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Abstract:
Background:

Boom in nanotechnology in current era has sketched unforeseen transformations in number of
fields, such as medicine, health care, food, space, agriculture, etc. The synthesis of nanoparticles
with different chemical compositions, sizes, shapes and controlled disparities is an important
area of research in this field.

Over the last decade, the biosynthesis of metal nanoparticles has received considerable attention
due to their unusual and fascinating properties, with various applications, over their bulk count
erparts.

Hypothesis:

The nanoparticle can have huge application in the field of food, pharmaceutical, and cosmetic
industries and thus become a major area of research. Green synthesis of zinc oxide nanoparticles
(ZnO NPs) using plant extracts offers an eco-friendly and promising substitute to the
conventional methods of chemical synthesis.

Conclusion:

In the arena of nanoparticle phytosynthesis, novel materials have been produced that are eco-
friendly, cost-effective and stable. In the current situation, nanotechnology inspires progress in
all spheres of life, and therefore the phytosynthetic path of nanoparticle synthesis has emerged
as a safe and best alternative to conventional methods. This review summarizes the recent work
in the field of zinc nanoparticle phytosynthesis and critically discusses the mechanism proposed
behind it.
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Abbreviations:

XRD: X-Ray Diffraction

SEM: Scanning Electron Microscopy

FTIR: Fourier Transform Infrared

DLS: Dynamic Light Scattering

UV-Vis: Ultraviolet-Visible Spectrophotometer

TEM: Transmission Electron Microscopy

INTRODUCTION:

Nanoparticle are defined as the particles having 1-100nm of size range. Nanotechnology is one
of the most common and important developments in the twenty first century, and one of the
fastest growing fields of science and technology is making remarkable progress (Zhang et al.,
2013). Nanoparticles are found to possess specific characteristics like size, distribution, and
morphology. The physicochemical properties of nanoparticles are substantially better and help
to build many new structures, processes, nanoplatforms or devices with potential
applications(Mirzaei and Darroudi, 2017). In fields such as biomedical effects,
electrochemistry, catalysis, sensors, biomedicine, pharmaceutics, healthcare, cosmetics, food
technology, textile industry, mechanics, optics, electronics, space industry, energy science and
optical devices, metal oxide nanoparticles display a very strong and widely applicable impact
(Hashmi et al., 2017; Jiang et al., 2018).

Zinc is found to be an important element in humans, where various enzymes such as carbonic
anhydrase, carboxy peptidase and alcohol dehydrogenase are inactive in the human system in
the absence of zinc. Our body holds about 2-3 g of Zinc and has a daily need of about 10-15
mg. It is readily absorbed by the body from zinc oxide nanoparticles due to its smaller particle
size, therefore it is used as a food additive. Indeed, Zinc has been found to regulates various
physiological functions (Siddiqi et al., 2018).

Zinc oxide is an inorganic material that is rarely found in nature. Zinc oxide has a large
~3.37eV band gap and a high 60meV binding energy, so it exhibits semiconductor and
piezoelectric properties. Zinc oxide is used potentially and in clinical purposes it is more
competent for biosynthesis of nanoparticles than that of other metals(Khatami et al., 2018;
Naseer et al., 2020).
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In sunscreens and cosmetics, nanoparticles of zinc oxide are widely used additives that help to
block UV radiation. Heiligtag et al stated that the smaller size of nanoparticles provides the
skin with greater protection against UV damage. Zinc oxide has been approved by the U S
Food and Drug Administration (FDA) as a 'GRAS' (generally recognised as safe) compound
(Mohd Yusof'et al., 2019; Shamhari et al., 2018).

Zinc oxide nanoparticles demonstrate impressive antibacterial activity across a large variety of
bacterial organisms, with varying morphologies. These nanoparticles show antibacterial
activity in a broad variety of gram-positive and gram-negative bacteria as well as in foodborne
pathogens such as FEscherichia coli O157:H7, Salmonella, Listeria monocytogenes,
Staphylococcus aureus, etc (Sirelkhatim et al., 2015; Xie et al., 2011). Zinc oxide nanoparticles
shows different bactericidal mechanism by linking with bacterial surface and bacterial core.
The mechanism can be determined based on pH, temperature, area, substrate concentration
stability through which associate substrate absorption in the composite surface is observed
(Azizi-Lalabadi et al., 2019; Beegam et al., 2016). Zinc oxide nanoparticles fascinate greater
interest towards itself due to its remarkable properties like nontoxicity, biosafety, high electron
transfer rates, excellent biological compatibility, ease for fabrication, enhanced analytical
performance with increased sensitivity and low cost of production (Hatamie et al., 2015).

METHOD OF SYNTHESIS:

The synthesis of zinc oxide nanoparticles was done by many synthetic methods. They
are mainly divided into three types, they are

e Chemical synthesis.
e Physical synthesis.
¢ Biological synthesis.

2.1. Chemical synthesis:

Chemical synthesis is the method where one or more chemical reactions are carried
out, here the initial materials or reactant is converted into a product. Chemical synthesis
is divided into Gas phase and Liquid phase, where gas phase is sub divided into
pyrolysis and gas condensation method; and liquid phase is sub divided into
precipitation/co-precipitation method, colloidal method, sol-gel method, oil
microemulsion method, hydrothermal method, solvothermal method (Naveed Ul Haq
etal., 2017).

2.1.1. Co-precipitation method/ Precipitation method:

In this method, solution is converted into solid either by insoluble form or by super
saturation. Here, zinc compounds are treated with dil. HCI and then dil. NaOH/ KOH/
NH4OH solution is added dropwise which acts as a precursor and stirred gently, the
reaction is maintained at room temperature. The addition of base solution is stopped
when the pH is in between 8-10. The above mixture is constantly stirred for 6hrs at
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85°C, centrifuged, cooled at room temperature and filtered. To remove impurities,
precipitate with distilled water and the white powder is obtained as a product(Pergolese
et al., 2016; Purwaningsih et al., 2016; Sharma et al., 2019) .
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Figure 1: Methods for synthesis of zinc oxide nanoparticles.

2.1.2. Sol-gel method:

Sol-gel method is a wet chemical process where the development of colloidal
suspension i.e., sol and gelation of the sol in constant liquid phase i.e., gel to form a 3-
dimensional network. Here, Zinc compound is dissolved in double distilled water and
heated to 50°C. With constant stirring absolute alcohol is added slowly, further H20-
is added dropwise under magnetic stirrer till the clear solution is obtained. The solution
was incubated for 24hrs and dried the solution at 80°C for some hours to get white zinc
oxide nanoparticles. To remove byproducts, wash several times with double distilled
water and dried at 80°C in hot air oven. During the drying process the complete
conversion of zinc oxide takes place (Asmatulu, 2012).

2.1.3. Microemulsion method:

Microemulsion are thermodynamically stable and optical isotropic liquid solution,
which is the mixture of water, oil and amphiphile. Here, the synthesis of zinc oxide
nanoparticles was done by reverse microemulsion system. The substances used are
Dioctyl sulfosuccinate sodium, glycerol, N-heptane are used as surfactant, polar phase
and non-polar phase respectively. The formulation of two microemulsion with different
ratio of surfactants are prepared. Dissolve Dioctyl sulfosuccinate sodium in n-heptane
at room temperature with constant stirring to get microemulsion. After dissolution,
solution should be separated into two equal parts i.e., solution A and solution B.

5
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Dissolve zinc compound in half of glycerol and added slowly to the solution A by
constant stirring. Similarly, for solution B add NaOH which is dissolved in glycerol.
The above two solutions were stirred continuously at room temperature until
transparent solution is obtained. Then, mix solution B to Solution A slowly under
constant stirring and refluxed for 24hrs at 60-70°C. White solid powder is obtained,
centrifuge at 10000rpm for 20mins. Wash the product with mixture of methanol and
chloroform and centrifuge for 10mins at 10000rpm, dried for 1hr at 100°C in an open-
air drying oven and in a vacuum dryer for overnight at room temperature. Calcinated
for 3hrs at 300°C-500°C in air atmosphere (Pantelic and Cuckovic, 2014; Yildirim and
Durucan, 2010).

2.1.4 Hydrothermal method:

It is a method of preparation of single crystals that rely on the solubility of minerals
with high pressure in hot water. Here, to prepare stock solutions, zinc compound is
dissolved in methanol with stirring. To adjust the pH between 8 and 11, the NaOH
dissolved in methanol is added to the stock solution with continuous stirring. Then, the
solution was autoclaved in Teflon lined sealed stainless-steel autoclaves and the
temperature is maintained for 6hrs and 12hrs at 100-200°C under autogenous pressure,
it was cooled at room temperature naturally. The obtained white solid product after
reaction was washed with methanol, filtered and dried at 60°C in a laboratory
oven(Aneesh et al., 2007; Pan et al., 2015).

2.1.5. Solvothermal method:

It is the process were the solvent is added by maintaining moderate to high pressure
and temperature, were interaction of precursors are made easier for the synthesis. In
this preparation, ethylene glycol and ethanol were mixed and used as a solvent. Add
zinc compound to the solvent system and stirred for 20mins. At desired temperature,
the closed chamber is inserted into a preheated box furnace for 12hrs. At different
temperature such as 200°C, 150°C and 135°C the experiment was carried out to
calibrate the size of the nanoparticles. Then, collect the precipitate, wash with ethanol
and water for several times and dried at atmospheric temperature in air (Ghoshal et al.,
2009).

2.1.6. Pyrolysis method:

Pyrolysis is a method where precursor solution is atomized, evaporated and then
decomposed into films and particles. Zinc compound is dissolved in distilled water to
prepare precursor solution. Under the pressure of air, the solution is nebulized.
Decomposition of droplets takes place in reactor under temperature 1200°C.
nanoparticle is obtained and collected in cold precipitator, dried at 100°C in an oven.
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By washing with water, unreacted zinc compound was removed from the product
(Ghaffari-Moghaddam and Hadi-Dabanlou, 2014; Jung et al., 2014).

2.1.7. Gas condensation method:

Zinc compound is placed in vacuum chamber. Compound is heated using induced
current by maintaining vacuum pressure and vaporized temperature, where the
compound is melted and vaporized into gas. In vacuum chamber, material vapor
collides with inert gas. Then, it flows to low temperature collector surface and
nanoparticle is formed. Since the liquid nitrogen flows continuously inside the vacuum
chamber through collector the temperature of the collector surface is increased, by
maintaining ideal conditions in vacuum chamber, we can easily control the pressure
and temperature. Nanoscale metal particles are nucleated and grown. By means of
vaporization and condensation, the nanoparticles are collected on the surface of the
collector (Chang and Tsai, 2008).

2.2. Physical synthesis:

It is a bottom-up process for nano structural materials to synthesize, which follows two
steps, first method is to evaporate the material and second method is rapid controlled
condensation to obtain particle size. Physical synthesis is divided into high energy ball
milling method; solid, physical and chemical vapor deposition; and laser ablation.

2.2.1. High energy ball milling method:

By sustain ambient atmosphere, ZnO powder is milled using hardened steel balls in
steel cells for 2-50hrs of different time range. Mechanical milling was carried out in
horizontal oscillatory mill at 25Hz. The ratio of mixture i.e., ZnO powder and steel
balls is 1:15 by weight percent. Without adding milling agent, the material was milled
directly(Salah et al., 2011).

2.2.2. Laser ablation:

Prepare the solution by dissolving sodium dodecyl sulfate in double distilled water and
a piece of zinc metal is irradiated by Nd:YAG lasers at 10Hz frequency for attentive
output of secondary harmonics, the focal length of the lens is 250nm for 60mins and
the energy is 100mJ. Zinc nanoparticles were obtained(Singh and Gopal, 2007).

2.3. Biological synthesis:

This method indicates to bioremediation, where degradation and metabolization of
chemical substance are done by biological processes and environmental quality has
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2.3.1. Plant mediated method:

been restored. Biological synthesis is divided into two types i.e., plant mediated and

microbes mediated.

In this method, nanoparticles are synthesized by using plants or plant parts as shown in
Table 1 for the bio reduction of metal ions to elementary form (Sharma et al., 2019).

Table 1: Synthesis of zinc nanoparticles by plant extract

S.No. Source Part Shape/morph Size Reference
ology
1. Zingiber Root Spherical 30- (Anand Raj and
officinale R. 50nm Jayalakshmy, 2015)
2. Nigella sativa Seeds Spherical and 24nm (Naseer et al., 2020)
elongated rod
shape
3. Hibiscus Leaves Dumbbell 190-250nm (Bala et al., 2015)
subdariffa
4. Citrus Sinensis Peel Spherical 10-20nm (Doan Thi et al.,
2020)
5. Sambucus Leaves Spherical 40-45nm (Alamdari et al.,
ebulus 2020)
6. Catharanthus Leaves Spherical 23-57nm (Savithramma and
roseus (1) G. Bhumi, 2014)
Don.
7. Cassia alata Leaves Spherical 60-80nm (Agarwal et al., 2019)
8. Coriander Leaves Spherical 40nm (Pratap Goutam et al.,
sativum 2017)
9. Trachyspermum Seeds Hexagonal 41nm (Saravanakkumar et
ammi plates al., 2016)
10. Elettaria Seeds Spherical 18.72n (Vinotha et al., 2020)
Cardamomum m
11. Foeniculum seeds Spherical 22-51nm (Alsalhi et al., 2020)
Vulgare
12. Punica Peel Crystal (Husain, 2019)
granatum L 42.87nm
13. Allium cepa Bulbs - 20-100nm (Stan et al., 2016)
14. Anchusa italic Aerial Hexagonal 50nm (Azizi et al., 2016)
part
15. Ocimum Leaves Hexagonal 11-25nm (Raut et al., 2013)
tenuiflorum
16. Artemisia Stem Spherical 20nm (Wang et al., 2020)
annua barks
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17. Syzgium Buds Hexagonal 50nm (Anvarinezhad et al.,
aromaticum 2020)
Linn

18. Crocus sativus Flowers Spherical 75nm (Shashanka, 2020)

19. Strychnos nux- Leaves Quasi- 10-20nm (Steffy et al., 2018)
vomica L. spherical

20. Camellia Leaves - 30-40nm (Irshad et al., 2018)
sinensis

21. Senna alata Leaves Needle 412nm (Adebayo-Tayo et al.,

2020)

22. Aleo Leaves Hexagonal 10.35n (Parthasarathy G et
Barbadensis m al., 2017)

23. Mentha spicata Leaves Spherical 11- (Abdelkhalek and Al-

80nm Askar, 2020)

24, Daucus carota Roots polyhedral 16-21nm (Luque et al., 2018)

25. Ipomoea pes- Leaves - 10-100nm (Venkateasan et al.,
caprea L. 2017)

26. Azadirachta Leaves Spherical 20-40nm (Singh et al., 2019)
indica A.Juss.

217. Boerhavia Leaves Spherical 140nm (Joseph et al., 2016)
diffusa

28. Lycopersicon Fruit Spherical 40-100nm (Sutradhar and Saha,
esculentum 2016)

29. Mangifera Leaves - 26nm (Narayan, 2018)
indica

30. Andrographis Leaves Hexagonal 20.23n (Kavitha et al., 2017)
paniculata m

31. Lawsonia Leaves Hexagonal 75-100nm (Kiruba Daniel et al.,
inermis 2013)

32. Trifolium Flower - 100-190nm (Dobrucka and
pratense Dhugaszewska, 2016)

33. Carica papaya Leaves Spherical 50nm (Rathnasamy et al.,

2017)

34, Solanum Leaves Spherical 20-30nm (Ramesh et al., 2015)
nigrum

35. Plectranthus Leaves Spherical and | 20-50nm (Vijayakumar et al.,
amboinicus Hexagonal 2015)

36. Rosa Canina Fruit Spherical <50nm (Jafarirad et al., 2016)

37. Terminalia Fruit Spherical 20nm (Rana et al., 2016)
chebula

38. Pongamia Leaves Spherical 100nm (Sundrarajan et al.,
pinnata 2015)

39. Boswellia Stem Spherical 20nm (Supraja et al., 2016)
ovalifoliolata barks
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2.3.2. Microbes mediated:

Nutrition broth is prepared and sterilized by autoclave. Then bacterial strains are
inoculated under aseptic condition, allow it for overnight maintaining temperature. The
emergence of turbidity confirms the bacterial growth and then centrifuged at 5000rpm,
then separate the supernatant and pellet and examined under SEM, UV spectrometer,
XRD and FTIR(Gunalan et al., 2012).

3. MECHANISM OF ZINC OXIDE NANOPARTICLES:

Zinc oxide nanoparticles have peak affect on the cell surface and initiated when subject
to UV-Visible light to produce ROS, such as hydroxyl radicals, superoxide anion, and
hydrogen peroxide. They penetrate the cell body where 02~, ROS Species carrying
negative charge remain on cell surface. Zn?" release when it is triggered by the assemble
zinc oxide nanoparticles in cytoplasm or outer membrane of bacterial cells, which
might cause disintegration of cell membrane, damage of membrane protein and
genomic instability which leads to death of bacterial cells (Jiang et al., 2018; Siddiqi et
al., 2018).

————* Release of heavy metal ions

C}
Cellular component leakjec 3‘ Damage to proton efflux pump
> l \
Membrane permeability altered

a ‘ =
Oxidized

cellular DNA damage Protein damage i

components

\Ce]l wall disruption

Figure 2: Schematic representation of mechanism of zinc nanoparticles
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4. CHARACTERIZATION OF ZINC NANOPARTICLES:
4.1. Spectroscopic analysis (UV- visible):

It is used to measure the maximum absorbance of the particle in certain wavelength. It
is an absorption spectroscopy where light gets absorbed by the particles which shows
excitation of the electrons from the ground state to excitation state ((Klotz, 1945; Rocha
etal., 2018).

4.2. Scanning Electron Microscopy:

It reveals microstructure of coated surface of the particle, photocatalyst distribution
over substrate surface, homogeneity, and morphology of the particles. It determines the
secondary electrons which gets emitted when the impinging electron beam interacts
with the sample(Faraldos and Bahamonde, 2018; Modena et al., 2019).

4.3. Field Emission Scanning Electron Microscopy:

It works with electron rather than light. The electron is discharged from the field
emission source and they are scanned in a zig-zag pattern. It envisions fractioned or
entire or details on the surface objects. It gives information about smaller structures of
Inm (Semnani, 2017).

4.4. Transmission Electron Microscopy:

It elucidates characteristics dimensions of fine particles, which are lesser than 100nm
in size. This provide both bright field and dark field images of nanoparticles size. It
gives information about morphology, crystalline structure and elemental information
(Senthil Kumar et al., 2019; Tang and Yang, 2017).

4.5. Fourier Transform Infrared Spectroscopy:

FTIR utilizes the mathematical process which gets converted into actual spectrum by
raw data. It is used to detect the functional groups and molecular bonds present in
chemical compounds. It identifies organic and inorganic compounds present in the
sample (Abbasi et al., 2013).

4.6. X-Ray Diffraction:

It is a powerful non-destructive technique which gives information about
characteristics of crystalline nature, structure, average size. XRD works on constructive
inference of crystalline sample and monochromatic x-ray (Bunaciu et al., 2015).

4.7. Energy-Dispersive X-Ray:

It detects the chemical characterization and elemental composition of the desired
sample. It depends on the interaction of the sample and X-ray excitation (Qi and Wang,
2005).

4.8. Dynamic Light Scattering:

11
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It is used to determine the particle size and distribution of the particles. Using Brownian
motion, DLS estimates light interference. It measures both turbid and dilute system
with the lower concentration (Kumar and Dixit, 2017).

4.9. Zeta Potential:

The stationary layer and dispersion medium of the fluid bonded with particles gives the
potential difference between them and it is called as Zeta potential. It detects the
dispersion stability of the solution (Sathishkumar et al., 2009).

5. APPLICATIONS:
5.1. Antibacterial activity:

Zinc oxide nanoparticles shows diverse morphologies and it shows impressive
antibacterial activity around wide ranges of bacteria (Sirelkhatim et al., 2015). Previous
reports revealed by decreasing particle size, the antibacterial activity of zinc oxide
nanoparticles increases and also increases with increasing powder concentration
(Zarrindokht Emami-Karvani, 2012). The large surface area to volume ratio of
nanoparticles shows high antibacterial property, where it binds a greater number of
ligands on its surface (Agarwal et al., 2019). The mechanism of zinc oxide
nanoparticles towards antibacterial activity is based on induced oxidative stress. The
oxidative stress is formed in bacterial cell because of the interaction between Zn* ion
and thiol group of bacterial respiratory enzyme, where increase in the reactive oxygen
species (ROS) causes bacterial cell damage and death (Fontecha-Umaifia et al., 2020).
Zinc oxide nanoparticles shows potent antibacterial activity towards both gram-
positive and gram-negative bacteria. Zinc oxide nanoparticles inhibits food borne and
most dangerous pathogens as an antibacterial agent (De Souza et al., 2019).

5.2. Antimicrobial activity:

Zinc oxide nanoparticles shows good antimicrobial activity because it produces the free
radical, especially on the oxide surface(Akbar et al., 2019). Inorganic oxides show
advantage over organic antimicrobial agents because of their properties like stability
on pressure, higher temperature, long shelf life, robustness etc. Zinc oxide
nanoparticles reveal higher antimicrobial property due to its smaller size, higher
porosity and larger specific area (Pasquet et al., 2014). In cosmetics, personal care
products and functional textile fabrics, the principle involved for the designing was the
antimicrobial effects of zinc oxide nanoparticles (Popescu et al., 2020). Zinc oxide
nanoparticles interact with water, which gives numerous reactive oxygen species,
singlet oxygen or superoxide anion (03), primarily hydroxyl radicals (OH ) and
hydrogen peroxide (H20:), which has important role in showing antimicrobial activity
by the nanoparticles.

5.3. Antioxidant activity:

12
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Zinc oxide nanoparticles exhibit antioxidant property because of the electron density
transfer at oxygen and property rely on structural configuration of oxygen atom (Stan
et al., 2016). The naturally obtained substance shows high protective activity of natural
antioxidant from higher plants against chronic disorder which originated from
oxidative process. Zinc behaves as an antioxidant because of its free radicals to
decrease cell membrane damage. It also acts as a cofactor or component of many
enzymes which effect oxidative process. The increased sensitivity of certain oxidative
stress is due to the chronic effect of antioxidant. Removal of peroxide from the body is
due to the antioxidant enzyme catalase and the destruction of structure of the
mitochondrial membrane is been protected (Zhao et al., 2014).

5.4. Anticancer activity:

Zinc oxide nanoparticles shows good anticancer activity due to its good solubility,
effective delivery to the cells and higher toxicity than the individual agents. When
concentration of the zinc oxide nanoparticles increases, it also increases cell viability
levels and inhibition (Jiang et al., 2018). Zinc oxide nanoparticles reduces ROS
production over the cells which destroys mitochondrial membrane and causes death of
cancer tissue (Medina Cruz et al., 2020). Zinc oxide nanoparticles are able to induce
notable selective toxicity against cancer cells without damaging normal cells (Akintelu
and Folorunso, 2020). Zinc oxide nanoparticles shows various types of surface charge
behavior since chemisorption of neutral hydroxyl groups over its surface. At higher pH,
protons move towards aqueous medium from the particles surface and allows behind
partially bonded oxygen atom with negatively charged surface. Transfer of protons
takes place from environment to the particle surface at lower pH, which gives positively
charged surface. Zinc nanoparticles exhibits isoelectric point at 9-10, under
physiological conditions nanoparticles shows strong positive surface charge(Mishra et
al., 2017; Rasmussen et al., 2010).

5.5. Anti-inflammatory activity:

Zinc oxide nanoparticles shows wide ratio of surface area to volume, which is good at
blocking inflammation-enhancers such as inflammation and cytokines than that of bulk
counter parts (Agarwal et al., 2019). Zinc oxide nanoparticles mechanism involves
nitric oxide synthase enzyme inhibition, inhibition of myeloperoxidase, pro-
inflammatory cytokines inhibition, NF-kf pathway inhibition, mast cell degranulation
inhibition (Agarwal and Shanmugam, 2020). In auto-regulating inflammatory process,
macrophages play a very important role. There are two types i.e., Pro-inflammatory M
macrophages, which promotes the production of inflammation and M2 macrophages,
where it is alternately activated as the response for anti-inflammatory reaction and
remodel the process of the affected organs and tissues.

5.6. Antidiabetic activity:

13
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Zinc oxide nanoparticles exhibits remarkable antidiabetic effect especially glucose
tolerance improvement, blood glucose reduction, higher serum insulin, non-esterified
fatty acid reduction and reduced triglycerides(Raguraman et al., 2020). Zinc is well
familiar to hold on the structure of insulin and it plays an essential role in biosynthesis
of insulin secretion and storage. It has been demonstrated that various zinc transporters
in B-cell of pancreas like zinc transporter-8 shows potent role in secretion of insulin.
The mechanism is followed by various ways like increased phosphorylation of insulin
receptor, increase in phosphoinositide 3-kinase, insulin signaling is also been improved
by zinc. Thus, zinc and diabetic has very complex inter relationship between them. The
significant reduction in fasted blood glucose levels by Zinc oxide nanoparticles to
diabetic is seen (Siddiqui et al., 2020).

5.7. Photocatalytic activity:

The photocatalytic activity of zinc oxide nanoparticles shows the greater electron
mobility which increases the migration rate of zinc oxide electron is photogenerated,
which block the recombination of photogenerated holes and electrons, therefore the
photogenerated charge carriers shows increase in the lifetime. There are many methods
possible for the photocatalytic reaction rate to increase, which also indicates the
decrease in the bandgap, increases in the defect concentration and increases in the
surface area (Hanif et al., 2019). The increase in concentration of the pollutant shows
the decrease of the photocatalytic activity, because of which the tendency of the
illuminated light beam to reach the catalyst particles will decrease. Zinc oxide
nanoparticles has the greater surface area, narrow bandgap, and smaller particle size,
which intensify the UV light absorption and the photodecomposition. Therefore, the
synthesis of smaller sized nanoparticles is increased through the photocatalytic
activity(Munshi et al., 2018).

5.8. Wound healing:

Wound healing is an active process, where replacement of injured tissue to its initial
state exactly after the injury and the depletion of injured area in a clear-cut indication
of healing(Khalid et al., 2017). The reactive oxygen species is generated by metal oxide
nanoparticles which considerably helps in fibroblast proliferation. The interlinkage of
the fibroblast cells and zinc oxide nanoparticles was impacted by the surface area and
the particle size of nanoparticles. The increased particle size increases the membrane
integrity and cell proliferation (Kaushik et al., 2019). Wound contraction is caused by
activity of myofibroblasts which reduces wound area. The hydrogel based wound
dressing integrates in increasing contact time and further follows keratinocyte
migration and enhances re-epithelialization (Mihai et al., 2019). Zinc oxide
nanoparticles dressing increases apoptosis, bacteria clearance, platelet activation, tissue
necrosis, re-epithelialization, tissue scar formation, debris removal, angiogenesis and
stem cell activation through wound healing (Batool et al., 2020).

14
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CONCLUSION:

Nanoparticles are an imminent area of research due to their limited size of less than
100nm. The preparation of metallic nanoparticles using a green method is cheap,
environmentally friendly and easily scaled up compared to other methods. New
developments in nanoparticles can be observed in various fields such as biomedicine,
biosensors, bio-nanotechnology due to its different properties compared to the bulk of
the same materials due to its small size. Among various metals, Zinc oxide
nanoparticles are therefore considered as a potential platform for biomedical research
due to their anticancer, anti-inflammatory, antioxidant, antibacterial, antidiabetic,
antimicrobial,  photocatalytic = and wound healing properties. = Hence,
the enigmas gleaned from nature have contributed to the progress of biomimetic
approaches to the growth of advanced nanomaterials.
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