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ABSTRACT- Chitosan nanoparticles (CNPs) have attracted significant interest owing to their excellent biocompatibility,
biodegradability, and inherent antimicrobial properties. In this study, chitosan nanoparticles were biosynthesized using the
ethanolic root extract of Plectra thus vettiveroides through the ionic gelation method. The formation and physicochemical
characteristics of the synthesized nanoparticles were analysed using UV-Visible spectroscopy and Scanning Electron
Microscopy (SEM). UV-Visible spectral analysis displayed a distinct absorption peak at 234 nm, indicating successful
nanoparticle synthesis. SEM images demonstrated predominantly spherical nanoparticles with minor aggregation. The
antibacterial efficacy of the biosynthesized chitosan nanoparticles was assessed against Staphylococcus aureus, Bacillus
cereus, Escherichia coli, and Klebsiella pneumoniae using the agar well diffusion technique. Among the tested pathogens,
Klebsiella pneumoniae showed the highest susceptibility to the nanoparticles. These findings highlight the potential of
Plectranthus vettiveroides-mediated chitosan nanoparticles as effective antibacterial agents with prospective applications in
biomedical and pharmaceutical fields.

Keywords: Chitosan nanoparticles; Plectranthus vettiveroides; lonic gelation; Antibacterial activity; SEM; UV-
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1. INTRODUCTION

Chitosan is a naturally derived polyatomic biopolymer obtained through the DE acetylation of chitin and is widely valued
for its biodegradability, biocompatibility, low toxicity, and inherent antimicrobial properties. Owing to the presence of
reactive amino functional groups, chitosan can be readily fabricated into nanoparticle form, which has attracted
considerable attention in biomedical and pharmaceutical fields, particularly for antimicrobial applications and drug
delivery systems. However, many conventional nanoparticle synthesis techniques rely on hazardous chemicals and
energy-intensive processes, thereby restricting their suitability for biological use.

In recent years, green synthesis approaches utilizing plant-derived materials have gained prominence as environmentally
friendly and sustainable alternatives for nanoparticle production. Plectranthus vettiveroides, an aromatic medicinal plant
belonging to the family Lamiaceae, is traditionally used for various therapeutic purposes and is known to possess a diverse
range of bioactive phytochemicals with antimicrobial properties. The phytoconstituents present in its root extract can
potentially function as natural cross-linking, reducing, and stabilizing agents during nanoparticle synthesis.

The present study aims to establish a simple, safe, and eco-friendly method for the synthesis of chitosan nanoparticles
using Plectranthus vettiveroides root extract via the ionic gelation technique. It is hypothesized that the phytochemicals in
the root extract play a crucial role in promoting nanoparticle formation and enhancing Antibacterial efficacy. This work is
significant as it introduces a green strategy for producing biologically active chitosan nanoparticles with promising
applications in pharmaceutical and biomedical domains.
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Fig no: 1Plectranthus vettiveroides Fig no: 2 Roots of Plectranthus vettiveroides
2. MATERIALS AND METHODS
Materials

Chitosan and sodium tripolyphosphate (TPP) were purchased from Sigma-Aldrich (USA). Acetic acid was obtained from
HiMedia Laboratories, Chennai, India. All reagents and chemicals used in this study were of analytical grade and used
without further purification.

Collection and Preparation of Plant Extract

The roots of Plectranthus vettiveroides were collected from the Kodumudi Dam region, Cuddalore District, Tamil Nadu,
India, and taxonomically authenticated by a qualified botanist. Collected roots were thoroughly washed with distilled
water to remove debris, shade-dried at room temperature, and pulverized into a fine powder. The powdered material was
subjected to ethanol extraction, followed by filtration. The resulting extract was stored at 4 °C until further use.

Synthesis of Chitosan Nanoparticles

Chitosan nanoparticles were prepared using the ionic gelation technique. Chitosan was dissolved in 1% (v/v) acetic acid
solution and the pH was adjusted to 5.5 using sodium hydroxide. A sodium tripolyphosphate (TPP) solution was then
added dropwise to the chitosan solution under continuous magnetic stirring. The Plectranthus vettiveroides root extract
was introduced into the chitosan solution prior to TPP addition. The formation of nanoparticles was indicated by the
appearance of turbidity. The synthesized nanoparticles were collected by centrifugation, washed repeatedly with distilled
water to remove unbound substances, and lyophilized for further characterization and analysis.
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Fig no: 3 Syntheses of Chitosan Nanoparticles
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Antibacterial Activity

TPP-chitosan nanoparticles (TCs) were synthesized using the ionic gelation approach involving electrostatic interaction
between chitosan and TPP anions, with minor modifications to previously reported protocols. In brief, 20 mg of chitosan
was dissolved in 10 mL of 1% (v/v) acetic acid under constant magnetic stirring at room temperature, and the pH was
adjusted to 5.5. A TPP solution (2 mg/mL; 3.5 mL) was then added gradually to the chitosan solution with continuous
stirring. The appearance of a clear opalescent suspension confirmed the formation of chitosan nanoparticles, which was
further stabilized by short-duration sonication.

For the synthesis of Plectranthus vettiveroides-encapsulated TPP-chitosan nanoparticles, 1 mL of ethanolic root extract (3
mg/mL) was slowly introduced into the chitosan solution prior to the addition of TPP, followed by the same ionic gelation
process. The nanoparticles formed were harvested by centrifugation at 8,000 rpm for 30 minutes at 4 °C. The supernatant
was discarded, and the nanoparticle pellet was washed three times with double-distilled water to remove unbound
constituents. The final purified nanoparticles were freeze-dried and stored for subsequent characterization and
antibacterial evaluation.

3. RESULTS AND DISCUSSION
Analytical Characterization
UV-Vis spectroscopy

UV-Visible spectroscopy is basically used for the identification of chemical products and their qualitative analysis. The
molecules or atoms absorb UV-Visible radiation and their electrons are excited from lower energy levels to higher energy
levels. In the present study, we have obtained the broad peaks at 234 nm; this indicates the formation of chitosan
nanoparticles at such wavelength (fig 4).
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Fig no: 4 UV-Visible spectroscopy of CNPs synthesized using Plectranthus vettiveroides root extract.
Scanning Electron Microscopy (SEM)

The surface morphology of the CNPs synthesized using Plectranthus vettiveroides root extract was studied using SEM. The
SEM image was shown in fig 5. The SEM results revealed the presence of agglomerates of nanoparticles and showed that
the spherical morphology was in high resolution.
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Fig no:5 SEM image of CNPs synthesized using Plectranthus vettiveroides root extract.
Antibacterial Activity

The antibacterial potential of chitosan nanoparticles (CNPs) was evaluated using the well diffusion method against
four bacterial pathogens: Staphylococcus aureus, Bacillus cereus, Escherichia coli, and Klebsiella pneumoniae. The
biosynthesized chitosan nanoparticles, prepared using Plectranthus vettiveroides root extract, exhibited inhibitory effects
against all tested strains. Notably, the antibacterial activity was more pronounced against Gram-negative bacteria
compared to Gram-positive bacteria, likely due to differences in the structural composition of their cell walls. Among the
pathogens tested, Klebsiella pneumoniae showed the largest zone of inhibition (24 mm), followed by Escherichia coli (20
mm), Bacillus cereus (18 mm), and Staphylococcus aureus (16 mm) at a nanoparticle concentration of 100 pL. These
findings are consistent with previous reports demonstrating strong antibacterial activity of chitosan nanoparticles against
Klebsiella pneumoniae and Escherichia coli.
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Fig no:6 Graphical representation of zone of inhibition of CNPs synthesized using Plectranthus vettiveroides root extract.
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The mechanism of antibacterial activity of chitosan NPs may be attributed to the penetration and disintegration of the
membrane by smaller-sized NPs which lead to cell lysis. The release of H,0; from the surface of chitosan NPs also reported
as the possible mechanism for bactericidal activity. The generation of H;0; is highly dependent on the surface area of
chitosan and the generated H;0; penetrates the cell membrane and causes damage to kill the bacteria. The presence of
alkaloids, terpenoids, flavonoids, tannins, carbohydrates, sterols, saponins, proteins, and amino acids in Plectranthus

vettiveroides root extract showed potential bio reducing activity and also bactericidal activity against the tested bacteria
which could be useful for biomedical application

Fig no:7 Antibacterial activity CNPs synthesized using Plectranthus vettiveroides root extract.

Table.1. Zone of inhibition of CNPs synthesized using Plectranthus vettiveroides root extract.

Zone of inhibition mm
Bacterial pathogens
25 ul 50 ul 75 ul 100 pl Positive
Klebsiella pneumoniae 9 13 18 22 28
Escherichia coli 8 12 16 21 27
Bacillus cereus 8 10 14 19 30
Staphylococcus aureus 7 11 13 17 25
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4. CONCLUSION

Chitosan nanoparticles were successfully synthesized via a biogenic approach using the ethanolic root extract of
Plectranthus vettiveroides. UV-Visible spectroscopy confirmed nanoparticle formation with a characteristic absorption
peak at 234 nm, while SEM analysis revealed predominantly spherical morphology. The biosynthesized nanoparticles
exhibited significant antibacterial activity against Klebsiella pneumoniae, Escherichia coli, Bacillus cereus, and
Staphylococcus aureus, with the strongest effect observed against Klebsiella pneumoniae. These results demonstrate that
Plectranthus vettiveroides-mediated chitosan nanoparticles are a promising, eco-friendly option for developing effective
antimicrobial agents with potential applications in pharmaceutical and biomedical fields.

5. REFERENCE

1. Ajitha, B.; Ashok Kumar Reddy, Y.; Reddy, P.S. Biogenic nanoscale silver particles by Tephrosia purpurea leaf extract and
their inborn antimicrobial activity. Spectrochim Acta Part A: Mol BiomolSpect. 2014, 121, 164-172.

2. Amidi M, Romeijn SG, Borchard G, Junginger HE, Hennink WE, Jiskoot W. Preparation and characterization of
proteinloaded N-trimethyl chitosan nanoparticles as nasal delivery system. ] Controlled Release. 2006; 111: 107-116.

3. Bulmer C, Margaritis A, Xenocostas A. Production and characterization of novel chitosan nanoparticles for controlled
release of rHu-Erythropoietin. Biochem Eng J. 2012; 68: 61-69.

4. Calvo P, Remunan Lopez C, Vila Jato ], Alonso M. Novel hydrophilic chitosan polyethylene oxide nanoparticles as protein
carriers. ] Appl Polym Sci. 1997; 63: 125-132. Dyer A, Hinchcliffe M, Watts P, Castile ], Jabbal-Gill I, Nankervis R, Smith A,
[llum L. Nasal delivery of insulin using novel chitosan based formulations: a comparative study in two animal models
between simple chitosan formulations and chitosan nanoparticles. Pharm Res. 2002; 19: 998-1008.

5. Cherian Jacob K, A new species of Coleus, Journal of Bombay Natural Historical Society, 42, 2021, 320-322.

6. Elumalai K, S. Velmurugan. Green synthesis, characterization and antimicrobial activities of zinc oxide nanoparticles
from the leaf extract of Azadirachta indica (L.) -2015. D0I:10.1016/].APSUSC.2015.03.176

7. G. Gopalakrishnan, and C. K. Dhanapal, In-vitro antioxidant activity of methanolic extract of root of Coleus vettiveroides
(Jacob) World Journal of Pharmacy and Pharmaceutical Sciences, 3(7), 2014, 1623-1629.

8. Kadiyala, U., Tulari-Emre, E.S., Bahng, ].H., Kotov, N.A., Van Epps, ].S.: Unexpected insights into antibacterial activity of zinc
oxide nanoparticles against methicillin resistant Staphylococcus aureus (MRSA). Nanoscale 10, 4927-4939 (2018)

9. Kavitha K, Baker S, Rakshith D, Kavitha H, Harini B, Satish S. Plants as green source towards synthesis of nanoparticles.
Int Res ] Biological Sci. 2013; 2: 66-76.

© 2026, IRJET | ImpactFactorvalue:8.315 | 1S09001:2008 Certified Journal | Page581



