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GREEN SYNTHESIS OF HYDROXYAPATITE NANOPARTICLEUSING
MORINGAOLEIFERAPLANT EXTRACT FOR DENTAL HYGIENE

1Iqra Ansari, 2Waldon D’Mello, 3Kruti Pandya
Department of Biotechnology
Jai Hind College Autonomous

‘A’ Road Church Mumbai 400020

Abstract:

Poor oral health remains a major human affliction burdening health care systems worldwide. Dental caries affect
close to 3.5 billion people worldwide, according to the WHO Global Oral Health Status Report (Dental caries cause
enamel demineralisation - primary mechanism involved in the etiopathogenesis of dental caries). Demineralisation
is triggered at low pH values. It’s a biochemical interaction at the interface of the external oral environment,
biofilm colonising hard tissues and the dental hard tissues. However it’s a reversible process; when the
microenvironment reaches pH values 7.0 or higher and there is an availability of calcium and phosphate ions,
remineralisation can occur. Such ions precipitate, covering the dental surfaces with an amorphous mineral layer.
Toothpaste containing fluoride inhibits demineralisation by interfering with the metabolic pathways of microbial
cells in the overlying biofilm. Accumulation of fluoride at the enamel surface leads to the precipitation of calcium
fluoride-like deposits, which act as a reservoir and gradually release fluoride under conditions of decreased pH.
However fluoride ingestion can cause dental fluorosis in children, concerns about fluoride’s potential neurotoxicity
have spurred research to find alternative active ingredients. A promising alternative active ingredient for addressing
these concerns are calcium-phosphate based molecules like hydroxyapatite which exhibits excellent
biocompatibility for dental application. However Hydroxyapatite nanoparticle synthesis through conventional
routes are not eco-friendly and are very costly. Since research in current times is geared towards sustainability, we
have synthesised HAp nanoparticle by green synthesis

Keywords: HAp, nanoparticle, green synthesis, oral health, dental caries

Introduction:

Nanotechnology is the scientific discipline which has opened numerous avenues for the advancement of current
sciences. Exploitation of nanoparticles for the betterment of human lives has become the gold rush of the current
era because of highly promising results and future prospects. Enamel is primarily made up of Hydroxyapatite
(HAp) thus HAp nanoparticles (NP)

shows extreme bio-compatibility and can be used as an alternative to fluoride in commercially available toothpastes.
HAp NP îs a part of the Ca-P NP family and is chemically represented as Ca10(PO4)6(OH)2. The stoichiometric ratio
of HAp is calcium and phosphorus in the ratio of 1:67. HAp NP can be synthesised by various methods like sol-gel,
thermal hydrolysis, hydro thermal processing, chemical vapour deposition, thermal plasma approach and
microwave synthesis method. However these methods are costly and not eco-friendly, green synthesis is far
cheaper while being equally eco-friendly. The leaf and flower of Moringa oleifera were used for the synthesis of
HAp NP. Moringa oleifera belonging to the Moringaceae family originally native to India is often referred to as the
“Miracle tree” because of its countless health benefits and nutritious value. Dental caries is an issue that annually
affects billions of people around the globe, an effective way to combat the dental caries has always been using
fluoride containing toothpastes which pose their own concerns. HAp NP can effectively replace fluoride in
toothpaste and perform its function better while being harmless at the same time. This project aims to synthesise
Hap NP by a green synthesis approach, characterise the synthesised particle by UV-Visible Spectrophotometric
analysis, and determine its antimicrobial activity against Staphylococcus aureus - Gram positive bacteria.

https://doi.org/10.5281/zenodo.15285584


International Journal of Multidisciplinary Research and Technology
ISSN 2582-7359, Peer Reviewed Journal, Impact Factor 6.325

www.ijmrtjournal.com

https://doi.org/10.5281/zenodo.15285584 Volume 6 Issue 3 (Special Issue March 2025)— 2—

Fig 2: Hydroxyapatite nanoparticle

Materials and Methodology:

HAp nanoparticles were synthesised using a green synthesis method, where 0.01 M Ca(OH)2 was dissolved in 50 ml
distilled water (to super saturate the solution). The solution was stirred for 10 minutes using a magnetic stirrer.
Similarly, 0.006 M H3PO4 solution was prepared separately in another flask. Moringa leaves and flowers were
collected and surface sterilized with distilled water. 5g Moringa leaves were mixed with 50 ml distilled water and
boiled for 30 minutes. The solution was cooled to room temperature, filtered and stored at 4°C. Similarly, Moringa
flower extract was prepared and stored. Ca(OH)2 and H3PO4 solutions were mixed together and 0.8 M NaOH was
added slowly from a burette vertically. The pH of the solution was adjusted to 10.

30 ml of Moringa oleifera leaf extract was added as electron donor and 3 ml ofMoringa oleifera flower extract was
added as a capping agent. Stir continuously for 1 hour using a magnetic stirrer. Allow the solution to stand at room
temperature for 24 hours.

Fig 3.1: Reaction for synthesis of HAp NP

https://doi.org/10.5281/zenodo.15285584
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Moringa flowers Moringa leaves Flower and leaves extract

Solution of Ca(OH)2 and H3PO4mixed with extract

Fig 3.2: Methodology for synthesis of HAp NP

Result:

Colour change:

The Moringa extract-synthesized hydroxyapatite (HAp) nanoparticles showed a clear color change from brown to
green during synthesis. This was triggered by the reducing and stabilizing effect of bioactive compounds in the
Moringa extract, including polyphenols, flavonoids, and other phytochemicals. These compounds enable the green
synthesis of HAp nanoparticles without the use of harmful chemicals.

Fig 4.1: Observation of colour change

UV-Vis Spectral analysis:

The presence of HAp nanoparticles was analyzed by preliminary detection using UV-Vis Spectrophotometer
(EQUIP-TRONICS Model no.827) against a blank (distilled water). The spectral range was recorded from 230 nm
to 290 nm. The nanoparticle showed an absorption peak at 230nm.

https://doi.org/10.5281/zenodo.15285584
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Fig 4.2:UV-Vis absorption spectrum of Hap Np synthesis

Antimicrobial activity of HAp NP:

The green synthesized HAp NP were tested for antimicrobial activity - Kirby Bauer disc diffusion method. The test
organism Staphylococcus aureus was sub cultured and spread on nutrient agar (peptone 1g, beef extract 0.3g, NaCl
0.5g, agar 3g, distilled water 100ml, pH 7.4) using sterilized cotton swabs. The disc diffusion method was
performed by placing four different types of discs including control, moringa leaf and flower extract, HAp NP and
was incubated at 37 ° C for 24 hr. The zone of clearance was observed and the mean was calculated: 5 mm for
moringa leaf extract, 3mm for moringa flower extract, 8.3 mm for HAp Np.

Discussion:

The bioactive compounds in the Moringa extract, such as polyphenols, flavonoids, and phytochemicals, act as
reducing agents. They reduce the precursors (like calcium and phosphate ions) to form hydroxyapatite nanoparticles.
It also serves as capping agents, stabilizing the nanoparticles so that they don’t agglomerate and maintain uniform
particle size. The observed color change (from brown to green) serves as a visual indicator of the reaction
progression and successful synthesis of HAp nanoparticles.

The peak absorption at 230 nm during spectral analysis aligns nearly with the characteristic absorption range of
HAp nanoparticles.

The control had not shown any zone of clearance for the treated bacterial strain whereas the HAp NP showed
enhanced antimicrobial property as compared to leaf and flower extract. Hence we found that HAp NPs have the
ability to suppress the growth of Gram positive bacteria commonly found in the oral cavity. Similar disc diffusion
assay can be performed against specific dental caries to determine the antibacterial activity of HAp NP.

Conclusion:

Hydroxyapatite has proven to be a compound of great significance because of its numerous biomedical applications
like drug delivery, bio-functional scaffolds and its resemblance to natural enamel. Dental caries cause the
demineralisation of teeth because of which, it is the primary cause of tooth decay and decline in oral hygiene. This
demineralisation is combated by the use of fluoride toothpaste. They inhibit demineralisation by disrupting the
metabolic pathways of dental caries fluoride accumulates at the enamel surface, this leads to the precipitation of
calcium fluoride-like deposits. In conditions of decreased pH these deposits gradually release fluoride to counteract
the demineralisation. However the growing consumer concern on the negative effects of fluoride ingestion by use
of fluoride toothpaste has led to research for developing alternatives. Research has demonstrated the possibility of
HAp NP being an alternative to fluoride. For preparation of nano embedded oral hygiene products, synthesis of
HAp NP was performed by a plant mediated method using Moringa oleifera leaf and flower extract. The leaf
extract acts as a reducing agent and chelates the precursor to form the HA NP which are then capped by the flower
extract. However further research is essential to understand the reaction mechanism. The synthesised HAp NP were

https://doi.org/10.5281/zenodo.15285584
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characterised by UV - Vis spectral analysis. Kirby Bauer disc diffusion method was performed to determine its
antibacterial properties against S. aureus which is a Gram positive bacteria. The zones of clearance which were
observed indicate the anti-bacterial nature of HAp NP. Additional research and clinical trials are required to
facilitate the transition from fluoride toothpastes to HAp NP toothpastes.

Future prospects:

Scientific studies have concluded that silver possesses bactericidal, fungicidal, and antiviral properties. Its
microbial action works through silver ions that deactivate important bacterial enzymes. The destruction of these
enzymes results in the disturbance of the cell that stops bacterial DNA replication, which leads to cell death. In
recent studies, Ag NP are known to have high antibacterial activity. Ag NP is an effective antibacterial agent due to
the fact that they have a high surface-area to mass ratio which means that even small quantities can be used in
toiletries, including mouthwashes. Studies also showed that dental resins are remarkably more antibacterial after
having Ag NP incorporated in them. Resins that contain Ag NP inhibit the growth of bacteria, biofilm colony-
forming units (CFU), and the metabolic activity of the biofilms. This causes a significant reduction in the formation
of harmful biofilms and the secretion of lactic acid, which decays the tooth. The most significant aspect is that these
antibacterial properties are achieved without losing the desirable physical and mechanical properties of the resins.
For more effective prevention of dental caries, Ag NP can be used together with HAp.
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MICROWAVE IRRADIATION VERSUS CONVENTIONAL METHOD:
SYNTHESIS AND CHARACTERIZATION OF SOME NEW SERIES OF

MANNICH BASES DERIVED FROM 4-[(4-CHLORO-2
PYRIMIDINYL)AMINO]BENZONITRILE

1Vijay V. Dabholkar, 2Rahul Jaiswar, 3Dinesh Udawant
Organic Research Laboratory, Department of Chemistry

Jai Hind College, Church gate, Mumbai-400 020
K. C. College, Church gate, Maharashtra, INDIA.

Abstract:

In order to examine the viability, reaction time, and yield of the product, a number of novel Mannich base
derivatives were created and synthesized using both traditional and microwave methods. Mannich bases were
obtained for this by employing pTSA as a catalyst in a one-pot synthesis of 4-((4-chloropyrimidin-2-
yl)amino)benzonitrile, aldehydes, and primary amine. IR, 1H NMR, 13C NMR, and elemental analysis were used
to identify the structures of the newly synthesized compounds. A comparison of the conventional and microwave
procedures showed that the microwave aided synthesis was easier to use, more convenient, produced better yield,
and produced fewer byproducts than the old method.

Keyword: Mannichbase, Microwave irradiation, 4-((4-chloropyrimidin-2-yl)amino)benzonitrile, Aromatic
aldehydes.

1. Introduction:

Improved thermal control of chemical reactions is made possible by microwave (MW) irradiation. Compared to
traditional heating techniques, the quick MW heat transfer enables reactions to proceed significantly more quickly,
frequently leading to higher product yields. 1–2 Moreover, it is possible to extract and selectively modify the
byproducts of temperature-sensitive processes from kinetic or thermodynamic routes. An oscillating electric or
magnetic field causes polar molecules or ions to be stirred, which is the basic mechanism of microwave-irradiated
synthesis. Particles attempt to align themselves or be in phase with the oscillating field when it is present.
Microwave synthesis only applies to materials that can absorb microwave energy.3 For the synthesis of organic
compounds, this method is therefore easy, clean, quick, effective, and economical. Therefore, microwave
irradiation was used to prepare this synthesis.

Mannich reactions are more flexible than other reactions. As a result, they have long piqued the interest of
chemists. A sort of nucleophilic addition reaction known as the Mannich reaction occurs when a molecule
containing one or more active hydrogen atoms condenses with formaldehyde4 and a primary or secondary amine.
Scheme 1 provides a generic schematic representation of the Mannich reaction. The Mannich bases, which make
up the amino alkyl chain in it, have been discovered to be extremely significant synthetically. They function as
biologically active substances and have the potential to be used as agents in the synthesis of numerous medicinally
valuable chemicals. Biperiden cocaine, ethacrynic acid, atropine, ranitidine, trihexyphenidyl, fluoxe-tine
procyclidine, and other amino alkyl chains containing mannich bases are clinically significant5–7. The reactive
Mannich bases are easily transformed into other compounds, such as physiologically active amino alcohols8.

The Mannich bases also possesses the number of potent activities such as anti-HIV9, antimalarial10, antifungal11-12,
anticonvulsant13, antiviral14, antifilarial15, anticancer 16-17, anthelmintic18, antibacterial19-20, antipsychotic21,
antitubercular22-23, analgesic24, antiinflammatory 25-26, along with the biological activity the Mannich bases are
found to their extensive use in the detergent synthesis and commonly used as a additive in it. Such as the polymers
surface active reagents27. The Maninich bases and the derivatives of these bases are extensively used as the
intermediates for the synthesis of the biologically active compounds28-29. Also the extensive use of this reaction is
to preapare or synthesized the compound containing Nitrogens30. In addition to their widespread application in the
field of agrochemicals as growth regulators in plants, Mannich bases are highly significant in their antibacterial
activity31.

https://doi.org/10.5281/zenodo.15285584
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In the current study, we used pTSA as a catalyst to synthesize the N-Mannich Bases from 4-((4-chloropyrimidin-2-
yl)amino)benzonitrile, aldehydes, and primary amine. Compounds can be synthesized in a single pot using the
Mannich reaction, which is classified as a multicomponent reaction (MCR) when three or more distinct reactant
molecules react to generate a product. The new avenues for the advancement of organic synthesis are defined by
the multicomponent reactions (MCRs). MCRs are clearly emphasized as crucial pathways and procedures in
organic synthesis and medicinal chemistry32 because of this.

The synthesis of the N-Mannich Bases from 4-((4-chloropyrimidin-2-yl)amino)benzonitrile, aldehydes and
primary amine using pTSA as a catalyst was found to be the convenient method for the synthesis of the number of
the Mannich bases which was characterized and found to have the extensive use in the synthetic chemistry.

2. Material and method:

Unless and otherwise noted, all Chemicals used were of commercial grade and they were used without any further
purification. All reactions were monitored by thin layer chromatography using aluminium sheets precoated with
silica gel 60 F254 (Merck) using either UV light or iodine vapours as visualizing agents. The products were
identified fully or by comparison of melting points and spectroscopic data with the previously reported ones.

General procedure for the synthesis of novel mannich bases 4(a-n)

2.1 Conventional method:

A mixture of 4-((4-chloropyrimidin-2-yl)amino)benzonitrile (1) (3 mmol), substituted aldehyde (2) (3 mmol), and
substituted amine (3) (3 mmol), in ethanol (10ml) was placed in 100 ml of R.B.F and 1.5mm pTSA were added
then mixture was refluxed on a water bath for 2-3hr. The reaction was monitored by TLC. Upon completion, the
reaction mass was cooled to room temperature. The solid thus obtained, further cooled to 0-5°C. Filter the solid and
wash with chilled ethanol and recrystallized from 50% aq. EtoH to afford pure compound.

2.2 Microwave Irradiation Method:

A mixture of 4-((4-chloropyrimidin-2-yl)amino)benzonitrile (1) (3 mmol), substituted aldehyde (2) (3 mmol), and
substituted amine (3) (3 mmol), in ethanol (10ml) and 1.5mm pTSA were irradiated in microwave for 5-10min. The
reaction was monitored by TLC. Upon completion, the reaction mass was cooled to room temperature. The solid
thus obtained, further cooled to 0-5°C. Filter the solid and wash with chilled ethanol and recrystallized from 50%
aq. EtoH to afford pure compound.

3. Results:

The microwave approach and the conventional method were used to create new mannich base derivatives (Scheme
1). A number of chosen one-pot microwave-assisted syntheses were performed in order to demonstrate the newly
established method's general effectiveness. While normal reflux conditions needed 8 hours, the reaction was
observed to occur smoothly under microwave irradiation in 20 minutes. Table 1 compared the synthesis of novel
Mannich bases using the conventional method versus the microwave method. Rapid synthesis was made possible
by the microwave-assisted process, which took only 20 minutes as compared to 8 hours using conventional
methods. We discovered that employing the microwave approach produced new mannich base derivatives in good
yields.

The majority of compounds 4 had yields above 70%, which was higher than the yields of the derivatives of
mannich bases that were produced using the traditional approach. particularly if the compounds were synthesized
while being exposed to microwave radiation. The microwave process produced Compounds 4i in the highest yield
(78.6%), whereas traditional procedures, which usually take around 8 hours, produced Compounds 4i in a yield of
only 47.4%. Conversely, the molecule can be synthesized in just 10 minutes using the microwave method.
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3.1.Scheme 1: Synthetic pathway for compounds 4(a-n)

3.2. Table 1. Comparison of traditional synthesis with microwave assistance

Code R1 R2 Yield% Reaction Time Energy
Conventional Microwave Conventi

onal
(hr)

Microwa
ve
(min)

Conventi
onal
(Temp.
C)

Microwav
e
(PowerWa
tt)

4a H H 43.7 71.6 3 10 80-85 210
4b 4-Cl H 42.2 70.6 6 12 80-85 210
4c 2-Cl H 41.2 70.4 5 15 80-85 210
4d 4-Br H 44.9 78.0 4 17 80-85 210
4e 3-

OCH
3

H 43.2 77.1 7 11 80-85 210

4f 4-
OCH
3

H 43.1 78.1 8 10 80-85 210

4g 3-
NO2

H 39.2 73.1 5 16 80-85 210

4h H CH3 48.5 72.3 4 18 80-85 210
4i 4-Cl CH3 47.4 78.6 8 10 80-85 210
4j 2-Cl CH3 42.7 76.8 7 15 80-85 210
4k 4-Br CH3 41.1 76.4 6 18 80-85 210
4l 3-

OCH
3

CH3 40.9 70.1 3 20 80-85 210

4m 4-
OCH
3

CH3 46.5 71.7 4 14 80-85 210

4n 3-
NO2

CH3 45.1 77.8 7 13 80-85 210
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3.3. Table 2: The infuence of solvent on the synthesis of (compounds 4a) 4-((4-chloropyrimidin-2-
yl)(phenyl(phenylamino)methyl)amino)benzonitrile

Entry solvent catalyst Microwave Conventional
Time(Min) Yield Time(h) Yield(%)

1 Ethanol pTSA 10 71.6 3 43.7
2 DMF pTSA 11 87.2 7 55.3
3 DMSO pTSA 10 86.1 8 52.1
4 Methanol pTSA 14 82.6 8 51.5

Different solvents have been investigated in Table 2 since the solvent also significantly influenced the reaction rate
and isolated yield. First, we tested both the conventional and microwave methods to react 4a in ethanol (Table 2,
entry 1). To our satisfaction, the microwave procedure produced a greater yield (71.6%) of product 4a. When we
screened the solvents for this reaction, we discovered that using pTSA as a catalyst for the reaction in DMF
increased the yield of the isolated product to 87.2% (Table 2, entry 2). The experiment showed that the polar
aprotic solvent enhanced the process. Table 2 shows that the synthesis of Mannich base was significantly enhanced
in terms of reaction time and yield by using DMF and DMSO as a solvent with pTSA as a catalyst (Table 2, entry
2-3). Additionally, methanol might drastically shorten reaction times and boost yield, proving that basic solvents
work well (Table 2, entry 4). Therefore, when compared to a number of different solvents examined under
microwave irradiation, Compound 4a was determined to be ideal in DMF.

4. Discussion:

Melting points were measured in open capillaries and are uncorrected. IR spectra was recorded on Bruker FTIR
spectrophotometer. 1H-NMR and 13C-NMR spectra were recorded on Bruker FTNMR (500MHz)
spectrophotometer with DMSO-d6 as solvent and TMS as internal standard. Solvent peaks in 1H-NMR and 13C-
NMR spectra have been removed in tracing. The chemical shifts in parts per million (δ) are reported downfield
from TMS (0 ppm). The abbreviations s, d, t, q, m and dd refer to singlet, doublet, triplet, quartet, multiplet and
doublet of doublet respectively.

4-((4-chloropyrimidin-2-yl)(phenyl(phenylamino)methyl)amino)benzonitrile (4a):

Molecular Formula: C24H18ClN5

Molecular Weight (gmol-1): 411.89

Melting Point (ºC): 120-125°C

IR (KBr, cm-1): 3217 (NH), 2185 (CN), 1675 (C=N)
1H NMR (500 MHz, DMSO, δ ppm): 10.46 (s, 1H, NH), 7.11-8.07 (m, 9H, Ar-H), 6.47 (s, 1H, CH)
13C NMR (500 MHz, DMSO, δ ppm): 160.4, 150.2, 148.9, 139.9, 139.7, 135.6, 133.4, 129.6, 128.6, 128.1, 127.3,
123.8, 123.6, 120.3, 118.6, 117.8, 111.6, 109.9.

4-((4-chloropyrimidin-2-yl)(((4-methoxyphenyl)amino)(phenyl)methyl)amino)benzonitrile (4e):

Molecular Formula: C25H20ClN5O

Molecular Weight (gmol-1): 441.91

Melting Point (ºC): 130-133°C

IR (KBr, cm-1): ): 3319 (NH), 2145 (CN), 1491 (C=N)
1H NMR (500 MHz, DMSO, δ ppm): 10.70 (s, 1H, NH), 7.22-7.83 (m, 9H, Ar-H), 6.66 (s, 1H, CH), 3.83 (s, 3H,
OCH3).
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13C NMR (500 MHz, DMSO, δ ppm): 160.4, 155.0, 150.2, 148.9, 139.9, 139.7, 135.6, 133.4, 128.6, 128.1, 127.3,
123.8, 120.3, 118.6, 116.0, 114.6, 111.6, 109.9, 55.3.

4-((4-chloropyrimidin-2-yl)(phenyl(p-tolylamino)methyl)amino)benzonitrile (4h):

Molecular Formula: C25H20ClN5

Molecular Weight (gmol-1): 425.91

Melting Point (ºC): 122-129°C

IR (KBr, cm-1): 3351 (NH), 2193 (CN), 1639 (C=N)
1H NMR (500 MHz, DMSO, δ ppm): 10.40 (s, 1H, NH), 6.66-7.83 (m, 9H, Ar-H), 5.16 (s, 1H, CH), 2.19(3H,
CH3).
13C NMR (500 MHz, DMSO, δ ppm): 160.4, 150.2, 148.9, 139.9, 139.7, 135.6, 133.4, 131.2, 130.0, 128.6, 128.1,
127.3, 123.8, 120.3, 118.6, 114.4, 111.6, 111.6, 109.9, 21.4.

4-((4-chloropyrimidin-2-yl)((4-methoxyphenyl)(p-tolylamino)methyl)amino)benzonitrile (4l):

Molecular Formula: C26H22ClN5O

Molecular Weight (gmol-1): 455.94

Melting Point (ºC): 133-136°C

IR (KBr, cm-1): 3347 (NH), 2145 (CN), 1630 (C=N)
1H NMR (500 MHz, DMSO, δ ppm): 10.50 (s, 1H, NH), 6.1 (s, 1H, CH), 6.92-8.02 (m, 8H, Ar-H), 4.10 (s, 3H,
OCH3), 2.5 (3H, CH3).
13C NMR (500 MHz, DMSO, δ ppm): 160.4, 159.8, 150.2, 148.9, 139.9, 139.7, 135.6, 133.4, 131.2, 130.0, 128.3,
123.8, 120.3, 118.6, 114.4, 114.2, 111.6, 109.9, 55.3, 21.4.

5. Conclusions:

1. In summary, a new series of mannich base were synthesized using pTSA catalyst which offers several
advantages over the conventional heating methods such as shorter reaction times, excellent yields and simple
experimental workup procedures.

2. We also studied the optimization of experimental conditions for the Mannich reaction. Compared with the
conventional method, the microwave method could reduce the reaction time, improve rate and increase yields.
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Abstract: Dehydrodiisoeugenol constitute a new group of antimitotic and potential anticancer agents that inhibit
tubulin polymerization. It is a benzofuranoid type neolignan have been synthesized and diversified to its ester /
hybrid derivatives (DCC / DMAP / Pyridine / DCM) using conventional methods and characterized by 1H NMR,
IR, Elemental analysis and mass spectral data. These synthesized compounds were screened for their potential
antibacterial activity against Gram positive and Gram negative cultures. Few of them possess promising
antibacterial activity.

Keywords: Benzofuran, Dehydrodiisoeugenol, 1H NMR, TOF MS ES, IR, Gram positive and Gram negative
cultures, antibacterial etc.

Introduction

Heterocyclic synthesis has emerged as powerful technique for generating new molecules useful for drug discovery1.
Heterocyclic compounds provide scaffolds on which pharmacophores can arrange to yield potent and selective
drugs2. Benzofuran nucleus may be combined with nitrogen heterocycles in different ways. Several benzofuran
compounds are reported to possess antibacterial3, antifungal4, anti-inflammatory5, antidepressant6, analgesic7 and
hypoglycemic activities8. It has been pointed out that: benzofuran nucleus is very rarely associated with a nitrogen
hetrocycle. In our present work, we are synthesizing dehydrodiisoeugenol9 by subjecting isoeugenol to oxidative
coupling using iodobenzene diacetate in dichloromethane. It also shows pronounced antileishmanial,
antiplasmodial activities and served as a suitable starting material for the synthesis of various bioactive molecules
such as fragnasol B. Since it possess various biological activities, we decided to make a library of compounds using
various permutation and combinations to come up with novel hybrid derivatives of dehydrodiisoeugenol using
conventional methods. The objective of this study is to condense two molecules of the same disease domain to
produce more potent candidate in the same disease domain or to condense two molecules of different disease
domain to produce mixed variety of those disease domain or to have drug candidate with entirely different disease
domain.

Experimental

2.1 Materials and Methods :

Chemicals used were of a laboratory grade. The reactions were monitored by TLC on aluminium-backed silica
plate visualized by UV-light.Melting points were determined on a Thomas Hoover capillary melting point
apparatus using digital thermometer.IR spectra were recorded on a Shimadzu FTIR Prestige model as KBr pellet.
1H NMR spectra were recorded on a Varian 400 MHz spectrometer in CDCl3. Chemical shifts were recorded in
parts per million down field from tetramethyl silane. Mass spectra were recorded on a TOF MS ES mass
spectrometer. Elemental analysis were carried out as a percentage on a Thermo finnigan, Flash EA 1112 series,
Italy.
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2.2 Results and Discussion

Synthesis of Dehydrodiisoeugenol :- To a stirred solution of [A] (4.0 g, 24.35 mmol) in dichloromethane (75 ml)
was added dropwise a solution of IDA (2.5 g, 7.76 mmol) in dichloromethane (100 ml) at room temperature within
4 h and stirring was continued at room temperature for 48 h. Subsequently the same amount of IDA in
dichloromethane (100 ml) was added within 4 h. After stirring, the reaction mixture at room temperature for 2 h., 3
g of solid NaHCO3 was added and the stirring was continued for 5 h. Subsequently, NaHCO3 was filtered off, and
the solvent was evaporated to give a yellow oil, whose purification by flash chromatography on silica gel (n-
hexane : ethyl acetate, 6 : 1) resulted in [ C ](1.4 g, 38 %) as white needles.with m.p. 132 – 1330C. 1H NMR (400
MHz, CDCl3)∂ppm :- 1.38 (d, J = 6.8 Hz, 3H, -CH3), 1.86 (d, J = 6.6 Hz, 3H, -terminal –CH3 frpm isoeugenol
moiety), 3.4 – 3.5 (m, 1H, proton ‘d’), 3.87 (s, 3H, Ar x –OCH3), 3.89 (s, 3H, Ar x –OCH3), 5.10 (d, J = 9.2 Hz,
1H, -benzylic proton ‘c’), 5.64 (s, 1H, -OH, D2O exchangeable), 6.0 – 6.2 (m, 1H, olefinic proton ‘a’), 6.36 (d, J =
15.8 Hz, 1H, -olefinic proton ‘b’), 6-7 – 7.1 (m, 5H, ArH).

2.3 Diversification of Dehydrodiisoeugenol to its ester / hybrid molecules : - Compounds (1) to (4) [Table 1]
were synthesized by following general method.

To a stirred solution of [A] (1 eq.) in 30 ml dichloromethane was added [C] (1.3 eq.), [D] (0.05 eq.), [E] (0.5 eq.)
and stir the reaction mixture at room temperature for 5 min. To this, compound [B] (1.3 eq.) was added and stirring
continued at at room temperature for next 8 h. As the reaction proceeds, urea derivative precipitates out as by
product. The progress of the reaction is monitored by TLC for completion of reaction.

Work up :- The reaction mixture concentrated to minimum, preadsorbed on silica gel (100 – 200 mesh) and purified
by column chromatography with increase in concentration of ethyl acetate in petroleum ether. The general yields of
these reactions ranges between 50 – 60 %.
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Table 1 : Dehydrodiisoeugenol ester / hybrid derivatives.

Compound No. R

1 Benzoyl

2 4-Nitro benzoyl

3 3,4-Dimethoxy benzoyl

4 3,4,5-Trimethoxy benzoyl
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2.6 Characterization of compounds (1 - 4) :-

(1) [2-methoxy-4-[(2R,3R)-7-methoxy-3-methyl-5-[(E)-prop-1-enyl]-2,3-dihydrobenzofuran-2-yl]phenyl]
benzoate :-

Off white solid; Molecular Formula C27H26O5; Melting Range 118 – 1200C; 1H NMR (400 MHz,
CDCl3)∂ppm :- 1.43 (d, J = 6.8 Hz, 3H, -CH3), 1.87 (d, J = 6.5 Hz, 3H, -terminal –CH3 from isoeugenol moiety),
3.4 – 3.5 (m, 1H, proton ‘d’), 3.81 (s, 3H, Ar x –OCH3), 3.91 (s, 3H, Ar x –OCH3), 3.90 (s, 3H, Ar x –OCH3),
5.19 (d, J = 9.0 Hz, 1H, -benzylic proton ‘c’), 6.0 – 6.2 (m, 1H, olefinic proton ‘a’), 6.36 (d, J = 15.6 Hz, 1H, -
olefinic proton ‘b’), 6.7 – 7.2 (m, 5H, ArH from dehydrodiisoeugenol moiety), 7.4 – 8.3 (m, 5H, ArH from benzoyl
moiety). IR (KBr) cm-1: 3000 – 2800 (-CH stretching for methyl and methine group), 1730 (ester >C=O), 1610 -
1500 (aromatic); TOF MS : 431 (M + H); Elemental Analysis, Requires C 75.33 % H 6.09 % O 18.58 % Found C
75.30 % H 6.06 % O 18.61 %.
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(2) [2-methoxy-4-[(2R,3R)-7-methoxy-3-methyl-5-[(E)-prop-1-enyl]-2,3-dihydrobenzofuran-2-yl]phenyl] 4-
nitrobenzoate :-

Pale yellow solid; Molecular Formula C27H25NO7; Melting Range 125 – 1270C; 1H NMR (400 MHz,
CDCl3)∂ppm :- 1.44 (d, J = 6.8 Hz, 3H, -CH3), 1.87 (d, J = 6.4 Hz, 3H, -terminal –CH3 from isoeugenol moiety),
3.4 – 3.6 (m, 1H, proton ‘d’), 3.81 (s, 3H, Ar x –OCH3), 3.92 (s, 3H, Ar x –OCH3), 3.90 (s, 3H, Ar x –OCH3),
5.20 (d, J = 9.0 Hz, 1H, -benzylic proton ‘c’), 6.0 – 6.2 (m, 1H, olefinic proton ‘a’), 6.38 (d, J = 15.8 Hz, 1H, -
olefinic proton ‘b’), 6.7 – 7.2 (m, 5H, ArH from dehydrodiisoeugenol moiety), 8.2 – 8.6 (m, 5H, ArH from 4-nitro
benzoyl moiety; IR (KBr) cm-1: 3000 – 2850 (-CH stretching for methyl and methine group), 1732 (ester >C=O),
1605 - 1500 (aromatic); TOF MS : 476 (M + H); Elemental Analysis, Requires C68.20 % H 5.30 % N 2.95 % O
23.55 % Found C 68.17 % H 5.27 % N 2.92 O 23.58 %.

(3) [2-methoxy-4-[(2R,3R)-7-methoxy-3-methyl-5-[(E)-prop-1-enyl]-2,3-dihydrobenzofuran-2-yl]phenyl]
3,4-dimethoxybenzoate :-

Off white solid; Molecular Formula C29H30O7; Melting Range 129 – 1310C; 1H NMR (400 MHz,
CDCl3)∂ppm :- 1.43 (d, J = 6.7 Hz, 3H, -CH3), 1.88 (d, J = 8.2 Hz, 3H, -terminal –CH3 from isoeugenol moiety),
3.4 – 3.6 (m, 1H, proton ‘d’), 3.82 (s, 3H, Ar x –OCH3), 3.91 (s, 3H, Ar x –OCH3), 3.96 (s, 3H, Ar x –OCH3),
3.97 (s, 3H, Ar x –OCH3), 5.19 (d, J = 9.0 Hz, 1H, -benzylic proton ‘c’), 6.0 – 6.2 (m, 1H, olefinic proton ‘a’),
6.34 (d, J = 15.8 Hz, 1H, -olefinic proton ‘b’), 6.6 – 8.0 (m, 8H, ArH from dehydrodiisoeugenol and 3,4-dimethoxy
benzoic acid moiety). TOF MS : 491 (M + H);IR (KBr) cm-1: 3000 – 2820 (-CH stretching for methyl and methine
group), 1735 (ester >C=O), 1604 - 1500 (aromatic); Elemental Analysis, Requires C 71.00 % H 6.16 % O 22.83 %
Found C 71.03 % H 6.13 % O 22.86 %.

(4) [2-methoxy-4-[(2R,3R)-7-methoxy-3-methyl-5-[(E)-prop-1-enyl]-2,3-dihydrobenzofuran-2-yl]phenyl]-
3,4,5-trimethoxybenzoate :-

1H NMR (400 MHz, CDCl3)∂ppm :- 1.43 (d, J = 6.7 Hz, 3H, -CH3), 1.87 (d, J = 8.2 Hz, 3H, -terminal –CH3 from
isoeugenol moiety), 3.4 – 3.6 (m, 1H, proton ‘d’), 3.82 (s, 3H, Ar x –OCH3), 3.85 (s, 3H, Ar x –OCH3), 3.87 (s,
3H, Ar x –OCH3), 3.91 (s, 3H, Ar x –OCH3), 3.94 (s, 3H, Ar x –OCH3), 5.19 (d, J = 9.1 Hz, 1H, -benzylic proton
‘c’), 6.0 – 6.2 (m, 1H, olefinic proton ‘a’), 6.36 (d, J = 15.8 Hz, 1H, -olefinic proton ‘b’), 6.7 – 7.3 (m, 5H, ArH
from dehydrodiisoeugenol moiety), 8.2 – 8.6 (s, 2H, ArH from Gallic acid moiety).;IR (KBr) cm-1: 3000 – 2820 (-
CH stretching for methyl and methine group), 1735 (ester >C=O), 1604 - 1500 (aromatic); TOF MS : 521 (M + H);
Elemental Analysis, Requires C 69.22 % H 6.20 % O 24.59 % Found C 69.19 % H 6.17 % O 24.62 %.

Chromatographic system :

Column chromatography: For column chromatography 100 – 200 mesh Acme grade silica gel is used. The crude
reaction mixture is concentrated under reduced pressure to yield crude mass which is preadsorbed on silica gel and
purified by column chromatography with increase in concentration of Ethyl acetate in Petroleum ether. The
fractions having similar ‘rf” values were pooled together, concentrated and subjected for characterization using
various spectroscopic techniques.

Thin layer chromatography : TLC plates were prepared using silica gel G (ACME, BOMBAY). Pet. ether:
EtOAc (85 : 15) was used as the solvent system.

Radial chromatography : The circular glass plates of thickness 1 mm, were prepared by using silica gel (PF254, E.
MERCK, 50 g) in cold distilled water (105 ml). For elution, gradually increasing concentrations of EtOAc in pet
ether were employed

Biological Activity :

Antibacterial Activity using agar diffusion method10 :-

The synthesized molecules were screened for their antibacterial activity using agar diffusion method at 100 μm
concentration against Gram positive (Staphylococcus aureus, Corynebacterium diphtheriae) and Gram negative
(Escherichia coli, Klebsiella pneumonia, Salmonella typhi) bacterial species qualitatively. The results of the
antibacterial activities are summarized in Table 3.
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Table 3 : Antibacterial Activity Results

SAMPLE NO. ACTIVE AGAINST

Dehydrodiisoeugenol Staphylococcus aureus [Gram positive]

Salmonella typhi [Gram negative]

Klebsiella pneumoniae [Gram negative]

Corynebacterium diphtheriae [Gram positive]

Escherichia coli [Gram negative]

Std. Drug

Ampicillin

Staphylococcus aureus [Gram positive]

Salmonella typhi [Gram negative]

Klebsiella pneumoniae [Gram negative]

Corynebacterium diphtheriae [Gram positive]

Escherichia coli [Gram negative]

2 Staphylococcus aureus [Gram positive]

Klebsiella pneumoniae [Gram negative]

Conclusion :

The novel ester derivatives of dehydrodiisoeugenol were synthesized by cost effective industry viable process
following the principle of green chemistry. The synthesis of ester derivatives is achieved using DCC as dehydrating
agent in a reasonably good yield. The probable mechanism for the formation of ester derivative was also discussed.

The biological activity suggest that the base molecule dehydrodiisoeugenol have antimicrobial activity against both
the bacterial cultures. Its derivative viz. 2 was also active against certain Gram + ve and Gram – ve cultures. Thus,
ester derivative of dehydrodiisoeugenol (2) was potential antimicrobial candidate.

The structural diversity and the pronounced biological activities encountered in the benzofuran derivatives suggests
that this class of compounds is worthy for further studies that may lead to derivatives by using combinatorial
chemistry approach is an alternative strategy to new therapeutic discovery. In other words the generation of
diverse benzofuran ester derivatives develop new therapeutic molecules that might result in candidates having
better activity.

In depth analysis of these compounds through structure activity relationship studies would provide further insight
and can be an interesting topic of future studies.
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Abstract

Nipah virus, a paramyxovirus belonging to the genus henipavirus has the potential to cause a pandemic. Owing to
its high mortality rate and less efficient medications, the development of an effective drug needs urgent attention. In
this study, amongst the 6 proteins present in the viral body, the attachment glycoprotein was chosen as the target.
High throughput screening of natural products was done to determine the potential inhibitor of the mentioned
disease-causing protein. The screening was done based on the docking scores and ADMET profiles. Ribavirin, a
broad-spectrum antiviral taken as the control, showed a -6.6 kcal/mol binding affinity. Whereas Vitedoin-B and
alpha-Terpineol demonstrated binding affinities equal to -6.7 kcal/mol and -6.6 kcal/mol respectively. ADMET
profiles of both the potential inhibitors are characterized by high absorption in the GI tract, good permeability
through the BBB barrier, and no organ toxicity, unlike the control which is not BBB permeant, poorly absorbed by
the GI tract and exhibits organ toxicity. Hence this study proposes that Vitedoin-B and alpha-Terpineol can be a
potent lead component for Nipah virus.

Keywords: Nipah virus, natural products, In-silico analysis, high throughput screening, docking, ADMET

1. Introduction

Since its first outbreak in Malaysia in 1998, the Nipah virus (NIV), a member of the Henipavirus genus and
Paramyxoviridae family, has constituted a serious threat to a number of nations, including Malaysia, Singapore,
India, and the Philippines(1–4). The virus expanded to other areas after first appearing in Malaysia, frequently with
significantly high death rates(1,2,5–9). The Bangladeshi and Malaysian strains of NIV are the two different strains
that have been identified(9). It has been found that the latter is more virulent. India has also experienced incidences
of this more hazardous strain because of its proximity to Bangladesh(2,8). Currently, there is only use of less
efficient, broad-spectrum antivirals(3–5). Hence there is an urgent need for the development of drugs for this cause,
for which natural products are gaining more attention these days as this is considered to be a less explored branch.

Because natural products and their derivatives typically have lower toxicity profiles than lab-manufactured drug
molecules, their usage in therapeutic research is becoming more popular(10–12).

These substances have also shown encouraging outcomes in clinical studies. Numerous natural products have
demonstrated efficacy against a variety of severe illnesses, such as COVID-19, HIV, cancer, drug-resistant tumours,
HBV, inflammation, and malaria(13–29). Several instances of these substances, whose actions have been verified
by science and documented in study articles and journals, include: (-)-Neocaryachine(16), Lipojesaconitine(16),
Taburnaemine A(16,30), Isochaihulactone(16,18), Ochrocephalamines B-D(16), Daphneodorins A & B(16,20),
Kleinhospitine E(16,21), Beesioside(16,21), Myricetin(16,18), Chebulagic acid(16), Punicalagin(16),
Ubonodin(16), Bifucatriol(16,24), Kakeromamide(16,25), Halymeniaol(16,25), 8-Hydroxytytubulosine(16), 3-α-
Acetonyl-tabersonine(16), 14,15-α-Epoxy-11-methoxytabersonine(30), Lochnerinine(30), 19-I-Acetoxy-11-
hydroxytabersonine(30), Gallinamide A(19), Santacruzamate A(16,28), Honaucin A(16,29), and 5,7,3',4'-
Tetrahydroxy-2'-(3,3-dimethylallyl)isoflavone(16).

This study seeks to identify novel Nipah virus therapeutics by incorporating computational approaches to natural
products. In this research, we are thoroughly going to examine the in-silico properties of Vitedoin B and alpha-
Terpineol, obtained post-completion of High Throughput Screening (HTS) of natural products from different Indian
medicinal plants. This will be done in comparison with the control- Ribavirin, which is a broad-spectrum antiviral
currently in use for NiV infections. PyRx, AutoDock Vina, SwissADME, ProTox-3.0, PyMOL, Biovia Discovery
Studio are the software used in this study.
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2. Material and Methods

2.1 Retrieval of the Structures

2vwd structure was obtained from PDB (). Before docking the, protein structure was prepared by adding charges,
polar hydrogens, and deleting water molecules. This was done by using AutoDock. The prepared protein structure
has been demonstrated in Figure-1

Figure-1 3D structure of the attachment glycoprotein (PDB ID: 2VWD) of NiV

Ligand structures were obtained from PubChem and IMPPAT database

Control- Ribavirin Vitedoin-B Alpha-Terpineol

Figure-2 2D structures of the ligands- Ribavirin (control), Vitedoin B and Alpha-Terpineol

2.2 Molecular Docking

Ribavirin was first docked with 2VWD. The noted binding affinity for this complex was taken as the reference.
After this the ligands- Vitedoin-B and alpha-Terpineol were docked with the protein and the binding scores were
noted. Docking was done using PyRx first, followed by AutoDock to validate and confirm the docking scores.
PyMOL and BIOVIA Discovery Studio were used for the visualisation of the protein-ligand complexes(31).
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2.3 ADMET Profiling

The absorption, distribution, metabolism, excretion, and toxicity (ADMET) profiles of both the ligands and the
control were investigated using SwissADME and ProTox-3.0. ProTox-3.0 was used to determine the toxicity class
and organ toxicity whereas SwissADME provided a detailed analysis of the absorption, distribution, metabolism,
and excretion properties of the control and both ligands helped generate bioavailability radar and BIOLED-Egg
model.

3. Results and Discussions

3.1 Molecular Docking:

All ligands were docked with the attachment glycoprotein- 2VWD. During the course of docking, 9 poses were
obtained for each ligand out of which, the pose having the highest negative binding affinity value with rmsd(ub)
and rmsd(lb) having values as 0 were saved as the best post in PDB format. Binding affinity values for the control,
Vitedoin B and alpha-Terpineol are -6.6 kcal/mol, -6.7 kcal/mol and -6.6 kcal/mol respectively. In Biovia
Discovery studio visualization of the best pose with the prepared protein was done. Post completion of this step 2D
diagrams were generated in Biovia Discovery studio to get a clear view of the types of bonds involved in protein-
ligand complex formation and the amino acid residues of the protein actively participating in the bond formation
with the ligands. Figure-3 shows the protein-ligand complexes, its enlarged view showing the binding pocket, and
the 2D diagram clearly stating the kinds of bonds involved in the protein-ligand complex formation.

Figure- 3 Protein-Ligand complexes, enlarged view of the binding pocket and the 2D diagrams
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Table 1: Docking results of control, Vitedoin B, Alpha-Terpineol

Molecules
involved in
binding with

2VWD

Binding
affinity

(kcal/mol)

Interacting active
amino acid
residue

Type of bond
formed/

interaction
observed

x, y, z co-
ordinates of the
binding site

Control -6.6 ASP (A:219)

HIS (A:281)

CYS (A:282)

LEU (A:221)
PRO (A:353)
ARG (A:248)

Conventional
hydrogen

Conventional
hydrogen

Conventional
hydrogen
Pi- alkyl
Pi- alkyl

Unfavourable
donor- donor

x= -16.216292
y= -27.915792
z= -25.810083

Vitedoin B -6.7 TYR (A:504) Conventional
hydrogen

x=-42.043783
y=-1.941174
z=-16.125174

Alpha-
Terpineol

-6.6 CYS (A:282)

GLY (A:352)

ILE (A:562)
PRO (A:441)
TYR (A:508)
TYR (A:508)
LYS (A:560)
LYS (A:560)
PRO (A:353)

Conventional
hydrogen

Conventional
hydrogen
Alkyl
Alkyl

Pi- sigma
Pi- alkyl
Alkyl
Alkyl
Alkyl

x=-28.737750
y=-14.801500
z=-28.010667

Table 1 gives detailed information about the binding affinities, active amino acid residues of the
protein involved in the formation of bond with the ligand and the coordinates of the binding site. The
protein has 2 chains- chain A and B, the name of the chain to which the active amino acid residue
belongs is given in parenthesis along with its residue number. In the table there are different kinds of
bonds like- conventional hydrogen bonds, pi- alkyl, pi- sigma, alkyl and unfavorable donor-donor
interactions that are formed between the protein and the ligand. The coordinates of the binding site
give information about the binding pocket where the ligand is present. The control shows a non-
favorable interaction whereas in Vitedoin-B and alpha-Terpineol there are all favourable interactions
enhancing the stability and the docking score. The degree of enhancement varies for different kinds
of bonds and can be given by the trend: Greatly enhances > moderately enhances > reduces based
on the font colours used in the table.
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3.2 ADMET Profiling:

Table 2: ADMET analysis of control, Vitedoin Band alpha-Terpineol using in-silico predictions

Ligands Descriptors Control Vitedoin B Alpha-terpineol

ID 37542 IMPHY001927 IMPHY012160
Binding affinity -6.6 -6.7 -6.6
Toxicity class 5 5 5

Drug-likeness
rules

Lipinski rule Yes,
0 violations

Yes,
0 violations

Yes,
0 violations

Veber rule No Yes Yes
Egan rule No Yes Yes

Pharmacokinetics BBB+/- - + +
P-gp substrate No No No
GI absorption Low High High
CYP450 inhibitors None None None

Organ toxicity Respiratory toxicity Active Inactive Inactive
Cardiotoxicity Inactive Inactive Inactive
Hepatotoxicity Inactive Inactive Inactive
Neurotoxicity Active Inactive Inactive
Nephrotoxicity Active Inactive Inactive

Table 2 gives a detailed ADMET analysis of the control and the ligands (Vitedoin-B and alpha-Terpineol) usin in-
silico predictions(32). It contains information about PubChem and IMPPAT ID, binding affinities, and toxicity
class. alpha-Terpineol shows the same binding affinity as that of the control whereas Vitedoin B shows better
binding affinity. The higher the negative value the better the interaction is. The control and the ligands fall in the
toxicity level of class 5 within the ProTox-3.0 predicted model. Lipinski rule of 5, Veber rule, and Egan rule are
drug-likeness rules. Vitedoin-B and alpha-Terpineol are seen not to violate any of the mentioned rules. On the other
hand, the control only follows the Lipinski rule of 5. The absence of rule violation by the Vitedoin-B and alpha-
Terpineol indicates that these compounds possess molecular properties to exhibit the desirable pharmacokinetic
effect. BBB permeability, inhibitors, P-gp substrate, and GI Absorption details are also mentioned. Since the Nipah
virus causes inflammation of the brain along with other symptoms, compounds with the ability to permeate through
the blood-brain barrier (BBB)are considered ideal(1,5). Control doesn't demonstrate permeability through BBB but
Vitedoin-B and alpha-Terpineol are BBB permeant. Additionally, out of the 3 studied compounds, none are
predicted to be P-gp substrates. This is an indication that they are unlikely to be affected by P-gp efflux. This is
considered a positive attribute of the molecule. P-gp efflux limits drug distribution and absorption. Control shows
low absorption in the gastrointestinal tract (GI). Other Vitedoin-B and alpha-Terpineol show high absorption
suggesting favourable oral bioavailability than the control. All three molecules are predicted not to inhibit major
CYP450 enzymes (CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP2A4, CYP2E1). These enzymes are important to
metabolize the drug. ProTox-3.0 considers hepatoxicity, neurotoxicity, respiratory toxicity, cardiotoxicity, and
nephrotoxicity as organ toxicity parameters associated with the molecule(33). Control was predicted to be active in
neurotoxicity, respiratory toxicity, and nephrotoxicity, while Vitedoin B and alpha-Terpineol were inactive across
all tested organ toxicities. This result suggests a potentially more favorable safety profile for Vitedoin B and alpha-
Terpineol than the control

https://doi.org/10.5281/zenodo.15285584


International Journal of Multidisciplinary Research and Technology
ISSN 2582-7359, Peer Reviewed Journal, Impact Factor 6.325

www.ijmrtjournal.com

https://doi.org/10.5281/zenodo.15285584 Volume 6 Issue 3 (Special Issue March 2025)— 24 —

Figure-4 Physicochemical radar for control, Vitedoin B, Alpha-Terpineol

The safe physicochemical region for a compound has been marked by a pink region in Figure-4. This region
depicts the optimal ranges for different parameters like size, polarity, insolubility, unsaturation, flexibility, and
lipophilicity and suggests if the compound is orally bioavailable. The colored zone represents the suitable
physicochemical space for oral bioavailability(34). This space is characterized by specific ranges of values for the
above-stated parameters. Lipophilicity (LIPO) is suitable when the XLOGP3 value falls between -0.7 and +5.0.
Size is deemed suitable when the molecular weight is between 150 g/mol and 500 g/mol. Polarity is considered
appropriate when the TPSA is between 20A² and 130A². Insolubility (INSOLU) is acceptable when the Log S
(ESOL) is between -6 and 0. Instauration (INSATU) is appropriate when the Fraction Csp3 lies between 0.25 and
1. Flexibility (FLEX) is considered suitable when the number of rotatable bonds are in between 0 and 9. For the
control, 1 point lies outside the safe region whereas for Vitedoin B and alpha-Terpineol, all points lie in the safe
region suggesting good oral bioavailability for both.

Figure-5 Boiled egg model
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Figure-5 shows the BOILED-Egg model which gives information about the permeation through the blood-brain
barrier

The BOILED-Egg model has 2 zones, the white and the yellow. The former predicts passive GI absorption and the
latter states BBB permeability(34). As an anti-NiV medication, it is important for the molecule to permeate through
the BBB hence the point should lie in the yellow zone (yolk region). Along with this, the molecule must not be a P-
gp substrate as it would be effluated from the CNS by P-gp limiting its ability to fight against NiV. Thus it can be
concluded that in this case, the dot should be red coloured and not blue. Both Vitedoin B and alpha-Terpineol are
seen to fulfil all the important criteria.

4. Conclusion

This research suggests that Vitedoin B and alpha-Terpineol can act as potent lead components as anti-NiV
medication since they demonstrate good binding affinities, favorable bonding interactions in complexation with the
protein. ADMET studies characterized by BBB+, P-gp-, points lying in the safe region of the bioavailability radar
as well as in the desired region of the BOILED-Egg model; also support the fact that these can turn out to be a good
lead component.

Besides this, both Vitedoin B and alpha-Terpineol exhibit good ADMET profile, drug-likeness properties and low
toxicity with no organ toxicity. Hence it can be concluded that these molecules should be taken ahead for research
and development of novel NiV drug
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Abstract:

A novel series of (3,5-dimethyl-4-(substituted phenyl diazenyl)-1H-pyrazol-1-yl)(2- (methylsulfonyl)-4-
(trifluoromethyl)phenyl)methanone (5) and 3-methyl-1-(2- (methylsulfonyl)-4-(trifluoromethyl)benzoyl)-4-(2-
substituted phenyl hydrazono)-1H- pyrazol-5(4H)-one (6) has been synthesized. The structural integrity of these
compounds has been validated through IR, NMR, and Mass spectroscopy analyses. Selected compounds were
evaluated for their antimicrobial properties against a range of bacterial and fungal strains. Notably, several of these
compounds demonstrated remarkable antibacterial efficacy.

Keywords: pyrazoline-5-one, substituted aniline, hydrazine hydrate, hydrazide and antimicrobial activity.

Introduction:

Pyrazoles gained much attention as antimicrobial agents after the discovery of natural pyrazole C-glycoside
pyrazofurin which showed broad spectrum antimicrobial activity[1]. The aryl-azo- pyrazoles are generally prepared
by combination of aryl-azo-ethyl acetoacetate derivatives and hydrazine derivatives [2-6]. Hydrazide and their
heterocyclised products display diverse biological activities including antibacterial, antifungicidal, analgesic, anti-
inflammatory properties [7-14]. These heterocyclic systems find wide use in medicine, agriculture and industry. These
heterocyclic systems find wide use in medicine, agriculture and industry. Incorporation of hydrazono and azo group
has been reported to enhance the biological activity of heterocyclic compounds [15].

Considering the biological significance of the arylhydrazono group, arylazo group, pyrazolones, and pyrazoles, the
design of arylazopyrazoles and arylhydrazonopyrazolones was undertaken. Subsequently, the target compounds
were synthesized, and their antimicrobial properties were evaluated. This paper discusses the findings related to
both antibacterial and antifungal activities.

Results And Discussion

3-(substituted phenyl-diazenyl)-pentane-2,4-dione (2a-e) was synthesized from substituted phenyl diazonium
salts in conjunction with acetyl acetone. Similarly, ethyl 3-oxo-2- (substituted phenyl diazenyl)-butanoate
(3a-e) was obtained through the reaction of substituted phenyl diazonium salts with ethyl acetoacetate. The
preparation of 2-(methylsulfonyl)-4- (trifluoromethyl)-benzoic acid was conducted following established
procedures [16], followed by esterification and condensation with hydrazine hydrate to yield the 2-(methylsulfonyl)-
4- (trifluoromethyl)-benzohydrazide moiety (4). When 2-(methylsulfonyl)-4-(trifluoromethyl)- benzohydrazide (4)
was reacted with both 3-(substituted phenyl-diazenyl)-pentane-2,4-dione (2a-e) and ethyl 3-oxo-2-(substituted
phenyl diazenyl)-butanoate (3a-e) in acetic acid, the target compounds (3,5-dimethyl-4-(substituted-
phenyldiazenyl)-1H-pyrazol-1-yl)(2- (methylsulfonyl)-4-(trifluoromethyl)-phenyl)-methanone(5a-e) and 3-methyl-1-
(2- (methylsulfonyl)-4-(trifluoromethyl)benzoyl)-4-(2-phenylhydrazono)-1H-pyrazol-5(4H)-one (6a-e) were
produced, respectively. The structures of these compounds were verified using IR, NMR, and mass spectrometry
techniques. Selected compounds underwent screening for their antimicrobial properties, revealing that several
exhibited significant antibacterial activity.
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Reaction Scheme

Experimental

Melting points of all synthesized compounds were determined in open capillary tubes on an electro thermal
apparatus and are uncorrected. The progress of reaction was monitored by thin layer chromatography on silica gel
coated aluminium plates (Merck) as adsorbent and UV light as visualizing agent. 1H NMR and 13C NMR spectra
were recorded on Varian 500 MHz NMR spectrophotometer using CDCl3/DMSO-d6 as solvent and TMS as an
internal standard (chemical shifts in δ ppm). C, H, N estimation was recorded on Carlo Erba 1108 (CHN) Elemental
Analyzer.

Synthesis of 3-(substituted phenyl-diazenyl)-pentane-2,4-dione (2a-e) : General Procedure.

Substituted aniline (1a-e) (0.01 mole) was dissolved in a mixture of hydrochloric acid (8 mL) and water (6 mL) and
subsequently cooled to 0 ˚C using an ice bath. A cold aqueous solution of sodium nitrate (0.03 mole) was then
introduced. The resulting diazonium salt solution was filtered into a cooled mixture of acetyl acetone (0.01 mole)
and sodium acetate (0.05 mole) in ethanol (50 mL) and stirred for a duration of 2-3 hours. The resultant solid was
washed with water and recrystallized from ethanol, yielding 3-(substituted phenyl-diazenyl)-pentane-2,4- dione
(2a-e). The yields, melting points, and additional characterization data for these compounds are presented in Table I.

Synthesis of ethyl 3-oxo-2-(substituted phenyl diazenyl)-butanoate (3a-e):

Substituted aniline (1a-e) (0.01 mole) was dissolved in a mixture of hydrochloric acid (8 mL) and water (6 mL) and
subsequently cooled to 0 ˚C using an ice bath. A cold aqueous solution of sodium nitrate (0.03 mole) was then
introduced. The resulting diazonium salt solution was filtered into a cooled mixture of ethyl acetoacetate (0.01 mole)
and sodium acetate (0.05 mole) in ethanol (50 mL) and stirred for a duration of 2-3 hours. The resultant solid was
washed with water and recrystallized from ethanol, yielding ethyl 3-oxo-2-(substituted phenyl diazenyl)- butanoate
(3a-e). The yields, melting points, and additional characterization data for these compounds are presented in Table I.
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The physical characterization of synthesized compound (2a-e) and (3a-e) was given in Table I.

Table-I Physical data of compounds (2a-e) and (3a-e)

Compounds R M.P. (°C) Yield (%)
2a H 78-81 63
2b 4-Cl 79-82 69
2c 4-CH3 81-84 58

2d 2-OCH3 71-74 71

2e 2-Cl 86-89 78
3a H 58-61 70
3b 4-Cl 74-77 74
3c 4-CH3 76-79 68

3d 2-OCH3 93-97 64

3e 2-Cl 78-81 66

Synthesis of (3,5-dimethyl-4-(substituted-phenyldiazenyl)-1H-pyrazol-1-yl)-(2-(methyl sulfonyl)-4-
(trifluoromethyl)-phenyl)-methanone (5a-e)

General Procedure.

To a solution of 3-(substituted phenyl-diazenyl)-pentane-2,4-dione (2a-e) (0.002 mole) in 20 mL of glacial acetic
acid, a 25 mL solution of 2-(methylsulfonyl)-4-(trifluoromethyl)- benzohydrazide (4) (0.002 mole) was introduced.
The resulting mixture was subjected to reflux for a duration of 10 to 12 hours. Following this, the mixture was
allowed to cool and stand overnight. The resultant product was then filtered, rinsed with cold water, and purified
through recrystallization from ethanol, yielding the desired product (5a-e).

Synthesis of 3-methyl-1-(2-(methylsulfonyl)-4-(trifluoromethyl)-benzoyl)-4-(2- phenylhydrazono)-1H-
pyrazol-5(4H)-one (6a-e)

General Procedure.

To a solution of ethyl 3-oxo-2-(substituted phenyl diazenyl)-butanoate (3a-e) (0.002 mole) in 20 mL of glacial
acetic acid, a 25 mL solution of 2-(methylsulfonyl)-4-(trifluoromethyl)- benzohydrazide (4) (0.002 mole) was
introduced. The resulting mixture was subjected to reflux for a duration of 10 to 12 hours. Following this, the
mixture was allowed to cool and stand overnight. The resultant product was then filtered, rinsed with cold water, and
purified through recrystallization from ethanol, yielding the desired product (6a-e).

The spectral analysis of representative compounds will be as follows:

(3,5-dimethyl-4-(phenyldiazenyl)-1H-pyrazol-1-yl)(2-(methylsulfonyl)-4-(trifluoromethyl)- phenyl)-methanone (5a):

Brownish yellow solid, yield 73%; m.p. (°C): 183-187; IR (KBr, cm-1): 3037-3085 ( Ar. C- H), 1545-1565 (C=N),
1725 (C=O), 1H NMR (500 MHz, DMSO, δ ppm): 2.53 (s, 3H, CH3), 2.93 (s, 3H, CH3), 3.81 (s, 3H, CH3),
7.13-8.21 (m, 8H, Ar-H) ppm,13C NMR (500 MHz, DMSO, δ ppm): 14.1 (CH3), 20.1 (CH3), 49.46 (CH3),
101.3-150.2 (C=C, Ar-C), 155.3 (C=N), 162.3 (C=O),Mass: EI MS m/z: 451.41 [M+1] +

(3,5-dimethyl-4-(p-tolyldiazenyl)-1H-pyrazol-1-yl)(2-(methylsulfonyl)-4-(trifluoromethyl)- phenyl)-methanone (5c):

Dark pale yellow solid, yield 69%; m.p. (°C): 191-194; IR (KBr, cm-1): 3069-3100 ( Ar. C- H), 1565-1595 (C=N),
1695 (C=O), 1H NMR (500 MHz, DMSO, δ ppm): 2.43 (s, 6H, 2-CH3), 2.83 (s, 3H, CH3), 3.61 (s, 3H, CH3),
7.29-8.37 (m, 7H, Ar-H) ppm,13C NMR (500 MHz, DMSO, δ ppm): 12.1 (CH3), 18.3 (CH3), 24.2 ( CH3), 48.96
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(CH3), 104.1-152.3 (C=C, Ar-C), 149.1 (C=N), 161.5 (C=O),Mass: EI MS m/z: 465.12 [M+1] +

(Z)-3-methyl-1-(2-(methylsulfonyl)-4-(trifluoromethyl)-benzoyl)-4-(2-phenylhydrazono)-1H- pyrazol-5(4H)-one (6a):

Dark yellow solid, yield 71%; m.p. (°C): 179-184; IR (KBr, cm-1): 3177 (NH), 3059 ( Ar. C- H), 1625-1649
(C=N), 1729 (C=O), 1H NMR (500 MHz, DMSO, δ ppm): 2.43 (s, 3H, CH3), 3.73 (s, 3H, CH3), 6.9 (s,1H, NH),
7.13-8.21 (m, 8H, Ar-H) ppm, 13C NMR (500 MHz, DMSO, δ ppm): 16.1 (CH3), 21.1 (CH3), 50.46 (CH3), 111.3-
154.2 ( Ar-C), 152.3 (C=N), 161.2& 165.5 (2XC=O),Mass: EI MS m/z: 453.41 [M+1] +

(Z)-3-methyl-1-(2-(methylsulfonyl)-4-(trifluoromethyl)-benzoyl)-4-(2-(p-tolyl)-hydrazono)-1H-pyrazol-5(4H)-one (6c):

Dark brownish yellow solid, yield 74%; m.p. (°C): 182-185; IR (KBr, cm-1): 3157 (NH), 3039-3088 ( Ar. C-
H), 1610-1639 (C=N), 1719 (C=O), 1H NMR (500 MHz, DMSO, δ ppm): 2.49 (s, 6H, 2-CH3), 3.51 (s, 3H,
CH3), 6.79 (s,1H, NH), 7.09-8.47 (m, 7H, Ar-H) ppm,13C NMR (500 MHz, DMSO, δ ppm): 15.1 (CH3), 23.1
(CH3), 54.21 (CH3), 115.3-157.4 ( Ar-C), 151.5 (C=N), 160.4 & 164.1 (2XC=O),Mass: EI MS m/z: 467.10 [M+1]
+

Antimicrobial Evaluation

Antibacterial activities

The antibacterial properties of all compounds were evaluated against gram-positive bacteria (Bacillus subtilis and
Staphylococcus aureus) as well as gram-negative bacteria (E. coli, Salmonella typhi, and Klebsiella pneumoniae) at
a concentration of 50 μg/mL utilizing the agar cup plate method [17]. A methanol system served as the control in this
experiment. Additionally, a control experiment was conducted under the same conditions, employing tetracycline as
a standard for comparison. The area of inhibition of measured in millimetres Table II.

TABLE II: Antibacterial Activity of compound 5 and 6

Antibacterial Activity of compound 5 and 6

Comp.
Zone of inhibition (in mm)

Gram Positive Gram negative
Bacillus subtilisStaphylococcus aureusKllebsiella promioeSalmonella typhl E.coli

5a 49 42 48 46 65
5b 51 47 54 51 59
5c 69 43 71 62 61
5d 65 46 72 63 58
5e 41 40 62 41 52
6a 59 43 49 52 53
6b 61 41 53 51 55
6c 57 44 47 56 51
6d 55 43 51 59 57
6e 58 47 56 54 59

Tetracycline 79 55 84 73 72

Antifungal activity

The fungicidal efficacy of all compounds was evaluated at a concentration of 1000 ppm against the in vitro plant
pathogenic organisms detailed in Table III. The antifungal properties of each sample were assessed on these specific
plant pathogenic strains using potato dextrose agar (PDA) medium. This PDA medium was prepared with 200
grams of potato, 20 grams of dextrose, 20 grams of agar, and 1 litre of water, utilizing five-day-old cultures. The
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compounds intended for testing were suspended at 1000 ppm in the PDA medium and subsequently autoclaved at
120 °C for 15 minutes under 15 atm pressure. Following autoclaving, the medium was transferred into sterile Petri
dishes, and the organisms were inoculated after the plates had cooled. The percentage inhibition of fungal growth
was calculated after a period of five days using the formula provided below.

Percentage of inhibition = 100(X-Y)/X Where, X: Area of colony in control plate,

Y: Area of colony in test plate

TABLE III: Antifungal Activity of compound 5 and 6

Antifungal Activity of compound 5 and 6
Comp. Zone of inhibition at 1000ppm

C. albicans Penicillium Ex. A. niger Trichothesium Sp.
5a 61 57 66 55
5b 68 61 62 63
5c 62 57 56 65
5d 71 59 68 67
5e 63 55 66 59
6a 59 63 61 58
6b 51 69 53 64
6c 61 53 58 53
6d 55 62 59 61
6e 67 66 61 65

Conclusion

In summary, we have synthesized a novel series of (3,5-dimethyl-4-(substituted phenyl diazenyl)-1H-pyrazol-1-
yl)(2-(methylsulfonyl)-4-(trifluoromethyl)phenyl)methanone (5) and 3-methyl-1-(2-(methylsulfonyl)-4
(trifluoromethyl)benzoyl)-4-(2-substituted phenyl hydrazono)-1H-pyrazol-5(4H)-one (6) compounds. It is evident
that the synthesized compounds are biologically active.
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Abstract:

Microbial Fuel Cells (MFC) are bio-electrochemical devices seeking to utilize the Extracellular Electron Transfer
(EET) mechanisms seen in Exo-Electrogenic Microbes commonly found in wastewater and can be considered an
alternative electricity generation source. In this study, we aimed to devise a small-scale and cost-effective MFC
using readily available materials to generate an electrical current and to evaluate the efficiency of substrates
capable of generating the highest amount of electrical current. Sewage Water, organic fertilizer, and enhancers were
tested for obtaining voltage and current recorded by a multimeter, over 5 days. The sewage water generated the
highest voltage, peaking at 0.029V and 0.072 mA, after 48 hours. Isolation from the sewage water setup was carried
out on a Thioglycolate agar and Methylene blue agar to check for dye reduction and exo-electrogenic activity. The
isolates showing halo on the agar were purified on slants and reinoculated in a synthetic wastewater MFC and
showed current and voltage outputs of 0.003 V and 0.008 mA, confirming their exo-electrogenic activity. The
isolate showing more promising results in terms of producing voltage and current output, was found to be Gram-
positive Bacillus spp. It was further identified by 16srRNA sequencing. Further studies using electrogenic isolates
will be required to determine the true potential of MFCs to provide a sustainable sewage treatment facility.

Keywords:Microbial Fuel Cells (MFC), Extracellular Electron Transfer (EET), Exo- Electrogenic Microbes.

Introduction:

The advent of bio-electrochemical systems (BES), most notably, the Microbial Fuel Cell (MFC) and Microbial
Electrolysis Cell (MEC) has opened up a wide array of research opportunities in utilising microorganisms as
catalysts in varying industrial functions such as bioelectricity generation, microbial electrosynthesis (MES),
microbial desalination cells (MDC) etc (Logan et al., 2019; Semenec & E Franks, 2015). Resource scarcity and
lack of sustainable waste remediation technologies, along with the countdown of fossil fuel depletion to climate
change demand an urgent requirement for sustainable technologies to produce energy and bioremediate wastes (Liu
et al., 2017; Logan et al., 2019; Yee et al., 2020).

The biofilms occurring on electrically active substrates comprise a complex matrix of extracellular polymeric
substances made up of polysaccharides, lipids, and nucleic acids. Studies of these biofilms have revealed natural
processes of Extracellular Electron Transfer (EET) generally attributed to interactions between bacteria and/or
other electrically active substrates (Dolch et al., 2014; Semenec & E Franks, 2015). Electroactive microorganisms
possessing capabilities of EET to and from solid-state electron acceptors and donors, provide opportunities for
simultaneous bioelectricity generation with waste bioremediation technologies (Liu et al., 2017; Lovley & Holmes,
2022; Obi & Asogwa, 2015).

A MFC exploits this ability of bacteria to donate catabolic electrons to an anaerobic anode to generate a reduction
potential in the anode half-cell, that allows the electrical energy to multiply as the bacteria grow in the anodic
chamber. These electrons are transported outside the cell using c-type cytochromes, as a result of metabolic
breakdown of nutrients (Dolch et al., 2014; Rabaey et al., 2004). Electricity generation from MFCs is a widely
researched topic, and yet, few have found current densities large enough for household grids (Dolch et al., 2014;
Pant et al., 2010). Defined substrates such as Glucose, Acetate, Lactate, Glycerol and Synthetic Wastewater tend to
show higher current and voltage output (Sonawane et al., 2022). However, complex substrates such as Domestic,
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Municipal and Industrial Wastewater show a comparatively lower outage (Sonawane et al., 2022). The choice of
specific electrodes, either metal oxides or composite-based materials also affects the performance of an MFC.
(Yaqoob et al., 2020).

This research aims to contribute to this existing path of research by devising a small-scale MFC to isolate and identify
potential exo-electrogens from domestic wastewater samples and to assess their electrogenic capacity.

Material and methods:

Constructing a dual-chambered microbial fuel cell

A dual-chambered H-cell was constructed to be operated under batch conditions for 5 days. (Fig 1.) Three substrates
were utilized for preliminary runs of the MFC: domestic sewage water sample (acquired from BMC Sewage
Treatment Plant, Malad West), domestic sewage water + Fluid Thioglycollate Medium, and domestic Sewage water
with organic fertilizer (1g). The total volume of the substrates used was 300 ml and was kept in the anodic chamber
of the H- cell. The cathodic chamber comprised 300 ml of 10 mM, pH 7 phosphate buffer for good conductivity
and provision of oxygen as an electron acceptor. The two chambers were constructed using 500ml polyethylene
terephthalate (PET) bottles. The salt bridge consisted of a 12 cm poly vinyl chloride (PVC) pipe (diameter 1.5 cm)
which was filled with the salt bridge solution composed of agar (100 g/L) and KCL, NaCl and KNO3 salts (0.5g
each). Graphite rods were used as the electrodes, with 50% of its length dipped in the substrate and buffer solutions
respectively. The junctions of the salt bridge and the inserted graphite electrodes were sealed with epoxy resin to
maintain microaerophilic conditions in the anodic chamber and prevent leakage of the solutions. The electrodes
were connected in a series mode with a 100- ohm resistor and insulated copper wires. Measurements of current and
voltage were recorded using a digital multimeter at an interval of one day. EachMFC set-up was run for approximately
five days until a significant reduction of current is recorded due to depletion of nutrients. All apparatus were
disinfected thoroughly with absolute alcohol. Salt bridge, media and phosphate buffer were autoclaved at
121oC/15psi for 20 min.

Isolation of Exo-electrogens:

After running the setup and obtaining a steady current and voltage output, an aliquot of the substrate was taken
from the cell and used for isolation of exo-electrogenic bacteria on a novel media by (Nazeer & Fernando, 2022)
(g/L) (Glucose-2, NH4Cl-0.46, yeast extract-0.1, peptone-0.5, K2HPO4-5.05, KH2PO4- 2.84, MnO2-1.5, cysteine-
0.025 and agar–15), Thioglycollate media supplemented with MnO2 (1.5g of agar in 100 ml and 0.15g of MnO2),
and a Methylene Blue Media (nutrient agar made in 100 ml with the addition of a few crystals of methylene blue
dye till sky blue). Colonies exhibiting halo on novel media indicated the presence of exo-electrogens. The principle
follows the ability of exo-electrogens to transport electrons out of their cell walls. This is indicated by clearance
around the colony due to a reduction of Manganese dioxide (Mn4+) added to the molten agar to a reduced form
(Mn2+) incorporated in the medium. Cysteine was added to scavenge residual oxygen.

Evaluation of power generation in MFC using isolated exo-electrogens

The colonies showing clearance were isolated into pure culture and preserved on slants. The pure culture was used
as an inoculum in the anode containing synthetic wastewater comprising Fructose (161.0 mg/L), Glucose (161.0
mg/L), NaHCO3 (111.0 mg/L), KH2PO4 (44.5 mg/L), (NH4)SO4 (74.2 mg/L), MgCl2 (37.1 mg/L), CaCl2 (30.7
mg/L) and (NH4)2Fe(SO4)2 (3.1 mg/L) (Potrykus et al., 2021). The current and voltage output produced confirmed
the pure culture as a definite exo-electrogen.

16S rRNASequencing of pure culture exo-electrogen

The pure culture that demonstrated positive results for exo-electrogenic activity was analysed using 16S rRNA
sequencing, for identification purposes.
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Figure 1 MFC Cell Set up with wires attached to a Multimeter

Results:

Time Set-up 48 hrs 72 hrs 120 hrs
Voltage (V) Current

(mA)
Voltage (V) Current

(mA)
Voltage (V) Current

(mA)
Sewage Water 0.029 0.072 0.004 0.006 0.0 0.0
Sewage+ Fluid
Thioglycollate

Broth

0.011 0.034 0.000 0.000 0.0 0.0

Sewage+
organic
fertiliser)

0.000 0.000 0.000 0.000 0.0 0.0

Table 3.1: Results obtained from initial run of the MFC with the three different substrates used over a period
of 5 days

Colony Characteristics C1 C2
Shape Circular Circular
Size Medium Sized Small
Colour Colourless Blue Precipitate in the

centre
Opacity Opaque Opaque

Appearance Dull Bright
Elevation Flat Raised

Gram Character Positive Positive
Morphology Rods in chains Cocci in clusters
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Table 3.2: colony characteristics obtained from the two purified colonies C1 and C2

No discolouration was observed around any colonies on Novel medium and thioglycolate medium containing
MnO2. However, two colonies labelled as C1 and C2 gave a larger discolouration around the colony. These
colonies were further purified and preserved. The colony characteristics obtained were as follows:

The power generated by two separate synthetic wastewater-fed MFC that were inoculated with

C1 and C2 independently is given in Table 3.3.

Time Set-up 24 hrs 72 hrs 120 hrs
Voltage (V) Current

(mA)
Voltage (V) Current

(mA)
Voltage (V) Current

(mA)
C1 0.002 0.000 0.003 0.008 0.002 0.008

C2 0.005 0.000 0.002 0.000 0.000 0.000

Table 3.3: Results obtained after running the MFC over 5 days with C1 and C2 respectively

Figure 2 C1 showing 0.003 V reading on the multimeter
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Figure 3 C1 showing 0.008 mA reading on the multimeter

More power generation was exhibited by C1 and was selected for identification using 16S rRNA technique. Based
on 16S rRNA sequencing C1 exo-electrogen was identified as Bacillus rugosus.

Discussion:

According to our study, MFCs was supported by domestic sewage water, which promoted exo- electrogenic
microbial activity leading to power generation. After 48 hours, the sewage water sample's production peaked at
0.029 V and 0.072 mA, but by 120 hours, it had drastically decreased which may be because of nutrient depletion.
The findings of Sonawane et al. (2022), who stressed the significance of constant nutrient replenishment and ideal
microbial growth circumstances, are in keeping with this pattern of early high performance followed by a sharp fall.
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The exo-electrogenic isolate was identified as Bacillus rugosus. Bacillus species have been reported (Hu et al., 2022;
and You et al., 2018) to have the innate capacity to promote EET via biofilm formation and directing electron
transfer processes. Long-term, sustainable energy recovery from wastewater requires further optimization in areas
such as substrate management, electrode material selection, and microbial community enhancement.

Conclusion:

The need for sustainable and renewable sources of energy, as well as the accumulation of waste, have necessitated the
innovation of technologies that are clean and can address the growing environmental concerns. MFCs have hence
emerged as promising alternatives that could potentially address this problem by contributing to bioremediation as
well as bioelectricity generation. Our study demonstrated the presence of exo-electrogens in domestic waste water
sample which was isolated and identified as Bacillus rugosus. However, dip in the power generation over 5 days
highlights the need for further research to optimise the MFC in order to produce a sustained current which can be
run for longer periods of time.
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Abstract

Acute myeloid leukemia (AML) is one of the leading blood cancer worldwide and in approximately 30-35% of the
cases it is observed due to mutation in FMS-like tyrosine kinase3 (FLT3) protein, making a significant challenge in
clinical management. In this study, we aimed to screen novel natural products (NPs) obtained from marine resource
which can be act as a lead component against FLT3 via silico approach. Here we thoroughly discussed molecular
docking, Dynamic simulation, ADMET (absorption–distribution–metabolism–excretion–toxicity) and network
pharmacology. We screened over 100 phytochemicals isolated from marine microorganism, algae, sponges and
invertebrates. Isodehydroluffariellolide and 3-Acetyl sesterstatin1 are promising natural products have been
identified from marine resource which shows -8.6 kcal/mol and -8.0 kcal/mol binding affinity with our targeted
protein. Further, these NPs undergo evaluation via Lipinski and other toxicity criteria to ensure drug like properties
and compared with 2 FDA approved drugs. Our findings disclose two drug candidates, demonstrating stable
binding affinity and favors ADMET criteria. These compounds can be acts as potential drug candidate against
Acute myeloid leukemia.

Keywords: Acute myeloid leukemia, marine natural products, molecular docking, dynamic simulation, ADMET

1. Introduction

Treatment of Acute myeloid leukemia (AML) remains a challenge due to its complexity, heterogeneity and
subtypes(1).Further, Conventional treatments like targeted therapies, chemotherapy and bone marrow
transplantation remains backbone still this is not sufficient the way cases are increasing innumerably(2). More than
40 percent patient suffering from AML are below the age of 60 years(3). Hence, treatment of AML using natural
products which involve the exploration of bioactive phytochemicals primarily derived from marine species proven
to be an effective therapeutic agents compared to synthetic drugs(4). Computational method plays a significant role
in drug design which includes docking and molecular dynamic simulation, offer a powerful tool for identification
and screening of potential inhibitor(5,6).

AML progress as a result of genetic mutation in genes such as FMS-like tyrosine kinase3 (FLT3) including NPM1
and RUNX1(7–9). Out of these some are spontaneous mutations while other maybe inherited. Hence AML is
considered as severe blood cancer which accounts for approximately 1.2% of all cancer death globally(10). To treat
AML, the FDA has approved several medications, including Dexamethasone, Olutasidenib, and Pemigatinib(11).
The Isodehydroluffariellolide and 3-Acetyl sesterstatin1 NPs and their derivatives are highly potential to inhibit
such mutations in genes. In recent years, natural products (NPs) have emerged as a valuable and most effective
source of lead component for drug discovery(12). In this study we have screened hundreds of phytochemicals
obtained from marine source by performing extensive screening, which remains less explored hence, there is scope
to explore(13). By performing various ligand-based modelling such as docking and simulation, we search to
illuminate the molecular interactions between the potential inhibitor and protein residues(14). We attempt to
identify the lead component having high binding affinity and selectivity for the FLT3 protein through rigorous
computational screening and analysis(15).

2. Materials and methods

2.1 Preparation of protein

The 3D structure of FLT3 protein was downloaded from Protein Data Bank (PDB ID:6IL3) of Research
Collaborators for Structural Bioinformatics (RCSB) database as shown in Figure 1. This protein is pre-processed
by deleting all the non-standard residues in UCSF Chimera. Further, all the additional chains are separated except
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A chain and water molecules are removed from the protein, this protein structure was saved in PDBQT format.
Finally, using AutoDockTools version 1.5.7, polar hydrogens were get added along with kollman charges. Grid box
of FLT3 protein is generated having the dimension of the receptor X = 81.804, Y = 61.550 and Z = 23.220 Å.

Figure 1 The three-dimensional structure of FLT3 (PDB ID: 6IL3) protein.

2.2. Preparation of ligands

The natural products are extracted from Hyrtios erectus- a species of marine sponge which is terpenoids in
nature(16). The ligand preparation is carried out by using SMILES from PubChem database (PubChem CID of
Isodehydroluffariellolide- 6450975; 3-Acetyl sesterstatin1-21629516) as depicted in Figure 2. Initially the 3D
structures were downloaded in SDF format from PubChem database and by using UCSF Chimera it is saved in
PDB format. Geometry optimization of ligands was performed in Avogadro software. Later, by the addition of
gasteiger charges in AutoDockTools all the ligand structures were saved in PDBQT format.

https://doi.org/10.5281/zenodo.15285584
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Figure 2 The molecular structure of terpenoid marine sponge (Hyrtios erectus) phytoconstituents(A) and (B), and
their derivatives (A1) (A2) (B1) (B2).

2.3. Molecular docking

Molecular docking is a computational method by which a protein can bind to ligand molecule. This binding process
helps to investigate the binding relationship that occurs between a protein to a variable possible site on the
ligand(17). For this study we used AutoDock Vina software to analyze the interaction between phytochemicals of
marine sponge (Hyrtios erectus) and receptor FLT3 (PDB ID: 6IL3). These interactions reveals the information of
binding energy with their best poses. This is later compared with standard Dexamethasone(11). The protein-ligand
complex having the lowest binding energy and best dock pose was taken into consideration for further visualized in
Discovery studio software.

2.4. ADMET study and toxicity prediction

The potential lead component is thoroughly studied by in silico absorption–distribution–metabolism–excretion–
toxicity and toxicity analysis(18). This ADMET study is performed with the help of SwissADME online web
server (http://www.swissadme.ch/). Further, toxicity of lead component is done by using ProTox3.0 web server in
which prediction of numerous parameters such as hepatotoxicity, carcinogenicity, cytotoxicity, immunotoxicity,
mutagenicity, toxicity level and LD50 were carried out(19).

http://www.swissadme.ch/
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3. Results and Discussion

3.1 Molecular docking

The protein-ligand complex interactions were determined by screening selected potential component as
phytochemicals from marine sponge (Hyrtios erectus) against FLT3 in order to obtain best dock pose with lowest
binding energy and types of interactions(20). Table 1 shows the molecular docking score of selected
phytoconstituents extracts from marine sponge and their derivatives on FLT3 (PDB ID: 6IL3) protein. Also, these
interactions were compared with the docking score of FDA approved standard Dexamethasone. As shown in Table
1, the standard Dexamethasone has low docking score which is -6.7 kcal/mol as compared with our lead
components and their derivatives (6-hydroxy Isodehydroluffariellolide, 6-bromo Isodehydroluffariellolide, 2-
hydroxy-3-Acetyl sesterstatin1, 2-bromo-3-Acetyl sesterstatin1)

Out of all the selected natural products and their derivatives, Isodehydroluffariellolide, 6-bromo
Isodehydroluffariellolide and 2-hydroxy-3-Acetyl sesterstatin1 shows lowest binding energy which are -8.6
kcal/mol, -8.9 kcal/mol and -8.7 kcal/mol respectively.

The protein receptor FLT3 binding sites were predicted with target ligand marine terpenoids for best docking pose
as shown in figure 3. (A), (B) and (C) The ligands bind firmly with the active sites of FMS-like tyrosine kinase3
protein through one alkyl interaction, conventional hydrogen bond interaction and rest of with van der waals
interactions. These binding interactions of protein-ligand complex were observed through Discovery studio
visualizer software.

Table 1

Molecular docking score of selected compounds of Marine sponge (Hyrtios erectus) and their derivatives against
FLT3 (PDB ID: 6IL3) using AutoDockVina.

Natural products Binding energy

(kcal/mol)

Dexamethasone (standard) -6.7

Isodehydroluffariellolide -8.6

3-Acetyl sesterstatin 1 -8.0

6-hydroxy Isodehydroluffariellolide -6.0

6-bromo Isodehydroluffariellolide -8.9

2-hydroxy-3-Acetyl sesterstatin1 -8.7

2-bromo-3-Acetyl sesterstatin1 -8.0
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Figure 3. (A) 3D and 2D Interactions of compound 6-hydroxy Isodehydroluffariellolide with active binding sites of
receptor FLT3 (PDB ID: 6IL3)

(B) 3D and 2D Interactions of compound 2-hydroxy-3-Acetyl sesterstatin1 with active binding sites of receptor
FLT3 (PDB ID: 6IL3)

https://doi.org/10.5281/zenodo.15285584
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(C) 3D and 2D Interactions of compound Isodehydroluffariellolide with active binding sites of receptor FLT3
(PDB ID: 6IL3)

3.2. In Silico ADME-tox prediction

The most common and important parameters for the NPs being a good drug candidate are absorption, distribution,
metabolism, excretion and toxicity (ADMET) prediction. This prediction is conducted in ProTox 3.0. Parameters
like hepatotoxicity, carcinogenicity, immunotoxicity, mutagenicity, cytotoxicity, LD50 and toxicity level are
represented in Table 2. According to results, both Isodehydroluffariellolide, 6-hydroxy Isodehydroluffariellolide
and 6-bromo Isodehydroluffariellolide shows the toxicity level of 4 which signifies these phytoconstituents are less
toxic. Similarly, these phytoconstituents of marine sponge (Hyrtios erectus) were further studied through
SwissADME databas. The parameters which are important to consider for a drug to be an effective are molecular
weight should be <500Da, Hydrogen bond donors <5, Hydrogen bond acceptor <10, LD50 dose between 3000-5000
mg/kg (slightly toxic) and the drug should possess minimum bioavailability score of 0.55. Further, according to
FDA drug requirement the drug should not cross the Blood Brain Barrier (BBB) and exhibit high gastrointestinal
absorption. From Table 3, since 2-hydroxy-3-Acetyl sesterstatin1, 2-bromo-3-Acetyl sesterstatin1 and 3-Acetyl
sesterstatin1 have LD50 less than 3000 hence it results into moderately toxic and could be eliminated.

Table 2 Toxicity predictions of selected compounds from Marine sponge (Hyrtios erectus)

Natural Product Hepato
xicity

Carcinogeni
city

Immunotoxi
city

Mutagenic
ity

Cytotoxic
ity

LD50

(mg/k
g)

Toxicit
y level

Dexamethasone(stand
ard)

Inactive Inactive Moderately
active

Inactive Inactive 3000 5

Isodehydroluffariellol
ide

Inactive Inactive Inactive Inactive Inactive 3300 4

3-Acetyl sesterstatin 1 Inactive Slightly
Active

Active Inactive Inactive 1400 4
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6-hydroxy
Isodehydroluffariellol

ide

Inactive Inactive Active Inactive Inactive 3300 4

6-bromo
Isodehydroluffariellol

ide

Inactive Inactive Active Inactive Inactive 3300 4

2-hydroxy-3-Acetyl
sesterstatin 1

Inactive Inactive Inactive Inactive Inactive 1400 4

2-bromo-3-Acetyl
sesterstatin 1

Inactive Inactive Active Inactive Inactive 1400 4

Table 3 (A). ADME results of Marine natural products

Natural product Molecular
weight
(g/mol)

Bioavailability

score

H-
bond
donors

H-bond
acceptors

GI
absorption

Lipinski
rule of
five

BBB

Dexamethasone
(standard)

392.46 0.55 3 5 High Yes No

Isodehydroluffariellolide 384.55 0.55 0 3 High Yes No

3-Acetyl sesterstatin 1 444.6 0.55 1 5 High yes No

Table 3 (B). ADME results of derivatives

Derivatives Molecular weight H-bond donors H-bond acceptor BBB

Dexamethasone(standard) 392.46 3 5 No

6-hydroxy
Isodehydroluffariellolide

400.55 1 4 No

6-bromo
Isodehydroluffariellolide

463.45 0 3 No

2-hydroxy-3-Acetyl sesterstatin 1 461.61 2 6 No

2-bromo-3-Acetyl sesterstatin 1 524.51 1 5 No
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Figure 4 The bioavailability radar and BOILED-Egg model of Isodehydroluffariellolide (Hyrtios erectus)

Figure 4 shows the bioavailability radar of the compound Isodehydroluffariellolide. The pink area signifies the
optimal physicochemical space for oral bioavailability. In this Isodehydroluffariellolide compound is orally
bioavailable as it fits in the colored zone. The white region in the BOILED-Egg model signifies the gastrointestinal
absorption while the yellow region indicates the brain permeability(21).The BOILED-egg model of
Isodehydroluffariellolide predicts that the compound permeates passively through gastro-intestinal tract and does
not show blood brain barrier (BBB) permeability as displayed in figure 4

Conclusion

This study concludes FLT3 inhibitory activity of selected phytoconstituents extracted from marine sponge (Hyrtios
erectus) in the treatment of AML. Among the selected phytoconstituents, Isodehydroluffariellolide compound
exhibited promising FLT3 inhibitory activity. The docking study suggests that Isodehydroluffariellolide compound
would be the lead component as anti-AML drug showing strong interactions with the active sites of FLT3 receptor
with best dock score of -8.6 kcal/mol. Furthermore, the ADMET analysis indicates that the
Isodehydroluffariellolide compound has best drug likeness and pharmacokinetic profile with low toxicity and risk.
As a result, overall data suggest Isodehydroluffariellolide compound as a potential candidate for the development of
novel AML medications.
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Abstract:

Antibiotics are super drugs that have saved humans from invading microbes. However, indiscriminate use of
antibiotics lead to emergence of antibiotic-resistant microbes. Prolonged and repeated use of antibiotics induce
Type I Hypersensitivity in humans. According to the World Allergy Organization (WAO), a survey indicated that
over 20% of the world population suffered from IgE mediated hypersensitivity. Research indicated lifetime and
current asthma prevalence rate as 19.1% and 6.3% respectively. Reducing the dosage and administering an
alternative plan may help in controlling AMR and HSI.

AuNP of 50 nm provides target specificity due to small size, aiding in efficient drug delivery and reducing intensity
of side effects by a reduced dosage of drug. Gold conjugated antibiotics provide biocompatibility against
Inflammation. AMR is caused due to excessive use of antibiotics affecting drug efficiency. Multidrug Resistance is
a public health concern that functions to enhance drug delivery, lowering bacterial load and improving therapeutic
efficiency. This project aims at targeting treatment options for Type I Hypersensitivity by checking the potency of
antibiotics, Amoxicillin and Azithromycin coated with gold nanoparticles against Staphylococcus aureus and
Klebsiella pneumoniae which are reportedly exhibiting AMR.

Keywords: AuNP, HS I-Type 1 Hypersensitivity, Inflammation, Target therapy, Asthma, Antibiotic and
Antimicrobial Resistance, Amoxicillin.

Introduction:

Metal nanoparticles have gained significant popularity due to their uniqueness and wide application in the Medical
Industry. AuNP is preferred over other metallic nanoparticles since they show an increased level of optical
resonance. These nanoparticles exhibit a target specific response by binding to the inflamed area and reduce the
severity of the reaction. AuNP contains a large surface area to volume ratio, thus enabling its surface to coat with
various targeting agents, such as antibodies, peptides and sugar moieties. Interaction of these nanoparticles with
light is proportional to their size and shape, causing a concerted oscillation of electron charge, known as surface
plasmon. Other properties such as surface chemistry and state of aggregation influence the rate of reaction.
Reactive Oxygen Species (ROS) are generated as a result of metallic ions present in metallic nanoparticles, which
cause oxidative stress in bacterial cells. This activity is a phenomenon exhibited by AuNP, leading to cell lysis.
Another mechanism is exhibited, wherein enzymatic degradation disrupts the metabolic mechanism, essential for
survival.

Literature Review:

A plethora of antibiotic-resistant bacterial strains pose a major health hazard, causing urgent need for therapeutic
measures which are significantly effective in eradication of the infection. In recent advancements, Nanotechnology
has become a boon in the Medical Industry. Multiple testing has revealed the benefits of utilizing Gold
Nanoparticles (AuNP) in empowering remedial measures against Inflammation. The Nanomedical Industry has
particularly benefited in AuNP due to its highly target-specific action, used in drug-delivery systems without
administration of a higher dosage. Dosage compensation studies reveal the increased use of Antibiotics have an
antagonistic effect since they increase the severity of the numerous side effects. AuNP’s can help combat the
challenge of resistant bacterial strains, particularly focusing on their antimicrobial efficacy and the development of
combination therapies.

Gold nanoparticles are characterized by their high surface area-to-volume ratio, biocompatibility, and multi-
functionalization capacity, suitable for the hypothesis. Microbiologists have studied the effects of AuNP on Gram
Positive and Gram Negative strains, indicating to reduce the toxicity imposed by the bacterial strains.
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Functionalized gold nanoparticles can effectively target multi-drug-resistant strains such as Staphylococcus aureus
and Klebsiella pneumoniae, providing better utilization of drugs.

Type I Hypersensitivity reactions are extremely common but unfortunately treatment options are extremely limited.
The adverse reactions counteract the action of antibiotics, hence limiting therapeutic measures. Conjugation of
antibiotics with AuNPs provides better stability and improves the antimicrobial efficiency.To overcome the
challenges of drug-resistant bacterial strains, AuNP is the remedial tool. It can be used in Clinical therapies and
improve the approach to antibiotic therapy.

Materials:

Synthesis Of Gold Nanoparticle:

The initial process for synthesizing gold nanoparticles involves usage of a high-purity gold foil (23.9k), the base
component. A mixture of concentrated hydrochloric acid (HCl) and concentrated nitric acid (HNO3) is prepared in
3:1, functioning as catabolic agents for the gold foil. They convert the gold in its bulk form to ionic, which can
hence be reduced to form nanoparticles, using Top-Down Mechanism. Trisodium citrate (Na3C6H5O7) is exhausted
for its properties of reduction and stabilization as it controls the size and dispersion during the synthesis process.
Deionized water is especially used as it does not contain any ions or impurities that may hinder during the
procedure and affect the overall product.

Glassware such as conical flask was used for storage, test tubes for scale-down process, thermometer for regulation
of required temperature, cuvettes for Colorimetric and Spectral analysis post synthesis and measuring cylinder to
obtain precise measurements. Other equipment such as a tripod stand and wire gauze were utilized for the double-
boiler system, while an amber-colored bottle helps avoid reaction of the nanoparticle with light, by mimicking dark
conditions. Instruments such as UV-Visible Spectrophotometer and Colorimeter help measure absorbance,
formulating the optical properties of the AuNPs.

https://www.researchgate.net/profile/Zayar_Paing_Soe/publication/337669198/figure/fig12/AS:8
31355084623873@1575221906200/AuNP-synthesis-using-the-Turkevich-method-Zhao-Pengxia ng-Na-Li-and-
Didier-Astruc.jpg

Disc Diffusion Assay:

Disc Diffusion Assay involves assessing the antimicrobial efficiency of the synthesized AuNPs, wherein sterile
saline suspension of a Gram Positive bacteria, Staphylococcus aureus and Gram Negative bacteria, Klebsiella
pneumoniae were selected to draw a comparison. As a control, Amoxicillin antibiotic was utilized, against
asthmatic pathogenic bacterial strains. The glassware used are sterile Nutrient Agar plates, sterile pipettes for
transferring bacterial suspensions and test tubes for preparing dilutions. Nutrient agar served as the growth medium,
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providing essential nutrients for bacterial lawn culture growth. Miscellaneous materials included sterile cotton
swabs, which administer in matte growth formation. Sterile discs coated with AuNPs and Amoxicillin are tested
against both bacterial strains, alcohol in a beaker for sterilization and forceps to handle the discs after coating. The
plates were incubated at 37 degrees Celsius to promote optimal bacterial growth, after which zones of inhibition
were measured to evaluate antimicrobial activity.

Cross-Strip Method:

The cross-strip method is another technique that involves comparing synergistic and antagonistic action of the
sample. Antimicrobial efficacy of the antibiotic, Amoxicillin and the synthesized AuNP are compared
simultaneously against Staphylococcus aureus and Klebsiella pneumoniae. The strips are 7x11 cm and sterilized
prior to the experiment. For this method, sterile Nutrient Agar plates are used. Miscellaneous requirements include
cotton swabs for inoculating agar plates with bacterial suspensions, Alcohol in a beaker and forceps. The strips are
coated with either Amoxicillin or AuNP and placed in a ‘cross’ manner. Plates are incubated at 37 degrees Celsius
for 24 hours and checked for zone of clearance.

Methodology:

Gold Nanoparticle synthesis: Using Aqua Regia Dissolution and Turkevich method

HAuCl4 salt was synthesized using the Aqua Regia Dissolution Method. Aqua Regia solution was prepared using
the standard volumes, 3 parts concentrated HCl mixed with 1 part concentrated HNO3. Gold foil was dissolved in
Deionized water to obtain a homogenous mixture. Aqua Regia solution was added to the homogenous mixture of
Deionized water. To evaporate Nitric acid, this solution was heated for 15-30 minutes. The colour change was
observed from yellow to greenish yellow after heating. Trisodium citrate was added as a capping agent. It provides
stability to the nanoparticle which increases longevity for further usage. The solution was allowed to cool
down for 30 mins. The sample was then scanned through UV-Visible Spectrophotometer and Colorimeter
to obtain maximum peak absorption. It can further be tested for obtaining morphological characteristics using
Scanning Electron Microscope (SEM), Atomic Force Microscopy (AFM) and Dynamic Light Scattering (DLS).

Potency testing of Gold Nanoparticle against Asthmatic bacterial strains:

The AuNP synthesis was tested against two strains of Asthmatic bacteria

1. Staphylococcus aureus- Gram positive bacteria

2. Klebsiella pneumoniae- Gram negative bacteria

with the antibiotic Amoxicillin, a subclass of Penicillin antibiotics used to treat bacterial infections. The potency
was checked using the Immunological Assay, “Disc Diffusion Method.” In this method, Nutrient Agar was used as
the preferred media and the bacterial culture was swabbed to obtain a lawn growth of both bacterial strains. Sterile
discs were coated with AuNP and Amoxicillin. The plates were incubated for 24 hours at 37 degree Celsius. The
results were observed after the incubation period.

Synergy testing of Gold Nanoparticle against Asthmatic bacterial strains:

The AuNP synthesis was tested against two strains of Asthmatic bacteria

Staphylococcus aureus-Gram positive bacteria

Klebsiella pneumoniae- Gram negative bacteria

with the antibiotic Amoxicillin, a subclass of Penicillin antibiotics used to treat bacterial infections. The potency
was checked using the Immunological Assay, “Cross-strip method.” In this method, Nutrient Agar was used as the
preferred media and the bacterial culture was swabbed to obtain a lawn growth of both bacterial strains. Sterile
strips were coated with AuNP and placed in the center, followed by Amoxicillin coated strips in a cross manner.
The plates were incubated for 24 hours at 37 degree Celsius. The results were observed after the incubation period.
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Result:

1. After heat was provided, the mixture turned from yellow to green.

2. Spectral analysis indicated peak absorbance between 520-550 nm. Colorimetric analysis showed maximum
absorbance at 530 nm.

3. Post incubation, for Disc diffusion assay zones of clearance were visible.

4. Post incubation, for Cross-strip method zones of clearance were visible.

Discussion:

1. The colour change indicated the synthesis of Nanoparticles.The colour change indicated reduction of
Au3+ions to elemental gold (Au0), thus highlighting its unique optical property. The Reduction reaction is
favoured due to Surface Plasmon Resonance (SPR), a phenomenon causing oscillations to particles in light
condition. It is an initial confirmatory test to check if a nanoparticle has been synthesised and further analysis
can be done to formulate its size, shape and other characteristics.

2. The Lambda max for Spectral and Colorimetric analysis indicates that the size of nanoparticles lies between
40-60 nm. The 40-60 nm range of AuNP is particularly beneficial in Biological usage as it shows no toxicity if
it enters in the body. The size distribution is an important parameter in Antibacterial assays and depending on
this parameter, various properties are influenced.

3. The zone of clearance was observed after 24 hours of incubation. This indicates the potency of AuNP against
both Gram positive and Gram negative bacteria.The zone of clearance indicates that the synthesized
nanoparticle shows antimicrobial properties. The zone is an area wherein bacterial growth is inhibited since
the diffused AuNP interferes with the bacterial lawn. Since antimicrobial activity was exhibited against both
Gram positive and Gram negative bacterial strains, it widens its application and makes the nanoparticle highly
versatile. There were 4 discs tested against both bacteria

1) Disc coated only with nanoparticles - for Staphylococcus aureus zone size 2.8cm, for Klebsiella pneumoniae
zone size 3.2cm.

2) Positive control: Disc coated only with antibiotic – for Staphylococcus aureus zone size 3.4cm, for Klebsiella
pneumoniae zone size 2cm

3) Synergistic action using 2 sets of data:

 Disc coated with 1:5, antibiotic:AuNP -for Staphylococcus aureus zone size 2.8cm, for Klebsiella
pneumoniae zone size 2.1cm.

 Disc coated with 1:10, antibiotic:AuNP - for Staphylococcus aureus zone size 3cm, for Klebsiella
pneumoniae zone size 2.3cm.

4) There were zones of clearance observed for all the 4 discs indicating that AuNP are effective against the
Asthmatic bacterial strains.
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Disc diffusion assay for AuNP Disc diffusion assay for AuNP

and Staphylococcus aureus and Klebsiella pneumoniae

There were 2 strips tested against both bacteria

 Strip coated only with nanoparticle

 Strip coated only with antibiotic

 The zones of clearance showed a positive synergistic effect, thereby indicating that AuNP are effective
against the Asthmatic bacterial strains. Studies pertaining Minimum Inhibitory Concentration (MIC) have
shown lowered usage of drugs, thereby decreasing side effects and amplification of nanoparticle efficacy.
Synergy implies that the combined effect of Antibiotic and nanoparticles is more effective in comparison to
their individual effects, proving to enhance their antimicrobial activity. This results in administration of a
lower dosage of antibiotic since it is compensated by target-specific AuNP. It aids in overcoming resistance
mechanisms if opting for one-time therapies, causing hindrance in multiple resistance measures. A positive
synergistic effect implies reduced toxic effects.

Cross-strip assay for AuNP Cross-strip assay for AuNP

and Staphylococcus aureus and Klebsiella pneumoniae
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Conclusion:

The synthesis of Gold nanoparticles (AuNPs) was confirmed through colour change, implying the reduction of Au³⁺
ions to elemental gold (Au⁰), due to Surface Plasmon Resonance (SPR). The Spectral and Colorimetric analysis
showed that the size of the synthesized nanoparticles lies within the optimal range of 40-60 nm, appropriate for
usage as a biomedical agent due to low toxicity. The zones of clearance against both Gram-positive and Gram-
negative bacterial strains, indicate inhibition of pathogen survival.

The effectiveness of AuNPs was further enhanced through synergistic combinations with antibiotics, enabling for
reduced dosage of antibiotics, minimizing potential side effects but also helps in overcoming bacterial resistance
mechanisms. This proves the versatility and multi-usage techniques of AuNPs.

AuNP have proven beneficial to minimize side effects of chemotherapeutic drugs administered to cancer patients
by acting as carriers to enhance the drug’s efficacy. It can help in amplification of signaling for biosensory imaging
due to better exhibition of surface plasmon resonance. Tumours can be detected using AuNP as contrast agents for
optimal imaging, such as CT scans and MRI. These nanoparticles contain photothermal effects, hence thermal
energy generated can be targeted to destroy cancer cells. Its imperative aspect is deployed to control release of
therapeutic drugs due to a highly regulated drug-delivery system. Along with AuNP, Quantum dots can also be
used as an excellent imaging tool for Research and Diagnostic purposes.
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Abstract

Energy consumption has increased rapidly in recent decades, as has environmental awareness within the energy
industry. It is now widely recognized that traditional energy generation methods have a significant negative impact
on the environment. To address this issue, the solar industry has emerged as a major player in renewable energy,
experiencing widespread growth in recent years. However, the question remains: is this increased reliance on solar
energy truly environmentally sustainable? Developing solar energy projects still has its own set of environmental
and social concerns to be addressed. Environmental impacts like fugitive emissions, increased vehicular traffic, soil
degradation due to excavation, impact on flora and fauna of the site etc. And the other social concerns like influence
of migrant labourers on local communities, waste management, worker safety, continue to be cause for concern.
Thus, a more holistic way to develop solar power is envisaged. The current paper proposes a solution to this
problem by developing a methodology to rate the impacts of solar energy projects on environmental and social
factors. This method of Sustainability Rating for Solar Energy (SRSE) can be used to rate the performance of a solar
energy project construction site for its environmental, social and governance practices. This can help in developing
better policies and promote best practices within the solar industry.

Keywords: Renewable Energy, Environmental Impact, Sustainable Development, Social Impact, Solar Energy,
Methodology development.

Introduction

Renewable energy is an in trend in the current markets and has already contributed to over 10% of worlds
electricity by 2022(Renewable 2022 Global Status Report 2022). Solar energy tops the list because of its ease of
use, scalability, competitive pricing and low carbon technology(Ghaleb et al. 2023) (Sillman et al. 2023). India is set
on a renewable energy target of 450 GW by 2030 of which approx. 300 GW is expected from solar(Shiradkar et al.
2022). However, this rampant development of solar power can also harm the environment if not developed in a
responsible manner. Development of renewable power like any other construction project can cause harm to
environmental and social factors.(Kaygusuz 2009) Hence, to truly focus on sustainable development we need to
consider minimising these impacts as well.

This current study is an extension of studying in detail the environmental and social impacts of several solar energy
projects. These impacts included the environmental impacts on the air, water, soil quality, noise and biodiversity and
social impacts on the local communities, employment, waste management etc. The study also surveyed the solar
energy professionals to understand their opinion on various matters. This led to the requirement of a simple and
efficient system using which the development of solar can be done as per the principles of sustainable development.

The current paper develops a methodology of assessing the sustainability of solar energy development projects.
This methodology can be used to score the solar projects as per their sustainability rating. This will help best
practices to be developed in the solar industry and in a sustainable manner. This paper aims to propose and promote
the sustainability in solar energy project development for wide scale applications.

Sustainability Rating for Solar Energy (SRSE) – the concept

There is much research that aims to solve solar energy and its impact on the environment as a challenge so that the
solar industry can develop in a sustainable and holistic manner. This paper attempts to create a tool that can help
gauge the impacts of solar projects in terms of its sustainability. This Sustainability Rating for Solar Energy (SRSE)
is an attempt to make a simple rating methodology that can be put to direct use by the industries, policy making
bodies, certification agencies etc. moreover the tool is very much adaptable to be used in different types of solar
energy projects. The scoring methodology for this methodology is divided in 10 different categories. The rating
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covers all areas of sustainable development including environment, social and governance aspects. This
methodology caters specifically during the construction and development stage of solar energy. The rationale for
considering these specific categories is as follows:

Environment: 5 out of 11 categories belong to the environment domain, these include Land use and Geology,
water, waste, air and noise, Biodiversity.

1. Land use changes due to solar power has remained a major topic of concern since inception. Its concerns
around changing land use of farming, poultry, gazing to be replaced with solar is an important aspect to
consider. Along with it the geology of the soil is also important because the construction activities usually
involve some levelling and topsoil removal impacting the soil quality.

2. Water consumption is major in solar projects as it is not only required for construction purposes but also in
operations during cleaning.

3. Waste in solar project sites not only include solid waste of employees but also other waste of hazardous and
non-hazardous nature like waste oils, plastic, metal scrap etc. this makes it very important to manage waste in
efficient manner as it can not only have impact on the environmental factors like soil and water but also have
impact on local communities. By ensuring that the waste is managed properly we ensure that the nearby land
does not get affected, and there is no Odor nuisance to local communities.

4. Air pollution in solar sites can occur due to activities like land levelling, excavation, movement of trucks in
and around the area, presence of diesel generators etc. this could have an adverse impact on the workers at site
and nearby communities. Also, noise is generated in the project sites during movement of heavy-duty
equipment’s and vehicles, operation of generators, etc. hence it becomes an important factor to address during
construction.

5. Biodiversity is the most evident impact of construction activities like levelling and excavation. Moreover, the
solar panels will have structures dug into the ground permanently. All these can cause a permanent or
temporary disturbance in biodiversity.

Social

1. Local communities’ involvement plays a major role in ensuring sustainable development of any project. Local
communities are also majorly impacted due to the development of the project, their gazing or farming lands
may be of use here. They will be impacted by the traffic increase in the area, the influx of migrant labourers
etc. so it is important to carefully consider the impact of any project on the local communities.

2. Employment given to the workers and site engineers are also stakeholders to the project and it is important to
consider that there is adherence to good labour laws to ensure sustainable development.

3. It is required to ensure the safety of the site personnel and workers at the time of working. Safety practices like
use of PPE and safety instructions and trainings are crucial to the proper construction and operation of the
solar plant.

Governance

1. Governance as a subsection mainly concerns with the companies that are executing the work on site, if they
have standard protocols and processes in place that makes the work efficient, and if they are providing as per
the requirements of the customer/project proponent.

2. Supply chain management in any solar project plays a crucial role in ensuring sustainable development of
solar power. It is also the category that contributes maximum to carbon emissions due to solar power. Thus
ensuring sustainability in supply chain management can ensure reduction in carbon emission and development
of business in regional areas.

3. Ethical disclosures of all the businesses associated with the development of solar power will go a long way to
ensure the most efficient and effective output of the project.
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The scores are allotted to each of the categories as mentioned below:

Category Score
Land use and Geology 120

Water 100
Waste 130

Air and Noise 150
Biodiversity 100

Local communities 100
Employment 100

Safety 100
Governance 100

Supply Chain Management 100
Ethical Disclosures 100

Total 1200
The specific data points to be assessed in each of the categories is listed below;

Land use and Geology

No Question Maximum
Points

1 Is the location of Construction being developed on waste land/reclaimed land 20
2 Was alternative site assessment done? (with evidence) 10

3
is the current land use of the area being changed? Is there a proper transition

plan for this change? 10

4
Is there any resettlement and rehabilitation? if yes, what are the conditions of

resettlement 20
5 Impacts on Soil identified 10
6 Mitigation measures identified 10
7 Mitigation measures implemented 10

8
Applicable land laws identified? Any conflict with the local, national and

international laws? 10
9 Any special initiatives to reduce impact on land use/geology? 20

Water

No Question Maximum
Score

1 Sources of water? How is water consumption being monitored? 20
2 Recycled water being used? 20
3 RWH system on site being used? 20
4 Identified potential impacts onwater bodies in surrounding areas (10 KM radius) 10
5 Mitigation measures to reduce the impacts being implemented 10
6 Any other site level initiatives to reduce water consumption during construction 20
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Waste

No Question Maximum Score

1
Inventory of possible waste generations categorised as hazardous and non-

hazardous? 20
2 How is waste generation beingmonitored 20
3 Is there any recycled material used during construction? 25
4 Identify impacts of waste generated on site 10

5
Mitigation measures for reducing waste generation identified and

implemented 20

6
Processes for proper disposal of waste along when implementation

proof 20
7 Any buy back agreements of solar PV 15

Air and Noise

No Question Maximum Score

1 Impact on air and noise quality identified on site 10

2 Identified mitigation measures 10

3

Measures implemented to control fugitive emissions, SOx/Nox etc,
Maintenanceofallvehiclesvisitingsite

20

5 Ambient air quality monitoring, DG stack monitoring 10

6 Measures on site, like Water sprinklers/tyre washers 10

7 Calculated Scope 1 emissions on site 20

8 Calculated Scope 2 emissions on site 20

9 Calculated emissions from employee commute 25

10 Calculated emissions from business travel 25

Biodiversity

No Question Maximum Score

1 Impacts on Biodiversity identified 10

2 Mitigation measures identified 10

3 List of mitigation measures implemented 10

4 Special initiatives to protect flora of the area 25

5 Number of trees transplanted 20

6 Special initiatives to protect fauna of the area 25
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Local Communities

No Question Maximum Score
1 Process for grievance redressalmechanism 20
2 Implementation on site process and documentation related to

Grievance redressal
15

3 No of grievances dealt with till date 15
4 Interaction with local communities with documentation 10
5 Impacts on local communities identified 10
6 Mitigation measures identified 10
7 Mitigation measures implemented 10
8 Other social good initiatives 10

Employment

No Question Maximum Score
1 Job creation for local communities 20
2 Human rights assessment by external/internal party on site 20
3 Wages forworkers and on-site employees- check against minimum

wage laws
10

4 Diversity and inclusion initiatives 10
5 Stay facilities for workers (contract or permanent) and employees - 20
6 Other employee and worker welfare initiatives on site 20

Safety

No Question Maximum Score
1 Process related to safety identified on site 10

2
On site implementation of all safety protocols - process display

boards etc 20

3
Toolbox talks provided to onsite workers on various safety related

topics 10

4
training sessions provided to employees andworkers on safety-

with documentation 10
5 PPE used by all employees and workers 10
6 Safety certifications acquired by site 20

7
safetymeasures of products used - the onsite equipment’s used are

designedaspergoodsafetyprotocols 20

Governance

No Question Maximum Score
1 On site risk management - Processes, register and other documentation 20
2 Disaster management plan 20
3 Business continuity plan 20
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4 Green certified products used 20
5 Customer satisfaction process- rating, feedback and improvements done 20

Supply Chain Management

No Question Maximum
Score

1 Processes on supply chain management and greening setup 10

2
Distance of supplier from site - additional points for processes that reduce the

distance 20
3 Mode of transport of goods 10
4 carbon emissions due to transportation 10
5 carbon emissions for purchased good and services and capital good 10
6 Initiatives to reduce carbon 20
7 % share of local/international companies on all of procurement 10
8 Green certification of products bought 10

Ethics and Disclosures

No Question Maximum
Score

1 Annual report of the company containing balance sheet, P&L statement etc 25
2 Anti-corruption and Anti bribery policy of the company 25
3 Anti-competitive clause in company policy 25
4 Ethical behaviours 25

There is also guidance prepared against each data point for the assessor to check, it is not disclosed in this paper as
it would increase the length and can have subjectivity in interpretation. If there is any need for details of the of the
guidance, the corresponding author can be reached out.

Benefits and future directions

This methodology can be used in

1) Developing a certification in the field of solar energy which ensures the sustainable development of solar
energy.

2) It will help in understanding and propagating the best practices in the solar industry among the developers.

3) It will urge the developers to innovate and develop solutions that can reduce the impacts of solar energy.

4) It can help develop policies in solar along these lines.

5) It will support in reducing the environmental and social impacts of solar energy.

Limitations

Although, this methodology comprehensively covers the different aspects of sustainable development of solar
energy. There are also few limitations to it, which when addressed can lead to better future directions.

1. The current methodology is qualitative assessment leading to subjectivity in the implementation of the
methodology.
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2. The assessment can only be done by a third party to ensure the sustainability of the project.

3. Is open ended basis the various initiatives to be taken in some of the areas, where the needs might differ as per
the geographical region.

4. Additional areas may need to be introduced based on the type of solar being developed eg floating solar.

5. Incurring additional cost for implementing this methodology could dissuade the companies from adopting this
methodology.

Conclusion

The current paper addresses the question on how solar energy development can be made sustainable. With the
rampant development of solar energy in India, it has become imperative that solar energy can cause environmental
impacts like fugitive emissions, impact on soil quality, water quality etc. It can cause of social impacts like issues
to local communities, employment and stay facilities, waste management etc. The current methodology ensures that
al these concerns are addressed to arrive at a better solution. The methodology developed is spread across 11 major
categories in environment, social and governance. There is total 76 questions addressing the various categories and
issues.

This methodology can be used to development a certification and promote the best practices in solar industry. There
are certain limitations to this methodology like its qualitative nature, subjectivity and generic approach. However,
due to the rampant development of solar it is imperative that the industry needs some guidelines to develop solar in
a sustainable manner. In summary the development of solar is crucial to transition to a low carbon economy. However,
this development needs to be carried out in a sustainable manner. It is our collective responsibility to make this
transition a success, for the well-being of both our planet and future generations.
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Abstract : Deposition of nanoparticles are proportional to the intensity of plasma. Deposition of Nanoparticles
under influence of vacuum pressure, argon gas and materials with DC power supply. The materials (copper)
deposited after bombarding the argon gas with flow rate 10-60 sccm by mass flow controller and power supply
from 540 V DC source to sputter source which is attached from vacuum chamber. There are different parameters
which help to make stable and intense plasma inside vacuum pressure with argon gas and this deposition of copper
Nanomaterials was done by me in 2011 from Excel Instruments and polycrystalline from eco-friendly diamond by
Seki machine CVD process, power supply. Plasma triggering source can be different design like circular,
rectangular and square etc. include the Silver Nano platform for using silver nanoparticles as an antibacterial agent,
nanoparticle based transparent sun screens and the pure form of metal-based nanoparticles, which are also called
metal nanoparticles (e.g., silver, copper, gold, titanium, platinum, magn, iron etc). Sputter source is used for
growth of copper, aluminium, iron, gold and silver under vacuum pressure in the presence of DC source, argon gas
and sample holder inside vacuum chamber.

Key words : Nanoparticles, plasma, copper, TiO2, aluminium, titanium, nichrome, gold, SiO2 etc.

Introduction

The plasma physics enormously contribute to nanotechnology for obtaining Nanoparticles1 of different materials
like Copper, Alumina, titanium, titanium dioxide (TiO2), gold, silver etc. the different materials are used as target
can be obtained deposition of materials. Deposition of materials to be used for coating. The coating of materials are
obtained from different sputter source. It is used for chip coating and for low power voltage which are used in
electronic devices and it is also for growth of Polly and single crystalline2-3.

Materials and Methods

Methods of plasma Deposition : Check sputter source is properly connected from cooling line, create base
vacuum pressure upto 2-3 milli Bar inside vacuum system and now inject 10-30 sccm argon gas in system and
maintain pressure and power one by one and maintain pressure same as above then the plasma will glow inside
system and it is started to deposition on sample holder which is mounted inside vacuum system.

Results and Discussion

Experimental : Plasma deposition is obtained with the help of a sputter system which is attached with a water
cooled sputter source, pumping for vacuum, 1kv DC power supply, digital display for vacuum pressure.the
following parameters are used for deposition or coating of nanoparticle for different materials.

1. Copper target of 2 inch diameter

2. DC voltage 342 volt

3. Current in 82 mA

4. Gas pressure in system 262 m. Torr

5. Argon gas injected in system 0-30 SCCM.

6. Plasma stay time : 20 min
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Plasma glowing in the below image and coating on glass.

Low and high intensity plasma
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Applications

They are widely used as coating materials in biomedical sciences as antimicrobial4 and antifouling agents. Copper
NPs are being used as insulating agents on medical implants to block pathogen growth. Effectivity of copper
nanoparticles is found in varied applications such as Antifungal, Antiviral, Antibiotics, Anticancer, Photocatalytic,
in biomedical, agriculture fields etc.

Conclusion

1. Plasma physics makes easier for Nanoparticle deposition on mobile chip as conductor for minor voltage and
used for coating on watches, Glass windows, coating for partial transparent glass and for cancer treatment.

2. Carbon based single crystalline seki CVD diamond is use in the process of thin atomic layer deposition at
depositing thin layers of material.

3. CVD Diamond is also used for cutting glasses. And also used for making bores in the ground.

4. It is used in in high power in electronics and radiation detection.

5. In defence system for high thermal conductivity n the range of 600 to 12000C.
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Abstract

This investigation examines the substitution of adulterants for authentic Mesua ferrea L. stamens, a vital
component in traditional herbal medicine whose quality is critical for therapeutic efficacy. Driven by economic and
supply challenges, the increasing use of substitute materials raises concerns regarding safety and bioactivity.
Samples of Mesua ferrea L. stamens and their purported adulterants were compared through preliminary
phytochemical screening and HPTLC analysis. The phytochemical profiles revealed distinct differences between
the authentic and substituted materials. Two mobile phases—Toluene: Chloroform: Ethanol (4:4:1, v/v/v) and
Toluene: Ethyl acetate: Formic acid (5:4:1, v/v/v)—were employed for HPTLC to optimize the separation of key
constituents. The resulting chromatographic fingerprints clearly distinguished the authentic stamens from their
adulterants, confirming that the substituted materials do not replicate the unique chemical composition of Mesua
ferrea L. These findings highlight the necessity for rigorous scientific validation of traditional substitution practices,
reinforcing the need for strict quality control and regulatory measures in herbal medicine preparations.

Keywords: Mesua ferrea L., adulteration, preliminary phytochemical screening and HPTLC.

1. Introduction

Herbal medicines have long served as the foundation of traditional healthcare systems and continue to gain global
acceptance due to their natural origin and therapeutic potential (1). However, the rising demand for these products
has been accompanied by increasing instances of adulteration and substitution, posing significant risks to both
efficacy and patient safety (2) . Economic pressures and supply limitations often incentivize the use of inferior
substitutes in place of authentic herbal ingredients, thereby compromising the quality of traditional formulations (3).

Mesua ferrea Linn., commonly known as Nagkesar, is one such medicinal plant whose stamens are integral to
various therapeutic preparations. Renowned for their unique bioactive compounds, the stamens of Mesua ferrea are
valued for their role in delivering specific pharmacological benefits (4) . Yet, the authenticity of these stamens is
frequently undermined by the intentional or accidental incorporation of adulterants, which may differ markedly in
chemical composition and biological activity.

Ensuring the integrity of herbal raw materials is essential, and this necessitates the use of robust analytical methods.
Preliminary phytochemical screening provides a baseline understanding of the chemical constituents present in
plant extracts, while High-Performance Thin-Layer Chromatography (HPTLC) offers a detailed fingerprint of these
complex mixtures. The application of two distinct mobile phases—Toluene: Chloroform: Ethanol (4:4:1, v/v/v) and
Toluene: Ethyl acetate: Formic acid (5:4:1, v/v/v)—in HPTLC enhances the separation and resolution of key
phytoconstituents, thereby enabling a clear differentiation between authentic Mesua ferrea stamens and their
substitutes.

This study aims to compare the phytochemical profiles and HPTLC fingerprints of genuine Mesua ferrea stamens
with those of their adulterants. By integrating preliminary phytochemical screening with dual mobile phase HPTLC
analysis, we seek to establish reliable markers for authenticity and develop a robust quality control framework. The
outcomes of this research are anticipated to contribute to the scientific validation of traditional substitution
practices and support the implementation of stringent regulatory measures to safeguard the integrity of herbal
medicinal products.
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2. Materials And Methods

2.1 Collection and authentication of plant materials

Flowers of Mesua ferrea Linn. were collected in February from Veermata Jijabai Bhosale Udyan in Mumbai. The
immature fruits of Cinnamomum tamala T. Nees & Eberm., the fruits of Dillenia pentagyna Roxb., and the buds of
Myristica fragrans Houtt. were obtained in June. The first was collected from a botanical garden in Dahanu
(Palghar, Maharashtra), while the latter two were sourced from Dapoli (Jalgaon, Maharashtra). Similarly, unripe
fruits of Cinnamomum wightii Meisn. and floral buds of Ochrocarpus longifolius Benth & Hook f. were collected
during May and June from a local botanical garden in Mira Road, Mumbai. Buds of Calophyllum inophyllum L.
were collected from BPT garden, Mumbai. The sample of Mesua ferrea Linn. used in the study was verified and
authenticated at the Blatter Herbarium, St. Xavier's College, Fort, Mumbai. The voucher specimen number given
was NDG-2259. The other plants were identified by Dr. C.S. Latoo, an eminent botanist, taxonomist, and former
herbarium in-charge at The Institute of Science, Mumbai.

2.2 Preparation of powder

The flowers of Mesua ferrea Linn., unripe fruits of Cinnamomum tamala T. Nees & Eberm., and Cinnamomum
wightii Meisn., flower buds of Ochrocarpus longifolius Benth and Hook f., Myristica fragrans Houtt. and
Calophyllum inophyllum L., fruits of Dillenia pentagyna Roxb. were shade dried for a week. Subsequently,
stamens from the flowers of Mesua ferrea Linn. were separated and ground into a fine powder using a mixer
blender. Similarly, the shade-dried unripe fruits of Cinnamomum tamala T. Nees & Eberm. and Cinnamomum
wightii Meisn., as well as the flower buds of Ochrocarpus longifolius Benth and Hook f., Myristica fragrans Houtt.
and Calophyllum inophyllum L., fruits of Dillenia pentagyna Roxb. were mechanically ground into powder.

2.3 Preparation of extracts

Two grams of powdered stamens of Mesua ferrea Linn., unripe fruits of Cinnamomum tamala T. Nees & Eberm.,
and Cinnamomum wightii Meisn., flower buds of Ochrocarpus longifolius Benth and Hook f., and Myristica
fragrans Houtt., fruits of Dillenia pentagyna Roxb., buds of Calophyllum inophyllum L. were extracted in methanol
using Soxhlet extraction. The extracts were then filtered and evaporated to obtain the concentrated residues for
qualitative analysis of secondary metabolites.

2.4 Phytochemical Screening

Preliminary Phytochemical Screening for presence of various secondary metabolites such as tanins, saponins,
alkaloids, flavonoids, glycosides, quinones, phenols, terpenoids, cardiac glycosides, coumarins, steroids,
phlobatanins, anthrocyanins and anthroquinones were carrired out using standard tests (5).

2.5 HPTLC

The HPTLC analysis was carried out using TLC Silica gel 60 F254 plates. The standards and soxhleted methanolic
extracts were applied onto TLC Silica gel 60 F254 plates using a CAMAG Linomat 5 applicator to ensure precise
and uniform application. The applicator was set to deliver samples as 6 mm wide bands, maintaining a consistent
distance of 10 mm from the bottom edge of the plate to facilitate proper development. The tracks were spaced at 8
mm intervals to prevent overlap and ensure distinct resolution of bands.

Each track was designated for a specific sample or standard: track 1 for Mesuaferrone A, track 2 for Quercetin,
track 3 for Chrysin, track 4 for Rutin, track 5 for a blank, and subsequent tracks for the herbal samples, including
Mesua ferrea Linn., Ochrocarpus longifolius Benth and Hook f., Cinnamomum wightii Meisn., Cinnamomum
tamala T. Nees & Eberm., Myristica fragrans Houtt., Dillenia pentagyna Roxb. and Calophyllum inophyllum Linn.
The automated application with the Linomat applicator minimized variability, ensuring reproducible band intensity
and enhancing the accuracy of the HPTLC analysis.

Two different mobile phases were used for the analysis. The first mobile phase comprised of Toluene: Chloroform:
Ethanol in the ratio 4:4:1 (v/v/v), while the second mobile phase was Toluene: Ethyl acetate: Formic acid in the
ratio 5:4:1 (v/v/v). The plates were pre-saturated with the respective mobile phase for 20 minutes before
development, and the development distance was set at 70 mm.

https://www.ipni.org/a/4145-1
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For derivatization, anisaldehyde sulphuric acid reagent (ASR) was used. The reagent was prepared by mixing 170
mL of methanol with 20 mL of acetic acid and 10 mL of sulphuric acid in an ice-cooled bath. After thorough
mixing and cooling to room temperature, 1 mL of anisaldehyde was added. The developed plates were observed
under white light, 254 nm, and 366 nm wavelengths, both before and after derivatization, to identify and confirm
the presence of the markers- Mesuaferrone A, Chrysin, Quercetin, and Rutin in the extracted samples.

The documentation of the HPTLC analysis was conducted using the VisionCATS software, which is integrated
with the CAMAG HPTLC system. The VisionCATS software automatically captured high-resolution images of the
developed plates, both before and after derivatization, ensuring precise visualization of the chromatographic results.

Results

The preliminary phytochemical screening of Mesua ferrea L. stamens and its potential adulterants (Table 1), which
include the buds of Ochrocarpus longifolius Benth and Hook f., unripe fruits of Cinnamomum wightii Meisn. and
Cinnamomum tamala T. Nees & Eberm., buds of Myristica fragrans Houtt., fruits of Dillenia pentagyna Roxb.,
and buds of Calophyllum inophyllum L. revealed the following:

 Tannins: Detected exclusively in Mesua ferrea L. and absent in all adulterants.

 Flavonoids: Present in Mesua ferrea L., Ochrocarpus longifolius Benth and Hook f., Cinnamomum wightii
Meisn., and Calophyllum inophyllum L.; absent in Cinnamomum tamala, Myristica fragrans, and Dillenia
pentagyna.

 Quinones and Terpenoids: Consistently present across all samples.

 Phenols: Found in Mesua ferrea L., Ochrocarpus longifolius, Cinnamomum wightii Meisn., and
Calophyllum inophyllum L.; not detected in the other adulterants.

 Anthocyanins and Anthraquinones: Identified solely in Mesua ferrea L.

 Steroids: Present in all samples tested.

 Alkaloids, Saponins, and Glycosides: Not detected in any of the samples.

These findings establish a distinct phytochemical profile for Mesua ferrea L. that differentiates it from its potential
adulterants.

The HPTLC analysis, highlighted the chemical profiles of Mesua ferrea Linn. stamens and their adulterants using
Toluene: Chloroform: Ethanol (4:4:1) as the mobile phase. Tables 2 and 3 and figures 1 to 12 in the study present
detailed HPTLC fingerprints and corresponding densitograms for the phase Toluene: Chloroform: Ethanol (4:4:1),
clearly illustrating the separation of compounds and supporting the identification of species-specific markers. The
reference Rf values established for key phytochemicals were 0.26 for Mesuaferrone A, 0.23 for Quercetin, and 0.50
for Chrysin, while Rutin was not detected. In the chromatographic profiles of Mesua ferrea stamens, a prominent
peak at Rf 0.26 confirmed the presence of Mesuaferrone A, and a distinct band at Rf 0.50 corresponded to Chrysin.
Additionally, Quercetin (Rf = 0.23) was observed in certain adulterants, such as Cinnamomum wightii Meisn. and
Myristica fragrans Houtt., under the same conditions. When the analysis was performed using a second mobile
phase, Toluene: Ethyl Acetate: Formic Acid (5:4:1), the reference Rf values shifted to 0.55 for Mesuaferrone A,
0.49 for Quercetin, and 0.64 for Chrysin. The study includes detailed HPTLC fingerprints and corresponding
densitograms for mobile phase -Toluene: Ethyl Acetate: Formic Acid (5:4:1), which are presented in the tables 4
and 5 and figures 13 to 24. Under these conditions, a peak at Rf 0.55 was clearly observed in the stamens of Mesua
ferrea Linn., while none of the adulterants—such as Ochrocarpus longifolius Benth and Hook f., Cinnamomum
tamala, Myristica fragrans Houtt., Dillenia pentagyna Roxb., or Calophyllum inophyllum L.—exhibited a
corresponding peak. However, overlapping Rf values (0.02, 0.07, 0.22, and 0.71) were noted between Mesua ferrea
and its adulterants, indicating that this mobile phase provided less specificity in differentiating the samples.

Discussion

In the context of quality control in herbal medicine, ensuring the authenticity of plant materials is critical for
therapeutic efficacy and patient safety (6) . The combined preliminary phytochemical analysis and HPTLC
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fingerprinting performed in this study offer valuable insights into the chemical differences between authentic
Mesua ferrea L. stamens and their adulterants.

Previous studies have reported on the preliminary phytochemical analyses of the leaves and flowers of Mesua
ferrea L (4,7) . However, this study is the first to examine the stamens, where tannins, anthocyanins, and
anthraquinones are reported for the first time. The exclusive presence of these compounds in the stamens makes
them reliable markers for authenticity, effectively distinguishing genuine Mesua ferrea L. stamens from adulterants.

For HPTLC, different solvent systems were worked out, and these two mobile phases i.e. Toluene: Chloroform:
Ethanol (4:4:1) and Toluene: Ethyl Acetate: Formic Acid, (5:4:1) provided effective separation of bands. Notably,
Mesuaferrone A was first detected by HPTLC in the stamens of Mesua ferrea L. The first mobile phase (Toluene:
Chloroform: Ethanol, 4:4:1) provided superior specificity for distinguishing Mesua ferrea stamens from its
adulterants. The distinct detection of Mesuaferrone A at an Rf value of 0.26 and Chrysin at an Rf value of 0.50
serves as a robust fingerprint for authentic Mesua ferrea L. material, whereas the occurrence of Quercetin in the
adulterants underscores the need for reliable markers in sample authentication. Although the second mobile phase
(Toluene: Ethyl Acetate: Formic Acid, 5:4:1) confirmed the presence of Mesuaferrone A in Mesua ferrea at an Rf
value of 0.55, the overlapping Rf values observed for other compounds between the authentic sample and its
adulterants reduce its discriminatory power. This overlap indicates that the first mobile phase provided better
resolution for identification, particularly when distinguishing between closely related chemical profiles.

These findings suggest that for accurate detection of adulteration in Mesua ferrea, the first mobile phase is
preferable. The unique band for Mesuaferrone A reinforces its utility as a species-specific marker, while also
highlighting the need for further chromatographic optimization—especially to resolve compounds like Rutin, which
were inadequately separated under the current conditions. Thus, this underscores the potential of HPTLC as an
effective quality control tool within the Indian system of medicine, ensuring both the authenticity and integrity of
herbal preparations.

Table 1: Preliminary phytochemical analysis of Mesua ferrea Linn. and its adulterants.

Phytochemica
ls

Results
Stame
ns of
Mesua
ferrea
Linn.

Buds of
Ochrocarpu
s longifolius
Benth and
Hook f.

Unripe fruits
of

Cinnamomu
m wightii
Meisn.

Unripe fruits
of

Cinnamomu
m tamala T.
Nees &
Eberm.

Buds of
Myristic

a
fragrans
Houtt.

Fruits of
Dillenia
pentagyn
a Roxb.

Buds of
Calophyll

um
inophyllu
m L.

Tanins + - - - - - -
Saponins - - - - - - -
Alkaloids - - - - - - -
Flavonoids + + + - - - +
Glycosides - - - - - - -
Quinones + + + + + + +
Phenols + + + - - - +

Terpenoids + + + + + + +
Cardiac
glycosides

+ + + - - - -

Coumarins + + + - - - +
Steroids + + + + + + +

Phlobatanins - - - - - - -
Anthrocyanins + - - - - - -
Anthroquinone

s
+ - - - - - -
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Key: ‘+’: positive, ‘-’: negative

Figure 1: HPTLC fingerprints of Mesua ferrea Linn. and its adulterants in white light before derivatization
using Toluene: Chloroform: Ethanol (4:4:1) as mobile phase.

Figure 2: HPTLC fingerprints of Mesua ferrea Linn. and its adulterants at 254nm before derivatization
using Toluene: Chloroform: Ethanol (4:4:1) as mobile phase.
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Figure 3: HPTLC fingerprints of Mesua ferrea Linn. and its adulterants at 366nm before derivatization
using Toluene: Chloroform: Ethanol (4:4:1) as mobile phase.

Figure 4: HPTLC fingerprints of Mesua ferrea Linn. and its adulterants in white light after derivatization
using Toluene: Chloroform: Ethanol (4:4:1) as mobile phase.
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Figure 5: HPTLC fingerprints of Mesua ferrea Linn. and its adulterants at 366nm after derivatization using
Toluene: Chloroform: Ethanol (4:4:1) as mobile phase.

Table 2: Rf values of reference standards using Toluene: Chloroform: Ethanol (4:4:1) as mobile phase.

Standards Mesuaferrone A Quercetin Chrysin Rutin

Rf values 0.26 0.23 0.50 ND

ND-Not detected

Table 3: Rf values of Mesua ferrea Linn. and its adulterants using Toluene: Chloroform: Ethanol (4:4:1) as
mobile phase.

Peak Stamens
of
Mesua
ferrea
Linn.

Buds of
Ochrocarpus
longifolius
Benth and
Hook f.

Unripe fruits
of
Cinnamomum
wightiiMeisn.

Unripe fruits
of
Cinnamomum
tamala T.
Nees &
Eberm.

Buds of
Myristica
fragrans
Houtt.

Fruits of
Dillenia
pentagyna
Roxb.

Buds of
Calophyllum
inophyllum
L.

1 0.14 0.07 0.02 0.03 0.03 0.01 0.19
2 0.20 0.11 0.23 0.13 0.23 0.03 0.30
3 0.26 0.24 0.27 0.24 0.31 0.07 0.34
4 0.39 0.43 0.35 0.35 0.33 0.11 0.43
5 0.43 0.52 0.41 0.54 0.52 0.15 0.57
6 0.50 0.79 0.49 0.84 - 0.23 0.73
7 0.56 - 0.59 - - 0.42 0.84
8 0.85 - 0.65 - - 0.53 -
9 - - 0.76 - - 0.69 -
10 - - 0.84 - - 0.90 -
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Figure 6: Densitogram of stamens of Mesua ferrea L. using Toluene: Chloroform: Ethanol (4:4:1) as mobile
phase.

Figure 7: Densitogram of buds of Ochrocarpus longifolius Benth and Hook f. using Toluene: Chloroform:
Ethanol (4:4:1) as mobile phase.

Figure 8: Densitogram of unripe fruits of Cinnamomum wightii Meisn. using Toluene: Chloroform: Ethanol
(4:4:1) as mobile phase.
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Figure 9: Densitogram of unripe fruits of Cinnamomum tamala T. Nees & Eberm. using Toluene:
Chloroform: Ethanol (4:4:1) as mobile phase.

Figure 10: Densitogram of Buds of Myristica fragrans Houtt. using Toluene: Chloroform: Ethanol (4:4:1) as
mobile phase.

Figure 11: Densitogram of Fruits of Dillenia pentagyna Roxb. using Toluene: Chloroform: Ethanol (4:4:1) as
mobile phase.
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Figure 12: Densitogram of buds of Calophyllum inophyllum L. using Toluene: Chloroform: Ethanol (4:4:1)
as mobile phase.

Figure 13: HPTLC fingerprints of Mesua ferrea Linn. and its adulterants in white light before derivatization
using Toluene: Ethyl Acetate: Formic Acid (5:4:1) as mobile phase.
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Figure 14: HPTLC fingerprints of Mesua ferrea Linn. and its adulterants at 254nm before derivatization
using Toluene: Ethyl Acetate: Formic Acid (5:4:1) as mobile phase.

Figure 15: HPTLC fingerprints of Mesua ferrea Linn. and its adulterants at 366nm before derivatization
using Toluene: Ethyl Acetate: Formic Acid (5:4:1) as mobile phase.
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Figure 16: HPTLC fingerprints of Mesua ferrea Linn. and its adulterants in white light after derivatization
using Toluene: Ethyl Acetate: Formic Acid (5:4:1) as mobile phase.

Figure 17: HPTLC fingerprints of Mesua ferrea Linn. and its adulterants at 366nm after derivatization
using Toluene: Ethyl Acetate: Formic Acid (5:4:1) as mobile phase.

Table 4: Rf values of reference standards Toluene: Ethyl Acetate: Formic Acid (5:4:1) as mobile phase.

Standards Mesuaferrone A Quercetin Chrysin Rutin

Rf values 0.55 0.49 0.64 ND

ND-Not detected
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Table 5: Rf values of Mesua ferrea Linn. and its adulterants using Toluene: Ethyl Acetate: Formic Acid
(5:4:1) as mobile phase.

Peak

Stamens
of
Mesua
ferrea
Linn.

Buds of
Ochrocarpus
longifolius
Benth and
Hook f.

Unripe fruits
of
Cinnamomum
wightiiMeisn.

Unripe fruits
of
Cinnamomum
tamala T.
Nees &
Eberm.

Buds of
Myristica
fragrans
Houtt.

Fruits of
Dillenia
pentagyna
Roxb.

Buds of
Calophyllum
inophyllum
L.

1 0.02 0.02 0.03 0.01 0.01 0.02 0.02
2 0.07 0.07 0.06 0.01 0.08 0.07 0.10
3 0.12 0.15 0.14 0.15 0.10 0.09 0.14
4 0.22 0.24 0.22 0.23 0.11 0.15 0.25
5 0.49 0.32 0.26 0.38 0.20 0.17 0.43
6 0.55 0.37 0.31 0.50 0.22 0.25 0.56
7 0.61 0.41 0.36 0.56 0.24 0.30 0.71
8 0.71 0.48 0.39 0.71 0.27 0.40 0.97
9 - 0.56 0.43 0.76 0.29 0.43 0.98
10 - 0.70 0.50 0.84 0.36 0.71 -
11 - 0.83 0.56 0.91 0.38 0.76 -
12 - - 0.64 0.94 0.51 0.89 -
13 - - 0.71 - 0.56 - -
14 - - 0.92 - 0.58 - -
15 - - 0.95 - 0.60 - -
16 - - - - 0.64 - -
17 - - - - 0.84 - -

Figure 18: Densitogram of stamens of Mesua ferrea L. using Toluene: Ethyl Acetate: Formic Acid (5:4:1) as
mobile phase.
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Figure 19: Densitogram of buds of Ochrocarpus longifolius Benth and Hook f. using Toluene: Ethyl Acetate:
Formic Acid (5:4:1) as mobile phase.

Figure 20: Densitogram of unripe fruits of Cinnamomum wightii Meisn. using Toluene: Ethyl Acetate:
Formic Acid (5:4:1) as mobile phase.

Figure 21: Densitogram of unripe fruits of Cinnamomum tamala T. Nees & Eberm. using Toluene: Ethyl
Acetate: Formic Acid (5:4:1) as mobile phase.
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Figure 22: Densitogram of Buds of Myristica fragrans Houtt. using Toluene: Ethyl Acetate: Formic Acid
(5:4:1) as mobile phase.

Figure 23: Densitogram of Fruits of Dillenia pentagyna Roxb. using Toluene: Ethyl Acetate: Formic Acid
(5:4:1) as mobile phase.

Figure 24: Densitogram of buds of Calophyllum inophyllum L. using Toluene: Ethyl Acetate: Formic Acid
(5:4:1) as mobile phase.

Conclusion

This study presents a comprehensive phytochemical and HPTLC analysis of Mesua ferrea L. stamens, establishing
a distinct chemical fingerprint that differentiates authentic Mesua ferrea L. from its adulterants. The exclusive
presence of tannins, anthocyanins, and anthraquinones—as well as marker compound such as Mesuaferrone A —
underpins the unique bioactivity and therapeutic potential of Mesua ferrea, which includes anti-inflammatory,
antioxidant, antimicrobial, antidiabetic, analgesic, and wound-healing properties. The significantly different
chemical profiles of the adulterants result in divergent bioactivities, rendering them incapable of replicating the
medicinal efficacy of Mesua ferrea. This work fills a critical gap in the literature by developing a comprehensive
phytochemical profile for Mesua ferrea L. stamens, thereby enhancing its authenticity in traditional medicine and
setting a precedent for standardized methods in herbal product verification. Thus, these findings bridge traditional
knowledge with modern analytical techniques, supporting the safety, efficacy, and reliability of herbal medicines.
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