA361, TyrA326, 
TyrA322, GlnA327

-Conventional 
hydrogen bonding
-Carbon hydrogen 
bonding
-Pi-alkyl
-Val der waals

2.76 to 4.04

3.  9,12-octadecanoic 
acid (linoliec acid)

-4.1 -Tyr A356, ProB326, 
AsnB330, IleB335, 
AspA336, AspA212, 
PheB360, IlyB358, 
TyrB322, HisB323, 
GlnB327, TyrB326, 
LysB323, MetB358, 
IleB357, TyrB356

-Val der waals 3.80 to 3.82

4.  Betaine -3 -GlnA542, AspA361
-AspA212
-PheA360, GlnA327,
TyrA365, LysA359, 
ProA324

-Carbon hydrogen 
bonding
-Attractive charge
-Val der waals

2.30 to 4.82

5.  Betulin (triternoid 
flavonoid)

-7.2 -IleA357, LysA359, 
TyrA322, ProA324
-AspA212
-LysB297, LysA321, 
hisA323, TyrA365, 
AspA361, PheA360, 
GlnA542, TyrB356, 
GlyB355, Ile B 357, Gln 
A 327, MetA354.

-Alkyl
-Carbon hydrogen 
bonding
-Van der waals

3.76 to 3.90

6.  Cauasapogenin -7.8 -IleB357
-IlsB359
-lysB321
-IleB321, TyrB322, 
TyrB326, HisB323, 
ProB324, GlnB327, 
AsnB330, MetB358, 
IleA357, tyrA356, 
TyrB356

-Conventional 
hydrogen bonding
-Alkyl
-carbon hydrogen 
bonding
-Van der waals

2.12 to 2.25
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7.  Chikutsesusaponin 
iva 

-9.4 -LysB321, AsnB330, 
IleA357
-LysA359, IleB331
-GlnA542, TyrA368, 
IleA331, AsnA330, 
MetA358, GlnA452, 
TyrB356, GlyB355, 
TyrA326, AspA334, 
IleB357, metB358, 
GlnB327, TyrB326, 
HisB323, ProB324, 
TyrB323

-Conventional 
hydrogen bonding
-Alkyl
-Val der waals

2.13 to 3.89

8.  Dexapanthenol -4.2 -AspA212, AspA361
-TyrA322, LysA321, 
HisA323, GlnA327, 
ProA324, TyrA326, 
GlnA542, TyrA365, 
PheA358

-Conventional 
hydrogen bonding
-Val der waals

2.16 to 3.78

9.  Eugenol acetate 
(phenol)

-4.6 -AspA361
-AspA232
-LysB297, LysA321, 
Gln327, HisA323, 
PheA324, LysA359, 
GlnA542
-TyrA322, ProA324

-Conventional 
hydrogen bonding
-Carbon hydrogen 
bonding
-Val der waals
 -Pi-alkyl

-3.68 to 3.99

10.  Gypsogenic 
acid (Pentacyclic 
triterpenoid 
saponins

-7.9 -IleA357
-IleA331, MetA358, 
TyrA356
-IleB357, GlnA327, 
TyrA326, AsnA330, 
AspA334, TyrA333, 
AsnA338, TyrA315

-Conventional 
hydrogen bonding
-Alkyl
-Val der waals

2.08 to 3.82

11.  Gypsogenin - 3 - 0 
glucoronides

-9 -HisA323, TyrA322, 
GlnA542, IleB357,
- LysA339, IleA357
-GlnA327
-ProA324, PheA360, 
AspA212, AspA361, 
GlyB355, tyrB356, 
IleB331, MetB358, 
GlnB327, AsnB330, 
AspB334, TyrA326, 
IlyA321.

-Conventional 
hydrogen bonding
-Alkyl
-Carbon hydrogen 
bonding
-Van der waals

2.31 to 3.28

12.  Hepta-cosan-2-
one (ketone)

-3.7 -TyrA358, IleB331
-GlyA355, LysB326, 
GlnA327, IleA357, 
AsnA330, TyrA326, 
MetB358, TyrB356, 
IleB331, AsnB330

-Alkyl
-Van der waals

2.56 to 3.79

13.  Kemferol 
3-0-galactoside 
(flavonoids)

-6.9 -LysB359
-GlnB327
-Lysa297, AspB212
-AsnA294, PheA290, 
GlnB542, AspB361, 
PheA360, ProB324, 
TyrB365, glnB327, 
IlyB321, HisB323, 
TyrB326, AsnB330

-Conventional 
hydrogen bonding
-Carbon hydrogen 
bonding
Pi-carbon
Val der waals

2.01 to 3.48



Pa
ge

 
64

https://journals.e-palli.com/home/index.php/jir

J. Innov. Res. 3(3) 55-69, 2025

14.  Lupeol (triterpene) -7.8 -GlnB327
-LysB359, IleB357, 
TyrA356, IleA332
-AspA334, AsnA330, 
GlnA327, MetA358, 
IleA357, GlyA355, 
MetB358

-Carbon hydrogen 
bonding
-Alkyl
-Van der waals

3.58 to 3.70

15.  Lutein -7.1 -AspB212
-IleB357, LysA329, 
IleA327, LysB357, 
ProB324
LysB291, AspA361, 
GlnA342, AspA212, 
TyrA365, ProA324, 
GlnA327, GlyB355, 
GlnB327, PheB360, 
TyrB365, tyrB214, 
IleA297, TyrA356, 
GlnA355, AspB361

-Conventional 
hydrogen bonding
-Alkyl
-Van der waals

2.35 to 3.64

16.  Oleonolic acid 
(triterpene 
aglycone saponin)

-7.6 -TyrA322
-AspA334, TyrA356, 
AsnA330, LysA321, 
IleA357, MetA358, 
GlnA327, ProA324, 
TyrA326, LysB297

-Pi-donor 
hydrogen bonding
-Val der waals

3.04 to 3.97

17.  P. benzoquinone 
(Alkaloid)

-3.5 -AsnA330
-IleA331
-TyrA356, IleA357, 
MetA358, GlnA327, 
TyrA326

-Conventional 
hydrogen bonding
-Pi-alkyl
-van der waals

2.10 to 3.77

18.  Pentatriacontane 
(Alkane)

-3.6 -GlnB327, AsnB330, 
IleB331, AsnB334, 
TyrA356, IleA357, 
IleB357, LysB359

-Alkyl 3.48 to 3.95

19.  Phytol (deterpene 
alcohol)

-4.6 -AspA330, GlnA327
-IleA357, IleB357, 
TyrB356, Ileb331,
-MetB358, LysB358, 
TyrA356, Tyra326, 
LysA358, GlyB355, 
AsnB330, AspB334

-Conventional 
hydrogen bonding
-Alkyl
-van dar waals

2.32 to 3.74

20.  Rotundioside B Not docked No interaction No interaction No result
21.  Spathulenol (Alka-

loid)
-5.6 -AspA212

-ProA324, lysA359, 
TyrA322
-HisA323, TyrA365, 
PheA360, GlnA327, 
GlnA542, AspA361, 
LysB297

-Conventional 
hydrogen bonding
-Alkyl
-Van der waals

2.85 to 3.87

22.  Squalene -6.5 -IleA391, TyrA356, 
TyrA322, LysA321
-AspA334, TyrA333, 
GlnA327, AsnA330, 
MetA326, TyrA326, 
IleA327, HisA323, 
ProA324, TyrA320, 
LysA319

-Alkyl
-Val der waaals

3.23 to 3.98
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23.  Tetradecane (al-
kane)

-3.8 -TyrA356
-HisA323, GlnA327, 
PheA360
-ProA324
-TyrA322, AspA334, 
LysA359

-Conventional 
hydrogen bonding
-Van der waals
-Carbon hy-
drogen bond-ing
-hydrogen-
fluorine inter-
action

3.54 to 3.89

24.  Tetraflouren-
thylene

-2.9 GlnA327 -Alkyl 3.55

25.  Triacontanol (Ali-
phatic alcohol)

-3.2 -AsnA330
-ProA324, TyrA322
-LysB297, AspA212, 
HisA323, GlnA327, 
TyrA326, LysA321

-Conventional 
hydrogen bonding
-Alkyl
-Van der waals

3.51 to 3.96

26.  α-ionone (com-
pound of  volatile 
oil)

-4.9 -LysA357
-IleB357, IleA357, Ty-
rA356, IleA335,
-LysA358, GlyA355, 
AspA334, LysB297, 
TyrA365, GlnA342, 
AspA361, ProA324, 
PheA369, LysA358, 
TyrA322, GlnA327, 
TyrA326, LysA321, 
MetA358, AsnA330

-Conventional 
hydrogen bonding
-Alkyl
-Van der waals

2.55 to 3.88

27.  α-spinasterol-3-
glycoside

-7.8 -IleB357, TyrA356, 
IleA331
-GlyA355, IleA357, 
GlnA327, AspA334, 
AsnA330, LysB359

-Alkyl
-Val der waals

2.32 to 3.97

28.  Pyrimethamine -5.6 -AsnA330
-ProA324, TyrA322
-AspA212, HisA323, 
LysA359, PheA360, 
TyrA365, GlnA327, 
TyrA326, LysA321

-Conventional 
hydrogen bonding
-Alkyl
-Val der waals

2.54 to 5.58

29.  Cycloguanil -5.8 -AspA212
-TyrA322, LysA359
-GlnA327, GlnA542, 
AspA361, PheA360, 
TyrA365, ProA324, 
LysA321

-Conventional 
hydrogen bonding
-Alkyl
-Val der waals

2.77 to 4.08

Binding affinities, interaction types, and contact residues 
of  29 Achyranthes aspera compounds and standard 
inhibitors docked with P. falciparum DHFR (PDB ID: 
7CTW).

Docking Evaluation of  29 Phytocompounds Against 
Plasmodium falciparumPlasmodium falciparum DHFR
Table 4 presents the docking results of  29 phytochemicals 
from the chloroform fraction of  Achyranthes aspera shoots 
against the Plasmodium falciparum DHFR enzyme (PDB 
ID: 7CTW), revealing several compounds with strong 
binding affinities and favourable interactions. Among 

these, Chikutsesusaponin iva (−9.4 kcal/mol) and 
Gypsogenin-3-O-glucuronides (−9.0 kcal/mol) exhibited 
the highest binding affinities, significantly stronger than 
standard DHFR inhibitors Pyrimethamine (−5.6 kcal/
mol) and Cycloguanil (−5.8 kcal/mol). Other notable 
compounds, including Cauasapogenin (−7.8), Lupeol 
(−7.8), α-spinasterol-3-glycoside (−7.8), Gypsogenic 
acid (−7.9), and Betulin (−7.2), also demonstrated strong 
interactions. These top binders formed conventional 
hydrogen bonds, alkyl, and van der Waals interactions with 
key catalytic residues such as Asp212, Lys321, Tyr322, 
Gln327, and Ile357, suggesting stable ligand-enzyme 
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Figure 1: Binding interactions of  A. aspera shoot phytochemicals and standard inhibitors with PfDHFR active site residues
a–f  represents docking complexes of  PfDHFR with Betulin (a), Cauasapogenin (b), Chikutsesusaponin iva (c), 
Gypsogenic acid (d), Gypsogenin-3-O-glucuronides (e), and Kaempferol 3-O-galactoside (f), Lupeol (g), Lutein (h), Oleonolic acid (i), 
Spathulenol (j), Squalene (k), α-Spinasterol-3-glycoside (l), Pyrimethamine (m), and Cycloguanil (n).

binding. In contrast, compounds like Tetrafluoroethylene 
(−2.9) and Betaine (−3.0) had weak binding affinities with 
minimal residue interactions. Overall, the docking analysis 

pointed out multiple A. aspera-derived phytochemicals as 
promising PfDHFR inhibitors, supporting their potential 
as leads in antimalarial drug development.

Ligand–PfDHFRPfDHFR Interaction Profiles of  Selected 
Phytochemicals and Inhibitors
Figure 1 illustrates the molecular docking interactions 
between Plasmodium falciparum dihydrofolate reductase 
(PfDHFR) and selected phytochemicals from the 
chloroform fraction of  Achyranthes aspera, alongside 
standard inhibitors. The visualizations (a to n) revealed 
diverse interaction patterns like the conventional 
hydrogen bonds, van der Waals forces, carbon–hydrogen 
bonds, and alkyl/π interactions. Phytochemicals such as 
Betulin (a), Gypsogenic acid (d), and Lupeol (g) formed 
stable complexes with key active site residues, particularly 
Lys321, Gln327, and Tyr326, through favourable docking 
poses and multiple non-covalent bonds. Compounds 
containing glycosidic and triterpenoid moieties 
demonstrated enhanced binding through multiple 
donor and acceptor sites, indicating strong molecular 

recognition. Comparisons with standard inhibitors 
Pyrimethamine (m) and Cycloguanil (n) showed that 
certain A. aspera compounds such as Chikutsesusaponin 
iva (c) and Gypsogenin-3-O-glucuronides (e) engaged 
more residues and exhibited greater interaction diversity, 
suggesting superior stabilization of  the enzyme-inhibitor 
complex. These findings reinforce the potential of  plant-
derived compounds as effective PfDHFR inhibitors and 
align with earlier reports supporting the antimalarial 
relevance of  structurally novel phytochemicals (Adam et 
al., 2023; Akinnusi et al., 2023; Ikegbunam et al., 2022). 

CONCLUSION
This study demonstrates that phytochemicals from 
Achyranthes aspera shoots particularly Chikutsesusaponin 
iva and Gypsogenin-3-0 glucuronides adhere to drug-
likeness criteria and exhibit strong binding affinities to 



Pa
ge

 
67

https://journals.e-palli.com/home/index.php/jir

J. Innov. Res. 3(3) 55-69, 2025

the PfDHFR enzyme primarily through hydrogen bonds. 
These interactions suggest their potential as potent enzyme 
inhibitors offering promising new avenues for malaria 
treatment and addressing drug resistance, consistent with 
findings on other plant-derived antimalarials.
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