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One Pot Synthesis Of Colloidal Zirconium Oxide
Nanoparticles Using Evolvulus Alsinoides Leaf
Extract For Potential Bone Tissue Engineering

Applications
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ABSTRACT
The number of people seeking alternative medicine is also growing
exponentially. There is a growing interest in the field of phytomedicine
not just because it's inexpensive but has lower side effects on normal
cells when compared to allopathic medicine. Therefore, this research
focuses on the synthesis of Zirconium oxide nanoparticles using
Evolvulus alsinoides leaf extract and to find its efficiency in bone tissue
engineering, optical engineering, photocatalysis, and high-k
dielectrics. Here we synthesized ZrO, NPs using an aqueous extract of
Evolvulus alsinoides leaves, characterized the ZrO,;NPs using various
techniques, evaluated its biocompatibility, and reported a facile one-
pot method for the synthesis of colloidal stable Zirconium oxide
nanoparticles. The results confirmed the ZrO, NPs formation by
changing the color from greenish to dark yellow. The UV spectrum of
NPs shows maximum absorbance at 285 nm, confirming the ZrO,
formation, which is evidenced by the shift in maximum absorbance
compared to the extract. The surface morphology was analyzed using
SEM which revealed an aggregated morphology of NPs resulting from
moisture in the sample. A biocompatibility study performed using
Annexin V and Propidium iodide staining revealed the non-toxic nature
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of ZrO; NPs in Peripheral blood mononuclear cells (PBMC). Therefore,
we conclude that eco-friendly ZrO, NPs can be used as potential
candidates in various biomedical applications, including therapeutics
and diagnostics, after validation via in-vitro and in-vivo application
studies.

Keywords: Nanoparticles; Evolvulus alsinoides; green synthesis;
Biocompatibility; SEM

INTRODUCTION

Alternative medicine has gained much attention for the treatment of
various diseases and is used as a form of preventive medicine for
decades. The number of people seeking alternative medicine is also
growing exponentially. There is a growing interest in the field of
phytomedicine not just because it's inexpensive but has lower side
effects on normal cells when compared to allopathic medicine (1).
Herbal medicines have been practiced for thousands of years, but very
little is known about their mode of action. The recent finding also
proved that herbal medicines could have severe consequences and
such drugs are not tested for their efficacy and toxicity (2) (3). In recent
years, nanobiotechnology has been explored in almost all fields due to
its distinctive physiochemical property and wide range of applications
(4). Nanomaterial is utilized in biomedical research, therapeutic and
diagnostic purposes, etc, (5) and has recently been practiced in dental
and bone tissue engineering. Synthesis of this nanoparticle by the
chemical method is usually toxic and can cause an immune response,
so an alternative approach and the best eco-friendly method would be
green synthesis (6) (7). Production of nanoparticles by green technique
has higher stability (8). Following the principle of green chemistry,
nanoparticles can be prepared from different parts of plants such as a
leaf, root, bark, stem, and even flowers, and extracted using solvents.
Nanoparticles synthesized from plant sources can be produced much
faster and are more stable (9). The plant extracts contain
phytochemical constituents such as alkaloids, flavonoids, terpenoids,
and triglycerides. reducing sugars, etc., which can act as capping
agents and some compounds even possess reducing activity which can
aid in the synthesis of nanoparticles (10) (11).

Zirconium oxide is a polymorphic material, a crystalline metal oxide,
non-toxic, mechanical strength, high thermal resistivity, and optical
properties, and can exist in three thermodynamically stable phases
(12,13). Zirconium oxide is an inorganic nanoparticle and is a
transitional metal element (14). Zirconium oxide is extensively known
for its corrosion and microbial resistance, specificity, and
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photocatalytic activity and is used in biological and healthcare fields,
such as dental coating (12,13). Zirconium oxide nanoparticles have
gained more attention in material sciences as they possess excellent
biodegradable and optical properties. Due to its antifungal and
antibacterial activity, Zirconium oxide is also used in food packing
industries (14). Evolvulus alsinoides is a perennial herb found
commonly in East Asia and is often used in the olden systems of
medicine such as Ayurveda and Siddha to treat several
neurodegenerative disorders, amnesia, as a brain tonic and epilepsy
and a potent medicine for brain disorders (15). Each part of the plant
possesses different medicinal properties (16,17). Phytochemical
screening of Evolvulus alsinoides interpreted the presence of various
bioactive constituents such as alkaloids, carbohydrates, tannin,
terpenoids, triterpenoids, phenols, flavonoids, and volatile oil. The leaf
extract is also reported to contain metals in them namely, sodium(Na),
potassium (K), Iron(Fe), copper(Cu), Zinc(Zn), and calcium(Ca). The
presence of these secondary metabolites marks them an excellent
anticancer, antioxidant, antidiabetic, adaptogenic (anti-stress), anti-
amnesic, antiulcer, anti catatonic activity, gastroprotective, and
immunomodulatory activity (18).

Orthopedic surgery and dental prosthetics are much developed in
recent years which provide personalized dental treatments and
bioengineered materials for tissue repair and regeneration. Materials
that are commonly used in dental restorations and restorations are
porcelain crowns (19) and implants (20). High-purity ZrO, is a common
material used in dental procedures. ZrO; has a good natural white
color, higher strength, and stable chemical properties, and it is
corrosion resistant as well (21); (22) Zirconium is extensively used to
make prosthetics due to its good mechanical and chemical properties.
When zirconium is exposed to oxygen, it becomes biocompatible with
zirconium dioxide (ZO, chemically ZrO,) (23,24). Zirconium oxides have
a very natural ivory color which is similar to that of natural teeth (25),
making it aesthetically important in the areas of dental aesthetic
procedures. Most importantly its light transmittance makes it an ideal
object in cosmetic prosthetics (26). Recently, ZrO, nanopowder is used
to promote the biological and mechanical properties of dental
porcelain as well as in tissue engineering scaffolds. Recent studies have
shown that the combination of ZrO, nanopowder can significantly
enhance the flexural strength, fracture strength, and shear strength of
dental materials (27); (28)

MATERIALS AND METHOD

Collection of Sample
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The plant Evolvulus alsinoides was used for the present investigation.
The plant’s leaves were obtained from the nearby gardens in Chennai,
India, and authenticated by a botanist.

Chemicals and Reagents

Dulbecco's Modified Eagle Medium (DMEM), antibiotic/antimycotic
solution, fetal bovine serum, and Trypan Blue were all procured from
Himedia. Propidium iodide and Annexin V were purchased from Sigma
Aldrich, India. Zirconium oxychloride octahydride was procured from
SRL. All other reagents used were of analytical grade. MilliQ water was
used throughout the study.

Plant extract preparation:

The leaves of the collected Evolvulus alsinoides were washed several
times with distilled water to remove residual impurities from the
leaves. The plant was dried at room temperature and ground into a
coarse powder. 1 gram of Evolvulus alsinoides powder was mixed with
25 mL of double distilled water and boiled for 30 minutes. Then the
extract was cooled at room temperature and filtered. This filtrate was
then used for further synthesis of zirconium oxide nanoparticles.

Synthesis of Zirconium oxide: 10 ml of extract mixed with 100 mmol
of zirconium oxychloride octahydride was stirred using a magnetic
stirrer at 40°C for 3 h. The color changed from green to dark yellow.
The pH of the solution was neutralized by adding an ammonia solution.
A cloudy precipitate was obtained and the precipitate was centrifuged
at 6000 rpm for 20 minutes. The precipitate was then washed three
times with water and dried overnight under a hot air oven at 60°C. This
dried powder was used for further analysis. A schematic
representation of ZrO, NPs is given in Figure 1.

Characterization
LW

2 TR
3. S

Biocompatibility Testing

Figure 1 Schematic representation of synthesis and characterization
of ZrO,

Characterisation of Zirconium oxide nanoparticle:

One-pot synthesis of Zirconium oxide nanoparticles using Evolvulus
alsinoides plant extract was characterized using a UV-Visible
spectrophotometer, Fourier-transform infrared spectroscopy (FTIR),
and Scanning Electron Microscopy (SEM). The maximum absorbance
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of ZrO, NPs was determined using a UV-Visible spectrophotometer
(Jasco) by screening between 350-700 nm. The presence of a
functional group in ZrO; NPs was determined by FT-IR (Bruker) at a
scan range of 3500 to 500 cm™* with a scanning speed of 4 cm™ in ATR
mode. Scanning electron microscopy (SEM) (JEOL JSM —IT800 SEM,
Japan) was used to examine the surface morphology of ZrO, NPs. The
elemental composition of synthesized ZrO,NPs was determined by
Energy-dispersive X-ray analysis (EDX).

Biocompatibility of ZrO, NPs in Peripheral blood mononuclear cells
(PBMC):

For determining the biocompatibility of ZrO, NPs in PBMCs, an Annexin
V - Pl apoptosis assay was performed. Following the approval of the
Institute Human Ethical Committee, blood was collected from healthy
donors. 2 ml of blood was added over 2 ml of HiSepTM LSM 1077
medium and centrifuged to isolate PBMCs. The viability of PBMCs was
confirmed using Trypan Blue Assay. Equal volume PBMCs were seeded
in six-well plates and treated with 100 pg of biogenic ZrO, NPs and
incubated for 12 h. Untreated cells were used as control and were
incubated for 12 h. After incubation, cells were harvested, centrifuged,
and the supernatant was discarded and resuspended in a binding
buffer. The cells were then stained using Annexin V FITC (5 ul) and
Propidium lodide (5 ul) and incubated at room temperature for 15
minutes. After incubation, 400 pl of 1X binding buffer was added and
acquired (10000 events) using BD FACS Lyric flow cytometer, and the
treated cells were observed for apoptosis. The analysis was performed
using FAC suite 4.1 software.

RESULTS

In this current study, one-pot synthesis of Zirconium oxide
nanoparticles was synthesized using Evolvulus alsinoides leaf extract.
The color change from greenish yellow to deep yellow indicates the
synthesis of ZrO, NPs.

Characterization of ZrO, NPs:

The UV-visible spectral analysis for ZrO, NPs showed a typical surface
plasmon resonance (SPR) peak with maximum absorbance at 285 and
364 nm. Figure 2 represents the UV spectra of ZrO, NPs. The UV-visible
spectral analysis for ZrO, NPs showed a typical surface plasmon
resonance (SPR) peak with maximum absorbance at 285 nm,
confirming the ZrO, NPs formation, which is evidenced by the shift in
maximum absorbance compared to the extract.
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Figure 2. UV spectra of ZrO,NPs

FTIR spectra were recorded between 4000 to 500 cm™. Figure 3
represents the result of the synthesized ZrO, NPs. The FT-IR spectrum
of ZrO, NPs showed strong absorption bands at 3275, 1636, 1428,
1276, 1076, and 608 cm™. Characteristic absorbance at 3258 cm™
confirms the ZrO, formation, which is evidenced by the shift in
maximum absorbance compared to the extract. Peaks at 1636 cm™
correspond to aromatic ring stretch. The other peak at 1076 cm™
corresponds to the Zr-O-Zr stretching.
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Figure 3 FT-IR spectrum of ZrO,;NPs

The morphology of the synthesized nanoparticles was determined by
scanning electron microscopy. The ZrO; NPs exhibit agglomerated
spherical shape with a size range of around 100 nm. (Figure 4). EDX
analysis was carried out to verify the compositional elements. The
results revealed the presence of Zr (Zirconium), O (Oxygen), and C
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(Carbon) materials. The presence of these elements confirms the ZrO;
structure thus demonstrating the purity of the sample.

Pt
T

Figure 4 SEM micrograph (a) and EDX (b) of ZrO,NPs
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Figure 5. Annexin V and Pl assay of a) Control, b) ZrO, NPs

Figure 5 represents the Annexin V-PI study of PBMC treated with
ZrO,NPs. The Annexin V-Pl assay results showed the maximum viability
of 80.5% with the ZrO,NPs treated PMBCs, while 19.43% were found
to be in the early apoptotic stage, 0.08% were found to be in the late
apoptotic stage and non of the cells showed necrosis. The viability
results were significantly comparable with that of the untreated cells.
Thus, this biocompatibility study performed using Annexin V and
Propidium iodide staining method revealed the non-toxic nature of
ZrO> NPs in PBMC.
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DISCUSSION

Nanobiotechnology plays a multi-strategic technique in various fields
such as biomedical research, tissue engineering, regenerative
medicine, etc (29). A well-defined nanosystem can be able to perform
various cellular functions in a controlled dimension. However, the
safety issues raised by using such nanoparticles are also alarming due
to the trigger of cytotoxic pathways, the toxicity of the materials used,
etc. (30). Considering this, we have concentrated on the synthesis of
bio-friendly ZrO, NPs using a traditional medicinal plant Evolvulus
alsinoides, and reported its biocompatibility towards PBMC. Green
synthesis of ZrO, NPs was previously reported with various natural
sources including Helianthus annuus (sunflower) seeds (31), fruit peels
of Punica granatum (Pomegranate) (32), etc.

ZrO; NPs synthesized using Evolvulus alsinoides showed a time-
dependent color change from greenish yellow to deep yellow red after
24 hours of incubation at room temperature. This result supports our
present findings. UV- visible spectrum of ZrO, NPs showed a peak at
285 nm. The shifting of the peak corresponding to the leaf extract
indicates its role in the bio-reduction of zirconium. FT-IR spectrum
results showed strong peaks stretching at 3275, 1636, 1428, 1276,
1076, and 608 cm™ revealing the presence of flavonoids and phenolic
compounds in the extract. The peak absorbed at 3840.27cm™
corresponds to intermolecular bonded O-H stretching of alcohol. The
alkenyl C=C stretching confirms the monosubstituted alkene from the
absorption peak of 1636 cm™. O-H bending of alcohol was confirmed
by the peak formation at 1426 cm-1. A strong C-O stretching of alkyl
aryl ether is confirmed at 1276 cm™. A string C-I stretching absorption
peak of 608 cm-1 indicates a halo compound. The results concluded
the presence of functional groups such as phenolic group, aromatic
group, etc.

The SEM results of ZrNPs revealed were found to be spherical-shaped
surface morphology with a size range of around 100 nm. Similar
spherical-shaped surface morphology was reported in ZrO, NPs
synthesized using the reducing power of fenugreek seed extract (33).
Apoptosis assay revealed that almost 80.5% of cells were alive after
treatment with 100 pg of ZrO, NPs, comparable with that of untreated
control showing 77.65% viable cells; this confirmed the
biocompatibility of biogenic ZrO, NPs and its non-toxic nature. Hence,
ZrO, synthesized using Evolvulus alsinoides could be used for
medicinal and therapeutic applications.

CONCLUSION:

We have synthesized ZrO, NPs, synthesized using Evolvulus alsinoides
using the green synthesis method, and characterized their properties
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using techniques such as UV-Visible Spectral analysis, FT-IR, and SEM,
and toxicity study was evaluated on PBMCs using Annexin V-PI
apoptosis assay. ZrO; NPs synthesized were spherical in shape which
was confirmed by SEM and was found to have a size range of around
100 nm. Our in-vitro study showed that ZrO, NPs do not induce
significant apoptosis and showed no necrosis and hemolysis at 100 pg.
Furthermore, the viability of ZrO, NPs treated PBMCs was similar to
that of untreated control. Our findings showed that ZrO, NPs were
non-toxic to PBMCs and could be used for biomedical applications.
However, further investigation must be carried out to evaluate the in-
vivo toxicity nature of the synthesized ZrO, NPs. Therefore, we
concluded that the biogenic synthesis of ZrO, is economic. Because of
its biocompatibility and high mechanical strength as per previous
reports, it could be a key component in bone tissue engineering
applications.

ACKNOWLEDGEMENT

The authors would like to thank Saveetha Dental College and
Hospitals, Saveetha Institute of Medical and Technical Sciences,
Saveetha University for providing research laboratory facilities and the
required equipment to carry out the study successfully.

CONFLICT OF INTEREST

The authors declare that there are no conflicts of interest.

REFERENCES

1. Karthik EVG, Priya V, Gayathri R, Ganapathy D. V, Gayathri. R, Dhanraj
Ganapathy. Health Benefits Of Annona Muricata-A Review. Int J
Dentistry Oral Sci. 2021;8(7):2965-7.

2. Vikraman KS, Abilasha, Kavitha S. Knowledge about the effects of
medicinal plants against COVID-19 among dental students-A
questionnaire study. International Journal of Current Research and
Review. 2020;12(19):S97-108.

3. Pal SK, Shukla Y. Herbal medicine: current status and the future. Asian
Pac J Cancer Prev. 2003 Aug-Dec;4(4):281-8.

4. Ibrahim AAJ. Scolicidal Activity of Zirconium Oxide (ZrO2) nanoparticles
Against Protoscolices of Hydatid Cysts. Indian J Forensic Med Toxicol.
2020 Apr 29;14(2):469-72.

5. Chau TP, Kandasamy S, Chinnathambi A, Alahmadi TA, Brindhadevi K.
Synthesis of zirconia nanoparticles using Laurus nobilis for use as an
antimicrobial agent. Applied Nanoscience [Internet]. 2021 Aug 1;
Available from:
https://ui.adsabs.harvard.edu/abs/2021ApNan.tmp..402C

6. Nasim |, Rajeshkumar S, Vishnupriya V. Green Synthesis Of Reduced
Graphene Oxide Nanoparticles, Its Characterization and Antimicrobial
Properties against Com-mon Oral Pathogens. International Journal of

5938


http://paperpile.com/b/LMrFm6/jLUX
http://paperpile.com/b/LMrFm6/jLUX
http://paperpile.com/b/LMrFm6/jLUX
http://paperpile.com/b/LMrFm6/bF4J
http://paperpile.com/b/LMrFm6/bF4J
http://paperpile.com/b/LMrFm6/bF4J
http://paperpile.com/b/LMrFm6/bF4J
http://paperpile.com/b/LMrFm6/C1ND
http://paperpile.com/b/LMrFm6/C1ND
http://paperpile.com/b/LMrFm6/K0Yg
http://paperpile.com/b/LMrFm6/K0Yg
http://paperpile.com/b/LMrFm6/K0Yg
http://paperpile.com/b/LMrFm6/3mN8
http://paperpile.com/b/LMrFm6/3mN8
http://paperpile.com/b/LMrFm6/3mN8
http://paperpile.com/b/LMrFm6/3mN8
https://ui.adsabs.harvard.edu/abs/2021ApNan.tmp..402C
http://paperpile.com/b/LMrFm6/h191
http://paperpile.com/b/LMrFm6/h191
http://paperpile.com/b/LMrFm6/h191

10.

11.

12.

13.

14.

15.

16.

17.

18.

Journal of Namibian Studies, 33 (2023): 5930-5941 ISSN: 2197-5523 (online)

Dentistry and Oral Science. 2021;8(2):1670-5.

da Silva AFV, Fagundes AP, Macuvele DLP, de Carvalho EFU, Durazzo M,
Padoin N, et al. Green synthesis of zirconia nanoparticles based on
Euclea natalensis plant extract: Optimization of reaction conditions and
evaluation of adsorptive properties. Colloids Surf A Physicochem Eng
Asp. 2019 Dec 20;583:123915.

Suriyaraj SP, Ramadoss G, Chandraraj K, Selvakumar R. One pot facile
green synthesis of crystalline bio-ZrO2 nanoparticles using
Acinetobacter sp. KCSI1 under room temperature. Mater Sci Eng C
Mater Biol Appl. 2019 Dec;105:110021.

Mufeed S, Hameed IA, Abed MA, Bakr NA. Green Synthesis of
Zirconium Dioxide (Zro2) Nanoparticles from Hibiscus Sabdariffa Plant
Extract: Characterization and Antimicrobial Applications [Internet].
2022 [cited 2023 Jan 18]. Available from:
https://papers.ssrn.com/abstract=4111052

Nasim I, Rajesh Kumar S, Vishnupriya V, Jabin Z. Cytotoxicity and anti-
microbial analysis of silver and graphene oxide bio nanoparticles.
Bioinformation. 2020 Nov 30;16(11):831-6.

Bishwokarma M, Bhujel A, Baskota M, Pandit R. Green Synthesis of
Zirconia (ZrO2) Nanoparticles using Curcuma Longa Extract and
Investigation of Compressive Strength of Epoxy resin (EP)/ZrO2
Nanocomposites. J Nepal Chem Soc. 2021 Mar 1;42(1):45-50.

Sai Saraswathi V, Santhakumar K. Photocatalytic activity against azo dye
and cytotoxicity on MCF-7 cell lines of zirconium oxide nanoparticle
mediated using leaves of Lagerstroemia speciosa. J Photochem
Photobiol B. 2017 Apr;169:47-55.

Kavitha NS, Venkatesh KS, Palani NS, Ilangovan R. Synthesis and
characterization of zirconium oxide nanoparticles using Fusarium solani
extract. In: DAE SOLID STATE PHYSICS SYMPOSIUM 2019 [Internet]. AIP
Publishing; 2020. Available from:
http://aip.scitation.org/doi/abs/10.1063/5.0017117

Selim S, AbdElgawad H, Reyad AM, Alowaiesh BF, Hagagy N, Al-Sanea
MM, et al. Potential use of a novel actinobacterial species to ameliorate
tungsten nanoparticles induced oxidative damage in cereal crops. Plant
Physiol Biochem. 2022 Jan 15;171:226-39.

Cervenka F, Koleckar V, Rehakova Z, Jahodar L, Kunes J, Opletal L, et al.
Evaluation of natural substances from Evolvulus alsinoides L. with the
purpose of determining their antioxidant potency. J Enzyme Inhib Med
Chem. 2008 Aug;23(4):574-8.

Singh KP, Dhakre G. Reproductive biology of Evolvulus alsinoides
L.(medicinal herb). Int J Botany [Internet]. 2010; Available from:
https://www.cabdirect.org/cabdirect/abstract/20113139010

Gomathi D, Kalaiselvi M, Ravikumar G, Devaki K, Uma C. GC-MS analysis
of bioactive compounds from the whole plant ethanolic extract of
Evolvulus alsinoides (L.) L. J Food Sci Technol. 2015 Feb;52(2):1212-7.
Auddy B, Ferreira M, Blasina F, Lafon L, Arredondo F, Dajas F, et al.
Screening of antioxidant activity of three Indian medicinal plants,
traditionally used for the management of neurodegenerative diseases. J
Ethnopharmacol. 2003 Feb;84(2-3):131-8.

5939


http://paperpile.com/b/LMrFm6/h191
http://paperpile.com/b/LMrFm6/1ohY
http://paperpile.com/b/LMrFm6/1ohY
http://paperpile.com/b/LMrFm6/1ohY
http://paperpile.com/b/LMrFm6/1ohY
http://paperpile.com/b/LMrFm6/1ohY
http://paperpile.com/b/LMrFm6/ooUF
http://paperpile.com/b/LMrFm6/ooUF
http://paperpile.com/b/LMrFm6/ooUF
http://paperpile.com/b/LMrFm6/ooUF
http://paperpile.com/b/LMrFm6/DTFA
http://paperpile.com/b/LMrFm6/DTFA
http://paperpile.com/b/LMrFm6/DTFA
http://paperpile.com/b/LMrFm6/DTFA
https://papers.ssrn.com/abstract=4111052
http://paperpile.com/b/LMrFm6/sK6O
http://paperpile.com/b/LMrFm6/sK6O
http://paperpile.com/b/LMrFm6/sK6O
http://paperpile.com/b/LMrFm6/wdsk
http://paperpile.com/b/LMrFm6/wdsk
http://paperpile.com/b/LMrFm6/wdsk
http://paperpile.com/b/LMrFm6/wdsk
http://paperpile.com/b/LMrFm6/sbct
http://paperpile.com/b/LMrFm6/sbct
http://paperpile.com/b/LMrFm6/sbct
http://paperpile.com/b/LMrFm6/sbct
http://paperpile.com/b/LMrFm6/hlAK
http://paperpile.com/b/LMrFm6/hlAK
http://paperpile.com/b/LMrFm6/hlAK
http://paperpile.com/b/LMrFm6/hlAK
http://aip.scitation.org/doi/abs/10.1063/5.0017117
http://paperpile.com/b/LMrFm6/VbAf
http://paperpile.com/b/LMrFm6/VbAf
http://paperpile.com/b/LMrFm6/VbAf
http://paperpile.com/b/LMrFm6/VbAf
http://paperpile.com/b/LMrFm6/7gGT
http://paperpile.com/b/LMrFm6/7gGT
http://paperpile.com/b/LMrFm6/7gGT
http://paperpile.com/b/LMrFm6/7gGT
http://paperpile.com/b/LMrFm6/iDP1
http://paperpile.com/b/LMrFm6/iDP1
https://www.cabdirect.org/cabdirect/abstract/20113139010
http://paperpile.com/b/LMrFm6/nF4D
http://paperpile.com/b/LMrFm6/nF4D
http://paperpile.com/b/LMrFm6/nF4D
http://paperpile.com/b/LMrFm6/kNjx
http://paperpile.com/b/LMrFm6/kNjx
http://paperpile.com/b/LMrFm6/kNjx
http://paperpile.com/b/LMrFm6/kNjx

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Journal of Namibian Studies, 33 (2023): 5930-5941 ISSN: 2197-5523 (online)

Carinci F, Pezzetti F, Volinia S, Francioso F, Arcelli D, Farina E, et al.
Zirconium oxide: analysis of MG63 osteoblast-like cell response by
means of a microarray technology. Biomaterials. 2004 Jan;25(2):215-28.
Rosengren A, Pavlovic E, Oscarsson S, Krajewski A, Ravaglioli A,
Piancastelli A. Plasma protein adsorption pattern on characterized
ceramic biomaterials. Biomaterials. 2002 Feb;23(4):1237-47.

Daou EE. The zirconia ceramic: strengths and weaknesses. Open Dent J.
2014 Apr 18;8:33-42.

Grech J, Antunes E. Zirconia in dental prosthetics: A literature review.
Journal of Materials Research and Technology. 2019 Sep 1;8(5):4956—
64.

Amini AR, Laurencin CT, Nukavarapu SP. Bone tissue engineering: recent
advances and challenges. Crit Rev Biomed Eng. 2012;40(5):363-408.
Bhowmick A, Jana P, Pramanik N, Mitra T, Banerjee SL, Gnanamani A, et
al. Multifunctional zirconium oxide doped chitosan based hybrid
nanocomposites as bone tissue engineering materials [Internet]. Vol.
151, Carbohydrate Polymers. 2016. p. 879-88. Available from:
http://dx.doi.org/10.1016/j.carbpol.2016.06.034

Lorusso F, Noumbissi S, Francesco |, Rapone B, Khater AGA, Scarano A.
Scientific Trends in Clinical Research on Zirconia Dental Implants: A
Bibliometric Review. Materials [Internet]. 2020 Dec 4;13(23). Available
from: http://dx.doi.org/10.3390/ma13235534

Ueda K, Guth JF, Erdelt K, Stimmelmayr M, Kappert H, Beuer F. Light
transmittance by a multi-coloured zirconia material. Dent Mater J. 2015
Apr 23;34(3):310-4.

Arshad HM, Shahzad A, Shahid S, Ali S, Rauf A, Sharif S, et al. Synthesis
and Biomedical Applications of Zirconium Nanoparticles: Advanced
Leaps and Bounds in the Recent Past. Biomed Res Int. 2022 Sep
13;2022:4910777.

Albasarah S, Al Abdulghani H, Alaseef N, Al-Qarni FD, Akhtar S, Khan SQ,
et al. Impact of ZrO2 nanoparticles addition on flexural properties of
denture base resin with different thickness. J Adv Prosthodont. 2021
Aug;13(4):226-36.

Rajeshkumar S, T, Lakshmi. Biomedical Potential of Zinc Oxide
Nanoparticles Synthesized using Plant Extracts. International Journal of
Dentistry and Oral Science (1JDOS). 2021;8(8):4160-3.

Qi B, Wang C, Ding J, Tao W. Editorial: Applications of
Nanobiotechnology in Pharmacology. Front Pharmacol. 2019 Dec
4;10:1451.

Goyal P, Bhardwaj A, Mehta BK, Mehta D. Research article green
synthesis of zirconium oxide nanoparticles (ZrO2NPs) using Helianthus
annuus seed and their antimicrobial effects. J Indian Chem Soc. 2021
Aug 1;98(8):100089.

Chau TP, Veeraragavan GR, Narayanan M, Chinnathambi A, Alharbi SA,
Subramani B, et al. Green synthesis of Zirconium nanoparticles using
Punica granatum (pomegranate) peel extract and their antimicrobial
and antioxidant potency. Environ Res. 2022 Jun;209:112771.
Ramamurthy CH, Sampath KS, Arunkumar P, Suresh Kumar M, Sujatha
V, Premkumar K, et al. Green synthesis and characterization of selenium

5940


http://paperpile.com/b/LMrFm6/2VUW
http://paperpile.com/b/LMrFm6/2VUW
http://paperpile.com/b/LMrFm6/2VUW
http://paperpile.com/b/LMrFm6/uhyb
http://paperpile.com/b/LMrFm6/uhyb
http://paperpile.com/b/LMrFm6/uhyb
http://paperpile.com/b/LMrFm6/HKIc
http://paperpile.com/b/LMrFm6/HKIc
http://paperpile.com/b/LMrFm6/4e1J
http://paperpile.com/b/LMrFm6/4e1J
http://paperpile.com/b/LMrFm6/4e1J
http://paperpile.com/b/LMrFm6/z4aP
http://paperpile.com/b/LMrFm6/z4aP
http://paperpile.com/b/LMrFm6/wVn0
http://paperpile.com/b/LMrFm6/wVn0
http://paperpile.com/b/LMrFm6/wVn0
http://paperpile.com/b/LMrFm6/wVn0
http://dx.doi.org/10.1016/j.carbpol.2016.06.034
http://paperpile.com/b/LMrFm6/1MkY
http://paperpile.com/b/LMrFm6/1MkY
http://paperpile.com/b/LMrFm6/1MkY
http://paperpile.com/b/LMrFm6/1MkY
http://dx.doi.org/10.3390/ma13235534
http://paperpile.com/b/LMrFm6/Y5Rd
http://paperpile.com/b/LMrFm6/Y5Rd
http://paperpile.com/b/LMrFm6/Y5Rd
http://paperpile.com/b/LMrFm6/abGK
http://paperpile.com/b/LMrFm6/abGK
http://paperpile.com/b/LMrFm6/abGK
http://paperpile.com/b/LMrFm6/abGK
http://paperpile.com/b/LMrFm6/umEj
http://paperpile.com/b/LMrFm6/umEj
http://paperpile.com/b/LMrFm6/umEj
http://paperpile.com/b/LMrFm6/umEj
http://paperpile.com/b/LMrFm6/51rO
http://paperpile.com/b/LMrFm6/51rO
http://paperpile.com/b/LMrFm6/51rO
http://paperpile.com/b/LMrFm6/3mO2
http://paperpile.com/b/LMrFm6/3mO2
http://paperpile.com/b/LMrFm6/3mO2
http://paperpile.com/b/LMrFm6/hNHY
http://paperpile.com/b/LMrFm6/hNHY
http://paperpile.com/b/LMrFm6/hNHY
http://paperpile.com/b/LMrFm6/hNHY
http://paperpile.com/b/LMrFm6/ICDu
http://paperpile.com/b/LMrFm6/ICDu
http://paperpile.com/b/LMrFm6/ICDu
http://paperpile.com/b/LMrFm6/ICDu
http://paperpile.com/b/LMrFm6/Bv6ZB
http://paperpile.com/b/LMrFm6/Bv6ZB

Journal of Namibian Studies, 33 (2023): 5930-5941 ISSN: 2197-5523 (online)

nanoparticles and its augmented cytotoxicity with doxorubicin on
cancer cells [Internet]. Vol. 36, Bioprocess and Biosystems Engineering.
2013. p. 1131-9. Available from: http://dx.doi.org/10.1007/s00449-

012-0867-1

5941


http://paperpile.com/b/LMrFm6/Bv6ZB
http://paperpile.com/b/LMrFm6/Bv6ZB
http://paperpile.com/b/LMrFm6/Bv6ZB
http://dx.doi.org/10.1007/s00449-012-0867-1
http://dx.doi.org/10.1007/s00449-012-0867-1

