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Abstract

The extracellular vesicular entities, also called as plasma dusts, are present in all biological fluids, cell lines and cultures, are
fascinating the researchers. Investigations related to their structure, formation, biological, physiological, and cellular status
reveal that exosomes are biostable, and morphologically resemble nanomaterials, specifically, those from mesenchymal
stem-cells. As the exosomes are multi-utility cellular products, their cellular yield and quantification seems to be tedious.
Exosomes as nanostructures enhance the efficacies of extracellular vesicles or exosomes by fusing with lateral endosomes
or multivesicular bodies, and later bud off from plasma membrane in a similar manner as during endocytosis. These cellular
vesicles are the functional backbone of most of inter and intracellular transport mechanisms. It becomes imperative to
understand their characterization, factors affecting their behavior within and outside the cell. Ubiquitously, nanomaterials
are used in biological, medical, pharmaceutical, and biomolecular fields. The combined use of exosomes and nanomaterials
may act as useful tools for clinical and diagnostic applications as they reflect the physiological and pathological status of a
system. The molecular crowding is a physiological process and controls dissipation of molecular structures that facilitate the
effective functions, and determination of cellular physiochemical status. Therefore, it essentiates to appraise the implications
of exosomes along with nanomaterials in relation to cellular, biomolecular, physicochemical aspects of interactions and their
applications in the biomedical fields. In this review, an effort is made to explore the mechanism of their biogenesis, exosomes
functions in association with nanomaterials, molecular crowding, and their structure and functional relationship.
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Phosphate Oxidase; NTA: Nanoparticles Tracking Analysis;
PSAM: Prostate-Specific Membrane Antigen; Snares: Snap-
Receptors; V-Snares: Vesicle Snap-Receptors; Tio,: Titanium
Di Oxide; Zno: Zinc Oxide.

Overview

Professor Wolf noticed extracellular vesicles in plasma
and named them as “plasma dust” in 1967. Later, these
vesicular entities were detected in all biological body
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fluids and the cell lines and cultures. The exosomes are
the products of cellular vesicles; this process is similar to
endocytosis [1]. These membrane bound and membrane
derived vesicles are the cellular product and mammalian cells
like immune cells like macrophages, dendritic cells, T-cells,
B-cells, mesenchymal stem cells, epithelial, endothelial cells,
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and cancer cells. Other cells such as intestinal epithelial
cells, fibroblast, and antigen presenting cells, platelets,
hepatocytes, and lymphocytes also produce exosomes
(Figure 1). One can observe them in body fluids like human
saliva, serum, breast milk, urine and even in semen [2-5].

Site of Production of Exozomes

Interaction between Exosomes and

Platelets, Hepatocytes, Lymphocytes,
Antigen Presenting Cells

Membaneof Recipient Cells
Macrophages, Dendritic Cells, Exosomes are Present [n
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Mesenchymal Cells, ) | Receptor Ligand —Fusion with
Epithelial Cells, Saliva, Serum_,Pl:lsm:l, — 7| Plasma Membraneof Recipient Cell
Fibroblast, Cancer Cells, Endothelial Breast Milk, Urine, Semen,
Cells, Intestinal E pithelial Cells, Cerihrospinal Fluid Exosomes Undergoes Endocytosk As

A Result of Phagocytosis by the
Plasma Membraneof Recipient Cell

Figure 1: Exosomes: Production, Distribution and Release In The Recipient Cell.

Exosomes are extracellular vesicular bodies that are
delivered by the cell; before their release these fuse with
the intermediate endocytic compartment and multivesicular
entity involving the plasma membrane.

There exist microvesicles related to apoptosis (apoptotic
bodies). These are the derivatives of the plasma membrane
and separate as a result of shedding from it. The ectosomes,
exosomes, and apoptotic bodies exhibit a similar range of
sizes typically within 40-100 nm. These structures gulp
some of the cytosol [6]. The exosomes are present in the
body fluids like blood, urine, cerebrospinal fluid, and the
matrix of the tissues of vertebrates and other multicellular
organisms. The exosomes are also present in the matrix of
the tissue and these are Matrix Bound Nanovesicles (MBV).
The size of exosomes depends on the parent matrix-bound
nanovesicles. Most of the exosomes exhibit a smaller size
than the extracellular vesicles ranging within 30 to 150 nm
diameters. The size of lipoproteins is much less than the cell
but it is similar to that of the most extracellular vesicles [7-
10].

Endosomes are the primary molecular players within
the cell and participate in cellular communication, growth,
regulatory activities, defense, normal functionalities of
cell, and pathogenesis. The endosomes are the integral
component of the classical endocytic pathway that results
in the formation of late endosomes and/or multivesicular
cell organelles and exosomes (endosomes when are outside
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the cell are exosome). This process exhibits a well-organized
transformation of such dynamic cellular structures in which
their disconnection occurs from the parent membrane and
finally becomes spatial and functional components of the
feeder lysosomal pathway [11]. The exosomes play many
roles like carrying waste or garbage of cells, biologically
active materials, and exhibit immunomodulatory features.
These take part in endocytic membrane transport pathway
involving endosomes within the Trans Golgi network. This
pathway transports the internalized molecules or ligands
through the plasma membrane up to lysosomes. The
lysosomes are the site where the transported molecules are
degraded and or reprocessed and put back in the endocytic
cycle or Trans Golgi network or Golgi apparatus within
the plasma membrane. There is a heterogeneous group of
vesicles which include exosomes and microvesicles. These
vesicles originate from the endosomal system and existin the
biological body fluids of the biosystem and play significant
physiological roles in the pathogenesis [12].

The exosomes are the membrane bound extracellular
vesicles and act as intracellular sorting organelles in
eukaryotic cells and these entities contain cellular or
unwanted mater to be expelled out of the cell [6,13,14]. The
exosomes participate in the normal cellular physiological
functions including immune response, presentation of
antigen, signal transduction, prognostic information
during pathogenesis like chronic inflammation, diseases
based on lipid metabolism, neurodegenerative disorders,
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cardiovascular, renal disorders, and tumor [15-25]. The
exosomes are the products from different types of cells but
exhibit basic common structural and functional proteins.
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These proteins are Rab GTPase, SNARESs, annexins, Alix,
Tsg101 and tetraspanins (Figure 2).
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Figure 2: Exosomes: Biochemical Nature and Functional Aspects of Surface Proteins.

J

Rab proteins are guanosine triphosphatases and bring
about protein transport in cellular endocytic and exocytic
processes. These proteins also help the processes like
interaction with cytoskeleton, fusion of membrane and
budding of vesicles. SNAREs are the snap-receptors present
on the membrane and function as molecular motors; these
enable the required fusion between the two membranes.
One part of this protein is located on the vesicle membrane
(v-SNAREs) while the corresponding part (t-SNAREs)
is on the target membrane. The annexins regulate the
endolysosomal system in a cell and also caspase dependent
and independent pathways. The Alix proteins regulate the
endolysosomal system in a cell and also caspase dependent
and independent pathways. The Tsg101 proteins are tumor
susceptibility gene 101, and actively participate in the process
of ‘Endosomal Sorting Complexes Required for Transport
(ESCRT)". The tetraspanins proteins are the transmembrane
proteins which act as scaffolding proteins as an anchorage
for multiple proteins to one area of cell membrane. Other
biomolecules present are glycosylphosphatidylinositol-
anchored molecules, flotillin, cholesterol, sphingomyelin and
hexosylceramides. The glycosylphosphatidylinositol (GPI)
molecules are lipids that anchor many surface proteins,
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and also act as receptors, adhesive molecules, enzymes,
transcytoticreceptors, transporters, and inhibitor to protease
enzymes. The flotillin are detergent insoluble proteins
(sucrose density gradients), and localize either lipid rafts or
specific microdomains present in the membrane. These help
the clathrin independent endocytosis pathway, the Src-family
tyrosine kinase regulate this pathway. The sphingomyelin is
a complex of sphigosine and choline, present in brain and
nervous tissues. The hexosylceramide are the cerebrosides.
The ATP-mediated activation of purinergic, receptors,
activation of thrombin, and lipopolysaccharides, elevated
intracellular Ca** concentration, stimulate the release of
extracellular vesicles [23-30].

The exosomes are nanosized entities bounded with
lipid bilayer ensheathing a fluid core and these components
readily integrate with hydrophilic and hydrophobic
compounds. As a result, the exosomes act as suitable cargo
vehicles for genetic matter, proteins, and drugs. These
exosomes carry their cargos to the specific target using one
of the modes among interaction between receptor-ligand,
endocytosis during phagocytosis, and direct fusion between
exosomes and plasma membrane of recipient cell that
enables the release of cargo into the cytoplasm of the target
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cell [5]. Further, these nanosized biocompatible entities are
suitable theranostics, imaging probes, targeting ligands and
in forming covalent linkage [31]. Due to some of the above
features the emerging role of exosomes suggests their
clinical implications as these are one of the most suitable,
biocompatible, and biodispersible entities unlike some of
the synthesized/designed structures which have toxicity and
biocompatible issues [6,32].

Characterization of Exosomes

Investigations related to the study, separation, and
behavior of exosomes present in the biological fluids like
blood, cerebrospinal fluid, breast milk, urine, amniotic
fluid, seminal fluid, saliva, and malignant effusion, involve
the physical and biophysical features of exosomes. The
exosomes exhibit physical and biological features like size,
surface charge, density, the cargo they carry, and membrane-
associated antigen. Some of the popular techniques for their
investigation include electron microscopy, dynamic light
scattering, tunable resistive pulse sensing, and nanoparticle
tracking analysis. The zeta potential of exosomes indicates
the charge on its surface and acts as a significant parameter
during the investigations concerning their dispersion in the
emulsion, suspension, and colloidal nature in the testing
samples. The zeta potential also indicates measuring the
charge stability and influences the interactions of the
affected particles. The exosomes attain surface electric
charge spontaneously when they come in contact with
a polar medium like a hydrophilic buffer. The surface
charge is negative on exosomes as one finds on the plasma
membrane of a cell specifically in hydrophilic buffers. The
electron affinity differences between two phases, ionization
of exosome membrane surface groups, and differential ion
absorption due to the electrolytes solutions [33-35].

The Biochemical of Endosomal

Membrane

Aspects

It is very essential to review the biochemical and
biophysical aspects of the endosomal membrane because
this membrane is the structural and functional origin of
exosomes. This role of the endodermal membrane is crucial
during the structural and compositional changes that occur
when the exosomes are developing and maturing. The
biophysical properties and the protein and lipid components
play a significant role during the endocytic and biosynthesis
of cell organelles. Among these organelles, exosomes are
of cellular functional importance because these entities
are the derivatives of the endosomal membrane. Primarily,
phosphatidylcholine and lysobisphosphatidic acid are
present in the endosomal membrane and contribute to its
microheterogeneity. The lysobisphosphatidic acid manifests
strong fusogenic features that are pH-dependent and
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functional dynamic nature of the endosomal membrane.
The morphological and biophysical investigations reflect
the presence of a fluid region rich in glycerophospholipid
within the bilayer and a liquid region which is plentiful with
cholesterol and glycosphingolipids. This region is the site
of the preferential portion of glycosylphosphatidylinositol-
anchored proteins and double-acylated proteins. Cholesterol,
glycosphingolipids, and glycosylphosphatidylinositol (GPI)
anchored proteins constitute raft-lipid microdomains;
these are not soluble in lower concentrations of non-ionic
detergents. The lipid rafts are among the components that
behave as cell surface platforms and act as functional bases
during internalization or uptake, signaling, and pathogenic
infection. These also help in sorting out proteins during
biosynthetic processes [36]. The biomolecules participating
in the endocytic pathway internalize during the early phase
of development and later either recycle at the plasma
membrane or degrade at lysosomes. There is a possibility
that most of the participant biomolecules distribute in a
mosaic pattern but some lipids do not follow this mode. The
lipid rafts are higher in number among recycling endosomes,
and as per the preference lipid analog shift to the late
endosomes. The phosphatidylinositol 3-phosphate interacts
with those proteins which contain FYVE or a PX domain, and
these are prevalent during the early phase of the endocytic
pathway. [The FYVE is a zinc-finger domain and includes
proteins like Fab-1, YOTB, and EEA-1; these are cystic
proteins and readily bind phosphatidylinositol 3-phosphate.
The metal ion present in the domain plays a significant
role while and coordinating and basic amino acids [37].
The PX domain binds with the phosphoinositide-binding
component domain which targets cell membrane proteins.
This domain is present in the P40phox and p74phox domain
of the NADPH oxidase enzyme [38]. The lysobisphosphatidic
acid is present relatively in a higher amount during the late
endosomal phase. The quantity of lysobisphosphatidic acid
is also more within the internal membrane of multivesicular
organelles and multiwalled cellular structures [36,39-41].

The Biophysical Aspects of Endosomal
Membrane and Formation of Exosomes

The biological membrane, non-lamellar lipid phases,
and lipid vesicles have a specific bending elasticity. This
means curvature moduli (Kc) of lipid bilayers, the monolayer
of a leaflet of inverted hexagonal phases of lipids, and the
Gaussian curvature mode play a significant role during
the formation of endosome. The endocytic pathway is
an important biophysical functional aspect of cellular
functions and provides inputs for intracellular trafficking.
These inputs facilitate the internalization of nutrients,
compartmentalization, and termination of signaling
processes. The biochemical complexity and physical or
biophysical forces result in the formation of an endocytic pit
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(initiation of formation of endosome). This process includes
asymmetrical trans-bilayer stress, scaffolding, line tension,
crowding, and passive mechanism. The active mechanism
related to mechanochemical enzymes and cytoskeleton also
participates during the formation of endosomes from the
endosomal membrane [42].

Every biological membrane exhibits biomechanical
characteristicsand required energy thatresultsin its bending.
Bending is one of the prime processes during the formation
of the endosomal membrane. The mode of bending in the
case of the biological membrane depends on its biochemical
aspects and its lipids composition. A biomembrane shows a
lower degree of bending when unsaturated acyl chains are
present in the lipids. The membranes having lipids with
saturated acyl chains show a higher degree of bending; the
amount of cholesterol present elevates the degree of bending
in a given membrane. In the case of the fluid membrane the
range of bending lies between 10 to 100Kt; k represents
Boltzmann constant and T represents absolute temperature.
[KT = 4X 2! N/m at room temperature. The factor-like
capacity of the lipid membrane is an important aspect in
deciding the trafficking via biomembrane and this process
needs energy. This required energy depends on the mode
of bending rigidity (k) of the membrane and is based on the
characteristic composition of the concerned membrane. The
curvature and phase transition act as one of the important
parameters during the sorting of lipids and fission of
membrane tubules. The tubes and vesicles formed in a
ternary mixture having sphingomyelin, phosphatidylcholine,
and cholesterol show two clear significant difference in
lipid composition in two nanostructures formed. The
concentration and the temperature affect the formation
of these nanostructures in this ternary mixture. The phase
separation takes place during the tube fission. This feature
reflects on the occurrences of lipid sorting at the time of tube
fission and also this phenomenon critically relates to the
membrane curvature and phase separation. The process of
phase separation is significant during the membrane fission
in tubes pulled out of the huge liposomes and/or purified
membranes of the Golgi Complex [43,44]. A lipid bilayer
having both similar leaflets shows flat geometry when and
when this symmetry becomes asymmetrical, the bending of
the membrane takes place. Many different lipids are present
on the membrane, and many proteins can be introduced
during the state of asymmetry and this introduction causes
an asymmetrical state in a given biological membrane.

Let, C represents an imposed curvature, C,  is an
immediate membrane curvature; (it indicates the relaxed
equilibrium curvature caused on the membrane specifically
when external mechanical action is absent), and k is the
energy following the mode of bending rigidity. Then F_ .
=k/2 X (C-C )* [45]. Biological and biomimetic membranes
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have a fluid nature, and show bending and stretching elastic
deformations. The elastic parameters like spontaneous (or
unplanned) and selected curvature (m) and its bending
rigidity (k) regulate the membrane behavior. Both these
variables are under the intrinsic tension scale. The factor
2km? represents the spontaneous (unplanned) tension. The
mechanical tension causes stretching and compression to
a membrane. This behavior of the membrane is helpful in
preparation of experimental model of membrane, membrane
biogenesis and related studies.

In the case of the membrane of the vesicle, the elastic
distortion relates to the enclosed volume even if the
mechanical forces are absent and the combined bending and
stretching energy are the minima with the area of membrane
for the fixed volume of the vesicle. These functional
conditions cause mechanical tension within a membrane
of the vesicle which is proportional to the spontaneous
curvature and bending rigidity of the membrane. The factors
like morphology of vesicle and the magnitude of mechanical
tension may be very less as compared to the spontaneous
tensions [46]. The surface density of curvature-generating
proteins plays a significant role when spontaneous curvature
results in a biological membrane. The protein having
Bin/Amphiphysin/Rvs domains regulate the formation
of curvature in a lipid membrane. These proteins are
also functionally essential during cellular functions like
endocytosis, cellular trafficking, motility, and other cellular
functions that sustain cellular survival. These proteins also
constitute three-dimensional structures of 3D molecular
scaffolds that facilitate change in the mechanical features
and reshaping of the membrane [47]. Conventionally, the
invagination of membrane takes place towards proteins
that facilitate curvature during positive curvature, and when
invagination occurs away from curvature generating proteins
it results in the negative curvature [46].

The direction of membrane deformation is of functional
significance in the biological field. Generally, whenever
cytosolic protein interacts with the cytoplasmic leaflet
resulting in the membrane bending in the direction of
cytosol; it causes positive curvature. When the protein binds
with exoplasmic leaflet inducing curvature towards cytosol
it results in negative curvature. A good number of cytosolic
proteins bind with bilayers and form any type of curvature.
Most of the pathogens utilize the negative curvature at the
site of the entrance on the plasma membrane and also during
their budding out of the host cells. Generally, toxins interact
with glycosphingolipids which cause negative curvature. The
protein-lipid complexes like these have a cone geometrical
shape and this shape results in compaction involving lipid
head groups. The acyl chain in the presence of toxin-bound
lipid head groups creates mechanical strain and the bending
minimizes this strain [48-51]. This feature possibly illustrates
the mechanism during the physicochemical interactions
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between membrane and the interacting toxins.

The mechanism of membrane bending may be symmetric
or asymmetric, and involve phenomena like chirality,
scaffolding, and crowding. The asymmetric trans-bilayer
stress and lipid or protein compaction act as structural
and functional bases during the bending mechanism of a
membrane. There may be an asymmetric insertion of the
helix or asymmetric transmembrane proteins into one of
the leaflets of the membrane. There may be either lipid or
protein compaction into the membrane. When amphipathic
or hydrophobic proteins interpose from one side of the
membrane there forms a bend. The parameters like shape
and density of protein on the membrane and the depth of
interposition determine the overall interposition. When
there is a low density of protein in a given membrane the
fractional density of bound or inserted protein influence the
spontaneous membrane curvature. The type and pattern of
distribution cluster of transmembrane proteins also act as a
deciding parameter in the spontaneous membrane curvature
bud [52-54].

The chirality among molecules like membrane
components, proteins, and lipids specifically glycolipids
represents the intrinsic asymmetry and this feature can
cause a deformity in the membrane. The topological defects
occur whenever chiral molecules get involved as structural
components and cause constrain in a uniform membrane.

Advances in Clinical Toxicology

The formation of tubules or buds release such constrain in
a constrained membrane. The toxins released by cholera
inceptabnormal lipid phase as a result multiple bindings take
place with glycosphingolipid GM1, the resultant structure is
the textured phase. The proteins attached to glycolipids or
glycophosphatidylinositol (GP1) are likely to induce new
structural orientation in the membrane, and this change is
probably because of their coupling with the dynamic cortical
cytoskeleton. The mechanism of this process appears to be
ambiguous, and possibly the transmembrane proteins are
likely to associate with the mechanism occurring utilizing
cytosolic tails [55,56].

The process of scaffolding facilitates the molecular
interactions that take place during cellular functions
structurally. Scaffolds, in molecular biology, are the specific
biomolecular frameworks that help to assemble to help
desirable cellular interaction/s so that results in new
functional structures, and the process is scaffolding. This
process occurs within cells and recruits varieties of adaptor
proteins, some factors, kinases, phosphates, and enzymes.
The rigid and curved backbone of the membrane participates
in formation of spontaneous membrane curve. The localized
deformation on the membrane causes curvature tension
between the surface of the protein and the membrane. This
change acts as a scaffold and it is appropriate for developing
membrane curvature [57].

Scaffolding Isa Scaffolding Helps To Assemble
Iviolecular Interaction Biomolecules, Like Adaptors, Factors,
Occurring during | Kinases, Phosphates, And Enzymes.
Structural Cellular

Functions

The Aszembled Biomolecules Form a New
Functional § tructure within Cell

The Newly Formed

Development

Cell Membrane Exhibits Curve

Scaffolding Affects The Rizid
/ Backbone Of Membrane And
Cause Spentanzcus Curve

The New Functional Structure Readies
the Scaffolding within the Call

Figure 3: Development of Curve In Membrane.

The BAR-domain protein belongs to a superfamily
whose members have a backbone consisting of dimers that
have different intrinsic curvature and a specific orientation;
these features depend on the specific member of the family.
The N-BAR proteins possess amphipathic helices and BAR-
domains. Both of these components and their density at
the site on the membrane affect the formation of curvature.
The BAR domain superfamily negotiates the biogenesis
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of cell organelles, cellular division, migration, and cellular
trafficking [58]. The scaffold-based molecular models form
new desired substructure or scaffolds. This phenomenon
involves sequentially adding or arranging new atoms and
bonds following the mold of the scaffold. These scaffolds
exist in naturally generated molecules. The molecules
produced involving scaffold influence the properties present
and revamp the set features [59]. This aspect may explain the
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mechanisms involved in cell migration and organogenesis
during embryonic development.

In general, the actin mechanism contributes to the
bending and vesicle formation from the endocytic membrane.
The bending of the membrane initiates when the actin
network gets physically connected to the plasma membrane,
at this time the cross-linking should be optimum. The
nucleation and polymerization of the recently formed actin
filaments derive the initial invagination of the membrane.
When the rate of nucleation of filament declines the key
transition takes place. Thereafter, the invagination grows
and cleavage of vesicle progresses even if the proportional
elevation of actin is not optimum. The amount of filamentous
actin and the degree of cross-linking both these factors affect
the growth of invagination and vesicle [60]. The processes
of budding and tubulation in the membrane occur in the
absence of the processes like scaffolding and bilayer insertion
in the membrane involved. The spontaneous bending in
the membrane is the result of lateral pressure induced by
the steric interactions between the involved proteins; this
lateral pressure is one of the impacts of molecular crowding
[42,61,62].

The presence of some of the self-assembled proteins
induce membrane curvature and form either spherical,
tubular orientations. The proteins like clathrin, dynamin,
F-BAR-domain proteins, come under this group of self-
assembling proteins. The spherical assembled structures
exhibit the radii range between 50 to 120 nm while tubular
formations have 10 nm radii. These natural cytological
formulations are regarded as coats. The cytological spherical
structures show a strong tendency to self-assemble and this
tendency is strongly associated with membrane resulting in
the rigid structure; hence, these are assigned the term coat/s.
The shape of these structures is following the degree of lateral
pressure and the shape of the participating components.
Generally, in human cells, the clathrin, COP-I, and COP-II give
rise to spherical shape while dynamin and F-BAR-domain
proteins attain tubular form [63-67]. The COP-I and COP-II
are the protein complexes that help in the formation of walls
of vesicles of the coats, hence, named as coatomers. These
vesicles specifically carry proteins from the cis- end of the
Golgi complex to the rough endoplasmic reticulum. The term
COPI represents the specific coat protein complex and it
inaugurates the formation of vesicles [68].

The local pulling force is other biophysical factor that
plays functional role. The bending rigidity of a membrane
and its lateral tension influence the local pulling force of
a membrane. The amplitude of such forces varies within
tens of pico-newtons. Such forces are common during the
movements of molecular motors. The molecular motors
associate with the membrane and these move along the
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cytoskeleton filaments; the microtubules couple with
kinesins and myosins hang-around with actin [42].

The cell membrane and surface tension have correlation.
The constituents of cell membrane like phospholipids,
glycolipids and proteins play significant role in maintaining
specific cell membrane surface tension. The phospholipids
are plentiful in comparison to the proteins and glycolipids.
The phospholipids result in the hydrophobic and hydrophilic
interactions between tails and head respectively. These
interactions cause a specific state of tension on the
membrane. The in-plane membrane tension is stable
along the complete cell membrane. The two factors of cell
membrane, namely lipid composition and surface area, play
major role in maintaining the specific membrane tension is a
cell. Any stress or pull on the membrane (in-plane) disturbs
the hydrophobic and hydrophilic interactions within the
phospholipids of a membrane. A change in the in-plane
membrane tension counter acts any deformation occurring in
membrane. Any move to increase the area of cell membrane
without changing the phospholipids results in elevation
in membrane tension. When a cell is subjected to osmosis
or hypertonic state, there is a swelling and increase in the
surface area of the cell but no change in the phospholipid
composition. The cell membrane interconnects with actin,
a component of cytoskeleton present underneath which
provide structural and functional support to the membrane
(theinner surface of cellmembrane) [69]. The surface tension
of a membrane along with the adhesion between membrane
and cytoskeleton maintain a specific level of cohesive force
that retains the structural, spatial, and functional integrity of
the membrane. A force or stretch or pull which is more than
surface tension of a cell membrane causes deformation of a
cell under investigation. There are many membrane domains
having different molecular composition and properties
because a cell membrane is made of different cholesterol,
saturated and unsaturated phospholipids, and glycosylated
lipids. These exhibit interaction resulting in ordered specific
region on membrane and these regions utilize different lipids
and proteins to carry out variety of functions. Thus, there are
variety of domains on the cell membrane having different
molecular composition and features. There exists phase
separation phenomenon in the cell membrane due to lateral
separation of lipids and this aspect relates with temperature,
pressure, and structural properties like length of hydrocarbon
tails, extent of unsaturation, and the constitution of the head
of different lipids present in the membrane. The domain
boundary or length of phase participates in the process of
lipid phase separation, even at the rim of the membrane
domain. This process gets the required energy for the steric
interaction due to the high mismatch of phospholipids and it
is related to the domain boundary or length of phase.

The line tension in a membrane is because of the
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interfacial energy present at the length of phase and or
domain boundary in the membrane under consideration. The
membrane domain attain circular orientation, this minimizes
the degree of line tension. The decline in the free energy due
to the formation of membrane domain recompenses the loss
of free energy of line tension (if there is). Membrane tension
(surface tension) and line tension provide structural and
functional aspects in cellular activities like cellular motility,
endocytosis, exocytosis, even during infection due to virus
[69-76]. The line tension is a force that causes bending or
curves at specific locus; this happens due to misalignment
or height mismatching. This morphological maladjustment
exposes the hydrophobic acyl chain segment to bulk water
molecule or hydrophobic head groups present in the ambient
lipids in the membrane [77]. The bacterial toxins induce
clustering of acyl chain glycosphingolipids resulting in the
formation of domain which is more in size than the membrane
[78]. The higher stretching force (lysis tension) ranging
from 1072 to 10”2 N/m is able to disrupt and cleave a lipid
membrane. One can severe a transport carrier in the form of
bud like or tube like structure from a biological membrane
in a “non-leaky” manner either using squeezing or pinching
mechanism [42,79]. The protein dynamin or similarly
structured protein is able to interchange the chemical
energy of GTP (guanosine triphosphate) into the mechanical
squeezing force on the membrane under study [80-83]. The
helical conformation of dynamin induces “local constriction”
on a membrane. Further, thus local constriction enhances
the elastic energy at the edge of the dynamin polymer which
in turn diminishes the barrier of energy needed for fission
[42,83]. The membrane tension is a functional parameter
that influences the membrane morphological maladjustment
and this may reflect on the membrane tension experienced
by the cell membrane of cells when subjected to cultural and
testing experimental in cell-line culture.

General Structural and Functional Aspects of
Exosomes

Exosomes are multi-vesicular bodies. The endocytic
process helps the formation of exosomes in eukaryotic cells
involving the endosomal membrane. A bilipid layer acts
as its limiting membrane, endodermal in origin, and it is a
derivative of the parent endoderm. These vesicular bodies
are formed within the cell and exocytosis helps their release
in the ambient environment. Some proteins, lipids, DNA,
m-RNA, and mi-RNA from the parent cell get engulfed in
these exosomes during their intracellular formation. The
primary function of exosomes is to separate the recyclable
or degradable to the sites like lysosomes. The multi-
vesicular bodies are categorized depending on their sites of
aggregation. Those which accumulate within the cytoplasm
are “intraluminal vesicles” and the one released in the
intercellular medium is “exosomes” [84-87].
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Generalized Mode of Formation of Exosomes
Packaging of Crago

Most of the intraluminal vesicles develop from the
endosomal limiting membrane. This process is either
endosomal sorting complexes required for transport
(ESCRT) mechanism dependent or occurs independently
of endosomal sorting complexes required for transport
mechanism [6]. There exists ambiguity concerning the
mechanism of the production of exosomes [6]. The overall
understanding reflects that the multi-vesicular bodies are
the product of the intraluminal endosomal membrane. The
vesiclesdevelop asabud and develop into a full vesicular body.
Later, these fuse with lysosomes where their degradation
takes place or later undergo exocytosis and come into the
extracellular environment [84-87]. Intraluminal vesicles are
the products of the invagination of the endosomal membrane.
The intraluminal vesicles aggregate within the lumen of
matured endosomes. In due course of time, these provide the
required metabolites which are needed for the biogenesis
of melanosomes, Weibel-Palade bodies, and azurophilic
particles; these structures are the lysosome concerned
organelles. These products mingle with lysosomes or with
the plasma membrane. The liberated intraluminal vesicles at
this stage are exosomes [6].

The mechanism related to the endosomal sorting
complex mode of formation of exosomes involves protein
complexes. The endosomes engage these proteins after
their cytosolic domains are tagged with ubiquitin. The
ESCRT-O a component of endosomal sorting complexes
required for transport (ESCRT) complexes identifies the
ubiquitinated domain on the protein recruited by the
endosomal membrane and conveys the ubiquitinated cargo
onto ESCRT-1; its Tsg-101 of ESCRT-1 recognizes ubiquitin
(Figures 4 & 5). Endosomal sorting complex (ESCRT) plays
a key role in the formation of multi vesicular bodies and it
also helps in loading the cargo. The ESCRT complex is of
vital importance during retroviral budding and cytokinetic
abscission. Basically this complex is essential during the
recognition of cargo and membrane-sculpting device which
show distinct behavior as ESCRT proteins, sorting of cargo,
and the membrane they deform [88]. The involvement
of ESCRT mode helps to conglomerate the ubiquitinated
cargo proteins on the endosome. This also plays role in the
formation of intraluminal vesicles by generating curvature
of the endosomal membrane (Edgar 2016). It is of common
observation that there is a formation of intraluminal vesicles
even when endosomal sorting complexes required for
transport (ESCRT) are absent and the process is independent
of endosomal sorting complexes required for transport
(ESCRT). The mechanism concerning this mode of formation
of intraluminal vesicle needs more investigation. The basic
understanding indicates that there is a need for a protein
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CD63; this protein is present in abundance on intraluminal
vesicles but its significance is ambiguous. There seems to be
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a possibility that cone-shaped bending features of lipids like
ceramide play some role in this process [89-91].
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Figure 4: Formation of Multivasicular Bodies Which is Dependent on Escrt.
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Figure 5: Recognition & Loading of Cargo Mostly Accomplished During the Formation of Vesicle.

Exosomes act as Indicators of Pathogenesis

Most of the cells in human body and the general
experimental models release the extracellular vesicles
(exosomes), and these get appropriately biodistributed
attributing to their specific functionalities. The biomolecules
like tetraspanins, surface receptors, proteins, are present
on the surface of exosomes. The exosomes derived from
oligodendrocytes and those having ICAM-1 get readily
internalized because of these biomolecules on the surface of
exosomes. The exosomes produced by platelets, melanomal,
and glioblastosomal cells conveniently fuse with the
receptor cells specifically the targeted tumor cell; the acidic
pH, intratumoral cellular physiological conditions further
enhance such fusions [92-94]. Specifically, all types of nervous
system produce extracellular vesicles (exosomes) during
their normal developmental, physiological, and as behavioral
responses to the pathogenic states. The composition of
exosomes depends on the type and the physiological status
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of cells producing them. These exosomes display significant
role while exhibiting phenotypic behavior and cellular fate
[95]. The related investigations suggest that there are specific
levels of these exosomes under normal and healthy statues of
an individual. The normal levels of exosomes deviate in the
body fluids during pathogenesis, progression of infection or
disease, therapy success or failure, the systemic responses,
and stressful conditions existing. Extracellular vesicles
are a potential cellular products and that act as a possible
biomarkers to diagnose a physiological and pathological
conditions; more so is the case of neurological disorders
[95,96]. Intercellular communication is an important
aspect while investigating functioning of nervous tissue pt
nervous system, with respect to sensing behavior, synaptic
communication, nerve regeneration, nerve degeneration
and brain tumor or neuropathological conditions [96]. The
presence of exosomes in biopsies samples are the probable
biomarkers or indications that facilitates the clinical findings
[96-99].]tisvery convenienttoanalyze exosomesascompared

Copyright© Lahir YK, et al.


https://medwinpublishers.com/ACT/

to circulating tumor cells, circulating free DNA, circulating
free RNA, biopsies samples. This is because the exosomes are
more in numbers, better intratumoral heterogeneity, more
of molecular signature present in the related exosomes in
comparison to the usual circulating cellular components. The
exosomes enclose DNA and exhibit higher degree of sensitive
and specificity regarding their detection because of the
cargo, like KRAS (KARS gene provide instructions to prepare
K-ras protein), EGFR (epidermal growth factor receptor),
BRAF (BRAF gene mutation concerned with colorectal
cancer and its spreading), and miRNA (microRNA), in
exosome present in the biopsies fluid samples [99-102]. The
techniques like nanoparticles tracking analysis (NTA), flow
cytometry, dynamic light scattering (DLS), Western blotting,
immunoassay are some of the common modes to analyze the
exosomes in a test samples. These techniques are helpful
in analyzing presence of proteins, their molecular weight,
quantification of surface proteins markers, concentration,
phenotypes, size, of extracellular (exosomes) [99].

Interactive Interface between Exosomes and
Nanoparticles

Exosomes exhibit specific surface markers; these
markers interact with metal nanoparticles, thus, helping
the detection and isolation of the exosomes from the test
sample. These detections are within the level of clinical
sensitivity. The electrochemical sensors are most suitable for
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this purpose. Specifically microfabricated microchip having
multiplexed gold sensors is able to catch the exosomes
and even microsomes during electrochemical analysis.
The metal nanoparticles like silver, copper, nanoparticles
successfully arrest epithelial cell adhesion molecules while
copper nanoparticles capture prostate specific membrane
antigen. Epithelial cell adhesion molecules are common
markers found on epithelial cancerous cell/tissues. Such
features of the exosomes reflect on their interactive behavior.
This technique is fast, cost effective, and has higher level
of clinical sensitivity [103,104]. The physicochemical
features of exosomes surface and nanomaterials exhibit
selective behavior in response to the interaction between
the two. There is selective uptake of exosomes associated
with nanomaterials in tissues as it helps the regulated
interaction between tissues and nanoparticles associated
with exosomes. The exosomes are the cellular products that
have antigens, proteins, and biomolecules that help their
internalization in the target cells. This feature of exosomes
accomplishes the cellular communication (Figure 4). The
nanoparticles associated with exosomes readily escape the
immunological recognition thereby enhancing the chances
of degree of better biodistribution [105]. Thus, there seems
to be favorable interactive interface between exosomes and
nanomaterials. Metal-organic frameworks functionalized
with extracellular vesicles elevate cargo loading efficiency,
internalization, and biodistribution of the cargo in the test
model and selective target homotypic tumor sites [106].

EXOS0OMES HAVE SPECIFIC ASPECTS
OF SURFACE STRUCTURE,
PHYSICOCHEMICAL FEATURES

ELECTROCHEMICAL SENSORS
ACTIVATE EXOSOMES TO INTERACT

NANOPARTICLES HAVE SPECIFIC
PHYSICOCHEMICAL FEATURES THAT
INDUCE SELECTIVE BEHAVIOR IN

INTERACTION BETWEEN NANOPARTICLES AND
EXOSOMES HELPINIDENTIFICATION,
ISOLATION OF EXOSOMES WITHIN CLINICAL
LIMITS

EXOS0OMES

INDUCTION OF SELECTIVE BEHAVOER. THAT
ENSURES FAVORAELE INTERACTIVE
INTERFACE BETWEEN NANOPARTICLES AND
EXOSOMES

Figure 6: Development Of Interactive Interface Between Exosomes and Nanoparticles.

Carbon nanostructures such as graphene quantum dots,
graphene oxide and functionalized as luminescent form are
useful to detect biological molecules like microRNA, and
short oligonucleotides. This detection is based on the specific
features like high p-electron density of sp? graphene-based
nanostructure system facilitate the ability of these systems
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to act as suitable carriers for biomolecules. Other properties
like structural size, surface carboxyl, concentration, to help
the influence degree of solubility, luminescent properties.
All these efforts ensure the elevated the efficacies related
to emittance, loading and carrying capacity, quenching, and
sensitivity of these carbon nanomaterials [107].
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Do Nanomaterials Exosomes

(Extracellular Vesicles)?

Impact

Nanoparticles have potential to elevate the degree of
sensitivity of devices suitable in the field of sensing. The
detection using lab-on-a-chip technology enables analysis
involving very small amount of sample. Thus, this technique
renders the clinical tests to be cost effective. In addition
to this chip technique, there are many detection modes
like colorimetry, fluorescence, surface-enhanced Raman
spectroscopy, electrochemistry, nuclear magnetic resonance,
etc,, [99,108-110]. Nanomaterials and exosomes have some
similar features like size, surface properties, biodispersibility,
biocompatibility, ability to carry cargo within biosystems etc.
There is a possibility that nanomaterials in their sub-toxic
concentration may influence the formation, intracellular
transport, release from cell of origin, transport with the
biofluids like blood, lymph, or inter cellular fluid. In such
functionalities nanomaterials may participate in their
pristine or functionalized forms. There seems to be very
limited references on such aspects.

The nanoparticles functionalized with PLGA show
features which make it suitable candidate for the
biomedical application, like its ability of higher degree of
biodegradability and biocompatibility, its formulation and
production is suitable to carry micro and macro, hydrophilic
and hydrophobic molecular drugs, its ability to protect the
drug in biosystem from degradation and provide sustained
release of the cargo. Such PLGA formulated nanomaterials
can modify the surface features to ensure stealthness
and improved interaction with the biomolecules and are
better agents to target the specific tissue or cell [111]. The
paracrine impacts of mesenchymal stem cells are useful for
therapeutical applications because these cells secrete many
useful neuroprotective and anti-inflammatory biomolecules.

The administration of pretreated mesenchymal stem
cells with super paramagnetic iron oxide nanoparticle fluid
MAG-D, in the experimental model, the levels of glial-derived
neurotrophic factors, ciliary neurotrophic factors, hepatocyte
growth factor and interlukin-10 in the dystrophic retina of
rat. The degree of secretion of these four biomolecules gets
affects under the different concentrations of fluid MAG-D (0,
7,120, 274 pg iron oxide per cell respectively) in the culture
medium in vitro experiments.

Retinoschisin is an extracellular protein and it plays
crucial effective impact in the organization of retinal cells.
This protein associates with plasma membrane of the variety
of retinal cells which helps the self-sustenance of structural
aspects of retina. The amount of iron oxide nanoparticle fluid
MAG-D influences the innate potential of mesenchymal stem
cells to produce therapeutical molecules and even from the
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genetically modified cells. These molecules are enclosed in
exosomes produced in mesenchymal stem cell [112,113].

The change in the surface charge of nanoparticle
influences their cellular uptake, nanoparticle with positive
charge exhibit higher degree of uptake in comparison to
those having negative surface charge [114]. The process
of internalization of superparamagnetic iron oxide
nanoparticles show three modes of metabolic pathways:
the macrophages RAW264.7 cells during their mitosis
allow the transfer of these nanoparticles in the daughter
cells, lysosomes of these cells degrade these nanoparticles
thereafter, release in the intracellular cytoplasmic
metabolic pool, and the unaffected superparamagnetic iron
nanoparticles undergo exocytosis and expelled out of cell.
Whatever the case may be the internalized nanoparticle
exhibit impact on iron metabolism but no cytodamage.
The metabolic impacts include up-regulation of ferritin
light chain at m-RNA and level of protein, even the level
of ferroprotin-1 along with mRNA elevates [115]. The
composition, yield, generation of exosomes increases with
nanoparticles and these stimulate the multivesicular bodies
to release the exosomes. The mesenchymal stem cells show
ideal uptake of magnetic nanoparticles solution as polymeric
clustered superparamagnetic nanoparticles having 5 pg/
ml concentrations. The higher concentration of these
nanoparticles results in decline in their viability but degree
of internalization increases and form clusters. This feature
depends on surface charge [113]. The study related to the
interaction between exosomes and nanomaterials can pave
path for understanding the mechanism involved.

Nanoparticles Help Detection and
Characterization of Microsomes and Exosomes

Metal nanoparticles help the detection and
characterization of microsomes and exosomes. The metal
nanoparticles are in the form of chip-technology and after
their electro-oxidation; in this form these identify the surface
proteins on the vesicles and thus, help in their detection
and characterization. For example, the chips have metal
nanoparticles and undergone electro-oxidation readily and
then identify the surface proteins like EpCAM and PSMA
that are present on the surface of microsomes and exosomes
originating in the prostate cancer cells [104]. Exosomes
are potentiated agents for therapeutic uses. These agents
after functionalized with supramagnetic iron oxide elevate
the degree of regeneration of nervous tissue. Further, the
manipulated extracellular vesicles modified with magnetic
supramagnetic iron oxide nanoparticles stimulate growth
factors after convenient uptake in neural tissue. These
manipulated nanoparticles along with exosomes activate
inter and intracellular communication, regulating the gene
expression, that all enhance the out growth in the neural,
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thereafter undergo easy degradation [96]. The iron oxide
nanoparticles induce the mesenchymal stem cells exhibit
low rate of productivity of exosomes under the guidance of
magnetic field. These nanoparticles induced mesenchymal
stem cells induce enhance the repairing, healing process and
decline in degree of apoptosis and fibrosis. These iron oxide
nanoparticles induced mesenchymal stem cells elevate the
angiogenesis and recovery of cardiac functionality [116].
Nanomaterials based optical biosensors facilitate detection
of exosomal biomarkers (Figure 4) [117].

Nanoparticles Participate In Cellular Release of
Exosomes

The exosomes are endogenous nanovesicles and play
vital roles during intercellular transmission of information.
The nanoparticles like magnetic iron oxide enhance the
level of exosomes in the bronchoalveolar lavage fluid (BAL-
Fluid) of the lungs of mice. These nanoparticles circulate
comprehensively and show immunostimulatory impact on
dendritic cells and sensitized T-cells in vitro studies while in
vivo these magnetic iron oxide nanoparticles increased lung
inflammation and induction of antibodies presenting cells
to prompt Th-1 responses in the case mice [118-120]. The
studies on two types of cells, namely, human peripheral blood
mononuclear cells (PBMC) and monocytes derived dendric
cells (MDDC) reveal no major differences in the phenotypes
or liberation of exosomes after sub-toxic exposure of TiO, and
zinc oxide (Zn0) nanoparticles. It was very difficult to detect
any interference during the trafficking or transporting, and
release of exosomes because of their nanosized. Techniques,
like the flow cytometry and total protein contents analysis
of the sample of the generated exosomes, could not help the
evaluation of generation of exosomes bound onto micro-
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sized beads and very less quantity of yield of exosomes [120].

The iron oxide nanoparticles functionalized with
poly (lactic-co-glycolic acid) (PLGA) are relatively more
biodispersible; hence, exhibit better bioavailability in
biosystems. The physicochemical features like surface charge,
of nanoparticles stimulate the production of exosomes from
stem cells. Pluripotent stromal cells like mesenchymal stem
cells produce extracellular vesicles and are functionally
important because these vesicles carry metabolites like
growth factors and antioxidants. These cargos are helpful
to the ambient cells. These vesicles have nano size, and
are biocompatible and biostable structures. Under natural
conditions, their yield is relatively low, the same enhances
with the help of specifically modified nanoparticles.
The surface modifications of nanoparticles stimulate
the cellular release of exosomes [113]. The amphiphilic
cationic (cCHP) nanogel formulated based on the surface
polymer engineering technique [121]. This technique
helps to modify the physical, chemical, electrical, magnetic,
optical, mechanical, wear-resistant, corrosion-resistant
features of the surface. Specifically, the surface morphology,
mechanical capability, and chemistry, play significant role
during adhesion, the process of film formation and finalizing
functionality of the film [122]. The amphiphilic cationic
(cCHP) nanogel forms a complex with exosome as a result the
delivery of exosome becomes better. The mouse macrophage
cell mixed with cCHP nanogel show that the Hela cells
internalize the resultant hybrid exosome effectively due to
endocytosis even in the presence of endocytic inhibitors. The
nanogel system facilitates the release of functional exosome
into cells. During this successful release of exosomes neuron-
like differentiation has been seen in the recipient cells [121].

EXOSOME S AND NANOMATRIALS | EXOSOMESHAVE PROTEINS, ANTIGENS,
HAVE SIMILAR FEATURESLIKE SIZE, “| AND OTHER BIOMOLECULES ON THEIR
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Figure 7: Schematic Representation Of Correlative Interaction Between Exosomes And Nanomaterials and The Functional
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Molecular Crowding, Exosomes, and

Nanomaterials

The cytoplasm of a living cell is a suitable example of a
highly crowded environment that maintains homeostasis.
It is a site of interactions regulated by the principles of
kinetics and thermodynamics. The molecular crowding
affects the rates and equilibria constants of the biochemical
and biomolecular reaction occurring therein. These effects
are due to the mobility of reactants, reactions that cause the
attraction between them, resultant depletion interactions,
and non-specific biochemical interactions amongst crowding
molecules excluding the effect of volume-as this factor is
mostly constant [123-130]. Molecular crowding plays a
very significant functional role in cytophysiology. Usually,
nucleic acids, proteins, polysaccharides, soluble and non-
soluble materials are present in the cytoplasm. These
components form around 20 to 40 percent of the cellular
volume. During molecular crowding, the concentration of its
constituents is about 400 g/LY. Molecular crowding occurs
during molecular, biochemical, medical, pharmaceutical,
biotechnological, and nanotechnological interactions and the
related applications to the biological system [131].

The cellular functions ranging from the emergence
of life up to cell size regulation is related to the crowding
of molecules. The cytoplasmic viscosity depends on the
length scale concept, interaction related to depletion, non-
specific binding, and the non-specific biomolecules present
in the cytoplasm [132-134]. Molecular crowding influences
the mobility, the interactions of biomolecules. As a result,
parameters like diffusion constants, reaction kinetics get
influenced. This aspect affects inter and intramolecular
interactions, the tendency of molecules to retain their
original stereoscopic, functional, and resultant interactive
states. There are physicochemical variations at a molecular
level in the cytoplasm of prokaryotes and eukaryotes. These
may govern inter and intracytoplasmic and nuclear diffusion
constants in these biosystems. In such cases, the kinetics of
interactions includes protein-protein, protein-DNA or RNA,
and gene expression reactions.

The viscosity of the synthetic or biological systems
depends on the phenomenological pattern of diffusion. The
diffusion coefficient of the probe particle depends on the
structure of the fluid; it may be like polymeric, micellar, or
colloidal structure, understudy. The protein and colloidal
solutions exhibit long time self-diffusion and macroscopic
viscosity that describes the properties of transportation.
The phenomenological concept controls this process. This
concept is based on the implicational aspect of theoretical
physics to experimental data and predicts the consequences.
This concept does not stress the experimentation based
on scientific methodology to evaluate the scientific
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hypothesis. Thus, phenomenology is a philosophical notion
and anticipates real behavior. It is one of the most suitable
techniques to investigate the behavior of particles present
in body fluids based on the principle of particle physics
[135]. This concept depends on the defined measurable
parameters such as the hydrodynamic radius of the particles,
and the volume of the fraction. This technique is suitable
for investigating viscosity and diffusion occurring in the
cytoplasm. The concentration and size of crowding particles
influence this technique [136-138]. The polymer systems are
the suitable mimicking model that helps the study of the rate
of diffusion, and responses related to viscosity in the case of
the biological system even though, at times, the cytoplasm is
regarded as poroelastic matter [139].

In a fluid medium, the mobility of its constituents
corresponds to the size, viscosity of the fluid involving the
Einstein equation, and the collision concept. The kinetics
of the intermolecular interaction, and their intrinsic action,
affects the Brownian movements and the rate of particle
collision. Extracellular vesicles, their biodistribution,
and their intracellular interactions are ambiguous in a
biosystem because of the differences in surface charges on
the particles. Nanoparticles and nonfunctionalized exosomes
have a net negative charge depending on the nature of
their surface molecules. Body fluids are complex, dynamic,
and homeostatic phenomena, specifically in the case of
vertebrates. These fluids behave like a solution, colloidal, and
suspension as these permit dissolution of minerals/salts,
distribution of colloidal particles, and suspension media
for the insoluble matter. The parameters like zeta potential,
size, and nature of the materials to be distributed within
the biosystem, control the behavior of the components of
body fluids. Zeta potential provides the degree of stability of
colloidal particles; the dispersibility, stability of components
of the suspension, colloidal mixture in disperse system, and
relate to the electrophoretic mobility, electrical charge on
particles, particle-particles interaction, particle-medium
interaction, degree of aggregation among the constitutional
particles. These parameters play a significant behavioral role
in extracellular vesicles or exosomes in the body fluids as
these fluids behave like a solution, colloidal, and suspension
media. This behavior becomes evident during cellular uptake
and cytotoxic investigations.

The equation of van Smoluchowski describes the
distribution of particle size depending on time and per
interaction among the particles. The electrophoretic mobility
of charged particles depends on the physicochemical
features of the dispersing particles. Overall, the surface of the
biological plasma membrane has a negative charge due to the
glycosylated proteins which intercalate the lipid bilayer. On
suspension, cellular plasma membrane and exosomes show
negative surface charge. The surface charge of exosomes
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interrelates with the degree of ionization of the groups
present on the surface, protonated states, bindings present or
formed within a molecule and different molecules, hydrogen
bonds, adsorption of electrolytes, and chemical nature of the
grafted chain. Exosomes associated with nanoparticles are
among the suitable agents that may maintain stability in a
body fluid. These act as a carrier for drugs, biomolecules,
pharmacokinetics, formulated nanomedicines [110,140-
146].

The exosomes play a major role in eliminating
nanoparticles. The exosomes perform double function; first
function is to trap nanoparticles in the biosystem and second
function is to eliminate them from the body. The primary
human macrophages scavenge the nanoparticles and expel
them via exosomes, thereby, enhancing natural shuttling
of nanomaterials [147]. The exosomes are the products of
endosomal pathway and play significantroles in the paracrine
and autocrine cellular communications. The malicious cells,
cancer cells, and other dysfunctioning cells produce exosome;
these exosomes participate in progression of malicious
micro and ambient cellular environment in the affected
tissues. The nanomaterials have specific physicochemical
properties like, high surface volume ratio, and ease to get
functionalized as per the need. These properties become
more effective when they associate with exosomes and act
as multiparametric molecules. These molecules open wide
horizon for pondering and delving in biological, clinical,
and diagnostic fields. There exists appreciable compatibility
between exosomes and nanomaterials. This aspect plays
major role during multiparametric molecular profiling and
also of as vesicles in biosystem. This helps in evaluation of
biophysical and biomolecular configuration of vesicles that
too in native biofluids.

The nanotags consisting of gold and other nanomaterials
increase the degree of sensing, imaging, and quantitative
evaluation of exosomes markers [148-150]. Light causes
oscillations in the electrons present on the surface of
nanopalsmonic nanomaterials. Such nanomaterials in
the form of optical antenna play role at interface, and find
suitable applications in translational medical field related
to biosystem. This aspect is more suitable to explore
intracellular molecular activities, delivery of gene, and
precisely diagnose molecular interactions in vivo and in vitro.
It is feasible to investigate biological processes like electron
tunneling, electron transfer, and quantum mechanism related
biological processes. The encapsulated biocompatible
nanoparticles act as efficient agents for theranostics
application specifically for cancer, and metabolic disorders.
This is possible only because the exosomes are very effective,
and target oriented successful vehicles in biosystem. Such
associated nanomaterials open wide range of possibilities
of applications in the therapies like photothermic, magnetic

Lahir YK, et al. Interactive Correlation between Exosomes and Nanomaterials. Adv Clin

Toxicol 2021, 6(4): 000226.

Advances in Clinical Toxicology

hyperthermia, and gene silencing and drug delivery
systems. These exosome associated nanomaterials show
favorable degree of penetration, appropriate biodistribution,
biostability, lower level of immunogenicity, and ability to
moveacross mostofthebarriersinbiosystems. The templated
plasmonics technique is applicable to exosomes, and involves
the formation of gold nanoshells. These nanoshells get
assembled and piled up on vesicles within biosystem. This
assembled templated formulation acts as exosomal markers,
and helps their scanning and examination. These targets
bound nanoshells exhibit biomolecular selectivity which is
useful in expressing specific plasmonic signature quencher
for fluorescence probes. The optical and absorbance signals
produced facilitate the analytical studies of vesicles. This
feature is useful in determining the exosomal biomarkers in
the medical field.

Conclusion

Exosomes being cellular product exhibit higher degree
of biostability, biodistribution, and have morphological
dimensions similar to nanomaterials. These cellular
products pose difficulties during the estimation of their
yield and quantification. Exosome and nanomaterials
exhibit similar features like size, surface nature, degree of
biodispersibility, biocompatibility, cargo capacity, release of
cargo at predetermined target, in sub-toxic concentrations.
Their impact on cellular molecular crowding seems to be
within physiological limits. When exosomes get associated
with nanomaterials, there is an additional enhancement
in the multi-utility features and other functional efficacies
of both. Such efficiencies include their cargo capacity,
biodistribution, release of the cargo at the predetermined
targets. Some of the nanomaterials, like TiO, and ZnO,
can influence their cellular production under sub-toxic
concentrations. It is relatively convenient to trace them in
biosystem because these nanomaterials show appropriate
cellular and tissue real-time imaging ability. The extracellular
vesicles and microvesicles are effective agents for intra and
intercellular communications. This feature provides a scope
of their applications to understand the mechanism involved
during such transmissions. These vesicles have feasible
molecular self-assembly nature, ability to provide suitable
protections and intracellular delivery of biofunctional
molecules. The exosomes and nanomaterials, together offer a
wide horizon for investigation, experimentation, innovation,
and applications in the fields of biochemistry, medicine,
pharmaceuticals, molecular, and cell biology.
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