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Abstract
The World Health Organization (WHO) has declared that neurodegenerative diseases will be the biggest health issues of the
twenty-first century. Among these, Alzheimer’s and Parkinson’s diseases can be considered as the most acute incurable neuro-
logical diseases. Researchers are studying and developing a new treatment approach that uses nanotechnology to diagnosis and
treatment neurodegenerative diseases. This treatment strategy will be used to regress neurodegenerative diseases such as
Alzheimer’s disease. Alzheimer’s disease (AD) is one of the most common forms of reduced brain function, which causes many
devastating complications. Current neurodegenerative diseases treatment protocols only help to treat symptoms nevertheless with
nanotechnology approaches, can regress nerve cells apoptosis, reduce inflammation, and improve brain drug delivery. In this
paper, new nanotechnology methods such as nanobodies, nano-antibodies, and lipid nanoparticles have been investigated.
Correspondingly blood-brain barrier drug delivery improvement methods have been suggested.
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Introduction

Given the growth rate of the elderly population, theWorldHealth
Organization predicts that the number of neurodegenerative dis-
ease subjects will triple over the next 30 years [1]. Striving for
effective therapies is critical in neurodegenerative diseases treat-
ment and prevention. The use of nanoparticles which are very
small particles (1–1000 nm) in diagnosis and treatment malig-
nancies and neurodegenerative diseases has led to new treatment
methods [2, 3]. Nanoparticles have wide spread administration in
food, electronics, and medical industries [4]. The preparation of
nanoparticles smaller than 100 nm increases their surface area
and increases their ability to react with organic and inorganic
molecules [5]. Nanoparticles have expanded rapidly to tumor
imaging, unravel of cancer biomolecules and biomarkers and
nerve cells inflammation, as well as to target drug delivery [6].
Drug stabilization, especially enzymatic ones, in polymer

nanoparticles increases their stability against heat, pH, proteases,
and other destructive factors of their structure. It is now known
that nanoparticles are capable to destroying inflammatory mole-
cules without side effects in normal cells (Fig. 1) [7].

Biomimetic nanoparticles for inflammation
targeting in neurodegenerative diseases

Inflammation is immune response to tissue damage in which
inflammatory protein cytokines production and immune sys-
tem activated cells are considered [8]. Inflammation is protec-
tive response to various pathological factors, including phys-
ical and chemical damage, immune reactions, microbial infec-
tions, toxins, hypoxia, and tissue damage [9], which leads to
foreign factors elimination and tissue structure reconstruction
and physiological function [10]. Although inflammation be-
gins as a protective phenomenon, dysregulation of this process
can lead to a variety of inflammatory disorders [11].
Inflammation has been considered as a key factor in neuro-
logical diseases pathophysiology. Nerve inflammation can be
caused by nerve cells damage or induced by peripheral inflam-
mation [12]. This process is mediated by microglia activation,
stimulation of astrocytes, blood-brain barrier damage or in-
crease of permeability, activated nerve immune cells, nerve
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overproduction of cytokines, nitric oxide, reactive oxygen
species, as well as prostaglandins, and finally neuronal death
is determined [13].

In Alzheimer’s disease, neuritis has been reported as in-
flammatory cytokines increase along with a decrease in neu-
rotrophic factors and synaptic relapse. Microglia are attached
to amyloid via cell surface receptors such as TLR, which
promotes the activation of inflammatory cytokine [14].

The accumulation of Tau protein a microtubule structure is
important phosphoprotein involved in vesicle transport,
followed by oxidative stress caused by inflammation process
that may lead to neurodegeneration, loss of synapses, and
memory disorders [15]. Nerve cells inflammation is known
as neuroinflammation and can be triggered by destructed neu-
rons, invading microbes such as viruses, bacteria, and harmful
chemical compounds. It is also stimulated by deformed pro-
teins such as amyloid beta peptides [16].

Two major mechanisms lead to brain inflammation; sys-
temic inflammatory can stimulate brain immune systemwhich
leads to cerebral inflammation. Neuritis occurs in a variety of
pathological conditions such as stroke, infection, and neuro-
degenerative disorders (Fig. 2) [17]. This process, with the
activation of microglia, increases blood-brain barrier perme-
ability and the entrance of peripheral immune cells into cere-
bral tissue, causing inflammation [18].

Of course, these processes are not only affected by microg-
lia but also by astrocytes, neurons, endothelial cells of brain
blood vessels, T cells, and foreign carnivorous organisms.
Microglial cells undergo two major changes depending on
the interaction of regulatory messages [19].

Neurotoxicity phenotype (called M1-like phenotype). Due
to its resemblance to the M1 phenotype, it has peripheral mac-
rophages that, by producing inflammatory cytokines and re-
active oxygen species (ROS), create a harmful environment
for neurons [20].

The neuroprotective phenotype, called the M2-like pheno-
type, produces a supportive environment for neurons by produc-
ing neurotrophic and anti-inflammatory mediators. Microglial
cells, in response to factors such as bacterial lipopolysaccharide
(LPS) and interferon-gamma (γ-INF), adoptM1-like phenotypes
and produce inflammatory cytokines such as TNF α, NO, and
IL-1,6, and in response to non-inflammatory cytokines such as
IL-4 and IL-13, they adopt an M2-like phenotype and produce
IL-10, anti-inflammatory cytokines and suppress the M1-like
phenotype [21]. Naturally, when the central nervous system is
infected, the microglia first take on the M1-like phenotype and
have significant role in germicidal and xenophobic cleansing of
the environment [22].

When microglia like M2 in reducing inflammation in-
volved and the fate of harmful M1-like microglia with uncon-
trolled activity cause chronic inflammation, IL-6, IL-1, and
IL-NO, proteolytic enzymes and glutamate cause damage or
even neurons’ death.

Biomimetic nanoparticles which imitate immune cells can
concerned as treatment agent to achieve molecular imaging
and accurate drug delivery to inflammatory sites [23].
Biomimetic nanoparticles mimic immune system natural
mechanisms for the sake of inflammation targeting [24].

Biomimetic nanoparticles based on synthetic nanoparticles
modified with targeting ligands, screening targeting ligands

Fig. 1 Various depict of bio-
nanoparticles, which described
details in this paper
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with high affinity with CAMs and selectins, and optimizing
the physiochemical characteristics of nanoparticles are imper-
ative approaches for better inflammation targeting, as the in-
teraction of nanoparticles with inflammatory such as silver
nanoparticles [25, 26].

Among the various nanoparticles, silver nanoparticles have
gained more importance due to their biological properties and
potential applications [27]. Silver has been used since ancient
times to treat wounds and inflammation. Silver nanoparticles
have strong anti-inflammatory activity. Extensive applications
of metal nanoparticles are due to their unique properties [28].

Current research demonstrated that nanoparticles have anti-
inflammatory effect which reducing IL-1b expression as in-
flammatory factor and increasing expression of the IL-10 as
anti-inflammatory factor [29].

GovindappaM et al. investigated the anti-inflammatory effect
of synthesized np-Ag in skin dermatitis and lymphocytes [30].

Silver ion is an active antimicrobial agent. This ion can
react with thiol group (-SH) to stimulate reactive oxygen spe-
cies (ROS) production, which is one of the most vigorous
antibacterial properties [31]. Due to their high surface-
volume ratio, silver nanoparticles pay considerable attention
to wound reduction, detoxification, and anti-inflammatory ef-
fect. Synthesized silver nanoparticles have a strong anti-
inflammatory and restorative activity. Silver nanoparticles al-
so suppress TNF IL-12 and IL-1b and induce inflammatory
cells apoptosis and can be used as an inflammation therapeutic
agent. In addition, proteomic studies have shown that silver
nanoparticles have a positive effect on reducing inflammation
by reducing cytokines [32].

In vivo studies have shown that allergic contact with rat
dermatitis suppresses expression of α-TNF and IL-12 and
silver nanoparticles induces apoptosis of inflammatory cells.
This study suggests that silver nanocrystals may exert mech-
anisms of anti-inflammatory effects [33].

Nanoparticles approaches
in neurodegenerative diseases

Advances in nanomedicine field have generated several plat-
forms that improve drug transport across the blood-brain bar-
rier, which described in details in this paper.

Nanotechnology has beneficial effects on improvement of
sensory motor and cognitive functions in stroke, Parkinson’s
disease, Huntington’s disease, Alzheimer’s diseases, amyotro-
phic lateral sclerosis (ALS), and spinal muscular atrophy [34].

Nanoparticles parallel with stem-cell therapy improve cell-
based therapy efficiency regarding nanomaterial’s unique
characteristics [35]. Nanoparticles can interact with stem-cell
niche proneurogenic factors and consequently endorse self-
renewal, proliferation, and differentiation of endogenous and
exogenous neural stem cells (NSCs) (Fig. 3).

One of the major advantages of nanotechnology methods
have significant effects in stem-cell studies which led to pro-
liferation stem cells in large scales.

Neural cells amplification is key indicator, which has sig-
nificant effect on neurodegenerative diseases therapies
development.

Nanobodies

Antibodies in most mammalian species contain two identical
heavy chains and two identical light chains [36]. The
Camelidae family contains fully functional antibodies without
light chain [37].

Nanobodies have high stability and can be used in com-
pounds as immunoaffinity-based receptors or in biosensors
[37]. These antibodies, by accurately targeting their target
molecules, facilitate the diagnosis and treatment of diseases,
including various cancers, and the elimination of cancer cells

Fig. 2 Microglia cell changes in Alzheimer’s. As explained in the text,
systemic inflammation in the body’s body is caused by changes in the cell
proteins of brain cells, including the Tao protein. Taken from (C.

Balducci et al.) With permission (https://www.sciencedirect.com/)
Pharmacological Research
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and even the neutralization of toxins in the body and the like
[38, 39].

Because of their very small size, which is nano (2.5 nm in
diameter and 4 nm in height), they are called nanobodies.
Nanobodies have interesting properties such as very high
specificity, small size, high solubility, low immunogenicity,
high thermal stability, and good tissue permeability [40].

VHH (variable domain of heavy chain) is the smallest anti-
body fragment derived from camel heavy chain antibodies by
recombinant DNA technology, also known as nanobody [41].

The crystal structure of a pure VHH indicates that the mol-
ecule is about 2.5 nm in diameter and less than 4-nm long.
This is why it is called a nanobody molecule [42]. Thus, the
second single VHH, or nanofiber, is the smallest antibody-
binding antibody fragment with a total strength of about
12.5 kg in diameter. The antibody has a derivative binding
power [43].

Camels have unique phenotypic and genetic characteristics
that are not found in other mammals. Some of these features can
be important in molecular and cellular aspects. Single-domain
antibodies that are naturally only found in the camel’s immune
system are called nanobodies [44]. In fact, nanobodies (ostrich
monocotyledonous antibodies) are the smallest piece of intact,
accessible, and antigen-binding antibody derived from heavy-
chain, non-light-chain antibodies [43]. The creation and appli-
cation of nanobodies in various studies shows that the unique
physicochemical properties of these biomolecules have made
them useful tools for biomedical applications and drug discov-
ery. This is due to their small size, high binding affinity for
secreted epitopes, low immunogenicity, and cost-effective pro-
duction [45]. Due to these unique properties, nanobodies

administration usage is very widespread, which targets tumors,
cancer immunotherapy, cancer diagnosis, prevention of blood
clotting, live imaging, neutralization of cytokines, and preven-
tion of apoptosis, which are significant factors in Alzheimer’s
progress [36, 38].

These single-domain antibodies can be applied to bacterial
and other toxins, proteins, radioisotopes, fluorochromes, biotin,
magnetic grains, and matrices of interest for a wide range of
applications, including biosensor design, drug delivery, bacterial
detection, endotoxin disposal, detection of infections by toxins,
inhibition of virus secretion, and apoptosis prevention [46].

Biophysical and pharmacological properties of
nanobodies, along with their suitable pharmaceutical flexibil-
ity therapeutic proteins, have led to being referred to as a new
generation in antibody-based therapies [47].

Nanocrystals

Nanocrystals, crystals, are smaller than 1 μm. Nanocrystals
can be an effective way to improve the pharmacokinetic and
pharmacodynamic properties of low-density drugs. These
nanoparticles can also increase bioavailability and solubility
of other materials [48]. Compared to conventional
fluorophores, nanocrystals are more photochemically stable
because they have a narrow, balanced, and symmetrical emis-
sion spectrum [49]. Nanocrystals are very similar to onions, in
that they contain a nucleus surrounded by a shell, which is a
physical barrier between the external environment and the
active optical core. Such a structure makes them less sensitive
to oxidation and environmental changes [50].

Fig. 3 Graphene-nanofiber for differentiation of neural stem cells. Taken from (S. Shah et al.) With permission (https://www.mdpi.com/) Applied
sciences
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Types of cerebral drug delivery nanoparticles

Conventional drugs spread after entering the body and affect
many healthy organs as well, but this technology only targets
a predetermined part [51]. Drug release from this
nanotechnology-based pill is slow and, as a result, increases
its effectiveness [52]. The result of such a mechanism is the
reduction of drug side effects. For example, by targeting mi-
croglia cells and using patented FIU (electromagnetic nano-
particle system) systems for drug delivery, two anti-
inflammatory drugs, CRID3 and Withaferin A, are delivered
to the cell [53]. This process can inhibit inflammatory re-
sponses in microglia and help improve cognitive function in
Alzheimer’s patients [54].

Nano-metal particles

The metal nanoparticles used for brain drug delivery, gold
nanoparticles, are important issue due to being biocompatible,
because lack of toxicity, no immune response and in some
cases without the functionalization can penetrate to circulatory
system [55]. Iron oxide nanoparticles and silver nanoparticles
are other metal nanoparticle .

Lipid nanoparticles

This type of nanoparticles contain distinguished products:
Liposomes first generation of nanoparticles for drug delivery
and one or more two layers of vesicles made from lipid am-
phiphilic consist of an aqueous medium [56]. Using of
nanoliposomes as nanocarriers not only reduces but also im-
proves the antioxidant properties of drug during transport pro-
cesses [57, 58].

It delivered drug slowly and in a controlled manner into the
target tissue, causing a lasting effect of drug. Formulation
of bicalin nanoliposomes bicalin was first performed by thin
film method and then measure nanoparticles size and charge
by DLS as well as their characterization and efficiency, were
assessed DSC, spectrophotometry, fluorimetry, high pressure
liquid chromatography, cell culture methods, confocal micros-
copy and erythrocyte hemolysis have been used.

Liposomal dual lipids are commonly biocompatible biode-
gradable lipids present in biomembranes. Liposomes have
been used extensively for drug delivery to the brain, for the
treatment of cerebral ischemia, for relaxation peptides, and for
brain tumors.

Cationic liposomes contain positively charged lipids that
are first carriers for genetic material transporting (such as
DNA) into esophagus. Interaction between cationic lipids
and nucleic acids leads to formation of lipoplex structure.

In contrast to liposomes, endogenous cationic liposomes
are absorbed by the endosome and enter the endosome. In
an environment with an acidity of 5 to 6, dioleole is mixed

with the membrane of the endosome phosphatidylethanol-
amine (DOPE) to stabilize it and release the contents of the
endosome. Therefore, drugs can invade endothelial cells, such
as DNA, and increase their passage through the barrier to the
neurons [59].

Solid lipid nanoparticles: Nanoparticles stable on a lipid
base are a hydrophobic lipid nucleus in which drugs can be
distributed which distinguished from biocompatible lipids
such as triglycerides and small amounts of fatty acids and hair
waxes (about 40 to 200). They are generally nanometers
which allow them to cross tight endothelial cells and escape
the reticuloendothelial system.

The ability to drug continuously release over several weeks
is one of advantages of this type of nanoparticle, which in-
creases drug delivery to the midbrain.

Nanoparticles are conjugated with antibodies

Semiconductor fluorescent nanocrystals (conductor semi-
nanocrystals fluorescent) such as quantum particles (quantum
dots) that conjugate with antibodies cause them to be labeled,
and their exact amount is determined in a small piece of tissue [60].

Other nanoparticle particles such as nanocantilever,
nanoprobes and nanoparticles coupled with specific ligands
have also been investigated in cancer tumor imaging and
Alzheimer diagnosis. Nanoparticles conjugated to antibodies
can be used to simultaneously identify multiple molecular
targets in small tissue fragments [61].

CD68 is a type of glycogen that increases the microglia
cells inflammation. The development of nanoparticles bounds
to CD68 antibody that reduces the level of this molecule in the
cells. Previous studies have shown that this glycogen pro-
vokes immune cells involved in nerve cells inflammation.

Facilitate drug delivery over blood-brain
barrier

There are various methods for drug delivery crossing blood-
brain barrier, which several methods are invasive methods
such as blood-brain barrier osmotic modification [62, 63].
Using hypertonic fluids causes contract of cerebral arteries
endothelial cells as a result, which can lead to disruption of
blood-brain barrier connections [64, 65]. Another way that
can deliver drug to brain is by inhalation, but due to limited
level of olfactory edges absorption, it is possible to deliver
small extent of drug nanotechnology increase drug delivery
to brain by crossing the blood-brain barrier [66]. PLGA nano-
particles are fabricated by a nanofoil mold that produces uni-
form nanoparticles and produces a specific size (loperamide
drug) [67].
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Nanoparticles toxicology

Due to the great diversity of nanoparticles and their properties,
there is not enough nanoparticles toxicological and biological
effects information, especially regarding body contact ways
and its response [68].

Particle size, surface area, and chemical surface area are
key factors in toxicology effects. Subjects who are directly
or indirectly exposed to nanoparticle contamination may de-
velop inflammatory, gastrointestinal, skin, cancer, and severe
lung disease [69].

Another concern with nanoparticles is its reaction with oth-
er hazardous contaminants in water or air, thus facilitating
their transport. Factors such as size and distribution, shape,
properties, surface charge, mass, concentration, and distribu-
tion are effective in nanoparticles exposure risks assessing.
Due to the rapid absorption of nanoparticles through skin,
respiration and mucous cells, and distribution in target tissues,
the nanoparticles disrupt the different parts function.

The relationship between particle size can affect biological
properties and different ways of exposure. Decreased particle
size causes a sudden increase in absorption or toxicity. These
effects are small at first but become irreversible overtime.
Contamination occurs through respiratory, gastrointestinal,
blood, and skin, depending on the nanoparticles composition.

Studies by the Scientific Committee of the European
Commission have shown that nanoparticles may have differ-
ent toxic properties to bulk materials, but their risks and harms
need to be considered on a case-by-case basis [70].

Numerous nanoparticles are made every year, many of
which are released into environment and absorbed with organ-
isms, so careful consideration of the toxicity of nanoparticles
seems necessary.

Conclusion

Due to the therapeutic importance of nanoparticles, several
studies are currently being conducted on them for use in dis-
eases including cancers, infectious diseases, inflammation,
and neurodegenerative diseases [71]. The unique properties
of nanoparticles have led to advantages over conventional
therapeutic such as antibodies in neurodegenerative inflam-
matory diseases including Alzheimer. Ability to detect missed
and unusual epitopes, binding to active sites of proteins, suit-
able pharmaceutical flexibility, very weak immunogenicity
and finally convenient production made nanoparticles wide
speared functional in therapeutic protocols. Nanoparticles
are very suitable for immunotherapy purposes due to their
resistance to very high pHs and their target binding capacity.

Although inflammation plays a prominent role in the oc-
currence of neurological diseases, but unfortunately there is
still no safe and effective treatment to control unregulated

inflammatory processes in the brain. Drugs commonly used
to control inflammation are less effective in nerve cells due to
the lack of penetration of the blood-brain barrier. Since many
inflammatory processes are active in nerve cells, controlling
inflammation will be a more effective method of treatment
strategies rather than suppressing inflammation. Recently, re-
searchers have been able to make advances in the design of
nanoparticles that block cell surface molecules that has role in
inflammation and swelling. This treatment for Alzheimer’s is
very safe and secure by using nanotechnology science [72].
Although there are not enough studies on nanoparticles toxic-
ity, it is still difficult to draw a conclusion because studies
have been conducted without characterization and complete
description of nanoparticles and these nanoparticles have been
used in vitro.
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