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Malaria remains the number one killer disease publicly, leading to the search for a new potent 

agent that fights against plasmodial falciparum. Diospyros Adenophora (Ebenaceae) is a 

shrub or tree grown primarily in the wet tropical biome including Peninsula Malaysia. The 

species of Diospyros have been reported to exhibit interesting biological properties such as 

antimalaria. Interestingly, no scientific report was documented on the species D. adenophora. In 

the present study, three known pentacyclic triterpenoids namely lupenone (1), lupeol (2), 

and betulin (3) were isolated from this species and fully characterized using extensive 

spectroscopic data like 1D- and 2D- nuclear magnetic resonance (NMR) as well as FT-IR and 

HRESIMS and subsequently compared with the reported literature . All compounds were 

screened in vitro for anti-malarial activity against β-hematin polymerization inhibition as 

well as molecular docking. The in vitro analysis revealed that compound 2 is the most active, 

with an IC50 value of 20.2 ± 17 μM, followed by compound 1 having an IC50 value of 27.5 ± 23 

μM. These compounds have a lower IC50 value than chloroquine (37.5 ± 0.6 μM) as a control. 

Compound 3 exhibits moderate activity (IC50: 40.9 ± 22 μM) in comparison to the control. In 

addition, all compounds displayed high binding energy in comparison to standard 

chloroquine (-7.7 kcal/mol), as determined by molecular docking data. The total binding energy 

of lupenone (1) and betulin (3) with hemozoin crystal is -8.6 and -9.2 kcal/mol, respectively. 

While lupeol (2) was observed to have a high binding energy at -9.7 kcal/mol, it is considered 

the best binding interaction with hemozoin crystal. Based on the results obtained from in vitro 

β-hematin polymerization inhibition and the in-silico analysis, compounds 1 and 2 are predicted 

to be potential anti-malarial agents. 
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Malaria is the most dangerous blood-borne protozoan 

disease caused by Plasmodium parasites which is 

transmitted to human being through the bites of infected 

female Anopheles mosquitos [1]. Despite living in a 

time of tremendous technology, and advances in the 

control and prevention of diseases, malaria continues to 

be one of the major transmissible and deadly diseases 

in the world [2]. The incidence of malaria is 

increasing every year with approximately 300 

million new cases reported annually, resulting in 

about one million deaths annually, with children 

below five years accounting for 75 per cent of these 

fatalities [3]. The rapid emergence and spread of 

resistant strains throughout endemic areas is the major 

problem with malaria. Artemisinin-based combination 

therapies (ACTs) are the most reliable, genuine, and 

effective anti-malaria drugs [4]. Sadly, the emergence 

of drug resistance to artemisinin and  artesunate 

components of the multiple ACTs and the non-

artemisinin-based combination therapy rendered the 

instrument ineffective [5]. Therefore, finding novel 

effective, and non-drug-resistant antimalarial agents 

f rom natural resources is needed. Indeed , the 

Plasmodium parasite digests hemoglobin in vacuole 
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into amino acids and heme. Hence, the best strategy 

to control malaria diseases is by detoxification its 

mechanisms such as hemozoin formation, degradation 

of free heme by H2O2, and heme-binding proteins [1]. 

 

Natural products have demonstrated themselves as a 

significant source of novel drugs including antimalarial 

agents since the discovery of the first antimalarial drug 

in the 1800s [6]. Indeed, plant-based remedies are 

used as first-line treatment for various diseases and 

disorders [7]. In this regard, Diospyros adenophora 

(D. adenophora) is among the family of Ebenaceae 

with no scientific evidence recorded yet. This 

plant is native to Malaysia and belongs to the 

Diospyros genus with more than 500 species. Their 

evergreen shrubs and trees are distributed in the tropical 

and subtropical regions of the world [8]. This genus 

has great promising health benefits with incredible 

economic values [9]. Various chemical 

constituents have been isolated from the species of 

this genus, such as triterpenes, naphthoquinones, 

steroids, flavonoids, and phenolic acids [8, 10, 

11]. The active compounds isolated from the species 

of this genus have demonstrated interesting 

biological applications like anti-analgesic and anti-

inflammatory activity [12], cytotoxic activity [13], 

antimicrobial activity [14], relief of pain and fever 

[15], anti-oxidant activity [16], anthelminthic activity 

[17], antiadipogenic hypolipidemic, antidiabetic activity 

[18], antiproliferative activity [19], and anti-malarial 

activity [7]. Thus, exploring the chemistry and the anti- 

malarial activity of D. Adenophora could be an initial 

step to unravel the potential of this virgin plant. 

 

Therefore, in this study, the chemical constituents from 

the D. adenophora were isolated, characterized and 

evaluated through in vitro anti-malarial activity on β-

hematin polymerization inhibition and molecular 

docking study. This plant is a new species, and this is 

the first report on chemical constituents from this plant 

with their biological activity. 

 

EXPERIMENTAL 

 

Chemicals and Materials 

 

All chemical reagents and solvents such as n-hexane, 

dichloromethane, ethyl acetate, methanol, chloroform-

D1, vanillin, and sulphuric acids (AR grades) were 

obtained from QRёC (Asia) and Merck (Germany) 

and used without further purification. Normal column 

chromatography (CC) was employed to separate 

fractions using silica gel 60 of 70-230 and 230-400 

mesh (Merck, Germany) as the stationary phase 

depending on the weight of the crude or fractions. 

To distinguish the presence of compounds in the  

extracts thin-layer chromatography (TLC) was carried 

out on alumina plates pre-coated with silica gel 60 

F254 plates (Merck, Germany). Spots of compounds 

were visualized on TLC plates, using vanillin -

sulphuric acid vapor as a detecting reagent. 

Instrumentations 

 

All spectral data were analyzed by spectroscopic  

instrument. Fourier-transform Infrared was recorded 

using Perkin Elmer ATR FT-IR spectrometer in the 

600-4000 cm-1 range. Also, FT-NMR Bruker Advance 

500 (500 MHz for 1H-NMR, 125 MHz for 13C-NMR) 

spectrometer was used to record 1D- and 2D-nuclear 

magnetic resonance (NMR) spectra in CDCl3 (1H: 

7.26 ppm and 13C: 77.0 ppm) using tetramethyl silane 

(TMS) as internal standard (Bruker Bioscience, Billerica, 

Massachusetts, USA). Topspin 3.6.2 software package 

was used to analyze the data. Chemical shifts are  

recorded in parts per million (ppm), and coupling  

constants, J are presented in Hertz (Hz). The HRMS 

analysis of the compounds was recorded with a water 

xevo QTOF MS spectrometer, the data obtained are 

reported in m/z. The TLC plates were examined using 

a UV radiation lamp (max = 254 and 365 nm) and 

vanillin-sulphuric acid were used to visualize the 

spots. Melting points were determined on open 

capillary tubes and using Stuart SMP-10 apparatus. 

 

Plant Material 

 

The bark of D. adenophora with code number KL5430B 

was collected in June 2007 at the Reserved Forest 

of Madek, Lenggor, Keluang, Johor, Malaysia. The 

specimen was identified by the botanist Teo L.E., 

from the University of Malaya. Afterward, the voucher 

specimen was stored at the Herbarium of the Chemistry 

Department, Faculty of Science, University of Malaya, 

Kuala Lumpur, Malaysia. 

 

Extractions and Isolations 

 

The dry bark of D. adenophora (0.6 kg) was immersed 

in 3.0 L ethyl acetate (EtOAc) at room temperature 

for 4 days, to allow the solvent to extract the soluble 

molecule within their polarity. The process was 

repeated 2 times consecutively using fresh ethyl acetate 

solvent. The extracts were filtered on a No.1 Whatman 

filter paper, and the filtrates were evaporated using 

a rotary evaporator under a reduced pressure of a  

temperature below 40C to attain the EtOAc crude 

extracts. The residue was then immersed in 3.0 L of 

methanol (MeOH) by following a similar method 

above. The crude methanol extracts were kept for 

future use. The crude ethyl acetate extracts 7.0 g were 

subjected to normal column chromatography over a 

silica gel 60 (70-230 mesh) eluted with n-hexane/ 

EtOAc (100:0 → 20:80) step gradient solvent system, 

yielded 11 sub-fractions denoted as DA1 to DA11. 

Based on the thin layer chromatography (TLC) profile, 

DA1 to DA11 was further subjected to purification 

using column chromatography eluting n-hexane/EtOAc 

(100:0 → 20:80) step gradient solvent system. Purification 

of DA1 using column chromatography technique yielded  

compound 1 at solvent system n-hexane/EtOAc (95:5). 

Meanwhile, DA1-DA11 was combined (based on their 

similarity in the thin layer chromatography (TLC) 
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profile) and purified by same method above with  

gradient system of increasing polarity n-hexane/EtOAc 

(90:10 → 80:20), afforded compounds 2 and 3. The 

structure of the compounds were determined using 

spectroscopic technique and compared with those of 

authentic samples and with published data [20-22]. 

These compounds were identified namely lupenone (1), 

lupeol (2), and betulin (3), respectively. 

 

Lupenone (1): Brown oil; Yield: 0.13 g (0.02 %); FT-

IR (ATR) vmax cm-1: 2939 (Csp2-H), 2849 (Csp3-H), 

1722 (C=O), 1643 (C=C); HRESIMS (+ESI) [M+Na]+: 

447.3605, C30H48ONa, requires 447.3603; 1H-NMR 

(CDCL3), 1.19 (m, H-1), 2.47 (m, H-2), 0.77 (m, H-

5), 1.47 (m, H-6), 1.44 (H-7), 1.29 (m, H-9), 1.41 (m, 

H-11), 1.65 (m, H-12), 1.66 (m, H-13), 1.70 (m, H-

15), 1.48 (m, H-16), 1.40 (m, H-18), 2.38 (m, H-19), 

1.28, 1.93 (m, H-21), 1.19, 1.39 (m, H-22), (1.25 

(s, H-23), 1.02 (s, H-24), 1.07 (s, H-25), 0.93 (s, H-

26), 0.96 (s, H-27), 0.79 (s, H-28), 4.59, 4.68 (H-29), 

1.67 (H-30): 13C-NMR . 39.7 (C-1), 34.3 (C-2), 

218.1 (C-3), 47.4 (C-4), 55.1 (C-5), 19.5 (C-6), 33.8 

(C-7), 40.8 (C-8), 49.9 (C-9), 37.0 (C-10), 21.6 (C-

11), 25.3 (C-12), 38.3 (C-13), 43.0 (C-14), 27.5 (C-

15), 35.7 (C-16), 43.1 (C-17), 48.4 (C-18), 48.1 (C-

19), 150.1 (C-20), 29.9 (C-21), 40.1 (C-22), 26.7 (C-

23), 21.1 (C-24), 15.9 (C-25), 16.0 (C-26), 14.6 (C-

27), 18.1 (C-28), 109.5 (C-29),17.8 (C-30). 

 

Lupeol (2): White powder; Yield: 0.97 g (0.16 %); 

M.p.: 219–221 °C; FT-IR (ATR) vmax cm-1: 3307 (O-

H), 2936 (Csp2-H), 2861 (Csp3-H), 1647 (C=C); 

HRESIMS (+ESI) [M+H]+: 427.3927, C30H51O, requires 

427.3939; 1H-NMR (CDCL3), 0.91 (m, H-1), 1.59, 

1.65 (m, H-2), 3.18 (dd. J1=5.1, J2=11.5, H-3), 0.67 

(d. J=9.5, H-5), 1.38, 1.51 (m, H-6), 1.38 (m, H-7), 

1.26 (m, H-9), 1.41 (m, H-11), 1.65 (m, H-12), 1.64 

(m, H-13), 1.65 (m, H-15), 1.36, 1.47 (m, H-16), 1.36 

(m, H-18), 2.38 (m, H-19), 1.30, 1.91 (m, H-21), 1.37, 

1.19 (m, H-22), 0.97 (s, H-23), 0.76 (s, H-24), 0.82 (s, 

H-H-25), 1.03 (s, H-26), 0.93 (s, H-27), 0.79 (s, H-28), 

4.58, 4.67 (H-29), 1.67 (s, H-30). 13C-NMR, 38.9 (C-

1), 27.5 (C-2), 79.1 (C-3), 39.0 (C-4), 55.5 (C-5), 18.5 

(C-6), 34.4 (C-7), 41.1 (C-8), 50.6 (C-9), 37.3 (C-10), 

21.1 (C-11), 25.3 ( C-12), 38.2 (C-13),43.0 (C-14), 

27.6 (C-15), 35.8 (C-16), 43.1 (C-17), 48.5 (C-18), 

48.1 (C-19), 151.0 (C-20), 30.0 (C-21), 40.1 (C-22), 

28.1 (C-23), 15.5 (C-24), 16.2 (C-25), 16.1 (C-26), 

14.7 (C-27), 18.1 (C-28), 109.5 (C-29), 19.4 (C-30). 

 

Betulin (3): White powder; Yield: 1.75 g (0.29 %); 

M.p.: 242–246 °C; FT-IR(ATR) νmax cm-1: 3357 (O-

H), 2939 (Csp2-H), 2867 (Csp3-H), 1643 (C=C); 

HRESIMS (+ESI) [M+Na]+: 465.3709, C30H50O2Na, 

requires 465.3708; 1H-NMR (CDCL3), 0.88 (dd.J1= 

5.1, J2=12.5, H-1), 1.59, 1.64 (m, H-2), 3.20 (dd. 

J1=5.0, J2=11.5, H-3), 0.69 (d. J=10.0, H-5), 1.39, 

1.53 (m, H-6), 1.39 (m, H-7), 1.25 (m, H-9), 1.21, 1.42 

(m, H-11), 1.05, 1.65 (m, H-12), 1.61 (m, H-13), 1.65, 

1.70 (m, H-15), 1.28, 1.91 (m, H-16), 1.59 (m, H-18), 

2.38 (m, H-19), 1.26, 1.96 (m, H-21), 1.03, 1.85 (m, 

H-22), 0.97 (s, H-23), 0.75 (s, H-24), 0.83 (s, H-25), 

1.02 (s, H-26), 0.98 (s, H-27), 3.33 (d. J=11.2, H-28), 

4.58, 4.68 (H-29), 1.68 (s, H-30). 13C-NMR, 38.9 (C-

1), 27.5 (C-2), 79.2 (C-3), 39.0 (C-4), 55.5 (C-5), 18.5 

(C-6), 34.4 (C-7), 41.1 (C-8), 50.5 (C-9), 37.3 (C-10), 

20.9 (C-11), 25.2 (C-12), 37.3 (C-13), 42.9 (C-14), 

27.2 (C-15), 29.2 (C-16), 47.9 (C-17), 48.9 (C-18), 

47.9 (C-19), 150.3 (C-20), 29.8 (C-21), 34.2 (C-22), 

28.2 (C-23), 15.5 (C-24), 16.2 (C-25), 16.1 (C-26), 

14.9 (C-27), 60.8 (C-28),109.8 (C-29),19.2 (C-30). 

 

β-Hematin Polymerization Inhibition 

 

The β-hematin polymerization inhibition assay was 

conducted in vitro for three compounds namely lupenone 

(1), lupeol (2), and betulin (3) based on [21], method 

with slight modifications. As much as 100 μL of 1 mM 

hematin solution in 0.2 M NaOH was mixed with the 

various concentrations of the test compounds (14.1, 

28.2, 56.5, 112.9, and 225.9 μM consecutively) in a 

microtube. Samples of each concentration was prepared 

in triplicate with 10% DMSO as a control and  

chloroquine as a drug reference. The polymerization 

reaction was started with the addition of 50 μL glacial 

acetic acid (pH 2.6) into a hematin-contained microtube, 

followed by incubation for 24 hours at 37°C. At the 

end of the incubation period, the tube was centrifuged 

at 8000 rpm for 10 minutes, and the precipitate (the 

hematin crystal) was collected three times washing 

using 200 μL of DMSO. The final precipitate was then 

dissolved with 200 μL of 0.1 M NaOH and 100 μL of 

the solution was transferred to a 96-well microplate. 

The plate was read using the ELISA Reader at 405 nm. 

A standard curve was composed to represent the  

relationship between hematin concentrations (range 

from 9 to 150 μM) and their absorbance for quantifying 

the amount of β-hematin concentration of each well. 

A different standard curve was created for each 

experiment. 

 

Statistical Analysis 

 

The β-hematin polymerization inhibition activity was 

expressed in IC50 values determined by Probit analysis 

using IBM SPSS version 25. 

 

Molecular Docking Studies  

 

Molecular docking is a computational technique for 

predicting the preferred orientation of a molecule 

(ligand) when it binds to a molecular target (receptor). 

Docking contributes to the understanding of ligand-

receptor interactions and provides insights into binding 

affinities, interaction energies and active site preferences, 

which facilitates drug research and development [24]. 

In this study, the molecular docking was performed 

using the AutoDock Vina [25, 26] tools in UCSF 

Chimera program 1.17.3 (Regents of University of 

California, CA, USA). The structures of the isolated 

compounds, identified as ligands were constructed 

using ChemDraw Professional 22.00 software (Perkin 
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Elmer Informatics, MA, USA). Next, Chem3D tools 

of ChemDraw software was employed to convert 

the ligands into the three-dimensional (3D) structures. 

The energy was minimized using MM2 force field 

and then saved into a protein data bank (.pdb) format. 

The ligands underwent additional processing in UCSF 

Chimera using Dock Prep tools. This involved tasks 

such as adding polar hydrogens and Gasteiger partial 

charges, consolidating non-polar hydrogen atoms, and 

specifying rotatable bonds, ultimately transforming 

the .pdb file into .pdbqt format. Next, the crystal 

structure of β-hematin was retrieved from Cambridge 

Crystallographic Data Centre (CCDC) (CCDC number: 

XETXUP01) [27]. Using the VESTA software  

developed by Momma and Izumi in 2011, the crystal 

structure of β-hematin was converted into a hemozoin 

supercell matrix with a 2 × 2 × 2 crystal lattice and 

subsequently saved in .pdb format. Afterward, polar 

hydrogens were introduced, non-polar hydrogens were 

fused, the solvation parameter was incorporated, and 

Kollman charges were assigned to the hemozoin 

supercell receptor within the Dock Prep tools. The 

center for docking, situated at coordinates (9.04, 14.05, 

8.79) in the x, y, and z dimensions, was established 

within a grid box measuring 40.0 Å × 56.0 Å × 51.0 

Å, encompassing the entire hemozoin receptor. The 

docking configuration included specifications for 10 

binding modes, 8 exhaustive search iterations, and a 

maximum energy difference threshold of 2 kcal mol-1. 

Consequently, we acquired 10 ligand models and 

evaluated them based on the binding energy's potency. 

Finally, the ligand-receptor model exhibiting the most 

favorable binding energy was chosen. This selected 

ligand-receptor model was then scrutinized and 

represented to visualize their active interactions in 

3D conformations using BIOVIA Discovery Studio 

Visualizer (Dassault Systemes, CA, USA). 

 

RESULTS AND DISCUSSION 

 

Isolation and Structural Elucidation 

 

The EtOAc crude extract was separated by column 

chromatography over a silica gel to give Fr1 – Fr11 

denoted as DA1 to DA11. Based on the TLC profile 

DA1-DA11 was further subjected to purification using 

column chromatography over a silica gel eluting with 

n-hexane/EtOAc step gradient solvent system, yielding 

three compounds. The structure of the compounds was 

confirmed by 1D- and 2D-NMR analysis as well as 

FT-IR and HRESIMS data. The information received 

from spectroscopic data of the isolated compounds 1-

3 compared with reported literature suggested to be 

triterpenes skeleton. 

 

Compound 1 was isolated as a brownish liquid (0.13 

g), with a percentage yield of 0.02%. The FT-IR 

spectrum indicated some important absorption bands at 

2936 (Csp2-H), 2849 (Csp3-H), and 1722 (C=O), 

also HRESIMS (+ESI) [M+Na]+ showed molecular 

ion peak at m/z 447.3605 C30H48ONa (Calculated: 

447.3603). 1H-NMR spectrum as shown in Table 1 

displayed seven methyl singlets peaks at δH 1.67, 1.25, 

1.07, 1.02, 0.93, 0.96, and 0.79, respectively. In 

addition, the spectrum also exhibited the appearance 

of two olefinic protons at δH 4.57 and 4.68, signifying the 

characteristic of lupane skeleton peaks. Moreover, the 
13C-NMR and DEPT-135 spectrum displayed 30 

carbon signals, including signals at δC 150.1 and 

109.5 of one isopropenyl group –C(CH3)=CH2 

corresponding to olefinic carbon at C-20 and C-29, 

respectively. The signals at δC 218.1 correspond to 

the carbonyl carbon peak of C-3. Besides the two 

quaternary carbons mentioned representing C-20 and 

C-3, the spectrum also indicates the presence of ten 

methylene, five methine carbons peaks, and another 

five quaternary carbons in positions C-4, C-8, C-10, 

C-14, and C-17, respectively. Furthermore, in the 1H-
1H COSY spectrum, there is a correlation between the 

proton H-2/H-3, then H-1/H-2. Similarly, there is also a 

correlation between proton H-5-H-6, H-7/H-6, H-9/H-

26, and H-22/H-21 respectively. Moreover, the HMBC 

spectrum displayed inter-correlation peaks between H-

1/C-3, H-24/C-23, H-30/C-20, H-30/C-29, H-27/C-

15, and H-23/C-3. Additionally, it showed an 

interconnection between the proton signal of the 

exocyclic double H-29 and the methyl C-30 of the 

lupane skeleton as well as the olefinic quaternary C-

20. This correlation confirms its lupane skeleton. 

This information is in accordance with the 

reported literature [20] and compound 1 was 

identified as lupenone. 
 

 

 
 

Figure 1. Chemical constituents isolated from D. adenophora. 
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Table 1. 1H-NMR (in CDCl3, 500 MHz) and 13C-NMR (in CDCl3, 125 MHz) data of compounds 1–3. 
 

Position Compound 1 Compound 2 Compound 3 

δH (J in Hz) δc δH (J in Hz) δc δH (J in Hz) δc 

1 1.19 m, 1.38 m 39.7 0.91 m 38.9 0.88 dd (5.1, 12.5) 38.9 

2 2.47 m 34.3 1.59 m, 1.65 m 27.5 1.59 m, 1.64 m 27.5 

3 - 218.1 3.18 dd (5.1, 11.5) 79.1 3.20 dd (5.0, 11.5) 79.2 

4 - 47.4 - 39.0 - 39.0 

5 0.77 55.1 0.67 (9.5) 55.5 0.69 d (10.0) 55.5 

6 1.47 m, 1.69 m 19.5 1.38 m, 1.51 m 18.5 1.39 m, 1.53 m 18.5 

7 1.44 33.8 1.38 34.4 1.39 m 34.4 

8 - 40.8 - 41.1 - 41.1 

9 1.29 m 49.9 1.26 m 50.6 1.25 m 50.5 

10 - 37.0 - 37.3     - 37.3 

11 1.41 m 21.6 1.41 m 21.1 1.21 m, 1.42 m 20.9 

12 1.65 m 25.3 1.65 m 25.3 1.05 m, 1.65 m 25.2 

13 1.66 m 38.3 1.64 m 38.2 1.61 m 37.3 

14 - 43.0 - 43.0 - 42.9 

15 1.70 m 27.5 1.65 m 27.6 1.65 m, 1.70 m 27.2 

16 1.48 m 35.7 1.36 m, 1.47 m 35.8 1.28 m, 1.91 m 29.2 

17   - 43.1 - 43.1 - 47.9 

18 1.40 m 48.4 1.36 m 48.5 1.59 48.9 

19 2.38 m 48.1 2.38 m 48.1 2.38 47.9 

20 - 150.1 - 151.0 - 150.3 

21 1.28 m, 1.93 m 29.9 1.30 m, 1.91 m 30.0 1.26 m, 1.96 m 29.8 

22 1.19 m, 1.39 m 40.1 1.37 m, 1.19 m 40.1 1.03 m, 1.85 m 34.2 

23 1.25 s 26.7 0.97 s 28.1 0.97 s 28.2 

24 1.02 s 21.1 0.76 s 15.5 0.75 s 15.5 

25 1.07 15.9 0.82 s 16.2 0.83 s 16.2 

26 0.93 s 16.0 1.03 s 16.1 1.02 s 16.1 

27 0.96 s 14.6 0.93 s 14.7 0.98 s 14.9 

28 0.79 s 18.1 0.79 s 18.1 3.33 d 10.9) 

3.80 d (11.2) 

60.8 

29 4.57 s, 4.68 s 109.5 4.58 s, 4.67 s  109.5 4.58 s, 4.68 s 109.8 

30 1.67 s 19.8 1.67 s 19.4 1.68 s 19.2 

(s= singlet, d= doublet, dd=doublet of doublet, m=multiplet) 

 

Compound 2 was obtained as a white powder (0.97 g) 

with a percentage yield of 0.16 % and a melting 

point of 219–221 °C. FT-IR showed a peak at 3307 

corresponding to the (O-H) group, another 

significant peak at 2936 assigned to (Csp2-H), and 

1647 for (C=C). HRESIMS [M+H]+ showed a 

molecular ion peak at 427.3927 C30H51O (Calculated: 

427.3939). The 1H-NMR spectrum displayed seven 

angular methyl protons peaks at δH 0.76, 0.79, 0.82, 

0.93, 0.97, 1.03, and 1.67 corresponding H-24, H-28, 

H-25, H-27, H-23, H-26, and H-30, respectively. 

Similarly, the proton NMR spectrum indicated a 

signal at δH 3.18 as double of doublet, assigned H-3. 

There is also, the presence of doublets for the geminal 

protons at δH 4.67 and 4.58 assigned to H-29a and H-

29b indicating that compound 2 was a triterpene 

derivative. Moreover, the 13C-NMR and DEPT-135 as 

shown in Table 1 indicated 30 carbon signals for the 

terpenoid of the lupane skeleton. These include seven 

methyl carbon peaks, six methines, eleven 

methylene’s, and six quaternary carbon peaks. 

The characteristic of an α-oriented hydrogen of a 

3β-hydroxy triterpene was observed in a carbon 

bonded to the OH group at the C-3 position that 

appeared at δC 79.1. The olefinic carbon peaks of the 

exocyclic double of the lupane skeleton assigned to 

C-20 and C-29 were identified at δC 151.0 and 109.5. 

Compounds 1 and 2 share similar structure 

assignments except in position C-3, in which C=O of 

1 was replaced by the α-oriented hydrogen of 3β-

hydroxy triterpene in compound 2 shifting the 

neighbouring protons to a more up-field region. 1H-1H 

COSY assessment showed correlations between H-

3/H-2, H-13/H-19, H-6/H-7, H-30/H-29a, H-2/H-1, 

H-21/H-22, H-7/H-6, and H-18/H-19. Meanwhile, the 

HMBC spectrum exhibited a correlation between 

H-19/C-21 and C-29, it also presented a correlation 

between the proton signal of exocyclic double H-29 

with olefinic quaternary C-20 as well as methyl C-30 

of lupane skeleton. The proton signal H-3 correlates 

with carbon assigned C-24 and methylene C-2. Other 

correlations observed include the proton H-23 with C-

3 and proton H-30 with quaternary C-20. The 

spectroscopic data were compared with the reported 
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literature [21], and it was confirmed that the isolated 

compound has the same skeleton as triterpene 

compounds and was assigned as lupeol. 

 

Compound 3 was isolated as a white powder (1.75 

g); with 0.29 % yield and melting point 242–246 °C 

range. FT-IR showed a broad peak at 3357 

indicating the presence of a hydroxyl group (OH) 

in the compound and another peak at 2939 for  

(Csp2-H), while the carbon double peak appeared 

at 1643 corresponding to (C=C). HRESIMS [M+Na]+ 

molecular ion peak was observed at 465.3709 C30H50 

O2Na (Calculated: 465.3708). The structural assessment 

of this compound is the same as that of compounds 

1 and 2. The 1H-NMR spectrum indicates six methyl 

protons peak at δH 0.75, 0.83, 0.97, 0.98, 1.02, and 

1.68. correspond to H-24, H-25, H-23, H-27, H-26, 

and H-30 respectively, showing it’s a triterpenes 

compound. It also demonstrates the presence of a 

diastereotopic proton assigned to the methylene group 

δH 3.33 (1H, d, J = 10.9 Hz) and δH 3.80 (1H, d, J = 

11.2 Hz) attached to the hydroxyl group at C-28. The 

signal at δH 3.20 (dd, J = 5.0, 11.5 Hz) corresponds to 

α-oriented hydrogen at C-3 of a 3β-hydroxy triterpene. 

The geminal proton of the exocyclic double was  

observed at δH 4.58 and, 4.68. This characteristic 

suggests that 3 was a triterpene derivative. Moreover, 

the 13C-NMR and DEPT-135 spectrum of compound 

3 as in Table 1 showed 30 carbon signals, six methyl’s, 

twelve methylene, six methines, and six quaternary 

carbons confirming its pentacyclic triterpene skeleton. 

The signals at δC 60.8 and 79.2 indicate the presence 

of methine and methylene carbon of oxygenated  

hydroxy group (OH) at C-28 and C-3. The olefinic 

exocyclic carbon peaks assigned to C-29 and C-20 

were exhibited at δC 109.8 and 150.3 respectively. 

Moreover, 1H-1H COSY spectrum showed correlations 

peaks between H-6/H-5, H-3/H-2, H-19/H-18, H-11/ 

H-12, and H-29b/H-30. In addition, the HMBC 

spectrum also confirmed the correlation between H-

15/C-13, H-30/ C-29, H-3/C-24, H-18/C-20, H-9/C-26, 

H-18/C-20, H-30/C-20, and H-28/C-22, such correlation 

suggests that the isolated compound is pentacyclic 

triterpenoids.  From the information received and the 

literature [22], it has been established that compound 

3 is identified as betulin. 

 

-Hematin Polymerization Inhibition 

 

Hematin Polymerization Inhibition Assay (HPIA) is a 

simple, reproducible, and inexpensive in vitro micro 

assay [23]. Polymerization of hematin is a process that 

enables the detoxification of heme by the parasites 

because of haemoglobin degradation following its 

release in the lysosomal food vacuole [29]. Plasmodium 

passes through many stages throughout its life cycle, 

including an intraerythrocytic stage where the parasite 

breaks down 60-80% of the host's haemoglobin, which 

it uses as food for growth and development [30].  

Within the parasite digestive vacuole, haemoglobin 

is oxidized to methaemoglobin and then degraded 

by aspartic proteases into free heme (Fe3+) 

(ferriprotoporphyrin IX) and denatured globin. Globin 

is hydrolysed into small peptides and amino acids 

required for protein synthesis by cysteine proteases [31]. 

During the process, Parasite detoxifies free heme 

through the formation of hemozoin (β-hematin) 

pigment. Hemozoin pigment is exhibited as a dark 

black crystalline spot or a dark brown pigment, 

which is physically and chemically identical to β-

hematin. Hence, the best strategy to control malaria 

infections is by inhibiting its hemozoin formation, 

degradation of free heme by H2O2, and heme-binding 

proteins [4]. Chloroquine and other anti-malarial 

drugs have been reported to inhibit parasite growth by 

binding to hematin leading to the death of the parasite 

by hematin poisoning [32]. 

  

In this study, the in vitro anti-malarial assay was 

performed using the HPIA assay protocols. Three 

isolated compounds were investigated for this HPIA 

assay, namely lupenone (1), lupeol (2) and betulin (3). 

To assess the quality of the assay, the drug chloroquine 

was employed as a positive control. According to 

Baelmans et al., tested compounds are only considered 

active for HPIA if their IC50 value is below that of 

chloroquine sulphate positive control [33]. Therefore, 

for this assay, compounds 2 and 1 are considered 

active in comparison with the chloroquine IC50 value 

as shown in Table 2. Based on the result obtained in 

this assay, it has been confirmed compounds 2 and 1 

were considered active for the HPIA as their IC50 

values are all below the IC50 value of chloroquine 

sulphate positive control. As presented in Table 2. 

Compound 2 is the most active compound with an IC50 

value of 20.2 ± 17 μM followed by compound 1 with 

an IC50 value of 27.5 ± 23 μM lower than the IC50 value 

of 37.5 ± 0.6 μM of chloroquine sulphate. 

However, compound 3 is considered moderate for 

this assay, having a higher IC50 value of 40.9 ± 22 μM 

above the IC50 value of 37.5 ± 0.6 μM of chloroquine 

(control). 

 

Table 2. β-hematin polymerisation inhibition assay of compounds 1-3. 

Compound IC50 (µM) 

Lupenone (1) 27.5 ± 23 

Lupeol (2) 20.2 ± 17 

Betulin (3) 40.9 ± 22 

Chloroquine (Control) 37.5 ± 0.6 
   Mean ± Standard Deviation  
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Molecular Docking  

 

In silico molecular docking simulations were 

performed on the supercell crystal surfaces of β-

hematin, also known as hemozoin using Autodock 

Vina for ligands 1-3 and the positive control chloro-

quine. This study was a seamless extension of the 

in vitro HPIA assay, aiming to further explore the 

binding characteristics. The interaction of the 

ligand with the crystal surface of hemozoin inhibited 

its further polymerisation, creating a toxic environment 

for the Plasmodium sp. parasite that subsequently 

killed it. The binding energy of ligands from docking  

analysis are tabulated in Table 3.  

 

Each of the examined ligands, namely 1, 2, and 3, 

exhibited affinities ranging from -8.6 to -9.7 kcal mol-

1, while chloroquine recorded an affinity of -7.7 kcal 

mol-1. The binding energies of the tested ligands, 

including the positive control, were all below -5 kcal 

mol-1, signifying favourable interactions between 

the ligands and hemozoin [34]. The ligand-hemozoin 

binding interactions of 1-3 and chloroquine are tabulated 

in Table 4. The structure with the ring labelling of β-

hematin, lupine-type triterpenoid and chloroquine are 

shown below in Figure 2 for the interactions reference.  

 

 

Table 3.  In silico binding energy of ligands 1-3 and positive control with hemozoin crystal. 

 

Ligand Binding energy (kcal mol-1) 

Lupenone (1) -8.6 ± 0.2 

Lupeol (2) -9.7 ± 0.1 

Betulin (3) -9.2 ± 0.1 

Chloroquine (control) -7.7 ± 0.3 

       Mean ± standard deviation for n=3 experiments    

 

 

 
 

Figure 2. The chemical structures of β-hematin, lupane-type triterpenoid and chloroquine (control) with ring 

labelling for ligand-hemozoin interactions reference. 
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Table 4. Binding interactions between ligands 1-3 and chloroquine with hemozoin crystal. 

 

Ligand 
Interacting unit of 

ligand 

Interacting unit of 

hemozoin 

Type of 

interaction 

Distance 

(Å) 

Lupenone -CH2 (Isopropenyl) -CH2 Alkyl 4.06 

(1) -CH2 (Isopropenyl) -CH2 Alkyl 4.49 

 -CH2 (Isopropenyl) -CH2 Alkyl 4.10 

 -CH2 (Isopropenyl) Porphyrin ring Pi-alkyl 4.29 

 -CH2 (Isopropenyl) Porphyrin ring Pi-alkyl 4.53 

 -CH3 -CH2 Alkyl 4.46 

 -CH3 -CH2 Alkyl 4.49 

 -CH3 -CH2 Alkyl 3.72 

 -CH3 -CH2 Alkyl 3.67 

 -CH3 -CH2 Alkyl 3.98 

 -CH3 -CH2 Alkyl 4.44 

 -CH3 -CH2 Alkyl 4.01 

 -CH3 -CH2 Alkyl 4.43 

 -CH3 -CH2 Alkyl 4.10 

 -CH3 Porphyrin ring Pi-alkyl 4.90 

 Ring B -CH2 Alkyl 4.86 

 Ring B Porphyrin ring Pi-alkyl 5.49 

 Ring C -CH2 Alkyl 4.79 

 Ring C -CH2 Alkyl 5.28 

 Ring D -CH2 Alkyl 3.97 

 Ring D -CH2 Alkyl 3.70 

 Ring D -CH2 Alkyl 4.96 

 Ring E -CH2 Alkyl 4.64 

 Ring E -CH2 Alkyl 4.31 

 Ring E -CH2 Alkyl 5.44 

 

Lupeol -CH2 (Isopropenyl) -CH2 Alkyl 4.27 

(2) -CH2 (Isopropenyl) Porphyrin ring Pi-alkyl 4.89 

 -CH2 (Isopropenyl) Porphyrin ring Pi-alkyl 4.08 

 -CH2 (Isopropenyl) Porphyrin ring Pi-alkyl 3.65 

 -CH3 -CH3 Alkyl 3.61 

 -CH3 -CH2 Alkyl 3.96 

 -CH3 -CH2 Alkyl 3.74 

 -CH3 Porphyrin ring Pi-alkyl 5.04 

 -CH3 Porphyrin ring Pi-alkyl 5.32 

 -CH3 Porphyrin ring Pi-alkyl 5.19 

 -CH3 (Isopropenyl) -CH2 Alkyl 3.83 

 -CH3 (Isopropenyl) -CH2 Alkyl 4.00 

 -CH3 (Isopropenyl) Porphyrin ring Pi-alkyl 4.43 

 -CH3 (Isopropenyl) Porphyrin ring Pi-alkyl 4.66 

 -CH3 (Isopropenyl) Porphyrin ring Pi-alkyl 3.93 

 -CH3 (Isopropenyl) Porphyrin ring Pi-alkyl 4.04 

 Ring C -CH2 Alkyl 4.77 

 Ring C Porphyrin ring Pi-alkyl 5.43 

 Ring D -CH3 Alkyl 5.29 

 Ring D -CH2 Alkyl 3.66 

 Ring D -CH2 Alkyl 4.58 

 Ring D Porphyrin ring Pi-alkyl 4.77 

 Ring E -CH2 Alkyl 4.61 

 Ring E -CH3 Alkyl 3.63 

 Ring E -CH2 Alkyl 4.85 
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 Ring E -CH2 Alkyl 4.62 

 Ring E -CH2 Alkyl 5.47 

 Ring E Porphyrin ring Pi-alkyl 4.55 

 Ring E Porphyrin ring Pi-alkyl 3.80 

 

Betulin 

(3) 

C (CH2OH) O (Propionic side chain) Carbon hydrogen 

bond 

3.20 

 -CH2 (Isopropenyl) -CH2 Alkyl 4.09 

 -CH2 (Isopropenyl) Porphyrin ring Pi-alkyl 4.86 

 -CH2 (Isopropenyl) Porphyrin ring Pi-alkyl 4.14 

 -CH2 (Isopropenyl) Porphyrin ring Pi-alkyl 3.58 

 -CH3 -CH2 Alkyl 3.93 

 -CH3 -CH2 Alkyl 3.59 

 -CH3 Porphyrin ring Pi-alkyl 5.20 

 -CH3 Porphyrin ring Pi-alkyl 5.00 

 -CH3 (Isopropenyl) -CH2 Alkyl 3.78 

 -CH3 (Isopropenyl) -CH2 Alkyl 3.87 

 -CH3 (Isopropenyl) Porphyrin ring Pi-alkyl 4.34 

 -CH3 (Isopropenyl) Porphyrin ring Pi-alkyl 4.53 

 -CH3 (Isopropenyl) Porphyrin ring Pi-alkyl 4.00 

 -CH3 (Isopropenyl) Porphyrin ring Pi-alkyl 4.07 

 Ring C -CH2 Alkyl 4.65 

 Ring D -CH2 Alkyl 3.63 

 Ring D -CH2 Alkyl 4.80 

 Ring D Porphyrin ring Pi-alkyl 4.79 

 Ring E -CH2 Alkyl 4.48 

 Ring E -CH3 Alkyl 3.59 

 Ring E -CH2 Alkyl 4.94 

 Ring E -CH2 Alkyl 4.74 

 Ring E Porphyrin ring Pi-alkyl 4.44 

 Ring E Porphyrin ring Pi-alkyl 3.81 

 

Chloroquine 

(Control) 

C (Diethylamino) O (Propionic side chain) Carbon hydrogen 

bond 

3.55 

 Cl -CH3 Alkyl 4.32 

 Cl -CH2 Alkyl 4.07 

 Cl -CH2 Alkyl 3.62 

 Cl Porphyrin ring Pi-alkyl 3.61 

 Cl Porphyrin ring Pi-alkyl 4.46 

 -NH (Dietyhylamino) O (Propionic side chain) Conventional 

hydrogen bond 

1.87 

 Ring A' Porphyrin ring Pi-pi stacked 4.78 

 Ring A' Porphyrin ring Pi-pi stacked 4.43 

 Ring A' Porphyrin ring Pi-pi stacked 5.74 

 Ring A' Porphyrin ring Pi-pi stacked 3.78 

 Ring A' -CH2 Pi-alkyl 4.97 

 Ring A' -CH2 Pi-alkyl 4.66 

 Ring A' -CH2 Pi-alkyl 4.70 

 Ring B' Porphyrin ring Pi-pi stacked 4.03 

 Ring B' Porphyrin ring Pi-pi stacked 4.18 

 Ring B' Porphyrin ring Pi-pi stacked 4.55 

 Ring B' -CH3 Pi-alkyl 4.21 

 Ring B' -CH2 Pi-alkyl 5.22 

 Ring B' -CH2 Pi-alkyl 5.21 
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Ligand 1 exhibited a binding energy of 8.6 ± 0.2 

kcal mol-1 while binding to the (100) face of the 

hemozoin crystal. This interaction involved the 

formation of multiple hydrophobic interactions 

between them (Figure 3). The methylene groups 

of isopropenyl in 1 interacted with the methylene 

and porphyrin rings of hemozoin via hydrophobic 

alkyl and pi-alkyl interactions, respectively. The 

methyl groups attached to the lupane-type skeleton 

formed nine hydrophobic alkyl interactions with the 

methylene and one hydro-phobic pi-alkyl interaction 

with the porphyrin ring. In addition, ring B of 1 

had one hydrophobic pi-alkyl interaction with the 

porphyrin ring and another hydro-phobic alkyl 

interaction with methylene. It was observed that  

rings C, D and E of 1 formed several hydrophobic 

alkyl interactions also with methylene from the 

hemozoin structure. 

 

In the case of ligand 2, it interacted with the (001) 

face of the hemozoin crystal, exhibiting a binding 

energy of -9.7 ± 0.1 kcal mol-1 and engaging in 

multiple hydrophobic interactions with the receptor 

(Figure 4). Ligand 2 showed the highest potency 

among the isolated compounds tested for in vitro assay 

with an IC50 of 20.2 ± 17 µM. The methyl and 

methylene groups of 2 interacted with the methylene 

and porphyrin rings of hemozoin via hydrophobic 

alkyl and hydrophobic pi-alkyl interactions. In 

addition, the methyl from the skeleton of 2 interacted 

with the methyl, methylene and porphyrin rings of 

the crystal receptor via another hydrophobic alkyl 

and pi-alkyl .  Rings C, D, and E of 2  a lso had  
 

multiple hydrophobic alkyl and pi-alkyl interactions 

with the methyl, methylene, and porphyrin rings, 

further supporting its binding to the hemozoin.  

Furthermore, ligand 3 possessed almost similar ligand- 

hemozoin interactions as 1 and 2, with a slight addition 

of a carbon-hydrogen bond (3.20 Å) between the 

carbon (C-28) of 3 and the oxygen in the propionic 

acid side chain and docked to the (001) face of the 

hemozoin crystal (Figure 5). 

 

In contrast to the most potent positive control, 

chloroquine (IC50: 37.5 ± 0.6 µM) exhibited docking to 

the (001) face with a binding energy of -7.7 ± 0.3 kcal 

mol-1. Chloroquine managed to sustain several distinct 

interactions when compared to the previously mentioned 

ligand (Figure 6). The -NH group and the carbon in 

the diethylamino moiety of chloroquine formed a 

conventional hydrogen bond (1.87 Å) and a carbon-

hydrogen bond (3.55 Å) with the oxygen of the propionic 

side chain of hemozoin. The chlorine of chloroquine also 

interacted with the methyl, methylene, and porphyrin 

rings via hydrophobic alkyl and pi-alkyl interactions. 

The preferential interactions of the ligand-heme adduct 

known as hydrophobic pi-pi stacked [27, 35] were also 

shown between the A' and B' rings of chloroquine and 

the porphyrin ring of hemozoin, with a total of seven 

interactions registered. The binding between chloroquine 

and hemozoin was further enhanced by the interaction 

between rings A' and B' with the methyl and methylene 

units of the receptor through hydrophobic pi-alkyl 

interactions. The interactions described above provide 

insight into why chloroquine, a drug utilized as an 

anti-malarial agent, exhibits significant effectiveness. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 3. Docked conformation of hemozoin crystal with 1. 

 

Lupenone (1) 
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Figure 4. Docked conformation of hemozoin crystal with 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Docked conformation of hemozoin crystal with 3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Docked conformation of hemozoin crystal with chloroquine. 
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Figure 6. Docked conformation of hemozoin crystal with chloroquine. 

 

 

CONCLUSION 

 

As a summary, three compounds [i.e. lupenone (1), 

lupeol (2) and betulin (3)]  were isolated from 

the bark of D. Adenophora. Their structure was 

elucidated using various spectroscopic techniques 

and the compounds were identified as pentacyclic 

triterpenes when compared with reported literature. 

The compounds were evaluated in vitro anti-malarial 

activity on β-hematin polymerization inhibition and a 

molecular docking study. Among them, compounds 1 

and 2 show a good inhibition (20-27 M) in comparison 

to the positive control, chloroquine (IC50 = 37.5  

0.6 M). In the examination of ligand binding to 

the hemozoin crystal, ligand 2 and chloroquine 

both demonstrated interactions with the (001) face 

of hemozoin involving hydrophobic interactions. 

While both ligands shared this commonality, ligand 

2 exhibited a notably stronger binding affinity with 

a binding energy of -9.7 ± 0.1 kcal mol-1, whereas 

chloroquine displayed a binding energy of -7.7 ± 0.3 

kcal mol-1, indicating ligand 2's enhanced binding 

strength. Chloroquine's interactions extended to include 

hydrogen and carbon-hydrogen bonds with the propionic 

side chain of hemozoin, distinctions not found in  

ligand 2's interactions. Despite ligand 2's stronger 

binding energy, chloroquine demonstrated higher 

potency in inhibiting hemozoin formation with an 

IC50 of 37.5 ± 0.6 µM, compared to ligand 2's IC50 

of 20.2 ± 17 µM, which might be attributed to its 

additional hydrophobic pi-pi stacked interactions 

with hemozoin's porphyrin ring. These findings 

collectively underline the effectiveness of ligand 2 

and chloroquine as an anti-malarial agent, highlighting 

the importance of its diverse and potent interactions 

with hemozoin. 
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