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Abstract—Palmrosa essential oil (PEO) from Cymbopogon khasianus, is used as complementary and tradi-
tional medicine worldwide. The present study aimed at compositional profiling of PEO and molecular dock-
ing of PEO bioactive compound geraniol against fungal enzymes chitin synthase (CS), UDP-glycosyltrans-
ferase (UDPG) and glucosamine-6-phosphate synthase (GPS), as apposite sites for drug designing against
“Aspergillosis” and “Mucormycosis” and in vitro confirmation. Compositional profile of PEO was com-
pleted by GC-FID analysis. For molecular docking, Patch-dock tool was conducted. Ligand-enzyme 3D
interactions were also calculated. ADMET properties (absorption, distribution, metabolism, excretion and
toxicity) were also calculated. GC-FID discovered the occurrence of geraniol as a major component in PEO,
thus nominated for docking analysis. Docking analysis specified active binding of geraniol to GPS, CS and
UDPG fungal enzymes. Wet-lab authentication was achieved by three fungal strains Aspergillus niger, A. ory-
zae and Mucor sp. Docking studies revealed that ligand geraniol exhibited intercations with GPS, CS and
UDPG fungal enzymes by H-bond and hydrophobic interactions. Geraniol obeyed LIPINSKY rule, and
exhibited adequate bioactivity. Wet lab results indicated that PEO was able to inhibit fungal growth against
“Aspergillosis” and “Mucormycosis”.
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INTRODUCTION
Post COVID-19 period, many co-infections are

reported worldwide [1, 2]. Amongst all, oppertuntic
fungal infections such as “mucormycosis” and “asper-
gillosis” are caused by common fungal molds such as
Aspergillus and Mucor spp. backed to a great morbidity
and mortality rate of 68% [3, 4] These fungal infec-
tions stances a serious health risk for sternly immune-
compromised COVID-19 persons cured with uncon-
trolled use of steroids, hence leading to coined as
“COVID-19” associated mucormycosis/aspergillosis
(CAM/CAA) [4]. The indications related with asper-
gillosis comprise: running nose, stiffness, cough with
blood, pain, fever, and abridged smelling power [5].
Symptoms associated with mucormycosis include:
around the nose blackish discolouration, stuffy and
bleeding nose, Black crusts oozing out from nose,
teeth and jaw loosening, numbness and one-sided
facial pain, swelling of eyes; blurred vision and prob-
lems in respiratory symptoms [6].

Due to clinical limitations of fungicidal agents,
high price, inevitable toxicities, fungal drug resistance,

the need of novel antifungal drugs is prerequisite [7].
Previous studies proposed that bioactive molecules
that pose cell-wall linked enzymatic antifungal inhibi-
tors can be used as therapeutic drugs to mitigate fungal
infections [8]. Cell wall of fungal strains is a tough
physical barrier which protects fungal strains against
various environmental cues owing to the existence of
different cell components such as mannoproteins, glu-
can, chitin, GPI anchors [9]. These enzymes are more
likely to be crucial for fungus viability. Since, no such
entity exist in humans, hence these cell wall compo-
nents may serve as outstanding drug target sites for
therapeutic interventions against antifungal drugs.
CS, UDPG, GPS are pivotal enzymes convoluted
chitin biosynthesis, GPI biosynthesis and N-acetyl-
glucosamine biosynthesis respectively, by maintaining
integrity and building fungal cell wall [9, 10]. This study
postulated the view point that bioactive compound
geraniol has the impending potential combat fungal
infections by targeting CS, GPS and UDPG [11].

Cymbopogon genus, commonly known as Palma-
rosa or rosa grass, are important and valuable essential
172
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Fig. 1. GC-FID analysis of PEO.
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oil bearing aromatic crops in the Poaceae family. The
palmarosa comprising about 140 species worldwide is
a native of most parts of subtropical areas worldwide
including: India, UAS, USA, UK, Germany, Spain,
Switzerland, Srilanka and Philipines [12]. Several
Cymbopogon species possessed significant anthel-
mintic, anti-inflammatory, analgesic, antiageing, pes-
RUSSIAN AGRICULTURAL SCIENCES  Vol. 49  No. 2

Table 1. Molecular docking of fungal receptors with geraniol

Fungal Receptor

Dock score

Score Area ACE

Chitin synthase (CS) 3210 345.80 –76.93

UDP-glucosyltransferase 
(UDPG)

3410 405.80 –77.29

Glucosamine-6-phosphate 
synthase (GPS)

3733 428.90 –69.28
ticidal, antimicrobial, mosquito repellant and larvi-
cidal activities and thus, are used in native medicine
for curing a number of diseases [13]. Essential oil is
extracted from Cymbopogon species by the steam dis-
tillation method, and this oil finds extensive applica-
tion in high grade perfumery, cosmetic, f lavouring and
aromatherapy industries throughout the world [14,
  2023

Interacting residues within 4 Å radius

Transformation Hydrophobic 
interactions Hydrogen bonds

–0.04 0.77 –2.94 
–5.19 –29.99 14.59

TYR25, PRO177 –

3.13 –0.12 0.57 
66.51 76.17 60.31

PHE40, ALA457 –

2.08 0.98 –0.27 
3.02 26.91 80.05

LY35, THR37 SER101, ASN 103
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Fig. 2. 3D ligand-receptor model and molecular interactions of geraniol with fungal receptors. 
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15]. Palmrosa grass essential oil (PEO) from Cym-
bopogon genus, encompasses a number of bioactives
with abundant pharmacological and aroma properties.
The characteristic odour of Palmarosa oil is due to its
high content of total alcohol, mainly geraniol (also
RUSSIAN 
known as Genanial, Lemonal, trans-3,7-Dimethyl-
2,6-octadienal) and small but varying amount of esters
associated with geraniol. We presented our viewpoint
that due to the abundance of geraniol, PEO from
Cymbopogon khasianus have potential to mitigate
AGRICULTURAL SCIENCES  Vol. 49  No. 2  2023
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Table 2. Protein target structure, native ligand and active site amino acids

Fungal 
receptor 3D model Interacting active site residues Cavity

area volume

CS TYR 454, ASP458, THR456,457, 
PRO48, 131, LYS459, ASN129, 
PHE40, SER128, TYR 132,454, 
TRP306, ALA457, GLN412, 
TYR25, PRO177

949.053 3379.091

UDPG ASN333, 332, LEU 331, 
PHE354, LYS415, 419, 334, 
ARG422, SER332, ALA335, 
VAL 356 , PHE40, ALA457

1097.766 1086.959

GPS ALA400, VAL399, GLY 505, HIS 
504, TYR 304, GLN348, SER 
303, LEU 346, LYS 603, GLU 
396, GLN 348, CYS300, 
THR352, 302, GLU 396, LY35, 
THR37

1688.961 1193.342
“Aspergillosis” and “Mucormycosis”. Therefore, the
aim of present study was intended to study 3D docking
of geraniol against CS, UDPG and GPS and wet-lab
authentication. PEO contains bioactive molecules,
phyto-compounds, endowed with pharmacological
activities like: antifungal and mosquito repellent activ-
ity, antimicrobial properties, used in Ayurvedic tradi-
tional and complementary medicine to treat skin
problems and relieve nerve pain, and Immunomodu-
latory action [16], therefore poses a key role as thera-
peutics in the scientific community. Nevertheless, its
potential against “Aspergillosis” and “Mucormyco-
sis” is still a matter of conjuncture. It would additional
add new visions into the potential forecasts to ascer-
tain the key anti-fungal drugs during COVID-19 med-
ications.
RUSSIAN AGRICULTURAL SCIENCES  Vol. 49  No. 2
MATERIALS AND METHODS

GC-FID Analysis

PEO was extracted from fresh green leaves of plants
growing in CSIR AROMA nursery in campus by
hydrodistillation method. Formal identification of the
plant material used in your study was done by Dr
Inderjeet Kaur and voucher specimen bearing number
BT 103 was deposited to dept. Oil was stored in dark
colored vials at 4°C till further analysis. To identify
bioactive compounds in PEO, GC-FID study was
carried out (GC-FID, Chemtron 2045). The specifi-
cations of column was: 2 m long, stainless steel having
10% OV-17 on 80–100% mesh Chromosorb W (HP).
Nitrogen was used as carrier gas at f low rate of
35 mL/min. 0.2 μL PEO sample was used. The tem-
peratures for detector and injector were: 220 and
270°C. Oven ramping conditions were: 100°C (firstly
  2023
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Table 3. ADME properties of geraniol

Physicochemical Properties

Formula C10H18O

Molecular weight 154.25 g/mol
Num. heavy atoms 11
Num. arom. heavy atoms 0
Fraction Csp3 0.60
Num. rotatable bonds 4
Num. H-bond acceptors 1
Num. H-bond donors 1
Molar Refractivity 50.40

TPSA 20.23 Å2

Lipophilicity

LogPo/w (iLOGP) 2.75

LogPo/w (XLOGP3) 3.56

LogPo/w (WLOGP) 2.67

LogPo/w (MLOGP) 2.59

LogPo/w (SILICOS-IT) 2.35

Consensus Log Po/w 2.78

Water Solubility

LogS (ESOL) –2.78

Solubility 2.59e-01 mg/mL; 1.68e-03 mol/L

Class Soluble

LogS (Ali) –3.67

Solubility 3.30e-02 mg/mL; 2.14e-04 mol/L

Class Soluble

LogS (SILICOS-IT) –1.84

Solubility 2.20e+00 mg/mL; 1.43e-02 mol/L

Class Soluble

Pharmacokinetics

GI absorption High

BBB permeant Yes

P-gp substrate No

CYP1A2 inhibitor No

CYP2C19 inhibitor No

CYP2C9 inhibitor No

CYP2D6 inhibitor No

CYP3A4 inhibitor No

LogKp (skin permeation) –4.71 cm/s

Druglikeness

Lipinski Yes; 0 violation
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maintained) ramped to 2100°C at 3°C/min. Bioactive
constituents in PEO were identified by comparing rel-
ative retention times (RT) of GC-FID spectra of PEO
with authentic standards and literature data [16, 17].

Ligand Preparation
For fungal receptors (CS, UDPG and GPS), geraniol

was used as ligand for structures. To build 3D structure of
ligand, SMILES (CC(=CCCC(=CC=O)C)C) of gera-
niol was recovered from NCBI-Pubchem database.
The structure was built by using UCSF-chimera.

Molecular Docking
Crystal structures of CS, UDPG and GPS

fungal enzymes were recovered from PDB
(https://www.rcsb.org/). Before docking analysis, all
target enzymes were cleaned from selected H2O mole-
cules, cofactors, co-crystallized ligand, and energy
minimized. Then all protein target structures were
prepared by means of the dock prep set up in UCSF-
chimera. It is the process under optimization that
bond length, charges anomalies and corrects atomic
structure. For docking, PatchDock tool was used for
docking of ligand geraniol over CS, UDPG, GSP
(https://bioinfo3d.cs.tau.ac.il/PatchDock/). To exe-
cute docking, both receptors and ligand molecules as
“pdb files” were uploaded to the PatchDock and
docking was performed. For 2D and 3D interactions
in docked complexes, Biovia 2020, UCSF Chimera
and Plip tools were used.

Drug-Likeness and Toxicity
ADMET (Absorption, Metabolism, Toxicity and

Excretion), drug likeness, physiochemical properties
RUSSIAN AGRICULTURAL SCIENCES  Vol. 49  No. 2
and pharmacokinetics were studied using SWIS-
SADME tool (http://www.swissadme.ch/). ProTox-II
was used for toxicity profile, oral toxicity, hepatotoxicity,
immunotoxicity, mutagenicity, carcinotoxicity, cytotox-
icity, and analysis (http://tox.charite.de/protox_II).
Bioactivity potential of geraniol was studied by using
web based molinspiration tool (https://www.molin-
spiration.com/cgi-bin/properties).

Active Sites Prediction

In fungal receptors, identification and dimension
of cavities on 3D active sites were computed by using
CASTp web tool. For this all structures in “pdb” for-
mat were uploaded to server and prediction was exe-
cuted with probe radius value of 1.4 Å.

In vitro Antifungal Activity of Palmrosa Oil

Anti-aspergillosis and anti-mucormucosis poten-
tial of PEO was studied on using fungus strains Asper-
gillus niger (MTCC 277) and A. oryzae (MTCC 343),
and Mucor sp. (MTCC 3473). A 10–15 μl/ml of palm-
rosa oil was added with liquid autoclaved PDA
medium. 25 ml of PEO mixed PDA was distributed
into disinfected petri-plates (8 cm in diameter) and
allowed to solidify at ~37°C for 3 h, Mycelial fungal
discs (8 mm) were taken from fungal plates with the
help of sterile cork borer and aseptically placed in petri
plates and incubated for 15 days at 29°C. As positive
control, antibiotic discs of 15 μg f luconazole was used.
MGI (Mycelial growth inhibition) was premeditated
by following equation: (MGI%) = DC – DT/DC ×
100, DC and DT: diameter of control and test colony.
Ghose No; 1 violation: MW<160

Veber Yes

Egan Yes

Muegge No; 2 violations: MW < 200, Heteroatoms <2

Bioavailability Score 0.55

Medicinal Chemistry

PAINS 0 alert

Brenk 1 alert: isolated_alkene 

Leadlikeness No; 2 violations: MW < 250, XLOGP3 > 3.5

Synthetic accessibility 2.58

Physicochemical Properties

Formula C10H18O
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Table 3. (Contd.)
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RESULTS AND DISCUSSION

GC-FID Profiling

Aroma profile and bioactives identified by GC-
FID is displayed in Fig. 1. GC-FID analysis of PEO
displayed the incidence of 22 peaks including major
and minor peaks. The major bioactive components
were Geraniol (45%), Geranial (16%), 6-Methyl
hept-5-en-2-one (7.4%), Linalool (6%) and Borneol
(5%), Elemol (3%) and Fenchyl alcohol (2%). The
small peaks may be attributed to the crumbled major
bioactive components or existent in minor amounts.
As described in literature, PEO was rich in Geraniol
[16, 17]. Due to these bioactives molecules, PEO has
rose-like aroma and has immense applications in high
grade perfumery, cosmetic, flavouring and aromather-
apy, fragrances, soaps, detergents, toiletry, tobacco
products and pharmaceutical industries [16, 17].
Therefore, geraniol was selected as a ligand for dock-
ing studies against fungus cell wall receptors.

Molecular Docking

3D docking results illustrated that fungal enzyme
GPS depicted strong binding with ligand geraniol
(Table 1), as apparent from its docking score of 3733.
Docking score for CS and UDPG was 3210 and 3410,
respectively. 3D model displaying docking pose and
2D/3D interactions of geraniol with CS, UDPG and
GPS fungal enzymes are displayed in Fig. 2. From
docking analysis it was apparent that ligand geraniol
efficiently docked with CS, UDPG and GPS fungal
enzymes. With CS, ligand geraniol docked with cata-
lytic domain between C- (trans-membrane) and N- (a
catalytic) domains [18]. With GPS, geraniol docked
with domains involved in sugar-phosphate isomeriza-
tion and glutamine hydrolysis [19]. With UDPG,
ligand geraniol showed interaction with UDP-glucose
binding domain at C terminal which is likely site of
UDP-glucose binding [20]. These results were in
agreement with earlier studies reporting docking inter-
actions of essential oil based bioactives from plants
Trachyaspermum ammi, Thymus vulgaris, and Boswel-
lia carteri with fungal enzyme [21]. Based on analysis,
it was highlighted that PEO can be used as effective
source of anti-fungicidal compounds.
RUSSIAN 

Table 4. Bioactivity score of geraniol

Bioactivity Score

GPCR ligand –0.60
Ion channel modulator –0.07
Kinase inhibitor –1.32
Nuclear receptor ligand –0.20
Protease inhibitor –1.03
Enzyme inhibitor 0.28
Through 3D docking, with site residues of recep-
tors, ligand could form H-bonds or hydrophobic
bonds which designate affinity of ligand with receptor
[22]. Hence, docking interactions of geraniol with CS,
UDPG and GPS were further evaluated. It was
observed that ligand geraniol forms both H-bond and
hydrophobic interactions with CS, UDPG and GPS.
With GPS hydrophobic interactions were detected via
LYS 35 and THR 37 (Fig. 2). Number of H-bonds
among ligand and receptor describe the power of
binding [23]. It was noted that geraniol exhibited
H-bond with GPS by SER 101 and ASN 103 residues.
Due to this geraniol exhibited tight binding with GPS
as compared to other fungal receptors that was also
apparent from its docking score. Hydrophobic inter-
actions with CS, were mediated via TYR25, and
PRO177. With UDPG, Hydrophobic interactions,
were detected via PHE40 and ALA457. No H-bond
interactions were observed with CS and UDPG recep-
tors. CASTp active sites prediction quantified inter-
acting residues in the active site cavities of CS, UDPG
and GPS receptors (Table 2). In CS enzymes, a main
pocket was documented with Volume (SA) of 3379
and Area (SA) of 949. For UDPG Volume (SA) of
1086 and Area (SA) of 1097, for GPS Volume (SA) of
1688 and area (SA) 1193 were noticed. Meanwhile
geraniol shown good affinity to all fungal enzymes so
it was conjectured that upon binding with ligand CS,
UDPG and GPS becomes closed thus in-turn per-
suades change in conformation of fungal enzymes. All
these events halts fungal cell wall synthesis thus miti-
gate infectivity of fungus into the host cell. Similar
in silico results citing antifungal potential of polyphar-
macological agents to control growth of Aspergillosis
among COVID-19 patients have been stated [23, 24].

PASS Analysis

PASS analysis and ADMET properties of bioactive
geraniol were calculated. It was cited that these prop-
erties are pivotal for any therapeutic drug to be used in
living organisms [25]. Drug-likeness was calculated by
following Lipinski rule of five (RO5). It was observed
that geraniol obeyed RO5. For this rule drug must
have log P ≤ 5, H-bond acceptors ≤10, and H-bond
donors ≤5 and violation no more than 1 (Table 3).
PASS analysis advocated that geraniol was low molec-
ular weight ligand (LMW). It was reported that drugs
ligands having less LMW poses high propensity to
transportation across the cellular membranes and dif-
fuse effortlessly than high MW compounds [26].
The LogPo/w value (v) was also in acceptable range.
In pharmaco-analysis, LogPo/w is a potential factor to
measure lipophilicity of any drug and its movement in
body after absorption (Abraham, 2003). TPSA (topo-
logical polar surface area) value was 9.23 Å squared,
indicating geraniol possess nice oral bioavailability
[21]. Wu et al. [25] cited that TPSA is a key factor of
drug transport properties like efficient permeability
AGRICULTURAL SCIENCES  Vol. 49  No. 2  2023
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Table 5. Toxicity profile of geraniol

Classification Target Prediction

Toxicity end points Carcinogenicity Inactive
Toxicity end points Mutagenicity Inactive
Toxicity end points Cytotoxicity Inactive
Tox21-Nuclear receptor signalling pathways Aryl hydrocarbon Receptor (AhR) Inactive
Tox21-Nuclear receptor signalling pathways Androgen Receptor (AR) Inactive
Tox21-Nuclear receptor signalling pathways Androgen Receptor Ligand Binding Domain (AR-LBD) Inactive
Tox21-Nuclear receptor signalling pathways Peroxisome Proliferator Activated Receptor Gamma 

(PPAR-Gamma)
Inactive

Tox21-Stress response pathways Nuclear factor (erythroid-derived 2)-like 2/antioxidant respon-
sive element (nrf2/ARE)

Inactive

Tox21-Stress response pathways Heat shock factor response element (HSE) Inactive
Tox21-Stress response pathways Mitochondrial Membrane Potential (MMP) Inactive
Tox21-Stress response pathways Phosphoprotein (Tumor Supressor) p53 Inactive
Tox21-Stress response pathways ATPase family AAA domain-containing protein 5 (ATAD5) Inactive
LD50 – 2100
−log10(LD50) Poison scale [0–13] 3.3
Predicted toxicity class 5

1 2 3 4 5 6
and absorption. To exert toxic affect, drug has to be
absorbed thoroughly in human body. GI (Gastrointes-
tinal tract absorption) of geraniol was high (Table 3).
Against P-glycoprotein (P-gp) eff lux transporters,
geraniol was non-substrate. In human body P-gp
pumps drugs back into the lumen, lessening their
absorption [27]. Further, geraniol was non-substrate
to CYP450 series of enzyme. In human body, CYP450
are series of enzymes intricated in liver detoxification
[26]. These results indicated that geraniol can effec-
tively target receptors thus can be further evaluated for
biological activity score.

Biological activity (BA) is a key factor that defines
the capability of any drug binding to respective drug or
biological targets (Khan et al., 2017). In living systems,
biological targets usually are: ion channels or biologi-
cal receptors. BA score of geraniol was computed as
shown in Table 4. BA rule states that if BA score is
RUSSIAN AGRICULTURAL SCIENCES  Vol. 49  No. 2

Table 6. Mycelial growth inhibition rate (%) of Palmrosa
essential oil (PEO), TI: total inhibition (SD ± n = 3)

Different letters with in column indicates significant difference at
P ≤ 0.05 vs. control with in column.

PEO, 
μL/mL)

Growth inhibition, %

MTCC 277 MTCC 343 MTCC 3473

10 20a TI 15a

15 45b TI TI

+control 10 48 41
more than 0, drug is active, if less than –5.0, drug is
silent and if between –5.0 to 0, drug is sufficient
active. BA score for geraniol was from –5.0 and 0, dis-
played to be act a likely drug. Khan et al., [28] reported
these types of observations on drug formulations.
These kinds of annotations have been described by
researchers working on different drug formulations.
Toxicity profile of geraniol was calculated by ProTox
tool. To be used as an effective therapeutic drug in
pharmaceutical companies, in-silico toxicity analysis
is prerequisite [11]. Raies et al., [29] aptly pointed that
toxicity must be analyzed for drugs that could be dam-
aging to humans, environment or animals. Prediction
results reveled that geraniol was mostly non-toxic,
non-mutagenic and non-carcinogenic (Table 5). For
instance: negative hepatotoxicity was observed for
geraniol. Liver hepatotoxicity is most common cause
of failure of any therapeutic in drug market [30]. It was
reported that mutagenicity nature of any drug is dan-
gerous to living cells and main cause of diseases like
cancer [31]. Nevertheless, geraniol displayed passive-
ness to target based biological pathways like: stress
response or nuclear receptor signaling pathways.
As listed in Table 5, it was cited that in human body
these are valuable biological targets [31]. Further, pre-
diction results revealed that geraniol belong to toxicity
class 5, indicating safe nature of bioactive compound.
Predicted LD50 value was 2100 mg/kg. LD50 is the
toxic unit that measures lethal toxicity dose of drug.
On toxic scale, –log10(LD50) value of geraniol was 3.3,
indicating non-toxic nature of bioactive compound.
On poison scale, –log10(LD50) on a linearized toxicity
  2023
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Fig. 3. Toxicity radar chart of geraniol, toxicity profile of the input compound is shown using orange dots/lines which represents
the predicted probabilities of the input compound for respective ProTox-II models.
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scale covering 13 orders of magnitude with less values
indicates non-toxic nature of drugs [32]. Toxicity
radar chart is likewise displayed in Fig. 3, that rapidly
typifies the reassurance of affirmative poisonousness
consequences compared to the average of its class.

In vitro Antifungal Activity of PEO

Wet lab authentication was further corroborated
with the in silico findings by using three fungal strains
viz: A. niger (MTCC 277), A. oryzae (MTCC 343),
Mucor sp. (MTCC 3473). At 15 μL/mL, ample myce-
lial growth inhibition was detected in MTCC 343 and
MTCC 3473 fungal strains, whereas 45% mycelial
growth inhibition was observed with MTCC 277 (Fig. 4,
Table 6). At concentration of 10 μl/ml, PEO displayed
total growth inhibition against A. oryzae than A. niger
anti-fungal potential of PEO may be due to presence
of major component geraniol or minor components
in toto. It is possible that PEO easily enters fungal cell
wall thus cause membrane leakage of electrolytes or
lipid peroxidation of membrane which eventually hin-
dered fungal hyphal-growth and germination of
RUSSIAN 
conidia of fungal strains. These finding were in conso-
nance with earlier studies demonstrating anti-fungal
activity of PEO against Fusarium graminearum, caus-
ing leaf spot infection in plants [33]. Fungicidal effect
of PEO has also been pronounced for other patho-
genic fungus like: Saccharomyces cerevisiae, Botrytis
cinerea, Penicillium digitatum and P. italicum [34–37].

CONCLUSIONS

Aroma profile of PEO displayed geraniol as major
component along with some other minor ones.
Molecular docking study revealed that geraniol from
PEO was an effective ligand which docked with fungal
cell wall enzymes like CS, UDPG and GPS. It was
further authenticated by wet-lab results which dis-
played total inhibition of fungal strains causing
“aspergilosis” and “mucormycosis” diseases mutilat-
ing COVID-19 persons. Thus, results stemmed from
in silico and wet-lab established that, Palmrosa essen-
tial oil plant might be promising antifungal therapeutic
drug against Aspergillosis and Mucormycosis.
AGRICULTURAL SCIENCES  Vol. 49  No. 2  2023
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Fig. 4. Anti-fungal potential of PEO against Aspergillosis (MTCC 277, 343) and Mucormycosis (MTCC 3473) causing fungal
strains. 

�C
on

tr
ol

+
C

on
tr

ol

MTCC 3473 MTCC 277 MTCC 343

10
 �

L
15

 �
L



182 SHARMA et al.
ACKNOWLEDGMENTS

DST, Government of India.

STATEMENTS

Ethics approval and Consent to participate (include
appropriate approvals or waivers): Not applicable.

Consent for publication (include appropriate state-
ments): Yes.

Availability of data and materials (data transparency):
Not applicable.

Competing interests (include appropriate disclosures): Nil.
Funding (information that explains whether and by

whom the research was supported): DST.

SEED

Authors’ contributions: ADS: Designed the study, IJK:
Manuscript preparation.

CONFLICT OF INTEREST

The authors declare that they have no conflicts of interest.

REFERENCES
1. Alanio, A., Dellière, S., Fodil, S., Bretagne, S., and

Mégarbane, B., Prevalence of putative invasive pulmo-
nary aspergillosis in critically ill patients with COVID-19,
Lancet Respir. Med., 2020, vol. 8, pp. e48–e49.

2. Chang, C.C., Senining, R., Kim, J., and Goyal, R., An
acute pulmonary coccidioidomycosis coinfection in a
patient presenting with multifocal pneumonia with
COVID-19, J. Invest. Med. High Impact Case Rep.,
2020, vol. 8.

3. Ventoulis, I., Sarmourli, T., Amoiridou, P., Mantzana, P.,
Exindari, M., and Gioula, G., Bloodstream infection
by Saccharomyces cerevisiae in two COVID-19 patients
after receiving supplementation of Saccharomyces in the
ICU, J. Fungi, 2020, vol. 6, p. 98.

4. Madhavan, Y., Sai, K.V., Shanmugam, D.K., Manima-
ran, A., Guruviah, K., Mohanta, Y.K., Venugopal, D.C.,
Mohanta, T.K., Sharma, N., and Muthupandian, S.,
Current treatment options for COVID-19 associated
mucormycosis: present status and future perspectives,
J. Clin. Med., 2022, vol. 11, p. 3620.

5. Schweer, K.E., Bangard, C., Hekmat, K., and Cornely, O.A.,
Chronic pulmonary aspergillosis external icon, Myco-
ses, 2014, vol. 57, pp. 257–270.

6. Garg, D., Muthu, V., Sehgal, I.S., Ramachandran, R.,
Kaur, H., Bhalla, A., Puri, G.D., Chakrabarti, A., and
Agarwal, R., Coronavirus disease (Covid-19) associat-
ed mucormycosis (CAM): case report and systematic
review of literature, Mycopathologia, 2021, vol. 186, pp.
289–298.

7. Chen, X., Zewen Zhang, Zuozhong Chen, Yiman Li,
Shan Su, and Shujuan Sun, Potential antifungal targets
based on glucose metabolism pathways of Candida albi-
cans, Front. Microbiol., 2020, vol. 11, p. 296.
RUSSIAN 
8. Cuenca-Estrella, M., Antifungal drug resistance mech-
anisms in pathogenic fungi: from bench to bedside,
Clin. Microbiol. Infect., 2014, vol. 20, pp. 54–59

9. Han, X., Zhu, X., Hong, Z., Wei, L., et al., Structure-
based rational design of novel inhibitors against fruc-
tose-1,6-bisphosphate aldolase from Candida albicans,
J. Chem. Inf. Model., 2017, vol. 57, pp. 1426–1438.

10. Muniz, M. and Zurzolo, C., Sorting of GPI-anchored
proteins from yeast to mammals – common pathways
at different sites, J. Cell Sci., 2014, vol. 127, pp. 2793–
2801.

11. Banerjee, P., Eckert, A.O., Schrey, A.K., and Preiss-
ner, R., ProTox-II: a webserver for the prediction of
toxicity of chemicals, Nucleic Acids Res., 2018, vol. 46,
no. W1, pp. W257–W263.

12. Jnanesha, A.C., Ashish, K., Singh, M.K., and Nagaraj, S.,
Variation in the essential oil yield and chemical compo-
sition of palmarosa biomass Cymbopogon martini
(Roxb.) wats. var. Motia Burk) under different location
in semi arid tropic regions of India, Ind. J. Pure Appl.
Biosci., 2019, vol. 7, pp. 107–113.

13. Khanuja, S.P.S., Shasany, A.K., Pawar, A., Lal, R.K.,
Darokar, M.P., Naqvi, A.A., Raj Kumar, S., Sundare-
san, V., Lal, N., and Kumar, S., Essential oil constitu-
ents and RAPD markers to establish species relation-
ship in Cymbopogon Spreng. (Poaceae), Biochem. Syst.
Ecol., 2005, vol. 33, pp. 171–186.

14. Dutta, S., Munda, S., Chikkaputtaiah, C., and Lal, M.,
Assessment of selection criteria for development of high
yielding genotypes using variability parameters in lem-
on grass Cymbopogon flexuosus L., J. Essent. Oil Bearing
Plants, 2017, vol. 20, pp. 1450–1460.

15. Baruah, J., Gogoi, B., Das, K., Ahmed, N.M., Sar-
mah, D.K., Lal, M., and Bhau, B.S., Genetic diversity
study amongst Cymbopogon species from NE-India
using RAPD and ISSR markers, Indust. Crops Prod.,
2017, vol. 95, pp. 235–243.

16. Soorya, C., Balamurugan, S., Basha, A.N., Kandeep-
an, C., Ramya, S., and Jayakumararaj, R., Profile of
bioactive phytocompounds in essential oil of Cym-
bopogon martinii from Palani Hills, Western Ghats, IN-
DIA, J. Drug Delivery Ther., 2021, vol. 11, pp. 60–65.

17. Bhatnagar, A., Composition variation of essential oil of
Cymbopogon spp. growing in Garhwal region of Uttara-
khand, India, J. Appl. Nat. Sci., 2018, vol. 10, pp. 363–
366.

18. Dorfmueller, H.C., Ferenbach, A.T., Borodkin, V.S.,
and van Aalten, D.M.F., A structural and biochemical
model of processive chitin synthesis, J. Biol. Chem.,
2014, vol. 289, pp. 23020–23028.

19. Mouilleron, S., Badet-Denisot, M.A., and Golinelli-
Pimpaneau, B., Ordering of C-terminal loop and gluta-
minase domains of glucosamine-6-phosphate synthase
promotes sugar ring opening and formation of the am-
monia channel, J. Mol. Biol., 2008, vol. 377, pp. 1174–
1185.

20. Sawitri, W.D., Afidah, S.N., Nakagawa, A., Hase, T.,
and Sugiharto, B., Identification of UDP-glucose
binding site in glycosyltransferase domain of sucrose
phosphate synthase from sugarcane (Saccharum offici-
narum) by structure-based site-directed mutagenesis,
Biophys. Rev., 2018, vol. 10, no. 2, pp. 293–298.
AGRICULTURAL SCIENCES  Vol. 49  No. 2  2023



ESSENTIAL OIL DERIVED FROM UNDERUTILIZED PLANTS 183
21. Biswal, A.R., Venkataraghavan, R., Pazhamalai, V.,
and Romauld, S., Molecular docking of various bioac-
tive compounds from essential oil of Trachyaspermum
ammi against the fungal enzyme Candidapepsin-1,
J. Appl. Pharm. Sci., 2019, vol. 9, pp. 21–32.

22. Lima, S.L., Colombo, A.L., and de Almeida Junior, J.N.,
Fungal cell wall: emerging antifungals and drug resis-
tance, Front. Microbiol., 2019, vol. 10, p. 2573

23. Kortemme, T., Morozov, A.V., and Baker, D., An ori-
entation-dependent hydrogen bonding potential im-
proves prediction of specificity and structure for pro-
teins and protein–protein complexes, J. Mol. Biol.,
2003, vol. 326, pp. 1239–1259.

24. Geoghegan, I., et al., The role of the fungal cell wall in
the infection of plants, Trends Microbiol., 2017, vol. 2,
pp. 957–967.

25. Wu, C., Liu, Y., Yang, Y., Zhang, P., Zhong, W., Wang, Y.,
Wang, Q., et al., Analysis of therapeutic targets for
SARS-CoV-2 and discovery of potential drugs by com-
putational methods, Acta Pharm. Sin. B, 2020, vol. 10,
pp. 766–788.

26. Srimai, V., Ramesh, M., Parameshwar, K.S., and Par-
thasarathy, T., Computer-aided design of selective Cy-
tochrome P450 inhibitors and docking studies of alkyl
resorcinol derivatives, Med. Chem. Res., 2013, vol. 22,
pp. 5314–5323.

27. Konig, J. and Muller, F., Transporters and drug-drug
interactions: Important determinants of drug disposi-
tion and effects, Pharmacol. Rev., 2013, vol. 65,
pp. 944–966.

28. Khan, T., Dixit, S., Ahmad, R., et al., Molecular dock-
ing, PASS analysis, bioactivity score prediction, syn-
thesis, characterization and biological activity evalua-
tion of a functionalized 2-butanone thiosemicarbazone
ligand and its complexes, J. Chem. Biol., 2017, vol. 10,
pp. 91–104.

29. Raies, A.B. and Bajic, V.B., In silico toxicology: com-
putational methods for the prediction of chemical tox-
RUSSIAN AGRICULTURAL SCIENCES  Vol. 49  No. 2
icity, WIRE’s Comput. Mol. Sci., 2016, vol. 6, pp. 147–
172.

30. Siramshetty, V.B., Nickel, J., Omieczynski, C., Gohl-
ke, B.O., Drwal, M.N., and Preissner, R., WITH-
DRAWN—a resource for withdrawn and discontinued
drugs, Nucleic Acids Res., 2016, vol. 44, pp. D1080–
D1086.

31. Huang, R., Xia, M., Sakamuru, S., Zhao, J., Shahane, S.A.,
Attene-Ramos, M., Zhao, T., Austin, C.P., and Sime-
onov, A., Modelling the Tox21 10 K chemical profiles
for in vivo toxicity prediction and mechanism charac-
terization, Nat. Commun., 2016, vol. 7, p. 10425.

32. Strey, K., Die Gifte-Skala, Chemie Unserer Zeit, 2019,
vol. 53, no. 6, pp. 386–399. 
https://doi.org/10.1002/ciuz.201900828

33. Kalagatur, N.K., Nirmal Ghosh, O.S., Sundararaj, N.,
and Mudili, V., Antifungal activity of chitosan
nanoparticles encapsulated with Cymbopogon martinii
essential oil on plant pathogenic fungi Fusarium gram-
inearum, Front. Pharmacol., 2018, vol. 9, p. 610.

34. Helal, G.A., Sarhan, M.M., Abu Shahla, A.N.K., and
Abou El-Khair, E.K., Effects of Cymbopogon citratus L.
essential oil on the growth, morphogenesis and aflatox-
in production of Aspergillus flavus ML2-strain, J. Basic
Microbiol., 2007, vol. 47, no. 1, pp. 5–15.

35. Pérez-Alfonso, C.O., Martínez-Romero, D., Zapata, P.J.,
Serrano, M., Valero, D., and Castillo, S., The effects of
essential oils carvacrol and thymol on growth of Penicil-
lium digitatum and P. italicum involved in lemon decay,
Int. J. Food Microbiol., 2012, vol. 158, pp. 101–106.

36. Prashar, A., Hili, P., Veness, R.G., and Evans, C.S.,
Antimicrobial action of palmarosa oil (Cymbopogon
martinii) on Saccharomyces cerevisiae, Phytochemistry,
2003, vol. 5, pp. 569–575.

37. Zhang, J., Ma, S., Du, S., Chen, S., and Sun, H., An-
tifungal activity of thymol and carvacrol against post-
harvest pathogens Botrytis cinerea, J. Food Sci. Tech-
nol., 2019, vol. 56, pp. 2611–2620.
  2023


	INTRODUCTION
	MATERIALS AND METHODS
	GC-FID Analysis
	Ligand Preparation
	Molecular Docking
	Drug-Likeness and Toxicity
	Active Sites Prediction
	In vitro Antifungal Activity of Palmrosa Oil

	RESULTS AND DISCUSSION
	GC-FID Profiling
	Molecular Docking
	PASS Analysis
	In vitro Antifungal Activity of PEO

	CONCLUSIONS
	REFERENCES

		2023-05-10T13:15:48+0300
	Preflight Ticket Signature




