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ABSTRACT

The plant-mediated synthesis of nanoparticle is commonly referred to as the “green approach,” has attracted
a lot of interest recently for manufacturing metal and metal oxide nanoparticles in contrast to physical and
chemical methods since it is easy to produce and ecologically benign. Plants include phytochemicals that
have been proposed as bio-reductants and capping agents for the production of metal nanoparticles. Thus,
the goal of this work was to produce gold nanoparticles (AuNPs) using an aqueous extract of Ruellia prostrata
root. To confirm the synthesis of AuNPs and evaluate their characterization, the produced AuNPs were
analyzed using Fourier transform infrared spectroscopy and UV-visible spectrophotometry. The procedure
described here could therefore be improved for the production of AuNPs on a wide scale.
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Introduction

The field of nanotechnology has emerged as an im-
portant protagonist in multiple domains, including
biomedical research, catalytic processes 4, metal
sensing. Nanoparticles (NPs) have drawn a lot of at-
tention due to their large surface-to-volume ratio
and extremely small size, which falls in the nanom-
eter range. Particulate materials with dimensions
ranging from 1 to 100 nm are included in the broad
class of materials known as nanoparticles (Assad et
al., 2025). Due of their distinct properties from bulk
metals, metal nanoparticle research has recently at-
tracted a lot of interest. This is due to the fact that
certain physiochemical characteristics may be
greatly influenced at the nanoscale. Metal
nanoparticles have a wide range of biological and

medical applications (Ghoreishi et al., 2025). Gold
nanoparticles (AuNPs) have garnered significant in-
terest among the different metallic NPs because of
their distinctive surface plasmon resonance charac-
teristics, easy production, adjustable sizes, and mul-
tifunctional capabilities with well-defined attributes
(Shakoor et al., 2025). They are usually stable,
biocompatible, adaptable, and comparatively inert.
AuNPs’ well-defined surface chemistry makes it
simple to conjugate them with a variety of mol-
ecules, including proteins, medicines, dyes, antibod-
ies, enzymes, and nucleic acids (Sibuyi et al., 2021;
Hammami et al., 2021). According to Sarfraz et al.
(2021) and Huq et al. (2025), AuNPs functionalized
with diverse targeting moieties have a wide range of
biological uses, including targeting, drug/nucleic
acid administration, imaging, treatment, and diag-
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nostics.
NPs are produced by chemical, biological, and

physical processes. Physical and chemical methods
of producing nanoparticles often provide a range of
health and environmental risks in addition to being
expensive (Mohanraj, 2017). As a method of creating
nanoparticles (NPs), biosynthesis has lately become
more popular than chemical and physical tech-
niques (Fatiqin et al., 2021). The manufacture of
metal nanoparticles from plant extracts is a different
approach that is becoming more and more common.
Green synthesis is a well-liked, affordable, non-
toxic, and non-hazardous technique for producing
simple metal oxides (Patil et al., 2021). Biomolecules
found in plant extracts serve as reducing and cap-
ping agents to produce stable nanoparticles
(Ananda et al., 2022). Although seeds bark, flowers,
tubers, and root extracts can synthesize the
nanoparticles and metal oxide nanoparticles, leaves
are preferred as a major source for metabolites be-
cause they regenerate and are safer to use than bac-
teria, algae, or any other plant tissue because they
are preferably non-pathogenic (Ahmad et al., 2019).
Plant-mediated AuNP production has been re-
ported in several studies (Wehbe et al., 2025;
Mohammadzadeh et al., 2025). Ruellia prostrata, a
member of the Acanthaceae family, was the plant
used in this investigation. As far as we are aware, no
report on the synthesis of AuNPs from Ruellia
prostrata root is currently available. In this work,
Ruellia prostrata root extract is used for AuNP pro-
duction, characterisation, and antibacterial activity
evaluation.

Materials and Methods

Collection of plant materials

The fully mature Ruellia prostrata roots were col-
lected from Kalimedu, Thanjavur District, Tamil
Nadu, India. Standard morphological characteristics
were used to certify the plant species’ identity. The
collected root was cleaned well using distilled water
and drying at room temperature for a week. The
dried roots were making a fine powder using mix-
ture grinder and used for analysis.

Synthesis and characterization of Gold
nanoparticles (AuNPs0)

Preparation of Ruellia prostrata root extract

2.0 g of powdered Ruellia prostrata roots were heated

to 80°C for 30 minutes in 100 ml of deionized water.
The aqueous extract was obtained by filtering the
solution combination through Whatman filter paper
No. 1 after it had cooled. It was chilled to 4 °C for
later use.

Synthesis of AuNPs using root extract

A typical AuNP synthesis involves adding 10 mlof
Ruellia prostrata root aqueous extract dropwise to 50
mL of a 0.001 M aqueous solution of Gold (III) chlo-
ride trihydrate (HAuCl4.3H2O) at room temperature
while stirring continuously. The mixture’s bright
yellow tint becomes wine red after 20 minutes, indi-
cating that AuNPs have been produced. After cen-
trifuging the nanoparticle-containing solution for 20
minutes at 4000 rpm, the top transparent layer is
decanted off. For characterisation research, the resi-
dues are repeatedly cleaned with deionized water
and then dried in an oven at 50 °C (Shuiqin et al.,
2021).

Characterization of AuNPs

UV and FTIR Spectroscopic analysis

A visible and ultraviolet spectrophotometer was
used to examine the nanoparticles. The Au
nanoparticles were scanned between 200 and 1000
nm in wavelength using a Perkin Elmer photometer,
and the characteristic peaks were also identified.
FTIR analysis was performed using a Spectropho-
tometer instrument to determine the characteristic
peaks in the 400-4000 cm-1 range and their functional
groups. The values of the FTIR and UV peaks were
recorded. Every analysis was done one again to
verify the spectrum.

Determination of antimicrobial action

The disc-diffusion method was then assessed for
antibacterial and antifungal activities by NCCLS
(1993) and Awoyinka et al. (2007). The disc diffusion
technique was used to test the antibacterial activity.
The bent glass rods are sterilized and used to uni-
formly distribute the liquid containing the microor-
ganisms throughout the nutritional agar (NA) and
medium of agar with potato dextrose (PDA) plates
using 24-48 hour cultures of each microbial strain.
The infected agar plate was covered with sterile fil-
ter sheets (6 mm diameter) containing 50 microliters
of root extract, 50 microliters of AuNPs, 50 microli-
ters of HAuCl4, and 30 ìl of fluconazole and
chloramphenicol standard solution using sterile for-
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ceps. The plates were grown vertically at 37 °C±2 °C
for 24 hours for bacterial strains (Escherichia coli, Sta-
phylococcus aureus) and 24-48 hours for fungus (Can-
dida albicans) at room temperature in order to reduce
the impact of temporal changes between various
solution applications. Every sample was examined
three times. The presence or lack of inhibitory re-
gions was noted as a result. The lack of a test organ-
ism was evident in the inhibitory zone surrounding
the well. A diameter measurement scale was used to
determine the area diameter. The mean antimicro-
bial action was noted while triplets were kept.

Results and Discussion

Synthesis of Gold nanoparticles

Figure 1 illustrates the light yellow color Gold (III)
chloride trihydrate solution became wine red during
the synthesis of gold nanoparticles using aqueous
Ruellia prostrata root extract. UV-Vis spectroscopy
was used to validate the produced
phytosynthesized gold nanoparticles from Ruellia
prostrata root extract. AuNPs at ëmax = 522 nm were
mediated by various amounts of Ruellia prostrata
root extract (Figure 2). The distinctive UV-Vis spec-
tra of gold nanoparticles has a peak caused by local-
ized surface plasmon resonance, which is usually in
the visible range, at around 520-550 nm for spherical
nanoparticles. The particle size, shape, and sur-
rounding media all affect this peak’s precise wave-
length (Hammami et al., 2021). According to

Fig. 1. Synthesis of AuNPs using aqueous extract
(AuNPs= Gold nanoparticles; HAuCl4 = Gold (III)

chloride trihydrate)

Ghoreishia and Derazkola (2025), peel extract of tan-
gerine has a greater percentage of AuNPs at ëmax =
524 nm. Using Mentha Longifolia leaf extract, Shuiqin
et al. (2021) revealed that the synthesis of AuNPs is
verified by a visible color shift from light yellow
color to wine red.

Fig. 2. UV-Visible Spectroscopic analysis of AuNPs

FTIR spectra were used to identify the extract’s
possible biomolecules and forecast their role in the
formation of nanoparticles, the reduction of gold
(III) chloride trihydrate, and the capping agents that
guarantee the stability of the biogenic nanoparticle
solution. The FTIR spectra showed that different
functional groups were present in different places
(Figure 3 and Table 1). The presence of hydroxyl
groups, such as amines, aromatics, alcohol, and phe-
nol, was identified as the cause of the region’s peaks.
The presence of the biomolecules in the extract con-
firmed that they were responsible for capping, stabi-
lizing, and decreasing the newly formed
nanoparticles.  The new investigation supports the
earlier report by Mohammadzadeh et al. (2025).

Antimicrobial activity

Infectious diseases are illnesses caused by harmful
agents (pathogens) entering the body. The most
common offenders are bacteria, fungi, viruses, and
parasites. Infectious illnesses are usually spread
from person to person by contaminated food or
drink and bug bites. The severity of infectious ill-
nesses can vary greatly. Ruellia prostrata root extract
and AuNPs were investigated for their antimicrobial
efficacy against Candida albicans, Escherichia coli, and
Staphylococcus aureus bacteria (Table 2 and Figure 4).
The findings demonstrated a clear correlation be-
tween the concentrations of root extract and AuNPs
and the antibacterial activity. When compared to
extract, the AuNPs have comparable activity to
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Table 1. Functional group analysis of AuNPs Using FTIR data

Frequency (cm-1) Bond Functional group

3439.82 O-H stretch, H-bonded Alcohols, Phenols
2903.95,2984.69 C–H stretch Alkanes
1634.35 N–H bend 1o amines
1405.94, 1450.74 C–C stretch (in–ring) Aromatics
1252.36 C–N stretch Aromatics amines
686.20 –CaC–H: C–H bend Alkynes

Fig. 3. FTIR Spectroscopic analysis of AuNPs

Table 2. Antimicrobial activity of AuNPs from Ruellia prostrata root extract

Microbial Strains Zone of Inhibition (mm in diameter)

RPRE HAuCl4 3H2O AuNPs Standard*

Bacterial strains
Escherichia coli 2.00±0.14 0.20±0.02 6.00±0.42 10.00 ± 0.70
Staphylococcus aureus 1.50±0.10 0.20±0.02 5.00±0.35 10.50±0.71
Fungal strain
Candida albicans 0.50±0.03 0.10±0.01 3.00±0.21 8.00±0.56

Values were expressed as Mean ± SD
Standard: Chloramphenicol (Bacteria standard); Fluconazole (Fungi standard)
RPRE: Ruellia prostrata root extract; AuNPs: Gold nanoparticle; HAuCl4 3H2O: Gold (III) chloride trihydrate

common medications like fluconazole for fungus
and chloramphenicol for bacteria.

The development of bacterial resistance to com-
monly used antibiotics has seriously harmed the ca-
pacity to treat bacterial illnesses in recent years. The
UN General Assembly states that antibiotic resis-
tance is a major global danger to mankind (Sagar et

Fig. 6. Antimicrobial activity of AuNPs from Ruellia
prostrata root extract

Escherichia coli Staphylococcus aureus Candida albicans

al., 2018). Therefore, it is now crucial to look for al-
ternative methods of halting bacterial proliferation.
Nanoparticles have emerged as a potential solution
due to their strong antibacterial properties. Among
these nanoparticles, gold nanoparticles have gar-
nered the greatest interest due to their remarkable
antimicrobial properties. Additionally, it has been
proposed that the antibacterial action of gold
nanoparticles includes inducing reactive oxygen
species (ROS) in bacteria. This process results in oxi-
dative stress, which severely damages their mem-
brane lipids, proteins, and nucleic acids (Cai et al.,
2018). Hussain (2025) examined the effects of gold
nanoparticles made from Tagetes patula flower ex-
tract on suppression of Pseudomonas aeruginosa, Es-
cherichia coli, Klebsiella pneumoniae and Staphylococcus
aureus.
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In addition to their antibacterial qualities, Au
nanoparticles have demonstrated potent antifungal
characteristics against a range of dangerous fungal
species. Because they inhibit the production of anti-
fungal compounds, fungi are regarded as natural
pathogens due to their numerous similarities to the
host cell (Khatua et al., 2020). Au nanoparticles dam-
age the glucan matrix and fungal cell membranes
through electrostatic interactions. They then disrupt
mitochondria by damaging DNA, which prevents
the synthesis of proteins, breaks down proteins, re-
sults in intracellular leakage, and ultimately kills
fungal cells. Using leaf extract from Allium
ampeloprasum, Mikhailova, Amina, and his col-
leagues (2021) created gold nanoparticles that
showed antibacterial activity against Bacillus
subtillis, Escherichia coli, Pseudomonas aeruginosa, Sta-
phylococcus aureus, and Candida albicans. These re-
sults significantly outperformed Hatipoglu’s (2021)
findings.

Conclusion

Ruellia prostrata root extract was used to successfully
bioreduce gold chloride trihydrate solutions to pro-
duce gold nanoparticles (AuNPs). FTIR, and UV-Vis
spectroscopy have all been used to properly analyze
AuNPs. The results showed that the presence of
phytochemicals in Ruellia prostrata root extract is
engaged in capping agents and gold chloride
trihydrate. The study’s findings unequivocally dem-
onstrate that the pathogenic strains under investiga-
tion are vulnerable to AuNPs, confirming their po-
tential efficacy against bacteria and fungi. Overall,
the current investigation found that Ruellia prostrata
root extract may be used to create nanoparticles and
antibacterial agents.

Conflict of Interest - None

References

Ahmad, S., Munir, S., Zeb, N., Ullah, A., Khan, B. and Ali,
J. 2019. Green nanotechnology: A review on green
synthesis of silver nanoparticles -An ecofriendly
approach. Int. J. Nanomedicine. 14: 50s87-5107.

Ananda, A., Ramakrishnappa, T., Archana, S., Reddy
Yadav, L.S., Shilpa, B.M. and Nagaraju, G. 2022.
Green synthesis of MgO nanoparticles using
Phyllanthus emblica for evans blue degradation and
antibacterial activity. Mat. Today Proc. 49: 801-810.

Assad, N., Laila, M.B. and Hassan, M.N.U.  2025. Eco-

friendly synthesis of gold nanoparticles using Equi-
setum diffusum D. Don. with broad-spectrum anti-
bacterial, anticancer, antidiabetic, and antioxidant
potentials. Sci Rep. 15:19246

Awoyinka, O., Balogun, I.O. and Ogunnowo, A.A. 2007.
Phytochemical screening and in vitro bioactivity of
Cnidoscolus aconitifolius (Euphorbiaceae). J Med Plant.
1(3): 63-65.

Cai, L. Chen, J., Liu, Z., Wang, H. Yang, H. and Ding, W.
2018. Gold nanoparticles: Effective agricultural an-
tibacterial agent against Ralstonia solanacearum.
Front. Microbiol. 9: 790.

Fatiqin, A., Amrulloh, H. and Simanjuntak, W. 2021. Green
Synthesis of MgO nanoparticles using Moringa
oleifera leaf aqueous extract for antibacterial activity.
Bull. Chem. Soc. Ethiop. 35 (1): 161-170

Ghoreishi, S. M. and Mortazavi-Derazkola, S. 2025. Eco-
friendly synthesis of gold nanoparticles via tanger-
ine peel extract: Unveiling their multifaceted bio-
logical and catalytic potentials. Heliyon. 11: e40104.

Hammami, I., Alabdallah, N.M., Jomaa, A.A. and
Kamoun, M. 2021. Gold nanoparticles: Synthesis
properties and applications. J. King Saud-Univ. Sci.
33: 101560.

Hatipoglu, A. 2021. Rapid green synthesis of gold
nanoparticles: Synthesis, characterization, and an-
timicrobial activities. Prog. Nutr. 23: e2021242.

Huq, M.A., Rana, M.R., Samad, A., Rahman, M.S.,
Rahman, M.M., Ashrafudoulla, M. Akter, S. and
Park, J.W. 2025. Green Synthesis, Characterization,
and Potential Antibacterial and Anticancer Applica-
tions of Gold Nanoparticles: Current Status and Fu-
ture Prospects. Biomedicines. 13: 1184.

Hussain, S.B. 2025. Characterization and comparative
antibacterial activities of gold nanoparticles synthe-
sized by Tagetes patula L. (Asteraceae) flower extract.
Microscopy Res. Tech. 88: 1869–1880.

Khatua, A., Priyadarshini, E., Rajamani, P., Patel, A.,
Kumar, J., Naik, A. and Meena, R. 2020.
Phytosynthesis, characterization and fungicidal po-
tential of emerging gold nanoparticles using
Pongamia pinnata leave extract: a novel approach in
nanoparticle synthesis. Journal of Cluster Science.
31(1): 125-131.

Mikhailova, E.O. 2021. Gold nanoparticles: Biosynthesis
and potential of biomedical application. Journal of
Functional Biomaterials. 12(4): 70-76.

Mohammadzadeh, M. Labbaf, S. and Kermanpur, A. 2025.
Eco-friendly synthesis of gold nanoparticles using
henna extract: Toward medical applications. Mater.
Lett. 388: 138310.

Mohanraj, R.  Antimicrobial activities of metallic and metal
oxide nanoparticles from plant extracts. In:
Grumezescu, A.M. (ed.) Antimicrobial
nanoarchitectonics from synthesis to applications,
pp. 83-100. Elsevier, New York (2017).



LAKSHMANAN ET AL S413

NCCLS, 1993. National Committee for Clinical Laboratory
Standards. Performance standards for antimicrobial
disc susceptibility tests. PA: NCCLS Publications,
M2-A5.

Patil, N., Bhaskar, R., Vyavhare, V., Dhadge, R., Khaire, V.
and Patil, Y. 2021. Overview on methods of synthe-
sis of nanoparticles. Int. J. Curr. Pharm. 13 (2): 11-16.

Sagar, S.  Kaistha, S. Das, A.J. Kumar, R. 2019. Bacterioph-
age: A new hope for the control of antibiotic-resis-
tant bacteria. In: Antibiotic Resistant Bacteria: A Chal-
lenge to Modern Medicine; Springer: Singapore. pp.
153-164.

Sarfraz, N. and Khan, I. 2021. Plasmonic Gold
Nanoparticles (AuNPs): Properties, Synthesis and
their Advanced Energy, Environmental and Bio-
medical Applications. Chem. Asian J. 16: 720-742.

Shakoor, A. Ferdous, U.T. Khan, S.A. and Gulzar, M.M.
2025. Green synthesis of gold nanoparticles using

Clerodendrum trichotomum Thunberg for antibacterial
and anticancer applications. Int. J. Nanomed. 20:
2645-2658.

Shuiqin, Lia,, Fahad, A., Al-Misnedc, Hamed, A., El-
Serehyc and Linlin Yang,, 2021.  Green synthesis of
gold nanoparticles using aqueous extract of Mentha
Longifolia leaf and investigation of its anti-human
breast carcinoma properties in the in vitro condition.
Arabian Journal of Chemistry.14: 102931.

Sibuyi, N.R.S., Moabelo, K.L., Fadaka, A.O., Meyer, S.,
Onani, M.O., Madiehe, A.M. and Meyer, M. 2021.
Multifunctional Gold Nanoparticles for Improved
Diagnostic and Therapeutic Applications: A Re-
view. Nanoscale Res. Lett. 16: 174.

Wehbe, N., Mesmar, J.E., El Kurdi, R., Al-Sawalmih, A.,
Badran, A., Patra, D. and Baydoun, E. 2022. Halodule
uninervis extract facilitates the green synthesis of
gold nanoparticles with anticancer activity. Sci. Rep.
15: 4286


