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Abstract: Over the years, due to the remarkable functional properties, the nanoparticles have been
widely used and being tested in the treatment and diagnosis of diseases such as cancer, diabetes, etc.
The green synthesis of these nanoparticles can be achieved by physical, chemical, and biological
methods. Nanoparticles biosynthesis is put forth to be advantageous over chemical and physical
methods because it is non or minimally toxic, environmentally friendly, and cost-effective. A green
biosynthesis is an approach that connects nanotechnology with plants, microorganisms, waste materials,
and biomolecules. The biological methods help to eliminate destructive processing situations, via letting
the synthesis at biological pH, room temperature, and simultaneously, affordable price. Among various
biological alternatives, medicinal plants and plant extracts seem to be the best options. Plants are the
chemical factories of nature, the plant extracts contain various secondary metabolites, and it functions
as reducing and stabilizing (capping) agent in bio-reduction reaction to synthesize new nanoparticles.
Keeping these points in view, the present article reviews the various synthesis methodologies, key
factors, characterizations, usages, and foretold antimicrobial approach in a systematic manner,
concentrating on several green pathways for nanoparticles synthesis.
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1. Introduction

An element with proportions reads in nanometers (hm), which is equivalent to one
billionth of a meter, is said to be a nanoparticle that occurs naturally and/or produced via human
actions [1]. These nanoparticles have large surface areas resulting from their very small sizes,
which readily makes them take part in their work. That is why most of the acting ingredients
of plant extract or animal serum occur in nanoscale. Because they are minute to be seen with a
microscope, they have exceptional material features, with effective uses in a variety of areas,
such as medicine, engineering, catalysis, and environmental remediation. With the progression
in nanotechnology, a great number of nanomaterials i showing with exclusive properties,
displaying a range of applications [2]. The extraordinary features of nanoparticles have made
them relevant in numerous biomedical and therapeutic approaches [3]. Bearing in mind the
shortcomings of physio-chemical approaches, cost-effective and energy effective novel
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substitute for nanoparticles biosynthesis by means of microorganisms, medicinal plant, and
natural polymers as reducing and capping agents are developing really fast. The current review
sums up the synthetic protocol, parameters, characterizations, applications and anticipated
antimicrobial approach in a methodical way, concentrating on several green pathways for
synthesis.

2. Properties of nanoparticles

There are some general properties of nanoparticles; it is somewhat difficult to give a
unifying answer. Physically, the electronic structure of nanoparticles may be distinct from the
bulk. In bulk materials, the electronic state is ongoing. Moreover, because of size, the electronic
state of nanoparticles may be discontinuous. This means that the aggregated surface area of the
material is greater than the relating bulk materials with the same mass. This leads to much
higher chemical activity because most of the chemical reactions happen on the surface. Some
applications of nanoparticles depend on their sizes (e.g., suspension in a liquid or penetrating
certain biological membranes) [4].

2.1. Toxicity of nanoparticles.

Nanoparticles toxicity is termed nanotoxicity. Nanotoxicology is defined as the toxicity
of nanoparticles and nanomaterials. The subdivision of nanoscience that studies the use of
toxicity of nanoparticles is nanotoxicology. Nanotoxicological studies are planned to ascertain
the level at which these properties might constitute an assault to the atmosphere, animals, and
humans. For example, nanoparticles are known to cause damage of the central nervous system,
circulatory system, respiratory system, and cardiovascular system in a model Fig 1.

2.2. Classification of nanopatrticles.

The classification of nanoparticles depends basically on the number of dimensions that
lie within the nanometer range [5]. Nanoparticles are classified into two main types; organic
and inorganic nanoparticles. Organic nanoparticles comprise; lipid nanoparticles: (micelle,
liposome, and nanocapsule), dendrimer, hybrid, nanosphere, compact polymeric and
nanocapsule and the inorganic nanoparticles; fullerene, quantum dot, some metallic
nanoparticles (Silica (Silicon metal), Palladium (Pd), Silver (Ag), Lead (Pb), Gold (Au),
Platinum (Pt), Ruthenium (Ru), copper (Cu), etc.) [6].

Micelles are lipid molecules that arrange themselves spherically in an aqueous solution.
While micelles form, they respond to the amphipathic nature of fatty acids (polymers of lipid),
which means that they have both the hydrophobic end and the hydrophilic end. The main reason
for this spherical formation is because of the hydrophobic interactions the molecules
experience, on exposure to aqueous surroundings. When the hydrophobic tails are not separated
from water, this leads to the water forming an organized enclosure around the hydrophobic tail
[6].

Dendrimer is nano-sized, radially symmetric molecules with well-defined, similar, and
monodisperse structures [7]. Dendrimer is tremendously branched, spherical and multivalent
molecules with artificial elasticity and several probable usages extending from catalysis to
electronics and drug discharge [8]. The size of this nanoparticle is effortlessly managed by the
number of productions [6].
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Liposomes are spherical vesicles containing phospholipid bilayers. They are formed
from cholesterol and natural phospholipids. Because of their size, hydrophobic, and
hydrophilic nature, they are encouraging systems for drug delivery. Their properties vary
significantly with the composition of phospholipids, surface charge, size, and the mode of
preparation [9]. The most common are unilamellar (having a single layer). The main
advantages of liposomes are that they are totally recyclable, compatible, non-toxic, and non-
immunogenic [6].

Nanospheres are the particles with a size range between 10-200 nm in diameter. They
are amorphous (shapeless). It has been revealed that the hydrophobic areas of these particles
are extremely vulnerable to the action of phagocytes by the use of opsonin [10]. Sometimes, it
is adsorbed at the surface of the nanoparticles or liquefied or trapped in the nanoparticle
(nanosphere) or covered in a capsule like form inside a polymeric shell (nanocapsule) [6].

Nanocapsule is made up of a shell and a space in which preferred substances may be
placed in. Nanocapsules are made from phospholipid molecules, which are hydrophobic on
one end and hydrophilic on the other end, and when such molecules are placed in an aqueous
environment, they can form capsules spontaneously, where the hydrophobic portions are
inside, protecting them from water contact [11].

Fullerene comprises of carbon molecules with numerous extremely symmetric and
stable. The most popular fullerene is the inflexible icosahedrons (a polyhedron with 20 faces)
with 60 carbon atoms (C60). They are said to be three-dimensional analogs of benzene [12].
Fullerenes are highly strong molecules, able to resist high pressures [13].
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Figure 1. Schematic diagram of the main system impacts relevant to nanoparticles treatment and probable
mechanism linked to those effects.
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Quantum dots are semi-conductors. They are tiny devices that contain tiny droplets of
small electrons [14]. They are also referred to as nanometer-sized crystals [15]. Quantum dots
are nanometric multifunctional inorganic fluorophores [6].

Inorganic molecules, for example, Au (gold), Ag (silver), Pt (platinum), and silica, may
be employed to generate nanoparticles. Inorganic nanoparticles are synthesized through
numerous methods, creating an extremely organized and unbending three-dimensional
structure [6].

3. Green synthesis of nanoparticles

Green synthesis could be referred to as “green chemistry”. This is said to be the plan of
chemical products and processes to decrease or eradicate the use and the generation of
hazardous/ dangerous substances [16]. This green synthesis involves the biological methods;
this consists of synthesis using plants, synthesis using enzymes and biomolecules, synthesis
using agricultural and industrial waste products, using microorganisms, and using algae [17].

3.1. Green synthesis of nanoparticles using plants and plant extracts.

Plant green synthesis of nanoparticles is a green synthesis method that attaches
nanotechnology with plants. New methods of perfectly synthesizing nanoparticles are therefore
formed at atmospheric temperatures, neutral pH, less expensive, and environmentally friendly
manner. Amid the biological options, medicinal plant extracts seem to be the best alternative.
They are cost-efficient and require low maintenance [18]. In the synthesis of nanoparticles, the
usage of a capping agent is involved. Capping agents are a rudimentary constituent employed
in the synthesis of metal nanoparticles. Certainly, capping agent may also perform as a
“poison”, restraining availability of target sites, in addition to a “promoter”, generating
enhanced yields and unforeseen selectivity control [19]. The majority of the nanoparticles
synthesized using plant and plant extracts are the metallic nanoparticles. Nanoparticles
synthesized by various plants, as displayed in Table 1.

Table 1. Different plants used in synthesizing nanoparticles.

Plants Nanoparticles References
Azadirachta indica Silver (Ag) and Gold (Au) [25]
Aloe Vera Gold (Au) [26]
Hibiscus rosa sinensis Silver (Ag) [27]
Tridax procumbens Silver (Au) [28]
Szygium aromaticum Silver (Ag) and Gold (Au) [29]
Talinum triangulare leaf agueous extract Silver (Ag) [30]
Blighia sapida bark aqueous extract Silver (Ag) [31]
Gloriosa superbal Copper (Cu) [32]
Apple extract Silver (Ag) [33]
Ocimum sanctum Platinum (Pt) [34]
Syzygium  cumini  polyphenolic-rich  leaf Silver (Ag) [35]
extracts

3.1.1. Green synthesis of gold nanoparticles via aloe vera extract.

Aloe vera is a cactus-like plant that cultivates freely in a hot and dry climate. The leaves
are arranged in a rosette manner; they are triangular and spear-like and have thorny ridges. Aloe
vera has been used for the anti-ulcer activity, wound healing, antioxidant activity, antibacterial
and anti-viral activity, antiseptic, and traditionally used for wounds, burns, and skin irritations
[20, 21]. Muralikrishna et al. [22] reported the reducing ability of aqueous extract from Aloe
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vera for the synthesis of gold nanoparticles. The formation of the nanoparticle was identified
by the color change that occurred in the solution of HAuCl4 after the addition of plant extract.
The color change observed was due to the property of quantum confinement. The synthesis of
gold nanoparticles was achieved using a reagent tetrachloroauric acid (HAuCl «XH O). Within
a short time, alteration in color was noticed, showing nanoparticles synthesized. The
monitoring of the reduction of Au®* to nanoparticles characterization was via the UV-vis
spectrum.

3.1.2. Synthesis of AgNPs via Talinum triangulare (Jacqg.) willd. leaf extract.

Ojo et al. [23] reported that the filtrate of Talinum triangulare was used as capping
agent and stabilizer in AgNOs nanoparticles synthesis. The appropriate quantity of Talinum
triangulare leaf extract was measured into a conical flask. A suitable quantity of silver nitrate
(AgNO:g) solution was also measured in a beaker and placed on a magnetic stirrer. The solution
was completely mixed for around 15 minutes on the magnetic stirrer. A brown-yellow solution
was formed from this, indicating the formation of silver nanoparticles attributable to the surface
plasmon resonance phenomenon. Characterization was done using UV-VIS spectra analysis
and Fourier transform infrared spectroscopy (FTIR) analysis.

3.1.3. Green synthesis of platinum nanoparticles (ptnps) from Ocimum sanctum (Tulsi) plant-
extracts.

Prabhu and Gajendran [24] reported the extract of Ocimum sanctum as a capping agent
for the green biosynthesis of PtNPs from aqueous chloroplatinic acid (H2PtCis-6H20). 100 mL
of 0.5 mM, 1 mM, 1.5 mM and 2 mM of metal solution of H2PtCis was prepared. And the
Ocimum sanctum extract was added. A magnetic stirrer was used in stirring 90 mL of 1 mM
H2PtCis-6H20. The color changed to brown, this indicated bio-reduction of the ion. The
nanoparticles synthesized were centrifuged for 15 minutes, after which lyophilization
procedures were employed to obtain the powdered nanoparticles.

3.1.4. Synthesis of copper nanoparticles (CuNPs) via Gloriosa superbal leaf extract.

English names for Gloriosa superbal include flame lily, fire lily, etc. [25]. According
to Pawar et al. [25], the green biosynthesis of CuNPs via extract of G. superbal was an
adaptable method. In this synthesis, the source of Cu was CuSQa; the mixture of 80 mL of 1
mM CuSOa4 and 20 mL of G. superbal extract was added and allowed to stand for 24 hrs. After
a short time, the color of the solution was transformed, which suggests copper nanoparticles
development. It was followed up by the centrifugation of the solution for 15 min and
disseminated in double distilled water to staunched unwanted materials. The mixture was
characterized using UV visible spectroscopy.

3.1.5. Green synthesis of AgNPs via apple extract.

Ali et al. [26] used AgNOs as a source of silver. The apple extract served as a capping
agent. The green synthesis was done by using 20 mL of the apple extract in 180 mL of 0.1 M
aqueous AgNOs solution. The solution was mixed and heated at 80°C for different durations.
Characterization was achieved by means of UV-vis spectroscopy. This was to observed the
color change of the solution.
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3.2. Green synthesis of nanoparticles using industrial and agricultural waste.

The use of industrial and agricultural wastes is another green approach used in
synthesizing various nanoparticles. Some of these waste materials: Rice bran used in
synthesizing gold nanoparticles, watermelon rind used in synthesizing palladium nanoparticles,
industrial waste milk, grape skin, banana, tangerine peel (etc) used in synthesizing silver
nanoparticles etc. [17].

3.2.1. Watermelon rind-mediated green synthesis of noble palladium nanoparticles.

Watermelon (Citrullus lanatus) is the biggest and weightiest fruit. The red part of the
watermelon located interior is sweetened, eatable, and employed for juices and salads, but the
outer rind is regarded as unwanted with no marketable worth. Watermelon rind comprises of
pectin, citrulline, cellulose, proteins, and carotenoids, which are abundant in functional groups
[27]. Lakshmipathy [28] used the aqueous extract from watermelon rind as a capping agent for
green synthesis of palladium nanoparticles. Palladium chloride in distilled water was used as a
source of palladium, and the synthesis was achieved when 20 mL of 1 mM PdCl:2 solution was
added with 10 mL of Watermelon rind extract and incubated at 150 rpm for 24 h. The formation
of palladium nanoparticles was visually established.

3.2.2. Synthesis and characterization of AgNPs via banana peel extract.

According to Ibrahim [29], banana peel extract was used to biosynthesize AgNPs. The
reaction solutions contained banana peel extract in 50 mL of silver nitrate solution (1 mM).
Variation of the AgNOs concentration was used to assess the impact of the silver (0.25, 0.5,
1.0, 1.25, 1.50, 1.75 or 2.0 mM). By regulating the biological pH of the mixtures, the influence
was studied. Characterization was done using a UV-vis spectrophotometer.

3.3. Green synthesis of nanoparticles using microbes/enzymes.

The use of microorganisms for the production of nanomaterials is a promising
approach, owing to the feasibility and cost-effectiveness of the process. Bacteria,
actinomycetes, and fungi have been known for ages for their potential to purge out metals from
their surroundings. The biological agents in the form of algae and microbes have come forth as
an effective participant for the synthesis of nanoparticles [30].

3.3.1. synthesis of gold nanoparticles using endophytic fungi.

According to Ref. [31], the endophytic fungal cultures were used in the biosynthesis of
AUNPs gotten from therapeutic plants. AgNPs were also effectively biosynthesized from these
endophytic bacteria, revealing the property of the bio-reduction of metals. Aerobically, this
endophytic bacterium was grown in liquid broth comprising malt extract powder, glucose,
yeast extract, and peptone. The formation of AUNPs was originally detected by the color change
from yellow to pink and established by the UV-Vis spectrum.

3.3.2. Alpha-amylase mediated synthesis of AgNPs.

According to Ref. [5], a-amylase was the capping agent in this process. This synthesis
involved incubation of 40 mL of a-amylase solution and newly ready 60 mL of an aqueous
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solution of AgNOs (1 mM). The biosynthesis of AgNPs was observed via UV-VIS
spectroscopy.

3.4. Limiting factors of the biosynthesis of nanoparticles.

There are numerous limiting features of the green biosynthesis of nanoparticles. Some
prevalent factors are:

3.4.1. The particular type of procedure used.

There are several protocols for biosynthesizing nanoparticles—each method with its
exact benefits and shortcoming. Nevertheless, biological protocol employed in nanoparticles
synthesis utilizes non-toxic, ecologically kind resources which work hand in hand. Hence,
ecological are adequate to traditional protocols [32, 33].

3.4.2. Temperature.

Temperature is one major factor in the synthesis of nanoparticles. Here all three
procedures used in synthesizing nanoparticles relies on this. Synthesis using the physical
protocol involves the maximum temperature of greater than 623.15 K, although the chemical
approach needs a lesser amount of 623.15 K. Often times nanoparticles needs temperatures less
than 100 °C [34].

3.4.3. pH.

pH is a vital aspect that affects nanoparticles synthesis. It has been revealed by
researchers that pH affects the dimensions and quality of biosynthesized nanoparticles [35].
Thus, modifying the solution results in regulating the particular size of a nanoparticles.

3.4.4. Size of the pores.

The excellence and use of nanoparticles are significantly affected by the permeability
of biosynthesized particles [36].

3.4.5. Pressure.

The pressure is significant in nanoparticles biosynthesis. The shape and structure of the
biosynthesized nanoparticles are affected by pressure applied to the reaction [37]. The speed at
which ions are reduced via organic agents was more rapid at room temperature [38].

3.4.6. Time.

Green synthesis, value, and form of the particle were significantly affected by the length
of time the reaction medium is incubated [39]. The differences in the time may possibly ensue
in countless manners for instance particles aggregation because of extended storage of time
[40].

3.4.7. Shape and size of particle.

Particle size performs a vital function in evaluating nanoparticles properties [41].

Nanoparticles with comparable energy result in alteration of their shape, having different
https://biointerfaceresearch.com/ 8437
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configurations [42]. The stimulation in the change of the shape of the nanoparticles is brought
about by energy type frequently employed all through nanoparticles analyses [40].

3.4.8. Proximity.

Modification in the properties of particles is mostly observed when particles are in
contact with the surface of other particles [43]. The observed character of the nanoparticles is
involved in creating more tuned nanoparticles. However, the proximity property of
nanoparticles has consequences like magnetic potentials of the particles [44].

3.4.9. Preparation cost.

In other to expedite the possible application of nanoparticles, the costs related to their
synthesis requires total control. So, the cost of the generating procedure is a key factor that
affects the synthesis of nanoparticles. The cost of the chemical method of synthesizing
nanoparticles is less expensive and result in high yield in a short space of time. However,
biological synthesis cost less but can be achieved on a large scale [44].

3.4.10. Environment.

The environment is a key factor in assessing the nature of biosynthesize nanoparticles.
In an environment, a single nanoparticles can easily result in a core-shell by responding to
several resources available from the environs by corrosion or by absorbing materials [45].
Hence, biosynthesized nanoparticles are thicker as a result of the coating formed in a biological
system [46].

3.4.11. Other factors.

Medicinal plants are rich sources of secondary metabolites [47] that act as reducing
agents for nanoparticles synthesis. Hence, the components of these phytochemicals depend on
the nature and parts of the plant, as well as the protocol employed in its preparation [48]. In a
like manner, diverse microorganisms produce remarkably different intracellular and
extracellular enzymes in variable amounts that influence its synthesis [49]. Besides, the
synthesized nanoparticles’ quantity and quality can be swayed by the preference of procedures
employed in purifying it. In several circumstances, the centrifugation protocol is employed in
the separation of the particles [50]. Moreover, chromatography techniques are also employed
in separating nanoparticles [51]. Hence, exhaustive separation of biosynthesized nanoparticles
is accomplished by one or more protocol, followed by electrophoresis or chromatography [52].
The separation of nanoparticles is also key in their use both in the pharmaceutical and
biomedical activities [53].

4. Characterization of Synthesized Nanoparticles

Characterization is achieved by determining the surface area and permeability, pore
size, size dispersal, accumulation, surface analysis, adsorption properties, the communicating
surface, crystalline, and morphology of nanoparticles.

Numerous procedures are employed to evaluate nanoparticle for example: Ultraviolet- (UV)
visible spectroscopy, Transmission electron microscopy (TEM), Scanning electron microscopy
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(SEM), Dynamic light scattering (DLS), X-ray photoelectron spectroscopy (XPS), Fourier
transform infrared spectroscopy (FT-IR) [54].

4.1. The specificity of some characterization techniques.

Few of the significant characterization methods intended to determine parameters are;

4.1.1. Extraction analysis.

Cloud point extraction is the biochemical process taken to achieved nanoparticles
preparation. Low concentrations of nanoparticles need enhancement protocol before its critical
assessment that can be derived by the addition [55].

4.1.2. Morphology and particle size determination.

The greatest important parameters for characterizing nanoparticles are morphology and
particle size distribution [56].

4.2. Characterization techniques.
4.2.1. Ultraviolent- visible spectroscopy.

To confirm the formation, UV-visible spectroscopy was used to determine the countless
kinds of nanoparticles by quantifying plasmon resonance and assessing the combined
oscillations [57]. Information regarding the nature of the size, its structure, and stability, is
provided by this [58]. Metal nanoparticles are related to precise absorption [59].

4.2.2. TEM (Transmission electron microscopy).

Transmission electron microscopy is one of the major employed procedures. It is used
in the estimation of the shape, size, and structure of nanoparticles [60]. Though, the preparation
of the sample is multifaceted and ultra-thin for transmittance. Hence, by reducing the quantity
of the sample in solution and removing the additional solution with paper, thin films containing
samples are prepared [56]. The particles are exposed to a monochromatic that infiltrates the
sample and is projected onto a viewing screen to generate an image [61].

4.2.3. SEM (Scanning electron microscopy).

Scanning electron microscopy is utilized characterizing the morphology of
nanoparticles via direct visual depiction. This procedure depends on electron microscopy and
provides numerous merits for size analyses; however, it is related to numerous limitations,
including the capability to offer few suggestions regarding the size distribution [56].

5. Biomedical applications of nanoparticles

Nanoscience and nanotechnologies are extensively seen as having huge possibilities to
bring profits to many areas of research and application such as medicine, agriculture, and
energy. In the following section, the biomedical applications of nanoparticles are emphasized.
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5.1. Medicine.

The application of nanoparticles in medicine is known as Nanomedicine.
Nanomedicine involves drug and gene delivery, protein detection, diabetes treatment, tissue
engineering, probing of DNA structure, tumor disinfection, and cancer therapy [62].

5.1.1. Diabetes treatment.

Diabetes has been a major threat to the health of individuals, which involves the
inability of the B-cell of the pancreas to produce enough insulin for glucose regulation or the
body cells not being able to make use of this insulin that is being produced. Insulin, a
polypeptide made of 51 amino acids, has usually been administered parenterally in the
management of diabetes mellitus. Unfortunately, the use of injections is painful, and most of
the patients don’t comply. Insulin can be administered orally, but it has shortcomings, as it is a
protein and would be digested before being absorbed into the bloodstream [63]. However, the
intestinal epithelium is the main obstacle for the absorption of drugs because of their inability
to pass through epithelial cells into the circulatory system [64]. Due to this concern, it was said
to improve the paracellular movement of drugs [65]. Several substances to enable permeability
into the intestinal comprising chitosan are used for the support of the absorption
macromolecules [66, 67]. Chitosan nanoparticles have improved the absorption of protein
molecules to a larger extent in vivo. Chitosan nanoparticles are used for insulin delivery
because of its reduced solubility at pH more than 6.5 (Fig. 2) [68].

5.1.2. Cancer therapy.

One of the major cause of mortatlity is cancer, and its prevalence continues to be on the
rise. Of the management options for cancer are limited to chemotherapy, radiation, and surgery.
Major challenges faced by recent cancer therapies are a nonspecific systemic distribution of
anti-tumor agents, inadequate concentration of drugs getting to the tumor, and inadequate
ability to monitor therapeutic response. Poor drug delivery leads to a lot of complications,
including a multidrug resistance. The application of nanoparticles towards cancer management
is based on certain characteristics [69]. The modulation of the surface properties and other
physicochemical properties of nanoparticles might be useful in the growth of valuable systems
[70]. Aiming the cancer cells happens through two dissimilar schemes: inactive and active
targeting [71, 72]. The inactive site of tumor cells by nanoparticles hangs upon an EPR effect
[73]. This delivery depends on nanoparticle’s half-time [74]. Hence, the aim choice is based
on its great quantity [75]. Although it is said to be active, aiming might be the probable
approach of polymeric nanoparticles to bring chemotherapeutic drugs to cancer cells [76].

5.1.3. Treatment of neurodegenerative diseases.

The application of nanotechnology in the treatment of neurodegenerative disorders, is
very important [77]. For drug delivery of central nervous system therapeutics, several
nanocarriers such as dendrimers, liposomes, are extensively researched.

5.1.3.1. Parkinson’s disease.

The mechanism explained above, thus improve current therapeutic options for
Parkinson’s disease (PD). Parkinson’s disease (PD) is the most common neurodegenerative
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disease after Alzheimer’s. Parkinson’s is a disorder of the cognitive function; that involves
neuroinflammatory responses, which results in great complications with body motions.

5.1.3.2. Alzheimer ’s disease.

More than 35 million individuals are implicated by Alzheimer’s disease (AD)
worldwide, the main form of dementia. Nanotechnology discover important applications in
neurology. These strategies are dependent on initial diagnosis and management of the
disorders, which is made probable via scheming and manufacturing of a quantity of
nanoparticulate entities [78].

Oral chitosan Insulin delivery

l

Protection against enzymatic

degradation in the stomach (pH

l

Chitosan insulin self-assembled
nanoparticles in the intestine (pH 7.4)
resulting in significant insulin

absorption

l

Significantly reduced fasting

blood glucose level

Figure 2. Schematic diagram of how chitosan nanoparticles are used in insulin delivery in diabetes treatment.
5.1.4. Drug delivery system for peptides and proteins.

The importance of protein delivery in the area of research increases as the amount of
potential new biomolecules of biotechnological origin, for example, monoclonal antibodies,
hormones, and vaccines, in addition to their beneficial potential increases [79, 80].

5.1.5. Drug delivery for tuberculosis.

Tuberculosis is a lethal infectious disease. The treatment involved with this disease
takes a while, and the pill burden can encumber patient lifestyle and result in the development
of multidrug resistant strains. Due to the size and versatility of the nanoparticles, drug
administration has advantages over standard techniques [81]. The size of the nanoparticles
permits for elevated transcytosis in the gut lumen’s M cells enabled intracellular uptake in the
lining epithelium, and enhanced uptake [82, 83]. Other applications of nanoparticles in
medicine include; probing of DNA, bio-detection and gene pathogens, and phagoknetic studies
etc [84].
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6. Conclusions

The green chemistry approach for nanoparticles synthesis, is a valued substitute to both

physical and chemical methods because it is eco-friendly, affordable, safe, and a non-
nanotoxicological process. Hence, it interests more experts to fo for further developments and
applications in the area of biomedical, thus, making this technique potentially stimulating for
the large-scale synthesis of nanoparticle-based products.
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