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Abstract

Background: Neem is a medicinal plant that consists of all aerial parts of the plant known as
Azadirachta indica, family Meliaceae. It contains a lot of chemical constituents like the leaf
part consisting of a chemical constituent like quercetin and the oil of Azadirachta indica
contains Nimbin and nimbidine. The bark contains tannins, gallic acid, and diterpenoids
active against klebsiella and staphylococcus species. In this article research is done on the

neem plant and gel is prepared from the leaf extract of Neem (Azadirachta indica).

Objective: The aim of this review is to highlight the potential of Quercetin a chemical
constituent obtained fromAzadirachta indicain the treatment of fungal infections and

prospects associated with the delivery of Quercetin.

Methods: We reviewed the literature from journal publication websites and electronic
databases, such as Bentham, Springer, Science Direct, PubMed, Scopus, etc. The
development of Quercetin-Loaded Silver Nanoparticles Gel were done by following various
techniques like TLC, HPLC, FTIR etc. Evaluation of gel was also done.
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Results: Results were concluded on the basis of the data obtained. Quercetin was found to
have the potential for anti-bacterial, anti-fungal, anti-viral, anti-inflammatory, anti-cancer,
and antioxidant activity. The use of prepared formulation was found to be straightforward and

repeatable.

Conclusion: In conclusion, the procedure for making quercetin-loaded silver nanoparticle gel
was discovered to be straightforward and repeatable. There are a number of health benefits of
Quercetin that makes this group of bioactive compounds the most promising and attractive

group for researchers.

Keywords: HPLC, UV- Spectroscopy, Azadirachta indica, Quercetin, Silver Nanoparticles,

Zeta- potential.
1.0 Introduction

Neem is an ancient medicinal plant. It consists of all aerial parts of the plant known as
Azadirachta indica,family Meliaceae [1]. It is commonly called neem or ‘Dogon Yaro’ in
Nigeria, is a plant that has found varied use in ecological, medicinal, and agricultural sectors.
It is found in India, Pakistan, Bangladesh, Shri Lanka, Thailand, Malaysia, South Africa, and
East Africa [2]. It contains a lot of chemical constituents like the leaf part consisting of a
chemical constituent [3] like quercetin and the oil of Azadirachta indica contains Nimbin
and nimbidine [4]. The bark contains tannins, gallic acid, and diterpenoids active against
klebsiella and staphylococcus species [5].Quercetin is an active constituent of leaf extract of
neem [6] used to prevent fungal infections like Tinea cruris (Jock itch) throughout the body
[7]. Quercetin was the first polyphenolic flavonoid purified from fresh leaves of neem [8]
and was known to have antifungal and antibacterial activities and anti-inflammatory[9].Now
comes nanoparticles, nanoparticles are not simple molecules [10] but are composed of three
layers i.e. The surface layer may be functionalized with a variety of small molecules, metal
ions, surfactants, and polymers [11]. The shell layer is a chemically different material from
the core in all aspects [12], and the Core is essentially the central portion of the nanoparticle
and usually refers to the nanoparticle itself [13].Silver nanoparticles are of various types
such as carbon-based nanoparticles, metal nanoparticles, silver nanoparticles, gold
nanoparticles, polymeric nanoparticles, lipid-based nanoparticles, etc [14]. Among all of
them, one of our interestsis silver nanoparticles [15]. Silver is a strong antibacterial and also
toxic to cells [16]. Silver has the ability to damage bacterial cell walls [17], inhibit bacterial

cell growth [18], and disrupt cell metabolism because of the interaction between silver ions
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with macromolecules in cells [19], such as proteins and deoxyribonucleic acid (DNA) [20].
Therefore, silver nanoparticles are indicated to have stronger antibacterial capabilities [21].
Nanogels are newly emerging nano-sized hydrogel-like polymeric materials and have
overlapping properties of both nanoparticles and hydrogels [22]. Nanogels provide a
crossover for combinations of hydrogels and nanomaterials [23]. Nano-gels consist of
physically or chemically cross-linked three-dimensional polymer networks that can also be

functionalized and integrated easily with pharmaceutical agents[24].

2.0Material and Methods

Table 1: List of materials used

S. No Material Source
1 Silver nitrate (AgNO3) Finar limited, India
2 Ethanol Fischer Scientific India Pvt. Ltd., Mumbai
3 Methanol (HPLC Grade) Fischer Scientific India Pvt. Ltd., Mumbai
4 n-octanol LR Grade SD Fine-chem Ltd., Mumbai
6 UV-Visible spectrophotometer Shimadzu
7 Orthophosphoric Acid (HPLC Grade)
8 Nylon 0.22pm membrane filter Phenomenex Luna

2.1 Pre-formulation study

2.1.1Authentication of Plant

The leaves of about 800gm were collected from the plant Azadirachta indica. After that, the
herbarium sheet was prepared. The sample was packed properly so that it could not get
damaged and the herbarium sheet was sentto theCollege of Horticulture and Forestry, Neri,
Hamirpur (H.P. 177001) for authentication of the Plant. The sample was examined by the
Assistant Professor and after finding out the correct results the sample was authenticated by

him and provided an authentication certificate.

2.1.2 Preparation of Extract of Leaves

The Azadirachta indica extract solution was prepared using 30g of Azadirachta indica leaves
that had been rinsed with deionized water and finely cut into small pieces [25]. The chopped
Azadirachta indica were boiled in 200 mL of deionized water for 25 minutes and allowed to
cool [26]. The cooled leafbroth was filtered and stored in a refrigerator at 4 <C. The resulting
extract was used as an Azadirachta indica extract solution [27]. The extract prepared was

then extracted with 3x50ml of ethyl acetate [28]. The resulting ethyl acetate extract was dried
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over anhydrous Na,SO, and evaporated until itdried [29]. This was done using a rotary
evaporator at 400°C [30].

2.1.2.1 Characterisation of extraction
The sample was characterized for physical characterization like appearance, color, and odor.

2.2 ldentification and Isolation of Quercetin

After extracting neem with methanol, the following process was done for the identification of

different compounds present in neem [31]. The neem contains various compounds such as:

A. Primary Compounds

B. Secondary Compounds

A. Primary Compounds: The primary compounds present in neem are fat derivatives,

carbohydrates, and proteins.

B. Secondary Compounds: The secondary compounds present in neem are flavonoids,
steroids, saponins, terpenoids, alkaloids, and tannins [32].

2.2.1 ldentification Tests for Primary and secondary compounds present in neem extract

2.2.1.11dentification tests for primary compounds: Identification tests for primary

compounds are given below.

Table 2: Identification tests for fat derivatives:

Sr. No. Test Procedure Observation Inference

1. Taken 3 test tube with | Sample is | Fats are present.

5ml sample solution, to | sparingly

the first one, add 5ml | soluble in
a) Solubility | water and observe alcohol and
Test 2. To the second one, add | chloroform.

5ml alcohol and observe
3. To the third one, add

5ml  chloroform and

observe
b) Translucent | Take sample on filter | Greasy spot | Fats are present
Spot Test | paper and press. observed.

1081

Eur. Chem. Bull. 2023,12(10), 1078-1121



Development of Quercetin-Loaded Silver Nanoparticles Gel from Leaf Extract of Azadirachta indica

for Antifungal Activity
Section A-Research paper
c) Acrolein Take sample in test tube+ | Pungent and | Fats are present.
Test add potassium bisulfate | irritating
to it+ heat the mixture odour.

Table 3: Identification tests for carbohydrates

Sr. Test Procedure Observation Inference
No.
a) Molisch’s | Take a test tube+ 5ml | Presence  of | Carbohydrates
Test sample+ 2-3 drops of | violet ring | are present.
Molisch reagent+ add conc. | observed at the
H,SO, junction.
2ml  sample in a test| Formation of | Carbohydrates
tubet2ml  of  Fehling’s | red ppts. are present
b) Fehling’s solution A and B+ place on
Test water bath for 10 minutes.
Take sample in test tube+add | Red ppts. | Reducing sugars
5ml Benedict’s reagent+ boil | observed. are present.
2 Benedict’s this solution for 10 min.
Test Cool and observe.
Sample in test tube+ 2-3ml | Shiny  silver | Reducing sugars
Tollen’s reagent+ place on | mirror are present.
9 Tollen’s water bath for 10 min. observed.
Test
e) lodine Test | Sample in test tube+ 2-3 | No colour | Starch is absent
drops of iodine solution. | change.
Observe colour change.

Table 4: Identification tests for Proteins

Eur. Chem. Bull. 2023,12(10), 1078-1121
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Sr. Test Procedure Observation Inference
No.
a) Biuret | Take sample in test tube+ | Bluish violet | Proteins are
Test add NaOH and 5-6 drops | colour observed. | present.
of copper sulphate+ shake
gently and keep aside the
mixture for 4-5 mins.
b) | Xanthopr- | Take sample in test tube+ | Yellow ppts. Proteins are
oteic Test {add few drops of present.
conc.H,SO4+ shake the
test tube+ heat it on
burner.
c) Millon’s | Take sample in test | Brick red colour | Proteins are
Test tube+2-3 drops of Millon’s | observed. present.
reagent+ shake gently and
observe the changes.
d) | Ninhydrin | Take sample in test tube+ | Deep blue colour | Proteins are
Test add 1-2 ml of ninhydrin | appears. present
solution+ shake well+ boil
and observe the change.
2.2.1.2 ldentification tests for secondary compounds
Table 5: Identification test for flavonoids
Sr. Test Procedure Observation Inference
No.
a) Shinoda | Sample + add magnesium | Crimson red | Flavonoids
test turnings and  conc.HCI | colour observed. | are present.
dropwise and mix properly
b) Alkaline | Sample + add few drops of | Intense  yellow | Flavonoids
reagent | NaOH colour was | are present.
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test observed.
C) Zinc HCI | Sample + mixture of zinc | Red colour was | Flavonoids
Test dust and conc. HCI observed. are present.

Table 6: Identification test for Steroids and Terpenoids

Sr. Test Procedure Observation Inference
No.
a) | Libermann | Sample+ sufficiet drops of | Deep red colour | Terpenoids
-Burchard | acetic anhydride. Boil and | was observed. are present.
test cool. Now add conc. H,SO4
b) Salkowski | Sample+ few drops of conc. | Yellow  coloured | Terpenoids
test H,SO, lower layer | are present
observed.
Table 7: Identification test for Saponins
Sr. Test Procedure Observation Inference
No.
a) Froth Take 2ml sample in water in | Stable froth(foam) | Saponins
Formation | a test tube, shake well and | is formed. are present.
Test observe.
Table 8: Identification test for Alkaloids
Sr. Test Procedure Observation Inference
No.
a) | Dragendorff’s | Sample + Dragendorff’s | Reddish brown | Alkaloids
Test Reagent (Pot. Bismuth | ppts. are presents.
lodide solution)
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b) | Mayer’s Test | Sample +  Mayer’s | Cream colour ppts. | Alkaloids
Reagent (Pot. Mercuric are present
iodide solution)
C) Wagner’s Sample +  Wagner’s | Reddish brown | Alkaloids
Test reagent  (lodine  pot. | ppts. are present.
lodide solution)
d) Hager’s Sample =+  Hager’s | Yellow ppts. Alkaloids
reagent reagent (Sat. solution of are present.
picric acid)
e) Picrolonic | Sample + picrolonic acid | Yellow ppts. Alkaloids
acid test are present.
Table 9: Identification test for Tannins
Sr. Test Procedure Observation Inference
No.
a) Ferric Sample + ferric chloride | Blue colour | Tannins are
Chloride Test | solution. Observe the | observed. present.
solution.
b) Phenazone | Sample + sodium acid | Bulky ppts. | Tannins are
Test phosphate. Warm and | formed. present.
filter this mixture. To the
filtrate, add 2%
phenazone solution.
C) Gelatin Test | Sample + 1% gelatin | Precipitates Tannins are
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solution containing 10% | formed. present.
NaCl

2.2.2 lIsolation of Quercetin from Azadirachta indica extract by Column

chromatography

Previously prepared neem (Azadirachta indica) extract was used to isolate quercetin from it.
Since ethyl acetate (1g/ml) is known to be a solvent for quercetin, ethyl acetate was utilised
as the mobile phase, while silica gel was utilised as the stationary phase [33].

First of all, the silica gel taken was carefully moistened with the mobile phase i.e. ethyl
acetate. The column was packed sufficiently with a cotton pad at the bottom [34]. The sodium
sulphate was added from the top of the column for trapping the molecules of water and the
coarse gel was also added to protect the column [35]. Near the end of the bottom of the
column, a collecting tube was placed to collect the elute. The blank column was eluted with
hexane for 10 min. Subsequent elution was carried out in a manner. Then after that the neem
extract (test) was placed on the top of the packed stationary phase [36]. Gradient elution was
as follows hexane, hexane: ethyl acetate (5:1), hexane: ethyl acetate (3:1), hexane: ethyl
acetate (1:1), ethyl acetate, ethyl acetate: alcohol (5:1), ethyl acetate: alcohol (3:1), ethyl
acetate: alcohol (1:1) and alcohol. The amount of collected fraction was 4.0 ml and 29
fractions were collected [37].

2.2.3 ldentification of quercetin by thin-layer Chromatography (TLC)

The fractions collected before were subjected to TLC. Toluene: ethyl acetate: methanol
(4:0.5:0.5) solvent system was used. Because of the similarity of the fractions, 14, 15 and 16
were mixed together and then put through column chromatography once again [38]. The
identical procedure for column chromatography was used as in the earlier experiment. But
this time the mobile phase and elution manner was different. This time the stationary phase
was prepared with silica gel and ethyl acetate [39]. Ethyl acetate was used to elute the blank
column for 10 minutes. Ethyl acetate, ethyl acetate: alcohol (6:4), ethyl acetate: alcohol (4:6),
ethyl acetate: alcohol (2:8), alcohol, alcohol: methanol (6:4), alcohol: methanol (4:6), and
methanol (2:8) were the order of the gradient elution [40]. Total fractions collected were 21
and the volume of the collected fraction was 2.0 ml. Toluene: ethyl acetate: methanol
(4:0.5:0.5) was the solvent system utilised for TLC on the collected fractions. Following a

second round of column chromatography using fractions 14, 15, and 16, 21 fractions were
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also obtained. The fractions 7, 8, 9, 11, 12, and 13 were combined, and TLC was applied
twice [41]. Quercetin was separated from an alcohol extract of Azadirachta indica using TLC
silica gel 60 F254 plates (10x06 cm). After that, the plates were put in a room filled with
iodine vapours to see what hue the spot was (light blue). To compare the colour of the spots
in the sample and standard quercetin, a 5% ethanolic ferric chloride solution was sprayed
onto the formed plate. Mixed portions were concentrated and kept for further examination
[42].

2.2.4 ldentification of quercetin by HPLC

The concentrated plant quercetin was subjected to High-Performance Liquid
Chromatography. Based on the solubility, we have chosen the mobile phase for quercetin,
which is soluble in ethanol, methanol, and water. and carried out the analysis using gradient

elution and reverse phase [43].

Preparation of Mobile phase A: 1.0 ml of orthophosphoric acid was pipetted into a 2000 ml
volumetric flask. The pipette was then three times washed with water before being filled to

volume with water [43].
Mobile phase B: Methanol

Chromatographic conditions: Flow Rate: 2.0ml/min Injection volume: 10pL Column
temperature : 25°C Detection : 370nm Runtime : 25min Column : 250x 4.6,5 um,C18
Diluent : Methanol

Table 10: Gradient Programme

SrNo. | Time (in min) Mobile phase A Mobile phase B
1 0 60 36
2 6 60 36
3 12 50 46
4 15 60 36
5 20 60 36
6 25 60 36

Preparation of Standard Quercetin:Added around 50 ml of diluent after weighing and
transferring 10 mg of standard quercetin into a 100 ml volumetric flask. The mixture was
sonicated for five minutes, cooled to room temperature (21 °C), and then diluted to the
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desired amount with diluent. After that, pour 5.0 ml of the aforementioned solution into a

volumetric flask with a capacity of 50.0 ml, and dilute it with diluent to volume [44].

Preparation of sample: Added around 50 ml of diluent after precisely weighing 5 mg of the
test sample into a 100 ml volumetric flask. The mixture was sonicated for 5 minutes, cooled
to room temperature, and then diluted to the desired volume. Individual injections of the test
sample solution, standard solution, and blank diluent were made into the column. Reported

the findings after recording the chromatogram at 273 nm [45].

2.2.5 Preparation of silver nanoparticle

In the preparation of AgNPs samples, AQNO3 (1Mm, 3mM, 4mM, 6Mm,9Mm) was first
dissolved in 20 ml of deionized water [46] and mixed with 20 ml of Azadirachta
indicaextract solution under vigorous stirring at room temperature for 30 min [47]. The
mixtures were added to the sealed volumetric flask of 100ml, which was heated and
maintained at various time and temperature conditions, and then gradually cooled to room
temperature [48]. A black precipitate was collected by centrifuging at 15000 rpm for 30 min
and finally dried in air at 60°C for 4hr [49].

2.2.6Characterisation of silver nanoparticle

The silver nanoparticles were characterized for the physical characterization like appearance,
color and odor. UV-Vis spectroscopy, FTIR, was done for silver nanoparticles. Particle size
was also determined.

Table 11: Composition of Different Formulations of Nanoparticle

Silver
Formulation _ Amount of silver Volume of Volume of
Nitrate ]
Code nitrate (mg) extract (ml) water (ml)
(mM)
F1 1 6 20 20
F2 3 20 20 20
F3 4 27 20 20
F4 6 40 20 20
F5 9 60 20 20

2.2.7 Preparation of Drug-Loaded Silver Nanoparticle
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Silver nanoparticle solution of 1mM was prepared in 10ml by changing the variation in
concentration of Quercetin dihydrate drug (10mg, 20mg,30mg,40mg,50mg) in each different
culture tubes and centrifuge it at 5000rpm for 15 min [50].

Table 12: Composition of Different Quercetin Dihydrate loaded silver Nanoparticles

] Amount of Volume of nanoparticle
Sr. No Formulation Code )
Drug (mg) solution (ml)
1 F2Al 10 2
2 F2A2 20 2
3 F2A3 30 2
4 F2A4 40 2
5 F2A5 50 2

2.2.8 Preparation of Quercetin dihydrate-loaded silver nanoparticle gel

Formulation of Quercetin dihydrate entrapped silver nanoparticle (formulation prepared by
Quasi emulsion solvent method) [51]. Formulations of silver nanoparticles containing the
drug were formed into the gel base which is composed of Quercetin dihydrate loaded silver
nanoparticles with 2ml silver nitrate solution 1% & 2% Carbapol 934, Triethanolamine
(quantity sufficient) [52].

Table 13: Composition of Different Quercetin dihydrate loaded silver nanoparticle gel

Sr.No Ingredients Formulation Code
F2A5B6 F2A5B7
1 Quercetin dihydrate loaded silver 5 ,
nanoparticle (ml)
2 Quercetin dihydrate (mg) 20 20
3 Carbopol 934 (%w/v) 1 2
4 Triethanolamine (mL) g.s. g.s.

2.2.9Characterisation of Quercetin dihydrate loaded silver nanoparticle
Percentage yield, drug entrapment efficiency, particle size, TEM, FTIR and zeta potential
values of Quercetin loaded silver nanoparticle were find out.

2.2.10Evaluation of Quercetin dihydrate loaded silver nanoparticle gel
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Evaluation of Quercetin loaded silver nanoparticle gel was done by performing various tests
on the formulation such as visual appearance, pH determination, viscosity, spreadability

study, in-vitro release studies, and drug release kinetics.

3.0Resultsand Discussions

3.1 Physicochemical Parameters of Azadirachta indicalLeaves

3.1.1 Organoleptic Property

Organoleptic properties of Azadirachta indica leaves were carried out in order to check the
physical properties as shown in Table 14:

Table 14. Organoleptic Property of Azadirachta Indica leaves

Taste Extremely Bitter
Odour Unpleasant
Colour Green Powder

Result: Azadirachta indica leaves is extremely bitter, unpleasant in odour and green powder

in colour.
3.1.2 Total Ash Value

Total Ash Value were carried out to analyze the purity of Azadirachta indica leaves as shown
in Table 15.
Table 15: Total Ash Value of Azadirachta indica

Plant Part Observed Ash value Reference Ash value

Azadirachta indica 9.00%=+1.26 10.00%

Result: Total ash of Azadirachta indica leaf powder is found to have 9.02% +1.26.

3.1.3 Acid-Insoluble Ash
Acid Insoluble ash value of Azadirachta indicais shown in Table 16:
Table 16: Acid Insoluble Acid value of Azadirachta indica

_ Reference Acid Insoluble
Plant Part Observed Acid Insoluble value
value
Azadirachta indica 1.50%=0.29 2.00%
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Result: Acid Insoluble ash value of Azadirachta indica leaf powder is found to be
1.50%20.29.

3.2Preparation of Extract of Leaves

3.2.1 Characterization of extract of leaves

3.2.1.1 Organoleptic Property

Azadirachta indica leaves extract was discovered to have organoleptic properties that
matched the literature.

Azadirachta indicaleaves extract organoleptic characteristics was discovered to be listed in
Table 17.

Table 17: Organoleptic Properties of Extract of Azadirachta indica

Odor Odourless

Color Colourless to Brown colour

Result: The extract of Azadirachta indica show odorless in nature and show brown colour

from colorless.

3.3lsolation and Preformulation Study of Drug
3.3.1 Isolation of the drug (Quercetin): The drug was isolated from the Azadirachta indica

methanol extract. The results are concluded below.

Results: Isolation of quercetin was done by column chromatography using silica gel and
ethyl acetate as stationary and mobile phases respectively. The amount of collected fraction

was 4.0 ml and 29 fractions were collected.
3.3.2 Identification by TLC
The identification of the drug Quercetin was done by thin layer chromatography technique.

Results: Thin layer chromatography When the developed TLC plates were saturated with
iodine vapours, they showed spots which coincided with that of the reference quercetin and
ethanol extract of Azadirachta indica (Fig.1). The plates developed under UV light showed
fluorescent spots in ethanol extraction of Azadirachta indica and results are presented in (Fig.

2). And the thin layer chromatogram of the concentrated test sample is presented in (Fig .3).
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Fig 1. Thin layer chromatogram of ethanol extract of Azadirachta indica

N2 14 1S 16 17 18 19 20

Fig 2. Thin layer chromatogram of ethanol extract of Azadirachta indica under UV trans

illuminator

Fig 3. TLC of concentrated quercetin of Azadirachta indica under UV trans illuminator

3.3.3 Identification of quercetin by HPLC-UV
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After a retention duration of around 15 minutes, quercetin was eluted. By using HPLC-UV,
quercetin was eluted with a retention duration of 15 minutes. Peak purity was also checked,
and the standard and sample spectra were matched and validated using the DAD detector.
Additionally, it is discovered to contain 995 + 1.17 pg/g of quercetin. By using the area
normalisation approach, purity was determined to be 99.7% pure. The HPLC chromatograms
of the test sample and the reference quercetin are shown in (Figs. 4 & 5), respectively.
Figures 6, 7, and 8 show the spectra of standard quercetin, the test sample, and both the

standard quercetin and the test sample.

DAD1 A, Sig=370.4 Ref=off (TEST 2013-10-02 13-19-241022-0201_D)
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Fig 4. HPLC chromatogram of Standard quercetin at RT of 15 min
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Fig 5. HPLC chromatogram of test Sample
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*DAD1T, 15.031 (242 mAU, - ) Ref=14.291 & 16.211 of 022-0201.D
mAU 7_
250—:
200—:
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Fig 6. Spectra of standard Quercetin.

*DAD1, 15.016 (1220 mAU, - ) Ref=0.003 & 16.983 of TRIALOOOO0O1.D

mAU

1400 —

1200 —

1000 —

800 —

600 —

400 —

200 —

200 225 250 275 300 325 350 37s nem

Fig 8. Spectra of standard quercetin and test sample.

Results: Our quantitative HPLC analysis revealed that the Azadirachta indica sample

contained about 99.7% of pure quercetin.

3.3.4 Organoleptic property
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Organoleptic properties of drug Quercetin dihydrate found to be as per literature. The
Organoleptic properties of Quercetin dihydrate were found to the given Table 18:
Table 18: Organoleptic Properties of Quercetin Dihydrate
Odor Odourless

Colour Yellow powder

3.3.5 Melting point
The melting point of Quercetin dihydrate was carried out to examine the completely melted

stage of the drug as shown in Table 19:

Table 19: Melting Point of Quercetin dihydrate

Drug Observed melting point Reference melting point

Quercetin dihydrate 317.4 °C £0.873 316 - 318 °C

Result: The melting point of Quercetin dihydrate was found to be in range317.4 °C +0.873

which is of the pure drug. Hence drug sample was free from any type of impurities.

3.3.6 HPLC Method

3.3.6.1 Determination of chromatogram of Blank & Standard (Quercetin dihydrate)

On HPLC analysis of Blank and standard solution of Quercetin dihydrate solution of
100pug/ml chromatogram was optimized & analyzed as per the proposed method. HPLC
analysis of blank and standard chromatogram was shown in Figure 9&10.

uV

100000 T Detector 37000}
50000
R
'::EH:H:ID- T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T
00 15 50 75 100 115 150 175 20.0
min
Figure 9:Chromatogram of Blank
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Figure 10: Chromatogram of standard Quercetin dihydrate of 100 pg/ml.

Table 20: Data of Quercetin dihydrate Solution of 100 pg/ml

Sr. No.

Compound Name

Retention time

Area

1

Quercetin dihydrate

14.439

16474817

3.3.6.2 Preparation of calibration curve of Quercetin dihydrate

The calibration curve wasprepared by measuring several concentrations creating a linear line

as shown in (Table 21, Figure 11).

Table 21: Calibration Curve of Quercetin dihydrate

Concentration(ug/ml) Area
10 799076 +107.983
20 1602525+102.549
30 2413014+1998.502
40 3283191+501.507
50 4058351+1004.5

Eur. Chem. Bull. 2023,12(10), 1078-1121
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Figure 11: Calibration curve of Drug Quercetin dihydrate

Table 22: Result of regression analysis of estimation of Quercetin dihydrate

Statistical parameters Results
Regression equation: y=mx+C y =81992x - 28533
Slope (m) 81992
Intercept (C) 28533
Correlation coefficient (r°) 0.999

Result: - The calibration curve for pug/ml was obtained by using the 10ug/ml to 50ug/ml
solution. The calibration curve as shown in the graph indicated the regression equation

Y=81992x — 28533and R?value 0.999 which shows good linearity as shown in Figure 3.

3.4 Solubility Study
Solubility of the drug in various solvents were carried out in order to screen for the
components to be used for formulation development.

Table 23: Solubility studies of Quercetin dihydrate for different solvents

Sr. no. Solvent Solubility (mg/ml) Inferences
1 Methanol 52.2199+2.13 Soluble
2 Ethanol 55.4777+0.423 Soluble
3 PB pH 6.8 0.05035+0.0021 Practically insoluble
4 Water 0.10611+1.86 Insoluble

* Each value is mean of three independent determinations
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Figure 4: Solubility study of Drug Quercetin dihydrate

Result: From the above data, it was clearly seen that Quercetin dihydrate is soluble in

ethanol and methanol and very slightly soluble in water and practically insoluble in

phosphate buffer pH 6.8

3.5FTIR

The FTIR spectrum and its interpretation Quercetin dihydrate is shown in figure 12 and table

24, respectively.
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Figure 12: FTIR spectrum of Quercetin dihydrate

Table 24: FTIR spectrum of Drug Quercetin dihydrate

Characteristic peaks

Reported (cm™)

Observed (cm™)

O-H stretch 3283 3277.17
C=0 stretch 1666 1666.54
C= C stretch 1610 1610.97
O-H bending of phenol function 1379 1381.63
In-plane and out plane bending 1317 1318.63

Eur. Chem. Bull. 2023,12(10), 1078-1121
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C-O stretch in the aryl ether ring 1263 1263. 04
In-plane and out plane bending 820 820. 06
Result:

The principal IR absorption peaks of Quercetin dehydrate of O-H stretch 3277.17, C=0
stretch at 1666.54, C= C stretch at 1610.97, O-H bending of phenol function at 1381.63, In
plane and out plane bending at 1318.63, C-O stretch in the aryl ether ring at 1263. 04, in
plane and out plane bending at 820. 06 were all observed in the spectra of Quercetin
dehydratewere found to be similar to cited peaks. These observed principal peaks confirmed
the purity and Authenticity of the Quercetin dihydrate. The FTIR spectra of Quercetin
dihydratewere shown in the and table 24.

3.6Partition Coefficient of Drug
The shake flask method was used to carry out the research on partition coefficient

determination. Table 25 displays the partition coefficient for the drug Quercetin dihydrate.

Table 25: Partition coefficient determination of Quercetin dihydrate

Drug Solvent system Log P Values

Quercetin dihydrate n-octanol: water 1.70+ 0.0629

Result: The partition coefficient of Quercetin dihydrate in n- Octanol: Water was found to be
1.70+ 0.0629 this indicates that the drug is lipophilic in nature. This suggests the hydrophilic
character of the drug Quercetin dihydrate.

3.7 Preparation and characterization of silver nanoparticle
3.7.1 Evaluation of Silver Nanoparticle
Evaluation of silver Nanoparticle were determined by colour change, uniformly dispersion to
be listed in table 26.
Table 26: Evaluation of silver Nanoparticle (F1-F5)

Sr NO. Formulation code Visual appearance
1 F1 Colour change but dispersion not formed uniformly
2 F2 Black Colour Silver nanoparticles crystals formed
3 F3 Colour not changed homogenous Dispersion
4 F4 Colour not changed homogenous Dispersion
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5 F5 Colour not changed homogenous Dispersion

Result: F2 formulation shows the best formulation of silver nanoparticles due to conversion
of Ag+ ions to silver nanoparticle from colourless to brown colour and some formulations are

not formed uniformly.

3.7.1.2 UV Spectroscopy

UV-Vis spectroscopy is one of the best and fastest techniques used for exploring AgNPs.
Reduction of silver ions by the plant extract was monitored by colour change, from
yellowish-green to brownish-black. The UV-Vis absorbance spectrum showed a sharp peak at
452 nm, indicating AgNPs were able to shift the maximum peak of absorption to the visible
light region. The change in colour, after adding the AgNO3 solution, was due to the surface
plasmon resonance phenomenon. This occurs due to the combinedvibration of free electrons
in the metal nanoparticles resonating with the light waves. Furthermore, the maximum

spectrum band observed of F2 at 452nm.

Table 27: UV-Vis absorbance spectrum of silver nanoparticles (F1-F5)

S.No. Formulation Wavelength (nm)
1 F1 Not prepared
2 F2 452nm
3 F3 Not prepared
4 Fa Not prepared
5 F5 Not prepared

____ _ENlocadCurvw
—_—

Figure 13: UV Spectrum of Silver Nanoparticle of F2
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Result: In F2 Formulation UV-Vis spectra at 452nm revealed the formation of silver
nanoparticles and in some formulations time and temperature variations allow for forming the
unstable silver nanoparticle.

Table 27: Absorption maxima (A max) Of Silver Nanoparticle water

o Absorption maxima (A max)
Name Excipient

Observed Reference

Silver Nanoparticle 452 455

3.7.13FTIR
The FTIR spectrum and its interpretation of silver nanoparticle is shown in figure

14respectively.
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Figure 14: FTIR of Formulation
Result: The IR spectrum of the AgNPs showed a band at 3192.36 cm—1, which corresponds
to stretching of the hydroxyl groups as a functional group of carbohydrates, phenols,
flavonoids, and alcohols; the peak at 2915.2 cm—1shows the stretching of the C-H alkaline,
and C —H (Alkenyl) groups. The IR spectrum for the same plant extract from India showed
bands at 3454, 2083, 1636, and 1113 cm—1, which differed slightly from our observations,

suggesting climate can change the plant's phytochemical composition

3.7.1.4 Particle size
The prepared F2 Formulation of silver nanoparticle was tested for particle size and

polydispersity index, as shown in figure 15.
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Results
Hydrodynamic diameter 107.96 nm Mean intensity 313.8 kcounts/s
Polydispersity index 17.2% Absolute intensity 59324.5 kecounts/s
Diffusion coefficient 0.1 pm’fs Intercept g1? 0.7517
Transmittance 0.0% Baseline 1.001

Figure 15: Particle size of F2 formulation

Result: The hydrodynamic diameter of the synthesized nano particle was found to be

107.96nm and the polydispersity index was 17.2%.

Based on the above observations the F2 formulation was found to be best suitable for the

adsorption of the quercetin dihydrate.

3.8 Drug-Loaded Silver Nanoparticle

3.8.1 Visual appearance of Quercetin dihydrate loaded silver nanoparticles

Visual Appearance of formulations of Quercetin dihydrate loaded silver nanoparticle (F1-F5)

as shown in Table 28:

Table 28: Visual Appearance of Quercetin dihydrate loaded silver nanoparticle (F1-F5)

Sr.no Formulation Code Visual Appearance
1 F2A1 Yellowish Colour
2 F2A2 Light Yellowish Colour
3 F2A3 Light Yellowish Colour
4 F2A4 Yellowish Colour
5 F2A5 Dark yellowish Colour

Eur. Chem. Bull. 2023,12(10), 1078-1121

1102



Development of Quercetin-Loaded Silver Nanoparticles Gel from Leaf Extract of Azadirachta indica
for Antifungal Activity

Section A-Research paper

3.8.2 Percentage yield
Percentage yield of all formulation (F2A1-F2A5) was given in a table 29:

Table 29: Percentage yield of Quercetin dihydrate loaded silver nanoparticle (F2A1-

F2A5)
Sr. No. Formulation Code % Yield
1 F2A1 86.12+1.155
2 F2A2 90.54+1.091
3 F2A3 93.10+0.371
4 F2A4 92.86+1.748
5 F2A5 95.64+0.539
100
©
< 80
>
E 60
c
§ 40
&; 20
>
0
F1 F2 F3 F4 F5

Formulation Code

Figure 16: Percentage yield of Quercetin dihydrate loaded silver nanoparticle (F2A1-
F2A5)

Result: The percentage yield of all formulation was found to be in a range of 86.12+1.155 to
95.64+0.539.

3.8.3 Drug Entrapment Efficiency
The percentage of Drug Entrapment in all formulations was given in table 30:
Table 30: Percentage Drug Entrapment of Quercetin dihydrate loaded silver
nanoparticle (F2A1-F2A5)

Sr. No. Formulation Code % EE

1 F2Al 76.70+0.13
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2 F2A2 81.85+0.44
3 F2A3 85.71+0.22
4 F2A4 88.54+0.07
5 F2AS5 89.18+0.19

Result: Drug Entrapment efficiency of Quercetin dihydrate-loaded silver nanoparticles
ranges from 76.70+0.13 to 89.18+0.19. The formulation F2A5 has maximum Drug
Entrapment of 89.18+0.109.

3.8.4 Particle size
The prepared F2A1-F2A5 formulation of Quercetin-dihydrate loaded silver nanoparticle was

tested for particle size and polydispersity index, as shown in figure 17.

Distribution (%)

00 —+ ol r bl
o010 1.00 10.00 100.00 1000.00 10000.00

Particie diameter [nm]

Results

Hydrodynamic diameter 195 59 nm Mean intensity 288.6 kcounts/s
Polydispersity index 333% Absolute intensity 142251.5 kcounts/s
Diffusion coefficient 0.0 pm¥s Intercept g1* 0.7248
Transmittance 0.1% Baseline 1.038

Figure 17: Particle size of F2A5 formulation
Result: The hydrodynamic diameter of Quercetin dihydrate loaded silver nanoparticle was
found to be 95.59 nm and the polydispersity index was 33.3% as shown in figure 18.

3.8.5 Transmission electron microscopy (TEM):
Transmission electron microscopy of quercetin-loaded silver Nanoparticles was carried out

for structural characteristics as shown in figure 18.

1 7 .= fTsacae ‘

Figure 18: Transmission electron microscopy of F2A5 formulation.
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Figure 19: FTIR interpretation of Quercetin dihydrate loaded Silver Nanoparticle

Table 31: FTIR spectrum of Quercetin dihydrate loaded Silver Nanopatrticle

Characteristics Peaks Reported (Cm'l) Observed(cm'l)
O-H stretch 3283 3338.22
C= C stretch 1610 1635.22

Discussion: The FTIR spectra of Quercetin dihydrate loaded Silver Nanoparticle of
Azadirachta indica were shown in the table 23. The IR absorption peaks show at 3338.22
cm—1 of O-H stretch and 1635.22 cm-1 of C= C stretch. In Figure 19, the variation of peaks
demonstrated the interaction of silver ions and the other functional groups on the edge of
Quercetin dihydrate through the formation of coordination bonds.

3.8.7 Zeta Potential
Zeta Potential was carried out for the stability of silver nanoparticles as shown in Figure 20.
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Results

Mean zeta potential -15.3 mv Mean intensity ©633.8 kcounts/s
Standard deviation 0.7 mv Filter opical density 1.8350
Distribution peak -12.4 mV Conductivity 0.066 mS/cm
Electrophoretic Mobility -1.1946 pm*cm/Vs Transmittance 838%

Figure 20: Zetapotential Quercetin dihydrate loaded Silver Nanoparticle

Result: Zeta potential of formulation F2A5 was -15.3 mV represents the stability of the

formulation of Quercetin dihydrate-loaded silver nanoparticles.

3.9 Incorporation of Quercetin dihydrate loaded silver nanoparticle into gel
The gel of optimized F2A5B6 formulation was prepared by dispersing the formulation

successfully in carbopol 934 different concentrations and then subjected for characterization.

3.9.1 Physical Appearance
Gel visual appearance of formation of Quercetin-dihydrate loaded silver nanoparticles is

shown in figure 21.

Figure 21: Visual Appearance of Quercetin dihydrate loaded silver nanoparticle to gel

Table 32: Visual Appearance of Quercetin-dihydrate loaded silver nanoparticle to gel

Sr. no. Formulation code Visual Appearance
1 F2A5B6 Homogenous, uniform, yellow color gel
2 F2A5B7 Homogenous, uniform, yellow color gel
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Result: The prepared gel was examined visually for their consistency and found to smooth
appearance. Formulation batches F2A5B6 and F2A5B7 were showed good homogeneity with
absence of lumps. So those batches were used in further study.
3.9.2 pH determination
pH of Quercetin dihydrate loaded silver nanoparticle gel was used to measure the pH of the
formulations of F2A5B6 and F2A5B7.

Table 33: pH study of gel

Sr. no. Formulation code pH (Mean £ S.D)

1 F2A5B6 6.46+0.02
2 F2A5B7 6.41+0.01

9.00
8.00 -
7.00
6.00 -
5.00
4.00 -
3.00
2.00 -
1.00 -
0.00 -

H Formul...

pH

F2A5B6 F2A5B7

Formulation Code

Figure 22: pH of gel
Result: From the Table 25& fig. 15, it was found that pH of the formulations was found to be
in a range 6.46+0.02 to 6.41+0.01.

3.9.3 Viscosity
Viscosity of formulated gels(F2A5B6-F2A5B7) was carried out and was rotated at 10 rpm at
room temperature in viscometer as shown in figure 23 and table 34.

Table 34: Viscosity Study of formulations (F2A5B6-F2A5B7)

) Viscosity (cps)
Sr. no. Formulation code
(Mean = S.D)
1 F2A5B6 41063.00+2.52
2 F2A5B7 43051.67+1.58
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Figure 23: Viscosity Study of formulations (F2A5B6-F2A5B7)

Result: The viscosity of the formulations was in range of 41063.00+2.52and
43051.67+1.58(Table 27 and Figure 23).

3.9.4 Spreadability Study
Spreadability of the formulationF2A5B6 andF2A5B7were carried out in order to signify the
gel expension used for formulation development as shown in (Table 35, Figure 24)

Table 35: Spreadability Study of formulations (F2A5B6-F2A5B7)

) Spreadability (g.cm/sec)
Sr. no. Formulation code
(mean £ SD)
1 F2A5B6 5.356+0.05
2 F2A5B7 4.767+0.03
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Figure 24: Spreadability Study of formulations (F2A5B6-F2A5B7)

Result:

The Spreadability of the formulations was in

4.767+0.03(Table 35 and Figure 24).

3.9.5 In Vitro Drug Release Studies
In Vitro, Drug Release Studies were carried out in order to analyze the efficacy and

range of 5.356+0.05and

controlled drug release of pure drug and the formulation (F2A5B6-F2A5B7) as shown in

(Table 37, Figure 25)

Table 37: In Vitro drug release of Quercetin dihydrate-loaded silver nanoparticle

Eur. Chem. Bull. 2023,12(10), 1078-1121

Drug Release of Drug Release of

_ Drug Release of ) )

Sr.No. | Time (Hr) Formulation Formulation
Pure Drug
F2A5B6 F2A5B7
1 0 0 0 0
2 0.5 18.605+0.142 4.473+0.027 3.985+0.072
3 1 39.984+0.086 9.949+0.068 9.166+0.714
4 2 59.769+0.511 20.648+0.013 16.518+2.811
5 4 66.062+0.254 35.376+0.511 31.454+3.038
6 6 85.291+0.975 53.294+2.668 46.438+1.565
7 8 95.273+0.251 74.5750.076 70.007+1.032
8 12 88.868+2.985 85.326+2.260
9 24 97.745+0.543 91.607+0.786
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Figure 25: Percentage drug release of Quercetin dihydrate loaded Silver nanoparticles
gel
3.9.5.1 Drug release kinetic study
3.9.5.1.1 Zero order kinetics
Zero-order Kinetics of formulation F2A5B6 were plotted out in order to analyze constant drug

release as shown in Figure 26

140.0
y =4.356x + 14.93

y =4.356x +14.93 R2=0.803

120.0
R2=0.80

100.0

80.0

Percentage Cumulative drug release
(o]
o
o

0 5 10 15 20 25 30

Time (Hr)

Figure 26: Zero-order graph of formulation F2A5B6
3.9.5.1.2 First-order kinetics
First-order kinetics formulation F2A5B6 was plotted out in order to analyze the release of the

system as shown in Figure 27
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Figure 27: First order graph of formulationF2A5B6

3.9.5.1.3 Higuchi’s model
Higuchi’s model of formulation F2A5B6 was plotted out which describes the drug release

from the matrix as shown in Figure 28
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Figure 28: Higuchi order graph of formulation F2A5B6

3.9.5.1.4 Korsmeyer-Peppas Model
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Figure 29: Korsmeyer-Peppas Model graph for F2A5B6 formulation

Table 38: Kinetic equation parameter of F2A5B6 Formulation

Formulation Zero-order First-order Higuchi K. Peppas
Code Ko R? Ko R? Ko R? Ko R?
F6 4,105 | 0.803 | -0.072 | 0.987 | 25.077 | 0.936 | 0.843 | 0.788

Mathematical models are commonly used to predict the release mechanism and compare the
release profile. For the optimized formulation, the % drug release vs time (zero order), log
percent drug remaining vs time (first order), log percent drug release vs square root of time
(Higuchi plot), and log of log % drug release vs. log time (Korsmeyer and Peppas
Exponential Equation) were plotted. In each case, the R? value was calculated from the graph
and reported in Table 38 and Figure 26 to Figure 29. Considering the determination
coefficients, the K Peppas plot model was found (R?=0.788) to fit the release data best. It
could be concluded from the results that the drug was released from nanoparticles by a

controlled mechanism.

4.0 Summary and Conclusion
Quercetin have garnered a lot of interest in showing its antifungal properties. A common

flavonoid found in many different kinds of food and plants, quercetin is a flavonoid. The anti-
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fungal, anti-inflammatory, cardiovascular, and anticancer properties of quercetin are said to
have a variety of positive benefits on human health. It has anti- fungal, anti-cancer, anti-
tumor, anti-ulcer, anti-allergy, anti-viral, anti-inflammation, and anti-diabetic properties. Its
positive benefits also include gastro-protection, anti-hypertension, immune-modulation, and
anti-infection properties. According to research, quercetin inhibits the growth of fungi in a
number of fungal infections. Mostly quercetin is found suitable for the treatment of
vulvovaginal candidiasis (VVC) and jock itch (caused by Trychophyton rubrum).

Physicochemical Parameters and pre-formulation experiments were conducted to characterise
the chemical and physical characteristics of the plant part Azadirachta indica leavesand drug
substance prior to the development of quercetin loaded silver nanoparticles in which
Azadirachta indica leaves is extremely bitter, unpleasant in odor and green powder in colour.
Total ash of Azadirachta indica leaf powder was found to have 9.02% +1.26 and Acid
Insoluble ash value of Azadirachta indica leaf powder was found to 1.50%=0.29.3. HPLC
method of quercetin dihydrate was determined in whichcalibration curve for each pg/ml
concentration had regression equation Y=81992x — 28533and R? value 0.999 which shows
good linearity. Solubility of quercetin dihydrate in various solvents were carried out in order
to screen for the components to be used for formulation development in which ethanol and
methanol was very slightly soluble in water and practically insoluble in phosphate buffer pH
6.8. FT-IR spectra were discovered to be consistent with the reference chemical groups
identified in the structure of quercetin dihydrate. The partition coefficient of quercetin in n-
Octanol: Water was found to be 1.70+ 0.0629 which indicates that the quercetin dihydrate is
lipophilic in nature. To prepare silver nanoparticle in various concentrations (1mM,
3mM,4Mm,6mM and 9mM), the best mixture F2 was chosen and the maximum spectrum
band observed of F2 was at 452nm. F2 Formulation of silver nanoparticle was tested for
particle size and polydispersity index in which hydrodynamic diameter of synthesized nano
particle was found to be 107.96nm and the polydispersity index was 17.2%. The percentage
yield of all the formulations of quercetin-loaded silver nanoparticlesin a range of 86.12+1.155
to 95.64+0.539. The percentage of Drug Entrapment in all formulationsranges from
76.70+£0.13 to 89.18+0.19. The Formulation F2A5 has maximum Drug Entrapment and the
hydrodynamic diameter of quercetin-loaded silver nanoparticle was found to be 195.59 nm
and the polydispersity index was 33.3%. Zeta Potential was carried out for the stability of
silver nanoparticles in which formulation F2A5 was -15.3 mV represents the stability of

formulation of quercetin-loaded silver nanoparticles.
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To prepare quercetin-loaded silver nanoparticle gel with Carbapol 934P in various
concentrations (1% and 2%), the best mixture (F2ZA5B6) was chosen. The prepared gels'
consistency was visibly assessed, and it was discovered that they had a smooth appearance.
Batches F2A5B6 and F2A5B7 of the formulation displayed acceptable homogeneity and no
lumps. The produced, optimized gels' pH was discovered to be between 6.46 and 6.41. All of
the formulations had viscosities between 41063.00£2.52and 43051.67+£1.58 cps. All of the
formulations had Spreadability between 5.356+0.05and 4.767+0.03. Franz diffusion cell
investigations of gel formulation drug release. Comparing formulation F2A5B6to control gel
and other gel formulations, it was significantly improved, reaching a high of 97.745% in 24
hours. The in vitro data was fitted to the zero order, first order, Higuchi, and Korsmeyer-
Peppas models in order to determine the rate and process of drug release with precision. The
findings demonstrated that the F2A5B6 formulation's drug release adhered to the Korsmeyer-
Peppas order, which explains the sustained mechanism used by quercetin loaded silver
nanoparticle gel. In conclusion, the procedure for making quercetin loaded silver nanoparticle

gel was discovered to be straightforward and repeatable.

Conclusion: In conclusion, the procedure for making quercetin-loaded silver nanoparticle gel
was discovered to be straightforward and repeatable.The findings demonstrated that the
F2A5B6 formulation's drug release adhered to the Korsmeyer-Peppas order, which explains
the sustained mechanism used by quercetin-loaded silver nanoparticle gel.
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