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Abstract   

The essential oil (EO) derived from Curcuma angustifolia Roxb. has gained 

significant interest in traditional medicine, specifically for its potential as a 

therapeutic agent for inflammatory disorders. Our study aimed to identify 

the chemical constituents of C. angustifolia EO, investigate its anti-

inflammatory effects in lipopolysaccharide (LPS)-treated RAW 264.7 cells 

and explore potential nitric oxide (NO) inhibitors through in silico based 

studies. The essential oil obtained through hydro-distillation underwent 

analysis via gas chromatography-mass spectrometry (GC-MS). The major 

constituents were identified as velleral (17.82 %), germacrone (12.91 %), 

cryptomerione (11.52 %), curzerene (5.66 %) and β-elemene (4.09 %). The 

EO demonstrated non-toxicity up to a concentration of 50 µg/mL, 

maintaining over 70 % viability in RAW 264.7 cells. At a concentration of 25 

µg/mL, treatment with C. angustifolia EO exhibited significant anti-

inflammatory properties, leading to a 66 % decrease in LPS-induced NO 

production. Inducible nitric oxide synthase (iNOS) crystal structures were 

sourced from the RCSB database. Compounds identified through GC-MS 

analysis were retrieved from PubChem, docked by the molecular-docking 

process and tested for drug-likeness properties. The compounds such as 

velleral (-5.8 kcal/mol), germacrone (-5.4 kcal/mol), neocurdione (-5.2 kcal/

mol) and γ-cadinene (-5.2 kcal/mol) exhibited the highest binding-affinity 

with iNOS. Molecular dynamics simulation (MDS) showed that the 

interaction of these 4 phyto-compounds was stable with the active site 

residues. Important bonds identified in the initial ligand-docked 

compounds persisted unaltered throughout the MDS. The present work 

with in vitro and in silico studies revealed that C. angustifolia EO could be a 

potential anti-inflammatory agent, thus necessitating further in vivo studies 

to develop promising therapeutic agents in the treatment of inflammation.  
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Introduction   

Inflammation often develops when infectious microbes, for example; 

bacteria, viruses or fungi, enter the body and circulate in the blood (1). 

Tissue injury, cell death, malignancy, ischemia and degeneration are among 

the additional pathologies that can trigger inflammation (1). While relying 

extensively on contemporary medicine and notable progress in synthetic 

drugs, 80 % of the global population adheres to traditional remedies 

derived directly from plant materials due to financial constraints or inability 
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to access products from the Western pharmaceutical 

industry (2). According to the World Health Organization, 

inflammation serves as the underlying factor for numerous 

non-communicable diseases, causing 41 million fatalities 

annually, which constitute 71 % of global deaths (3). 

Inflammation gives rise to various inflammatory 

mediators, including cytokines (such as interferons, tumor 

necrosis factor and interleukins), chemokines (such as 

eicosanoids like prostaglandins and leukotrienes), 

monocyte chemoattractant protein 1 and the influential 

inflammation-modulating transcription factor-nuclear 

factor B. These elements have been thoroughly 

investigated concerning human pathological conditions 

(1). Many diseases, like allergies, asthma, inflammatory 

bowel disease (IBD), rheumatoid arthritis and many more 

are caused by inflammation. Thus, clinicians are faced 

with a rising health problem and a difficult challenge in the 

form of dealing with these inflammatory diseases. Nitric 

oxide (NO) is a signalling molecule that plays an important 

role in the development of inflammation. It has an anti-

inflammatory action under normal physiological 

conditions (4). However, in abnormal situations, NO is 

considered to be a pro-inflammatory mediator that causes 

inflammation. Nitric oxide synthase (NOS) is the primary 

contributor to reactive nitrogen/oxygen species synthesis 

in mammalian cells, particularly under certain 

pathological situations (5). NO is a potent pro-

inflammatory compound produced during the 

inflammatory process. It promotes vasodilation and 

cellular migration while also down regulating adhesion 

molecules and causing inflammatory cell death (3). 

 The anti-inflammatory potential of plant essential 

oil and extracts has been documented since ancient times. 

Numerous reports on anti-inflammatory properties of 

essential oil have been published in recent decades (6, 7). 

This study deals with the anti-inflammatory activity of 

Curcuma angustifolia Roxb. rhizome essential oil (8). C. 

angustifolia essential oil has been used for a wide range of 

traditional remedies around the world (9). It is distributed 

in Asia, Africa and Australia. C. angustifolia, commonly 

known as East Indian Arrowroot, is commonly used in the 

central, eastern and southern regions of India (10, 11). 

Various Indian languages assign distinct names to C. 

angustifolia: Tikhur in Hindi, Tavakshira in Sanskrit, Keturi 

Halodhi in Bengali, Yaipan in Manipuri, Koova in 

Malayalam, Tavakeera in Marathi, Ararut-gaddalu in 

Telugu, Koove-hittu in Kannada and Ararut-kizhagu in 

Tamil (12). Tribes in Madhya Pradesh and Chhattisgarh 

utilize this plant to treat gastrointestinal disorders, bone 

fractures and inflammations (13). Tugak-sheeree, made 

from C. angustifolia starch, is a vital element in numerous 

Ayurvedic medicines (14). The essential oil extracted from 

the rhizomes of C. angustifolia has antifungal, 

antibacterial, anti-inflammatory, wound healing and 

anticancer properties (15, 16). This plant's starch is 

nutritious and easily absorbed and therefore has a wide 

range of potential medical applications. C. angustifolia oil 

has also been found to be effective in the treatment of 

colitis, peptic ulcers, dysentery, diarrhea etc (17). C. 

angustifolia is widely recommended for new born babies 

since it protects against infections, allergies and illness. It 

is also easy to digest, causing no constipation, diarrhea or 

upset stomach. C. angustifolia has major bioactive 

compounds such as Germacrone, Velleral, Neocurdione 

and Gamma-Cadinene, which act as anti-inflammatory 

agents (18). The essential oils are known for a variety of 

biological activities (19, 20). These also have a significant 

role in the development of modern medicine, along with 

Ayurvedic medicine (21).  

 The chemical composition and biological activity of 

C. angustifolia essential oil have not been investigated, 

despite its economic and medicinal importance. In the 

present study, we have analyzed the chemical 

composition of the essential oil derived from the rhizome 

of C. angustifolia and evaluated its anti-inflammatory 

effects through in vitro and in silico approaches (22). 

 

Materials and Methods 

Sampling and essential oil extraction 

The rhizome of Curcuma angustifolia was collected on 09th 
January, 2022 from the Similipal Biosphere Reserve, 

Mayurbhanj district of Odisha, India (N 21°42’24.6”, E 086°

21’45.7”). The plant was identified by Prof. PC Panda, 

Centre for Biotechnology, Siksha ‘O’ Anusandhan 

University. The voucher specimen (2526/CBT/21.01.2022) 

was stored in the Siksha ‘O’ Anusandhan University, 

Bhubaneswar, Odisha, India’s herbarium. Hydro-

distillation of 400 g of fresh C. angustifolia rhizome was 

carried out for 6 h using the Clevenger apparatus, adhering 

to the methodology outlined in the European 

Pharmacopoeia. The procedure was prolonged until no 

additional essential oil extraction was attainable. The 

essential oil was dehydrated with anhydrous sodium 

sulfate and kept at 4 ºC until further experiments. 

Analysis of essential oils through (GC-MS) 

The phytochemical constituents in the extracted essential 

oil were identified utilizing a Clarus 580 gas 

chromatograph (GC) coupled with an SQ-8 mass 

spectrometry (MS) detector from Perkin-Elmer, USA. A 

splitless injection mode was employed, with 0.1 μL of 

undiluted essential oil injection. Separation was achieved 

using an Elite-5 MS capillary column (30 m x 0.25 mm I.D. x 

0.25 μm). 

 The initial oven temperature was set to 60 ºC. The 
temperature was further increased to 220 ºC at 3 ºC/min 

and fixed for 7 min at 220 ºC. Furthermore, the transfer line 

injector temperatures had been fixed at 250 °C. The flow 

rate of helium was controlled at 1 mL/min and the electron 

ionization voltage was maintained at 70 eV. Compound 

percentages in the extracted essential oil were determined 

by integrating peak areas. Identification of compounds 

utilized mass spectrometry with the assistance of an 

integrated NIST library and comparison of experimental 

retention indices measured against straight-chain alkanes 

with literature retention indices.  

Cell line maintenance 

In this study, human ovarian teratocarcinoma pa-1 cells, 
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HCT 116 cells from human colorectal carcinoma as well as 

RAW 264.7 mouse monocyte/macrophage cells have been 

collected from NCCS, Pune, India. The HCT 116 cells and 

the pa1 cells have been developed in RPMI-1640 medium 

collected from Himedia and the cells were then 

supplemented with 10 % FBS that consists of an antibiotic 

mix of 0.1 % concentration. The antibiotic mix contained 

10 mg/mL of streptomycin and penicillin of 10000 units. In 

contrast, RAW 264.7 cells underwent culture in DMEM high 

glucose media supplemented with 10 % FBS from 

Himedia, 1 % L Glutamine (200 mM) and 1 % antibiotic 

antimycotic solution. The cells were routinely continued at 

37 °C in a humidified environment within a 5 % CO2 

incubator. Subsequent subculturing of these cells was 

performed every 48 h. 

Cytotoxicity assay 

The RAW 264.7 cells were treated using the above-
mentioned method and were further cultured within the 

96 culture plates which were incubated at 37 ºC. After 

incubation, the cells were mixed with 6.25–100 μg/mL 

essential oil measuring 20 μL for 60 min. After this, a 

simulation was performed with lipopolysaccharides. The 

cells were incubated for 24 h and after the incubation 

period, 5 mg/mL MTT reagent, collected from HiMedia was 

added to each of the wells. These wells were further 

incubated for 60 min. After the incubation period, the 

supernatant was discarded.  In the next step, 100 μL DMSO 

was poured into each of the wells. The quantification of 

the formazan crystals was done by implementing an ELISA 

plate reader at 540 nm.  

 In this study, 4 test compounds were analyzed to 

examine the cytotoxicity of the extracted C. angustifolia on 

the cell line named RAW 264.7. In order to conduct the 

assay, the concentrations that have been implemented in 

this study were documented. 

Measurement of nitric oxide production 

In this stage, the RAW 264.7 cells were cultured in 96 well 

plates. The plates were then incubated for 1 day for 

adherence. After that, the cells were stimulated with the 

essential oil (6.25–100 μg/mL) of C. angustifolia. After 

stimulation, the cells were incubated for 1 day at 37 °C. In 

this case, LPS can be used. After incubation, the 100 μL of 

the supernatant was collected. The supernatant was 

treated with a Griess reagent (100 μL), followed by 

absorbance measurement at 540 nm. The concentration of 

nitrite within the culture medium was determined by 

comparison with a standard curve of sodium nitrite. 

Molecular docking study 

Compounds sourced from C. angustifolia were obtained 
from the database PubChem (https://

pubchem.ncbi.nlm.nih.gov/). Docking investigations 

concerning the compounds from C. angustifolia and iNOS 

(PDB ID: 6JWM) were conducted and assessed utilizing 

AutoDock Vina. iNOS was docked with the major 

compounds: 1,8-cineole, camphor, germacrene B, linalool, 

gamma-cadinene, beta-caryophyllene, neocurdione, 

germacrone, veleral and beta-elemene. The crystal 

structure of iNOS (PDB ID: 6JWM) was derived from the 

RCSB-PDB (https://www.rcsb.org/), and the compounds 

were also retrieved from PubChem database (https://

pubchem.ncbi.nlm.nih.gov/). 

ADME and toxicity properties prediction 

The evaluation of absorption, distribution, metabolism, 

excretion (ADME) properties and drug-likeness assessment 

for the identified compounds encompassed an 

assessment of characteristics related to their distribution, 

absorption, metabolism and excretion. The drug-likeness 

attributes of the chosen compounds were assessed using 

the web server SwissADME (http://www.swissadme.ch/). 

The criteria for drug likeness included adherence to 

Lipinski's rule of 5 (23), the Egan rule (24) and Veber's rule 

(25). 

 To assess the potential toxicity of these 

phytochemical constituents, we used the online 

webserverProTox-II (https://tox-new.charite.de/

protox_II/). 

Desmond molecular dynamics simulation 

Desmond package in SchrÖdinger suit (D. E. Shaw 

Research: Resources) was used for MD simulations. The 

ligand-protein complex selection was immersed in a 10 Å 

simple point charge (SPC) model and was employed for 

water box. Negatively charged particles were balanced by 

the incorporation of counter ions. To match the 

physiological conditions, a salt concentration of 0.15 M 

sodium and chloride ions was introduced. The NPT 

ensemble molecular dynamics (MD) was conducted at 300 

K and 1.63 bar pressure for a duration of 50 ns, with energy 

recording at 1.2 ps intervals and trajectory recording every 

50 ps. The OPLS-4 force field was used for MD simulations. 

Desmond simulation interaction diagram tool was used to 

create the graphical representations. 

Statistical analysis 

The data from the above-mentioned tests were expressed 

as mean ± SD. Using ANOVA, significant differences were 

calculated. The Turkey post hoc test was executed with a 

significance threshold set at p<0.05, employing GraphPad 

Prism version 8.0 (GraphPad Software Inc, California, USA).  

 

Results and Discussion  

Essential oil composition 

In this study, we utilized the hydro-distillation technique 

to extract essential oil from fresh rhizomes of Curcuma 

angustifolia, of the Zingiberaceae family, sourced from the 

Similipal district of Odisha. The yield of essential oil 

obtained from C. angustifolia rhizomes was determined to 

be 0.6 % (v/w). The chemical components of C. 

angustifolia are displayed in Table 1. The entire 44 

compounds were identified, representing 92.31 % of 

rhizome oil. According to a study, the oil yield of C. 

angustifolia rhizome was 0.4 % (v/w). A total of 35 

compounds were identified, constituting 92 % of the 

rhizome oil (26). An author observed 0.8 and 0.014 % 

essential oil yields from C. angustifolia rhizomes from 

Jagdalpur, Madhya Pradesh (central India) and 

https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
http://www.swissadme.ch/
https://tox-new.charite.de/protox_II/
https://tox-new.charite.de/protox_II/


GADNAYAK   ET AL  237     

https://plantsciencetoday.online 

Travancore, Kerala, (South India) respectively (27). The 

extraction yield of the essential oil from C. angustifolia 

exhibits variations attributed to geographical locations, 

genotypes and the season of collection. These factors are 

the primary contributors to the observed differences in 

essential oil composition. 

 In this study, 44 components, comprising 92.31 % of 
the total essential oil were identified using GC/MS analysis. 

On the Elite-5 MS column, the 44 phytochemical 

components are given in the order of their constituents 

(Table 1). Among the 44 compounds identified, the major 

constituents in the essential oil extracted from C. 

angustifolia rhizomes were velleral (17.82 %), germacrone 

(12.91 %), cryptomerione (11.52 %), curzerene (5.66 %), β-

elemene (4.09 %), 1,8-Cineole (3.32 %), germacrone-B 

(2.77 %), β-caryophyllene (2.92 %), neocurdione (3.22 %) 

and γ-cadinene (2.69 %). The composition of this essential 

oil was predominantly characterized by oxygenated 

monoterpene (12.85 %), sesquiterpene hydrocarbons 

(19.19 %), monoterpene hydrocarbon (3.42 %) and 

oxygenated sesquiterpene (56.85 %). In a previous study, 

the primary constituents identified in the leaf oil of C. 

angustifolia included 8,9-dehydro-9-formyl-

cycloisolongifolene (33.48 %), curzerenone (11.81 %), 

xanthorrhizol isomer (7.59 %), eucalyptol (6.62 %), 

camphor (3.27 %), germacrone (3.21 %), xanthorrhizol 

(2.98 %), ar-turmerone (1.62 %), curdione (1.60 %) and 

camphene (1.43 %). 

Anti-inflammatory activities 

The MTT assay was used to assess the viability of RAW 
264.7 cells treated with C. angustifolia rhizome essential 

oil. Cells treated with various concentrations of essential 

oil (6.25–50 µg/mL) during a 24 h incubation period at 37 °

C did not exhibit a significant decrease in viability 

compared to untreated cells. This observation contrasts 

with the findings of another study regarding the cytotoxic 

effects of turmeric extracts on RAW 264.7 cells, 

highlighting the diversity in research outcomes (28). 

However, our study found that C. angustifolia has 

moderate cytotoxicity potential, with an IC50 concentration 

of 111.43 μg/mL in cell cytotoxicity statistical data. 

Notably, C. angustifolia exhibited non-toxicity on RAW 

264.7 cells up to a concentration of 50 µg/mL, where cell 

viability exceeded 70 %. This finding establishes 50 µg/mL 

as the optimum concentration for subsequent 

investigations (Fig. 1). Further exploration and analysis 

were performed to understand the underlying 

mechanisms and potential applications of C. angustifolia 

in cellular responses.  Nitric oxide (NO) is considered to be 

a modulator of pathogenic processes, particularly acute 

inflammatory responses (29, 30). The investigation 

evaluated nitrite concentration in RAW 264.7 cells 

subsequent to treatment with LPS (1 µg/mL), both 

independently and in combination with different 

concentrations of C. angustifolia rhizome essential oil 

(6.25, 12.5 and 25 µg/mL). Incubation with rhizome 

essential oil demonstrated a dose-dependent decrease in 

LPS-induced nitrite production, as depicted in Fig. 2. This 

observed attenuation of nitrite production aligns with the 

Sl . 
No. RIexp RILit Compound 

Peak 
area % 

1 927 926 Tricyclene 0.48 

2 943 954 Camphene 1.38 

3 965 975 Sabinene 0.22 

4 971 979 β-Pinene 0.49 

5 981 990 Myrcene 0.24 

6 1023 1029 Limonene 0.61 

7 1028 1031 1,8-Cineole 3.32 

8 1084 1090 2-Nonanone 0.12 

9 1098 1096 Linalool 2.55 

10 1144 1146 Camphor 3.64 

11 1160 1160 Isoborneol 1.88 

12 1167 1163 trans-β-Terpineol 0.43 

13 1175 1188 α-Terpineol 0.40 

14 1190 1199 γ-Terpineol 0.51 

15 1327 1338 δ-Elemene 0.80 

16 1366 1376 α-Copaene 0.11 

17 1373 1390 β-Elemene 0.17 

18 1383 1390 β-Elemene 4.10 

19 1412 1419 β-caryophyllene 2.92 

20 1420 1436 γ-Elemene 0.31 

21 1439 1441 Aromadendrene 0.32 

22 1445 1454 α-Humulene 0.94 

23 1463 1498 Pseudowiddrene 0.19 

24 1472 1513 γ-Cadinene 2.70 

25 1479 1490 β-Selinene 0.67 

26 1499 1500 Isodaucene 2.19 

27 1508 1509 Germacrene-A 0.32 

28 1518 1523 δ-Cadinene 0.67 

29 1550 1561 Germacrene-B 2.78 

30 1488 1499 Curzerene 5.66 

31 1531 1535 10-epi-Cubebol 0.14 

32 1579 1583 Caryophyllene oxide 0.40 

33 1576 1590 Globulol 0.28 

34 1588 1592 Viridiflorol 0.56 

35 1596 1602 trans-β-Elemenone 0.18 

36 1603 1607 5-epi-7-epi-α-Eudesmol 0.18 

37 1611 1619 Junenol 1.39 

38 1622 1627 2-epi-α-Cedren-3-one 0.75 

39 1647 1660 Gymnomitrol 1.20 

40 1674 1675 
8-hydroxy-Isobornyl 

isobutanoate 0.60 

41 1693 1693 Germacrone 12.92 

42 1713 1724 Cryptomerione 11.53 

43 1744 1693 Neocurdione 3.23 

44 1791 1739 Velleral 17.83 

Monoterpene hydrocarbon 3.42 % 

Oxygenated monoterpene 12.85 % 

Sesquiterpene hydrocarbons 19.19 % 

Oxygenated sesquiterpene 56.85 % 

Total 92.31 % 

Table 1. Analyzing gas chromatography-mass spectrometry (GC-MS) data, 
we investigated the chemical composition of Curcuma angustifolia rhizome 
essential oil. 
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anti-inflammatory potential of C. angustifolia, as reported 

in similar studies. For instance, the anti-inflammatory 

properties of certain plant-derived compounds, including 

essential oils, have been linked to their ability to modulate 

nitric oxide (NO) production (31, 32). The reduction in NO 

production, as indicated by the decrease from 100 % in 

LPS alone-induced cells to 66.42 % at the concentration of 

25 µg/mL, underscores the potential of C. angustifolia 

rhizome essential oil in mitigating inflammatory 

responses. 

Docking of the compounds from C. angustifolia to iNOS 

Nitric oxide synthases (NOS) exist in 3 separate forms: 

neuronal NOS (nNOS), inducible NOS (iNOS) and 

endothelial NOS (eNOS). Among these, iNOS holds 

particular significance and is closely associated with 

inflammation. It serves a crucial function in controlling the 

amount of NO produced during inflammatory processes 

(33). The compounds velleral and germacrone inhibited 

iNOS enzyme more effectively than neocurdione and γ-

cadinene. This observation prompted an investigation into 

the capability mechanism of NO inhibition and the 

interactions of these compounds with the iNOS protein 

through molecular docking (34, 35). C. angustifolia 

contained complex constituents that were not easy to 

understand with limited analyses and biological 

technologies. Ligand-protein interaction was predicted 

using molecular docking. The docked conformers of 

velleral, germacrone, neocurdione and γ-cadinene had the 

best predicted binding energy of -5.8, -5.4, -5.2 and -5.2 

kcal/mol respectively (Table 2, Fig. 3). Therefore, the 

docking results suggested C. angustifolia exhibited anti-

inflammatory effects via targeting the NF-κB pathways. 

In silico ADME and toxicity assessment of ligands 

Physicochemical characteristics being its potential as a 
drug development, we performed ADME studies. The 

ability to identify phytocompounds based on their drug-

likeness would help us filter out those with less 

Fig. 1. C. angustifolia rhizome essential oils were evaluated for their impact on 
cell viability using RAW 264.7 cells. The cells were exposed to varying 
concentrations of essential oils (ranging from 6.25 to 50 µg/mL) for duration 
of 24 h. The methyl thiazolyl tetrazolium (MTT) assay was employed to 
determine the total number of viable cells. The results, presented as mean ± 
SD (n=3), indicated the control group (untreated cells) with a black bar. The 
statistical analysis encompassed a one-way analysis of variance, followed by 

the Tukey test, indicating significance levels denoted by * for p<0.05 and ** 
for p<0.01 between the control group and various concentrations of CANREO 
essential oils. 

Fig. 2. Representation of the percentage of the total NO production that 
is observed in the essential oil with various concentrations treated on LPS-
stimulated raw cells as well as essential oils, CAREO inhibited the total 
number of NO in a dose-dependent way till 25 µg/mL. Data are expressed as 
means ± standard deviation (SD) from 3 different experiments (n=3), with * 
indicating p<0.5 and ** indicating p<0.01, as compared with LPS ###p<0.001 
LPS treated group compared with control. 

Ligand PubChem CID 
Binding affinity 

(Kcal/mol) 
H-bond 

interactions Other bond interactions 

Velleral CID_14412869 -5.8 GLN:157, GLN:160 PRO:153, ALA:154, LEU:187, GLY:158, LEU:161, 

Germacrone CID_6436348 -5.4 - 
ALA:181, GLY:184, ILE:182, GLY:183, LEU:167, 
ARG:166, LEU:168, GLU:92, ARG:215, LEU:33, 

LEU:217 

Neocurdione CID_5316216 -5.2 GLY:183, ARG:166 
PRO:164, ILE:182, LEU:167, GLY:184, GLU:92, 

LEU:168 

γ-Cadinene CID_15094 -5.2 - 
ALA:154, GLY:158, PRO:153, LEU:161, GLN:157, 

LEU:187, THR:185 

Germacrene_B CID_5281519 -5.1 - 
ARG:166, ALA:181, PRO:164, LEU:167, GLY:183, 

ILE:182, LEU:168, GLY:184, GLU:92, ARG:215 

Curzerene CID_572766 -5 - 
GLY:184, LEU168, GLY:183, ARG:166, LEU:167, 

GLU:92, ARG:215, LEU:33, LEU:217 

β-Elemene CID_6918391 -4.9 - 
GLY:184, LEU:33, LEU:168, LEU:217, PRO:37, 

ARG:215, GLY:184 

β-Caryophyllene CID_5281515 -4.7 - 
GLN:157, THR:185, LEU:187, GLY:183, LEU:161, 

ILE:182, GLN:160 

Table 2. Docking results of compounds from Curcuma angustifolia (CA) with iNOS. 
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therapeutic importance. It was done by following 

Lipinski’s rule of 5 (23), Egan's (24) and Veber's (25) rules. 

The criteria include a requirement for the molecular 

weight (MW) to be below 500, a topological surface area 

(TPSA) less than 140, lesser than 5 hydrogen bond 

acceptors (nOHNH), lesser than 5 hydrogen bond donors 

(nON) and lesser than 10 rotatable bonds (nrotb). 

According to these findings, all 8 selected compounds 

successfully complied with Lipinski's, Egan's and Veber's 

rules, indicating favorable druglike, leadlike and 

pharmacokinetic properties (Table 3). To determine the 

toxicity characteristics of the chosen phytocompounds, we 

used the ProTox-II web server (Table 4). The hypothesis 

posited that none of the selected compounds exhibited 

mutagenic, carcinogenic, immunotoxic or hepatotoxic 

properties. As the LD50 values of all of the chosen 

phytocompounds were greater than 2000 mg/kg, it can be 

inferred that these compounds are safe for biological 

administration and possess the potential for use as anti-

inflammatory medications. 

Desmond package molecular dynamics 

Docking provides a static representation of the binding 

poses of a molecule within the active site of the protein. 

On the other hand, molecular dynamic (MD) simulations 

prefer to calculate the atoms’ moves with time by 

incorporating Newton's classical equation of motion (36). 

MD portrays the dynamic behavior of a molecular system, 

evaluating the stability of the interaction between a 

protein and ligand. The results from molecular docking 

demonstrated that C. angustifolia major components: 

velleral, germacrone, neocurdione and γ-cadinene 

interacting with iNOS were considered for molecular 

dynamics studies with the OPLS-4 force field. 5 systems 

iNOS protein and iNOS ligand complex (velleral-iNOS, 

germacrone-iNOS, neocurdione-iNOS and γ-cadinene-

iNOS) were simulated in Desmond for 50 ns, since utilizing 

shorter simulation durations (<25 ns) might be deceptive 

and it would be difficult to discern between active and 

inactive ligands. This will aid our study of the binding 

stability of ligands inside the iNOS active site. Root-mean-

square deviation (RMSD) values for protein backbones 

were calculated relative to their respective starting 

Fig. 3. Depicts the docking poses of Velleral (A), Germacrone (B), Neocurdione (C) and Gamma-Cadinene (D) at the substrate binding site of inducible nitric 
oxide synthases (iNOS). The different orientations and interactions of these phytocompounds at the active site are shown, providing information on their 
probable binding processes. 

Compounds Lipinski Veber Egan 
Abbott 

bioavailability 
score 

Velleral Yes Yes Yes 0.55 

Germacrone Yes Yes Yes 0.55 

Neocurdione Yes Yes Yes 0.55 

γ-Cadinene Yes Yes Yes 0.55 

Germacrene_B Yes Yes Yes 0.55 

Curzerene Yes Yes Yes 0.55 

β-Elemene Yes Yes Yes 0.55 

Table 3. SwissADME: Drug-likeness characteristics of the 8 compounds that 
qualifies with Lipinski's rule of 5, Veber's rule and the Egan rule. 
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Compounds Classification Target Prediction Probability Class 

Velleral 

Organ toxic Hepatotoxic Nonfunctional 0.68 5 

Toxicity end Carcinogenic Nonfunctional 0.57   

Toxicity end Immunotoxic Nonfunctional 0.93   

Toxicity end Mutagenic Nonfunctional 0.82   

Toxicity end Cytotoxic Nonfunctional 0.82   

Germacrone 

Organ toxic Hepatotoxic Nonfunctional 0.71 5 

Toxicity end Carcinogenic Nonfunctional 0.77   

Toxicity end Immunotoxic Nonfunctional 0.98   

Toxicity end Mutagenic Nonfunctional 0.85   

Toxicity end Cytotoxic Nonfunctional 0.9   

Neocurdione 

Organ toxic Hepatotoxic Nonfunctional 0.71 5 

Toxicity end Carcinogenic Nonfunctional 0.69   

Toxicity end Immunotoxic Functional 0.61   

Toxicity end Mutagenic Nonfunctional 0.86   

Toxicity end Cytotoxic Nonfunctional 0.9   

γ-Cadinene 

Organ toxic Hepatotoxic Nonfunctional 0.84 5 

Toxicity end Carcinogenic Nonfunctional 0.76   

Toxicity end Immunotoxic Functional 0.55   

Toxicity end Mutagenic Nonfunctional 0.69   

Toxicity end Cytotoxic Nonfunctional 0.74   

Germacrene_B 

Organ toxic Hepatotoxic Nonfunctional 0.81 5 

Toxicity end Carcinogenic Nonfunctional 0.75   

Toxicity end Immunotoxic Nonfunctional 0.98   

Toxicity end Mutagenic Nonfunctional 0.86   

Toxicity end Cytotoxic Nonfunctional 0.83   

Curzerene 

Organ toxic Hepatotoxic Nonfunctional 0.74 4 

Toxicity end Carcinogenic Nonfunctional 0.54   

Toxicity end Immunotoxic Nonfunctional 0.99   

Toxicity end Mutagenic Nonfunctional 0.8   

Toxicity end Cytotoxic Nonfunctional 0.81   

β-Elemene 

Organ toxic Hepatotoxic Nonfunctional 0.79 5 

Toxicity end Carcinogenic Nonfunctional 0.72   

Toxicity end Immunotoxic Nonfunctional 0.99   

Toxicity end Mutagenic Nonfunctional 0.76   

Toxicity end Cytotoxic Nonfunctional 0.83   

Table 4. Protox-II: Prediction of toxicity evaluated with program Protox. 

Fig. 4. Depicts the Desmond RMSD values, which represent fluctuations in protein backbones throughout the period of the simulation. T he RMSF profile 

of the C-α atom provides insight into the dynamic behavior of certain chemical structures in the researched systems. These metrics give useful information on the 

stability and flexibility of protein structures during molecular dynamics simulations. 
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conformations in order to examine the dynamic stability of 

each system. With reference to the initial time frame of 0 

ns, all systems simulated attained equilibrium after 25 ns, 

as seen in Fig. 4. Average RMSD for the backbone protein 

was less than 2.5 Å, indicating a consistent trend in RMSD 

up to 50 ns. All of the fluctuations were below the 

allowable range of 3 Å, thus they are negligible. To infer 

any localized changes in iNOS complexes following the 

binding of phytocompounds relative to protein, we 

presented the root mean square fluctuation (RMSF) profile 

of the C-α atom for all systems, offering insights into the 

dynamic behavior of the molecular structures under 

investigation. The amino acid residues associated in 

contact with the compounds exhibited minor fluctuations. 

The RMSF of iNOS protein-complex amino acids varied 

from 0.7 to 3.85 Å. When compared to the iNOS-

Germacrone complex and protein, the iNOS-Velleral, iNOS-

Neocurdione, and iNOS-gamma-Cadinene showed slightly 

high fluctuations. Meanwhile, the iNOS amino acid-

phytocompound interaction was time-resolved to 50 ns to 

build an interaction potential map. The X-axis shows the 

interacting amino acid residues, while the Y-axis displays 

the interaction fraction (Fig. 5). Slight tweaks to the 

phytocompound-iNOS interaction were noted during 

simulation, but the essential interaction observed during 

docking in the docked-ligand constituents did not change. 

The robust interaction between the ligand and the protein 

is not solely attributed to hydrogen bonding; it can also 

result from hydrophobic interactions, ionic interactions 

and the formation of salt bridges. The stability of the 

contact and the conformational changes at various times 

of the simulation were shown by the interaction of MD 

trajectories. Although molecular docking is a quick and 

effective method for determining the binding position of a 

ligand within a protein's active site, it does not account for 

the conformational changes that may occur in the protein 

as a result of ligand interaction (37). Likewise, the study 

demonstrated the examination of MD trajectories, 

encompassing the assessment of interaction stability and 

conformational changes at different intervals throughout 

the MD simulation. The MD stability of an individual 

complex can be evaluated by computing the protein's 

backbone RMSD based on its initial conformation. 

Interaction of phytocompounds with iNOS receptors did 

not cause local alterations based on the RMSF pattern of 

the C-atom across all systems. Four compounds were 

identified showing consistent interaction with the protein, 

suggesting they may be promising therapeutic candidates 

for the treatment of inflammatory disorders.  

 

Conclusion   

The anti-inflammatory potential of the Curcuma 

angustifolia species was determined using in vitro and in 

silico studies. The GC-MS analysis was used to identify the 

compounds in C. angustifolia essential oil. The 

investigation showcased the inhibitory capabilities of 

bioactive elements present in the essential oil of C. 

angustifolia against iNOS, employing computational 

methodologies. The C. angustifolia-derived velleral, 

germacrone, neocurdione, and γ-cadinene were the lead 

chemicals having iNOS inhibiting ability. All-atom MD 

simulations on 4 phytocompounds revealed a significant 

binding site of iNOS and induced a conformational shift, 

allowing ligands to reposition within the binding interface. 

This computational study represents the initial exploration 

aimed at identifying 4 potential bioactive compounds with 

higher binding affinity to iNOS. Further in vivo validation is 

necessary to ascertain the potential of these novel 

compounds as anti-inflammatory drugs for human 

inflammatory diseases. 

 

Fig. 5. Bar graph shows the interacting residues of germacrone, velleral, neocurdione and γ-cadinene interact with iNOS, while several connections were 
altered throughout the simulation. These contacts are stable due to not just hydrogen bonding, but also hydrophobic, ionic and salt bridge interactions. 
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