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Abstract: Background: Cancer is the second leading cause of death in the world. Leukemia is a type 

of cancer that accounts for 31.5% of all cancers in children under the age of 15 in industrialized 

countries and 15.7% in developing countries. The inhibition of FMS-like tyrosine kinase 3 (FLT3) is 

a suitable approach for acute myeloid leukemia (AML) therapy as it is overexpressed in AML. 

Aim and Objective: This study intends to explore the natural constituents from the bark of Cory- pha 

utan Lamk., and assess their cytotoxicity on murine leukemia cell lines (P388) in addition to 

predicting their interaction with FLT3 as a studied target by computational methods. 

Methods: Compounds 1 and 2 were isolated from Corypha utan Lamk using the stepwise radial 

chromatography method. These compounds were assessed for their cytotoxicity against Artemia 

salina using the BSLT and P388 cells and the MTT assay. The docking simulation was employed to 

predict the possible interaction between triterpenoid and FLT3. 

Results: Isolation from the bark of C. utan Lamk. generated two triterpenoids, cycloartanol (1) and 

cycloartanone (2). Based on the in vitro and in silico studies, both compounds were found to have 

anticancer activity. The evaluation of cytotoxicity from this study reveals that cycloartanol (1) and 

cycloartanone (2) could inhibit P388 cell growth (IC50 value at 102.6 and 110.0 µg/mL, respec- 

tively). The binding energy of cycloartanone was -9.94 Kcal/mol with a Ki value of 0.051 µM, while 

the binding energy and Ki value of cycloartanol (1) were found to be 

8.76 Kcal/mol and 0.38 µM, respectively. These compounds also demonstrate a stable interaction 

by forming hydrogen bonds with FLT3. 

Conclusion: Cycloartanol (1) and cycloartanone (2) exhibit potency as anticancer agents by inhib- 

iting P388 cells in vitro and the FLT3 gene in silico. 

 

Keywords: Corypha utan Lamk., cycloartane triterpenoids, acute myeloid leukemia, FLT3. 

 

1. INTRODUCTION 

Cancer has the second-highest mortality rate, especially in 

developing countries [1]. Approximately 18.1 million newly 

diagnosed cases of cancer, followed by 9.9 million deaths, 

were reported in 2020 alone [2]. Acute myeloid 
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leukemia (AML) is a cancer disease characterized by neo- 

plastic transformation and the impaired differentiation of 

progenitor cells from myeloid cells. Overall, AML is the most 
common leukemia in adults, and is five times more common 

in people under 50 years of age [3,4]. The recent standard 

intervention for leukemia is limited to chemothera- py and the 

transplantation procedure of hematopoietic stem cells [5]. 

Although remission can be achieved with numerous approved 

chemo-drugs, various problems continually arise during 

treatment. Drug resistance, hepatotoxicity, and highly 

frequent relapse after transplantation may occur in the pa- 
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tient [6, 7]. In AML, there are heterogeneous disorders of 

hematopoietic progenitor cells, and these disorders have been 

identified to affect the balance between cell prolifera- tion, 

survival, and differentiation. This abnormality results in the 

expansion of the abnormal stem cell clone. Although many 

controls regulate hematopoiesis, mutations in regulato- ry 

genes are capable of promoting leukemogenesis. The FLT3 

receptor tyrosine kinase plays an important role in controlling 
the survival, proliferation, and differentiation of 

hematopoietic cells [8]. Therefore, the search for compounds 

that can block these receptors can be an option for induction 

chemotherapy in AML patients. This method is estimated to 

be safer than classical chemotherapy, which can cause direct 

damage to the bone marrow and also reduce the production of 

platelets [9,10]. 

FMS-like tyrosine kinase 3 (FLT3), a class III receptor 

tyrosine kinase (RTK), generates between the normal and 

ferocious lymphohematopoietic cells [11]. This receptor plays 

a crucial part in the proliferation of stem cells and the 

activation of immune responses [12]. The deregulation of 

FLT3 activity owing to overexpression or mutation is asso- 

ciated with acute myeloid leukemia (AML) growth and poor 

prognosis [12,13]. Two groups of mutations occur in FLT3: 

an internal tandem duplication (ITD) located in the jux- 

tamembrane domain and a point mutation in the kinase acti- 

vation loop [14]. Typically, most mutated FLT3 receptor 

tyrosine kinases found in AML are induced by the ITD [7]. 

Cancer cells with FLT3 mutations are commonly dependent 

on FLT3 for development. This makes FLT3 a favorable 

inhibitor target for AML therapy. 

Natural products are generated by organisms found in na- 

ture, such as plants. They are known to have abundant bio- 

logical effects that have the potential for disease prevention or 

treatment. The utilization of herbal plants has long been 

recognized by our ancestors to relieve varied illnesses [15,16]. 

Therefore, herbal plants can be used as a promising source of 

medicine. This is in line with the purpose of drug research and 

development, which emphasizes the active and safe aspects of 

drug use [17]. Plant-derived compounds have obtained 

remarkable attention as alternative agents since  they have 

demonstrated a broad range of pharmacological actions 

[18,19]. The applications of computational ap- proaches have 

been increasingly elevated to assess the bio- logical potency 

of multiple natural constituents and in the development of 

novel drug molecules [20]. Computational docking is a cogent 

strategy for designing new therapeutic molecules that are 

more efficient compared to conventional procedures and 

predicting their interaction with receptors [21]. Generally 

speaking, this method may help in selecting the important 

genes from a large volume of genomic data, providing 

possible target proteins for drug screening and design. It is 

feasible to explore the structural and thermody- namic 

properties of target proteins of various sizes using multiscale 

models in biomolecular simulations, which will aid in 

identifying drug binding sites and elucidating drug action 

mechanisms. Virtual screening helps in searching chemical 

libraries to find possible therapeutic possibilities using drug-

binding sites on target proteins. With a substan- tially smaller 

pool of prospective drug candidates, in vitro cell assays can 

evaluate the effectiveness of these molecules further [22]. 

Triterpenoids, one of the natural products widespread in 

higher plants, have been known to show significant antiox- 

idant [23,24], anti-inflammatory [25], antiproliferative [26- 

28], and anti-cancer properties [29-31]. Several studies have 

proved the cytotoxic activity of various types of triterpe- 

noids. For example, (+)-barringtogenol B derived from Cy- 

rilla racemiflora L. and (+)-cucurbitacin D from Elaeocar- 

pus chinensis showed strong effects in inhibiting human co- 

lon cancer HT-29 cell lines with IC50 values of 1.7 and 0.12 

µM, respectively [30-32]. The (+)- ursolic acid, a major con- 

stituent of Syzygium corticosum, displayed cytotoxicity to- 

ward MDA-MB-231 breast cancer cells with an IC50 value of 

5.9 µM [33]. Ginsenoside derivatives from Panax ginseng 

were found to be active, showing IC50 values of 0.8-0.9 µM 

for HL-60 leukemia cells [34]. (+)-Acutissmatriterpene E of 

Phyllanthus acutissima Miq. could effectively inhibit murine 

leukemia P388 cell growth with an IC50 value of 0.005 µg/mL 

[35]. Thus, plant triterpenoids have a potential role as 

anticancer and anti-leukemic agents. 

In our ongoing effort to find bioactive constituents from 

Indonesian plants, we focused on investigating the phyto- 

chemicals of Corypha utan Lamk. This species is a native tree 

and is found abundantly in Nusa Tenggara Province [36]. The 

prior study disclosed piceatannol from the seeds that 

demonstrated strong inhibition on P388 murine leuke- mia 

cells with an IC50 value of 1.56 µg/mL [37]. This paper 

presents two triterpenoids, cycloartanol (1) and cycloar- 

tanone (2), isolated from the bark of C. utan Lamk, and which 

belong to the family Arecaceae (Fig. 1). The biologi- cal 

evaluation of these compounds was conducted using the MTT 

method. To understand their interaction with active sites of 

FLT3 as the target receptor, we employed molecular docking 

simulations. 
 

 

Fig. (1). Chemical structures of cycloartanol (1) and cycloartanone 

(2). 
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2. MATERIALS AND METHODS 

2.1. Materials 

2.1.1. Plant 

The bark of C. utan Lamk. was collected from Bu’at Soe, 

South Middle Timor, East Nusa Tenggara, Indonesia. The 

plant was authenticated at the Herbarium Bogoriense, Re- 

search Center for Biology in the Indonesian Institute of Sci- 

ences (LIPI), Bogor, Indonesia. 

2.1.2. Cell lines 

P388 murine leukemia cell lines were obtained from the 

Natural Product Chemistry Laboratory's collections at the 

Institut Teknologi Bandung (ITB), Indonesia, and their uses 

had been acceded by the Research Ethics Committee ITB. 

2.1.3. Chemicals 

Organic solvents of acetone, chloroform, dichloro- 

methane, ethyl acetate, methanol, n-hexane, and water were 

used for extraction and purification procedures. Analytical 

grade chemicals (Merck) were used for spectroscopic analy- 

sis. Column chromatography separation employing silica G 

60 (particle size 15-40 µm) and ODS RP-18 (particle size 

0.040-0.63 mm), and then silica G 60 F254 and ODS RP-18 

F254S, was used for TLC monitoring. The plates were sprayed 

with 10% sulfuric acid solution in ethanol and heat- ed for 

chemical detection. 

Brine shrimp larvae of A. salina L. were used in this study 

as a preliminary test to determine the toxicity of ex- tracts and 

compounds. The eggs were purchased from the research 

center at Universitas Padjadjaran, Indonesia. 

2.1.4. Instruments 

Several spectrometer measurements were used to identify 

the molecular structures of 1 and 2, including a Varian Cary 

100 UV-visible spectrophotometer and a Perkin-Elmer Spec- 

trum One Fourier transform infrared (FT-IR) instrument. 

NMR spectra were recorded at 25°C on a JEOL ECA- 500 

(Tokyo, Japan) spectrometer at 500 MHz for 1H and 125 MHz 

for 13C. Mass spectrometry (MS) was performed with a 

Waters LCT XE ESI-TOF instrument (Waters, Milford, MA, 

USA). UV detector lamps with wavelengths of 254 and 365 

nm were used to visualize TLC. The bioassay procedure was 

carried out using 96-well microplates, micropipettes, micro- 

tubes, a centrifuge, an incubator, and a microplate reader. 

2.2. Materials: In silico Assay 

The crystal structure of the FLT3 gene (PDB ID: 4RT7 

resolution 2.4 Å) with a co-crystallized ligand used for a 

molecular modeling study was freely accessible through the 

Protein Data Bank. The structures in the PDB format were 

downloaded from the RSCB Protein Data Bank page 

(https://www.rcsb.org/). The AutoDock Vina 1.5.6 in the 

PyRx 0.8 software was applied for the docking simulation. 

The ligands of compounds 1 (CID: 12760132) and 2 (CID: 

21594789) with Artonin E (CID: 5481962) as a positive 

control ligand were downloaded in an SDF format from the 

PubChem database  (https://pubchem.ncbi.nlm.nih.gov/) and 

exchanged to a PDB format with Chem3D Pro 12.0 program. 

3. EXPERIMENTAL 

3.1. Isolation of Triterpenoids from the Bark of C. utan 

Lamk. 

The air-dried C. utan Lamk. bark was ground to powder, 

obtaining two kilograms of bark powder of C. utan Lamk. The 

sample was macerated using methanol 95% for three days at 

room temperature (3 15 L) and evaporated under vacuum 

using a rotavapor (Büchi, Hamburg, Germany) to obtain the 

crude methanolic extract. The extract (20 g) was separated by 

vacuum liquid chromatography (VLC) using 10% gradient n- 

hexane-ethyl acetate, yielding seven frac- tions (A-G). 

Fraction A (7.48 g) was separated by VLC us- ing a 10% 

gradient n- hexane-chloroform to give seven frac- tions (A1-

A7). Fraction A4 was evaporated, giving a white crystal solid, 

identified as compound 1 (60 mg). Fraction A7 (60 mg) was 

further purified with the radial chromatography method using 

a stepwise n-hexane-chloroform system, ob- taining 

compound 2 (13 mg). 

3.2. Brine Shrimp Lethality Test (BSLT) for the Com- 

pounds 

Brine shrimp larvae of A. salina L. were hatched in saline 

solution and distilled water (1:1) and then placed into a con- 

tainer. The larvae were incubated for 48 h, after which they 

could be used for the lethality bioassay. The examination of 

the compounds' lethality was conducted using BSLT against 

A. salina following the published procedure [38]. Each com- 

pound solution in DMSO was placed in 96-well plates at 

concentrations of 1, 10, 100, and 1000 ppm. Each concentra- 

tion was made in three replications. Ten shrimp larvae were 

added to each well and observed after 24 h. The negative 

control used distilled water with 1% DMSO (v/v). The num- 

ber of deaths was calculated after 24 hours of exposure, ana- 

lyzed by the probit analysis method, and then converted to an 

LC50 value. The plant extracts were classified as lethal if they 

had an LC50 value lower than 1000 ppm. 

3.3. Cytotoxic Evaluation Using the MTT Assay 

For the MTT assay, P388 cells were placed in Roswell 

Park Memorial Institute (RPMI) 1640 medium with 10% fetal 

bovine serum (FBS) and 1% penicillin-streptomycin. The 

cells were incubated in a 5% CO2 incubator at 37°C for 

24 h. The medium was replaced by fresh media and re- 

incubated in the same condition to achieve an adequate 

number of cells for testing. Afterward, the cells were rinsed 

with FBS and the RPMI medium was added. The cells were 

put into tubes and then centrifuged at 170 x g for 5 minutes. 

The pellets obtained were then replenished with RPMI me- 

dium containing 10% FBS. The cell density was determined 

by counting with a hemocytometer, and the dilution was made 

by adding the RPMI medium to obtain a cell suspen- sion of 

2×104 cells/mL. 

The P388 murine leukemia cells in the RPMI medium (cell 

density of 2.0×104 cells/well) were sowed and then in- 

oculated into the 96-well microplates. The cells were washed 

with FBS after 24 h of incubation, and samples were added to 

the wells. 

DMSO was used to dissolve the samples, including a 

compounds test and artonin E as a positive control, at the 

http://www.rcsb.org/)
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required concentration. Three replicates were prepared for 

each concentration. The well of the blank control was filled 

with DMSO in the media. The medium was removed after 

being incubated for 48h, and the 3-(4,5-dimethylthiazol-2- 

yl)-2,5diphenyltetrazolium bromide (MTT) solution was 

appended to each well. In a 37°C, 5% CO2 incubator, the plate 

was incubated for four hours. The stop solution com- prising 

sodium dodecyl sulfate (SDS) was added and then incubated 

for 24 h. The measurement of the optical density of the cells 

was done by utilizing a microplate reader to de- termine the 

cell viability at 570 nm. The IC50 values were determined by 

plotting the percentage of viable cells versus the control 

against sample concentration (g/mL). The IC50 value is the 

concentration of a drug that half-inhibits a bio- logical process 

[39]. 

3.4. Evaluation of the Anticancer Activity by In silico 

Study 

Virtual screening for predicting the interaction of com- 

pounds 1 and 2 was done by utilizing the AutoDock Vina 

(version 1.5.6) incorporated in the PyRx 0.8 software. The 

compounds and artonin E as ligands simulated to the FLT3 as 

the target receptor were evaluated, and the ligand was left 

unattached for docking simulations. Binding affinity was 

employed to determine the conformation. The root-mean- 

square deviation with a value of less than 2.5Å with the low- 

est binding energy was selected [40]. 

PYMOL was used to visualize the docking data, and the 

Discovery Studio 2020 Client software was used to assess 

them. The PYMOL program displays the interaction be- 

tween the ligand and the residue and the docking position in 

the three-dimensional molecular figure. Those interactions 

were then visualized by applying the Discovery Studio 2020 

Client software in three-dimensional molecular graphics for 

maximum display. Each complex of protein-ligand docking 

position was contrasted to the three-dimensional FLT3 that 

binds ligands. The most powerful compound was chosen  as it 

has the lowest binding energy and stable hydrogen bond- ing 

[9]. 

 
4. RESULTS 

4.1. Structural Determination of Compounds Isolated 

from the Bark of C. utan Lamk. 

Spectral data of 1 (Supplementary Material) were as fol- 

lows: IR: 3332, 2954, 1448, 1379 cm-1; HR-TOFMS [M+H]+ 

(m/z) 429.4062; 1H-NMR (500 MHz, CDCl3): δH 1.26 (1H, 

dd, 5.5, 8.5 Hz, H-1a), 1.55 (1H, d, 6.5 Hz, H-1b), 1.56 (1H, 

s, 9.0 Hz, H-2a), 1.75 (1H, m, H-2b), 3.27 (1H, t, 5.5 Hz,  H- 

3), 1.30 (1H, d, 6.5 Hz, H-5), 0.78 (1H, m, H-6a), 1.59 (1H, 

dd, 3.5, 10.0 Hz, H-6b), 1.07 (1H, dd, 2.5, 12.5 Hz, H-7a), 

1.32 (1H, m, H- 7b), 1.52 (1H, d, 4.0 Hz, H-8), 1.11  (1H, m, 

H-11a), 1.99 (1H, m, H-11b), 1.62 (2H, dd, 7.0, 10.0 Hz, H- 

12), 1.29 (2H, m, H- 15), 1.28 (1H, m, H-16a), 1.88 (1H, m, 

H-16b), 1.57 (1H, t, 9.0 Hz, H-17), 0.96 (3H, s, H-18), 0.33 

(1H, d, 4.0 Hz, H-19a), 0.55 (1H, d, 4.0 Hz, H-19b), 1.36 

(1H, m, H-20), 0.86 (3H, d, 2.5 Hz, H-21), 1.00 (1H, m, H- 

22a), 1.37 (1H, dd, 1.5, 7.0 Hz, H-22b), 1.16 (1H, m, H- 

23a), 1.35 (1H, dd, 2.0, 12.0 Hz, H- 23b), 1.13 (2H, m, H- 

24), 1.51 (1H, d, 6.0 Hz, H-25), 0.88 (3H, d, 2.5 Hz, H-26), 

0.87 (3H, d, 3.0 Hz, H-27), 0.81 (3H, s, H-28), 0.96 (3H, s, 

 

H-29), 0.89 ppm (3H, s, H-30); 13C- NMR (125 MHz, 

CDCl3): δC 31.9 (C-1), 30.3 (C-2), 78.8 (C- 3), 40.4 (C-4), 

47.1  (C-5), 21.1  (C-6), 26.0  (C-7), 48.0  (C-8), 20.0  (C-9), 

26.0 (C-10), 26.5 (C-11), 32.9 (C-12), 45.2 (C-13), 48.7 (C- 

14), 35.5 (C-15), 28.1 (C-16), 52.4 (C-17), 18.0 (C- 18), 29.9 

(C-19), 36.1 (C-20), 18.3 (C-21), 36.4 (C-22), 24.1 (C-23), 

39.5 (C-24), 28.0 (C-25), 22.8 (C-26), 22.5 (C-27), 14.0 (C- 

28), 25.4 (C-29), 19.3 ppm (C-30). 

Spectral data of 2 (Supplementary Material) were as fol- 

lows: IR: 2961, 1710, 1465, 1379 cm-1; HR-TOFMS 

[M+H]+(m/z) 427.3918; 1H-NMR (500 MHz, CDCl3): δH 1.52 

(1H, m, H- 1a), 1.85 (1H, td, 4.0, 13.5 Hz, H-1b), 2.28 

(1H, dt, 3.5, 14.0 Hz, H-2a), 2.69 (1H, td, 6.5, 13.5 Hz, H- 

2b), 1.69 (1H, dd, 4.5, 12.5 Hz, H-5), 0.96 (1H, q, 12.0 Hz, 

H-6a), 1.54 (1H, m, H- 6b), 1.12 (1H, q, 12.0, H-7a), 1.3 

(1H, m, H-7b), 1.58 (1H, dd, 5.0, 12.5 Hz, H-8), 1.18 (1H, 

m, H-11a), 2.02 (1H, m, H-11b), 1.64 (2H, m, H-12), 1.29 

(2H, m, H-15), 1.28 (1H, m, H-16a), 1.89 (1H, m, H-16b), 

1.57 (1H, d, 7.5 Hz, H-17), 0.98 (3H, s, H-18), 0.56 (1H, d, 

4.5 Hz, H-19a), 0.77 (1H, d, 4.0, H-19b), 1.36 (1H, m, H- 

20), 0.85 (3H, d, 6.5 Hz, H-21), 1.00 (1H, t, 9.5 Hz, H-22a), 

1.35 (1H, m, H-22b), 1.09 (1H, m, H-23a), 1.27 (1H, m, H- 

23b), 1.13 (2H, m, H-24), 1.52 (1H, q, 1.5 Hz, H-25), 0.86 

(3H, s, H-26), 0.85 (3H, s, H-27), 1.03 (3H, s, H- 28), 1.08 

(3H, s, H-29), 0.90 ppm (3H, s, H-30); 13C-NMR (125 MHz, 

CDCl3): δC 33.4  (C-1), 37.4  (C-2), 216.4  (C-3), 50.2 (C-4), 

48.4  (C-5), 21.5  (C-6), 25.8  (C-7), 47.9  (C-8), 21.0  (C-9), 

25.9 (C-10), 26.7 (C-11), 32.8 (C-12), 45.2 (C-13), 48.7 (C- 

14), 35.5 (C-15), 28.1 (C-16), 52.4 (C-17), 18.0 (C-18), 29.5 

(C-19), 36.0 (C-20), 18.3 (C-21), 36.4 (C-22), 24.1 (C- 23), 

39.5 (C-24), 28.0 (C-25), 22.8 (C-26), 22.5 (C-27), 22.1 (C- 

28), 20.7 (C-29), 19.3 ppm (C-30). 

Compound 1 was a white crystal solid and was estab- 

lished as C30H52O from an HR-TOFMS peak at m/z 429.4062, 

[M+H]+ (calcd. m/z 429.4096), representing five degrees of 

unsaturation. The IR spectrum exhibited hydroxyl groups at 

νmax 3332 cm-1, alkane C-H at νmax 2954 cm-1, and gem-

dimethyl groups at νmax 1448 and 1379 cm-1. A chemical shift 

in the 1H-NMR revealed signals of typical protons for 

cyclopropane methylene at δH 0.33 and 0.55 ppm (1H, d, 

J=4.0 Hz), an oxymethine proton at δH 3.27 (1H, t, J=5.5 Hz), 

a secondary methyl proton at δH 0.86 (3H, d, J=2.5 Hz), and 

four tertiary methyl groups at δH 0.81 (3H, s), 0.89 (3H, s), and 

0.96 ppm (3H, s, 2 ), respectively. These signal pro- tons were 

found to be identical to the triterpene structures for the 

cycloartane-type triterpenes [39]. The 13C-NMR and DEPT 

spectra presented thirty carbon signals involving sev- en 

methyls, twelve methylenes, five methines, five quater- nary 

carbons, and an sp3 oxygenated carbon, which also in- dicated 

a cycloartane-type triterpene with five cyclic pro- tons. The 

HMBC correlation (Fig. 2) between H-1, H-2, H- 30, and C-3 

revealed the position of a hydroxyl group at C-3. The presence 

of a cyclopropane ring attached to ring B sug- gested the 

characteristics of the cycloartane triterpenoids, revealed by the 

HMBC correlation between H- 19 and C-1, C-5, C-8, C-9, and 

C-10. Further identification was observed by the NOESY 

relationships between H-3 and H-5, H-28, and Hα-19 and H-

8, H-18 shown in the hydroxyl groups at- tached to C-3 and 

the cyclopropane ring at C-19 in the β- configuration (Fig. 3). 

The NMR data interpretation along with mass spectrometry 

data, in comparison to previously 
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published papers [41,42], suggested compound 1 to be cy- 

cloartanol (Fig. 1). This compound was identified for the first 

time in the Corypha genus and Arecaceae family. 
 

 

Fig. (2). Chosen hetero-nuclear multiple bond correlations (HMBC) 

of 1 and 2. 
 

 
 

Fig. (3). Selected nuclear over-hauser effect spectroscopy (NOE- 

SY) correlations for 1. 

Compound 2 was achieved as a white crystal, and the HR-

TOFMS showed (m/z) a value of 427.3918 (calcd. m/z 

427.3940, established as C30H50O) based on the [M+H]+ 

peak), displaying five degrees of unsaturation. The presence 

of alkane C-H was observed in the IR spectrum of 2 at νmax 

2961 cm-1, νmax 1710 cm-1 for the carbonyl group, and gem- 

dimethyl groups at νmax 1465 and 1379 cm-1, respectively. The 
1H and 13C- NMR spectra indicated compound 2 to have a 

similar structure to compound 1, except for the carbonyl group 

attached to C-3. This was also revealed by the HMBC 

correlation (Figure 2) between H-1, H-2, H-29, H-30, and C- 

3. Another HMBC correlation between H-19 and C-5, C-8, C-

9, and C-10 indicated a typical cyclopropane ring in the B ring 

structure of cycloartane. Based on these data, compound 2 was 

identified as cycloartanone, as can be seen in Fig. (1). This 

compound was also successfully isolated first from the 

Corypha genus and the Arecaceae family. 

4.2. Lethality Test of Cycloartane Triterpenoids Toward 

Artemia salina 

BSLT was applied as a preliminary study to evaluate the 

toxicity of samples against A. salina larvae. The probit anal- 

ysis results of each larva's lethality percentage are expressed 

as an LC50 value, as shown in Table 1. 

 
Table 1. Toxicity of methanol extract and compounds de- 

rived from the bark of C. utan Lamk. 
 

Samples LC50 (µg/mL) 

Methanol bark extracts 81.40 

Cycloartanol (1) 183.57 

Cycloartanone (2) 197.23 

 
 

Table 1 demonstrates methanol extract to have an LC50 

value of 81.4 µg/mL, which indicates the bark extract of C. 

utan Lamk. to have a toxic effect on A. salina larvae. Hence, 

this extract was further isolated, resulting in compounds 1 and 

2. The LC50 value of each cycloartane was found to be higher 

than 100 µg/mL. These compounds exhibited toxic effects by 

eliminating 50% of the larvae population. A cyto- toxic assay 

is needed to ensure their potential as anticancer agents. 

4.3. MTT Assay of the Cycloartanes from the Bark of C. 

utan Lamk. 

The cytotoxicity profile of the compounds toward P388 

murine leukemia cell lines was assessed following the re- 

ported studies [37]. The cytotoxicity profile of methanol 

extract and compounds derived from the bark of C. utan 

Lamk. is provided in Table 2 and Fig. (4) below. A previous 

study reported the cycloartane group to have some bioactivi- 

ties, such as anti-proliferative and anti-cancer activity. Nev- 

ertheless, this group was developed to suppress inflammato- 

ry pathways linked to tumorigenesis [43]. Mangiferolic acid, 

a cycloartanol from propolis, inhibits the growth of the LU-1 

cancer cell line with an IC50 value of 13.33 µg/mL [44]. 

 
Table 2. The IC50 values of methanol extract and compounds 

from C. utan Lamk. bark. 
 

Samples IC50 (µg/mL) 

Methanol bark extracts 108 

Cycloartanol (1) 102.6 

Cycloartanone (2) 110.0 

Artonin E 0.3 

 
Based on Table 2, compound 1 had a lower IC50 value than 

2. Although the IC50 value of each compound was much 

higher, it could be observed that compound 1 could restrain 

the growth of P388 cells. The anticancer effect of artonin E 

against P388 cell lines was also evaluated as a positive con- 

trol. These assay results support the earlier lethality test data. 
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Fig. (4). Graph of the MTT assay for cycloartanol (1) and cycloartanone (2). 

4.4. Molecular Docking Simulation of the Cycloartanes 

toward the FLT3 Gene 

A docking simulation approach investigates the isolated 

compounds belonging to cycloartane triterpenoids for their 

inhibition activity against the FLT3 gene as molecular tar- 

gets. The FLT3 gene is one of the receptor tyrosine kinase 

members, overexpressed largely on the AML [45]. The acti- 

vated FLT3 had active site coordinates X, Y and Z of - 38.825, 

11.685, and -15.423, respectively. It was used as a reference 

to investigate the potential of the FLT3 inhibitor in this 

docking investigation. Binding affinity and inhibition 

constants (Ki) were analyzed to identify the interactions be- 

tween each compound and FLT3, as shown in Table 3. 

Table 3. Data of ligand-receptor interactions between the isolated 

compounds and the FLT3 gene. 

 

Samples Binding Affinity (Kcal/mol) Ki Value (µM) 

Cycloartanol (1) -8.76 0.38 

Cycloartanone (2) -9.94 0.051 

Artonin E -11.25 0.0056 

 
Compounds 1 and 2 interacted with the FLT3, as shown 

by the binding affinity between the triterpenoids and the 

receptor, respectively. Compound 2 exhibited stronger inter- 

action with the FLT3 and a lower Ki value than 1. Neverthe- 

less, in this study, they did not form as strong as the interaction 

of artonin E, a positive control. The Ki value of both 

triterpenoids was also much higher than the positive control. 

Although artonin E exhibited maximum inhibition with the 

FLT3, it could be observed that compounds 1 and 2 belong- 

ing to triterpenoid also displayed a binding interaction with 

the FLT3 gene and could inhibit the target receptor with a low 

Ki value. 

It is also supported by amino acid residues that interacted 

around the ligand-receptor complex, as can be seen in Figure 

5 (3D interaction). Compound 2 exhibited a greater hydro- gen 

interaction with FLT3 than 1. No amino acid residue formed 

hydrogen bonds with 1 as the ligand and FLT3 re- 

ceptor. Amino acid residues that formed the bonds with the 

ligands are shown in Table 4. A molecular docking program 

can identify the interaction type found in each compound- 

FLT3 receptor complex (Fig. 5). 

Table 4. Amino acid residue interactions in the ligand-receptor 

complex. 

 

Ligand Residue at Ligand–Receptor Complex 

Cycloartanol (1) Val624, Ala642, Val675, Leu818 

Cycloartanone (2) Asp829, Leu616 

 
Artonin E 

Asp698, Leu818, Leu616, Cys694, 

Glu692, Ala642, Tyr693, Val624, Val642, Val675 

 
Bold text within the table reflects the hydrogen interac- 

tion formed between amino acid residues and each ligand (Fig. 

5). 

 
4. DISCUSSION 

This present study focused on exploring the natural con- 

stituents isolated from C. utan Lamk., and assessing their 

potential anticancer activity in vitro and in silico. A bioac- tive 

assessment was conducted as a guiding assay, which showed 

the compounds as anticancer agents, and their struc- tures 

were identified as cycloartanol (1) and cycloartanone 

(2) (Fig. 1). These compounds were successfully isolated from 

the bark for the first time. Several approaches have been 

employed to investigate their cytotoxicity in inhibiting cancer 

cell growth. The toxicity assay was carried out first using A. 

salina and the BSLT method. This is an easy, rapid, and low-

cost procedure to determine the toxicity level of extract or 

plant-derived compounds [46]. A positive linear relationship 

was detected between the BSLT and cytotoxic assay against 

various cell lines, although it did not represent certain cancer 

cells. Thus, this test may be utilized to evalu- ate the toxicity 

effect of natural products [47]. The methanol bark extract 

showed moderate toxicity with an LC50 value of 

81.4 µg/mL (Table 1). Cycloartanol (1) and cycloartanone 
(2)  exhibited  toxicity  effects  on  A.  salina,  although  they 
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were lower than the extract. The plant extract was consid- ered 

toxic if it had an LC50 range of 30-1000 µg/mL and no toxicity 

with an LC50 value >1000 µg/mL [48]. For further evaluation, 

the cytotoxic activity of 1 and 2 was examined against P388 

cell lines. 

Cycloartane triterpenoids derived from the bark of C. utan 

Lamk. were determined for their anticancer activity using the 

MTT assay. P388 murine leukemia cell lines were used in this 

study as cancer cell targets. The IC50 values of each sample 

used that was achieved from the MTT assay are provided in 

Table 2. Both triterpenoids displayed cytotoxic effects, 

inhibiting the cancer cell viability with IC50 values of 

102.6 and 110.0 µg/mL, respectively. The condition of a free 

hydroxyl group attached to C-3 made it more possible for 

compound 1 to contribute to inhibiting P388 cell lines than 

compound 2. However, the anticancer activity of both com- 

pounds was substantially weaker than that of the positive con- 

trol, artonin E (IC50 value of 0.3 µg/mL). It is a prenylated 

flavonoid that is known to have an antiproliferative activity on 

different cancer cells, including P388 cell lines [49, 50]. 
 

 

Fig. (5). Three-dimensional visualization of the binding position of 

each ligand: cycloartanol (a), cycloartanone (b), and artonin E (c) 

inside the FLT3 (PDB ID: 4RT7). 

Essentially, the goal of molecular docking is to use com- 

putational techniques to anticipate the structure of the lig- and-

receptor complex. To perform docking, two related pro- 

cesses must be taken: first, the ligand's conformations in the 

protein's active site must be sampled; next, these confor- 

mations must be ranked using a scoring function [51]. Ac- 

cording to the "inducing fit" idea, the process of ligand and 

receptor recognition depends on spatial shape matching and 

energy matching. Roughly speaking, there are three types of 

molecular docking: rigid, semi-flexible, and flexible. The 

molecule structure is unaltered during rigid docking. Be- 

cause of the calculating method's relative simplicity and fo- 

cus on conformation matching, macromolecular systems,  like 

protein-protein and protein-nucleic acid systems, are better 

suited for investigation. Semi-flexible docking is more suited 

to handle the interaction between proteins and small 

molecules since molecules' conformations can vary within a 

limited range. Small molecules generally have more flexible 

structures than macromolecules, which are fixed in place [52]. 

Molecular docking is a renewable method that is in line with 

technological developments. This method is widely developed 

at this time to save money and time and eviscerate the use of 

new compounds as drug candidates. 

In this study, a molecular simulation of cycloartanol (1) 

and cycloartanone (2) (Fig. 6) has been conducted to deter- 

mine the functional group contributing to the FLT3 gene. This 

gene was chosen as the target of inhibitory protein be- cause 

FLT3, belonging to the receptor tyrosine kinases, is often 

found in AML patients [53]. The parameters observed were 

the binding affinity and the formation of several hydro- gen 

bonds. The binding affinity represents the free energy of a 

bond, symbolized with ΔG. The smaller or more negative ΔG 

value represents the more stable and stronger bond formed 

[54]. The free energy of these triterpenoids is -8.76 and -9.94 

Kcal/mol, respectively. The bond of cycloartanone 

(2) formed with FLT3 was stronger than cycloartanol (1). 

Table 3 provides the calculated binding energy and Ki value 

of each compound. Inhibition constants (Ki) are defined as the 

ligand concentration needed to inhibit a substrate [55]. For the 

lower Ki value and the binding energy formed, the lower 

concentration required to inhibit the target indicates the  

highest  ligand-receptor  affinity  [56,57]. Cycloartanone 

(2) exhibited a lower Ki value at 0.051 µM. 

The lower binding free energy of 2 correlated with formed 

hydrogen bonds. Cycloartanone (2) exhibited a hy- drogen-

bond interaction with the amino acid residue Asp829 and a 

hydrophobic interaction with Leu616, whereas cy- cloartanol 

(1) only demonstrated hydrophobic interactions on the FLT3 

active site region (Table 4). Hydrogen bonding is the strongest 

interaction among several intermolecular interactions, 

including hydrophobic interactions, dispersion forces, and 

dipole-dipole interactions [58]. The hydrogen interaction of 

cycloartanone (2) through a ketone group with FLT3 makes 

the stability of 2 higher than 1, as demonstrated by the lower 

binding free energy and the constant inhibition value [59]. 

Based on the computational results, as shown in Tables 3 and 

4, we concluded cycloartanone (2) to be the strongest ligand 

that bound the FLT3 gene as an inhibition target. This 

information, which can be used as a foundation for additional 

testing, is the first to become accessible for cycloartanol (1) 

and cycloartanone (2). 
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Fig. (6). Ligand-FLT3 interactions with the amino acids 

formed the hydrogen bonds for 1 (a), 2 (b), and artonin E (c). 

 
Regarding structure-activity relationship, cycloartanol (1) 

and cycloartanone (2) exhibited different functional groups at 

the C-3 position. Cycloartanol (1) showed to have a hy- droxyl 

and cycloartanone (2) to have a carbonyl group. Ac- cording 

to bioactivity evaluation, both of them exhibited no 

significantly different value, although cycloartanol (1) has 

always been found to exert stronger activity than cycloar- 

tanone (2). In other words, the hydroxyl and carbonyl groups 

at C-3 do not have a different effect on the bioactivity of the 

triterpenoids. 

Plant-derived cycloartane triterpenoids had shown inhibi- 

tion activity on various types of cancer cell lines. Cycloar- 

tane of Euphorbia macrostegia had demonstrated a cytotoxic 

effect on MDA-MB48 and MCF-7 breast cancer cells [60]. 

New cycloartanes, named neriifolius A-C, had been isolated 

from Euphorbia neriifolia, and they displayed cytotoxicity 

towards MDA-MB-231, MCF-7, and HCT-116 cell lines [61]. 

A combination of cycloartenol and 24- 

methylenecycloartanol from Ficus krishnae showed antidia- 

betic activity by lowering glucose activity in an oral glucose 

tolerance test (OGTT) [62]. Cycloartane triterpene was also 

detected in Polyalthia longifolia var. pendula leaves and 

exhibited anticancer activity on four human cancer cells, with 

the most active inhibition on cervical cancer cells [63]. 

The present study has described the anticancer effect of 

cycloartane triterpenoids isolated from the bark of C. utan 

Lamk. by in vitro and in silico evaluation. This is the first 

report regarding the cycloartane triterpenoids from this plant. 

The findings provide additional information regarding the 

cytotoxic effect of phytochemicals isolated from the Indone- 

sian Endemic plant C. utan Lamk. 

 
CONCLUSION 

Cycloartanol (1) and cycloartanone (2), parts of cycloar- 

tane triterpenoids, were first isolated from the bark  of C. utan 

Lamk. (Arecaceae). These triterpenoids showed activity by 

inducing the inhibition of the P388 murine leukemia cell lines' 

growth, with IC50 values of 102.6 and 110.0 µg/mL, 

respectively. A computational docking study revealed cy- 

cloartanone (2) to effectively inhibit the FLT3 gene with a 

binding energy of -9.94 Kcal/mol and a Ki value of 0.051 µM. 

This compound was also observed to form hydrogen 

interactions with residual amino acid on the FLT3 site of 

action. Thus, cycloartanone demonstrated its cytotoxicity 

towards leukemia cancer cells based on the results of in vitro 

and in silico approaches. Our findings may support C. utan 

Lamk.'s functionality as a natural plant source that has the 

potential for bioactive compounds. Further studies on drug 

discovery from the Corypha genus and the validation of pre- 

clinical and clinical studies are very important to explore other 

anticancer compounds and evaluate the safety and tox- icity 

profile of these compounds to be used as cancer medi- cation. 
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