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Self-assembled nanocarrier drug delivery has received profuse attention in the field of
diagnosis and treatment of diseases. These carriers have proved that serious life-
threatening diseases can be eliminated evidently by virtue of their characteristic design
and features. This review is aimed at systematically presenting the research and advances
in the field of self-assembled nanocarriers such as polymeric nanoparticles, dendrimers,
liposomes, inorganic nanocarriers, solid lipid nanoparticles, polymerosomes, micellar
systems, niosomes, and some other nanoparticles. The self-assembled delivery of
nanocarriers has been developed in recent years for targeting diseases. Some of the
innovative attempts with regard to prolonging drug action, improving bioavailability,
avoiding drug resistance, enhancing cellular uptake, and so on have been discussed.
The discussion about various delivery systems included the investigation conducted at the
preliminary stage, i.e., preclinical trials and assessment of safety. The clinical studies of
some of the recently developed self-assembled products are currently at the clinical trial
phase or FDA approved.

Keywords: self-assembly, polymeric nanoparticles (NPs), liposomes, dendrimers, bioavailability, solid lipid
nanoparticles (SLNs), polymerosomes, micellar systems

INTRODUCTION

Since the last decade, particularly the fields of nanoscience and nanotechnology have received much
attention. A wide gamut of industrial activities and research areas is now opened to be employed in
applied sciences from fundamental sciences on the nanoscale. The application and production of
nanocarriers have gained much importance in biological science. The production of a nanoparticle is
possible in a variety of shapes and sizes along with a variety of materials that can enhance their ability
to penetrate the cells (Liu, 2006). The biological system interacts with nanocarriers differently
depending on its particle size, shape, aggregation state, type of cell, route of administration, and
organelle targeted. A variety of physical and chemical properties is imparted by the nanocarriers as
compared to other small-scale molecules (Elahi et al., 2018). The therapies which are already
available can be optimized with the help of nanocarriers because they can penetrate many blockades
of biological membranes. The degradation of the drug can also be avoided by nanosizing the drug
according to the requirements of the administration site. The drug release can be controlled by
optimizing the dose size. In addition, it also helps in increasing the economic life of the formulation
(Costantino and Boraschi, 2012). Nano-sized formulation offers a larger surface area to volume ratio
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and helps the particle to travel in a region overcome by quantum
effect. The dimensions of nanocarriers are underneath the critical
wavelength of light which in turn helps them to be used for
various packaging materials, coating materials, and cosmetics
(Raj et al., 2012; Vasile, 2018). Nanocarriers are composed of a
biodegradable polymer which is usually made up of lipids having
the size in the range of 10-1000 nm. The drug particles can be
entrapped inside the matrix of polymer or over the surface of the
particle. The selective targeting of organelles can be done
successfully with the help of nanocarriers (Kingsley et al., 2006).

Unlike bulk samples of material, nanocarriers can confer
different properties. Similarly, an assembly of nanoparticles
can impart a collection of properties that will be different
from individual nanocarriers. Due to the ability to exploit
different properties of ensembled nanocarriers, this area has
started gaining tremendous interest (Figure 1). The
mechanical properties of a material can be improved with the
help of self-assembled nanocarriers. This type of technology
confers a different type of electronic interaction, magnetic
moments, and plasmons of surface of the individual
nanocarriers. A variety of approaches is available for the
formulation of self-assembled nanocarriers such as self-
assembly in solution, self-assembly using templating methods,
self-assembly at interfaces, and assisted self-assembly (Nie et al.,
2010). The self-assembled nanocarriers can confer various
biomedical as well as pharmaceutical applications. The
structure of self-assembled nanoparticles is made up of a
polycore of hydrophobic moiety with an outer shell made up
of a hydrophilic group. To obtain an increased drug delivery at
the site, the drug loaded nanocarriers are internalized which helps
in gaining a high degree of selectivity (Na et al., 2003). The
amphiphilic nature of self-assembled nanoparticles helps them to
aggregate on their own in an aqueous solution (Kwon et al., 2003).
As the name indicates, the self-assembled nanocarriers can
adsorb on a thick layer of the substrate which can be used to

form films (Fendler, 1996). The self-assembled particles are
formed with the help of interaction between the particles and
external forces. The forces from the interparticle act on the
nanocrystal in the aqueous phase of the solution. Due to the
van der Waals interaction, an electric dipole is induced and it acts
along the connecting line between the atoms (Weddemann et al.,
2010). To optimize the release of the drug, the distribution of the
drug, therapeutic efficacy, and accumulation at the target site can
be accessed with the aid of bioimaging techniques. The
bioimaging probes are used to generate signals and contrast
when they interact with targeted molecules. The sensitivity
and biocompatibility are prerequisites to recognize the cells
and tissues (Xing and Zhao, 2016).

APPLICATIONS OF SELF-ASSEMBLED
NANOPARTICLES

Polymeric Nanoparticles

A number of polymeric nanoparticles based self-assembled
systems have been attempted since 1970 to improve the
therapeutic potential of existing or novel therapeutic agents
(Osorno et al, 2021). These systems are utilized in various
scientific disciplines such as pharmaceutical, biomedical, and
nanomaterial, due to their flexibility, stability, scalability, and
cost-effectiveness (Pippa et al., 2016; Yadav et al.,, 2020). A self-
assembled nano-betamethasone produced by chitosan cross-
linking was developed by Hudan-Tsilo et al. (2021) for the
treatment of contact dermatitis and comparing it with
betamethasone ointments. The therapeutic efficiency of the
nano-betamethasone was much better than betamethasone
which was indicated by the reductions in severity of lesions,
thickness of skinfold, erythrocyte sedimentation rate, WBC
count, etc. Furthermore, the nano-betamethasone was also
found to increase the levels of cytokines, interleukin 10,
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interleukin 4, and reducing the levels of tumor necrosis factor a
and interleukin 1p 1 to furnish an anti-inflammatory effect. The
self-assembled systems for targeting the inflammatory cells were
prepared to resolve the faster clearance, low stability, and shorter
half-life issues of superoxide dismutase. The group of novel
polymers was utilized for their self-assembly into micellar
nanoparticles to impart desirable hydrolytic characteristics,
prolonged circulation, biocompatibility, and inflammation
targetability. The pharmacodynamic outcomes showed
excellent antioxidant and anti-inflammatory activities in
adjuvant arthritis and peritonitis models (Sun et al., 2021).
The innovative pH-responsive polymeric nanoparticles for the
delivery of anti-tumor drugs were fabricated by self-assembly of
aminated  conjugate  of  lignin-histidine and  10-
hydroxycamptothecin. Owing to the pH sensitivity of the
histidine, the pH triggered drug release was observed from the
nanoparticles in the acidic environment of the tumor cells. This
was confirmed from the in vitro release studies as the drug release
was considerably higher at pH 4.5 (72.5%) as compared to pH 5.5
and pH 7.2 (39.1%). The treatment group in the in vivo studies in
the animal models depicted about two fold increase tumor
inhibition and lowered the therapy-induced side effects (Zhao
et al., 2020). Desai et al. (2018) has proposed that ellipsoidal
nanoparticles can facilitate the movement of the drug across the
physiological barriers, cellular uptake, and biodistribution. A
simplified strategy was put forward to induce the self-assembly
of poly(glycerol sebacate)-co-poly(ethylene glycol) into
ellipsoidal nanoparticles. Highly biocompatible nanoparticles
were prepared which has the potential to exhibit delivery
applications in a variety of fields. An innovative
carboxymethylcellulose containing polymeric nanoparticles was
fabricated by Liu et al. with a dual-responsive behavior (pH and

redox reaction). High drug loading and exceptionally
biocompatible  nanocarriers loaded with  10-hydroxy
camptothecin and pterostilbene were produced. These

nanocarriers released the loaded drug quickly in the acidic
environment inside the cancer cells without compromising
their stability. The dual-responsive behavior was confirmed
from the in vitro and in vivo studies which also indicates their
potential for eliminating the cancer cells with significantly low
adverse effects (Ke-Feng Liu et al., 2018).

Yang et al. (2016) linked the docetaxel to the semitelechelic N-
(2-hydroxypropyl) methacrylamide copolymeric graft and
incorporated  the graft into  polyhedral oligomeric
silsesquioxane with the objective of controlling the drug
release and improving therapeutic actions. These nanoparticles
displayed drug release in response to stimuli such as acidic
lysosomal and cytoplasmic environment, therefore considered
to be particularly cytotoxic against prostate cancer cells. The in
vivo studies showed that the nanocarriers were homogeneously
distributed in the tumor cells and 78.9% of tumor growth
inhibition was observed. Wang et al. (2019) developed an
aggregation-induced emission active group of polymers to
improve anticancer therapy of doxorubicin for producing the
self-indicating cancer therapy by using fluorescence resonance
energy transfer process. The self-assembled homogeneous
nanoparticles were generated with no surface charge, high
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colloidal stability, discriminating drug release, and in vivo
antitumor activity was similar to that of the plan doxorubicin.
Additionally, these systems allow tracking of in vitro and in vivo
release of drug which may confer them with the ability to perform
real-time monitoring of drug release and targeting at a specific
site. It was proposed that self-assembled nanoparticles of

doxorubicin can be generated by freeze drying and
incorporating into monomethoxy(polyethylene glcyol)-b-
P(D,L-lactic-co-glycolic acid)-b-P(L-glutamic acid).

Hydroxypropyl-beta-cyclodextrin was utilized as a stabilizer to
protect the destruction of polymeric nanoparticles. The
pharmacokinetic studies revealed that AUC and t;, were
observed to increase several folds for the nanoparticles in
comparison with the plain doxorubicin solution. Further, the
distribution of drug in the tumor also increased two times with no
signs of organ toxicity (Xu et al., 2015). Novel immunosensors
were fabricated by following the principle of electrophoretic
deposition of self-assembled polymeric for estimation of
carcinoembryonic antigen. The deposition of chitosan and
gold particles was undertaken to develop biocompatible and
stable nanoparticles. The immunosensor exhibited extensive
detection range with the lowest possible detection limit of the
carcinoembryonic antigen and this flexible approach can be used
for the detection of other tumors and biomolecules (Xu et al.,
2017). Self-assembled vesicular polyion complexes of siRNAs and
PEG block catiomers in molar ratios of 1:2 and 2:3 were reported.
The observations from the transmission electron microscopy
showed that the membrane thickness of 1:2 and 2:3
combinations to be 11.0 and 7.2nm, respectively. The
complexes were stabilized by cross-linking with glutaraldehyde
and the resulted positively charged siRNAsome enhanced the
siRNA uptake by cancer cells leading to considerable silencing of
the gene and reduced cytotoxicity (Kim et al., 2019).

In the current scenario therapeutics based on nucleic acid are
being considered as one of the most promising approaches for
disease treatment. The development of non-toxic and efficient
gene carriers is a prerequisite for success in gene delivery.
Coumarin-anchored dendrimers were self-assembled in an
aqueous solution with the help of hydrophobic interactions.
The DNA binding was significantly improved with a
minimum amount of toxicity on the transfected cells. The self-
assembly of dendrimers endowed a light-responsive behavior of
the drug. They were able to display anticancer activity dependent
on light. The drug moiety was delivered with a gene encoding for
tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)
because it has less effect on normal cells along with 5-fluorouracil.
This study has opened the path to developing an efficient method
of gene delivery and light-responsive delivery of the drug (Wang
et al., 2018). To overcome the oral protein delivery due to its
degradability and instability, a benzoboroxole-containing
amphiphilic dendrimer (APD) was developed sensitive to
glucose and pH. The glucose molecule was self-assembled in
the form of micelles in an aqueous solution. The formulation
exhibited good encapsulation for insulin. Benzoboroxole and
glucose were made to bind reversibly so that the disassembly
of micelles can be regulated with the release rate of insulin. This
helped to stabilize the fluctuations in blood sugar. A mouse model
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with type 1 diabetes was used to demonstrate that it was able to
reduce the risk of hypoglycemia. The branched APD was able to
self-assemble without the use of inorganic solvents. The shell
made up of PEG and APD dendrimer was able to exhibit decent
biocompatibility. This study can lead to several pathways for the
development of carriers that can deliver proteins via the oral route
(Zeng et al., 2019).

Dendrimer-based self-assembled nanocarriers are used to
develop as a potential candidate for delivery of the drug. In
this study, enzyme-sensitive amphiphilic scattering Pegylated
dendron-GFLG-DOX with the help of a two-step «click
reaction. The self-assembled dendrimer nanoparticle was
prepared with an interface having a negative charge. The self-
assembled nanoparticles were able to retain their place within the
tumor for a longer period. Toxicity induced by DOX was reduced
and no side effects were presented toward the functioning of
normal organs and tissues (Li et al, 2014). Human serum
albumin was used to deliver the dendriplexes of PAMAM
dendrimer with the help of electrostatic interactions for the
formation of self-assembled HAS-dendriplexes. The complex
was characterized with the help of MTT assay and analysis of
zeta potential. The HAS-dendriplexes were able to exhibit
decreased cytotoxicity. It was also able to increase the
transfection efficiency and decrease hemolysis. Due to these
properties, it can be used as a promising technique for
delivering a gene to the targeted sites. Further in vivo studies
can be performed to understand the mechanism and distribution
pattern of these self-assembled complexes (Liu et al., 2012).

Liposomes
The term liposomes was put forward by Sessa and Weissmann in
the 1960s and since then different kinds of lipids have been

utilized for developing liposomes to serve wide applications in
different fields (Ranson et al., 1996; Wang and Rempel, 2015).
Liposomes may be classified on the basis of their typical
composition, mechanism targeting, and applications, such as
intracellular, conventional liposomes, long circulating,
immunoliposomes, pH-sensitive, and cationic liposomes
(Sharma and Sharma, 1997; Chen et al.,, 2016). The liposome
offers several advantages as a drug delivery system, such as
ability to self-assemble, high drug loading, site targeting,
lowering side effects, etc. (Sercombe et al., 2015). The
application of self-assembled liposomal nanoparticles in
combination with nontoxic photosensitizers for providing
photodynamic therapy may be one of the interesting future
prospects (Sadasivam et al., 2013). Ngweniform et al. (2009)
developed cationic liposomes containing zinc phthalocyanine
(ZnPc) as a photodynamic therapy for providing the cancer
treatment. The drugs can be accumulated over anionic protein
nanotube by electrostatic attraction which confers the system
with cancer cell targeting. Figure 2 illustrates the self-assembly
of cationic ZnPc containing liposomes over a genetically
engineered anionic phage.

Kailin Liu et al. (2018) developed pH responsive liposomes of
ketoprofen due to self-assembly of microparticles containing
Eudragit L100 and phosphatidyl choline by using the
electrospraying method. Highly stable suspension of liposomes
with about 200-300 nm particle size was generated and their
shape and structure in various pH conditions altered with the
concentrations of Eudragit. The pH dependent drug release was
observed as around 80% of drug released after 12 h at pH 7.4, as
opposed to 58% release at pH 4.5. A liposome containing
therapeutic combination of a chemotherapeutic drug and a
tumor microenvironment modulator were developed by Lv
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the treatment of breast cancer. These nanocarriers are comprised of

et al. (2018) This dual targeting system self-assembled into
liposomes by incorporating hyaluronic acid-paclitaxel prodrug
and Marimastat to produce a hybrid nanocarrier. The rapid
release of drug from nanoparticles upon reaching the
environment with mild hyperthermia, followed by quick entry
into 4T1 cells. These nanoparticles depicted that 1.6-times more
tumor accumulation, 10-times better tumor suppression, deeper
penetration, and 10-fold improvement in angiogenesis. Figure 3
is included to display preparation of hybrid nanoparticles and
mechanism of breast cancer treatment.

Carvedilol containing liposomes were prepared by self-
assembly from fibrous mucoadhesive membranes to improve
the bioavailability of the drug. The encapsulation efficiency of
the drug is affected by the ratio of phospholipids to carvedilol and
molecular weight of Polyvinylpyrrolidone. In vitro dialysis
dissolution and permeation study revealed exceptional increase
in permeability of carvedilol. Furthermore, the pharmacokinetic
study showed 154% increase in relative bioavailability of the drug
(Chen et al., 2018). Further, these scientists have prepared self-
assembled liposomes individually by using carboxymethyl
chitosan and sodium carboxymethyl cellulose. The linear
release of carvedilol with almost 100% release after 2h was
observed from the dissolution study. The nanoparticles
showed high permeability in the porcine TR146 cell culture
and buccal mucosa and considerable safety from the MTT-
assay (Chen et al.,, 2019). To achieve the tumor targeting self-
assembled DNA, nanostructures were fabricated by incorporating
doxorubicin. The nanostructures possess improved serum
stability, better cellular and tissue permeability, and tumor
specific drug delivery. Moreover, the anticancer activity of the
formulation was much better as compared to PEGylated
liposomes (Kim et al., 2016).

Inorganic Nanocarriers
The inorganic nanoparticles cover a wide arena of diagnostic and

therapeutic applications due to outstanding features in contrast to
their polymer and organic counterparts. They facilitate the
polymers and ligands to be incorporated so that the biological
function can be improved. They can be used to provide on-
demand release of drugs (Anselmo and Mitragotri, 2015). The
interactions via electrostatic and/or steric capabilities can provide
colloidal stability of inorganic nanoparticles. Inorganic
nanoparticles can form noncovalent bonds which are
reversible and monomer units to organize themselves into a
colloidal polymer (Henriksen-Lacey et al, 2017). Inorganic
nanoparticles impart toxicity because of the alterations in their
physiochemical properties when they are exposed to biological
fluids. A change in their surface chemistry and size is observed
under these situations. To quantify the cellular uptake for toxicity
determination, various techniques such as fluorescence
microscopy and flow cytometry are not able to differentiate
between the inorganic nanoparticles which are absorbed and
internalized (Yoon et al., 2017). Gold nanoparticles offer less
stability and are less liable for targeted delivery.
Superparamagnetic iron oxide nanoparticles are used as
contrast agents in CT scans, but sometimes they are
misleading because it is difficult to identify them with other
dark areas. They possess a very high magnetic moment which can
result in a blooming effect which can make the image of organs
cloudy due to overestimation of the size of the labeled tissues
(Moorcroft et al., 2018). Inorganic nanoparticles are being used as
delivery vehicles for antibiotics. They can be easily incorporated
for easy drug delivery and increased colloidal stability with better
biocompatibility and offer high drug loading capacity. The
inorganic nanoparticles which are optically active can
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efficiently convert light energy to heat energy which helps in the
liberation of encapsulated antibiotics (Kim et al., 2018). They find
extensive applications as probes in biomedical imaging in vivo.
Inorganic nanoparticles are also used as a better alternative for
organic dyes in optical imaging (Li et al., 2011).

Amikacin inorganic nanoparticles can be used in functional
devices because there is a vast area open to exploit their collective
properties. Doping of inorganic nanoparticles into the polymer
matrix is used to engineer the flexible hybrid nanocomposites
with outstanding magnetic, optical, and electric properties. Self-
assembly of symmetric deblock copolymers was used in addition
to gold nanoparticles into an amikacin emulsion formulation so
that a neutral interface can be generated to form hybrid
nanoparticles. A mixture of cetyltrimethylammonium bromide
and polyvinyl alcohol was used to adapt the properties of
emulsion droplets. This technique used the contributions of
entropy and enthalpy to control the alignment and location of
nanoparticles. Both the terminals of the nanoparticles can be well
optimized with the help of this method which can give a universal
route for the designing of well-defined nanomaterials (Yan et al.,
2017). To control the properties of bulk at the molecular level the
control in shape and size of inorganic nanocarriers is of utmost
importance. Cyclophosphamide self-assembled organometallic
spheres were used as endo-templates for the preparation of
monodisperse nanoparticles of silica. Tetramethoxysilane was
condensed to confirm the self-assembly of spheres and a
DMSO-d solution was used to dilute it and kept for 4 days.
The solution remained clear which indicated the condensation
of spheres. The self-assembled silica nanoparticles were
successfully developed with the help of this technique with a
well-defined framework of the shell. Nanoparticles of size less
than 10 nm can also be prepared with this technique. This can be
used to exploit the new bulk properties (Suzuki et al., 2010).

The most common form of dementia is Alzheimer’s disease
which affects more than 24 million people across the world. With
the aid of hybrid technology of inorganic-organic compositions
having specific properties, the conditions of Alzheimer’s disease
are treated. This hybrid system was integrated with a combination
of proteins and inorganic components. Polyoxometalates are a
class of metal-oxygen-anion nanoclusters that can inhibit the
aggregation of amyloid-f. These POM@P hybrids showed potent
activity against the aggregation of A 1-40. These nanocarriers
were also able to block cellular toxicity up to 46%. The cell
survival rate was increased to 82%. The nanocarriers were
nontoxic. The self-assembled POM-A f particles were used to
target the peptide-CR (Congo red) hybrids having the ability to
inhibit the target and real-time monitoring. These types of
systems can be used for the development of targeted agents
for the treatment of Alzheimer’s disease (Li et al., 2013).
Nanotechnology has been expanded to exploit new avenues
for the treatment, diagnosis, and prevention of cancers. In the
process of self-assembly, the inorganic molecules are being
developed into  unforeseen  structures. = Carbon-based
nanomaterials are used for controlled drug delivery. Fullerene,
nanodiamonds, and graphene are produced on an industrial
scale. Due to their outstanding chemical stability, they render
themselves biologically inert. With the help of self-assembly, the

Current Trends in Self-Assembled Nanocarriers

bio-functional agents are being attached to the nanocarbon
surface. They turn themselves into an effective adsorbent for
the hydrophobic anticancer drugs. Methotrexate was co-delivered
with a PEGylated self-assembled graphene nanocarrier that leads
to hydrophobic and n—m stacking. This was a non-covalent drug-
loading process. This type of mechanism can be further used to
deliver anticancer drugs and their analogs (Li et al., 2018).

Micellar Systems

Self-assembled micelle nanoparticles comprised of thermo-
sensitive polyion complex and chitosan-g-poly (N-isopropyl
acrylamide) were developed to generate a sustained release
dosage form. The micelle Np’s were formed as multilayer
corona structures with the inner core being hydrophobic. The
interaction between the drug and the micelle was modified with a
change in temperature and pH for a sustained release formulation
of DOX. The micelle prepared were having good stability with
high drug loading capacity and an easy method of preparation.
Due to the variable value of the degree of ionization of polyacrylic
acid, the nanoparticles formed had a variable size in different pH
conditions. The particle size was minimum at pH 4.5 to 6.0 and
maximum or larger size in a more basic and acidic medium (Li
et al,, 2011). Nowadays amphiphilic copolymeric cations are
being employed as an alternative for nucleic acid delivery. The
PEGylated derivatives offer good gene expression to be used in
various cancer therapies. A tri-copolymer having an amphiphilic
moiety of ethylene glycol, polycaprolactone, and a cationic block
was used to prepare self-assembled micelle nanoparticles in an
aqueous solution to deliver the siRNA. The choice of excipients
was determined to create a hydrophobic interaction and micelle
core formation so that its stability can be increased. This unique
combination allowed the loading of siRNA after the formation of
nanoparticles so that uniformity can be maintained. The
complexes were able to deliver good compatibility with cells at
higher concentrations too. The incorporation of the hydrophobic
core with PEG was able to improve the stability of nanoparticles
(Sun et al., 2008).

In the development of drug delivery systems that can be used
for tumor targeting the polymeric nanoparticles, which are
responsive toward stimuli, can be used to get improved
efficacy and lower the side effects. Micelle self-assembled
nanoparticles that have been developed in recent years are
proved to be more biocompatible and responsive toward
multiple stimuli. The researcher has used a derivative of
phenylalanine to study its drug delivery capabilities. The
amphiphilic copolymer synthesized was more biocompatible
and water-soluble. It was able to show its activity at slightly
higher temperatures. The prepared nanoparticles were used to
encapsulate the hydrophobic drug doxorubicin with a higher
loading capacity. The drug was effective at a lower ICs, value for
cancerous cells as compared to healthy cells (Biswas et al., 2021).
The amphiphilic block copolymers can form a self-assembled
nano-carrier system with a hydrophobic surrounding shell. In
this study, PBLG-b-PEG block copolymer solution was used to
show the effect on the self-assembly of the nanoparticles. Gold
nanoparticles were incorporated with the micelle core. Standard
NCA procedure was used. After the introduction of AuNPs, the
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cylindrical micelles were transformed into a spherical shape with
a core surrounded by AuNPs. The morphological transformation
was due to the breaking of ordered packing of PBLG rods (Cai
et al., 2012). The group of scientists has reported the use of
unimer polyion complexes for the delivery of siRNA into solid
tumors. The developed micelles had greater potential of
circulation in blood and higher localization at the tumor as
compared to the control. The inhibition of tumor growth was
also observed to be substantial due to higher internalization of
siRNA upon intravenous administration in the murine model of a
cervical tumor (Zheng et al., 2017). Further, a novel strategy for
treating the peripheral vascular disease was proposed using
polyion complex micelles. The scientists have found out that
100 nm micelles showed potentially better localization in the
collateral arteries around macrophages. The results of the
investigation illustrated that appropriately sized particles can
be useful in improving targetability of micellar complexes for
the management of angiogenic diseases (Suhara et al., 2018).

Niosomes

The drug delivery systems comprising cholesterol and non-ionic
surfactants are called niosomes. They offer better encapsulation
for drugs and they are biocompatible with low-immunogenicity.
They also possess targeting and controlled release properties. Due
to their ability to solubilize lipophilic compounds, they help in
increasing the bioavailability of enzymes and natural products. In
this study, non-ionic surfactants such as Tween 80 or Span 80
were used to develop the assemblies of niosomes by using purified
water as the dispersion system. The incorporation of block
copolymer alters the morphology of niosomes. In-vitro studies
showed exceptionally low cytotoxicity. In-vivo studies showed no
signs of hepatotoxicity (Pippa et al., 2019). The patients who are
compromised immunologically are more prone to fungal
infections. The study was aimed at developing a safer
ophthalmic drug delivery system with increased retention time
and permeability. The drug was incorporated into niosomal
versicles and self-assembled NPs were prepared. Cyclodextrin
and nanovesicles were combined to optimize the
nanoformulation. To enhance the drug permeation in-situ gel
was prepared so that its nasolacrimal drainage can be reduced and
unwanted absorption in a system can be avoided. The particle size
was maintained at 290 + 35 nm. High entrapment efficiency was
achieved, and corneal penetration was also enhanced. A high level
of growth was inhibited for the Candida albicans (Elmotasem and
Awad, 2020).

Metastatic breast cancer is a major cause of mortality and
morbidity in women. A combination of treatments is used for the
effective therapy of this type of cancer. Tamoxifen and
doxorubicin are the anticancer categories of drugs that are
used to treat cancer targeting the estrogen receptor selectively.
Combination therapy helps to ensure long-term use of the drugs.
Formulating the drug into niosomes helps to increase the
entrapment efficiency and improve hydrophobic solubility. In
this study, a single noisome was used to entrap both drugs. Box-
Behnken experimental design was used to optimize the self-
assembled niosomes. MCF-7 breast cancer cell line was also
used to evaluate the in vitro characteristics. The drug-loaded
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noisome was able to exhibit good in vitro characteristics. The
localization of the noisome was substantially improved as
compared to the earlier studies. The distribution and external
modification were found to be like previous studies (Kulkarni and
Rawtani, 2019). Synthetic membrane vesicles are made with the
help of nonionic surfactants by self-assembly. A combination of
cholesterol, nonionic surfactant, and diacetyl phosphate is used
for the preparation of a noisome. In this study, controlled self-
assembly of niosomes was prepared as an alternative to
liposomes. To reduce the size of niosomes, the flow rate ratio
was increased which decreased the mixing time by diffusion. The
microfluidic method was used to prepare nanoscale niosomes to
improve their consistency and encapsulation efficiency. With the
help of surfactants and using a shorter C;, alkyl chain more stable
and smaller niosomes were prepared (Lo et al., 2010).
Capecitabine is approved by the FDA to use in the treatment
of various types of cancers. This study was aimed to develop drug-
loaded niosomes so that their side effects and chemoresistance
can be masked. The prepared self-assembled nanoniosomes were
evaluated for their characteristics such as size analysis with help
of SEM. Cytotoxicity was evaluated with the help of MCF7 and
PANCI cell lines. The formulation of drug-loaded self-assembled
nanoniosomes increased the permeability and efficacy of the drug
with reduced side effects. Reduced cytotoxicity was observed with
formulated nanoniosomes than free drug (Nazari-Vanani et al.,
2019).

Polymerosomes
Polymersomes are robust vesicle-shaped developed from
amphiphilic block co-polymers (Jang et al., 2016) which can
be employed for the delivery of both hydrophilic and
hydrophobic molecules. In the last 2decades, the
polymerosomes have been exploited in the research field for
performing their role in stabilization and sustained delivery of
biological macromolecules (Dai et al.,, 2006; Jaganathan et al.,
2014), flexibility for effective delivery of topical products (Rastogi
et al., 2009), delivery viral of capsid mimics (Yang et al., 2009),
response mediated drug delivery (Jang et al., 2016), targeting
cancer therapeutics (Anajafi and Mallik, 2015), cosmeceuticals
(Kaul et al., 2018), diagnostic probes (Leong et al., 2018), etc.
Although, the formulations possess exceptional biocompatibility,
they are also associated with limitations such as difficulty in
achieving small sized particles (below 100 nm) (Cheng et al,
2009), low membrane permeability (Rideau et al., 2018), and
tedious and lengthy time-consuming process to manufacture the
functionalized initializing materials (Li et al., 2010).
Self-assembled polymersomes were reported to be formulated
by solvent evaporation using poly(caprolactone)-poly (ethylene
glycol)-poly(caprolactone) co-polymer to target melanomas and
basal cell carcinomas. The size of vesicles was of 122 + 20 nm and
double-walled deformable constructions were confirmed by TEM
depicting the wall thickness of 25 nm (Rastogi et al., 2009). A
group of scientists has developed pH-sensitive degradable
polymersomes encapsulated with paclitaxel and doxorubicin
hydrochloride formulated using diblock copolymer of PEG
and  polycarbonates. =~ Polymersomes of  PEG(1.9k)-
PTMBPEC(6k) were obtained to produce the vesicle sizes of
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100-200 nm. The acetal hydrolysis resulted in the substantial rise
in polymersomes size to larger than 1000 nm within a day at pH
4.0 (Chen et al, 2010). The self-immolative polymersomes
(SIPsomes) can be used for delivery of macromolecules and
modulating the design of terminal capping moieties. Visible
light, UV light, and reductive milieu can be exploited to
trigger SIPsomes for breakdown into water-soluble minor
molecules and  hydrophilic  blocks.  Stimuli-triggered
disassembly of block copolymer vesicles or polymersomes has
been conventionally achieved via solubility switching of the
bilayer-forming block, requiring cooperative changes of most
of the repeating units (Liu et al., 2014).

Solid Lipid Nanoparticles

The hot homogenization process and warm microemulsions were
used to create solid lipid nanoparticles for the first time in the
early 1990s. Since then, a lot of researchers working in this field
have steadily increased and along with that the increase in
patients was also observed on various techniques such as
solvent emulsification as well as diffusion procedures were
developed and filed (Manjunath et al, 2005; Gasco, 2007).
Besides SLNs, nanostructured lipid carriers (NCLs) are a lipid
mixture of solid with lipids and of liquid with lipids at 37°C
temperature (Miiller et al., 2002). Pharmaceutical uses of lipid
nanocarriers include transport of a wide range of therapeutic
active molecules along with distribution, from biotechnological
drugs to tiny medication particles (Scioli Montoto et al., 2020).
Gradually, the lipid-built nano assemblies have made substantial
progress in the transport of DNA/RNA and drugs due to their low
toxicity especially for in vivo targeting (Puri et al., 2009). As per
Cullis and Hope (2017), the cationic lipids are amphiphilic
molecules that self-assemble into higher-order aggregates in an
aqueous solution and have a positively charged polar head group
and a hydrophobic tail domain. They bind electrostatically with
mRNA molecules’ negatively charged phosphate groups, allowing
them to be entrapped in a lipid-based nanoparticle. Under the
PEG-lipid coating, self-assemble lipid nanoparticles can be
stabilized. They concluded that it will be a dominating non-
viral method to enable the enormous potential of gene therapy
due to robust and fast formulation procedures, as well as benefits
in potency, payload, and design flexibility. Zhai et al. (2018)
developed self-assembled lipid nanoparticles (SALNs) with
paclitaxel to targeted aggressive ovarian cancer and improved
the therapeutic effect by functionalizing lipid particles through
epidermal growth factor receptor (EGFR) antibody fragments.
Pluronic F127 and a lipid poly(ethylene glycol) stabilizer were
used to stabilize the produced biocontinuous cubic- and sponge-
phase lipid nanoparticles. The formulation demonstrated greater
cytotoxicity in vitro against HEY ovarian cancer cell lines than a
free drug formulation as well as in an ovarian cancer mouse
xenograft model, aside from EGFR targeting, it lowers tumor
growth by 50% compared to pure drug or nondrug control.
SALNSs averaging size of 180 nm was developed to enclose and
stabilize with iron oxide particles non-covalently coated with
heparin (SALNs-Fe@hepa) by Truzzi et al. that are highly stable
and demonstrated more than 90% encapsulation efficiency for
oral delivery. The product stabilized the heparin and did not show
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any cytotoxicity (Truzzi et al., 2017). SALNs were formulated by
Gindy et al. (2014) using a rapid precipitation process and studied
the SALNs for siRNA delivery. They identify essential
physiochemical and kinetic factors influencing the formation
of lipid nanoparticulate three-dimensional macromolecular
structure as a biorelevant SAR feature by a mechanistic
analysis of SALNs via a fast antisolvent precipitation method.
The manufacturing method can be used for common production
of fine-tuned SALNs. Pham et al. (2016) studied in situ self-
assembly lipid nanoparticles of lopinavir and ritonavir loaded in
self-assembly nanocapsules for pediatric drug delivery. Li et al.
(2019) studied the SALNs method for delivering a cisplatin
prodrug and siRNA targeting the xeroderma pigmentosum
endonuclease group to fight against lung cancer drug
resistance. The findings showed that using a multi-targeted
lipid nanoparticle technology to silence an NER-related gene
to increase cisplatin-induced apoptosis, especially in cisplatin-
refractory cancers, is a viable option. Sagnella et al. (2011)
concluded that the oral administration of SALNs containing 5-
fluorouracil was found to be highly effective as a target-activated
chemotherapeutic agent with significantly higher efficacy
compared to the marketed non-self-assembling alternative.

Other Nanoparticles

To provide a high drug loading capacity this platform provides a
particularly good alternative with the specificity of targeting
tissues and cells. The structure is composed of three layers, the
outermost being the lipid layer, the middle being the hydrophobic
layer, and the inner core is made up of a hollow shell (Shi et al.,
2011). The outer layer can be modified with PEG so that
immunological recognition can be avoided, and it also adds to
its stability in systemic circulation while controlling polymer
degradation. The therapeutics which are hydrophobic can be
incorporated in the middle layer. They are formulated by
employing a double-emulsion solvent evaporation technique
(Tambuwala et al., 2018). Peptide-based drug delivery system
provides various advantages such as chemical diversity, high drug
loading, and site-specific targeting for several diseases. Proteins
possess a-helices and {3 sheets that act as naturally occurring self-
assembling motifs to form nanostructures of customizable
shapes. The functionalization of peptides can be easily
operated by introducing the compounds into the structure of
peptides. They can also be used to facilitate intracellular uptake
and enhance biological functions. The self-assembled peptides
can be formulated into hydrogels, vesicles, and nanotubes for
facilitating drug delivery to specific cancerous cells (Fan et al,
2017). Calcium phosphate is found in tricalcium phosphates and
hydroxyapatite having chemical similarity and are biocompatible.
They also possess a variable density of surface charge and can
facilitate the controlled release of medicaments. Calcium
phosphate nanoparticles have good penetration ability through
the cell membranes, so they are used for DNA transfection and
protection of DNA from the lysosomal enzymes which are
ultimately retained in the cell’s cytoplasm. Our bone and teeth
are composed of calcium; this also adds to the biocompatibility of
calcium phosphate nanoparticles. The structure is composed of a
core with calcium phosphate which is followed by a layer of DNA
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TABLE 1 | Application of various self-assembled nanocarriers as a drug delivery system.

Type of Drug Route of Particle size Object of
nanocarrier administration the study
Polymeric Betamethasone Percutaneous - Male Wistar rats
nanocarriers
Superoxide dismutase Intravenous 50-80 nm Male Wistar rats
10-hydroxycamptothecin Subcutaneous 40 nm Female BALB/c
mice
Fluorescein isothiocyanate- - 250-311 nm -
labelled bovine serum
albumin
10-hydroxycamptothecin Subcutaneous 144 nm Female C57BL/6
Mice
Docetaxel Intravenous 57 nm Male BALB/c nude
mice
Doxorubicin Intravenous 50 nm Female New Zealand
rabbit and BALB/c
nude mice
Doxorubicin Intravenous 50 nm Female Balb/c nude
mice
5-fluorouracil Intravenous - -
Benzoboroxole Oral - Male Wistar rat
Abemaciclib Intravenous - Female BALB/c
mice
Finasteride Intravenous - -
Liposomes Ketoprofen Oral 200-300 nm -
Hyaluronic acid-paclitaxel Intravenous 100 nm Female BALB/c
and Marimastat mice
Carvedilol Buccal 40-160 nm Rabbits
Carvedilol Buccal 200 nm -
Doxorubicin Intravenous ~25 nm BALB/c and BALB/c
nude mice
Inorganic Amikacin Pulmonary 210 nm -
nanocarriers
Cyclophosphamide Pulmonary 180-237 nm -
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Significant outcomes

Reduction in lesion severity and
increase in anti-inflammatory
cytokines level

Improved biocompatibility, self-
assembly ability, and anti-
inflammatory effect

Effective cellular uptake, antitumor
effect, and reduced side effects
Flexible and biocompatible
nanoparticles for biomedical, cancer
therapy, stem cell engineering,
immune modulation, etc.
Dual-responsive (pH and redox)
behaviour, supress tumor growth
and low adverse effects

Uniform tumour distribution,
suppression of tumour growth,
diminution of cancer-associated
fibroblasts, and induction of
apoptosis

Desired colloidal stability, hemolysis,
and selective drug release Real-time
monitoring of drug localization and
release

Twofold drug distribution in tumor
with no organ toxicity

Release of drug based on the
response of light

APD micelles showed increased
encapsulation and stability under
physiological pH

Enzyme-sensitive oligopeptides
were able to show good intracellular
activity in the tumor. Antitumor
activity of self-assembled
nanoparticles was improved
Reduced cytotoxicity and hemolysis
and increased transfection efficiency

Stable liposomes with high
encapsulation efficiency and pH-
dependent drug release

Tumor targeted drug release, tumor
microenvironment modulation and
blocking metastasis, and high
cellular uptake and cancer cell
destruction

Exceptional drug permeation and
bioavailability enhancement
Improved drug penetration and safe
to use under the concentration of
10 mg/ml

Enhanced serum stability, targeted
delivery of anticancer drugs with
improved cellular and tissue
permeation, and better anticancer
activity

The location and position of AUNP
was controlled over Amikacin to the
corresponding polymer chains

Size reduction of particles by 5 nmin
diameter
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TABLE 1 | (Continued) Application of various self-assembled nanocarriers as a drug delivery system.

Object of
the study

Male Wistar rats
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Significant outcomes

Inhibition of B-amyloid peptide
aggregation associated with
Alzheimer’s disease

References

Sadasivam et al.
(2013)

- The hydrophobic drug was Li et al. (2018)
adsorbed on the graphene surface
- Protection of encapsulated drug Li et al. (2011)

sustained release of DOX

Efficient gene slicing, improved
stability with potential for anti-cancer
drugs

Sun et al. (2008)

Type of Drug Route of Particle size
nanocarrier administration
Rivastigmine Sublingual -
Methotrexate Oral 192 nm
Micellar systems ~ Doxorubicin Intravenous 175-300 nm
siRNA Systemic 98 + 1.4 nm
Doxorubicin - 200 nm
- - 180 nm
Niosome - Intravenous 200 nm
Fluconazole Occular 290 + 35 nm
Tamoxifen and doxorubicin  Intravenous -
- - 150 nm
Capecitabine - 180 nm
Polymerosomes Gadolinium Intravenous 130 nm
Paclitaxel and doxorubicin - ~100 nm
hydrochloride
Solid lipid Cisplatin and siRNA - 22.5nm
nanoparticles
Lopinavir (LP) and Oral 154.3 (LP-NPs)
ritonavir (RT) and 157.6
(RT-NPs)

and an additional shell of calcium phosphate. This tri-layer
structure helps in protecting the DNA from the nuclease
enzymes. They can be prepared by sol-gel method, co-
precipitation, and microemulsion (Banik and Basu, 2014).

In the field of sensors, storage devices and catalysis
graphene hold major potential. Due to its honeycomb
structure, it has a wider surface area along with better
chemical and mechanical stability which helps in using it
for drug delivery and biosensing. They offer
cytotoxicity and good biocompatibility (Shen et al., 2012).
Graphene has oxygen as functional groups due to which
they can be easily processed, and they are suitable for
research. The efficacy of graphene is more than other
carbon nanoparticles and they are lipophilic, they form
conjugates in aqueous solvent due to van der Waals
interaction. They can be formulated with PEG to render
their aqueous solubility (Gaur et al., 2021). Fullerenes are
nanomolecular carbon cages that are used as a delivery
agent for therapeutics and imaging agents. Its structure can
be a hollow sphere and tubes. They are used as a vector where
the bio-active moiety can be linked with the structure of

low

- High drug loading capacity, Biswas et al.
improved efficacy (2021)

- The morphological transformation Cai et al. (2012)
was obtained

C57/BL6 mice Improved stability and Pippa et al.
biocompatibility (2019)

Rabbit Enhanced corneal penetration, Elmotasem and
sustained levels were observed for  Awad (2020)
growth inhibition of candida Albicans

- Improved localization Kulkarni and

Rawtani (2019)

- Improved stability and size reduction Lo et al. (2010)

- Permeability and efficacy Nazari-Vanani
enhancement et al. (2019)

Female C57BL/6 Optimum circulation time Cheng et al.

mice (2009)

- pH-dependent and enhanced
release of drugs

Chenetal. (2010)

- Multi-targeted nanoparticle for NER-  Li et al. (2019)
related gene silencing

Sprague Dawley rats  Improving biocavailability and patient ~ Pham et al.
adherence (2016)

fullerene. The self-assembled structure of fullerene can be
synthesized in the range of 100-200 nm (Li et al., 2015).
Nucleic acid holds amino moiety and carbonyl on the
surface of its nucleoside chain due to which they are used
in nano-formulation as a biomaterial. This property also helps
in its coordination with the metal ions. They can be used to
form more stable and adaptable metal nanoparticles. They are
employed in cellular imaging and drug delivery. With the help
of electrostatic interaction, nucleic acid can retard the
coagulation of nanoparticles because they gather around the
metal ion (Hayes et al., 2006). Table 1 summarizes the
application of various self-assembled nanocarriers as a drug
delivery system.

Clinical Applications of Self-Assembled
Nanoparticles

The development of self-assembled nanoparticles has been
focused to improve upon the limitations of the traditional
drug delivery systems. In order to demonstrate the clinical
viability, these systems are generally used to impart
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TABLE 2 | List of some of the self-assembled products under clinical trial or FDA approval.

Type of Drug Product name Therapy Clinical phase References
nanocarrier
Micelle Paclitaxel NK105 Breast cancer 1l Saeki et al. (2017)
Micelle Doxorubicin NK911 Pancreatic cancer Il Matsumura et al.
(2004)
Liposome Cytarabine CPX-351 Acute myeloid leukemia FDA approved (2017) Lancet et al. (2018)
(VYXEOS™)
Liposome Amikacin Arikayce™ Severe lung infections, Cystic FDA approved (2018) Khan and Chaudary,
fiorosis (2020)
Micelle Recombinant factor VIII Adynovate® Hemophilia A FDA approved for adults Brand et al. (2016)
(2015) and children (2021)
Hydrogel PEG SpaceOAR® Increasing perirectal space for FDA approved (2015) Mariados et al.
reducing risks in prostate cancer (2015)
Dendrimers 188Rhenium-ligand (nitro-imidazole-methyl-  InDendrim Solid tumors in liver | Belhadj-Tahar et al.
1,2,3-triazol-methyl-di-[2-pycolyl] amine) (2018)
Dendrimers Docetaxel DEP® docetaxel Breast, pancreatic, and prostate Il Kelly et al. (2020)
cancer
Dendrimers Cabazitaxel DEP® Breast, pancreatic, and prostate I/ Kelly et al. (2020)
cabazitaxel cancer

controlled release, enhancing systemic availability, longer
duration of action, localized delivery, etc., should be
biocompatible, biodegradable, and non-toxic (Verma and
Garg, 2001; Myrick et al.,, 2014; Lopez-Sagaseta et al., 2016).
The polymers used for the development of self-assembled
systems can be used for sustained drug release owing to their
reversible  non-covalent bonds and polymerization-
depolymerization nature (Davis et al, 2010). Table 2
illustrates some of the self-assembled products under clinical
trial or FDA approval. NK105, a self-assembled micelle carrier
of paclitaxel for the treatment of metastatic or recurrent breast
cancer was reported in a phase III trial. The formulation was
examined in murine model which showed passive targeting by
accumulation in the tumor. The efficacy with safety of NK105
was comparable to pure paclitaxel, while slightly better
performance with regard to avoidance of peripheral sensory
neuropathy (Saeki et al, 2017). Matsumura et al. (2004)
reported phase I trial of NK911 polymeric micelle
nanocarrier incorporated with doxorubicin for treatment of
pancreatic cancer. The major hematological toxicity was
neutropenia, and this trial estimated the recommended dose
and maximum tolerable dose as 50 mg/m* and 67 mg/m?
respectively. NK911 is currently under phase II trial at the
National Cancer Centre Hospital, Japan.

CPX-351 is a self-assembled liposomal carrier incorporated
with a 5:1 ratio of cytarabine and daunorubicin for the
treatment of acute myeloid leukemia. The product received
FDA approval in 2017 due to significant improvements in
therapeutic outcomes in the older individuals. The phase III
trial showed higher overall survival and remission rate in the
patients; however, the safety profile of the product was similar
to conventional therapy (Lancet et al., 2018). Arikayce™ is
another FDA approved liposomal formulation containing
amikacin which was designed for the management of
patients with severe cystic fibrosis infected with
Pseudomonas aeruginosa for a long duration. It showed
good tolerability, safety, and efficacy during the clinical

studies in phase III (Clancy et al, 2013; Beltrdn-Gracia
et al, 2019; Khan and Chaudary, 2020). Adynovate®, a
PEG-based micellar carrier system containing recombinant
factor VIII was approved by the FDA in 2015 to be used in
adult patients with hemophilia A. The product showed high
pre-, intra-, and post-operative efficacy in previously treated
patients Wéth severe hemophilia A (Brand et al, 2016).
Adynovate has received approval from the U.S. FDA in
June 2021 for the treatment and control of bleeding
episodes in adolescents.

A spacer implantation (SpaceOAR®) to increase the perirectal
spacing for lowering the need of high radiation therapy for
prostate cancer patients is used. The safety of the spacer and
its impact of rectal radiation therapy was evaluated by employing
CT and MRI scan imaging controlled chemotherapeutic
irradiation. The spacer was well tolerated by the patients with
the decreased rectal toxicity and reduced number of patients
facing problems with bowel quality (Mariados et al, 2015)
Radiesse® was reported to be effective in reduction of facial
folds and wrinkles by enhancing the production of collagen. It
is prepared as a self-assembled hydrogel formulation
incorporated with calcium hydroxylapatite filler (Gubanova
and Starovatova, 2015; Mandal et al., 2020). ImDendrim is a
self-assembled  poly-L-lysine dendrimer complexed with
188Rhenium-ligand (nitro-imidazole-methyl-1,2,3-triazol-
methyl-di-[2-pycolyl] amine) which was developed for
effective treatment of untreatable solid tumors. The product
displayed no complications after administration and patients
responded well with the therapy. Overall, the initial outcomes
indicated toward safety and effectiveness of InDendrim, which
will be further assessed in undergoing clinical studies (Belhadj-
Tahar et al.,, 2018). Starpharma developed two new PEGylated
dendrimers of docetaxel (DEP) and cabazitaxel for improving or
at least maintaining cytotoxic action of the drugs, along with
avoiding chances of serious adverse effects of these drugs. DEP”
docetaxel and DEP” cabazitaxel were tolerated well in the patients
with breast, pancreatic, and prostate cancer with high survival
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rate in comparison with conventional anticancer therapies using
taxane drugs. DEP” docetaxel is currently in the phase II clinical
trial, while DEP” cabazitaxel is in a phase I/II adaptive trial (Kelly
et al., 2020).

CONCLUSION AND FUTURE
PERSPECTIVES

In recent times, self-assembled nanocarriers have emerged as a
potential tool to resolve the drug delivery issues and to facilitate
targeting of drug to particular cells or tissues. The objective of the
review is to present the concise outlook over applications of various
self-assembled nanoparticles as a drug delivery system in the
treatment of some of the serious diseases. Recent investigations
based on self-assembled polymeric nanoparticles were shown to
increase  anti-inflammatory  activity,  antitumor effect,
biocompatibility, reducing side effects, etc. of some of the
potent therapeutic agents. The preparation of liposomes also
contributed to achieving high drug entrapment, stimuli-
responsive release, dual targeting, bioavailability enhancement,
improvement in drug wuptake, etc. Further, inorganic
nanocarriers, solid lipid nanoparticles, polymerosomes, micellar
systems, and other nanoparticles were also summarized in the
review to show augmentation of therapeutic benefits of the drugs.
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At the end, the self-assembled products under clinical trial and
FDA-approved were added to attest to the clinical benefits of these
systems for the treatment of several disorders.

The outcomes of the various studies showed potential of self-
assembled systems in improving the delivery characteristics of
drugs, biologicals, diagnostics, etc. The localization and
targetability of these systems can be further verified at the
clinical stages. These novel systems may be used individually
or in hybrid mode for the management of rare diseases. The
biocompatibility, biodegradability, and flexibility of self-
assembled systems can also be exploited for the safe and
effective delivery of challenging drug molecules. There has
been a significant increase in the number of biological license
applications for the treatment of chronic and serious diseases
which can be incorporated in self-assembled carriers. Several
research investigations which are currently at the preclinical stage
have shown a lot of promise, but more pertinent explorations are
still needed to establish clinical benefits of these systems.
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