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Abstract

Aim: In the present study, zinc oxide nanoparticles (ZnO NPs) were synthesized using Polianthes tuberosa flower concentrate. Antimicrobial and anti-
inflammatory efficiency of the green synthesized ZnO NPs were analysed under in vitro conditions.

Methodology: Nanoparticles formation was confirmed by UV-visible spectroscopy. Size, shape and morphology of the green synthesized ZnO NPs was
determined by SEM coupled with EDAX and AFM. Molecular and elemental compositions of the nanoparticle were determined by XRD and FT-IR
analyses.

Results: X-ray diffraction analysis depicted the hexagonal wurtzite structure of ZnO NPs with a particle size of 80 nm. The FT-IR analysis illustrated the
functional groups responsible for the encapsulation and stabilization of ZnO NPs. At micromolar concentration, ZnO NPs was found to inhibit the growth
of selected skin pathogens and suppress biofilm formation in Pseudomonas aeruginosa.

Interpretation: P. tuberosa flower concentrate and green synthesized ZnO Nps inhibited the growth of bacterial and fungal pathogen in a dose-
dependent manner. Biofilm inhibitory efficiency and anti-inflammatory activity of the zinc oxide nanoparticle illustrated that it can be used for treating skin
infections.
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Introduction

Plants and plant-based products have been used as a
source of drug constituent in modern medicine. Since antiquity,
phytochemicals are used in the treatment of inflammations and
infections induced by insects and microbes (Alves et al., 2020).
The burgeoning worldwide interestin herbal remedies reflects the
recognition of traditional claims in health care. Medicinal herbs
being natural are safe and considered as a viable alternative to
synthetic drugs (Agidew, 2022). Tuberose (Polianthes tuberosa
L.), an economically important perennial floriferous herb of family
Agavaceae (formally known as Amaryllidaceae) is cultivated
worldwide for its fragrant, waxy, star-shaped white florets. P.
tuberosa flower oil is used extensively in cosmetics and perfume
industry (Qureshi et al., 2018). Apart from its applications in
personal skin care products, the plant is bestowed with medicinal
properties (Alghuthaymi et al., 2023). However, only a handful of
reports are available in support of the medicinal value of P
tuberosa (Suryakoppa et al., 2021). The bulbs and flowers of P
tuberosa abounds with benzenoids, phenyl propanoids,
terpenoids, nitrogen, sulphur containing compounds and few fatty
acid derivatives (McIntosh et al., 2018).

The phytochemical constituents in the flowers of P
tuberosa possess antimicrobial, cytotoxic, membrane stabilizing
and thrombolytic activities (Kutty and Mitra, 2019). The pristine
substrates in the flowers of P. tuberosa are rich in amino, carboxyl
and hydroxyl groups which are commonly used as a stabilizing
and capping agents in the biosynthesis of metal nanoparticles
(Sidhu et al., 2022). The above rationale directed to use the flower
of P. tuberosa in medicinal nanoscience to mitigate myriad health
maladies. Topical application of commercially available synthetic
ointments is reported to cause skin allergies and dysbiosis of the
microflora. To evade the imbalance, certain bacteria form biofiims
(Wang et al., 2017). Biofilm forming bacteria are resilient to
immune system, UV-light, antibiotics, chemicals, disinfectants, etc.
(Vestby et al., 2020). Therefore, there is an everlasting demand for
plantbased skin care products. The essential oil extracted from the
flowers of P. tuberosa were used in the treatment of skin rashes
and bacterial skin infections (Setiani et al., 2020).

Application of plant-based skin care products has certain
limitations of poor solubility, less stability, low permeability and
active efflux process. The above hindrances can be overcome by
reducing the particle size of the therapeutically efficient plant-
based products to nanoscale. Downsizing the chemicals induces
systemic activity due to greater mobility of particles (Patravale et
al., 2004). Biofabrication of metal nanoparticles using medicinal
plants is in limelight because of their enhanced physiological and
biological properties (Sepasgozar et al., 2021). The green
synthesis approach is advantageous over conventional methods
because of its low cost, high stability, biological safety, with
greater catalytic activity and large-scale biosynthesis of
nanoparticles with zero environmental toxicity (Alhujaily et al.,
2022). Of the different metals, utilization of zinc oxide has piqued
the curiosity due to its biocompatible, less toxic nature and

versatile biological activity. ZnO is one of the ingredients used in
creams, lotions and ointments due to its antibacterial activity
(Raha and Ahmaruzzaman, 2022). ZnO is considered to be a
“GRAS” (generally recognized as safe) substance by the FDA.
The intrinsic properties of zinc oxide, also known as Zincite make
it an excellent candidate as the material of choice for nanoparticle
synthesis. Multiplicity of process is involved in zinc oxide
nanoparticles (ZnO NPs) synthesis. However, the process
adopted for fabrication influence the properties, thereby indirectly
influence its stability and suitability for various applications. The
antibacterial efficiency of green synthesized ZnO NPs using the
leaves of Cassia fistula and Melia azadarach was reported by
Naseer et al. (2020). El-Belely et al. (2021) evaluated the
antimicrobial and cytotoxic effect of ZnO NPs biofabricated using
the microalaga Arthrospira platensis. Nazir et al. (2022)
demonstrated the photocatalytic and antibacterial potential
biofabricated  ZnO NPs. elucidated that Zinc-based
nanoparticles inhibit formation of bacteria mediated biofilm.
Recently, Fulindi et al. (2023).

Therefore, in this study, an attempt was made to
synthesise ZnO NPs using flowers of P. tuberosa rather than the
leaves. In order to determine the size, structure, elemental
composition, functional groups present and physical properties,
the green synthesized ZnO NPs was subjected to UV-Vis
spectrophotometer, FT-IR, SEM coupled with EDAX, AFM and
XRD analyses. Furthermore, the therapeutic potential of the
green synthesized ZnO NPs was determined by biofilm inhibition,
anti-inflammatory and antimicrobial activity.

Materials and Methods

Analyses of phytochemical constituents: Fresh Polianthes
tuberosa flowers were collected washed, shade dried and
powdered. The flower powder (10 gm) was boiled at 45°C for 30
min with 10ml of milli-Q water. The resultant solution was filtered
using Whatman No.1 filter paper and concentrated at 45° C under
reduced pressure in a rotary evaporator (Manjamalai et al., 2010).
The phytochemical phenolic and flavonoid constituents in the
flower concentrate were analysed following the method
(Harborne, 1973; Sofowara, 1993).

Synthesis of zinc oxide nanoparticles: The flower concentrate
was mixed with equal volume of 0.05 mM zinc nitrate (Sigma-
Aldrich Chemicals, India) solution and stirred continuously at
30°C for 40 min. The mixture was cooled and incubated at 37°C
for the precipitate to settle. Reduction of zinc nitrite to zinc oxide
nanoparticles was confirmed with the formation of white
precipitate. The precipitate was rinsed with milli-Q water and
ethanol at 5000 rpm for 15 min. The purified white precipitate
(ZnONPs) was dried for 7-8 hrat 80°C (Sangeetha, 2011).

Characterization of the synthesized ZnO NPs: The green
synthesized ZnO NPs were subjected to UV, FT-IR, AFM, XRD,
SEM and EDAX techniques to determine the size, shape,
crystallographic nature, functional groups present and elemental
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composition. The surface plasmon resonance peak of the flower
concentrate, zinc nitrate and ZnO NPs were determined using
UV-Vis double beam bio spectrophotometer (Jasco- UV-660).
A, was determined by recording the spectra between 200 to 800
nm. An elemental composition of nanoparticles was examined
through energy dispersive spectroscopy (EDS) using JEOL-JSM-
IT200 by instrument attached to scanning electron microscopy
(SEM). Phase purity, crystal nature and grain size of
nanoparticles were characterized by subjecting it to powder X-ray
diffractometer with Cu (Ka) radiation (A = 0.1546 nm) in a
transmission mode at 40 kv 30 mA with 26 ranging from 10-90°. All
experiments were carried out in triplicates and the data were
analyzed using Origin Pro 7.5 SRO software (Orgin Lab
Corporation, USA). The topological analyses of the nanoparticles
were performed using Atomic Force Microscope Agilent-5500.
The flower concentrate and the biosynthesized nanoparticles
were subjected to FT-IR spectroscopy (Jasco 4600) for
determination of functional groups. The spectrum ranging from
4000 to 400 cm” was recorded. The IR spectrum of the sample
was an average of 45 data scanning over the entire range of wave
numbers, with the resolution of 4 cm” (Chaudhuri and Malodia,
2017).

Antimicrobial activity: In vitro antagonistic activity of the flower
concentrate and ZnO NPs towards the selected bacteria
[Micrococcus luteus (MTCC1538), Staphyloccocus aureus
(MTCC 2940) and Escherichia coli (MTCC 739)] and the fungi
[Aspergillus flavus (MTCC 2798), Penicillium oxalicum (MTCC
4931), and Fusarium oxysporum (MTCC4894)] was determined
following well diffusion method. Method described by Smania et
al. (1999) was followed to determine the antibacterial activity with
slight modifications. A 100 wl of bacterial culture at its mid log
phase was spread over Muller Hinton agar plates and incubated
atroom temperature for a brief period of 4 hrs to promote the initial
growth. To elucidate the antifungal activity method described by
Gao et al. (2014) was followed with modifications. Fungal spore
suspension (6x10° mI") was mixed with Potato Dextrose Agar and
transferred to the sterile petriplates. Wells were created on the
agar medium with 6 mm sterile cork borer. Twenty micro litre of the
flower concentrate and ZnO NPs at various concentrations (20,
40, 60, 80 and 100 pl ml™) were loaded onto the wells. A control
was maintained by adding 20 pl of sterile Milli-Q water. The
antibacterial and antifungal potential of flower concentrate and
ZnO NPs was determined by measuring the zone of inhibition
after incubation at 37°C for 24 and 48 hr respectively. Triplicates
were maintained for all the experiments.

Biofilm Inhibition Assay: Biofilm inhibitory potential of ZnO NPs
was determined by crystal violet (CV) assay (O'Toole et al., 1999)
using 96- well microtiter plate. Briefly, 180 ul of Pseudomonas
aeruginosa (MTCC 741) suspension (10° CFU ml") was
transferred to the wells of the titre plate under aseptic conditions
and 10 pl of ZnO NPs was loaded into the wells and incubated at
37°C for 24 hr. The unbound bacteria were removed from the
wells by rinsing it with phosphate- buffered saline (pH=7.4). The
cells attached to the surface were fixed with 70% ethanol and

stained with 100 pl 0.1% crystal violet up to15 min at 37°C. The
excess stain was discarded and washed with PBS. Finally, the
wells were destained with 95% methanol and after 30 min the
absorbance was read at 590 nm using ELISA microplate reader.
The untreated wells served as a control. Sodium hypochlorite
(100%) with P. aeruginosa served as a positive control. The
percentage of biofilm inhibition was calculated along the formula:

Bio film inhibition (%) = (OD control - OD treatment)/ OD
control X100

Anti-inflammatory activity: Anti-inflammatory efficiency of P
tuberosa flower concentrate and biosynthesized ZnO NPs was
determined under in-vitro conditions by membrane stabilization
assay and proteinase inhibitory test. Membrane stabilization
potential was determined following the procedure described by
Sadique et al. (1989). Human blood (10 ml) was collected,
pelletized (3000 rpm 10 min) and diluted to 10% with saline.
Various concentrations (50, 100, 150, 200 and 250 pg ml”) of P
tuberosa flower concentrate and biosynthesized nanoparticle
were mixed with equal volume of RBC suspension and incubated
at 50°C for 30 min. The reaction mixture was centrifuged for 10
min at 3000 rpm, the optical density of the supernatant was
recorded at 560 nm. In addition to a control group, Aceclofenac®
the commercially available drug recommended for anti-
inflammatory activity was also analysed. Proteinase inhibitory
activity was determined following the procedure of Anantha
(1956). The reaction mixture (2 ml) containing one ml of flower
concentrate or ZnO NPs at various concentrations of 50, 100,
150, 200, 250 pg ml*, 0.06 mg trypsin, 1 ml of 20 mM tris-HCI
buffer (pH 7.4) was incubated at 37°C for 5 min. To the reaction
mixture, 1ml of 0.9 % (w/v) casein was added and incubated for
25 min. The reaction was terminated adding 2 ml of perchloric
acid. The resultant hazy suspension after centrifugation was read
at 210 nm using buffer as a blank. Proteinase and membrane
stabilization inhibitory efficiency of P. tuberosa flower concentrate
and green synthesized ZnO NPs was subjected to dose-
response statistical analysis using prism software (ver. 6.04).

Results and Discussion

Phytochemical investigations revealed the presence of
tannins, saponins, flavonoids, alkaloids and terpenoids in the
flowers of P. tuberosa except steroids (results not shown). The
phenolic and flavonoid content in Polianthes tuberosa was
determined quantitatively. It was found to be 2.15 mg ml" gallic
acid equivalent and 1.35 mg ml" quercetin equivalent
respectively. The aforementioned phytochemical constituents in
the flowers may be responsible for the stabilization and reduction
of metal ions during the green synthesis of NPs. With the support
of the available literature, it was confirmed that the ZnO NPs
synthesis was facilitated by the bioactive metabolites and
functional groups presentin the flowers of P, tuberosa (Yang et al.,
2019). Kumar et al. (2020) reaffirmed that the bioactive molecules
such as flavonoids, terepenoids, coumarins, xanthones etc.,
acted as reducing and stabilizing agent in the process of flower
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Fig. 2: Scanning electron microscopicimage (a) and EDAX spectrum (b) of ZnO nanoparticles.

based green synthesis of metal Nps. UV-Visible absorption
spectra of P. tuberosa flower concentrate, zinc nitrate, and green
synthesized ZnO NPs are presented in Fig. 1. ZnO NPs exhibit an
absorption peak range of 350 to 370 nm and attains an intrinsic
band-gap peak at 360 nm. Broadening of the peak illustrate the
agglomeration of nanoparticles. The shift to a longer wavelength
by zinc nitrate solution may be due to large particle size. An
absorption peak at 260 nm was observed for P. tuberosa flower
concentrate. The reduction of Zn(NO,)” to ZnO NPs may be due to
the electron donating ability of the phenolic compounds presentin
the flower concentrate. The results obtained in this study satisfy
the standard ZnO absorption pattern. Nithya Deva Krupa and
Raghavan (2014) reported that nanoscale materials have shorter
wavelengths. This notion supports the results of the present
study. Krol et al. (2017) reported that the H-bond and electrostatic

force of interaction between bioorganic capping molecules of the
flower concentrate and NPs results in agglomeration. Salam et al.
(2014) reported that when the green synthesis of nanoparticles
was carried outin aqueous medium agglomeration occured.

Scanning electron microscopic imaging of ZnO NPs
reaffirms the hexagonal crystal nature and agglomeration of ZnO
NPs with the particle size of approximately 80 nm (Fig. 2a). The
reduced particle size of green synthesized ZnO nanoparticle
facilitate the water soluble nature, rapid cell membrane
permeation, long retention time at the site of infection. Owing to
high surface area-to-volume ratio, not only the quantity of
nanoparticles needed for the biological reaction get minimized,
but also the efficiency was found to be enhanced significantly.
EDAX spectrum represents the elemental composition and purity
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Fig. 4: Atomic force microscopicimages of ZnO nanoparticles.

of the green synthesized ZnO NPs (Fig. 2b). High percentage
occurrence of Zn and O is indicative of ZnO formation. The
chemical constituents present in the flower concentrate might be
responsible for the additional peaks. The clear high intensity X-
ray diffraction (XRD) pattern reveals the purity and crystalline
nature (Fig. 3) of green synthesized ZnO NPs. The seven strong
diffraction peaks at 20 angels of 31.94°, 34.14°, 36.862°, 47.73°

and 56.343° correspond to the plane of (100), (002), (101), (102)
and (110) reflections, respectively. The peaks indicate the
hexagonal phase of ZnO NPs, which was in significant agreement
with the standard values (JCPDS file No0.036-1451)
(Aminuzzaman et al., 2018). The absence of diffraction peaks
showed that the synthesized ZnO NPs are pure without any
cross-contamination with other molecules. The topographical
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image of green synthesized ZnO NPs was presented in Fig. 4a
and b, respectively. The surface nature of biogenic metal
nanoparticles was reported to influence the efficiency
(Narayanan and Sakthivel, 2011). The atomic force micrograph
images confirm the homogeneous, smooth, small grains of NPs,
densely packed throughout the surface of scanned area. The size
of nanoparticles was found to be 80 nm. The particle size of
synthesized ZnO NPs was in close agreement with the previous
findings of Rajendran et al. (2021).

FT-IR spectra of the flower concentrate and ZnO NPs is
presented in Fig. 5a,b, respectively. The peak at 3355 cm’
corresponds to the stretching vibrations of O-H group. It is
postulated that during the biosynthesis process, the hydroxyl
group (OH) of the flower concentrate is supposed to interact with
zinc ions and leads to the formation of ZnO NPs. The broad band
illustrates the crystalline nature of the nanoparticles. The peak at
1629 cm' represent C=C stretching vibrations of aromatic rings.

Short peaks at 1370 cm” and 1216 cm™ are associated with O-H
and C-N stretching vibrations. Absorption at 1200 to 1350 cm’
and 1000 to1250 cm™ represents C-N stretching peak of aromatic
amines and aliphatic amines. The region between 400 and 600
cm’ represents the presence of metal-oxygen complex (Khan et
al., 2023). A shift in the peaks was observed in FT-IR spectum
after the bioreduction of ZnO-NPs at 3352-3429 cm”, 2391-2931
cm’, 1647-1637 cm”, 1370-1356 cm™, 1216-1214 cm™ and 526-
503 cm”, respectively. It is evident from the FT-IR spectrum that
the phytochemical constituents present in the flower concentrate
reduce and stabilize zinc ions, which is in agreement with the
previous reports Li et al. (2020). The spectral results were
consistent with the reports of Senthilkumar et al. (2017).

The antimicrobial activity of the flower concentrate and
ZnO NPs was assessed using agar well diffusion method (Fig. 6).
Susceptibility of bacteria to ZnO NPs was found to be greater than
that of fungi. It is evident from the results that out of the three
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bacterial pathogens, M. luteus was found to be highly resistant
with a minimum inhibition zone of 15 mm at 100 pl ml" of ZnO
NPs, followed by S. aureus (18 mm) and E. coli (19 mm).
Concentration dependent inhibitory potential of flower concentrate
and ZnO Nps against microbial pathogens was observed. Earlier
studies have illustrated the bactericidal activity of ZnO NPs,
however, the underlying mechanism was least explored (Yusof et
al., 2021). Nagarajan and Kumaraguru (2013) reported that the
ZnO NPs interact with the membrane proteins and lipid bilayer
and alter the cell permeability of the bacteria. Bactericidal and
fungicidal activity of green synthesized ZnO NPs implies its

applicability in the sunscreen protectors and in antiseptic
ointments. Similar to the results obtained in this study, a high
degree of antibacterial efficiency of green synthesized ZnO NPs
using plantain peel extract was observed by Imade et al. (2022).

Biofilms are polymeric substances produced by certain
but not all bacteria. Yusof et al. (2021) reported that pathogenic
bacteria evade antibiotic susceptibility by biofilm formation. Fig. 7
illustrates the biofilm inhibitory efficiency of P. tuberosa flower
concentrate and ZnO NPs. Bio-film inhibitory efficiency was found
to be greater with ZnO NPs than the flower concentrate. Dose-
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dependent decrease in biofilm formation by P. aeruginosa was
observed in this study. The findings reveal the potential of P
tuberosa flower concentrate and ZnO NPs in the treatment of skin
infections. Release of Zn* from ZnO NPs was reported to
suppress the peptidoglycan synthesis in pathogenic bacteria by
inhibiting the enzymatic action of DapE protein (Khan et al.,
2014). The biofilm inhibitory efficiency of ZnO NPs observed in
this study substantiates the findings of Abdelghafar et al. (2022).

Proteinase inhibitory and HRBC membrane stabilization
efficiency of flower concentrate and ZnO NPs is presented in Fig.
8. Both the flower concentrate and ZnO NPs effectively inhibited
the heat induced haemolysis. In-vitro anti-inflammatory studies
revealed that the membrane stabilization efficiency of ZnO NPs
(80.7%) was at par with that of reference standard Aspirin
(78.7%). In addition, the proteinase inhibitory activity of flower
concentrate and ZnO NPs was found to be 78.3% and 80.4%,
respectively. The results illustrate that the flower concentrate and
ZnO NPs minimize the tissue damage and progression of
inflammation by membrane stabilization. Yesmin et al. (2020)
reported the anti-inflammatory efficiency of root extract of P
chaba by precluding the discharge of lytic enzymes and other
active inflammatory mediators.

Similar to the results obtained in this study, Zahoor et al.
(2023) reported that the anti-inflammatory activity of
biosynthesized ZnO NPs using the leaves of Senecio
chrysanthemoides was at par with that of the standard drug
diclofenac and it was found to be greater than that of the leaf extract.
Good optical, piezoelectric, and semiconducting properties
together with biodegradable, biocompatible and non-toxic nature of
ZnO nanoparticles make them as an excellent choice for use in
medical applications (Aderibigbe, 2024). Furthermore, Saemi et al.
(2021) reported that zinc oxide nanoparticles penetrate the
nuclear membrane and cause irreversible DNAdamage, inducing
cell death in microbes. It is evident from FT-IR analysis that the
green synthesized ZnO nanoparticles has a -OH group that
permits it to dissolve at a slow rate in acidic as well as in strong
basic environments. The above character makes the green
synthesized ZnO NPs as an excellent choice for use as
pharmaceutical excipientin skin ointments and cosmetics.

This investigation provides a simple, cost-effective, eco-
friendly green approach in the synthesis of zinc oxide
nanoparticles (ZnO Nps). The novelty of this study is that the
results provide an insightin the possible application of P. tuberosa
flowers and green synthesized ZnO NPs as a potential anti-
biofilm agent with antimicrobial and anti-inflammatory efficiency.
Reactive oxygen species (ROS) formation might be one of the
reasons for antimicrobial potential. Antifungal efficacy of ZnO NPs
reported in this study is more convincing and one of the few
reports available till date. The results pay way for the possible
utilization of P. tuberosa flowers and green synthesized ZnO NPs
to overcome skin infections induced by biofilm forming
pathogens. Thereby the green synthesis of ZnO NPs using the
flowers of P. tuberosa put forward their potential application in

medicinal nanoscience to mitigate myriad health maladies. Green
synthesis of ZnO NPs prevents the release of harmful by-
products and undesirable interaction with other biological
systems in the host organism. Therefore, P. tuberosa flower
concentrate and ZnO NPs can be efficiently utilized as a
component in lotions, ointments and creams for dermatological
applications due to its antimicrobial quality. Further course of
study is in progress to carry out the analysis with the flowers
collected from different species of the genus Polianthes.
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