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Abstract

Cancer is the disease that takes more human lives worldwide, currently the treatments available for this disease are very aggressive, among
which chemotherapy stands out. As an alternative to these treatments, studies have been carried out for the synthesis of nanocarriers which have
as an advantage over conventional treatments, an increase in the solubility of the drug, allow a more specific delivery of this and a lower renal
clearance; Among the wide range of materials with which they can be manufactured include dendrines, liposomes and micelles. These manage to
be assimilated by the organism through different biological routes distributed either by sustained liberation or response to stimuli. Although the
nanocarriers present different challenges, the avenues in the area have allowed them to overcome them in order to be a treatment with smaller
cytotoxicity and better efficiency at the preclinical level than conventional treatments.

Keywords: Nanocarriers; Cancer; Drug delivery; Opsonization; Biodistribution

Introduction

GLOBOCAN 2018 estimated 18.1 million cases per year
worldwide, which is expected to increase to 29.5 million cases of
cancer per year by 2040 [1]. Overall, cancer is an uncontrolled
proliferation of cells that generate tumor masses, with the exception
of hematologic cancers that spread through the lymphatic, blood
and bone marrow systems. Tumors grow thanks to angiogenesis,
which is the new vascularization created to supply oxygen to cancer
cells. At the same time, cancer cells possess replicative immortality
and resistance to death, so that over time it spreads to other parts
of the body and eventually causes death [2]. The origin of cancer is
due to a mutation of the proto-oncogenes that encode the proteins
involved in cell proliferation and differentiation, as well as the genes
that encode the proteins that inhibit cell growth and stimulate
apoptosis [3]. The most common treatments for non-metastatic
cancers are surgery and radiation therapy, but when the cancer has
spread throughout the body, these treatments are ineffective [4].

The main option currently available for treating metastatic
cancers is chemotherapy, as it is able to reach all organs of the body
through the bloodstream. Chemotherapy is based on cytotoxic

compounds that inhibit the rapid proliferation of cancer cells, but
unfortunately also affects normal cells with rapid proliferation rates
such as hair follicles, bone marrow and gastrointestinal tract cells.
Consequently, there is the manifestation of side effects observed in
cancer treatment using chemotherapy [4]. In addition to the strong
side effects of conventional chemotherapy, there are other factors
that disadvantage the method, such as low oral bioavailability, high
toxicity, low water solubility, low therapeutic indices, inconsistent
circulation, non-specific biological distribution [5]. Given the
negative characteristics of conventional chemotherapy, the doors
have been opened to research and implementation of targeted
therapies in the late 1990s [4].

Nanotechnology has provided promising advantages for
targeted chemotherapy delivery systems. Due to the unique size,
high surface area and ease of manipulation of the surface area
to implement selectivity, nanotransporters are considered the
ideal platform for the transport of chemotherapeutic drugs [6].
In addition to transporting chemotherapeutic agents to tumors,
avoiding normal tissues and reducing toxicity in the rest of the

body, they also protect cytotoxic drugs from degradation, increase
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half-life, payload, solubility of cytotoxic agents and reduce renal
clearance [2]. These nanocarriers are nanoscale colloidal systems
capable of transporting anti-cancer agents, such as low molecular
weight drugs or macromolecules such as genes or proteins, so that
these anti-cancer agents avoid normal tissues and accumulate only
in tumors. This results in a cytotoxic concentration several times
higher in tumors, with reduced toxicity for the rest of the body
compared to free medicines [7].

As a result, several types of nanotransport systems have been
developed for the administration of pharmaceuticals from a large
number of active constituents. Nanotransport systems mostly
include polymer nanoparticles, nanoliposomes, dendrimers,
niosomes, polymer micelles, solid lipid nanoparticles. For targeted
drug delivery, nanotransporters are modified with specific ligands
on their surface to improve selective cell uptake, as well as to
reduce non-specific biodistribution [8]. As mentioned, nanocarriers
comprise mainly polymeric therapeutic products: polymer-protein
and polymer-pharmaceutical conjugates, in which the drug is
covalently joined or conjugated with a polymeric structure, and
drug nanocarriers, where the drug is physically trapped within
molecular assemblies with different structures made of different

polymeric materials.

Polymer nanoparticles are the most effective carriers for the
delivery of drugs aimed at controlled and prolonged cancer. These
biodegradable colloidal systems include spherical polymer particles
of nanometric size, where cytotoxic drugs can be encapsulated or
physically trapped within a matrix polymer substance or trapped in
a cavity surrounded by a polymer membrane, and it is also possible
to conjugate the anti-cancer drug to the surface or nucleus of the
particles [9]. In the case of insoluble drugs, it is possible to produce
a hydrophobic interaction between the drug and the nucleus of the
particle, increasing its solubility. When the drug conjugates with
the particle, the properties of the binders play a crucial role in the
pharmacological properties of the complex, they can make them
stable in the bloodstream at pH 7 and decompose at pH 5.5, the
typical pH in tumors, or be stable in the blood, but be divided by
lysosomal enzymes in tumors [10].

In addition to their protective properties, these carriers also
offer: multiple supply of synergistic drugs, reduced toxicity with
limited interaction with healthy cells, prolonged circulation times,
increased uptake by cancer cells, features that they share with
other nanotransporters, but also show: better stability, more
homogeneous size distribution, more controllable physicochemical
properties, higher drug payload and more controlled drug release
through diffusion through the polymer matrix or through particle
erosion and degradation, compared to other colloidal systems [11].

Nanotransporters

the

pharmaceutical and medical fields in the diagnosis and treatment

Nanotechnology offers incredible potential in
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of cancer, producing multifunctional treatments that package
functions such as tissue implantation, tissue regeneration, etc., in a
fraction of the size of a cell [12]. Despite the rise of nanotechnologies,
the definition of these remains a controversial issue, as there
is no universally accepted classification. For the purpose of its
study, nanomedicine has been operationally defined as the use
of nanoscale elements or nanostructured materials in medicine,
which are designed to have unique medical effects thanks to their
structure. Their main characteristic is their size, up to 300nm,
which allows them to take advantage of two phenomena that occur
on the nano scale, transitions of properties and physicochemical
interactions [12].

The concept that nanomedicines aim to improve the therapeutic
index of cancer drugs by modifying their pharmacokinetics and
tissue distribution to improve delivery to the site of action is well
known and has also been clinically demonstrated [13]. This is
thanks to the fact that they allow both the transport of low molecular
weight drugs and genetic agents such as oligonucleotides [14]. This
coincides with the definition of the “ideal transporter” for cancer
treatment, which must have the ability to simultaneously transport
both chemotherapeutic drugs and genetic agents to the cancer cells,
releasing the payloads in a controlled manner and exact dose, thus
achieving a maximum effect of combined therapy for the treatment
of drug-resistant tumors [2,15].

Nanomaterials have a number of advantages as drug carriers.
Nanocarriers can:

i. Increase water solubility and protect drugs dissolved
in the bloodstream, improving the pharmacokinetic and
pharmacological properties of drugs.

ii.  Aim at the delivery of drugs in a specific way of tissue or
cell, thus limiting the accumulation of drugs in the kidneys, liver,
spleen and other undirected organs and improving therapeutic
efficacy.

iii.  Provide a combination of imaging and therapeutic agents

for real-time monitoring of therapeutic efficacy [14].

Another strong point of the use of nanomedicines is the
“clearance” or renal clearance which is a pharmacological
parameter of the speed with which waste substances are removed
from the body, taking into account both metabolic processes
through the liver and excretion through the kidneys. The reduction
of clearance goes hand in hand with an increase in the half-life of
nanomedicine and thus an increase in efficiency and bioavailability
[16]. Although there is no official classification as mentioned above,
nanoparticles can be roughly divided into inorganic, lipidic and
polymeric. Inorganic nanoparticles are a generic term that includes
several nanoparticles such as gold, Quantum dots, metal oxides,
metal nanostructures, superparamagnetic oxides and carbon
nanotubes [17].
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Organic nanoparticles, also known as solid lipids, have
the advantages and avoid the disadvantages of other colloidal
transporters such as emulsions and liposomes; they generally have
conformations such as nanocapsules and dendrines. Finally, polymer
nanoparticles include natural, biocompatible and biodegradable
polymers. This means that they do not alert the immune system and
break down into harmless metabolic compounds [18]. Most of these
have the adequate size (10-100nm) to penetrate the capillaries and
enter the tissues, this also allows them to have greater specificity
[17]. One of the main advantages of using nanotechnology in
medicine is its specificity, since thanks to the effect known as MPR
(improvement, permeability and retention), specificity is provided
from size and geometry, which allows targeting a specific tissue.
This is usually known as passive specificity, where molecular targets
are used, overexpressed or expressed exclusively on the surface
of tumor cells [2], while, if some additional effect is used, such as
alteration of specific cell signaling events by means of monoclonal
antibodies or small molecule inhibitors to improve drug specificity,

it is known as active specificity [12].

Thanks to this high specificity, nanomedicines accumulate
in high concentrations, but only in the affected site, which allows
a decrease in the systematic toxicity of drugs, increasing the
therapeutic potential of drugs and increasing the retention time in
the body [18], even in sites complicated to focus such as the brain
[17]. This is achieved because nanoparticles, which can be adapted
to have various biological properties and can be used in a variety of
environments thanks to theirsize, allow volumes to be distributed up
to three times larger than by traditional means and can additionally
be used in complicated media, such as intracranially, as they provide
a safer and more effective means for the delivery of medicine such
as chemotherapy [14]. In 2012 it was demonstrated by treating an
intracranial tumor that drug-loaded polymer nanoparticles (PLGA
nanoparticles loaded with camptotecin) allow localized delivery to
the tumor site [19]. Although studies are underway with innovative

strategies to improve active specificity, there is much debate as to

Types of Nanotransporters
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whether this is really necessary to achieve effective accumulation in
the affected tissue. The most commonly used targeting techniques
are antibody fragments, antigen ligands and variable chain
fragments [20]. While nanomaterials have many associated benefits
and have become important, it is important to take into account and
assess the inherent limitations of the materials included, such as
stability, specificity, efficiency and toxicity [21].

Physical Characteristics
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Figure 1: Summary of nanoparticles used in research for the
distribution of drugs for cancer treatment. Source: [67].

A selective delivery system based on polymer nanoparticles is
characterized by biodegradability, biocompatibility, non-toxicity,
prolonged circulation and a broad spectrum of payload of a
therapeutic agent. Recent progress in the field of targeted drug
delivery system is based on rational polymer design (composition,
skeletal stability,
hydrophobicity and polydispersion) adapted to a particular charge

solubility, crystallinity, molecular weight,

with respect to molecular weight and drug load [22]. Figure
1 summarizes the most significant variables of the polymeric
nanomaterials used to design the nanotransporters. This figure
details different morphologies, range of sizes, types of surfaces and
materials from which they are formed.

Table 1: Different types of nanotransporters, with their polymeric composition, active compound and therapeutic use.
Nanotransporters Material/ Polymer L eCtIve Therapeutic use / benefits References
Compound
Poly (e-caprolactone) / eudragit RS
100; Poly (lactida-co-glicolida) / Insulin Diabetes mellitus [88,105]
eudragit RS 100
Alginate/ dextran sulfate Insulin Diabetes mellitus [103,104]
Paclitaxel Improves antitumor efficacy [94]
Nanoparticle
Dexamethasone Improves trans.p.lacental [85]
permeability
PLGA
Estradiol Brain distribution [98]
Doxorubicin Improves oral bl(')dlstl:ll?utlon, [93]
reduces cardiotoxicity
Micelles Chitosan N-octil-N-arginine Insulin Diabetes mellitus [74]
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N-deoxicholic-N, O-hydroxiethyl . e
chitosan (DHC) acid Paclitaxel Improve biodistribution [53]
chitosan Alendronate Osteoporosis [90]
Liposomes i i1abili
Polyacrilic acid Paclitaxel Improves oral bioavailability, [92]
reduces tumor growth
Niosomes Span 60, cholesterol Cefdinir Sustained in vitro release up to 12 h [86]
Fatty acid, ph0§ph011P1d coated 5-fluorouracil Improves oral bioavailability Chengetal. (2007)
Dendrines polyamidoamine
G3 polyamidoamine Propranolol Improves oral bioavailability [100]
Nanoparticles Egg lecithin, pepsin, diethylene R e
lipidic solid glycol monoethyl ether Triptolide Reduces gastric irritation [74]
B-lactoglubulin, .IOW rr?ethoxy pectin, Oxali-palladium Colon cancer [89]
bovine milk
Nanocapsules b ——
Chitosan Campotecine Improves oral bioavailability, [102]

reduces dose frequency

Nanotransport systems generally have different morphologies

such as: nanoparticles, micelles, hydrogels, nano sponges,
liposomes, nano adhesives, among others [8]. As an example, Table
1 presents examples of different types of nanotransporters applied
to a plethora of active compounds to achieve different diseases [6].
A timely choice of morphology can be an improvement in different
properties of the nanotransporters such as bioavailability and a
better location of the specific site of interest [23]. This bibliographic
review focuses on the following morphologies: dendrines,

liposomes and micelles.

Dendrins

The term dendrines is derived from the Greek dendro
meaning “tree” and groupers meaning “part”. Defined as spherical
macromolecules, monodisperses, synthetic, highly branched, with
three-dimensional nanometric configurations [20]. How a dendrin
manages to interact with the drug, as well as with genetic molecules
are based on: simple encapsulations, electrostatic interactions
and covalent conjugations, due to empty internal cavities [24].
Dendrines have a large number of advantages such as: greater drug
release capacity in the tumour, better permeability of the drug, as
well as an increase in the half-life, solubility and stability of the
drug. Dendrines are nanostructures obtained from macromolecules
such as polyamidoamine (PAMAM) and polypropyleneimine; and
they are highly branched with an internal nucleus. They are unique
because they have series of branches, multivalent, well-defined
molecular weight and globular structure with controlled surface
functionality. The presence of a multivalent nature allows the union
of several drug molecules, addressing groups and solubilization
groups on their surfaces in a well-defined manner.

The latter explains the versatility of including both hydrophobic
and hydrophilic groups in its structure. [25,26]. This allows a
greater effectiveness of the drug in the treatment, since solubility
plays an important role in bioavailability [20,27,28]. Devarakonda
and company compared the solubility potential of dendrines
and PANAM'’s dextrin cycle in increasing niclosamide solubility

and observed a greater capacity in improving dendrin solubility

[29,30]. Another advantage in the application of dendrins is the
incorporation of degradable bonds that can be used in the release
of the drug. Chang [31] proposes the release of the drug by means
of a conjugated system of folic acid with polyethylglycol dendrimers
(PEG) (PAMAM) with doxorubicin (DOX) and super-paramagnetic
iron oxide. In this system the release of the drug responds to the
pH of the medium, which allowed the controlled release of DOX in
tampons with pH similar to endosomes and lysosomes of tumor
cells to be treated [31].

In spite of having a great number of advantages when applying
systems with dendrimers, there is the existence of statics that
recognize the toxicity problems for this type of morphology due to
its size, as well as the presence of functional groups with positive
charges especially with amino groups. Due to this characteristic size
and functional group, a non-specific interaction with mitochondria,
enzymes and cell membranes results [23]. Different authors
qualify its use as an alternative for cancer treatment in a pragmatic
way [32,15]. The decrease in dendrin toxicity can be improved
by conjugating a single pass, such as Cong [32] bioconjugated
glycyrrhetinic acid with propyleneimine dendrimers by obtaining
high quality nanotransporters through in vivo assays [32](Figure
2).

Figure 2: Diagram of drug load in a dendrin. Source [23].
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Liposomes

Liposomes consist of an aqueous nucleus surrounded by one or
more layers of phospholipids and cholesterol which can form a lipid
layer. These can be classified according to the number of layers per
particle and its average size: it is classified as a small mono-laminar
vesicle (SUV’s) if its average size is in the range of 15-100 nm and as
a large mono-laminar vesicle (LUV’s) when its size range is around
100 nm to 1000 nm and finally as multilaminar vesicles with an
interval of 1pum to 5pm [34]. Liposomes have a series of advantages
over other types of morphology such as protection against drug
degradation in the medium, thus allowing a slower and more
controlled release, also having a lipid bilayer will give a decrease in
the leakage of the drug to the medium [35-37]. This morphology is
considered to be the most effective transporter for the distribution
of chemotherapy drugs [15].

The mechanism of diffusion of drugs from the liposome to
the tumour will depend on the polymer used, since it may be by
means of a destabilisation of the lipid bilayer or by a fusion of the
liposome with the endosome of the cell [17]. Despite the advantages
mentioned above, the disadvantage is the vulnerability of the
liposomes through phagocytosis by macrophages derived from
the reticular system (RES) [15,38], giving it poor physical stability
compared to other types of transporters [39]. In order to improve
localization selectivity, multicomponent liposome formulations

Copy@ Jose Vega Baudrit

have been developed [40], Chen and collaborators in 2015 applied
a liposome modified with glycyrrhetinic acid in order to load
oxaliplatin for liver-directed bio-distribution studies, where the
results suggest that the modified liposome has an excellent tissue-
specific targeting [41]. Likewise, the use of cationic liposomes has
been used in order to improve the transport of chemotherapies,
with 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP) being
the most common [42]. These charged liposomes are synthesized
by electrostatic interactions by lipidic cations and negatively
charged phosphates.

Liposomes have been used in the formulation of different
transporters for cancer treatment using drugs such as doxorubicin,
daunorubicin and citrabine, for ovarian cancer, however, these can
not only be applied as a transporter in chemotherapy treatment,
but also in gene therapy treatments, with the formation of the RNA/
liposome complex [43]. Feng and collaborators in 2014 synthesized
a liposome/RNA complex modified with vapreotide, this is a
somatostatin analogue that has a high affinity with somatostatin
receptors (SSTR), which are expressed in excess in many tumor
cells. The nanoparticle nucleus corresponds to a negatively
charged ternary complex composed of RNAsi, chondroitin sulfate
and protamine, and could be coated with a layer of cationic lipids.
As a result, the mixed liposome had a significantly stronger
drug distribution in tumor tissues through receptor-directed
administration [44](Figure 3).
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Figure 3: Scheme of a liposome: (a) view of its lipidic bi-layer; (b) view of a cross section; (c) view of a three-dimensional cut. Source: [97].

Micelles

Micelles consist of an amphiphilic block of copolymers, these
pose both hydrophobic and hydrophilic groups, these first are
oriented towards the interior of the mycel, while the hydrophilic
form a kind of external armour. The hydrophobic group acts
as a reserve for drugs that are poorly soluble in water [15]. The
drug is encapsulated during the emulsification process and is
released during degradation in the group of cells of interest [45],
micelles are mostly applied in passive treatments exploiting the
permeability and retention effect (EPR) of tumor tissues [46,47].
These nanocarriers can be formulated from various biocompatible
polymers such as chitosan, PEG, methacrylate acid (MAA), methyl

methacrylate (MMA), PMAA, poly (amido amine), (PAMAM)
poly (l-aspartic acid) (PAsp), N-isopropylacrylamide (NIPAM),
dimethylacrylamide (DMAA), 10-undecenoic acid (UA), poly
(10-undecenoic acid) (PUA), 2-hydroxyethyl methacrylate (HEMA),
ethylacrylate (EA), ethyl methacrylate (EMA), butyl methacrylate
(BMA), N- (2-hydroxypropyl) methacrylamide (HPMA) octadecyl
acrylate (ODA), N-vinyl-2-pyrrolidone (PV), poly (N, N-Methyl
dimethylaminoacetacrylate) (DMAEMA), polyglutamic acid (PGA),
poly (d, 1-lactide) (PLA), poly (e-caprolactone) (PCL) and poly-d,
I-lactide-co-glycolide (PLGA) [38].

These types of nanotransporters have a number of advantages
such as their biocompatibility, as well as good physiological
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stability due to a low critical micellar concentration [39], allowing
the formation of micelle at low concentrations of surfactant [38].
Also, due to the size of the hydrophilic cortex there is the formation
of a smooth surface, which reduces interactions with proteins,
allowing a longer time of circulation in the blood [48] Among the
disadvantages that the micelles have, they can be dissociated to
the point of dissolving, this together with the low load of the drug
results in the release of the drug before reaching the tumor area
[23]. In order to give solution to this problem, intercrossing is
proposed, however, a very stable mycel was obtained as a result,
causing a slow release of the drug. Therefore, it is proposed to apply
response stimuli to the polymeric mycelae such as temperature and
pH [49-53](Figure 4).

Figure 4: Diagram of a micelle. Source [23].

Biological = Assimilation, Opsonization and
Biodistribution of Drugs by Means of Nanoparticles

The greatest challenge of using a new drug to combat cancer
is its specificity in terms of its distribution route and dose. Current
chemotherapy strategies are far from ideal for cancer treatment,
as they are generally associated with serious side effects, low
bioavailability and resistance to multiple drugs. As an alternative
to achieve better performance and efficiency in the administration
of a drug, nanoparticles are used as means of facilitating transport
and carriers of the substances that develop the activity [54]. For a
drug delivery device to achieve these desired benefits, it must be
present in the bloodstream long enough to reach or recognize its
therapeutic site of action. However, the opsonization or elimination
of drug carriers (nanoparticles) from the body by the mononuclear
phagocyte system (MSF), also known as the reticuloendothelial
system (RRS), is a major obstacle to achieving these goals [55].

Opsonization

Opsonization is the process by which a foreign organism or
particle is covered with opsonine proteins, which makes it more
visible to phagocytic cells. After opsonization, phagocytosis may
occur, which is the destruction or removal of foreign materials
from the bloodstream. Together, these two processes form the
primary clearance mechanism for undesirable components larger

than the renal threshold limit of the blood. In the case of polymer
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nanoparticles, which normally cannot be destroyed by phagocytes,
sequestration in the organs of SFM usually occurs. If the polymeric
nanoparticle is not biodegradable, the accumulation of particles
in these organs, usually the liver and spleen, can produce toxicity
and other negative side effects [55]. Generally speaking, opsonsins
are any component of the blood serum that aids in the phagocytic
recognition process, but complement proteins such as C3, C4 and
C5 and immunoglobulins are usually the most common. Several
methods of camouflage or masking of nanoparticles have been
developed that allow them to temporarily avoid recognition by SFM
and increase their half-life in blood circulation [56]. Opsonization
usually takes place in the blood circulation and may take from a few
seconds to several days to complete [55].

SFM macrophages have the ability to remove unprotected
nanoparticles from the bloodstream within seconds of intravenous
administration, rendering them ineffective as site-specific drug
delivery devices [57]. Temporary control of a drug’s release may
also help decrease unwanted side effects that occur due to natural
circadian fluctuations in chemical levels throughout the body [58],
in addition to more targeted action without loss of drugs by not
achieving the desired effect. To achieve this distribution control,
the use of nanoparticles has many distinct advantages, including
adjustable size, modifiable surface, high load capacity, improved
drug bioavailability, controlled drug release, and precise tumor
targeting; thus, nanoparticle drug delivery systems are highly
effective in maximizing therapeutic efficacy and minimizing toxicity
[59-62].

As mentioned above, immunoglobulins such as C3, C4, and C5
are common opsonins, as well as other blood serum proteins such
as laminin, fibronectin, C-reactive protein, type I collagen, and many
others. Opsonins, which are present throughout the blood, are
believed to come into contact with injected polymer nanoparticles,
typically by random Brownian motion. However, once close enough
to the surface of a particle, any intermolecular force such as van
der Walls, electrostatic, ionic, hydrophobic/hydrophobic, and
others may be involved in binding opsons to the surface of the
nanoparticle [55]. A stable relationship must be fostered between
the characteristics of the drug, together with its nanocarriers, in
order to resist the onslaughts of the opsonsins and overcome other
mechanisms of protection of the organism such as cell membranes.
Some hydrophobic drugs may not be soluble enough to pass
through the aqueous environment (e.g., the body and tissue fluids
in vivo) surrounding a cell and then penetrate the cell membrane to
eventually reach intracellular targets. On the other hand, its strong
tendency to aggregate in intravenous administration can lead to

complications such as embolisms and local toxicity [63].

Once opsonization has occurred, the phagocyte binds to the
nanoparticle through opsons attached to the surface. To accomplish
this purpose, phagocytic cell surfaces contain specialized receptors

that interact with the modified conformation of these opsonins,
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alerting them to the presence of foreign material. A second method
of phagocyte binding is non-specific adherence of phagocytes to
blood serum proteins adsorbed to the surface, which may also result
in stimulation of phagocytosis. Complement activation may also
occur. Regardless of the activation pathway, the final result is the
binding and phagocytosis of the foreign particle by mononuclear
phagocytes [55]. The third and final step in the purification process
is the ingestion of foreign materials by the phagocytes. This step in
the process usually involves endocytosis of the particle or foreign
material by a phagocyte. After particle endocytosis, the phagocytes
will begin secreting enzymes and other chemical factors reactive to
oxidation, such as superoxides, oxyhalide molecules, nitric oxide,

and hydrogen peroxide, to break down the phagocyte material.

Unfortunately, most non-biodegradable polymer nanoparticles
cannot be significantly degraded by this process and, depending
on their relative size and molecular weight, will be either
removed by the renal system or sequestered and stored in one
of the SFM organs. To improve drug delivery performance and
avoid significant opsonization and phagocyte elimination losses,
emphasis should be placed on placing drug molecules in or on the
surface of a nanoparticle carrier that allows controlled release,
offering multiple benefits compared to conventional dosage forms
based on free drugs. For example, it can improve the temporal and
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spatial presentations of a drug in the body, protect the drug from
physiological degradation or elimination, reduce toxicity to healthy
tissues and organs, and increase patient compliance and comfort
[64].

Distribution mechanisms

Polymer nanoparticles have been used as the preferred vehicle
for drug delivery at the nanoscale, especially for their excellent
efficacy in endocytosis, passive orientation of the tumor, high
encapsulation efficiency and delivery of a wide range of therapeutic
agents [65]. However, these polymeric substances with controllable
surface load and monodispersed size distribution are synthetically
challenging [66]. Great strides have been made in the design and
development of nanoparticle-based systems for controlled release,
and their modes of operation can be classified into two main
categories: sustained release and stimulus sensitive or also known
as intelligent response substances [67].

Figure 5 shows the different routes by which the polymeric
nanomaterial together with the drug enters the target tissue, or the
drug manages to interact with the target tissue. Among the systems
that can be developed are endocytosis, by means of proteins and
other groups that allow the intrusion of the desired substance in the
damaged cells; diffusion in the case of small drugs and phagocytosis

and pinocytosis depending on the size of the particles.

SPIONs Dendrimers
.- O
100nm 20 nm anionic

\

SR-mediated
phagocytosis Pinocytosis

endocytosis

Caveolin-medialed  ¢athrin-mediated

MSNs Dendrimers
@ & @ Gold NPs
@ @
-or+ 4+ cationic v
l \ l / CNTs
[
other/unknown —
endocytic I
endocytosis pathways
V4 Diffusion/ Penetration

Figure 5: Routes of entry of different types of nanoparticles into target cells. T. G. lversen, T. Skotland, K. Sandvig, Nano Today 2011, 6, 176-185.

Sustained release: Sustained release aims to deliver a
medication at a predetermined rate

overaprolonged period oftime. Thismode ofreleaseis critical for
drugs thatare quickly metabolized and removed from the body after
administration. Sustained release allows the drug concentration to
be maintained at a constant level in the plasma or target tissue by
matching the drug release rate with the drug elimination rate. In the
case of cancer therapy, keeping the concentration of a drug within
the therapeutic window is beneficial to the patient [67]. Once

dissolved in the aqueous body fluid, most drugs can be transported
freely with the fluid to quickly reach target receptors. One approach
to achieving sustained release is to prevent drug molecules from
entering the aqueous environment for a controllable period of time;
this prevention can be accomplished by controlling the diffusion of
drug molecules through an insoluble polymer layer or matrix, or by
simply controlling the rate of transporter degradation [68]. Release
mechanisms and corresponding mathematical models have been
extensively studied and reviewed [69].
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Figure 6: Main mechanisms for achieving sustained drug release: a, b) diffusion through an insoluble polymer layer or matrix, c) erosion of a

Figure 6 presents examples of sustained release by different
types of nanoparticle morphologies containing the drug to be
distributed. It is possible to appreciate the different alternatives
used in which a controlled concentration of the drug in the medium
is regulated when the polymer is released, either by its diffusion
through the membrane or matrix formed by the nanotransporter,
or by the degradation over time experienced by the vehicle when
exposed to the medium. As observed in figure 6, in diffusion
controlled release, preloaded drug molecules within a nanoparticle
have restricted access to the aqueous environment through a
barrier provided by an insoluble material, which corresponds to
a nanoscale organic polymer in most cases. In general, controlled
release by diffusion can be performed using a reservoir-based
system such as liposomes or micelles, or matrices that behave like
scaffolds [70].

By name, a reservoir-based system consists of a central
conformation containing the drug and a membrane surrounding
the reservoir. The concept of this release system can be easily
extended to nanometric carriers by switching to colloidal hollow
particles [15]. Typically, drug molecules initially charged into the
reservoir can only diffuse across the membrane. On the other hand,
drug nanocarriers made of erodible or degradable polymers have

attracted much attention because they do not require recovery or
further manipulation after the drug has been completely released
[41]. The pattern of drug release can be controlled by adapting
the erosion kinetics of nanoparticles through careful selection of
polymers and encapsulation techniques [71] and other surrounding
tissues are not put at risk because degradation of the polymer
allows it to be discarded like any other harmless low molecular

weight substance, such as renal elimination [55].

Stimulusrelease (intelligentresponse): everal environmentally
sensitive polymeric

nanoparticles have been actively developed that dissolve,
swell or collapse in response to an internal stimulus, for example:
pH, glucose, redox potential and lysosomal enzymes; or external
stimuli such as temperature, magnetic field, ultrasound and light,
to achieve improved drug release at the target site (spatial control)
and at the appropriate time (time control) [72,73]. For example,
taking advantage of slightly acidic environments in cancerous
tissues (pH 6.5-7.2), endosomes (pH 5.0-6.5) and lysosomes (pH
4.5-5.0) compared to a physiological pH of 7.4 in blood and normal
tissues. These nanoparticles that respond to internal stimuli have
the advantages of self-controlled drug release and easy application
in clinical settings [74].

Figure 7: Activity of nanocarriers when exposed to pH variations. Source [38].
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In the case of nanoparticles that take advantage of variations in
the pH of the medium, the aim is to use polymers with functional
groups that can alter the density of charges in response to variations
in pH. Notable examples include poly (acrylamide) (PAAm),
poly (acrylic acid) (PAA), poly (methacrylic acid) (PMAA), poly
(methyl acrylate) (PMA), poly (diethylaminoethyl methacrylate)
(PDEAEMA) and poly (dimethylaminoethyl methacrylate)
(PDMAEMA). With the use of these polymers, the structure and
hydrophobicity of nanoparticle carriers may change as a result of
protonation or deprotonation. pH-sensitive nanoparticles have
been designed and developed to release drugs at the tumor site or

endo / lysosomal compartments (Figure 7).

Enzymaticactivity can break certain bonds, causing disassembly
or destruction of structures [75]. These enzymatic reactions can
be used to trigger the release of a drug. More significantly, altered
expression of a specific enzyme associated with a pathological
condition can be used to achieve enzyme-mediated drug release
only at the desired biological target [76]. An enzyme-sensitive
release system includes a structural scaffold that is susceptible to
degradation by a specific bond between the drug and the carrier as
a product of an enzymatic reaction [77]. Hydrolases are the most
commonly used enzymes for such an application, as they can break
covalent bonds or modify certain chemical groups by altering the
balance between electrostatic, hydrophobic and van der Waals
forces, p - p interactions, or hydrogen bonds [75,78]. Specific cases
occur in tumor tissues, which are highly hypoxic with levels of
glutathione (GSH) at least four times higher than normal tissues

[79], a variable with great potential to combat cancer cells.
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Figure 8: Influence of temperature on thermosensitive nanocarriers.
Source: [101].

There are other external factors that can induce a response in
the controlled release of drugs such as magnetic field, ultrasound,
light and temperature [79]. The release of drugs using temperature
is among the most researched strategies for the intelligent
administration of drugs because it can take advantage of the
increase in local temperature caused by the pathological condition
(for example, tumor, inflammation or infection). Thermosensitive
release is based on a sudden change in the physical properties of a
temperature-sensitive material. Such an acute response can trigger

the release of the drug if the local temperature around the carrier
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changes. The temperature range, within which the drug delivery
system is activated, should be maintained between 37 and 42°C, as
temperatures beyond this range will cause denaturation of proteins
or disruption of function [80] (Figure 8).

The use of light is presented as an important external factor,
using photosensitivity for the introduction of nanoparticles through
functional groups that can change their conformations or other
properties after irradiation by light with an appropriate wavelength
[74]. Notable examples include azobenzene, pyrene, nitrobenzene,
cinnamoyl and spirobenzopyrene. The reversible molecular change
of the azobenzene group (and its derivatives) from strangulation
irradiated by UV light (300-380nm) and from cis to trans by visible
light allows photoregulated control of drug release [81]. Another
alternative is the use of magnetic nanoparticles (MNP), which have
received great interest due to their various potential biomedical
applications, including the administration of targeted drugs,
magnetic thermotherapy (hyperthermia), magnetic resonance
imaging (MRI) and the separation of proteins and cells [82]. In
particular, super-paramagnetic magnetite (Fe304) has attracted
the most attention due to its unique magnetic properties and
biocompatibility [83] (Figure 9).
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Figure 9: Photosensitive nanotransport activity when exposed to a
light source. Source [95].

Challenges in the Area of Nanoparticles as
Nanotransporters of Drugs

The advance of nanomedicine therapies to the market is often
slow. This may be because their clinical effectiveness is not sufficient
to justify accelerated development, or because technical or cost
challenges in expansion and manufacturing may delay (or require
more) investment. Much less research effort has been devoted to
the challenge of understanding the correlations between patient
biology and nanomedicine behavior [13]. In particular, combined
therapeutic regimens for different types of cancer remain a
challenge due to the various mechanisms of cancer development.
Combination therapy with nanoparticle drug carriers therefore
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warrants further study at the preclinical and clinical levels. There
are other challenges for modified and functionalized nanomaterials
with  well-established formulations, including improved
localization, biodistribution, biocompatibility and efficacy of in vivo
nanodrates systems, to meet the requirements of precision cancer

diagnosis and therapy [14].

Nanotechnology can help improve the distribution and selection
of antitumor drugs. The distribution of cancer drugs is defined by
their physicochemical properties and is limited by drug penetration
into tumor tissue. Not all nanotransporters penetrate intrinsically
into tumor tissue which remains a current challenge [84]. The
main administration challenges for these agents include significant
off-target accumulation, crossing the cell membrane, achieving
synergistic drug proportions in the target and a narrow therapeutic
window. Turning these next generation therapies “impossible to
deliver” into viable cancer treatments has become one of the major
future directions for nanomedicines [13]. A better understanding
of the biology of the tumor’s microenvironment is also needed.
The implications of genetic and molecular markers should be
encouraged by inventing active tumor detection strategies using
nanoparticles to predict disease progression, development and
clinical outcomes [22,85-106].

Conclusion

The research carried out in the field of nanotechnology has
allowed an improvement in the systems of nanotransporters with
different morphologies, controlling their different disadvantages,
allowing the criterion for choosing the type of morphology to be the
need for treatment. Many authors point out that the biospecificity
that nanotransporters can develop contributes to reducing
cytotoxicity in significant levels, thus avoiding the affectation or
death of healthy tissue. Efficiencies achieved at the preclinical level
show very favorable results given the low renal clearance of drugs
compared to nonspecific drugs. The great variety of compounds
applicable to this field of nanomaterials has an important relevance
in terms of the discovery of new nanotransporters, biological
disposition and assimilation in the target cells, due to the versatility
that these materials have to behave differently in organisms
depending on the site to be submitted to treatment.
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