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Published: 02-07-2024 tion of two medicinal plants was investigated and their impor-
tance in silver nanoparticles (AgNPs) synthesis was highlighted.
Aqueous extracts from the leaves of both plants were used
for various analytical techniques, including UV-vis spectrosco-
py, Gas chromatography-mass spectrometry (GC-MS), Fourier
transform infrared spectroscopy (FTIR) and Thin layer chroma-
tography (TLC). Quantification of total phenolics and flavonoids
in different fractions of plant extracts revealed significant con-
centrations. TLC profiling showed a higher abundance of free
phenolic and flavonoid compounds compared to bound forms in
both plants, suggesting that they contribute significantly to to-
tal phenolic and flavonoid content. UV-vis spectra from 200 to
600 nm revealed the presence of aromatic rings and chromo-
phores in leaf extracts. Furthermore, the GC-MS analysis iden-
tified several bioactive compounds, some of which were found
to be common between these two species. The results demon-
strate that various bioactive compounds such as phenols, fla-
vonoids, alkaloids, carotenoids and terpenoids were present in
these plant species. These compounds efficiently serve as both
reducing and stabilizing agents during phytofabrication of
AgNPs, consequently eliminating the need for the use of hazard-
ous chemicals.
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1. INTRODUCTION

Nanotechnology, a frontier in applied science, has created a solid foun-
dation for industrial revolution and transformation in numerous sec-
tors such as healthcare, agriculture, food, environment, information
science, etc. Due to its unique qualities, it offers substantial participa-
tion from household to corporate sectors (Bachheti et al., 2022). The
properties of the nanoparticles that are lacking in their bulk coun-
terparts include size, surface area to volume ratio, charge and shape.
These properties also determine its reactivity, conductivity, solubili-
ty, emission, absorption and optical behavior, which can be modified
by changing the various reaction parameters during the synthesis of
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variety of phytochemical components. Unlike mi-
crobial resources, which often require complicated
and multi-step processes, medicinal plants offer the
advantage of easy handling from nanoparticle syn-
thesis to scale-up (Sanjivkumar et al., 2023). Medic-
inal plants have an abundance of small and complex
metabolites (phenols, flavonoids, alkaloids, qui-
nones, terpenoids, tannins, lectins, coumarin, sapo-
nin, etc.) in their roots, stems, bark, leaves, shoots,
flowers and nuts (Saranraj et al., 2023). These phy-
tochemicals are used in traditional, indigenous and
modern medicines to treat numerous diseases and
are supposed to have the ability of reduction, and
stabilization during nanoparticle synthesis. The
crucial role of phytometabolites in a plant’s overall
metabolism determines whether they are classified
as primary or secondary compounds (Bachheti et
al., 2023 Chandra et al., 2022). Phenolic compounds
contain hydroxyl group directly linked to an aro-
matic ring which can donate a proton (H+) under
certain conditions, making them important in var-
ious fields (Dai et al., 2010). Alkaloids often con-
tain basic nitrogen atoms synthesized from amino
acids, such as tyrosine, which serve as defensive
agents in plants (Umashankar et al., 2020). Other
secondary metabolites, such as saponins play a role
as surfactant glycosides, whereas carotenoids and
terpenoids contribute to the aroma, taste and col-
or of plants (Alzandi et al., 2010). Therefore, plant
extracts contain several compounds and functional
groups that are supposed to play a crucial role in re-
acting with precursor compounds to form nanopar-
ticles. For instance, the hydroxyl group of eugenols
in clove extracts serves as a reducing agent in silver
nanoparticle synthesis, while terpenoids serve as
stabilizing agents. In contrast, terpenoids in cham-
omile flower extracts (Matricaria chamomilla) act
as reducing and stabilizing agents in the nanosilver
formation (Parlinska-Wojtan et al., 2016). Proteins
present in Calendula officinalis leaf extracts play a
crucial role in the reduction, capping and stabiliza-
tion of nanoparticles from silver (El-Kemary et al.,
2016). Similarly, quercetin and flavonoids reduced
silver nitrate precursor in an alkaline medium and
exhibited various therapeutic properties. Several
other studies indicated the role of quercetin, flavo-
noids, tannin, terpenoids in nanoparticle synthesis
(Durran et al., 2015; Hussain et al., 2016). Under-
standing these phytochemicals derived from me-
dicinal plants is necessary so that specific nanopar-
ticles with the desired properties can be produced
from these phytometabolites.
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In light of these historical uses and medicinal
properties, the current study was designed for com-
prehensive analysis of the phytochemical compo-
sition of Acokanthera oppositifolia and Leucaena
leucocephala and to determinethe role of these phy-
tometabolites in the synthesis of silver nanoparti-
cles. The rationale behind selecting Acokanthera
oppositifolia and Leucaena leucocephala for this
study is due to their extensive historical use as
remedies for a variety of diseases, which suggests
the presence of various bioactive compounds with
potential medicinal properties. These plants are
abundant in nature and easily accessible, facilitat-
ing experimentation and scalability of nanoparti-
cle synthesis processes. Acokanthera oppositifolia,
a member of the Apocynacea family, is known for
its traditional use in the treatment of snakebites,
spider bites, syphilis, headaches and stomach-
aches, colds, abdominal pain, cramps, measles and
tapeworm infestations (Parry, 2007; Adedapo et
al., 2008). The roots of this plant, in powder form,
serve as an oral remedy for pain and snakebites,
while root decoctions are effective against anthrax
and tapeworm infestations (Watt & Breyer-Brand-
wijk, 1962). In addition, a decoction of boiling
leaves relieves heart water diseases in sheep (Dold
& Cocks, 2001). Cardiac glycosides are used in the
treatment of heart failure and demonstrate their
therapeutic versatility (Krishna et al., 2015). De-
spite its toxicity, the pulp of the ripe fruit is edible
and enjoyed by birds and animals. Similarly, the
“miracle tree” Leucaena leucocephala, which be-
longs to the Fabaceae family, has countless medici-
nal uses in various cultures as traditional medicine.
Its roots, stems, leaves, flowers and fruits are used
to prepare antidotes to poisons and to relieve pain
from snake bites (Deshmukh et al., 2018). The root
and bark are used in decoctions to prevent miscar-
riage (DeFilipps & Krupnick, 2018). The warming
properties of the leaves stimulate blood circula-
tion and help regulate gastrointestinal functions.
Due to their skin-friendly properties, they are also
extremely effective in the treatment of Grade II
burns (Kurnia et al., 2019). The seeds are known
for their anthelmintic effects and relieve ailments
such as insomnia, swelling, kidney inflammation
and diabetes (Umboro & Hamdani, 2019). While
previous studies have extensively investigated
the medicinal properties and phytochemical pro-
files of various plant species, limited attention has
been given to elucidating the role of these me-
tabolites in the synthesis of silver nanoparticles.
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Furthermore, the unique synthesis capabilities of
A. oppositifolia and L. leucocephala have not been
thoroughly explored in prior research. The current
approach involves the use of multiple analytical
techniques, including UV-vis spectroscopy Gas
chromatography-mass spectrometry (GCMS), and
Fourier transform infrared spectroscopy (FTIR)
were used. Furthermore, Thin-layer chromatog-
raphy (TLC) was used to characterize the open
and free phytochemicals present in the extracts.
This comprehensive analysis provides valuable in-
sights into the specific compounds and functional
groups involved in AgNPs synthesis, thus paving
the way for more targeted and efficient green syn-
thesis approaches. This contribution is essential
for the further development of scientific knowl-
edge at the interface between plant research and
nanotechnology.

2. MATERIAL AND METHOD
2.1. Chemical and Reagents

The silver nitrate salt (AgNO,), toluene, ethyl ac-
etate, formic acid, methanol, and acetic acid were
purchased from Sigma-Aldrich. The following items
were purchased from E-Merck India: gallic acid,
quercetin ferric chloride (FeCl,), sodium hydroxide
(NaOH), Folin-Ciocalteu reagent (FCR), aluminum
chloride (AICL,), sodium carbonate (Na,CO,) and
sodium nitrite (NaNO2).

2.2. Collection of plant leaves
and extraction of metabolites

The leaves of plants were collected from Multan-
imal Modi College, Modinagar and confirmed by
experts from the botany department. After thor-
oughly washing with double distilled water subject-
ed to shadow drying and crushed into powder form.
The powder was extracted using a Soxhlet followed
by condensation of the filtrate under a vacuum uti-
lizing by rotary evaporator at 40 °C. Further, this
aqueous extract was used as a total fraction for all
analytical methods. Meanwhile, to obtain free phy-
tochemicals, powder was extracted with water after
being homogenized and filtrate extracts were dried
on a rotary evaporator. For the isolation of bound
phytochemicals, the free-extraction residues were
dried and subjected to alkaline hydrolysis to be
acidified, and the supernatant was extracted and
concentrated four times with ethyl acetate. These
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free and bound phytochemical fractions were col-
lected and used for the quantification of phenolics,
flavonoids, and TLC analysis (Su et al., 2014).

2.3. Quantification of total
phenolics and flavonoids

Various reliable color intensity-based methods were
used for the preliminary phytochemical analysis of
phenols, flavonoids, alkaloids, saponins and tan-
nins as given in Table 1. In the secondary stage,
Folin-Ciocalteu reduction and aluminum chlo-
ride-based approach were used to estimate the total
amount of phenol and flavonoid, respectively. By
combining 0.1 ml of each fraction of extracts with
0.5 ml of diluted Fc reagent and then adding 20%
Na,CO,. After an incubation period of 2 hours, the
final reaction volume was adjusted to 10 ml with
water and absorbance was measured at 765 nm to
determine the phenol content (Yu et al., 2002; Shar-
ma et al., 2015). To determine the flavonoids 0.3 ml
of both AICIL, (10%) and sodium nitrite (5%) were
combined with 1 ml of each fraction. After 5 min-
utes, 2 ml (1 M) NaOH was added and diluted with
8.4 ml water and the absorbance was recorded at
510 nm. The quantity of total phenolics and flavo-
noids was calculated as mg of standard/ gram dry
weight of plant sample (g DW), where gallic acid
and quercetin were used as a standard for phenolics
and flavonoids. Each experiment was performed in
triplicate (Kim et al., 2003).

2.4. Thin-layer Chromatography Analysis

TLC was employed to separate and visualize dis-
tinct components within plant extracts by observ-
ing their migration distances and characteristic
spots on the TLC plate. Each fraction of plant ex-
tracts (free, bound, total) at 1 mg/ml concentration
was transferred onto a TLC plate, (Kieselgel 60
F254) purchased from Merck India, Mumbai. After
loading the samples, these plates were placed in two
different mobile phases (A), toluene: ethyl acetate:
methanol: formic acid (9:3:1:0.6) and mobile phases
(B), ethyl acetate: water: formic acid: acetic acid
(10:3:1:1). The resulting spots were then observed
under visible and UV light at 254 and 365 nm wave-
length before and after the (derivatization) treat-
ment with 1% FeCl, spray. The relative frequency
(Rf) was calculated by measuring the migrated dis-
tance of the spot (Lalrinzuali et al., 2015; Nistane
et al., 2019).

Nanofabrication (2024), 9 | 3
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S.No. | Phytochemicals Procedure Observation Reference
Appearance of blue or (Tepal,
0
1. Phenols Sample + 0.5 ml (2%) FeCl, green colour 2016)
Sample + Few drops of 1% | Intense yellow color appea- (Hossain et
2. Flavonoids NaOH followed by a few red, which subsequently al 2013)
drops of 1% HCI disappeared v
. Sample + 2% H_,S0, + Formation of reddish-brown| (Kancherla
3. Alkaloids , 2= "4 -
Wagner's reagent precipitate et al., 2020)
4 Saponin Sample + 0.5 ml of distilled | Layer of foam formed on (Harborne,
' P water + Shaken the top 2020)
Agueous extracts + diluted
5 Tanins with chloroform and acetic Formation of areen colour (Harborne,
' anhydride (1 ml each) + g 2020)
sulfuric acid (1 ml)

Table 1. Method of Preliminary Phytochemical Analysis using different chemical reagents.

2.5. Uv-visible and FTIR
pectroscopy Analysis

To characterize and evaluate the optical behavior,
particularly the light absorption in the UV-vis spec-
trum of the phytometabolites, UV-vis spectroscopy
was used (Lalrinzuali et al., 2015). The absorption
was measured in a range of 200 to 800 nm by a
double-beam UV-vis spectrophotometer (Labtron-
ics model LT-2201). UV-vis spectrometric anal-
ysis was performed by preparing a solution with
a concentration of 1 mg/ml. This was achieved by
mixing 1 mg of the extracted powder obtained us-
ing a Soxhlet extractor with 1 ml of distilled wa-
ter. Subsequently, 3 ml of this prepared sample was
added to the cuvette for analysis. The functional
groups present within the phytometabolites of both
plant extracts were determined by FTIR with Nico-
letTM - IS-50 FTIR (Thermo Scientific) using the
process of KBr pellet technique, covering the range
of 4000-500 cm™ by the attenuated total reflection
(ATR) method in transmission mode. After centrif-
ugation at 3000 rpm for 10 minutes, the aqueous ex-
tracts were filtered through Whatman No. 1 filter pa-
per, and the resulting dry powder was used for FTIR
analysis (Gururaja et al., 2016; Vanitha et al., 2019).

2.6. GC-MS Spectrum Analysis

Gas chromatography-mass spectrometry (GC-MS)
analysis was performed by Agilent 8890/5977B
series, (Agilent 5977B EI/CI MSD) model with
an electron multiplier (EM) autosampler. Series II
three-axis detectors with high-energy dynodes and
electron multipliers were used for detection. Helium
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was used as a carrier gas at 1 ml/min flow rate. The
injecting volume was 2 pl and maintained at 280 °C.
Temperature was increased from 40 to 280 °C, with
an isothermal period lasting 5 minutes. Identifica-
tion of phytometabolites was achieved by evaluating
the retention time, MS fragment generated and iden-
tifying the percentage of the phytometabolites from
the total peak area. Interpretation of phytometabo-
lites was identified by their retention time and com-
parison with compounds available in the NIST20
library (Gomathi et al., 2015; Vanitha et al., 2019).

2.7. Phytofabrication
of Silver Nanoparticle

The plant extract powder 2 grams was dissolved in
100 ml of water and heated at 60 °C for one hour.
For silver nanoparticle fabrications silver nitrate
(25 mM) mixed with plant aqueous extract (2
g/100 ml) in 5:1 ratio and characterized by UV-vis
spectroscopy, Transmission electron microscopy
(TEM), X-ray diffraction (XRD), energy dispersive
analysis (EDAX), and Fourier transformer infrared
spectroscopy (FTIR), as detailed previously report-
ed (Sharma et al., 2023).

3. RESULTS AND DISCUSSION

3.1. Phenolics and Flavonoids Contents
in Different Fractions

Qualitative analysis exhibited phenols, flavonoids
and tannin present in both plants. However, alka-
loids were exclusively detected in L. leucocephala,
whereas saponins were absent in both plant species
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depicted in Table 2. All fractions of both samples
contained significant amounts of phenolics and fla-
vonoids, with higher concentrations found in the
total fraction in comparison to free and bound frac-
tions. The phenolic values of L. leucocephala were
2.84,1.79 and 1.05 mg GAE/g DW for total, free and
bound samples, respectively. In contrast, A. oppositi-
folia showed higher phenolic levels at 12.06, 8.4,
and 3.6 mg GAE/g DW in the total, free, and bound
fractions, respectively. However, the flavonoids in L.
leucocephala were 3.50, 2.30 and 1.20 mg QE/g DW
in the total, free and bound fractions, respectively.
While, A. oppositifolia showed slightly lower flavo-
noid levels in the total, free and bound samples at

Screening of the Medicinal Plant-Based...

2.9, 1.8 and 1.1 mg QE/g DW. Phenolic contents were
more in A. oppositifolia, while flavonoids were more
in L. leucocephala as illustrated in Fig. 1.

A. oppositifolia | L. leucocephala
Phenol + +
Alkaloids - +
Flavonoids + +
Saponin - -
Tannin + +

Table 2: Qualitative screening profile
of phytometabolites in plant extracts.

14
i 1226 W A. oppositifolia B L. leucocephala
10 8.4
8
6
4 2.84 22 2.9 45 55
2 1.79 [kns Lﬂ L1 12
0
TP FP BP TF FF BF

Figure 1. Quantitative analysis of phenolic and flavonoids in Total,

Free, and Bound fractions of plant extracts.

3.2. TLC profiling

TLC profiling in Table 3 exhibited different Rf
values ranging from 0.23 to 0.88 and 0.28 to 0.92
for A. oppositifolia and L. leucocephala, indicating
different compounds within different fractions
(free, bound, and total) and conditions (normal,
after spraying) with two mobile phases (A and
B). Mobile Phase A under normal conditions, A.
oppositifolia displayed distinct spots for free (Rf
= 0.61), bound (Rf = 0.55), and total (Rf = 0.46),
appearing as light to dark green. Meanwhile, L.
leucocephala exhibited 3 spots for the free frac-
tion from yellow, dark yellow, and green (Rf =
0.55, 0.70, 0.90), one spot for the total fraction.
After spray treatment, both extracts showed no-
table changes in spot coloration and Rf values.
A. oppositifolia exhibited two spots of black and
light green in free, one for bound and two for total

https://doi.org/10.37819/nanofabh.009.1902

fraction, each with varying Rf values. while L. leu-
cocephala spots transitioned into varying shades of
light and dark green, displaying different ranges of
Rf values with four, one, and one spot in the free,
bound, and total fraction of the sample. In Mobile
Phase B under normal conditions, A. oppositifolia
indicated no visible spots for the free and bound
fraction, but one light green spot (Rf = 0.86) for the
total fraction was observed. Conversely, L. leuco-
cephala exhibited dark brown spots for free (Rf =
0.41) and a light brown spot (Rf = 0.48) for the
total fraction. But after spray treatment, the maxi-
mum number of spots observed in L. leucocephala
was two, two, and three for free bound and total
fraction, respectively, with a range of colors (gray,
purple, and dark green) with different Rf values. A.
oppositifolia displayed deep black spots (Rf = 0.86)
in free and one light black and one dark green in
total fraction.

Nanofabrication (2024), 9 | 5
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For A. oppositifolia, the total fraction showed
the most spots (2) compared to free and bound
fractions using both mobile phases (A and B). The
bound fraction had minimal or no distinct spots.
However, in L. leucocephala, the free fraction
showed the most spots (4) compared to the total
and bound fractions with both mobile phases. The
bound fraction consistently had the fewest spots
and only showed one spot after spraying in mo-
bile phase A. Mobile phase A yielded the highest
number of spots for A. oppositifolia, while L. leu-
cocephala had around similar spot distributions for
both mobile phases. The Rf values observed for the

Preeti Sharma, Basudha Sharma

standards were 0.38, 0.53, and 0.61, correspond-
ing to caffeic acid, coumaric acid, and cinnamic
acid, used as phenolic standards. Quercetin, rutin,
and naringin exhibited Rf values of 0.53, 0.93, and
0.73 used as standards for flavonoids. Multiple
bands were observed within this range during the
analysis. The Rf value of 0.53 in the free fraction
of A. oppositifolia indicated caffeic acid and cou-
maric acid presence. Furthermore, in A. oppositifo-
lia at Rf 0.53, evidence of quercetin was observed
in the free fraction. For L. leucocephala, bands at
Rf 0.55, 0.70 and 0.90 were detected in the free
fraction.

A. oppositifolia Spots (Rf) L. leucocephala Spots (Rf)
Free Bound Total Free Bound Total
Mobile Phase A
1Light green | 1Light green | 1Dark green 1Yellow . 1Light yellow
Normal (0.61) (0.55) (0.46) (0.55) No visible (0.69)
1Light yellow | 1Dark yellow
(0.78) (0.70)
1Light green
(0.90)
1Light green | 1Light black | 1Light black | 1Light green | 1Dark green
After spray | 1Black (0.30) | g 53 (0.38) (0.30) (0.30) (0.92)
1Light green 1Light green
(0.53) 1Black (0.50) (0.51)
1Light black
(0.78)
. 1Dark black
Mobile Phase B (0.84)
- . 1Light Green | 1Dark brown . 1Light brown
Normal No visible No Visible (0.86) (0.41) No visible (0.48)
After spray ’IDt(ag%gl]ack No visible 1L|?g%g|]aCk 1Gary (0.56) 1[EUZEI’I]B 1D?Bkegé‘fen
1Dark Green | 1Dark yellow | 1Light spray
(0.88) (0.96) (0.8 | 'Gray©.48)
1Light green
(0.86)

Table 3. TLC analysis in different fractions of plant extracts with the number

of spots and their (Rf) values within this range during the analysis.

These Rf values indicated the presence of quer-
cetin, rutin, and naringin, respectively, in the free
fraction of L. leucocephala. The predominance of
free phenolic and flavonoid compounds compared
to their bound counterparts suggests that these were
main contributors in the total phenolic and flavo-
noid contents in both plants. This highlights the es-
sential involvement of free compounds in shaping
the phytochemical composition of plants.Similar to
previous finding that free phenolics were main con-
tributors in different biological activities compared

6 | Nanofabrication (2024) 9

to bound (Min et al., 2012; Zhu et al., 2019). The
TLC plates for both the solvent systems are shown
in Fig. 2 (i, ii). These transformations in color sug-
gest potential chemical reactions or interactions
within the compounds present in the extracts un-
der different chromatographic conditions. The TLC
results are consistent with the findings of UV and
FTIR, indicating the presence of quercetin, rutin,
and naringin in the free fraction of L. leucocepha-
la, while in A. oppositifolia, caffeic acid, coumaric
acid, and quercetin were observed.
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3.3. UV-vis Spectrum

The UV-vis spectra ranging from 200 to 600 nm
were used to detect aromatic rings and chromo-
phores in leaf extracts, which exhibited distinct
peaks and a well-defined baseline due to electronic
transitions of m-bonds, o-bonds and lone pairs of
the phytochemicals present in the extracts (Maba-
sa et al., 2021). The UV-vis spectra showed vari-
ous peaks in the approximate range of 216 to 455
nm with absorptions ranging from 0.02 to 0.40 ab-
sorption units, depicted in Fig. 3a,c. Peaks ranging
from 234 to 676 nm are associated with presence
of phytometabolites like alkaloids, phenols, and fla-
vonoids, as previously reported (Patle et al., 2020).
The majority of peaks observed in this wavelength
range, as reported in Table 4, strongly indicate the
presence of these metabolites in the plant extracts.
The presence of phenols and their derivatives was
indicated by peaks at 282, 317 and 284, 313 nm in
A. oppositifolia and L. leucocephala. Peaks at 219,
297, 246 and 327 nm, detected exclusively in L.
leucocephala, indicate the presence of caffeic acid.
Both plants exhibit peaks similar to those of chlo-
rogenic acid, protocatechuic acid, p-coumaric acid
and ferulic acid as previously reported, supporting
the presence of these metabolites (Patle et al., 2020).
However, the absence of the second peak (322 nm)

https://doi.org/10.37819/nanofabh.009.1902

(ii)
Figure 2. TLC profile of aqueous extracts under different light; (A) in normal
and (B) after derivatization (i) A. oppositifolia and (ii) L. leucocephala.

for ferulic acid in L. leucocephala could be due to
possible overlapping signals from other compounds
that could obscure or hide the peak. Peaks observed
at specific wavelengths (305, 317, 329 nm and 241,
245, 257 nm) in A. oppositifolia and peaks at 305,
246 and 284 nm in L. leucocephala support the pres-
ence of flavonoids as characteristic bands of flavo-
noids like Band I (300-400 nm) and Band II (240-
280 nm) (Belay et al., 2009; Saxena et al., 2012). The
differences in the absorption peaks of these plants
indicate possible variations in the composition of
the compounds and highlight the inherent chemi-
cal diversity of these species. The phytometabolites
identified in Table 4, play a crucial role in reduc-
ing silver ions and stabilizing nanoparticles due to
their diverse functional groups, including carboxyl,
hydroxyl, ortho-dihydroxy, amino, and catechol,
enhancing their reducing and stabilizing properties
(Edreva et al., 2008). These natural antioxidants,
rich in hydroxyl and carboxyl groups, effectively
reduce Ag ions to AgNPs during synthesis, while
their conjugated double bonds augment their reduc-
ing capacity.Caffeic acid’s hydroxyl and carboxyl
groups facilitate interaction with silver ions, aid-
ing in AgNPs reduction and potential stabilization
(Nilsson et al., 2008). Cinnamic acid’s high oxida-
tion tendency enables it to reduce and stabilize Ag-
NPs under alkaline conditions (Wang et al., 2006).

Nanofabrication (2024), 9 | 7
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Phytochemical | Absorption A. oppositifolia L. leucocephala

Compound Maxima Wavelength Abs. Wavelength Abs. Ref.
(nm) (a.u.) (nm) (a.u.)

Phenol and their | 555 55 282,317 | 006,008 | 284 313 | 008 005 |(Mabasaet
derivatives al., 2021
Cafteio acid 220, B B 219,246, 0.2,0.03, | (Mabasa et

295,325 297, 327 0.24 al, 2021)
Chlorogenic (Patle et al.,
og 217, 324 216,329 | 040,023 | 219, 327 0.2, 0.24 e
Protocatechuic 224, 258, 222, 257, 0.31,0.08, (Patle et al.,
Acid 294 292 0.06 257,297 | 0.050.03 2020)
Coumaric Acid | 228,308 | 228,305 | 025 007 | 208,307 | 026 0.05 [Pag'ge%ﬂa’”
. . (Patle et al.,
Ferulic Acid 233, 322 232,329 | 0.28 023 232 0.29 v ot
Flavonoids 305, 317, 0.07, 0.08, (Belay et al.,
(Band 1) 300-400 329 0.23 305 0.04 2009)
Flavonoids 241, 245, 0.40, 0.22, (Belay et al.,
(Band I 240-280 057 0.08 246,284 | 032 0.08 2009)
Carotenoids | 400-450 412, 430 0.11, 0.11 412,430 | 0.07, 007 |WKowalskiet
al, 2005)
. (Patle et al.,
Terpenoids 400-550 455 0.08 452 0.05 5020)

Table 4. Peak values of the UV-vis spectra of plant extracts
with their corresponding phytometabolites.

Additionally, the reducing capacity of phenolic
acids, correlated with their hydroxyl groups, pro-
motes electron donation, while oxidized forms con-
tribute to nanoparticle stability and growth (Scam-
picchio et al., 2006). Through chelation, caffeic and
coumaric acids control nucleation and growth pro-
cesses, forming well-defined nanoparticles, further
stabilized by adsorbent bonds between phenolic ac-
ids’ carboxyl groups and metal atoms (Nilsson et al.,
2008). Similarly, luteolin’s enol form releases reac-
tive hydrogen to convert silver ions (Ag") into ele-
mental silver (Ag®) (Muniyappan et al., 2014), while
quercetin chelates metal ions at multiple positions,
aiding in adsorption on metal surfaces, nanoparticle
formation, aggregation, and bioreduction (Makarov
et al., 2014). In blackberry fruit extract, flavonoids
with hydroxyl and carbonyl groups adsorb on sil-
ver nanoparticles and take part in the reduction
process (Kumar et al., 2017). Mallikarjuna et al.
(2014) highlighted the importance of pepper-de-
rived leaf extracts rich in flavonoids and terpenoids
for AgNPs bioreduction. Phytochemicals from Aju-
ga bracteosa, including flavonoids, terpenoids, er-
gosterol peroxide, and iridoid glycosides, prevent
agglomeration during AgNPs synthesis, contribut-
ing to stability by providing spatial resistance and
electrostatic repulsion (Afreen et al., 2020; Kanniah
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et al., 2021). Hence, the phytometabolites present in
both plants serve as reducing agents, mediate nu-
cleation and growth, and stabilize nanoparticles
through surface interactions as given in Table 5.
The absorption bands observed at various wave-
lengths can be linked to diverse electronic transi-
tions of the phytochemicals within the leaf extracts,
indicating the presence of phenolics, flavonoids, al-
kaloids, and tannins (Patel et al., 2020). In L. leuco-
cephala, caffeic acid is primarily characterized by
absorption bands at 327, 297, 246, and 219 nm. The
absorption at 297 and 219 nm is attributed to the
n-m* and n—m* electronic transitions, respectively,
associated with the C=0 group. Additionally, the
bands at 246 and 327 nm correspond to the m—m*
transitions of the aromatic moiety (ToSovi¢, 2017).
The absorbance intensity observed in the 190-400
nm range indicates the electronic transition of n—m*
in caffeic acid and chlorogenic acid molecules (Su-
handy, 2017; Suhandy & Yulia, 2021). Previously
reported UV-vis spectra of standard compounds,
including gallic acid, quercetin, rutin, and tannic
acid, confirm the presence of various compounds in
plant extracts. Specific absorption bands at 265 nm
for gallic acid, 250 nm and 370 nm for quercetin,
250 nm and 355 nm for rutin, and 275 nm for tannic
acid indicate the presence of alkaloids, flavonoids,

https://doi.org/10.37819/nanofabh.009.1902
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phenolic acids, and tannins (Patle et al., 2020). In
our study, A. oppositifolia extracts exhibited similar
absorption bands: 282 nm (gallic acid), 257 and 324
nm (quercetin), and 292 nm (tannic acid). In L. leu-
cocephala extract, peaks at approximately 284 nm,
257 and 307 nm suggested the presence of gallic
acid and quercetin, 297 nm indicating tannic acid.
The presence of two absorption spectra for phenolic
and flavonoid compounds can be attributed to the

Screening of the Medicinal Plant-Based...

aromatic ring and other rings present in these com-
pounds. Specifically, the absorption band observed
at 280 nm and another in the range of 300-600 nm
indicates m-m* transitions occurring within the ar-
omatic system and transitions within other rings,
respectively. Additionally, the appearance of a sec-
ond broad band can be attributed to the overlapping
with ligand to metal charge transfer bands (Vihak-
as, 2014; Hamad, 2012).

Phytometabolites

Role in Phytofabrication of AgNPs

Reference

Caffeic Acid
Chlorogenic Acid
Protocatechuic Acid

Coumaric Acid

Ferulic Acid

Flavonoids

Carotenoids
and Terpenoids

Acts as a reducing agent and stabilizer
Serves as a reducing agent and stabilizer
Functions as a reducing agent and stabilizer

Facilitates interaction between caffeic acid
and iron, resulting in nanoparticle formation

Acts as a reducing agent

Adsorb onto the metal surface, interact with
carbonyl groups or electrons, and are involved
in the reduction process

Provide spatial resistance and electros-
tatic repulsion, thereby stabilizing the
nanoparticles

(Guo et al., 2015)
(Noh et al., 2013)
(Noh et al.,, 2013)

(Nilsson et al., 2008)

(Wang et al., 2007)

(Kumar et al., 2017)

(Mallikarjuna et al., 2014)
(Afreen et al.,, 2020)

Table 5. Contributions of the phytometabolites in Green Synthesis of Silver Nanoparticles.
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3.4. FTIR spectroscopy Analysis

FTIR spectral analysis of phytochemical com-
pounds extracted from the leaves of both plants
identified distinct functional groups that were cat-
egorized into six frequency ranges shown in Ta-
ble 6. The remarkable peaks observed in Fig. 3b,
d indicate the presence of various compounds:
a broad and sharp peak at 3410 and 3395 cm™ in
A. oppositifolia and L. leucocephala, which corre-
sponds to O-H bond stretching vibrations in alco-
hols and phenols, responsible for antioxidant activ-
ity in previous study (Sharma et al., 2015; Oliveira
et al., 2016). Additionally peaks at 2928, 2852 and
2932, 2850 cm™ indicate the presence of aliphatic
compounds characterized by C-H bond stretching,
which are common in alkanes. The presence of ali-
phatic compounds is further supported by the peak
at 2111 cm™ particularly in A. oppositifolia, which
indicates the stretching vibration due to (C=C)
bonds typically associated with alkynes (Dhivya
et al., 2017). The presence of primary and second-
ary amines and amides was confirmed by medium
peaks at 1638 and 1592 cm™ due to bending vibra-
tions of the N-H bonds (Were et al., 2015). Other
indicative peaks at 1418, 1384 and 1401 cm™, which
are due to bending vibrations of the O-H bond, also
support the presence of phenols or tertiary alcohols
in aromatic compounds (Alara et al., 2018). Weak
peaks at 1042, 1225 and 1057 cm™ due to C-O

Preeti Sharma, Basudha Sharma

bonds, indicating compounds such as alcohols,
carboxylic acids, esters and ethers (Mabasa et al.,
2021). Furthermore, weak peaks in the fingerprint
region at 782, 615, 645 and 507 cm™ indicate the
stretching vibrations of C-X bonds found in alkyl
halides of aliphatic compounds (Akinpelu et al.,
2019). The FTIR spectrum suggest the presence
of various functional groups that served as indi-
cators for the presence of different phytochemical
components present in both plants. The correlation
between UV-vis and FTIR results reveals specific
functional groups and compounds involved in re-
ducing and stabilizing silver ions during AgNPs
synthesis. UV spectra exhibit absorption maxima
of various phytochemical compounds like phenols,
flavonoids, and alkaloids, while FTIR spectra dis-
play corresponding functional groups. For exam-
ple, in A. oppositifolia and L. leucocephala, O-H
stretching vibrations in alcohols and phenols appear
at 3410 cm™ and 3395 cm!, respectively, and C-H
stretching vibrations in alkanes were observed at
2928 cm™, 2852 cm™, and 2932 cm™, 2850 cm™.
Additionally, C=C stretching vibrations in alkynes
was present at 2111 cm™ in A. oppositifolia. Similar-
ly, the peaks indicating the presence of phenols and
flavonoids in the UV-vis spectra such as 282, 317
nm and 284, 313 nm correspond to peaks associated
with O-H at 3410 cm™ and 3395 cm™ stretching and
C-O stretching 1042 cm™ and 1225 cm™, 1057 cm™
in A. oppositifolia and L. Leucocephala respectively.

Frequency Range Frequency peak Chemical
and Assigned group A. oppositifolia L. leucocephala compounds
3600-3200 [O-H stretch 3410 (s) 3385 (s) Aromatic
of Alcohols, phenols)

3000-2850 (C-H stretch of alkanes) 2928, 2852 (m) | 2932, 2850 (m) Aliphatic
2270-1940 (C=C) stretch Alkyne 2111 (m-w) Aliphatic
1640-1550 (N-H bendlng primary 1638 (m) 1592, (m) Am|nr_35
and secondary amines and amides) and amides

1410-1310 (O-H bend phenols 1418, 1384 (m) 1401 (m) Aromatic
or tertiary alcohol)
1320-1000 (C-0 stretch Alcohals, Acid and

carboxylic acids, esters, and ethers 1042 (w) 1225, 1057 W)

. alcohol
Acid and alcohol)
840-600 (C-X) stretch Alkyl halides 782, 615 (w) 645, 507 (w) Aliphatic

Table 6. FTIR spectral peak value and functional groups obtained

for A. oppositifolia and L. Leucocephala. (s, m, w represents short, medium and weak).
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The FTIR peaks at 3410 cm™, 1418 cm™ and
3395 cm™, 1401 cm™ and band at Uv-vis spectra
228 nm, 305 nm and 228 nm, 307 nm in A. oppositi-
folia and L. leucocephala, respectively, indicate the
presence of p-Coumaric acid (Gao et al., 2020). L.
leucocephala exhibits two primary peaks at 3395
cm™ and 1401 cm™ for caffeic acid, while a nar-
row and intensive band between 3400-3300 cm™
represents ferulic acid consistent with the UV-vis
findings indicate the presence of both compounds
(Dimitri¢-Markovic et al., 2001). Moreover, spectra
of chlorogenic and tannic acids display a broad and
intensive band around 3400 cm™ due to the hydro-
gen bond of the dimeric form of the acids. The FTIR
spectrum of pure caffeic acid shows OH stretching
vibrations between 4000-2600 cm™, partially over-
lapping with weak CH stretching modes (Catauro
et al., 2020). In the UV-vis spectra of L. leucoceph-
ala, absorption bands at 327 nm, 297 nm, 246 nm,
and 219 nm characterize caffeic acid. The absor-
bance intensity in the 190-400 nm range suggests
the electronic transition of n—m* in caffeic acid and
chlorogenic acid molecules, with a peak at 297 nm
indicating tannic acid (Suhandy,2017; Suhandy &
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Yulia,2021). This correlation suggests that the phe-
nols and flavonoids identified in the plant extracts
are indeed responsible for the phytofabrication of
nanoparticles.

3.5. Phytometabolite profiling by GCMS

The chromatogram of aqueous leaf extracts of both
plants exhibited 23 different peaks related to bioac-
tive compounds for A. oppositifolia and 15 different
peaks for L. leucocephala. In A. oppositifolia, the ma-
jor phytometabolites identified included Meadow-
lactone, A-Neooleana-3(5),12-diene, Boron,(1,3-bu-
tanediiminato-N,N’)-1,5-cyclooctanediyl-,(t-4),
8-Isopropenyl-1,5-dimethylcyclodeca-1,5-diene,
and Friedelan-3-one as depicted in Fig. 4a. For L.
leucocephala, the identified phytometabolites were
(1-(10,10-Dimethyl-3,3-dioxo-3-thia-4-azatricyclo
(5.2.1.0 (1,5) )dec-4-yl)-3-methylpent-4-enl-one,
3-(1H-benzimidazol-2-yl)-1-(4-(2,4-dimethylphe-
nyl)-1 piperazinyl)-1-propanone, Boron (1,3-bu-
tanediiminato-N,N”)-1,5-cyclooctanediyl-,(t-4)-,
Lup-20(29)-en-3-one, and Friedelan-3-one as
shown in Fig. 4b.
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Figure 4. GCMS chromatogram of aqueous extracts
for (a) A. oppositifolia and (b) L. leucocephala.
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Some of the phytocompounds was found to be
common in both the species of plants. These com-
mon compounds include Arsenic acid, tris(trimeth-
ylsilyl) ester, Heptasiloxane,1,1,3,3,5,5,7,7,9,9,
11,11,13,13Tetradecamethyl-, Octasiloxane,1,
1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecameth-
yl, 3-(1H-Benzimidazol-2-yl)-1-(4-(2,4-dimeth-
ylphenyl)-1-piperazinyl)-1-propanone, Boron,
(1,3-butanediiminato-N,N’)-1,5-cyclooctanedi-
yl-,(t-4), 4-Phosphacyclopentene, 4-mesityl, Frie-
delan-3-one. In previous studies these phytochem-
icals found to be responsible for several biological
activities (Akinpelu et al., 2019; Manikandan et al.,
2019). Such as Arsenous acid, tris(trimethylsilyl) es-
ter, was found in methanolic extracts of Momordica
cymbalaria, potentially useful in rheumatism, skin
infections, diarrhea, diabetes and ulcers (Manikan-
dan et al., 2019). Furthermore, this compound was
identified in Gloriosa superba Linn, which exhibits
antioxidant activity (Singh et al., 2023). Previous
reports have indicated that Meadowlactone has the
potential to improve skin and hair (Wohlman et al.,
2009). P. hydaspidis is thought to have anticancer
properties due to the presence of meadowlactone
(Ali et al., 2021). A-neooleana-3(5),12-Diene, a type
of terpenoid, has demonstrated anti-inflammatory,
antimicrobial and antidiabetic properties (Wohl-
man et al., 2009; Ali et al., 2021). The compound
8-Isopropenyl-1,5-dimethylcyclodeca-1,5-diene
found in ginger has shown an antibacterial effect
(Sharif et al., 2016). The antidiabetic properties of
terpenoids like Friedelan-3-one have been previ-
ously documented and studied (Harley et al., 2021;
Rasyid et al.,, 2023). The sea cucumber extracts
showed both antibacterial and antioxidant effects,
with cyclotetrasiloxane, octamethyl, identified as

Camaea: XMBTVNhGB, Expomesima) 800 Gsin 1, i 1
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the main compound (Rasyid et al., 2023). Simi-
larly in papaya heptasiloxane,1,1,3,3,5,5,7,7,9,9,1
1,11,13,13-tetradecamethyl, was responsible for
its insecticidal properties (Indramati et al., 2023).
Lup-20(29)-en-3-ol, acetate, (33)- possess ability to
inhibit tyrosinase and also showed anti-inflamma-
tory, analgesic and antibacterial properties (Ahmed
et al., 2022; Malik et al., 2017). The identification
of A-neooleana-3(5),12-Diene, Friedelan-3-one,
and Lup-20(29)-en-3-one as terpenoids in L. leu-
cocephala contrasts with the presence of 9,19-Cy-
clolanost-24-en-3-ol, (3.beta.-TMS  derivative
steroids, and 8-Isopropenyl-1,5-dimethylcyclo-
deca-1,5-diene, recognized as sesquiterpenoids,
and Cyclodecacyclotetradecene, 14,15-didehy-
drol,4,5,8,9,10,11,12,13,16,17,18,19,20-tetradeca-
hydro Diterpenoids in A. oppositifolia. Additional-
ly, long-chain fatty acids such as Octasiloxane and
Heptasiloxane are found in both plants (Ahmed et
al., 2022). This diversity of bioactive compounds
is validated by consistent findings from UV-vis,
FTIR, and TLC analyses conducted on both plant
species.

3.6. Importance of these phytochemicals
in nanoparticles synthesis

Phytochemicals extracted from plant leaves act-
ed as reducing agents for silver nitrate under con-
trolled conditions and produced stable AgNPs, as
shown in Fig. 5 a, b. The resulting spherical AgNPs
with 13.38 and 11.93 nm was produced from A. op-
positifolia and L. leucocephala, as detailed in our
previous research (Sharma et al., 2023). TEM anal-
ysis revealed light-colored material on the surface,
indicating nanoparticle capping by phytomolecules.

0_6.-
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_—

Figure 5. TEM micrographs of phytofabricated AgNPs from (a) A. oppositifolia and (b) L. leucocephala.
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The UV-vis spectra of the AgNPs synthesized
from the aqueous plant extracts indeed exhibited
a shift in the absorption bands. Specifically, peaks
were observed at 431 nm for A. oppositifolia and
436 nm for L. leucocephala, contrasting with the
maximum absorbance at 287 nm observed in the
aqueous form of AgNO, (Sharma et al., 2023). How-
ever, the aqueous extracts of both plants exhibited
multiple peaks over a broad range of wavelengths,
typically from 200 to 600 nm Fig. 3 a, c. These
peaks represent the electronic transitions of vari-
ous phytochemicals present in the extracts, such
as alkaloids, phenols, flavonoids, and other metab-
olites. The presence of diverse functional groups,
including carboxyl, hydroxyl, and amino groups,
in these phytochemicals contributes to their unique
absorption spectra. The absrbtion band with spe-
cific wavelengths indicating the n-m* and n-m*
transitions occurring within the aromatic ring of
phenolics, flavonoids, and alkaloids, as well as
transitions within other rings present in these com-
pounds as discussed earlier. On the other hand, the
sharp peak reported in the 2023 paper for AgNO,
synthesis suggests a more homogeneous popula-
tion of nanoparticles with a well-defined size and
shape. The silver nanoparticles involve the reduc-
tion of silver ions by a reducing agent, leading to
the formation of nanoparticles with characteristic
surface plasmon resonance (SPR) absorption peaks.
Unlike the complex mixture of phytochemicals
present in medicinal plant extracts, the synthesized
nanoparticles exhibit a single SPR peak due to the
collective oscillation of conduction electrons on the
nanoparticle surface. Phytofabrication involves a
more controlled process with specific reducing and
stabilizing agents. Therefore, the difference in UV-
vis absorption peaks between medicinal plants and
AgNO, synthesis reflects the complex mixture of
phytochemicals present in plant extracts versus the
controlled synthesis conditions and specific chem-
ical agents used in nanoparticle fabrication. The
XRD peaks observed at 32.39° and 44.45° indicate
the capping and stabilization of silver nanoparticles
by plant metabolites. Additionally, certain unidenti-
fied peaks may be attributed to organic compounds
derived from the plant extract, as elaborated in our
prior study (Sharma et al., 2023).The similarity of
the FTIR spectra between functional nanoparticles
and plant extracts indicates the presence of phyto-
chemicals, while the observed changes being due
to their involvement in the reduction process. EDX
showed significant carbon and oxygen, confirming

https://doi.org/10.37819/nanofabh.009.1902
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nanoparticle surface coating by phytochemicals.
These results support the earlier study that high-
lighted the presence of phytochemicals coating the
surface of nanoparticles (Yasmin et al., 2014; Byk-
kam et al., 2015). Some phytometabolites on the sur-
face have inherent reducing properties and promote
silver reduction (Ag") for nanoparticle synthesis.
Certain phytometabolites possess functional groups
to stabilize nanoparticles and act as capping agents
that control their size, shape and stability. The thera-
peutic properties of phytocompounds in the synthe-
sized nanoparticles contribute to their biocompat-
ibility, vital for potential biomedical applications,
attributed to their previously reported antibacterial
effectiveness of these synthesized nanoparticles
(Sharma et al., 2023). These phytometabolites may
enhance the diverse properties (optical, magnetic,
catalytic etc.) of the nanoparticles, making them
suitable for various applications. For instance, these
nanoparticles help in degrading Amoxicillin and
have antimutagenic potential in water treatment
and enable urea sensing in milk without using en-
zymes (Sharma et al., 2023). Therefore, this study
strongly suggests that the specific phytochemicals
(phenols, flavonoids, alkaloids, carotenoids and ter-
penoids) found in aqueous extracts are crucial for
the formation of silver nanoparticles formation.

4. CONCLUSION

This study demonstrates the diverse phytochemi-
cals present in the extracts of A. oppositifolia and
L. leucocephala which emphasizes the free phyto-
chemicals play an important role in determining
the overall phytochemical composition in plant ex-
tracts. This study leverages our previous research
efforts in 2015 and 2023, to highlight the broader
utility of medicinal plant extracts, particularly from
A. oppositifolia and L. leucocephala. Our previous
studies laid the foundation by exploring the poten-
tial applications of these extracts in nanotechnolo-
gy, particularly in the synthesis and characterization
of silver nanoparticles. Their therapeutic potential,
effectiveness in wastewater treatment and catalytic
properties, all due to the presence of these various
phytometabolites as described earlier.Furthermore,
our previous studies have pointed out the diverse
potentials of these nanoparticles, ranging from an-
timicrobial activity to antimutagenic properties.
In current study, we delve deeper into the phyto-
chemical composition of these extracts and their
role in the synthesis of stable silver nanoparticles.
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The results confirm the effectiveness of these com-
pounds, including phenols, flavonoids, alkaloids,
carotenoids and terpenoids, as both reducing agents
and stabilizers. These phytochemicals provide spa-
tial resistance, electrostatic repulsion, and surface
interactions to prevent agglomeration and stabilize
the production of AgNPs.

By integrating our previous work with these
new findings, we have advanced our understand-
ing of environmental friendly silver nanoparticle
synthesis using plant extracts. The abundant phe-
nolic and flavonoid content in plant extracts from
A. oppositifolia and L. leucocephala offers potential
for the reduction of various metal ions, resulting in
nanomaterials that can be used in medicine, cataly-
sis, and environmental remediation. Expanding the
phytofabrication approach to include metal oxide
nanoparticles opens up opportunities to improve
magnetic properties and photocatalysis, which are
beneficial for wastewater treatment and solar cells.
Furthermore, hybrid nanomaterials that integrate
plant-derived carbon materials with metal nanopar-
ticles exhibit improved properties for energy stor-
age and sensing applications. Therefore, exploring
phytofabrication in nanoformulations beyond silver
nanoparticles can provide valuable insight for plant-
based reduction process for various nanomaterials.
This study marks a significant step towards sustain-
able nanotechnology with potential applications in
various areas. Overall, this coherent presentation of
research underlines the diverse benefits and versa-
tility of medicinal plant extracts in nanotechnology.
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