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Abstract
Dandruff is one of the leading causes of hair fall and is commonly caused by bacterial and fungal species
especially the Malassezia species. The lipolytic enzymes of the Malassezia species play an important role

! This article has been Retracted. To view the article details, please click the
‘Retraction’ tab above.

1 1 2 3 4

5 6

Advances in Materials Science and Engineering

https://www.hindawi.com/journals/amse/2022/7373942/
https://www.hindawi.com/journals/amse/2023/9793538
https://www.hindawi.com/journals/amse/si/373269/
https://doi.org/10.1155/2022/7373942
https://orcid.org/0000-0003-0976-7569
mailto:psakthiselvan.se@velsuniv.ac.in
https://orcid.org/0000-0003-4055-3358
https://orcid.org/0000-0002-1574-5158
mailto:shani.dip@gmail.com
https://orcid.org/0000-0003-3152-319X
https://www.hindawi.com/journals/amse
https://www.hindawi.com/journals/amse
https://www.hindawi.com/


1/30/24, 4:50 PM [Retracted] Antidandruff Activity of Polyherbal (Murraya koenigii, Moringa oleifera, and Psidium guajava) Extract against Mala…

https://www.hindawi.com/journals/amse/2022/7373942/ 2/17

in obtaining lipids from the environment, and they are necessary for the growth and pathogenicity of
Malassezia. Therefore, the lipases of the three most commonly (Malassezia globosa, Malassezia furfur,
and Malassezia restricta) affecting Malassezia species have been taken for the In-silico studies. The three-
dimensional structure of the lipase of Malassezia globosa (PDB ID: 4ZRE) was retrieved from protein
data bank, and the other two proteins of the two species (Malassezia furfur and Malassezia restricta) were
built using homology modelling by Swiss modeler. The lipases of the Malassezia species along with the
16 bioactive compounds of the polyherbal (Murraya koenigii, Moringa oleifera, and Psidium guajava)
ethanolic extract predicted by GC-MS analysis were taken for the molecular docking studies. The
pharmacokinetic properties of the bioactive compounds were predicted. Thus, the molecular docking
results revealed that the bioactive compound flavone with score of −7.160 Kcal/mol, isopropyl stearate
with binding score of −10.107 Kcal/mol, and eugenol with a binding score of −8.296 Kcal/mol have
shown good binding affinity against the lipase of Malassezia restricta, Malassezia globosa, and
Malassezia furfur, respectively. Hence, these compounds can be further investigated by in-vitro and in-
vivo studies to be used as potential drug candidates.

1. Introduction
The swiftly developing world has occupied the people with scheduled works and commitments where the
people have forgotten to take care of themselves. It is such a handcuffed situation that people find very
few hours for taking care of themselves. The dandruff is one such skin disease caused due to improper
hair care. The dandruff is a common skin condition that causes flaking on the scalp. Generally, dandruff is
caused by the bacterial species such as Staphylococcus aureus, Propionibacterium, and fungal species like
Candida and Malassezia species. The causes of dandruff are generally unknown but leaving the scalp dry
may be one of the reasons for dandruff. Furthermore, during the winter season, the condition may even
get worse [1]. The Malassezia species are the most common form of yeast that causes dandruff. The
lipolytic enzymes of the Malassezia species are responsible for the growth and pathogenicity of the
species. The lipase protein of the Malassezia species metabolizes the triglycerides of the sebum present in
the skin and releases a lipid by-product called oleic acid which is a free fatty acid. Oleic acid penetrates
the top layer of the epidermis, the stratum corneum, and evokes an inflammatory response in susceptible
people which disturbs homeostasis and results in erratic cleavage of stratum corneum cells. During the
dandruff, the Malassezia species increases by 2 times by metabolizing many lipid molecules [2–4]. The
phospholipases of the Malassezia species hydrolyze the glycerophospholipids present in the skin.
Moreover, the lipases and phospholipases are also present in the bacteria such as Propionibacterium and
Staphylococcus aureus and some fungi, for example, Aspergillus fumigatus, Candida albicans, and
Cryptococcus neoformans, where it plays a pivotal role in the occurrence of skin lesions [5–7]. Several
allopathic medicines are available in the market to control the dandruff which is given in the form of
antifungal creams and shampoos containing ketoconazole or salicylic acid. The side effects of
ketoconazole include nausea, headache, breast swelling, dizziness, stomach pain, and diarrhea. Thus,
people prefer herbal medicines which are more convenient as they have very low detrimental effects; thus,
they are being used to treat dandruff. Some of the herbs used in the treatment are amla, bhringaraj,
hibiscus, neem, ginger, coconut, and tulasi. Additionally, the other herbs, which can reduce the dandruff,
are curry leaves, moringa leaves, and guava leaves. Each of them has their own ability to cure dandruff.
The present study is done to enhance the antidandruff property for better results. The curry leaves are
scientifically known as Murraya koenigii, a subtropical plant native to Asia. Murraya koenigii belongs to
the family of Rutaceae, and in India it is distributed over the regions of Himalayas, Uttarakhand, Assam,
West Bengal, Western Ghats, Travancore, and cochin. Recently, the commercial plantation of Murraya
koenigii is also done in Australia, Nepal, Malaysia, Pakistan, Sri Lanka, Thailand, Vietnam, Bhutan, and
so on. Murraya koenigii generally grows best in well-drained soil in areas with full sun light or partial
shade. The fresh leaves are used as seasoning in many dishes in the southern and southeast Asia [8–10].
M. koenigii is well known for its medicinal properties, which includes antibacterial, antifungal,
antidiabetic, antitumor, anticancer, antiulcer, antidiarrheal, antihelminthic, antiamnesic, radioprotective,Advances in Materials Science and Engineering
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chemoprotective, antilipid peroxidative, wound healing, memory enhancing, antitumor, vasodilating
effect, phagocytic activity, anti-hair-fall, and skin pigmentation properties [11, 12]. The drumstick tree
leaves are scientifically known as Moringa oleifera, which are native to Indian subcontinent. The Moringa
oleifera is a fast -growing plant and belongs to the family of Moringaceae [13]. The young sea pods and
leaves are being used as vegetables and traditional medicine in Indian ayurvedic medical systems. The
medicinal properties of Moringa oleifera include antitumor, antipyretic, antiepileptic, anti-inflammatory,
antiulcer, antispasmodic, diuretic, antihypertensive, cholesterol lowering, antioxidant, antidiabetic,
hepatoprotective, antibacterial, and antifungal activities. The Moringa oleifera is distributed over the
central America and the Caribbean, northern countries of South America, Africa, and south and southeast
Asia [14]. The Guava tree scientifically known as Psidium guajava is a small tree belonging to the family
of Myrtaceae. Psidium guajava is native to Mexico, Central America, the Caribbean, and the Northern
South America. The medicinal properties of Psidium guajava include anti-diabetic, anti-bacterial,
antifungal, antidiarrheal, anti-cancer, wound healing, gastrointestinal problem, antioxidant, and anti-
dandruff properties. Major guava producing states in India are Bihar, Uttar Pradesh, Maharashtra,
Karnataka, Orissa, West Bengal, Andhra Pradesh, and Tamil Nadu [15]. Therefore, the polyherbal
(Murraya koenigii, Moringa oleifera, and Psidium guajava) ethanolic extract identified with 16 bioactive
compounds, and the lipases of three most common species of Malassezia, which are Malassezia globosa,
Malassezia furfur, and Malassezia restricta have been taken for the In-silico studies. The three-
dimensional structure of lipase of Malassezia globosa was studies and retrieved from protein data bank
with PDB ID: 4ZRE. While the 3D structure of other two lipases was constructed with the help of
homology modelling. They were further taken for the molecular docking studies to find out the efficacy of
the ligand molecule, which can be developed into a drug in the future.

2. Materials and Methods

2.1. Homology Modelling of Lipase Protein from Malassezia Species

The present study involves wide use of software, which includes AutoDock 4.2.6, MGL Tools 1.5.4,
Python 3.8.2, Discovery Studio visualizer 3.1, PyMOL 2.3, and SwissPDB viewer. Apart from these,
there are several web servers involved, which includes SWISS-MODEL (https://swissmodel.expasy.org/)
for homology modelling of proteins with unknown three-dimensional structure [16]. PROCHECK and
ERRAT (https://servicesn.mbi.ucla.edu/SAVES/) are used to generate Ramachandran plot and
frequencies of noncovalent structural bonding elucidation between many atoms in the protein [17].
Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/) is for multiple sequence alignment. Blast-P (h
ttps://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins) is for sequence similarity based on the protein
data bank [18]. The 3-dimensional structures of the lipase of Malassezia furfur and Malassezia restricta
were not available in the protein data bank. Hence, the protein was modelled using homology modelling
using the SWISS-MODEL software. The sequence similarity between the query sequences was done
using the BLAST-P web server, where the amino acid FASTA sequence was retrieved from the
UniProtKB database, and the structural homologs were searched in the BLAST-P against the Protein data
bank database to find the closely related structure with respect to the query sequence and similarity [19].
Multiple sequence alignment of the protein FASTA sequence was done using the Clustal Omega web
server to analyze the conserved regions [20]. SWISS-MODEL is an authentic web server developed by
the Swiss Institute of Bioinformatics, which is a widely used automated server for homology modelling of
proteins to predict the 3-dimensional structure of proteins as the 3-dimensional structure of proteins is
essential since it provides insights to its structure, properties, mutagenesis, and functions [21]. Hence, the
development of drug can be done with the help of these 3-dimensional structures, properties, and
function. The FASTA sequence of the target sequence was fed into the web server along with the template
taken from the results of BLAST-P, and the template structure was fed for each of the protein for
modelling. Totally, 10 models were built using Swiss model and the lowest energy model conformationAdvances in Materials Science and Engineering
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was chosen as the best. The best model generated by either of the models was further subjected to energy
minimization using the SwissPDB viewer. Furthermore, the validation of the model was done with the
help of saves webserver (https://saves.mbi.ucla.edu/).

2.2. Molecular Docking Studies of Lipases of the Malassezia Species

2.2.1. Determination of Phytocomponents of the Polyherbal Ethanolic Extract by Gas-Chromatography-

Mass Spectrometry Analysis

Totally, 16 phytocomponents were revealed using GC-MS analysis by injecting the polyherbal ethanolic
extract into an HP−5 column (30 m × 0.25 mm i.d with 0.25 μm film thickness), Agilent technologies
6890 N JEOL GC Mate II GC-MS model. The following chromatographic conditions were used: helium
was the carrier gas, the flow rate was 1 mL/min; and the injector was operated at 200°C, and column oven
temperature was programmed as 50–250°C at a rate of 10°C/min injection mode. The following MS
conditions were used: ionization voltage was 70 eV; ion source temperature was 250°C; interface
temperature was 250°C; and the mass range was 50–600 mass units [22]. The database of the National
Institute of Standard and Technology (NIST) was used for the interpretation of the mass spectrum of GC-
MS. These 16 phytocomponents were taken for the molecular docking studies.

2.2.2. Screening of Protein Ligand Library

The 16 phytocomponents were screened using Lipinski rule of five, which involves five parameters they
are molecular weight (<500 KDa), hydrogen bond donor (<5), hydrogen bond acceptor (<10),
lipophilicity Log P (<5), and molecular refractivity (40–130). Additionally, the phytocompounds
displaying R05 violations were removed. Therefore, only 11 components satisfied the Lipinski rule and
were taken for the In-silico studies. The lipase protein for the Malassezia globosa was studied and
retrieved from protein data bank (PDB ID: 4ZRE) which is maintained by National Centre for
Biotechnology Information (NCBI). The modelled lipase for Malassezia furfur and Malassezia restricta
was also taken for the molecular docking studies. A single chain was determined for the docking analysis
where the heteroatomic molecules, hydrophobic molecules were removed, and further conformations was
visualized using PyMOL viewer. The protein binding site was predicted for each protein by using CastP
web server (http://sts.bioe.uic.edu/castp/index.html?3trg) [23].

2.2.3. Virtual Ligand Screening

The molecular docking was performed using Autodock 4.2 software. This software recognizes the
binding efficiency of the ligand which is docked against the protein lipase of the Malassezia species. This
software is made to understand the protein-protein interaction or protein-ligand interaction which is based
on the Lamarckian genetic algorithm. The Autodock 4.2 is a two-step process, where the grid parameters
are set by addition of hydrogen bonds and charges. The grid parameters were set at dimensions X:64 Å;
Y:68 Å; and Z:50 Å, with grid points for the total map being 228735. The centre grid box size was set
with X axis:−6.250 Å, Y axis: 2.222 Å, and Z-axis:−8.556 Å, for lipase of Malassezia globosa (PDB ID:
4ZRE). For lipase of Malassezia restricta, the grid parameters were set at dimensions X: 40 Å, Y:40 Å,
and Z:40 Å, with grid points for the total map being 64000, and the centre grid box size was set with X
axis:−10.778 Å, Y axis:−2.333 Å, and Z axis: 4.667 Å. For the lipase protein of Malassezia furfur, the
grid parameters were set at dimensions X: 40 Å, Y: 40 Å, and Z: 40 Å, with grid points for the total map
being 64000. The default grid spacing was set the same for all the proteins, that is, 0.375 Å. The
interaction of the protein with their ligand forms the basis of the drug development process. The binding
Advances in Materials Science and Engineering
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energy is obtained for each ligand and the protein ligand complex was analyzed using discovery studios
3.1 [24].

2.2.4. Visualization of Docking Conformation by Discovery Studios 3.1

The Discovery studio 3.1 is a software which is used to visualize the 2D and 3D conformations of the
protein-ligand complex. This software helps to view the interactions such as van der Waals interaction
and conventional hydrogen bonding. It also helps in visualizing the surface images, which shows the
conformation of structure-based ligand protein docking against the targeted proteins (lipase). Discovery
studios 3.1 software is maintained by Dassault system [25].

2.2.5. Screening of Drug Properties

The ADMET are the drug likeness properties of the ligand. It is an analysis of the ligand to evaluate the
absorption, distribution, metabolism, excretion, and toxicity level of the drug. The major parameters to be
noted are solubility, gastrointestinal absorption, penetration of the drug in the blood-brain barrier and
central nervous system, and the toxicity level in the humans and rats. These properties are based on the
principle of vector-based algorithm which can easily dataset known inhibitor/non-inhibitor as well as
substrate/non-substrate. These parameters were analyzed using SwissADME webserver (http://www.swis
sadme.ch/), which helps in calculating the behavior and characteristics of drug compounds [26].

3. Results and Discussion

3.1. Gas-Chromatography and Mass Spectrometry Analysis

The GC-MS chromatogram of polyherbal ethanolic extract indicated 16 peaks that were recognized by
relating their peak retention time, peak area (%), height (%), and mass spectral fragmentation patterns to
those of the known compounds described by the National Institute of Standards and Technology (NIST)
library (Figure 1). The bioactive compounds of polyherbal ethanolic extract revealed by gas
chromatography and mass spectrometry analysis are given in Table 1 along with the retention time and
peak area. The bioactive compounds such as A-pinene (1.23%), 4-hydroxy-3-methoxy benzyl alcohol
(2.55%), eugenol (1.12%), A-caryophyllene (2.46%), Trans-A-copaene (2.68%), humulene-v1(3.58%),
Flavone (19.15%), n-hexadecanoic acid (9.92%), tetradecanoic acid, propyl ester (2.12%), hexadecanoic
acid, ethyl ester (2.12%), 8-octadecenoic acid, methyl ester(45.05%), (Z)-13-octadecen1-yl acetate
(6.94%), isopropyl stearate (1.08%), docosanoic acid, methyl ester (1.12%), 2,6-Bis[3-nitrobenzylidine]-4-
methylcyclohexanone (0.89%), and phenol,2,4-Bis[1,1-dimethylethyl] (2.69%) were identified via GC-MS
analysis (Figure 2). The 8-octadecanoic acid, methyl ester is a fatty acid which has antioxidant, anti-
inflammatory, and antimicrobial activity. Eugenol, a-caryophyllene, flavone, and n-hexadecanoic acid are
well known for its antioxidant, anti-inflammatory, and antimicrobial activity, and these compounds were
elucidated and recorded [23]. Also, eugenol has been claimed to have antiseptic activities and
antineoplastic activity [24].
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Figure 1  

Gas chromatogram of polyherbal ethanolic extract indicating bioactive compounds.

Figure 2  

Bioactive compounds of polyherbal ethanolic extract (a) (Z)-13-Octadecen1-yl acetate, (b)2,6-Bis[3-
nitrobenzylidine]-4-methylcyclohexanone, (c) 4-hydroxy-3-methoxy benzyl alcohol, (d) 8-octadecenoic acid,
methyl ester, (e) A-caryophyllene, (f) A-pinene, (g)docosanoic acid, methyl ester, (h)eugenol, (i)flavone,
(j)hexadecanoic acid, ethyl ester, (k)humulene-v1,(l) isopropyl stearate, (m) phenol,2,4-Bis[1,1-dimethylethyl],
(n)n-hexadecanoic acid, (o)Trans-A-copaene, and (p) tetra decanoic acid, propyl ester.

 

Phytocomponents of polyherbal ethanolic extracts identified by GC-MS analysis.

Table 1
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3.2. Homology Modelling of Lipase Protein of Malassezia Species Using SWISS-MODEL

BLAST-P structural and sequential similarity was found identified. For the lipase of Malassezia restricta,
the monoacylglycerol and diacylglycerol lipase protein of Malassezia globosa with PDB ID: 3UUE with
1.45 Å resolution showed the sequence similarity of 74% followed by lipase protein of Malassezia
globosa of PDB ID: 4ZRD with 2.3 Å, which showed the sequence similarity of 73%; thus, the protein
with PDB ID 3UUE was chosen as template and proceeded to build model. For the lipase of Malassezia
furfur, the lipase protein of Candida Antarctica of PDB ID: 2VEO with 2.2 Å resolution showed the
sequence similarity of 35% followed by lipase protein of the Candida Antarctica with 2.1 Å, and the
lipase protein with PDB ID:2VEO was chosen as template and proceeded to build model. Validating the
built model is a very essential step that denotes the built model quality and reliability. Ramachandran plot
is used to validate the model whether or not any amino acids are present in the disallowed regions due to
steric hindrance of phi (φ) and psi (ψ) bonds between C-alpha methylene group side chain and main chain
atoms in a polypeptide [27]. The PDB file format of models built using SWISS-MODEL was submitted
to the PROCHECK web server to check for the same (Figure 3). Ramachandran plots were analyzed and
the observations were studied and reported (Figure 4). The model of furfur lipase developed by SWISS-
MODEL showed the best results with 85.1% (303 amino acids) of amino acids in the most favored
regions of the plot; 13.8% (49 amino acids) in additional allowed regions; 0.3% (1 amino acid) in
generously allowed regions; and 0.8% (3 amino acids SER201, THR 417, and ALA 429) in the
disallowed region(s) out 417 amino acid residues. The overall G-value for modelled protein furfur lipase
was found to be −0.01, which shows that modelled protein is acceptable; a G-value lower than −0.5 is
considered unusual. The model of restricta lipase developed by SWISS-MODEL showed the best results
with 91.3% (211 amino acids) of amino acids in the most favored regions of the plot; 6.5% (15 amino
acids) in additional allowed regions; 1.7% (4 amino acid) in generously allowed regions; and 0.4% (1
amino acid ASN 245) in the disallowed region(s). The overall G-value for modelled protein restricta
lipase was found to be −0.01, which shows modelled protein is acceptable; a G-value lower than −0.5 is
considered unusual. The SWISS-MODEL protein models were submitted to the ERRAT server [27, 28],
and the model quality factors were found to be 84.804. for furfur lipase and 97.348 for restricta lipase
which shows that the built models were error-free and of high quality. The amino acids SER 201, THR
417, and ALA 429 of furfur lipase and ASN 245 of restricta lipase were found to be in the disallowed
region of the plot with distorted conformation, which was then submitted to ModLoop and SwissPDB
viewer server, and the loops were remodeled and energy minimized, and the conformation was saved in
PDB file format to be further used for molecular docking (Figure 5).

(a)
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Figure 3  

Verify 3D plot for Lipase of (a) Malassezia furfur and (b) Malassezia restricta.

Figure 4  

Ramachandran plot for lipase protein of (a) Malassezia furfur and (b) Malassezia restricta.

(a)

(a) (b)

(a) (b)
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Figure 5  

Lipase protein of (a) Malassezia furfur and (b) Malassezia restricta.

3.3. Molecular Docking Studies of Lipase of Malassezia Species

Table 2 depicts the phytocompounds that were subjected to the Lipinski rule of five, which revealed that
out of 16 compounds only 11 of them satisfied this rule, and the novel information is that the molecular
docking studies of polyherbal extract against the lipase of the Malassezia species were not reported
earlier.

3.3.1. Molecular Docking Studies of Lipase Protein from Malassezia globosa

The ligand binding site was predicted with the help of Castp web server, which revealed 17 amino acids:
TYR56, GLY100, THR101, ASN102, PHE104, SER105, LEU106, ASN107, HIS170, SER171, LEU172,
TRP229, VAL230, ASP278, HIS281, GLN282, ALA292, and VAL293. The molecular docking studies of
lipase protein of PDB ID: 4ZRE of Malassezia globosa uncloaked that the compound isopropyl stearate
showed the least binding energy of −10.107 Kcal/mol, followed by tetradecanoic acid, propyl ester of
score −9.805 Kcal/mol, and n-hexadecanoic acid −8.064 Kcal/mol (Table 3). The hydrogen bond is the
strongest bond and plays a vital role in supramolecular interactions; thus, the more the number of

(a)

 

Screening of ligands using Lipinski rule of five.

Table 2

(a) (b)
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intermolecular hydrogen bonds, the greater the inhibition efficiency. The isopropyl stearate has formed 2
hydrogen interactions with LEU106 and ASN102 and other interactions like van der Waals interaction
with ASN107, GLN278, SER171, HIS170, GLY100, THR101, and GLN282 (Figure 6). The
tetradecanoic acid, propyl ester with score of −9.805 Kcal/mol has only formed van der Waals
interactions with amino acids residues such as ASP278, VAL230, SER171, GLN278, THR101, ASN102,
GLY100, and GLY291, and no conventional hydrogen bond was formed. The n-hexadecanoic acid has
formed 3 conventional hydrogen bonds with residues VAL293, MET294, and GLN282. Other
interactions were found such as pi-alkyl, pi-anion interactions van der Waals interactions.

Figure 6  

2D and 3D interaction of Isopropyl stearate of binding score −10.107 Kcal/mol against lipase of Malassezia
globosa.

3.3.2. Molecular Docking Studies of Lipase of Malassezia restricta

The molecular docking studies of lipase protein of Malassezia restricta reveal that the compounds that
showed least binding energies are flavone of score −7.160 Kcal/mol, followed by isopropyl stearate with
−6.736 kcal/mol and n-hexadecanoic acid with −6.461 kcal/mol (Table 4). The flavone has formed one
conventional hydrogen bond with SER144 and also formed van der Waals interaction with residues such
as HIS80, THR104, ILE145, PHE84, MET176, GLY137, and LEU172. The ligand with a greater number
of hydrogen bonds shows high binding affinity and effective inhibition against the protein (Figure 7). The
isopropyl stearate has a score of −6.736 kcal/mol which has formed other interactions like pi-alkyl, alkyl,
and van der Waals interactions with residues THR104, LYS114, GLY137, ASP79, GLU140, HIS80,
SER144, GLN82, and PHE84. The n-hexadecanoic acid of score −6.461 kcal/mol has formed one
conventional hydrogen bonding with GLN82. The ligand has also van der Waals interactions with
residues LEU172, PHE138, GLY137, THR104, MET176, HIS80, SER144, PHE84, and ILE145. The
other interactions include pi-sigma, pi-alkyl, and alkyl interactions.

 

Docked conformation of bioactive compounds against the lipase of Malassezia globosa.

Table 3
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Figure 7  

2D and 3D interactions of flavone of binding score −7.160 Kcal/mol against lipase of Malassezia restricta.

3.3.3. Molecular Docking Studies of Lipase Protein of Malassezia furfur

The molecular docking studies of lipase protein of Malassezia furfur uncloak that the compounds that
showed least binding energies are eugenol of score −8.296 Kcal/mol followed by A-caryophyllene with
−8.131 kcal/mol and trans -A- copaene with −7.641 kcal/mol (Table 5). The eugenol has formed two
conventional hydrogen bonds with ALA111, TYR200 and also formed van der Waals interaction with
residues such as LEU137, GLU139, VAL134, PHE135, PHE141, GLY199, TYR198, SER109, GLY203,
and SER201. The ligand with a greater number of hydrogen bonds shows high binding affinity and
effective inhibition against the protein (Figure 8). The A-caryophyllene has a score of −8.131 kcal/mol,
which has formed other interactions like pi-alkyl, alkyl, and van der Waals interactions. The A-
caryophyllene has no conventional hydrogen bonding. The Trans-A-copaene of score −7.641 kcal/mol has
not formed any conventional hydrogen bonding with the protein but has formed van der Waals
interactions with residues GLU386, TYR200, TYR198, GLY199, SER109, ALA111, ASP138, GLU139,
VAL134, and PHE62. The other interactions include pi-sigma, pi-alkyl, and alkyl interactions.

 

Docked conformation of bioactive compounds against the lipase of Malassezia restricta.

Table 4

 

Docked conformation of bioactive compounds against lipase of Malassezia furfur.

Table 5
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Figure 8  

2D and 3D interactions of eugenol of binding score −8.296 Kcal/mol against lipase of Malassezia furfur.

3.3.4. Screening of Drug Properties

The drug properties (Supplementary Information) viz., absorption, distribution, metabolism, and
excretion properties of the top five compounds with the best binding energies against the three proteins
were reported. All the compounds showed very good gastrointestinal absorption properties above 80%.
None of the compounds were P-glycoprotein substrate except A-caryophyllene and flavone and inhibitors.
The compounds also showed satisfactory blood-brain barrier and central nervous system permeability
properties. The compounds were neither CYP2D6 substrate nor CYP2C9, CYP2D6, and CYP3A4
inhibitors. Compounds such as flavone, n-hexadecanoic acid, Trans-A-copaene, isopropyl stearate and
tetradecanoic acid, and propyl ester were CYP3A4 substrates. The compounds flavone, Trans-A-copaene,
isopropyl stearate and tetradecanoic acid, and propyl ester were CYP1A2 inhibitors, and flavone was the
inhibitor of CYP2CI9. None of the compounds reported AMES mutagenic property except eugenol and
flavone. No compounds were hERG I inhibitor. The compounds were safe and were not hepatotoxic in
nature. All compounds reported skin sensitisation property except A-pinene, 4-hydroxy-3-methoxy benzyl
alcohol, flavone, and Trans-A-copaene.

4. Conclusion
Thus, the polyherbal ethanolic extract containing the components of Murraya koenigii, Moringa oleifera,
and Psidium guajava reveals that the antidandruff property of the extract studied with the molecular
docking has enhanced in an optimistic manner, where the 11 phytocompounds that satisfied the Lipinski

 shown exceptional binding scores against the lipase. None of the compounds were reported asrule have
the carcinogen, cardiotoxic, and hepatotoxic. Therefore, the compounds were safe for consumptions.
Hence, the lipase which is responsible for the growth and pathogenicity of the Malassezia species can be
inhibited effectively by the polyherbal ethanolic extract. Further, these polyherbs can be used for hair care
product preparation for its antidandruff property, which can be validated by In-vitro and In-vivo studies.
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The data used to support the findings of the study can be obtained from the corresponding author upon
request.
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Supplementary Materials
The supplementary material contains 4 tables (Tables 6–9). Table 6 gives the information about
absorption properties of the polyherbal extract. Table 7 conveys the distribution property details of the
polyherbal extract. Table 8 gives the information about the metabolism properties of the polyherbal
extract. Table 9 conveys about the excretion and toxicity property of polyherbal extract. This information
is discussed in Section 3.3.4, Screening of Drug Properties. (Supplementary Materials)
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