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Abstract

The Ipomoea spp. is a common weed which has untapped potential for the scientifically significant green
synthesis silver nanoparticles (AgNPs). AgNPs have multiple benefits in fields including medicine and
environmental clean-up. In this study, eco-friendly water-based extraction was carried out on the leaves of
five different Ipomoea spp. The synthesis of AgNPs was attempted using the extracts. Ipomoea lacunosa
(S3) AgNPs were successfully generated through microwave assisted synthesis. The formation of AgNPs
caused the solution to deepen in colour and resulted in a peak of 420nm under UV-Vis spectroscopy. This
peak corresponded to the surface plasmon resonance (SPR) peak of AgNPs. The S3AgNPs, characterized
by Scanning Electron Microscopy, were spherical and of 60nm in diameter. Furthermore, the antioxidant,
antibacterial and photocatalytic activity of the S3AgNPs were compared against I. aquatica, 1. cairica, .
pes-caprae and I. purpurea water extracts. The S3AgNPs showed elevated activity as opposed to the water
extracts in the Total Flavonoid Content, Total Phenolic Content, Total Antioxidant Content and DPPH
assays. It had an 1C50 of 20.3% in the DPPH assay. The S3AgNPs demonstrated potent antibacterial activity
against the Gram-negative Escherichia coli and the Gram-positive Staphylococcus aureus as opposed to
the water extracts. A higher zone of inhibition was observed for the S. aureus compared to E. coli. In the
presence of sodium borohydride, 100ppm of S3AgNPs degraded 94% of Methylene blue dye in 240
minutes. The implications of this research are widespread and can be used to develop novel antibiotics,
antioxidants and water treatment compounds.

Keywords: silver nanoparticles, Ipomoea spp., microwave-assisted, antioxidant activity, photocatalytic
activity, antibacterial activity

three primary methods of synthesis are through

. chemical, physical and biological processes.!
1. Introduction phy gical p

Silver  nanoparticles (AgNPs), as
opposed to other metallic nanoparticles remain in
the limelight due to its non-toxicity, well-
documented antimicrobial activity, catalytic
properties, and its great thermal and electrical
conductivity. These merits contribute to AgNPs
having the highest marketing value of all
nanoparticles, and this trend is expected to grow
exponentially.! It has been forecasted that by
2025, the global market value of AgNPs would
reach $USD 98 billion.?® As the use of AgNPs
increases, much focus has been placed on
synthesising them with minimal environmental
impact. The green synthesis of nanoparticles

Nanotechnology is a thriving and relatively novel
field of science which deals with the synthesis of
particles sized between 1-100nm. The use of
nanoparticles is gaining momentum as they are
potent in multiple fields including medicine,
engineering, electronics and environmental
clean-up due to their high surface area to volume
ratio. Nanoparticles are produced using two
principle approaches. The top-down approach
begins with larger particles which are
consequently degenerated in size until they form
nanoparticles. The bottom-up approach causes
the proliferation of atomic and molecular
particles to form larger nanosized particles. The

© 2023 BMS The Journal of Applied Learning 1



ISSN 2989-0705 (Online)| Vol 1|Issue 1|July 2023

utilises plant or microorganism-based protocols,
allowing the use of toxic solvents and the
formation of harmful by-products to be
circumvented.* Plant based synthesis of AgNPs
gives rise to undisrupted surfaces, unlike those
formed using the top-down approach and
provides a more economical and simpler
alternative to using microorganisms. Plant
extracts reduce silver ions to metallic silver,
effectively building up nanoparticles from the
atomic scale until they reach the nanoscale. The
extracts also contain polyphenols, amino acids
and vitamins which act as capping agents that
regulate the size of the particles, stabilizing them
and preventing agglomeration.®

The primary heating techniques used in
plant-mediated synthesis of nanoparticles are
mild-heat and high-heat synthesis. Although the
choice of conventional heating or microwave
irradiation is predominantly governed by the
plant material, microwave assisted heating
(MAS) is energy efficient, faster, reduces
agglomeration and produces nanoparticles with
smaller size variation.®

The Ipomoea spp. is the largest genus
classified under the family of Convolvulaceae,
which contains flowering plants commonly
known as the Morning Glory.” The genus grows
abundantly in the tropics and some temperate
regions and has been termed a weed as a result.
The trumpet shaped showy flowers have been
grown as an ornamental while some the seeds of
some species show psychedelic properties. The
leaves of Ipomoea aquatica is consumed in Sri
Lanka, South-East Asia and China for its high
nutritional value. The leaves, seeds and roots of
multiple species are also well known for ethnic
medicinal treatments, where they have been used
as a hypoglycaemic, purgative, anti-arthritic,
anti-microbial and anti-inflammatory compound
among others.® Five different species of Ipomoea
AgNPs are comparatively analysed in this study,
I. aquatica, I. cairica, I. lacunosa, I. pes-caprae
and I. purpurea.

The spread of resistant bacteria remains a
threat only intensified by the emergence of multi-
drug resistant super bacteria. Silver is an age
known antimicrobial agent and coupling it with
the efficacy of nanoparticles makes it a potential
weapon against bacteria. Due to their size,
AgNPs can easily gain access to cells to exert
antibacterial effects and as they are not known to
induce resistance, they remain an attractive
choice for antibacterials.®

The contribution of azo dyes to
environmental pollution is significant as they are
released by multiple industries from textiles to
printing. These dyes are persistent compounds
which can accumulate in organisms and can have
harmful and even carcinogenic effects.® Standard
effluent treatments only achieve substandard
efficiency and create sludge with amine residues
whereas AgNPs synthesised via the green route
have the additional advantage of lower risk in
terms of long-term toxicity as they do not persist
in the environment unlike conventional dye
degrading treatments.10-12

The elucidation of the exact mechanisms
of the photocatalytic effect of AgNPs is still in
progress and the current consensus is that
electrons absorb 2.7-3.03 eV of energy from the
UV-Vis spectral range, exciting them from the
valence band to the conductance band whilst
creating holes.”® This leads to a photo-redox
reaction which reduces oxygen to oxygen radicals
and oxidises hydroxide ions to hydroxide
radicals.’* The free radicals can then attack and
degrade azo dyes like methylene blue. The
phytoremediation expected from the Ipomoea
extracts coupled with the potency of AgNPs
could lead to synergistic effects in the combined
photocatalytic potential of Ipomoea AgNPs.

The balance between free radicals (FRs)
and antioxidants in the human body is a
precarious one. FRs extend a three-pronged
attack on proteins, nucleic acids and lipids
leading to cell damage and ultimately cell death
due to oxidative stress.'5
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Oxidative stress also plays a role in the
progression of diabetes, cancer, cardiovascular
diseases, neurodegenerative conditions and
aging. Although the body is equipped to
neutralise endogenously produced FRs, exposure
to stressors like radiation, pollution heavy metals
and processed food can disturb this fine balance
as they encourage higher FR production rates.!®
The free radical scavenging activity of
antioxidants takes place through the transfer of an
electron or a hydrogen atom.'®2?° This ability of
antioxidants to counterattack the detrimental
effects of FR forms the basis for gauging
antioxidant capacities of the synthesised auoea
nanoparticles.

Previous research on the different species
of Ipomoea have proved their high potential as
precursors for AgNPs as they contain a high
concentration of phytochemicals and
antioxidants.?-2® Therefore, this study focuses on
the synthesis of five varieties of Ipomoea AgNPs
for the determination of its antioxidant,
antibacterial and photocatalytic activities. The
assessment of antioxidant capacity would be
based on the TAC, TPC, TFC and DDPH assays
while the antibacterial activity will be tested
using well diffusion against S. aureus and E. coli.
The photocatalytic activity will be judged using
methylene blue as a model dye. The outcomes of
the research are expected to contribute towards
the advancements in disease treatment and water
effluent treatment.

2. Methodology

2.1. Preparation of leaf extracts. Leaf
samples of I. aquatica (S1), I. cairica (S2), I.
lacunosa (S3), I. pes-caprae (S4) and I. purpurea
(S5) were washed and shade dried. The dried leaf
samples were ground to fine particles. Then 2.0g
of each sample was added to 50mL of distilled
water. The mixture was incubated at 95°C in a dry
hot air oven for 20 minutes. The cooled extracts
were subsequently filtered using Whatman No.1
filter paper and stored at 4°C till required.?*

2.2 Optimization of conditions for the
synthesis of nanoparticles. 9mL of ImM AgNO3
was added dropwise to ImL of Ipomoea extract.
The prepared solutions were then heated in a
microwave at 140W, 364W and 511W for 2.5 and
5 minute intervals. The absorbance values were
taken between 300-540nm wusing a UV
spectrophotometer.?*

2.3 Phytochemical analysis. The protocols
detailed by Ravi and Krishnamurthy was
followed to build a phytochemical profile
consisting of alkaloids, anthocyanins,
carbohydrates, coumarin, quinones, saponins,
tannins and terpenoids.?

2.4 Dilution of the samples. The extracts and
S3AgNP samples were diluted in a 1:15 ratio
using distilled water.

25 Antioxidant Assays: The diluted water
extracts and AgNPs were used in the following
assays.

25.1 Total Flavonoid Content (TFC) Assay.
To 1.5mL of sample, 0.2mL of 10% (w/v) AICl;
and 0.2mL of 1M potassium acetate were added.
The mixture was left to rest at room temperature
for 30 minutes, Triplicates were prepared and left
at room temperature for 30 minutes. The
absorbance was measured in triplicates using
spectrophotometer against water as a blank at 415
nm. The concentration was expressed in
equivalents of Quercetin acid in gQE/100g.?°

2.5.2  Total Phenolic Content (TPC) Assay. To
0.4mL of the sample, an equal volume of 10%
(v/v) Folin-Ciocalteu reagent was added along
with 1.25mL of 7.5% (v/v) Na,COs. The mixture
was incubated for 2 hours at room temperature.
The absorbance was measured in triplicates using
spectrophotometer against water as a blank at 765
nm. The concentration was expressed in
equivalents of Gallic acid in mgGAE/100g.%

2.5.3 Total Antioxidant Capacity (TAC) Assay.
To prepare the phosphomolybdenum reagent,
(0.6M Sulfuric acid, 28mM sodium phosphate
and 4mM ammonium molybdate in a 1:1:1 ratio)
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were mixed. 0.5mL of the reagent was added to
1.5mL of the samples and incubated at 95°C for
90 minutes. The absorbance was then read in
triplicates using spectrophotometer against water
as a blank at 695nm. The concentration was
expressed in equivalents of ascorbic acid in
ugAAE/100g.2

254 DPPH Assay. The plant extracts and
S3AgNPs were diluted with distilled water to
achieve a concentration series of 100%, 80%,
60% 40% and 20%. 1mL of the sample was
reacted with 2mL of 0.1mM DPPH in methanol
and the absorbance was measured in triplicates
using spectrophotometer against methanol as a
blank. The radical scavenging activity was
calculated as follows:

ADPPH - ASample

% Activity = x 100

Apppy

Where Asample Was the absorbance of the
sample and Apppy Was the absorbance of the
DPPH stock solution.?

2.6.  Antibacterial activity. Isolated colonies
of E. coli and S. aureus were inoculated into 0.9%
saline (w/v) to match the turbidity of a 0.5%
McFarland standard. Mueller Hinton agar plates
were inoculated with the two bacterial species
and wells were created using a 10mm pipette tip
bore. 1mL of the water extracts and the S3AgNPs
was slow dried at 45°C in an oven until they
evaporated. The dried samples were rehydrated
by the addition of 200uL of distilled water and
50uL was loaded into each of the respective
wells. For the negative control, 0.9% of saline
was used while gentamicin disks were placed as
positive controls. The plates were sealed and
incubated upright at 37°C for 24 hours. The zones
of inhibition were measured in centimetres.

2.7.  Analysis of the photocatalytic activity. 10
mg/L methylene blue was prepared, and an
absorbance curve was plotted between 340-
780nm using a UV spectrophotometer. Dye
solutions containing 10,100 and 500ppm of
S3AgNPs were left under direct sunlight and

absorbance readings were taken at specified time
intervals. This was repeated with the addition of
10uL of 0.2M NaBH.?'

2.8.  SEM Analysis. The S3AgNPs were
characterized at the Sri Lanka Institute of
Nanotechnology (SLINTEC), Homagama using a
Hitachi SU66600 SEM.

2.9.  Statistical Analysis. Statistical analysis
of the data was computed using Excel® for
Microsoft 365 to obtain ONE-way ANOVA and
t-tests while correlation graphs were plotted using
IBM® SPSS® Statistics, version 21. All
statistical tests were significant at a minimum p
value of 0.05.

3. Results and Discussion

The colour of the solution gradually changed
from pale yellow brown to deep red brown
indicating the formation of AgNPs. Only S3
generated a single distinct peak at 420nm at
140W (2.5 mins), 364 (2.5 and 5.0 mins) and
511W (5.0 mins) giving a preliminary
confirmation of AgNP synthesis. This peak is
characteristic of AgNPs and corresponds to its
surface plasmon resonance (Figure 1). The other
samples had no peaks indicating non-formation
of AgNPs.

The green synthesis of AgNPs has a
plethora of benefits over conventional chemical
methods in terms of environmentally friendliness,
economy and yield. It remains a highly attractive
research field with plant origins offering higher
control and flexibility in terms of size and
morphology of prepared particles.?® The use of
water as an alternative to organic solvents during
the extraction process maintains this eco-
friendliness of the protocol.?® In this research we
explored the synthesis and properties of
nanoparticles from five different species of
Ipomoea. The utilization of the Ipomoea species
for the synthesis of nanoparticles can carry
multiple advantages as the species is a pernicious
weed with no competing uses. This could be an
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efficient way to ensure mechanical movement of
the plant and control its spread.*

Figure 1. Absorbance vs wavelength graph for
UV-Vis characterisation of silver nanoparticles at
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140W for 2.5 minutes.

The analysis of spectrophotometric
curves showed that Ipomoea lacunosa (S3) was
the only species that was able to successfully
synthesise AgNPs. However, AgNPs from the
other species of Ipomoea have been successfully
synthesized in other studies and the reasons
behind the absence of nanoparticles in this study
can be conjectured on. This could be because S3
had more stable and higher content of reducing
agents like proteins, amino acids,
polysaccharides, terpenoids and vitamins.3! In
addition, S3 was the only sample which had all
the phytochemicals tested. All the samples tested
positive for tannins and quinones while
carbohydrates were seen in none.

The microwave assisted synthesis (MAS)
of AgNPs is a one pot reaction that combines the
nucleation and growth phases in a single efficient
reaction.® The alternate kinetics followed by
MAS allow for a shorter heating time making the
process highly efficient and even results in a
higher yield.®® Additional benefits of MAS
include an increased uniformity and a greater
control of nanoparticle morphology size and

crystallinity.3* Comparative studies done on
noble metal NPs have demonstrated that MAS of
NPs result in an elevated catalytic activity as
opposed to those synthesised using conventional
heat induced methods.®

The UV-vis spectrum, in addition to
providing preliminary details of nanoparticle
synthesis was also used to determine the optical
properties of the AgNPs. The conductivity of the
AgNPs can be gauged by calculation of the band
gap energy. The band gap is defined as the
minimum energy required for an electron to
transition from the valence band to the
conduction band. The band gap energies can
differentiate between semi-conductors, which
have a band gap less than 3eV, and insulators
which have a band gap greater than 4eV.

To determine the band gap of the
nanoparticles the following equation was used.

hXc
A
where h is the Planck constant, ¢ is the speed of

light and A is the absorbance peak obtained
during characterization of the nanoparticles.

Band gap energy =

Based on their band energy of 2.96eV,
the S3AgNPs were classified as semiconductors.
This explains their photocatalytic activity as
semi-conducting nanoparticles have been shown
to possess intrinsic dye degradation abilities. This
property also indicates that the synthesized
AgNPs can be used in biosensors, light emitting
devices, electronic devices, and even solar cells.
The synthesized AgNPs had a mean width of
60nm and a spherical morphology (Figure 2).

The S3AgNPs outperformed the water
extracts in the TFC, TPC and TAC assays and the
differences were all statistically significant
(Table 1).
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Figure 2. SEM images of S3AgNPs at different
magnifications A) x60.0k B) x45.0k C) x70.0k

Table 1. The total flavonoid content, total
phenolic content and the total antioxidant

capacity of the leaf water extracts and the
S3AgNPs.

Sample TFC TPC TAC
(9QE/ (mgGAE/ (LgAAE/
100g of 100g of 100g of
sample) sample) sample)

S1 0.83+0.06  48.21+6 9.89+1.4

S2 1.2+0.02 34.64+6.2 22.16%5.5

S3 1.74+0.14  42.86%8.5 16.7£2.7

S4 3.05£0.2 43.21+5.5 23.07£2.7

S5 3.69£0.05 42.14+10.7  39.77%1

S3AgNP 6.04+0.53 1561257 97.72+20.5

Pearson's Correlation

038 0.82 0.84 0.86 0.38 0.9 0.92 0.94 0.96 0.98 1

Figure 3. Pearson's correlation between the TAC,
TFC and TPC assays.

The antioxidant properties of the
particles were investigated using the TFC, TAC,
TPC and DPPH assays. Phenols and flavonoids
have optimal structures for the donation of
electrons in the scavenging of free radicals
making them effective antioxidants.®*® To
elucidate which of the two contributed most
towards the antioxidant properties seen,
regression plots using the Pearson’s correlation
test were generated to obtain R values. The
highest correlation was seen between the TAC
and TPC assays which were a strong indication
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that the antioxidant properties of the leaf extracts
were primarily mediated by the phenols present
(Figure 3). This deduction is in line with previous
research conducted on the Ipomoea species.3"%
The phenols predominantly contributing towards
the antioxidant activity could include
caffeoylquinic acid derivatives.*® The DPPH
activities were expressed as I1Cso values (Table 2).
The S3AgNPs had the lowest 1Cso demonstrating
it was the highest-ranking FR scavenger and
could reach 50% of maximal activity at a
concentration of 20.6%. The most potent
scavenger amongst the water extracts was S1
with an ICs value that was identical to previous
studies.?:%

Table 2. ICso of DPPH free radical scavenging
activities of the leaf water extracts and S3AgNPs

Sample 1Cs0 (%)
Sl 48.4
S2 63.6
S3 69.9
S4 75.4
S5 774
S3AgNPs 20.3

The S3AgNPs formed higher zones of
inhibition in comparison to the leaf extracts in
both E. coli and S. aureus (Figure 4). Between the
bacterial species, greater antibacterial activity
was observed against S. aureus allowing us to
deduce that the Ipomoea species was more adept
at the disruption of Gram-positive bacterial
colonies. This is in agreement to other studies that
have dealt with the family of Ipomoea.?* Gram
positive bacteria evolve resistant mechanisms
easily and this potency of S3AgNPs against the
species can be exploited to develop novel
antibacterial remedies.
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Figure 4. Diameter of the zones of inhibition in
E. coli (left) and S. aureus (right) of the water
extracts and S3AgNPs

In the absence of NaBH., the S3AgNPs
were able to decrease the peak of methylene blue
although no visible decolorisation took place. In
the presence of NaBH4, however, significant
decolorisation was seen. Using 100ppm of
AgNPs in the presence of NaBH, resulted in a
94% dye degradation in 240 minutes (Figure 5)

AgNPs inherently possess photocatalytic
activity but the conjugation with plant extracts
intensifies this effect. Compared to other metallic
nanoparticles, AgNPs demonstrate greater
photocatalytic strength due to its smaller band
gap energy.”® Furthermore, AgNPs have high
absorption within the visible light spectrum. It
therefore is a perfect candidate to exploit in the
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goal of dye degradation. In this study, the
S3AgNPs were exposed to different conditions in
terms of concentration of the AgNPs and the
presence or absence of a catalyst. In the absence
of a catalyst, the S3AgNPs showed modest
photocatalytic activity where the absorbance
peak decreased but complete degradation was not
observed. This validated the use of a catalyst for
further analysis. The cationic NaBH, was able to
cause a dramatic degradation of the dye after just
120 minutes. The kinetics of the photocatalytic
activity were plotted using the equation below on
the assumption that first-order Kinetics were
followed:

l ¢ k

n & t
where C was the concentration, Co was the initial
concentration and t was the time. Values of the
rate constant (k) were obtained from the slope and
are listed in Table 3.

18 —— :
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Figure 5. Photocatalytic activity of 100ppm
S3AgNPs with NaBH4

The highest rate constant obtained was
for 100ppm of dye with NaBH. indicating that
these conditions are the closest to the optimum
working conditions of the synthesized S3AgNPs.
In reactions which included NaBHs, a higher dose
of AgNPs resulted in a greater photocatalytic
effect. This observation was also reported in
previous studies on other Ipomoea species.
Conversely, in the absence of NaBH., lower
concentrations showed more enhanced activity.
This observation could be due to the aggregation

of AgNPs at increasing concentration which
reduces the surface area available for catalysis.

Table 3. Rate constants of the different SSAgNPs
reaction mixtures

Conditions Rate constant
(k/mint)
10ppm 0.0068
100ppm 0.0059
500ppm 0.0057
10ppm with NaBH4 0.0160
100ppm with NaBH, 0.0187

This study is the first of its kind to
describe the synthesis and activity of I. lacunosa
AgNPs. The S3AgNPs performed remarkably in
the antioxidant, antibacterial and photocatalytic
assays. Itis hoped that these novel findings which
prove the efficacy of S3AgNPs leads to their use
in biomedicine, electronics and water waste
treatment.

4. Conclusion

Ipomoea lacunosa silver nanoparticles were
successfully synthesized using microwave
assisted heating techniques. The S3AgNPs
exhibited antioxidant properties that surpassed
those of the leaf extracts. Similarly, they also
contained  antibacterial ~ properties  and
demonstrated evidence of heightened action
against Gram-positive bacteria. Furthermore, the
photocatalytic studies highlighted the efficacy of
the S3AgNPs in the degradation of azo dyes like
methylene blue.
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