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A B S T R A C T

Introduction: Improving the pharmacokinetics of drugs is achieved through nano formulations and the role of 
natural product in the synthesis of nanomaterials is gaining prominence due to its eco-friendly nature, cost- 
effectiveness, and demonstrated efficacy. Metal nanoparticles (NPs) derived from Ipomoea aquatica Forsskal 
have been synthesized and evaluated for their antioxidant and antidiabetic properties towards enhancing the 
anticancer activity of the plant extracts.
Methodology: Hydroalcoholic extract was obtained from the entire Ipomoea aquatica plant and utilized as a key 
ingredient in the green synthesis of metal NPs. The characterization of the synthesized NPs involved UV/visible 
and FT-IR spectroscopic analyses, along with particle size determination using Zetasizer technology. Antioxidant 
activity was assessed through DPPH radical scavenging assays, while antidiabetic potential was evaluated via 
alpha-amylase inhibitory activity using HPTLC bioautography.
Results: The formation of silver nanoparticles (AgNPs) was confirmed by a color change from light brown to dark 
brown. UV–VIS spectrum analysis showed strong absorbance between 380 and 400 nm, with a peak at 428 nm, 
indicating successful synthesis via bioreduction by Ipomoea aquatica extract. FT-IR spectra revealed phyto-
chemicals like flavonoids and proteins, with shifts in peak positions confirming AgNP formation. DLS showed an 
average particle size of 36.27 nm, and TEM images confirmed spherical morphology. The AgNPs exhibited 
significant antioxidant and antidiabetic activities, outperforming standards such as ascorbic acid and Gliben-
clamide. Toxicity prediction identified the extract as slightly toxic, guiding safe dose administration.
Conclusion: The study underscores the potential of plant-based nanoparticles in scavenging free radicals and 
supporting cytotoxicity, thus hinting at their potential role in cancer therapy. Moreover, the nanoparticles 
derived from Ipomoea aquatica exhibit promising antioxidant and antidiabetic activities compared to the crude 
plant extract. This research paves the way for further exploration of Ipomoea aquatica nanoparticles as a novel 
therapeutic intervention for various diseases.

1. Introduction

Nanoparticles (NPs) are colloidal solid particles with dimensions in 
the range of 1–1000 nm. In the arena of nanomedicine, NPs are most 
commonly discussed as particles ranging from 5 to 100 nm that are 
favorable for the diagnosis and management of various diseases and 
systemic obstacles.1 Nanoparticles (NPs) are widely acknowledged for 
their diverse advantages in biomedical applications, attributed to their 
unique physicochemical properties. They exhibit distinct characteristics 

in biological, magnetic, optical, and electronic domains at cellular, nu-
clear, and molecular levels, owing to their high surface-to-volume ratio. 
Furthermore, the surface of NPs provides an opportunity for the incor-
poration of various active complexes, enhancing their targeting effi-
ciency and specificity.2–3 Green synthesized NPs could be used to 
improve antioxidant and antidiabetic activity. Silver (Ag+) is described 
as a multi-functional medicinal product in the past century, and silver 
nanoparticles (AgNPs) have antimicrobial, antiviral, and anticancer 
activity.4,6 AgNPs possess an ease of incorporation of a number of active 
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compounds on the surface and have improved pharmacological activ-
ities with reduced toxicity,5 which gives them great importance due to 
their wide variety of applications in cancer targeting.6–7 The NPs 
approach is constructed to target reactive oxygen species easily in order 
to reduce the generation of chronic diseases.8–9 AgNPs grafted with drug 
conjugate could release the drug from the surface of AgNPs due to the 
acidification of the intracellular environment by oxidative stress 
generated by mitochondria.10–11 Ipomoea aquatica is naturally grown in 
river and small water bands and ought to be reported to possess a 
number of pharmacological effects, including antioxidant, anticancer, 
antimicrobial, and anti-inflammatory activity. In the Unani system of 
medicine, Ipomoea aquatica is used in the treatment of piles and 
fever.12–13 The novelty of this study lies in the development of a novel 
and sensitive dose-densitometric bioautographic high-performance thin- 
layer chromatography (HPTLC) method for the analysis of IA-AgNPs, 
which has not been previously reported.

The purpose of this research is to produce Ipomoea aquatica- 
mediated AgNPs (IA-AgNPs) ensuing the green synthesis method and 
to assess the cost-effective bioautographic antioxidant and antidiabetic 
activities of AgNPs exposed to free radical scavenging of DPPH and 
starch-iodine complex methods when compared to the existing invitro 
cell viability methods.

2. Material and methods

2.1. Materials

Silver nitrate, ethanol, methanol, ethyl acetate, n-hexane, acetic 
acid, anisaldehyde, 2,2-diphenyl-1-picrylhydrazyl (DPPH), and ascorbic 
acid were obtained from S D Fine Chemicals Limited, Mumbai. HPTLC- 
pre-coated silica gel 60 F254 aluminum plates (20x10 cm) were pro-
cured from Merck Specialties Private Limited, Mumbai (400 018). 2,2-Di 
(4-tert-octylphenyl)-1-picrylhydrazyl (DPPH) free radical, iron(III) 
chloride (97 %), gallic acid (97 %), α-amylase, Bacillus licheniformis 
liquid, and β-glucosidase were purchased from Sigma-Aldrich, Banga-
lore, India, and BDH, Poole, England. All substances used were of 
analytical reagent (AR) grade.

2.1.1. α-amylase inhibitory activity
To prepare a 1 % (w/v) α-amylase solution, almost 1.25 mL (1 g 

based on the density and concentration of the commercially available 
stock solution) of α-amylase obtained from Bacillus licheniformis liquid 
was diluted with distilled water to a final volume of 100 mL. This 
enzyme stock solution was then stored at 4 ◦C until required. The plates 
were treated with the α-amylase solution and located in a flexible flask 
with plugs to confirm consistency. The vessel was filled with water to 
preserve moistness during a 30-minute incubation period at 37 ◦C, 
allowing for the main reaction among the enzymes and inhibitors 
existing in the extracts. Following incubation, the plates were immersed 
in a 1 % starch solution for 10–20 min to facilitate the enzyme-substrate 
reaction. Subsequently, they were splashed with Gram’s iodine solution, 
which served as the detection solution,14,33 before capturing an image of 
the plate.

2.2. Preparation of Ipomoea aquatica extracts (IAE)

The Ipomoea aquatica (IA) plants were collected and washed thor-
oughly with distilled water three times. Following the washing, the 
plants were dried under sunlight and then finely ground into a powder. 
This powder underwent hydroalcoholic extraction using a cold perco-
lation method with a mixture of water and 95 % ethanol (1:1 v/v). The 
resulting extract was concentrated using a rotary evaporator to obtain a 
concentrated extract. Analysis of the aqueous alcoholic extract of the 
whole plant of I. aquatica revealed the presence of various compounds, 
including flavonoids, saponins, tannins, alkaloids, glycosides, phenols, 
terpenoids, and coumarins (Table 1). Further analysis of the leaves of 

I. aquatica identified triterpenes, flavonoids, saponins, alkaloids, tan-
nins, glycosides, and additional flavonoids. Additionally, a qualitative 
assessment of total phenols in the methanol extract of I. aquatica showed 
a concentration of 0.83 ± 0.06 mg GAE/g extract.

2.3. Synthesis of IA-AgNPs

The concentration of the vegetal extract used for the synthesis of 
nanoparticles was 2 mg/mL. Upon the addition of 5 mM AgNO3, the 
color of the extract rapidly changed to brown within 30 min, with no 
further observable alteration after 24 h (Fig. 1). The observed color 
change can be attributed to the presence of active phytochemicals 
within the I. aquatica extract. These phytochemicals act as reducing 
agents, facilitating the transformation of silver ions into AgNPs through 
the excitation of surface plasmon resonance. The bioreduction of Ag +
ions from the AgNO3 solution into silver nanoparticles using phyto-
chemicals from I. aquatica was confirmed through UV–Visible 
spectroscopy.

AgNPs were synthesized by slowly adding 50 mL of IA extract 
dropwise into 50 mL of a freshly prepared aqueous silver nitrate 
(AgNO3) solution with a concentration of 1 mM in a glass beaker. The 
mixture was stirred continuously using a magnetic stirrer at room 
temperature (24 ◦C). After suspension, the solution underwent centri-
fugation at 1500 rpm for 1 h. The resulting solid particles were collected 
and subsequently dried in a beaker on a hot plate at 80 ◦C for 2 h. 
Following this, the dried powder was finely ground using a mortar and 
pestle to achieve the desired AgNPs. These AgNPs were then transferred 
into an Eppendorf tube and stored in a refrigerator for further analysis.

2.4. Characterization of green synthesized IA-AgNPs

2.4.1. UV–VIS spectrophotometric analysis
The primary formation of nanoparticles (NPs) was identified using a 

double-beam UV–VIS spectrophotometer (UV-1800, Shimadzu). The 
sample was diluted with deionized water and placed into a quartz cell 
for recording the absorbance spectrum across the wavelength range 
from 200 to 800 nm, with deionized water serving as the blank refer-
ence. The band gap of the AgNPs was determined using the standard 
formula. Eg 398 nm is the energy band gap (eV) and is the maximum 
wavelength of the absorption band (nm).

2.4.2. Fourier transform infrared (FT-IR) analysis
FT-IR spectroscopy was employed to ascertain the functional groups 

present on the surface of AgNPs by observing the stretching and bending 
frequencies of the molecules. The functional groups of NPs were 
examined within the range of 400 to 4000 cm1 using a NicoletTM iSTM 
™ 5 FTIR spectrometer.

Table 1 
Presence of phytochemicals in Hydroalcoholic of I. Aquatica.

S. 
No.

Metabolites Phyto-constituents Inference

 Primary 
metabolites

Carbohydrates +

(Reducing sugar, Ketoses, 
Pentoses, Glucose and 
Mannose)

Proteins +

Amino acids +

 Secondary 
metabolites

Alkaloids +

Glycosides +

Flavonoids +

Tannins + (hydrolysable tannins)
Steroids and 
TriterpenoidsTest

+

(Tri-terpenoids)

Note: ‘+’ indicates the presence of the test.
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2.4.3. Transmission electron microscopy (TEM)
Morphological analysis of the AgNPs was conducted using Trans-

mission Electron Microscopy (TEM 120 kV; T12 Fei, Tecnai G2 Spirit 
TWIN).

2.4.4. Energy dispersive analysis of X-rays (EDAX)
XRD analysis was performed to determine the crystalline nature of 

the synthesized nanoparticles. The diffractogram showed characteristic 
peaks, corresponding to the face-centered cubic structure of silver 
nanoparticles. Observations on the elemental composition of the AgNPs 
were carried out using Energy Dispersive Analysis of X-rays (EDAX) on a 
JEOL JEM-2100.

2.4.5. Antioxidant and α-amylase activity of IA-AgNPs
To evaluate antioxidant activity, a high-performance thin-layer 

chromatographic (HPTLC) bioautographic method was employed to 
assess DPPH scavenging activity. The assay was conducted on normal- 
phase Silica Gel 60 F254 Aluminum Plates using a mobile phase 
composed of n-hexane, ethyl acetate, and acetic acid (20:9:1). IA-AgNPs 
were sprayed onto the plates, and calibration was carried out using 
standard solutions of ascorbic acid, glibenclamide, and acarbose. 
Following plate development, they were immersed in a DPPH solution 
and stored in darkness before scanning. Subsequently, the plates un-
derwent derivatization with anisaldehyde-sulfuric acid, heating, and 
scanning.

To evaluate the ability of the IA-AgNPs to inhibit α-amylase activity, 
a single-step gradient elution utilizing n-hexane, ethyl acetate, and 
acetic acid (20:9:1) was employed over an 80-mm developing distance. 
The plates were immersed in a α-amylase solution (1 % w/v) for the 
primary reaction, allowing 10–20 min, followed by dipping in a starch 
solution (1 % w/v potato starch) for another 10–20 min to facilitate the 
secondary reaction. Finally, the plates were washed with Gram’s iodine 
solution for detection.

2.5. Toxicity prediction

The drug likeness and toxicity prediction were evaluated using 
ProTox-II, specialized software designed for predicting chemical 
toxicity. ProTox-II employs a variety of methodologies, including mo-
lecular similarity, fragment propensities, most frequent features, and 
machine learning based on fragment similarity. It integrates a total of 33 
models to predict various toxicity endpoints, such as acute toxicity, 

hepatotoxicity, cytotoxicity, carcinogenicity, mutagenicity, immuno-
toxicity, adverse outcomes pathways (Tox21), and toxicity targets. 
Toxicity classes are classified according to the globally harmonized 
system of classification and labeling of chemicals (GHS), with LD50 
values provided in mg/kg. These toxicity classes are defined as follows: 
Class I: fatal if swallowed (LD50 ≤ 5); Class II: fatal if swallowed (5 <
LD50 ≤ 50); Class III: toxic if swallowed (50 < LD50 ≤ 300); Class IV: 
harmful if swallowed (300 < LD50 ≤ 2000); Class V: may be harmful if 
swallowed (2000 < LD50 ≤ 5000); Class VI: non-toxic (LD50 > 5000).15

3. Result and Discussion

The formation of silver nanoparticles was confirmed by observing a 
color change from light brown to dark brown (Fig. 1A). Additionally, a 
visual inspection revealed a transition from brownish yellow to dark 
brown, further indicating the formation of AgNPs. To confirm nano-
particle formation, the UV–VIS spectrum of the colored suspension was 
recorded. The colloidal solution exhibited strong absorbance in the 
range of 350–450 nm (Fig. 2), with AgNPs displaying a band gap value 
of approximately 3.22 eV.16 Notably, the highest absorbance peak was 
observed at 398 nm, accompanied by the appearance of a symmetric 
peak for I. aquatica (Fig. 2), which signifies the formation of AgNPs 
through the bioreduction of silver by the active compounds present in 
Ipomoea aquatica extract.

The FT-IR spectra of the extract and synthesized IA-AgNPs are 
depicted in Fig. 3. Phytochemical analysis of IA indicates the presence of 
flavonoids, alkaloids, steroids, saponins, and proteins. In the IA extract, 
peaks were observed at 3292 cm− 1, 1592 cm− 1, 1381 cm− 1, 1259 cm− 1, 
and 1046 cm− 1. Conversely, in the IA-AgNPs, peaks were observed at 
3297 cm− 1, 1595 cm− 1, 1374 cm− 1, 1258 cm− 1, and 1070 cm− 1 (Fig. 3). 
The peak at 3292 cm− 1 corresponds to O–H stretching vibrations, while 
the vibration stretch at 1592 cm− 1 indicates C=C stretch in the aromatic 
ring, confirming the presence of aromatic groups. The C-O stretching 
vibrations of the IR spectrum are observed at 1046 cm− 1. Notably, in the 
IA-AgNPs, peak positions shifted slightly from 3292 cm− 1 to 3297 cm− 1, 
1592 cm− 1 to 1595 cm− 1, 1381 cm− 1 to 1374 cm− 1, 1259 cm− 1 to 1258 
cm− 1, and 1046 cm− 1 to 1070 cm− 1. It is known that IA extract possesses 
biological activity due to the presence of phenolic, aldehyde, and ether 
linkages, which may contribute to the biological reduction of Ag + to 
Ag017–19.

Dynamic Light Scattering (DLS) is utilized to ascertain the size and 
size distribution profile of particles in a colloidal suspension 

Fig. 1. Green synthesis of silver nanoparticles from Ipomoea aquatica (IA-AgNPs). (For interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.)
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(Fig. 1B&C). The DLS graph of IA-AgNPs revealed an average size of 
36.27 nm, with the particles carrying a charge of − 11 mV. Zeta potential 
measurement assesses the potential stability of particles in the colloidal 
suspension, where AgNPs generally exhibit a negative charge. Synthe-
sized IA-AgNPs exhibited a negative charge and remained stable at room 
temperature.20–21

TEM micrographs of AgNPs depicted spherical morphology, with 
particles being monodispersed and sized less than 100 nm (Fig. 4A), as 
evidenced by the appearance of bright-field TEM images. These results 
indicate that Ipomoea aquatica mediated the formation of spherical and 
uniform AgNPs. The extract functions as a reducing agent in the prep-
aration of AgNPs due to its antioxidant properties.

Fig. 2. UV–Vis spectra of (a) hydroalcoholic extract of Ipomoea aquatica and (b) silver nanoparticles synthesized using the extract, showing surface plasmon 
resonance (SPR) at 410 nm.

Fig. 3. FTIR spectrum of IA-AgNPs.
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Fig. 4. TEM (A) and EDAX (B) spectra of IA-AgNPs.

Fig. 5. (HPTLC-DPPH assay) DPPH scavenging activities of IA extract, IA-AgNPs and Standard Ascorbic acid.
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Furthermore, the spherical morphology and size of NPs less than 100 
nm, as determined by chemical analysis using EDS after 1 h of reaction 
time, support the notion that Ipomoea aquatica extract can act as a 
reducing agent in AgNP preparation. This green synthesis process of 
AgNPs occurs due to the antioxidant properties of Ipomoea aquatica 
extract.

The EDAX pattern indicates the presence of silver as the key con-
stituent metal in the synthesized nanoparticles, as observed through 
energy-dispersive spectrum analysis. Metallic silver nanoparticles 
exhibit a specific intense peak around 3 keV, attributed to surface 
plasmon resonance. The figure depicts the presence of elements such as 
C, N, O, Na, and Ag in the biochemically synthesized AgNPs mediated by 
Ipomoea aquatica (Fig. 4B). The strong absorption in the range of 3–3.5 
keV confirms the formation of AgNPs.

DPPH scavenging activity was measured for the IP extract [second 
four tracks from the chromatogram], IA-AgNP’s [third four tracks from 
the chromatogram], and standard ascorbic acid [first four tracks from 
the chromatogram], yielding values of 45.15, 96.05, and 90.73, 
respectively (Fig. 5A,B,C&D). Remarkably, the AgNP’s exhibited 
enhanced reducing power compared to ascorbic acid, likely attributed to 
the nanostructure of the AgNPs. It is worth noting that free radicals and 
H2O2 may influence the disintegration of AgNPs, leading to the accu-
mulation of hydroxyl radicals and subsequent elevation of oxidative 
stress, as reported by Yang et al.,22 who described the role of AgNPs in 
causing inflammatory responses. Our findings also indicate that the IA 
extract and its silver nanoparticles can protect against oxidative DNA 
damage, similar to the report by Xingping and Sugapriya.23

Polyphenols like eugenol and pyrogallol extracted from cinnamon 
have displayed promising antidiabetic properties along with the ability 
to stimulate the rejuvenation of beta cells.24 Similarly, polysaccharides 
found in mulberry leaf have shown enhanced insulin secretion and the 
capacity to inhibit α-glucosidase activity, contributing to diabetes 
management.25–26 The significance of reducing reactive oxygen species 

(ROS) levels in managing diabetes-related complications has been 
underscored.27–29 High levels of ROS exacerbate pancreatic beta-cell 
damage through lipid peroxidation pathways.30–31 .

In a study, the DPPH and α-amylase inhibitory activities exhibited an 
increasing trend as follows: Ip. Aq. Extract < standard (Ascorbic acid) <
IA-AgNPs, and Ip. Aq. Extract < Stigmasterol < Acarbose < IA-AgNPs <
Glibenclamide, respectively. The dose-dependent inhibition of 
α-amylase activity by IA-AgNPs was notable, showing a substantial 
reduction in enzyme activity levels with increasing concentrations of 
AgNPs. This resulted in a 78.55 % decrease in α-amylase inhibitory ac-
tivity, surpassing that of the standard Glibenclamide (Fig. 6B&D). 
Consequently, the biomolecules from Ip. Aq. positively influenced the 
hypoglycemic activity of the synthesized NPs.

The antioxidant activity of the synthesized IA-AgNPs was assessed 
using a direct HPTLC-DPPH assay. A two-step (40:80) gradient elution 
method was employed for plate development.32 Methanol was utilized 
in the initial step to spread the bands of polar compounds, while the less 
polar mobile phase (n-hexane, ethyl acetate, and acetic acid (20:9:1)) 
was employed in the second elution step for less polar compounds. The 
antioxidant activity was visualized as yellowish zones against the purple 
background on the plate (Fig. 4). Total antioxidant activity was quan-
tified as the sum of the yellow zones’ areas, and the percentage area 
reduction of antioxidant activity was computed33–36 (Table 2).

Furthermore, the α-amylase inhibitory activity of the synthesized 
NPs was evaluated using the starch-iodine complex method with a 
single-step gradient elution of the mobile phase (n-hexane, ethyl acetate, 
and acetic acid (20:9:1)). The appearance of blue areas around the zones 
indicated α-amylase inhibitory activity (Fig. 4). These blue zones 
resulted from the starch-iodine complex, signifying inhibition of starch 
hydrolysis. The percentage area reduction of α-amylase inhibitory ac-
tivity was determined by summing the total area of blue zones (Fig. 6). 
Validation of the quantification of ascorbic acid, Glibenclamide, and 
Acarbose by digital image analysis and HPTLC densitometry included 

Fig. 6. Antioxidant (A&C) and Antidiabetic activity (B&D) of IA extract, IA-AgNPs and Standards.
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assessments for linearity, specificity, repeatability, limit of detection, 
and quantification (Table 2).

In living organisms, the accumulation of hydrogen peroxide (H2O2) 
can elevate oxygen free radicals, leading to cellular damage. The 
hydrogen peroxide scavenging potential of I. Aquatica AgNPs was 
evaluated using UV–Vis spectrophotometry. At a concentration of 100 
μg/ml, the inhibition rates were found to be 83.94 % and 79.68 % for the 
AgNPs and ascorbic acid, respectively. These results suggest that the 
concentration of H2O2 radical species was comparatively lower than that 
observed for DPPH scavenging activity. Notably, the AgNPs demon-
strated enhanced reducing power compared to ascorbic acid, likely due 
to their nanostructure as it possesses high surface area-to-volume ratio, 
proved by its surface plasmon resonance Further bioactive surface 
capping occurs through green synthesis. These factors contribute to an 
efficient electron transfer and interaction with free radicals. However, 
it’s essential to consider that H2O2 might impact the disintegration of 
AgNPs, leading to the accumulation of hydroxyl radicals and subsequent 
oxidative stress, as indicated by Yang et al.,22 who discussed the in-
flammatory response triggered by AgNPs. They also highlighted the 
release of cathepsins and the efflux of K + ions, potentially elevating the 
production of superoxide and hydrogen peroxide in membranes.22,37–39

Our findings align with previous reports on the H2O2 scavenging effect 
of the leaf extract of Abutilon indicum.27,40 .

The biologically synthesized AgNPs from the entire plant extract of 
I. Aquatica demonstrated dose-dependent reducing powers. Increasing 
concentrations of AgNPs consistently augmented the reducing power 
activity. The IA-AgNPs exhibited nearly equivalent reducing power ac-
tivity (74 %) compared to the standard butylated hydroxytoluene (BHT) 
(83 %) (Fig. 6D). The observed reducing power of the synthesized 
nanoparticles is comparable to that of BHT, indicating the potential of 
the NPs. This is important because the NPs have a smaller size and also 
can act on the target cells. This activity was attributed to the presence of 
phytochemicals in the extract,41 consistent with the findings of Dipankar 
and Murugan.42

Toxicity prediction studies play a vital role in refining bioactive 
compounds for further optimization during the discovery process and in 

risk assessment. ProTox-II methods serve as a tool to ascertain whether 
molecules possess the necessary features to meet regulatory re-
quirements and to refine their structure in case of toxicity alerts.15 Ac-
cording to the toxicity prediction, the resin glycoside present in the IA- 
extract falls under toxicity class III, indicating it as “slightly toxic” [Class 
III: toxic if swallowed (50 < LD50 ≤ 300)] (Fig. 7). This analysis informs 
decisions regarding safe dose administration for subsequent in vitro 
efficacy assessments.

Nutritional compounds such as pentoxifylline, resveratrol and 
piperine have antioxidant characteristics which aided potentiation of 
radiotherapy mediated anticancer effects.43 Further nanodelivery sys-
tems comprising the drug aided by silver nanoparticles have been 
studied for enhanced site delivery coupled with slow release.44 Anti-
cancer activity of plain silver nanoparticles, Methotrexate nanoparticles, 
Methotrexate-AgNPs conjugates have been compared.45 This study 
revealed that drug release of Methotrexate alone which follows first 
order kinetics differs from the Methotrexate-AgNPs conjugate following 
a simplified Higuchi model wherein diffusion controlled slow drug 
release is observed.46 A review by Huang et. al., deciphers that antiox-
idant therapy in cancer is not successful owing to the uneven distribu-
tion in different cells and also affected by poor bioavailability.47

Therefore selective distribution, slow release of the drug by Ag NP 
conjugate might help overcome these limitations of antioxidants and the 
chemotherapeutic agents.48 .

The hydroalcoholic extract of Ipomoea aquatica Forssk has demon-
strated promising results, achieving approximately 90 % free radical 
scavenging activity. This high level of antioxidant activity suggests a 
potent ability to neutralize harmful free radicals, which can contribute 
to the development and progression of cancer.49

In terms of anti-breast cancer activity, the hydroalcoholic extract has 
shown a tumor reduction rate of 37.85 % in comparison to the standard 
chemotherapeutic agent, Vinblastine. This indicates that while the 
extract is effective, there is still a substantial gap when compared to 
conventional chemotherapy.50

Nanoparticles, on the other hand, offer a novel approach to 
enhancing the delivery and efficacy of anti-cancer compounds. When 

Table 2 
Statistical validation parameters of Standard controls in antioxidant and antidiabetic assays.

Standard Derivatization Equation of the line Range(µg) RSD (%) LOD(µg) LOQ(µg)

Ascorbic acid Anisaldehyde/sulfuric acid y = 2810.6x − 7155.7R2 = 0.9757 2.0–14.0 12.7 0.32 1.08
Glibenclamide 254/366 nm y = 344.49x + 2044.4R2 = 0.9691 2.0–14.0 2.3 0.49 1.64
Acarbose 254/366 nm y = 404.76x + 2272.7R2 = 0.9713 2.0–14.0 2.17 0.41 1.38

Fig. 7. Toxicity prediction of bioactive compounds of IA plant extract.
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compared to traditional extracts, nanoparticles can improve the 
bioavailability and targeted delivery of active compounds, potentially 
increasing their therapeutic efficacy. For instance, incorporating Ipo-
moea aquatica extract into nanoparticles could enhance its anti-cancer 
properties, possibly achieving a higher tumor reduction rate than the 
37.85 % observed with the hydroalcoholic extract alone. Additionally, 
nanoparticles may further optimize the antioxidant properties of the 
extract, ensuring a more efficient free radical scavenging process.51

The hydroalcoholic extract of the whole plant of Ipomoea aquatica 
contains a wide range of bioactive phytochemicals contributing to its 
diverse therapeutic properties. Among these, alkaloids are prominent 
and are known for their anti-inflammatory and potential anti-cancer 
activities. Flavonoids, another major group of compounds, exhibit 
strong antioxidant properties by scavenging free radicals, thus protect-
ing cells from oxidative damage. The extract is also rich in phenolic 
compounds, which enhance its antioxidant and anti-inflammatory po-
tential, playing a crucial role in mitigating oxidative stress-related 
disorders.52–54

Additionally, the presence of tannins in the extract imparts antimi-
crobial and antioxidant activities. Tannins are particularly beneficial in 
wound healing and reducing inflammation. Terpenoids found in the 
extract further contribute to its anti-cancer and antimicrobial effects, 
making the plant a potential candidate for therapeutic applications. The 
presence of saponins enhances the extract’s immune-modulating and 
anti-inflammatory capabilities.55–57

Moreover, steroids and glycosides in the extract provide car-
dioprotective and anti-inflammatory benefits. Alongside these, vitamins 
and minerals present in the plant add nutritional value and support 
general health. Finally, carbohydrates and proteins contribute to its 
overall nutritional and energy-providing properties.58–67

This comprehensive phytochemical profile highlights the pharma-
cological versatility of Ipomoea aquatica, emphasizing its potential in 
antioxidant, anti-cancer, anti-inflammatory, and antimicrobial 
applications.

Overall, while Ipomoea aquatica extract shows significant potential, 
the application of nanoparticle technology could markedly enhance its 
anti-cancer and antioxidant capabilities.

4. Conclusion

The successful formation of silver nanoparticles (AgNPs) was evi-
denced by a distinctive color change and corroborated through UV–VIS 
spectroscopy, which displayed strong absorbance between 380–400 nm, 
peaking at 428 nm. This confirms the bioreduction capability of Ipomoea 
aquatica (IA) extract. FT-IR analysis identified key phytochemicals such 
as flavonoids, alkaloids, and proteins, with noticeable shifts in peak 
positions, further validating the formation of AgNPs.

Dynamic Light Scattering (DLS) measurements revealed an average 
nanoparticle size of 36.27 nm, accompanied by a stable negative charge, 
indicative of robust colloidal stability. Transmission Electron Micro-
scopy (TEM) confirmed the monodispersed, spherical morphology of 
AgNPs. These nanoparticles demonstrated significant antioxidant ac-
tivity, surpassing standard ascorbic acid in DPPH scavenging assays, and 
exhibited enhanced reducing power attributed to their nanoscale 
structure. The DPPH assay was chosen for antioxidant evaluation due to 
its sensitivity in detecting free radical scavenging activity. The alpha- 
amylase inhibition assay was employed for antidiabetic potential 
assessment, aligning with its relevance in identifying enzyme-inhibiting 
compounds. Both assays are widely recognized and validated in phar-
maceutical research. Results were compared with standard treatments, 
ascorbic acid for antioxidant and glibenclamide for antidiabetic prop-
erties, highlighting the nanoparticles’ therapeutic efficacy.

The IA-AgNPs also showcased potent antidiabetic properties, effec-
tively inhibiting α-amylase activity, which surpassed the performance of 
standard drugs like glibenclamide. This highlights their potential in 
diabetes management through the inhibition of enzymes critical for 

glucose metabolism. Additionally, the synthesized AgNPs demonstrated 
superior hydrogen peroxide scavenging activity, indicating their capa-
bility to mitigate oxidative stress.

Toxicity prediction studies using ProTox-II classified the resin 
glycoside present in the IA extract as slightly toxic (Class III), suggesting 
the necessity for cautious dose administration in future applications. The 
overall findings underscore the dual-functional potential of IA-mediated 
AgNPs as both antioxidant and antidiabetic agents, with significant 
implications for biomedical applications. The green synthesis method 
employed offers a sustainable approach to nanoparticle production, 
leveraging the inherent bioactive compounds of Ipomoea aquatica. 
Toxicity prediction studies employed computational and in vitro models 
to ensure safe dosing levels for therapeutic applications. The study hy-
pothesizes that the antioxidant and antidiabetic properties synergize to 
mitigate oxidative stress, potentially benefiting cancer therapy. Further 
exploration through molecular docking and pathway analysis could 
elucidate mechanisms, strengthening the link between these activities 
and anticancer efficacy. These outcomes pave the way for further 
exploration of IA-AgNPs in therapeutic and pharmaceutical context.

The study acknowledges certain limitations, including the absence of 
in vivo validation and long-term stability assessments. Future research 
should focus on exploring the molecular mechanisms underlying the 
observed activities and conducting in vivo studies to confirm therapeutic 
potentials. Additional investigations into nanoparticle interaction with 
biological systems can expand their application in disease management.

The societal benefits of this research are profound, particularly in the 
fields of healthcare and environmental sustainability. The green syn-
thesis of silver nanoparticles using Ipomoea aquatica extract provides an 
eco-friendly alternative to traditional chemical synthesis methods, 
reducing harmful byproducts and promoting environmental health. The 
significant antioxidant and antidiabetic properties of the synthesized 
AgNPs offer promising avenues for developing cost-effective, natural 
therapeutic agents. These nanoparticles can potentially be integrated 
into treatments for oxidative stress-related conditions and diabetes, 
which are prevalent in many communities. Additionally, the use of a 
readily available plant like Ipomoea aquatica ensures accessibility and 
affordability, especially in resource-limited settings. This approach not 
only harnesses local biodiversity but also supports sustainable agricul-
tural practices. By minimizing chemical waste and utilizing renewable 
resources, this research aligns with global efforts to promote sustain-
ability and public health, ultimately contributing to improved quality of 
life and reduced healthcare costs for society.
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