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Abstract

Background: Conamomum vietnamense is a new species discovered in Vietnam with important pharmacological potential.

Questions: What are the major phytochemical constituents of C. vietnamense rhizomes? Does the n-hexane fraction have cytotoxic effects
against five human cancer cell lines (MCF-7, SK-LU-1, HeLa, MKN-7, and HL-60)?

Studied species: Conamomum vietnamense N.S.Ly & T.S.Hoang (Zingiberaceae).

Study site and dates: Loc Bac, Bao Lam, Lam Dong, Vietnam, 2022-2023.

Methods: Volatile components and secondary metabolite groups were identified using gas chromatography-mass spectrometry analysis and
color/precipitation reactions, respectively. Rhizome n-hexane fractionated extract of C. vietnamense was tested against cancer cell lines in vitro
and in silico.

Results: Twenty-three compounds were identified in the rhizome fraction of C. vietnamense, where in a-eudesmol (26.84 %), B-eudesmol (15.02 %),
cryptomeridiol (14.36 %), y-eudesmol (6.21 %), eucalyptol (4.38 %), and eudesm-7(11)-en-4-ol (3.11 %) were proved as major compounds.
This n-hexane fractionated extract showed a cytotoxic effect against five human cancer cell lines, namely MCF-7, SK-LU-1, HeLa, MKN-7,
and HL-60, with IC, values varying from 59.04 to 172.43 pg/mL. Along with the in vitro activity test, the docking study demonstrated that
a-eudesmol, guaiol, and nerolidol showed the most potential binding affinities to human PTPN2 with binding energies of -29.71, -29.29, and
-28.87 kcal/mol, respectively. Furthermore, B-eudesmol, guaiol, and cryptomeridiol exhibited the strongest affinity for the binding site with hu-
man IGF-1R kinase with docking scores of -29.29, -28.87, and -32.64 kcal/mol.

Conclusions: The current results implied that C. vietnamense rhizomes and its dominant components could be a source of therapeutic interest
for cancer.

Keywords: anticancer, bioactivity, gas chromatography-mass spectrometry, molecular docking simulation.

Resumen

Antecedentes: Conamomum vietnamense es una nueva especie descubierta en Vietnam con potencial farmacologico.

Preguntas: ;Cuales son los principales componentes fitoquimicos de los rizomas de C. vietnamense? Tiene la fraccion de n-hexano efectos
citotoxicos contra cinco lineas celulares de cancer humano (MCF-7, SK-LU-1, HeLa, MKN-7 y HL-60)?

Especies estudiadas: Conamomum vietnamense N.S.Ly & T.S.Hoang (Zingiberaceae).

Sitio y fechas del estudio: Loc Bac, Bao Lam, Lam Dong, Vietnam, 2022-2023.

Métodos: Se identificaron componentes volatiles y metabolitos secundarios mediante cromatografia de gases-espectrometria de masas y reac-
ciones de color/precipitacion. El extracto fraccionado con n-hexano del rizoma de C. vietnamense se probo contra lineas celulares de cancer in
vitro e in silico.

Resultados: Se identificaron 23 compuestos en la fraccion de rizoma de C. vietnamense, siendo los mayoritarios a-eudesmol (26,84 %),
B-eudesmol (15,02 %), cryptomeridiol (14,36 %), y-eudesmol (6,21 %), eucaliptol (4,38 %) y eudesm-7(11)-en-4-ol (3,11 %). Este extracto
mostrd efecto citotdxico contra cinco lineas celulares de cancer humano (MCF-7, SK-LU-1, HeLa, MKN-7 y HL-60) con valores de IC, de
59,04 a 172,43 pg/mL. El estudio de acoplamiento demostré que a-eudesmol, guaiol y nerolidol mostraron altas afinidades de unién al PTPN2
humano con energias de -29,71, -29,29 y -28,87 kcal/mol, respectivamente. 3-eudesmol, guaiol y criptomeridiol exhibieron afinidad fuerte por
el sitio de union con la quinasa IGF-1R humana con puntajes de -29,29, -28,87 y -32,64 kcal/mol.

Conclusiones: Los rizomas de C. vietnamense y sus componentes dominantes podrian ser de interés terapéutico para el cancer.

Palabras clave: anticancerigeno, bioactividad, cromatografia de gases-espectrometria de masas, simulacion de acoplamiento molecular.
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Phytoconstituents and bioactivity of Conamomum vietnamense rhizome

urrently, alongside the continuous advancements in science and technology, human living standards have
significantly improved, with indispensable contributions from the field of medicine. Over the decades, hu-
man awareness regarding health has undergone substantial changes as the burden of disease has gradually
shifted towards non-communicable diseases, especially cancer (Wagner & Brath 2012). This is a highly
complex condition that poses a severe threat to human life, arising from abnormalities in cellular functioning. The
etiology of cancer is believed to result from the independent or combined effects of genetic factors and environmental
influences. In 2020, 19.3 million new cancer cases and over 10 million cancer-related deaths were reported worldwide
(Sung et al. 2021). Among these, breast cancer is the most common type in women, while lung cancer is known to
be the leading cause of cancer-related mortality. Along with population growth and aging, the global trends in cancer
incidence not only reflect issues associated with modern lifestyles but also underscore the urgent need to explore new,
sustainable, and comprehensive solutions (Torre ef al. 2016). Advancements in surgery, chemotherapy, radiotherapy,
and newer approaches such as molecularly targeted therapy and immunotherapy have significantly reduced cancer
incidence and improved patient survival rates. However, cancer treatment continues to face considerable challenges,
including alarming recurrence rates and the toxicity or inefficacy of certain drugs, which negatively impact patients’
quality of life during and after treatment (Mahvi et al. 2018). Concurrently with efforts to discover new treatments,
complementary and alternative medicine (CAM) has gained recognition as a supportive treatment in managing ma-
lignancies, particularly in supportive and palliative care for cancer patients. In developing countries, up to 80 % of
the population utilizes natural herbs as a health-friendly therapy (Balaji et al. 2022), including cancer management.

Several plant species have been demonstrated to possess antitumor properties, particularly the Zingiberaceae
family, one of the largest plant families, comprises approximately 1,300 species of aromatic, flowering, perennial
herbs with characteristic creeping or tuberous rhizomes (Alolga et al. 2022). Certain notable members of this plant
family, such as ginger (Zingiber officinale Roscoe), turmeric (Curcuma longa L.), etc. possess remarkable biologi-
cal properties, including anti-inflammatory, antioxidant, antibacterial, and particularly anticancer activities (Alolga
et al. 2022). Among them, species within the genus Conamomum Ridl. have recently garnered increasing attention
from the scientific community. Currently, a total of 12 species within this genus are recognized worldwide, with
four species (namely C. odorum Luu, HD.Tran & G.Tran, C. pierreanum (Gagnep.) Skorni¢k. & A.D.Poulsen, C.
rubidum (Lamxay & N.S.Ly) Skorni¢k. & A.D.Poulsen, C. vietnamense N.S.Ly & T.S.Hoang) identified in Vietnam
(Chen et al. 2024). Notably, C. vietnamense is considered endemic to primary evergreen and lowland mountain
forests in the The Central Highlands region of Vietnam. Recent botanical studies have identified C. vietnamense as
a herbaceous plant, growing in bushes, reaching heights of 1.2-2.0 m (Nhi ez al. 2023). Previous studies discovered
that the essential oils extracted from C. vietnamense leaves and rhizomes were primarily composed of 1,8-cineole
and limonene (Nguyen et al. 2023, Huong et al. 2023, Chen et al. 2024). These oils exhibited strong inhibitory ef-
fects against the growth of Gram-positive bacteria such as Staphylococcus aureus ATCC 29213 and Bacillus subtilis
ATCC 6501 (Huong ef al. 2023, Chen et al. 2024). Another species, C. rubidum, found in Vietnam, contained com-
pounds conarubins A-D. These monoterpenoid chalcones are believed to possess anti-inflammatory and cytotoxic
properties (Hoang et al. 2023). This presents a promising foundation for further research into the potential anticancer
properties of C. vietnamense.

The in silico method is currently gaining interest as a screening study. This method reduces the cost and time of
laboratory experiments by predicting the most promising compounds. Regarding ligand-protein interactions based
on binding energy, molecular docking simulations are an effective method to study the potency of a ligand as an
inhibitor for its target protein (Chen et al. 2022). PTPN2, or Protein Tyrosine Phosphatase Non-Receptor Type 2,
is a signaling molecule responsible for multiple cellular activities, including cell proliferation, differentiation, and
migration (Flosbach et al. 2020). Through various mechanisms, PTPN2 plays a pivotal role in tumorigenesis, in-
flammatory and immune response. The absence and/or deficiency of PTPN2 has been found to enhance the survival
of short-lived activated T cells and to increase the expansion of transferred effector T cell populations (Flosbach et
al. 2020). Moreover, PTPN2 has been recognized as a promising cancer immunotherapy target, as the loss of this
protein can boost antigen presentation and IFNy sensing of tumors, which in turn increases their sensitivity to im-
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munotherapy (Manguso et al. 2017). Additionally, PTPN2 acts as a positive regulator of mitochondrial respiration
in human colorectal cancer (HCT116) cells (Vinette et al. 2021). In PTPN2-null cells, an increase in the number of
damaged mitochondria was observed, followed by mitochondrial stress, decreased ATP production, cellular pro-
liferation, and migration. The insulin-like growth factor-1 receptor (IGF-1R) has been proven to significantly en-
gage in cellular signaling transduction and physiological regulation, most notably the inhibition of tumor cell death
(Riedemann et al. 2007). Hence, the overexpression of IGF-1R is a critical component promoting the proliferation of
many established human cancer cells, such as cervical cancer, colorectal cancer, and lung cancer (Steller et al. 1996,
Shiratsuchi et al. 2011, Alfaro-Arnedo et al. 2022). By reducing the signaling of IGF-1R, its inhibitors are gaining
interest as promising tumor-suppressing agents for cancer therapy. In recent years, within phytochemical research,
gas chromatography-mass spectrometry (GC-MS) has become a crucial technical foundation for constructing chemi-
cal constituent profiles and secondary metabolite profiles in both plant and non-plant species (Manurung ef al. 2022).

Sesquiterpenes, natural compounds, show promise as potential anticancer candidates by targeting protein tyrosine
phosphatases (Zhao et al. 2018), including PTPN2 (Yamazaki et al. 2021, Song et al. 2022). Additionally, some ses-
quiterpenes derivatives have also been shown to inhibit cancer cell growth, migration, and invasion or increase the
sensitivity of these cells to radiotherapy by targeting IGF-1R (Zheng et al. 2017, Chen et al. 2018).

In this context, although C. vietnamense has been recognized for its medicinal potential, studies on its chemical
composition and biological effects, especially its ability to inhibit cancer cell growth, remain limited. Therefore, the
objective of this study is to identify the chemical constituents from the rhizomes of C. vietnamense via GC-MS tech-
niques and to evaluate the cytotoxic activity of the n-hexane fraction from C. vietnamense rhizomes, contributing to
the research foundation for herbal cancer therapy. Moreover, molecular docking simulations were also performed to
provide deeper insights into the binding modes of the phytocompositions with the PTPN2 and IGF-1R kinase target
proteins, as critical drivers in well-known cancer pathways.

Materials and methods

Plant material. C. vietnamense rhizomes were collected from Loc Bac Commune, Bao Lam District, Lam Dong
Province, Vietnam in April 2022 (11° 47 31.9” N; 107° 35* 47.2” E). This investigation was a continuation of the
previous study (Nhi ez al. 2023). The study sample was identified based on DNA and deposited in GenBank under
the code ON923664.1 (https://www.ncbi.nlm.nih.gov/nuccore/ON923664; Supplementary material, Table S1). The
experimental samples were washed and dried in the shade, then crushed into a coarse powder and prepared for test
extraction. Figure 1 shows the morphology of the C. vietnamense species.

Chemicals and reagents. Dulbecco’s Modified Eagle Medium (DMEM), Minimum Essential Medium with Eagle salt
(MEME), antibiotics (L-glutamine, penicillin G, streptomicin), tricloroacetic acid (TCA), sulforhodamine B (SRB),
Tris-base, phosphate buffered saline (PBS), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
10 % Fetal Bovine Serum (FBS), sodium pyruvate (C,H,NaO,), Trypsin-EDTA (0.05 %), and ellipticine were ob-
tained from Sigma, United States. Dimethylsulfoxide (DMSO, Merck, German), acetic acid and sodiume bicarbonate
(China). All other reagents were analytical grade.

Testing cells. All cell lines (human acute leukemia: HL-60, human breast carcinoma: MCF-7, human gastric carcinoma:
MKN-7, human cervical carcinoma: HeLa, and human lung carcinoma: SK-LU-1) using in this study were provided by
Prof. JM Pezzuto (Long Island University, United States) and Prof. Jeanette Maier (University of Milan, Italy).

Preparation of plant extract. Dried powder of C. vietnamense rhizomes was macerated with 96 % ethanol for 48h.
The solvent was then evaporated under low pressure to obtained a concentrated form before being partitioned suc-
cessfully with n-hexane. After evaporating at low pressure, the n-hexane fractionated extract was utilized for screen-
ing chemical components by using gas chromatography-mass spectroscopic method as well as investigating for
cytotoxic activity (Van Chen et al. 2024).
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Figure 1. Conamomum vietnamense N.S.Ly & T.S.Hoang (Photos by Nguyen Danh Duc).

Preliminary phytochemical screening. Secondary metabolite groups, such as carbohydrates, essential oils, amino
acids, fats, tannins, flavonoids, coumarins, alkaloids, steroids/cardiac glycosides, triterpenoids, and saponins, were
qualitatively evaluated by color or precipitation reactions. Briefly, the test sample (50.0 g rhizome powder) was ex-
tracted by soaking in 100 mL of 96 % ethanol for 30 min. The extract was then subjected to preliminary phytochemi-
cal evaluation under the same conditions (Tran et al. 2023).

Analysis of the volatile compounds. The chemical components of C. vietnamense rhizomes were detected using
GC-7890 gas chromatography coupled with a mass MS 5977C spectrometry detector (Agilent). The separation was
achieved by an HP-SMS UI column (30 m x 0.25 mm x 0.25 mm, Agilent) and supplemented with helium as carrier
gas at flow rate 1.5 mL/min. Initially, column temperature was set up at 80 °C for one min, and was increased 20 °C/
min until reached 300 °C, the oven was then maintained at this temperature for 15 min. Furthermore, the injector, MS
Quad, and transfer line temperatures were programmed at 300, 150, and 300 °C, respectively. The MS was run at an
ionization voltage 70 Ev and ion source temperature at 230 °C. The scan mass range of MS was 50-550 m/z with the
scanning frequently of 2.0 scans/sec. To search volatile compounds, 1.0 uL aliquot of sample (20 mg mL"!) was in-
jected into clolumn at a split ratio of 1:25. The chemical components in the n-hexane fractionated extract were identi-
fied based on a comparison of their mass spectra values with those in the NIST17 database (Van Chen et al. 2022).

In vitro cytotoxic activity assay. The cytotoxic effects of the n-hexane fractionated extract were performed according
to previously reported with some modifications (Van Chen et al. 2024). Four tested cell lines, including MCF-7, SK-
LU-1, HeLa, and MKN-7 were cultured in MEME, while HL-60 was maintained in DMEM medium. Both mediums
were supplemented with 2.0 mL L-glutamine, ImM sodium pyruvate, penicillin G (100 IU/mL), streptomycin (100
ug/mL), and 10 % FBS, and was incubated at 37 °C and 5 % CO, in an incubator. The n-hexane fractionated extract
was dissolved in DMSO to make a stock solution of 20 mg/mL. Serial dilutions of sample (500, 100, 20.0, 4.0, and
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0.8 ug/mL) were prepared in cell culture medium. Afterwards, cells were treated with or without sample at a final
volume of 200 uL/well (10 uL sample and 190 uL cell suspension) and incubated for 72 h. The line cells (MCF-7,
SK-LU-1, HeLa, and MKN-7) were then fixed with 20 % TCA solution and stained with 0.2 % SRB for 30 min at 37
°C before washing with acetic acid (3 times) and drying at room temperature. 10 mM Tris-base was buffer was added
to dissolve the SRB. In terms of HL-60 cell line, 10 uL aliquot of MTT solution (500 ug/mL) was added to each well
and incubated for 4 h. Then, the culture media was discarded before adding 50 uL of DMSO to each well to dissolve
the formazan crystals. All above mixtures were gently shaken for 10 min and the optical density (OD) was recorded
by using an ELISA plate reader (Biotek, USA) at a wavelength of 540 nm. The 1 % DMSO and ellipticine (10, 2.0,
0.4, and 0.08 ug/mL) were used as blank and positive control, respectively. The inhibition rate of tumor cell lines
was calculated by the following formula (Van Chen et al. 2024):

(ODsp — ODbl)

o] =1 -0 ——>% 77
Hl=11 (ODdmso — ODbl)

X 100 %

Whereas, I: inhibition rate of tumor cells. OD_: average optical density value of testing sample; OD, : average optical
density value of blank sample; OD_ __ : average optical density value of DMSO.

Molecular docking study. PTPN2 (PDB ID: 7TUAD) and IGF-1R kinase (PDB ID: 20J]9) were used in this study.
Molecular docking studies were performed using AutoDock Vina v. 1.2.3 (Eberhardt ef al. 2021) with AutoDock4
forcefield (Morris et al. 2009). This study used a basic molecular docking protocol throughout the process (Forli
et al. 2016). Ligand structures were retrieved from the IMPPAT database (https://cb.imsc.res.in/imppat/) in the 3D
conformer format (.pdbqt). A box-shaped grid, centered on the co-crystallized ligand of each protein (x = -22.629, y
=-18.548, z=-12.201 for PTPN2, and x = 5.514, y = -6.490, z = 21.182 for IGF-1R kinase), was created to define
the search space for docking simulations. The dimensions of this grid were set to 40 angstroms (A) along each side.
The redocking process was used for docking model validation. Redocking PTPN2 results revealed that the interact-
ing residues of the two conformations share many similarities, including an attractive charge with Asp182, fluorine
with GIn260, hydrogen bond with Asp50, Lys122, Phel83, Ser217, Ala218, and GIn264, and hydrophobic interac-
tions with Tyr48, Val51, Phel83, Ala218, 11220, and Met256. The RMSD value between the ABBV-CLS-484 con-
formation after redocking and the initial conformation was 0.6751 A (under 2.0 A), which showed that the docking
model was reliable and suitable. Meanwhile, the redocking results of IGF-1R kinase showed that the RMSD value of
the co-crystallized ligand before and after was 0.6080 A (under 2.0 A), the main interactions of the ligand with the
residues at the active site included hydrogen bonds with Asp50, Lys122, Phe183, Ser217, Ala218, GIn264, attractive
charge interaction with Asp182, fluorine bond with GIn260 and stacked Pi-Pi stacked interaction with Phe183.

Data analysis. Experimental data was analyzed and measured. The results were performed in triplicates, presented
as the mean value = standard deviation (S.D), and calculated using Microsoft Excel 2023 software. The IC, value
was accessed utilizing TableCurve 2Dv4 software (Van Chen et al. 2024).

Results

Phytochemical evaluation. The preliminary phytochemical screening of C. vietnamense rhizome ethanol extract showed
the presence of fats, carbohydrates, carotenoids, essential oil, triterpenoids, alkaloids, amino acid, coumarins, flavonoids,
and tannins. In contrast, steroids/cardiac glycosides and saponins were absence in this rthizome extract under the same
analytical conditions (Table 1). Furthermore, the GC-MS analysis of the n-hexane fractionated extract of C. vietnamense
rhizome led to the identification of total twenty-three volatile compounds, accounting for 87.61 % (Table 2 and Figure
2). Among them, a-eudesmol was dominant (26.84 %), followed by f-eudesmol (15.02 %), cryptomeridiol (14.36 %),
y-eudesmol (6.21 %), eucalyptol (4.38 %), and eudesm-7(11)-en-4-ol (3.11 %) (Tables 2 and S2, Figures 2 and 3).
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Table 1. Phytochemical screening of C. vietnamense rhizome extract.

Chemical Constituents The test’s name Results
Fats Stain test +
Carbohydrates Fehling’s test, Molisch’s test
Carotenoids H,SO, test +
Essential oil Scent test +
Triterpenoids Salkowski test +
Alkaloids Dragendoff’s test, Wagner’s test +
Amino acids Na,CO, test +
Steroid/Cardiac glycosides Liebermann Burchard test/ Raymond’s test, Xanthydrol’s test -
Saponins Foam test -
Coumarins Lactone ring test +
Flavonoids Cyanidin’s test +
Tannins Gelatin’s test, FeCl, test +
Note: “+” indicates the presence and “-” indicates the absence of the phytocompositions.

Table 2. Volatile constituents of the n-hexane fractionated extract from C. vietnamense rhizomes.

No. RT (min) Compounds MF MW (g/mol) Area (%)
1 5.171 o-Phellandrene CH, 136.23 1.10
2 5.484 2-Carene C,H 136.23 2.19
3 5.844 Eucalyptol C,HO 154.25 4.38
4 8.708 Camphor Cc,H,.0 152.23 0.69
5 9.089 Benzenepropanal CH, O 134.17 0.47
6 9.184 endo-Borneol C,HO 154.25 0.44
7 9.733 a-Terpineol C,H,O 154.25 0.83
8 10.867 Benzylacetone C,H,0 148.20 0.77
9 11.729 Acetic acid, 1,7,7-trimethyl-bicyclo[2.2.1]hept-2-yl ester C,H,0, 196.29 0.38
10 13.440 Germacrene D C,H,, 204.35 0.37
11 15.762 y-Cadinene C.H, 204.35 0.77
12 15.898 cis-Calamenene CH,, 202.33 2.36
13 16.448 Nerolidol C.HO 222.37 0.78
14 16.868 Mayurone C,H,0 204.31 1.10
15 17.038 Guaiol C.H,O 222.37 0.39
16 17.167 Viridiflorol C,H,0 222.37 0.56
17 17.561 y-Eudesmol C.H,O 222.37 6.21
18 17.697 epi-Cubebol C.H,0 220.35 2.77
19 17.751 0-Cedrol C.H,O 222.37 1.72

20 17.846 f-Eudesmol C,H,0 222.37 15.02

21 17.887 a-Eudesmol C.H,O 222.37 26.84

22 17.982 Eudesm-7(11)-en-4-ol C,H,0 222.37 3.11

23 20.079 Cryptomeridiol C, H,0, 240.38 14.36

Total (%) 87.61

Note: MW: Molecular Weight; MF: Molecular Formula; RT: Retention time (min); Area (%) in “Bold” shows major compounds (> 3.0 %).
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Cytotoxic effect evaluation. The cytotoxic activity of the n-hexane fractionated extract of C. vietnamsese against five
cancer cell lines was shown in Table 3. Accordingly, the strongest cytotoxic effect was favorable for the human acute
leukemia (HL-60) with the IC,  value of 59.04 + 2.32 ug/mL, followed by human breast carcinoma (MCF-7; IC, = 61.99
* 3.02 ug/mL) and human gastric carcinoma cell lines (MKN-7; IC, = 64.60 = 3.40 ug/mL). On the other hand, this
extract also showed weak cytotoxic effects on human cervical carcinoma (HeLa) and human lung carcinoma (SK-LU-1)
cell lines with the IC, values of 109.41 x 6.43 ug/mLand 172.43 = 13.26 ug/mL, respectively, which were compared with
the positive control, ellipticine, with the IC, | values ranging from 0.31 £ 0.03 t0 0.5 = 0.04 ug/mL (Table 3 and Figure S1).

x10 2 |*EI TIC Scan CVRH_PP_MauCaoHEX22022023_102.d

0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2

0.15

0.1

|
oM qu\www JNWM

0 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Counts (%) vs. Acquisition Time (min)

0.0

o

Figure 2. GC-MS chromatogram of the n-hexane fractionated extract from C. vietnamense rhizomes.
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a-Eudesmol Eudesm-7(11)-en-4-ol Cryptomeridiol

Figure 3. Chemical structure of the major identified components in the n-hexane fractionated extract from C. vietnamense rhizomes.
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Table 3. Cytotoxic potential of C. vietnamense rhizome n-hexane extract and Ellipticine.

% inhibition of cell growth of rhizome n-hexane fractionated extract

Concentration (ng/mL) MCF-7 SK-LU-1 Hela MKN-7 HL-60
500 81.05 £ 2.81 74.86 = 3.38 80.50 = 3.34 89.43 +2.14 90.88 +2.53
100 74.37 £ 1.71 44.94 = 1.29 56.46 =2.00 69.59 = 1.46 87.99 = 1.60
20.0 2197 +1.31 8.70 = 0.81 12.79 = 0.81 16.25 = 0.61 15.95 +1.39
4.0 5.75 +1.08 5.05+0.37 7.49 =0.22 4.77 £ 0.38 3.03+0.29
0.8 4.81 +0.49 3.11 £0.28 1.35+0.17 1.82+0.16 1.19 £ 0.14
IC,, 61.99 = 3.02 17243 +13.26  109.41 + 6.43 64.60 = 3.40 59.04 =2.32
Ellipticine (IC,)) 0.50 = 0.04 0.51+£0.03 0.39 £0.05 0.42 £0.04 0.31+£0.03

Table 4. Docking score of ligands with PTPN2 and IGF-1R kinase.
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Docking score (kcal/mol)

No. Compounds
PTPN2 IGF-1R kinase
1 a-Phellandrene -5.4 -5.1
2 2-Carene -5.4 -5.1
3 Eucalyptol -5.6 -5.0
4 Camphor -6.3 -4.7
5 Benzenepropanal -5.3 -4.5
6 endo-Borneol -5.9 -4.8
7 a-Terpineol -6.5 -5.1
8 Benzylacetone -5.9 -5.0
9 Acetic acid, 1,7,7-trimethyl-bicyclo[2.2.1]hept-2-yl ester -6.1 -5.4
10 Germacrene D -6.7 -6.4
11 y-Cadinene -6.4 -6.4
12 cis-Calamenene -6.3 -6.4
13 Nerolidol -6.9 -6.6
14 Mayurone -5.2 -5.9
15 Guaiol -71.0 -6.9
16 Viridiflorol -6.0 -6.4
17 y-Eudesmol -6.9 -6.8
18 epi-Cubebol -6.0 -6.7
19 0-Cedrol -6.2 -6.8
20 S-Eudesmol -6.5 -7.0
21 a-Eudesmol -7.1 -6.8
22 Eudesm-7(11)-en-4-ol -5.9 -6.3
23 Cryptomeridiol -6.9 -6.8
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Molecular docking study. The docking scores of 23 ligands with PTPN2 (PDB ID: 7UAD) and IGF-1R kinase (PDB
ID: 201]9) are presented in Table 4. A total of 23 compounds were successfully docked into the pockets of human
PTPN2 (PDB ID: 7UAD) with binding affinities ranging from -5.2 to -7.1 kcal/mol. Among them, a-eudesmol (21),
guaiol (15), and nerolidol (13) were the three most potential compounds with the binding affinities of -7.1, -7.0, and
-6.9 kcal/mol, respectively.

Discussion

In this study, the chemical components of the n-hexane fractionated extract of C. vietnamense rhizomes were inves-
tigated by using the GC-MS analysis. Relative amounts of each one of the twenty-three named structures are shown
in Table 2. Different chemical classes of identified compounds were found in this extract, such as monoterpene, ses-
quiterpene, oxygenated monoterpene and sesquiterpene, and benzene derivatives and they accounted for 87.61 % of
total volatile contents with some dominant constituents being a-eudesmol, f-eudesmol, cryptomeridiol, y-eudesmol,
eucalyptol, and eudesm-7(11)-en-4-ol. The chemical components from C. vietnamense rhizomes extract accessed by
us were quite like those previously reported in which the major compound in leaf, flower, and rhizome of C. vietna-
mense was eucalyptol (21.90, 13.29, and 9.98 %, respectively) (Pham et al. 2024). Similarly, both our and previous
studies showed that a-eudesmol, f-eudesmol, and y-eudesmol were present in the C. vietnamense rhizomes. However,
there were still some differences in relative amounts of identified compounds. For example, the current study demon-
strated that a-eudesmol, f-eudesmol, and y-eudesmol comprised 26.84, 15.02, and 6.21 %, respectively, while these
compounds were detected in very low content in C. vietnamense rhizome from a prior study (1.52, 0.68, and 0.63 %,
respectively) (Nguyen et al. 2023). This can be explained that different extraction method, extraction solvents, and
analytical methods as well as different sample collected locations resulted in different amounts of volatile compounds.
Among the various compounds identified from the n-hexane fractionated extract, three of the six main components
were eudesmol isomers (a-, -, and y-eudesmols), which were also presented in many essential oils of Satureja iso-
phylla Rech.f. (Sefidkon & Jamzad 2004), Thuja occidentalis L. (Swetha et al. 2024), and to name a few. These struc-
tures exhibited multiple activities, such as anti-angiogenic (Tsuneki et al. 2005), antitumor (Bomfim ef al. 2013), and
anti-inflammatory properties (Seo et al. 2011). Furthermore, these compounds have been also shown cytotoxic effects
againt several human cancer cell lines, such as human hepatocellular carcinoma (HepG2) (Bomfim ez a/. 2013), human
colon cancer (HCT-8) and HL-60 (Martins et al. 2015), HCT116 and RKO (Murata et al. 2013), human erythroleuke-
mic (K562) (Sghaier et al. 2011), and human colon adenocarcinoma (HT29) cell lines (Ali ef al. 2012).

Additionally, eucalyptol or 1,8-cineole is one of the major compounds in C. vietnamense rhizomes, which was
also extracted from the essential oils of plants, especially in Zingiberaceae family (Nguyen et al. 2023). Eucalyptol
was not only used in traditional medicine for decades but also played an important role in the treatment of various
diseases. In detail, it has therapeutic effects on many respiratory diseases, such as influenza, bronchitis, pneumonia,
and asthma. Furthermore, eucalyptol was served as a potential cancer inhibitor against leukemia, skin, oral, colon,
breast, liver, and ovarian cancer both in vitro and in vivo (Cai et al. 2021). Eudesm-7(11)-en-4-ol, another compound
of the rhizome of C. vietnamense, was also existed in essential oils of Asarum geophilum Hemsl., A. splendens
(F.Maek.) C.Y.Chen & C.S.Yang (Minh et al. 2023), Z. zerumbet (L.) Roscoe ex Sm. (Dash et al. 2020), etc. It has
been reported for antimicrobial, anti-inflammatory activities, etc (Minh et al. 2023). Cryptomeridiol is an oxygen-
ated sesquiterpene present in the essential oils or extracts of several species, such as Blumea balsamifera (L.) DC.
(Ragasa et al. 2005), Juniperus thurifera L. (Lafraxo et al. 2023), etc. This compound has various effects, especially
antifungal (Ragasa et al. 2005), antioxidant, and antimicrobial activities (Lafraxo et al. 2023).

In recent reports, the leaf oil of this plant displayed moderate antibacterial effects against Enterococcus faecalis
and weak activities against S. aureus, B. cereus, Escherichia coli, Pseudomonas aeruginosa, Salmonella enterica,
while the rhizome oil showed effects on E. faecalis, S. aureus, B. cereus, E. coli, P. aeruginosa, and S. enterica
(Nguyen et al. 2023). Another study on the acetone extracts obtained from different parts of C. vietnamense leaf has
been reported that the leaf extract inhibited eight bacterial strains, namely E. coli, S. typhimurium, S. saprophyticus,
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Figure 4. 3D-ligand interaction diagram of a-eudesmol (A), guaiol (B), and nerolidol (C) and residues in the active sites of PTPN2 (PDB ID: 7UAD).

B. cereus, Klebsiella pneumoniae, Shigella flexneri, S. aureus ATCC 29213, and S. aureus ATCC 25923, while the
flower and rhizome extracts were active for S. saprophyticus, B. cereus, S. aureus ATCC 29213, and S. aureus ATCC
25923 (Pham et al. 2024). In addition, C. vietnamense leaf and rhizome essential oils showed strong mosquito larvi-
cidal activity against Aedes aegypti and A. albopictus (Huong et al. 2023).

In this study, the cytotoxic property of the n-hexane fractionated extract of the C. vietnamense rhizomes was
shown in Table 3. Accordingly, the cytotoxic effect of rhizome fractionated extract displayed concentration-de-
pendent inhibition of the growth of tumor cell lines. For instance, at 100 ug/mL, C. vietnamense rhizome extract
exhibited its inhibition on all of the tested cell lines, including MCF-7, SK-LU-1, HeLa, MKN-7, and HL-60
with percentages of inhibition being 74.37 + 1.71, 44.94 = 1.29, 56.46 = 2.00, 69.59 = 1.46, and 87.99 = 1.60 %,
respectively. Interestingly, the rhizome fractionated extract was most active against HL-60, MCF-7, and MKN-7
with IC, values of 59.04 + 2.32, 61.99 = 3.02, and 64.60 + 3.40 ug/mL, respectively. Furthermore, this rhizome
fractionated extract was also exhibited weak cytotoxicity towards HeLLa and KS-LU-1 with the IC,  values rang-
ing from 109.41 to 172.43 ug/mL, which were compared to that of the positive control, ellipticine (IC,, values
ranging from 0.31 = 0.03 to 0.5+0.04 uL/mL) (Table 3). From these above evidences, it can be hypothesized
that different extraction methods and extraction solvents will influence the chemical constituents which play an
important role in enhancing biological properties of C. vietnamense. To the best of our knowledge, the cytotoxic
activity against some specific tumor cell lines of C. vietnamense was addressed for the first time. This result
somehow fills a gap in the knowledge of the Conamomum genus in relation to not only the chemical compounds
but also the cytotoxic effects.
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Figure 5. 3D-ligand interaction diagram of f-eudesmol (A), guaiol (B), and cryptomeridiol (C) and residues in the active sites of IGF-1R kinase (PDB
ID: 20J9).

As in a-eudesmol (21), the O of the hydroxyl group acts as a hydrogen bond acceptor to Arg222 (2.14 pm) and
Ser217 (3.74 pm) (Figure 4A). The H atom of said group also forms a hydrogen bond with the carbonyl group of
Asp182 (1.80 pm). Meanwhile, the eudesmane framework plays an important role in hydrophobic interactions with
Tyrd8, Ala218, and Phel83, their lengths ranging from 3.71 to 5.32 pm. The strong affinity of guaiol (15) can be at-
tributed to the guaiane skeleton creating alkyl and pi-alkyl bonds with Phe183, 11220, and Tyr48 (Figure 4B). The
distances between them range from 3.73 to 5.43 pm. Additionally, the hydroxyl group forms hydrogen bonds with
Asp182, Ser217, and Ala218; these reach the lengths of 2.26, 2.39, and 2.68 pm correspondingly. Our docking study
suggests that nerolidol (13) achieves good binding affinity with the receptor mainly through hydrophobic interactions
with Arg222, Tyr48, Phel83, Val51, and 11e220. Their bond distances vary between 3.78 and 5.40 pm. Furthermore,
the O atom of the hydroxyl group receives electrons from the amine group of Arg222, creating a hydrogen bond with
a span of 1.75 pm (Figure 4C).

The same 23 compounds were also explored to bind well into the IGF-1R kinase (PDB ID: 20J9) with docking
scores ranging from -18.83 to -29.29 kcal/mol. Out of them, S-eudesmol (20), guaiol (15), and cryptomeridiol (23)
exhibited the strongest affinity for the binding site with the corresponding docking scores of -29.29, -28.87, and
-28.45 kcal/mol.

The eudesmane framework of f-eudesmol (20) has a pivotal role in the alkyl interactions with amino acids like
Met1126 (5.07 pm), Ile1130 (5.30 pm), and Val983 (5.03 pm) (Figure 5A). The H atom of the hydroxyl group serves
as the electron donor to Met1126. On the other hand, the O atom of the same group receives electrons from the amine
group of Ser979. These two hydrogen bonds have lengths of 1.87 and 1.62 pm respectively. The receptor-ligand
interactions between IGF-1R kinase and guaiol (15) (Figure 5B) are quite similar to that of f-eudesmol (20). The
differences in binding affinity between these two seems to be caused by the absence of hydrophobic interaction with
Val983. Aside from that, guaiol (15) still displays hydrophobic bonds with Ile1130 (3.86 pm) and Met1126 (4.69
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pm), as well as hydrogen bonds with Met1126 (1.88 pm) and Ser979 (1.82 pm). Compared to the compounds above,
cryptomeridiol (23) only creates one hydrogen bond with Met1126 (2.04 pm) (Figure 5C). Nevertheless, because
of the shared eudesmane skeleton with f-eudesmol (20), it also forms hydrophobic interactions with Met1126 (4.78
pm), Ile1130 (4.96 pm), and Val983 (5.37 pm). These findings highlight the therapeutic potential of cancer-related
diseases as well as the medicinal value of the major constituents found in the C. vietnamense rhizome, which may
pave the way for future experimental studies.

In conclusion, the phytochemical analysis of the n-hexane rhizome extract of C. vietnamense led to the identifica-
tion of 23 compounds. Among them, a-eudesmol, S-eudesmol, cryptomeridiol, y-eudesmol, eucalyptol, and eudesm-
7(11)-en-4-0l were dominated. The cytotoxic activity against five human tumor cell lines MCF-7, SK-LU-1, HeLa,
MKN-7, and HL-6 was observed from this extract. In molecular docking, nerolidol, guaiol, a-eudesmol, f-eudesmol,
and cryptomeridiol are substances with strong affinities for the binding sites of PTPN2 and IGF-1R kinase, with
docking scores ranging from -29.71 to -27.61 kcal/mol. These results suggest that C. vietnamense could be a potential
source for anti-tumor agents.
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