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Abstract

Introduction: Green synthesized Hafnium oxide nanoparticles (HfONPs) can be
prepared for various other applications to address oral health concerns like bacterial
infections and inflammation. Hafnium oxide nanoparticles exert their
antimicrobial,anti-inflammatory and antioxidant effects through mechanisms like
producing reactive oxygen species and direct interaction with microbial cells. Aim:
The present research article describes the anti-microbial, anti-inflammatory and
antioxidant activity of green synthesised of Hafnium oxide nanoparticles (HfONPs)
using Vaccinium sect.cyanococcus extract. Materials and Methods: The Vaccinium
sect. Cyanococcus mediatedHafnium oxide nanoparticles were developed and tested
for various applications.These Hafnium oxide nanoparticles were characterized using
UV-visible spectroscopy and Scanning electron microscopy.The antimicrobial activity
of HfONPs was assessed using Mueller hinton agar plates.The anti-oxidant was
evaluated using 2,2-diphenyl-1-picryl hydrazyl (DPPH), hydrogen peroxide (H202)
assay methods. The anti-inflammatory activity was determined through the egg
albumin denaturation method, the bovine serum albumin denaturation method, and the
membrane stabilization assay. Results: The present study gave insight about the anti-
inflammatory, antioxidant and antimicrobial activity. There was a positive outcome
when testing for Antimicrobial activity showing maximum zone of inhibition in
C.albicans. Conclusion: The green synthesised hafnium oxide nanoparticles using
Vaccinium sect.cyanococcus showed an excellent antimicrobial, anti-inflammatory and
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antioxidant activity suggesting its potential for oral application and other inflammatory
conditions.
Keywords: Hafnium Oxide, Nanoparticles, Nanoscale, radiotherapy, Oral squamous
cell carcinoma, neoplasm.

Introduction

Nanotechnologies have paved the way to new approaches in various biomedical
applications along with various other therapeutic applications.! Of late, scientists
and researchers are fascinated with nanomaterials for their huge potential in the
various fields of application such as biosensors, tissue engineering,
deoxyribonucleic acid modification, cosmetics, drug delivery systems, and medical
devices.!2The electrical,catalytic, optical and other physical properties of
nanoparticles (NPs) are influenced by their own parameters such as the size,
morphology and surface characteristics.Among various metal oxide nanoparticles
used in biomedical research activity, Hafnium (Hf) oxide nanoparticle is the field of
interest.

Hafnium is known as the “little brother” of titanium and zirconium. It has a large
band gap (Eg > 5 V), a high dielectric constant (r = 25), a high material density
(9.6 g/cm3, a high melting point (over 2700 C) and chemical inertness,good
dielectric properties and high chemical stability.%It can exist in three polymorphic
structures such as the monoclinic (P21/c) at low temperature, the tetragonal
(P42/nmc) at around 2000 K and the orthorhombic Pnma at about 2870 K. The unique
properties of hafnium is its excellent corrosion resistance in aggressive
environments and a very large neutron absorption cross section.Other biomedical
applications of Hafnium oxide nanoparticles include anti-inflammatory and
antioxidant activities.By impeding DNA damage and attenuating various metabolic
pathways,these nanoparticles reduce inflammation.*

Vaccinium is a common and widespread genus of shrubs or dwarf shrubs in the
heathfamily (Ericaceae). The genus of Vaccinium Sect.Cyanococcus species was first
described by Carl Linneaus.The name Vaccinium was used in classical latin for a
plant, possibly the bilberry or a hyacinth, and may be derived from the Latin bacca,
berry, although its ultimate derivation is obscure.’The taxonomy of the genus is
complex, and still under investigation.Genetic analysis indicates that the genus
Vaccinium is not Monophyletic.Blueberries as the common name of Vaccinium
Sect.Cyanococcus contain anthocyanins, other polyphenols and various
phytochemicals under preliminary research for their potential biological
effects.®Anthocyanins are flavonoids which give a very good antioxidant property to
the blueberries.Anthocyanins and anthocyanidins, as other polyphenols and
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flavonoids, possess the ability to act as free radical scavengers against harmful
oxidants such as reactive oxygen and nitrogen species (ROS and RNS). ?

Other health benefits of Vaccinium include presence of phytonutrients namely
Vitamins A and Vitamin C which also render them an antioxidant property of
protection of cells against disease free radicals.This antioxidant property of the
Vaccinium inhibit tumor growth, decrease inflammation and may help to slow down
the other types of cancers such as esophageal, lung, mouth, pancreatic and colon
cancers.The antimicrobial activity of vaccinium has been proven due to the flavonoid
fraction especially presence of anthocyanins also the antiinflammatory activity of
Vaccinium is having good response against lipopolysaccharide macrophages.*With
the benefits of all these, Vaccinium sect. cyanococcus has been employed in the
present study.Green synthesis has been proven to be the safer and more
environment friendly when compared to other methods and has emerged as one of
the best technique to produce nanoparticles,hence in the present study we had
employed green synthesis method compared to various other methods.10:1!

The main objective of the present study was to assess the antimicrobial, anti-
inflammatory and antioxidant activity of these green synthesized hafnium oxide
nanoparticles using Vaccinium sect. Cyanococcus.Due to many of the benefits of the
vaccinium plant extract, theaim was to broaden the various aspects and biomedical
applications of these green synthesized hafnium oxide nanoparticles!?.

Materials and Methods :

1.Synthesis of Plant extract

Vaccinium sect. Cyanococcus powder was brought in the Ayurvedic shop in
Poonamallee. 1g of Vaccinium sect. Cyanococcus powder was weighed and mixed
with 100 mL of distilled water. The mixed solution was placed in the heating mantle
for 15 to 20 mins at 50 degree Celsius and the extract was filtered using the muslin
cloth and was used to prepare the nanoparticles to check their applications.
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Figure:1.Preparation of nanoparticles using Vaccinium sect. Cyanococcus plant
extract
(a) Powderwas weighed (b) Boiling of the Plant extract (c ) Hafnium oxide
nanoparticles

2.Biosynthesis of Hafnium Oxide Nanoparticles.

0.016 g of hafnium Chloride was mixed with 90 ml of distilled water and the 10 mL of
plant extract was added and then alternately stirred and shaken at 900 rpm using a
magnetic stirrer or an orbital shaker for room temperature.An observation was
made to assess the color change of the solution (Figure:1).The progress of the
reaction was routinely monitored by measuring the UV-visible spectra at specific
time intervals up to the full 24h,48h,72h duration. The solution was then centrifuged
at 8000 rpm for 10 minutes after centrifugation the solution was lyophilized to make it
powdered form.The powdered nanoparticles were then stored in airtight
container.These nanoparticles were characterized and tested for various biomedical
application.

3.Evaluation of Anti-microbial Activity :

Using the agar well diffusion method, the antimicrobial activity of the green
synthesized Hafnium oxide nanoparticles was assessed. To prepare the Mueller
hinton agar plates, the plates were first autoclaved at 121 degree celsius for 15-20
minutes.The plates were then sterilized and prepared.Different types of Oral
pathogen namely (S.aureus,S.mutans,Lactobacillus sp.,E.faecalis,C.albicans) were
inoculated using sterile cotton swabs and 9mm well diameter using sterile
polystyrene strip. Then, these green synthesized hafnium oxide nanoparticles at
varying quantities (25 pg/ml, 50 ng/ml, and 100 pg/ml) were added to the wells.The
zone of inhibition (ZOI) was measured using the ruler surrounding the wells.The

350 | www.journal-innovations.com



Innovations, Number 80 March 2025

antimicrobial activity of these green synthesized hafnium oxide nanoparticles were
assessed and recorded in mm.

4. Antioxidant Activity of green synthesized hafnium oxide nanoparticles.

(a) DPPH Assay :

1 mL of DPPH (0.1 mM) methanol and 450 ng/ml of 50 mM Tris-HCI at 7.4 pH
and it was incubated at room temperature in a dark room for 30 mins.To this
various concentrations of Hafnium Oxide nanoparticles (10,20,30,40,5ug/ml)
were added,the antioxidant activity of these Hafnium Oxide nanoparticles
were at 517 nm.This measurement indicated the presence of antioxidant
activity of these hafnium oxide nanoparticles.The percentage inhibition was
calculated as = (Absorbance of control - Absorbance of sample/Absorbance
of control) * 100.

(b) Hydrogen Peroxide Assay :

Various concentrations of the green synthesized hafnium oxide nanoparticles
(10-50 pg/mL) were added to 1 mL of reaction mixture with 100 mL of 28 mM
of 2-deoxy-2-ribose. To that 200 mL of ferric chloride, 200 pL of
ethylenediaminetetraacetic acid, and 100 mL of ascorbic acid were mixed and
was incubated for an hour at 37°C and the absorbance was measured at the
wavelength of 532 nm against the blank solution.The formula used to calculate
the hydroxyl radical scavenging activity (%) = ((A blank - A sample)/Ablank)
x 100, where A blank is the absorbance of the control reaction (without
sample), and A sample is the absorbance of the reaction with the sample.

5.Anti-inflammatory Activity of green synthesized hafnium oxide nanoparticles

(a) Egg Albumin Denaturation Assay :

The anti-inflammatory activity of the green synthesized hafnium oxide
nanoparticles was determined.To prepare this assay 0.2 mL of egg albumin
(fresh),0.8 mL of phosphate buffered solution at pH 6.4 and 0.2% of DMSO
were mixed. To this 0.5 mL of hafnium oxide nanoparticles were added at
various concentrations ranging from 10-50ug/mL. The samples were
incubated for 10 minutes at 37°C and then heated at 70°C in a water bath for
an additional 20 minutes to induce denaturation of the egg albumin. After
cooling the mixture, the absorbance was measured at 660 nm.Diclofenac
sodium was used as a positive control for the study.
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(b) Bovine Serum Albumin Assay

The anti-inflammatory activity of these green synthesized hafnium oxide
nanoparticles was assessed using bovine serum albumin assay.1% of aqueous
solution of bovine serum albumin was taken in five different test tubes.To these,
various concentrations of these green synthesized hafnium oxide nanoparticles
ranging from 10-50 pg/ml.The pH of the solution was stabilized using 1% of
hydrochloric acid.The samples were then incubated at room temperature and were
then subjected to heating at 55 degree celsius and were allowed to cool down.The
absorbance was measured at 660 nm.Diclofenac sodium was used as control in this
experiment.The following formula was used to determine the percentage inhibition.
% inhibition = Absorbance of control - Absorbance of sample / Absorbance of
control) * 100.

(c) Membrane stabilization assay :

The anti-inflammatory activity of these green synthesized hafnium oxide
nanoparticles were determined using Membrane stabilization assay.First the RBCs
were separated from the other blood components upon centrifugation at 3000 rpm at
room temperature.The RBC suspension was prepared by slowly removing the
supernatant and left behind RBCs were washed three times using PBS.In order to
obtain 10% (v/v) RBCs suspension the RBCs were resuspended in Tri-HC1 buffer
solution.

Five different test tubes were taken and 1 mL of the RBC suspension were added to
each test tube.The green synthesized hafnium oxide nanoparticles were added to
each test tube and incubated at 30 minutes at room temperature.The tubes were then
centrifuged at 2500 rpm at 5 minutes at 37 degree celsius to pellet the RBCs.

The percentage inhibition of hemolysis is calculated as follows = % inhibition = (OD
control - OD sample/OD control) * 100.

6.Characterization of green synthesized Hafnium oxide nanoparticles

For studying the morphological characteristics of these green synthesized hafnium
oxide, Scanning electron microscopy was employed using (SEM,JEOL,FE SEM IT-
800,JEOL Ltd.Tokyo Japan).To study the optical properties of these hafnium oxide
nanoparticles, the absorption characteristics of these hafnium oxide nanoparticles
were ascertained via the utilization of double beam UV-visible spectrophotometer
(ESICO-33175).
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Statistical analysis

Data was tabulated and transferred to SPSS statistics for windows version for
statistics analysis.A one-way ANOVA and Tukey was carried out between inter
groups and intra groups at five different concentrations (10,20,30,40,50 uL).Any p
value less than 0.05 was considered to be significant.

Result

1.Visual observation

The initial stage of Hafnium Oxide nanoparticles synthesis took place by showing the
purple colour.As the reaction proceeded further,the color of the solution gradually
changed to magenta.The completion of nanoparticle synthesis took place by the
transformation of the color from purple to magenta.Using the Vaccinium sect
cyanococcus as a reducing agent and eco friendly as well, the synthesis of hafnium
oxide nanoparticles was confirmed.

2.UV-visible spectrophotometry

The optical properties of these green synthesized hafnium oxide nanoparticles were
confirmed using Uv-visible spectroscopy.The Uv-visible spectroscopy revealed the
prominent absorption peak at about 480 nm.At various time intervals of
1h,12h,24h,36h,48h,60h there were different absorption peaks having a band width
of about 500 nm.There were stable and well defined production of hafnium oxide
nanoparticles with Vaccinium as a promising source for fabrication of Hafnium oxide
nanoparticles.There was synthesis of smaller sized nanoparticles and as the
synthesis proceeded the larger sized nanoparticles tend to exhibit absorption peaks
at longer wavelength.The location and intensity of absorption peak provides
valuable insights into the size, morphology and composition of Hafnium oxide
nanoparticles.

UV-Visible Spectroscopy Blueberry Hafnium NPs

3.500
2.000
2.500
2.000

1.500

Absorbance

1.000

0.500

0.000

25
0.500

.0 300.0 350.0 400.0 450.0 500.0 550.0

Wavelength (nm)

Figure:2.Uv-visible spectroscopy of Vaccinium sect. Cyanococcus synthesized
Hafnium oxide Nanoparticles
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3.Scanning electron microscope (SEM)

To study the morphological characteristics of these green synthesized hafnium oxide
nanoparticles, these nanoparticles exhibited spherical shape and showed well
aggregation of varying sizes.The approximately size of these hafnium oxide
nanoparticles were determined to be 100 nm.Due to various factors like Van der
waals forces, electrostatic forces of attraction and solvent evaporation effect, there
was aggregation of these hafnium oxide nanoparticles which is a very common

phenomenon during synthesis process.
R LT & AN e

Figure:3.SEM images of Vaccinium sect. Cyanococcus synthesized Hafnium oxide
Nanoparticles

4.Estimation of Anti-microbial Activity

Evaluation of antimicrobial activity using mueller hinton agar plates revealed the
maximum zone of inhibition against C.albicans as 25 mm at 100pg/ml followed by
2lmm at 50pg/ml, 20mm at 25ug/ml.The zone of inhibition against S.aureus was
found to be 18 mm at 100nug/ml followed by 17 mm at 50pg/ml and 16 mm at 25ug/ml
whereas the zone of inhibition against S.mutans was found to be 17 mm at 100ug/ml
followed by 15mm at 50pg/ml and 14 mm at 25 pg/ml.Similarly,the zone of inhibition
against E.faecalis was found to be 17mm at 100pg/ml, 16mm at 50pg/ml, 15mm at
25ug/ml whereas the zone of inhibition against Lactobacillus sp.was found to be least
among all the micro-organisms having 14mm at 100pg/ml, 13mm at 50pg/ml, 12mm
at 25ug/ml.

(a) (0) (c) (D)
(e)
Figure:4.Antimicrobial activity of Vaccinium sect. Cyanococcus synthesized Hafnium
oxide Nanoparticles in oral pathogens namely (a) C. albicans (b)E. faecalis (c )
Lactobacillus sp. (d) S. aureus (e) S.mutans
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Figure:5.Estimation of Antimicrobial Activity of Vaccinium sect. Cyanococcus
synthesized Hafnium oxide Nanoparticles

5.Estimation of Antioxidant Activity

In the different concentrations of these green synthesized hafnium oxide
nanoparticles, 10ng/ml had a 72% inhibition, 20 pg/ml had a 76% inhibition in
30ug/ml had a 78% inhibition, 40 had a 80% of inhibition and 50 ng/ml had 90% of
inhibition whereas the standard was taken as diclofenac sodium which showed the
percentage inhibition of 78% in 10ug/ml, 80% in 20pg/ml, 80% in 30ug/ml, 82% in
40pg/ml and 85% in 50pg/ml.The antioxidant activity of these green synthesized
hafnium oxide nanoparticles was also assessed using Hydrogen peroxide assay and
it was found that there was percentage inhibition of 65% in 10ug/ml 70% in 20
ug/ml, 82% in 30ug/ml, 85% in 40ug/ml and highest percentage inhibition of 90% at
a concentration of 50 mg/ml and all these values were found to be statistically
significant (p value < 0.05).
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Figure:6.Estimation of Antioxidant activity of Vaccinium sect. Cyanococcus
synthesized Hafnium oxide Nanoparticles using (a) DPPH assay , (b) Hydrogen
peroxide assay

6.Estimation of Anti-inflammmatory Activity

The results of egg albumin denaturation assay revealed a percentage of inhibition at
a various concentration of 55% at 10 pg/mL,60 % at 20 pg/mL, 65% at 30 ng/mbL,
70% at 40 pg/mL and 80% at 50 pg/mL whereas the results for the bovine serum
albumin denaturation assay showed a percentage of inhibition at a various
concentration of 10 pg/mL 42 % , 65 % at 20 pg/mL, 70 % at 30 pg/mL, 75 % at 40
pg/mL, and at 80 % in 50 ng/mL.These values indicated that these nanoparticles
exhibited significant anti-inflammatory activity by inhibiting both egg albumin
denaturation assay and bovine serum albumin denaturation.Moreover, the anti-
inflammatory properties of these hafnium oxide nanoparticles were comparable to
the standard diclofenac sodium at all tested concentrations.The results of Membrane
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Stabilization Assay revealed a percentage inhibition of 55% at a concentration of 10
ng/mL, 60% at 20 ug/mL, 65% at 30 ug/mL, 70% at 40 ug/mL, and 75% at 50 ng/mL
against 60%, 65%, 70%, 75%, and 80% for the standard, diclofenac sodium at same
concentrations. These findings were found to be statistically significant and showed
anti-inflammatory activity of these nanoparticles in the membrane stabilization

assay.
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Figure:7.Estimation of Anti-inflammatory activity of Vaccinium sect. Cyanococcus
synthesized Hafnium oxide Nanoparticles using (a) Egg albumin denaturation assay
(b) Bovine serum albumin denaturation assay (¢ ) Membrane stabilization assay

Discussion

The present study had employed the green synthesis method of synthesizing
hafnium oxide nanoparticles.The various characterisation techniques 314 and the
visual observation of the successfully synthesized T.Chebula extract mediated
copper oxide nanoparticles was evident in one of the study.!S There was change in
color from the initial golden brown to dark brown during the synthesis of CuONPs,
similarly in the presentstudy the presence of HHONPs was confirmed by the initial
purple color and the transformation of purple to magenta color signified the
completion of the green synthesis.Also the Uvi-visible spectroscopy revealed the
successful synthesis of Hafnium oxide nanoparticles in the present study.Many
studies!®!7.18have consistently demonstrated the multifaceted benefits of green tea
extracts having shown its anti-inflammatory, antibacterial, antidiabetic, and notably,
anticancer properties.

Vaccinium,which belongs to the Ericaceae family, have many health benefits and
other pharmaceutical properties.They contain copper,folate,vitamin A and vitamin C
as constituents which provide protection against heart disease and cancer.It helps to
improve the mental health and helps in lowering the blood pressure.!®To evaluate
the antioxidant and anti-inflammatory activity of these green synthesized hafnium
oxide nanoparticles, the present study provides insight into the therapeutic
implications of these green synthesized Hafnium Oxide nanoparticles.

A prior study was conducted where SeNPs synthesized using Theobroma cacao L.
bean shell extract demonstrated substantial antioxidant activity, as evidenced by
their performance in both the 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid).!®The presence of bioactive compounds in Theobroma cacao L. bean shell
extract likely contributed to the robust antioxidant properties observed in
SeNPs!®.Similarly, in the present study, the Vaccinium Sect.Cyanococcus synthesized
Hafnium oxide nanoparticles have shown remarkable antioxidant property.This can
be explained due to the fact that they contain Phytonutrients namely vitamin A and
vitamin C which render them this distinct antioxidant property.In the present study,
the Vaccinium Sect.Cyanococcus synthesized HfONPs showed the consistent increase
in their percentage inhibition with increase in their concentration and can be
validated that these green synthesized HfONPs provide an anti-inflammatory effect,
however previous studies?021.22 also depicted the similar results where the metal
oxide nanoparticles successfully impart anti-inflammatory activity.
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In the present study, the green synthesized HfONPs show the highest zone of
inhibition in the C.albicans whereas Lactobacillus species were least inhibited by the
nanoparticles.This could be explained by the fact that the blueberries contain gallic
acid which is responsible for providing this characteristic feature of fungicidal
action.

Conclusion

Within the limits of the present study, it can be concluded that the anti-inflammatory
and antioxidant properties of Vaccinium Sect.Cyanococcus mediated hafnium oxide
nanoparticles were found to be highest at 50pg/mL when compared to control
groups.The presence of flavonoids such as anthocyanin,vitamin A and vitamin C in
blueberries gives them a favorableantioxidant property.In the present study, the
Vaccinium Sect.Cyanococcus mediated synthesis of hafnium oxide nanoparticles
shows a promising antimicrobial activity against various oral pathogens
predominantly in C.albican species.

These findings suggests that these green synthesized hafnium oxide nanoparticles
have potential to act against precancerous lesions of the oral cavity such as candidal
infections.Prosthetic rehabilitation of most of the acquired maxillary defects of head
and neck requires careful supervision of the site.The green synthesized hafnium
oxide nanoparticles in the present study with exceptional antimicrobial,antioxidant
and anti-inflammatory activity can be used as an adjuvant therapy after the surgical
resection at the defect site before the definitive treatment is advised at various
follow up period throughout the treatment.

References :
1. Giovana Calixto,]Jéssica Bernegossi,Bruno Fonseca-Santos,Marlus
Chorilli.Nanotechnology-based drug delivery systems for treatment of oral
cancer: a review.International Journal of Nanomedicine

2014:9.(www.dovepress.com)

2. Jayanta Kumar Patra , Gitishree Das, Leonardo Fernandes Fraceto, Estefania
Vangelie Ramos CamposMaria del Pilar Rodriguez-Torres , Laura Susana
Acosta-Torres, Luis Armando Diaz-Torres , Renato Grillo,Mallappa Kumara
Swamy , Shivesh Sharma, Solomon Habtemariam and Han-Seung Shin.Nano
based drug delivery systems:recent developments and future prospects.Patra et
al. ] Nanobiotechnol (2018) 16:71.(jnanobiotechnology.biomedcentral.com)

3. Venkatachalam Jayaraman, Ganesan Bhavesh, Shanmugavel
Chinnathambi,Singaravelu Ganesan, and Prakasarao Aruna.Synthesis and

359 | www.journal-innovations.com



Innovations, Number 80 March 2025

characterization of hafnium oxide nanoparticles for bio-safety.Mater. Express,
4(5) 2014.(www.aspbs.com)

4. Maggiorella L, Barouch G, Devaux C, Pottier A, Deutsch E, Bourhis J, Borghi E,
Levy L: Nanoscale radiotherapy with hafnium oxide nanoparticles.Future Oncol
2012, 8(9):1167-1181.(www.tandfonline.com)

5. Wilhelmina Kalt,Aedin Cassidy, Luke R Howard, Robert Krikorian, April J Stull,
Francois Tremblay and Raul Zamora-Ros.Recent Research on the Health Benefits
of Blueberries and Their Anthocyanins.Adv Nutr.2020 Mar; 11(2): 224-
236.(www.sciencedirect.com)

6. Gheorghe Adrian Martau, Teleky Bernadette-Emdke, Razvan Odocheanu,Dacian
Andrei Soporan, Mihai Bochis,Elemer Simon and Dan Cristian Vodnar.Vaccinium
Species (Ericaceae): Phytochemistry and Biological Properties of Medicinal
Plants.Molecules.2023 Feb; 28(4): 1533.(www.mdpi.com)

7. Tundis R., Tenuta M.C., Loizzo M.R., Bonesi M., Finetti F., Trabalzini L., Deguin B.
Vaccinium species (Ericaceae): From chemical composition to bio-functional
activities.Appl. Sci. 2021;11:5655. (www.mdpi.com)

8. Zoratti L, Jaakola L, Higgman H, Giongo L. Anthocyanin profile in berries of wild
and cultivated Vaccinium spp. Along altitudinal gradients in the Alps. | Agric
Food Chem. 2015:63(39):8641-8650.(pubs.acs.org)

9. Kalt W, McDonald ], Ricker R, Lu X. Anthocyanin content and profile within and
among  blueberry species. Can | Plant Sci. 1999:79(4):617—-
623.(cdnsciencepub.com)

10. Bujor O.C., Tanase C., Popa M.E. Phenolic Antioxidants in Aerial Parts of Wild
Vaccinium Species:TowardsPharmaceutical and Biological
Properties.Antioxidants. 2019;8:649.(www.mdpi.com)

11. Scarano A, Butelli E, De Santis S, Cavalcanti E, Hill L, De Angelis M, Giovinazzo
G, Chieppa M, Martin C, Santino A. Combined dietary anthocyanins, flavonols,
and stilbenoids alleviate inflammatory bowel disease symptoms in mice. Front
Nutr. 2017:4:75.(www.frontiersin.org)

12. Experimental Studies on the Therapeutic Potential of Vaccinium Berries in Breast
Cancer—A Review.Plants (Basel).2024 Jan; 13(2): 153.(www.peeref.com)

13. Julie Marill, Naeemunnisa Mohamed Anesary, Ping Zhang, Sonia Vivet, Elsa
Borghi, Laurent Levy and Agnes Pottier.Hafnium oxide nanoparticles: toward an
in vitro predictive biological effect? Radiation Oncology 2014, 9:150.(ro-
journal.biomedcentral.com)

14. Green nanotechnology synthesized silver nanoparticles: Characterization and
testing its antibacterial activity. AIMasoud N, Alhaik H, Almutairi M, et al. Green
Process Synth. 2021;10:518-528.(www.degruyter.com)

360 | www.journal-innovations.com


https://pubmed.ncbi.nlm.nih.gov/?term=Kalt%20W%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cassidy%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Howard%20LR%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Krikorian%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Stull%20AJ%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Tremblay%20F%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zamora-Ros%20R%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7442370/
https://pubmed.ncbi.nlm.nih.gov/?term=Mart%C4%83u%20GA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Bernadette-Em%C5%91ke%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Odocheanu%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Soporan%20DA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Soporan%20DA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Bochi%C8%99%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Simon%20E%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Vodnar%20DC%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9966428/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10818444/

Innovations, Number 80 March 2025

15. Munusamy T, Shanmugam R. Green Synthesis of Copper Oxide Nanoparticles
Synthesized by Terminalia chebula Dried Fruit Extract: Characterization and
Antibacterial Action.Cureus. 2023 Dec 7;15(12):e50142.(www.cureus.com)

16. Maria Pilar Vinardell, Montserrat Mitjans.Antitumor Activities of Metal Oxide
Nanoparticles. Nanomaterials 2015, 5, 1004-1021.(www.mdpi.com)

17. S.Arokiaraj, M. V. Arasu, S. Vincent, N. U. Prakash, S. H. Choi,Y. K. Oh, K. C.
Choi, and K. H. Kim; Rapid green synthesis of silver nanoparticles from
Chrysanthemum indicum L and its antibacterial and cytotoxic effects: An in vitro
study; Int. . Nanomedicine 9, 379 (2014).(www.dovepress.com)

18. Kyene MO, Droepenu EK, Ayertey F: Synthesis and characterization of ZnO
nanomaterial from Cassiasieberiana and determination of its anti-inflammatory,
antioxidant and antimicrobial activities. Sci African.2023,
19:01452.(www.sciencedirect.com)

19. Cristina Mellinas , Alfonso Jiménez , Maria Del Carmen Garrigos.Microwave-
Assisted Green Synthesis and Antioxidant Activity of Selenium Nanoparticles
Using Theobroma Cacao L. Bean Shell Extract.Molecules.2019 Nov
8;24(22):4048.(www.mdpi.com)

20. Nick W Albert, Massimo Iorizzo, Molla F Mengist, Sara Montanari, Juan Zalapa,
Andrew Maule, Patrick P Edger, Alan E Yocca, Adrian E Platts, Boas Pucker, and
Richard V Espley.Vaccinium as a comparative system for understanding of
complex flavonoid accumulation profiles and regulation in fruit.Plant Physiol.
2023 Jul; 192(3): 1696—1710.(academic.oup.com)

21. Nick W Albert, Massimo lIorizzo, Molla F Mengist, Sara Montanari, Juan Zalapa,
Andrew Maule, Patrick P Edger, Alan E Yocca, Adrian E Platts, Boas Pucker,
Richard V Espley.Vaccinium as a comparative system for understanding of
complex flavonoid accumulation profiles and regulation in fruit. Plant Physiology,
Volume 192, Issue 3, July 2023, Pages 1696—1710.(academic.oup.com)

22.Andreea Mariana Negrescu,Manuela S. Killian,2 Swathi N. V. Raghu,Patrik
Schmuki,Anca Mazare and Anisoara Cimpean.Metal Oxide Nanoparticles:
Review of Synthesis, Characterization and Biological Effects.] Funct Biomater.
2022 Dec; 13(4): 274.(www.mdpi.com)

361 | www.journal-innovations.com


https://pubmed.ncbi.nlm.nih.gov/?term=Mellinas+C&cauthor_id=31717413
https://pubmed.ncbi.nlm.nih.gov/?term=Jim%C3%A9nez+A&cauthor_id=31717413
https://pubmed.ncbi.nlm.nih.gov/?term=Garrig%C3%B3s+MDC&cauthor_id=31717413
https://pubmed.ncbi.nlm.nih.gov/?term=Albert%20NW%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Iorizzo%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mengist%20MF%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Montanari%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zalapa%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Maule%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Edger%20PP%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yocca%20AE%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Platts%20AE%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Pucker%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Espley%20RV%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10315322/
https://pubmed.ncbi.nlm.nih.gov/?term=Negrescu%20AM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Killian%20MS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Raghu%20SN%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Schmuki%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Schmuki%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mazare%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cimpean%20A%5BAuthor%5D

	Statistical analysis
	2.UV-visible spectrophotometry
	3.Scanning electron microscope (SEM)
	Figure:3.SEM images of Vaccinium sect. Cyanococcus synthesized Hafnium oxide Nanoparticles

