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ABSTRACT:

Drug targeting and delivery research may find success using polymeric micelles. More stable than
surfactant micelles, polymeric micelles are nanoscale colloid particles whose inner cores are capable of
solubilizing significant amounts of hydrophobic compounds. They are formed from amphiphilic block co-
polymers. The fundamentals of polymeric micelles, including their size, shape, chemistry, general
characteristics, structure analysis, and method of micelle creation, have all been covered in this article.
Additionally, emphasized were the various polymeric micelle kinds. In particular, we have highlighted
here the latest developments in the application of polymeric micelles, such as their use as a nanocarrier for
the treatment of cancer, Covid-19, and oral, cutaneous, and polynucleotide administration, among other
applications. Pharmacological delivery systems primarily attempt to control the rate of medication release
based on the physiological state of the patient, the course of the disease, or the patient's circadian rhythms.
The development of novel medication delivery methods aimed at fulfilling specific patient needs has
resulted in the provision of a drug release profile. Many studies aimed at targeting and delivering
hydrophobic medicinal molecules have been conducted in an effort to develop drug delivery carriers.
Polymeric micelles, a drug delivery vehicle with great stability and protective qualities against the hostile
gastrointestinal environment, are the subject of this review.

INDEX WORDS: Nanocarrier, Drug Delivery, Polymers, And Polymeric Micelles.
I. INTRODUCTION

The self-assembling nanoparticles known as polymeric micelles are composed of hydrophilic and
hydrophobic blocks, which together make up amphiphilic block polymers. Similar to regular amphiphiles,
amphiphilic block polymers also produce polymeric micelles in agueous solution above the critical
molecular concentration (CMC).

Within their hydrophobic core, individual surfactant molecules form a covalent bond, which distinguishes
polymeric micelles from conventional surfactant monomer micelles. This link prevents a dynamic
exchange of monomers between the micellar pseudo-phase and free solution. The rigidity and stability of
the polymeric micelles are thus confirmed. Smaller than phospholipid vesicles, the particles of this
polymeric micelle have a size of 10-10 nm. [ 1] [2]

The amphiphilic block copolymer's molecular weight, the amphiphiles' aggregation number, and the
proportion of hydrophilic and hydrophobic chains all affect how big the polymeric micelles get. Comparing
surfactant and polymeric micelles, the former exhibits greater stability and cytotoxicity.

Polymeric micelles provide access to targeting because of the inner core's significant drug loading capacity
and the characteristics of their size-dependent unique disposition in the body. Through the use of stimuli-
responsive (pH, temperature-sensitive) copolymers, polymeric micelles enabled the creation of a
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"intelligent vehicle." Lately, there has been much interest in polymeric micelles as a potential drug delivery
method for poorly soluble medications. [3, 4]

Amphiphilic block copolymers have the ability to self-assemble in aqueous conditions into worm-like or
cylindrical micelles, spherical micelles, and polymer vesicles. Micelle form is primarily determined by the
hydrophilic volume fraction (f), which describes the hydrophilic—hydrophobic balance of the block
copolymer. Approximately 35 percent amphiphilic block copolymers are used to make polymer vesicles,
while more than 45 percent amphiphilic block copolymers are used to form spherical micelles through self-
assembly. Amphiphilic deblock polymers have molecular masses between 5000 and 30,000 Da, whereas
surfactants have molecular masses between 100 and 500 Da. More complex structures and higher molecular
weights are characteristics of amphiphilic block copolymers. With amphiphiles with more intricate
molecular patterns, such star copolymers, or by altering the experimental conditions for self-assembly,
more complex morphologies, like crew-cut micelles, multicompartment micelles, toroid’s, and others, can
be achieved. Regarding emulsification, viscosity, and interfacial activity, these morphologies can
significantly affect how well an application performs. [5]

I1. Polymeric Micelles Offer Several Benefits.

a) Very stable structures can be seen in polymeric micelles.

b) Small, ranging in diameter from 10 to 100 nm, polymeric micelles play an important role in the
long-term bloodstream circulation of the carrier system.

C) Because so many medications are hydrophobic, polymeric micelles are highly soluble in water.

d) Polymeric micelles have very good biocompatibility and very little toxicity.

II1. Polymeric Micelles' drawbacks include:

a) Expensive are polymeric micelles. [6]

b) Drugs or copolymers that are dissolved by hydrolysis in aqueous solutions may not remain stable.

[7]

c) High-level polymer chemistry is used in polymeric micelles research. [8][9].

d) The basics of polymeric micelles Broad Characteristics: In aqueous solution, amphiphilic block
copolymers self-assemble to create polymeric micelles, which are nanoscale drug delivery vehicles with a
core-shell structure. At the air-water interface, amphiphiles function as surfactants to reduce surface
tension. Amphiphilic molecules exist independently in diluted aqueous solution. Unimers aggregation
results from bulk solution saturation, which is caused by an increase in adsorption at the interface as
additional chains are introduced to the system. This marks the achievement of the critical Micellar
Concentration (CMC).

e) Therefore, the minimum concentration of polymers in solution required for micelle formation is the
definition of the parameter. In this way, the system disassembles upon dilution below the CMC, while
micelles remain stable at polymeric chain concentrations higher than the CMC. [10] [11] [12] [13]
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IV. PRINCIPAL CHARACTERISTICS:

Because of their tiny size, ease of synthesis, and good solubilization capabilities, polymeric micelles
become intriguing carriers for a variety of administration routes. In order to lessen adverse effects, they
can produce targeted and controlled drug release as well as boost drug bioavailability. [14] [15] The most
researched method of administering micelles is intravenous injection/infusion, which is mostly utilized for
chemotherapy. [16] [17] However, oral and topical (ocular, nasal, buccal) delivery have also been shown
to produce extremely intriguing outcomes in terms of increased drug bioavailability. [18] [19]

Dimensions: The size range of these micelles is 10-200 nm. Numerous advantages result from this small
size, such as avoiding splenic interendothelial cell filtration and phagocytic scavenging in the liver. Longer
circulation durations and micelle buildup at tissue areas with vascular anomalies are the results of these
two advantages (which may be important in delivering anticancer medicines. [20]

Shape: Micelles are typically portrayed as spherical systems, however in certain instances, rod-, worm-,
or even disk-like formations have been seen. [21] The structure of the polymers utilized, together with the
temperature, pH, and composition of the surrounding environment, are the main causes of the variations in
micellar form. [22] [ 23]

Chemistry and structural analysis of polymeric micelles: Polymeric micelles are distinguished by a
core-shell structure. The majority of polymeric micelle pharmaceutical research has focused on copolymers
with an A-B deblock structure, where A denotes the hydrophilic (shell) and B denotes the hydrophobic
(core). [24] [25]. Multiblock copolymers, which can self-organize in micelles, have been reported as
potential drug carriers. Examples of these copolymers are poly (ethylene oxide) + poly (propylene oxide),
+ poly (ethylene oxide), + poly (ethylene oxide), and + poly (ethylene oxide). [26]

As a therapeutic delivery strategy for hydrophobic molecules with low bioavailability, PMs have
considerable potential due to their unique core-shell structure. Drugs with poor water solubility can be
included, increasing their stability and bioavailability, thanks to the inner hydrophobic core. Usually, the
hydrophobic contact between the hydrophobic blocks of the copolymer generated the inner core of the
PMs. -, it can be created by the electrostatic interactions of charged block copolymers of macromolecules
with opposing charges, which forms polyion complex (PIC) micelles [27] [ 28]. Additionally, PMs
generated by coordination interactions between metal ligands and hydrogen bonds—both known as
noncovalently linked micelles—have been reported to exist [29] [30] [31].

Using polymeric micelles as carrier systems has the benefit of allowing the molecules to dissociate between
various block copolymer components and experience dynamic physicochemical changes during drug
entrapment and release [32].

V. MICELLE PRODUCTION MECHANISM:

PMs are self-assembling core-shell nanostructures based on amphiphilic block copolymers that are
generated in an aqueous solution [33] [34]. When the concentration of the block copolymer surpasses a
particular concentration, referred to as the critical micelle concentration (CMC) or critical aggregation
concentration (CAC), micelles are formed in an aqueous solution. In order to reduce interaction with water
molecules, hydrophobic segments of block copolymers start to connect at the CAC or CMC. This leads to
the production of a vesicular or core-shell micellar structure. Theoretically, a drop in free energy is what
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leads to the production of micelles. Micelles are finally formed when hydrophobic pieces are removed from
the aqueous environment and the hydrogen bond network is reestablished in water [35] [36] [37].
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Figure 1: Schematic representation of Polymeric micelles [38]

For what reason did polymeric mice serve as a clever drug delivery system?

It has been noted from the original research that Polymeric Micelles fulfilled the function of the Intelligent
Drug Delivery System. They arise from the interaction of stimuli-sensitive polymeric chains. In the
polymeric micelles, the polymers interact in a way that makes them collectively stored. Amphiphilic block
copolymers help to form nanoscale shell-like structures in polymeric micelles. The results show that the
Polymeric Micelles have a number of important benefits because of the following

PROPERTIES [39]:

1. They are able to solubilize medications that are not very soluble.
brief in duration.

2. Able to transfer living medicinal molecules in a sustainable manner.

3. It is possible to deliver low molecular weight medications without any issues.

4, Shield the fabric that is enclosed from deterioration and metabolism.

5. A medication’s half-life can be extended by the spontaneous formation of nano-sized micelle

aggregates in aqueous solutions [40].
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6. The study aims to investigate intricate data regarding the role of polymeric micelles in the intelligent
transportation of pharmaceuticals. The polymeric micelles have a nanoscale shaped center-shell consisting
of a biocompatible hydrophilic shell and a flexible hydrophobic center that loads drugs. Polymeric therapies
have been a growing feature in drug delivery and gene therapy because of the advancement of numerous
nanotechnology-primarily based techniques [40] [ 41].
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Figure 2: Polymeric Micelles

VI. POLYMERIC MICELLE TYPES

The main way to classify polymeric micelles is by looking at the intermolecular forces that interact with
the aqueous environment outside of the center portion. They are divided into three groups, for example.

1.Traditional

Within the watery environment, the core and the outer layer interact hydrophobically to produce micelles.
A poly (ethylene oxide)-b-poly (propylene oxide)-b-poly (ethylene oxide) amphiphilic block co-polymer
is one example formed by hydrophobic contact [42].

2. Complicated polyion micelles (PICMs)

Electrostatic interactions between oppositely charged moieties form polyion complex micelles.
Electrostatic and VVander Waals pressure interactions control the length and shape of the charged micelle
coronas. Polyion complex micelles has many qualities such as self-meeting in aqueous medium, extended
travel within the blood, structural stability, high drug loading capacity, and simple artificial route. In
aqueous media, micelles are organized without the use of a natural solvent. This will enable the removal
of any aspect impacts that may be brought about by natural solvent residue. The center polyion complex
micelles' hydrophobic, electrostatic hydrogen bonding contacts can attract a large number of healing
sellers. By using the proper trigger, these healing retailers are launched from the center. Polyion complex
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micelles have potential use in the transportation of charged particles, DNA, enzymes, and antisense
oligonucleotides [43].

3. Polymeric micelles

These that are not covalently linked Polymeric micelles that are not covalently connected can be arranged
without the need for a block co-polymer, with interpolymer hydrogen bonding complexation acting as the
driving force. We refer to the core and corona as non-covalently linked polymeric micelles because they
are non-covalently associated at the homopolymer chain stop due to hydrogen bonding or metallic ligand
interactions [44].
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Figure 3: Formation of Polymeric Micelles. [18]

JNRID2405005 | JOURNAL OF NOVEL RESEARCH AND INNOVATIVE DEVELOPMENT | JNRID.ORG | ab7



JNRID || ISSN 2984-8687 || © May 2024, Volume 2, Issue 5

Why are polymeric micelles becoming more significant in a system for intelligent medication
delivery?

The literature evaluations indicate that polymeric micelles are becoming more and more significant as
smart drug delivery carriers. Can use them for:

The utilization of polymeric micelles can improve bioavailability.

By mucoadhesion, the polymeric micelles can extend the drug's residence time by shielding the loaded
medication from the Gl tract's hostile environment and releasing it in a regulated manner at the intended
location [45]. The polymeric micelles undergo a number of changes, such as particle size alteration, to
facilitate their passage across the intestinal epithelium [46] [ 47].

Consequently, to improve bioavailability, polymeric micelles can be synthesized to fit various carrier
systems. Polymeric micelles that are mucoadhesive A longer time window for the payload release can
be achieved by using the mucosal retention to lengthen the GI tract's transit time. A high local
concentration of the medication is produced when the mucoadhesive polymeric micelles expand and
fill the gaps in the mucous membranes, increasing the active surface area in contact with the intestinal
mucosa [48]. The polymeric micelles can also be localized at the target spot by the mucoadhesion
process. Either nonspecific interactions, like covalent bonding, with the mucosal surface, or selective
interactions, like functionalizing polymers with targeting ligands, like lectins or reactive thiols, can be
used to accomplish the process. [25]
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Polymers that are widely acknowledged as mucoadhesive and safe include cross-linked polyacrylic acids
(PAA), carboxy polymethylene, carboxymethyl cellulose, alginate, chitosan (CS), and its derivatives [49].
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Figure 4: Formation of Mucoadhesive Polymeric Micelles.

pH-conserving polymeric microbes

To give a pH sensitivity for drug release, polymeric micelles can be constructed using polyacids or
polybases. This is because the hydrophobic component of the micelles stays uncharged and the polymeric
micelles form at a pH higher than the protonable group's pKa. The ionization of the polymer results in
enhanced hydrophilicity and electrostatic repulsions of the polymers as the pH falls below the pKa, which
destabilizes the micelles and regulates drug release. According to studies, pH-sensitive polymeric micelles
show a lot of promise as synthetic vectors for systemic gene delivery.

The DNA molecule binds with the amino groups of the copolymer to form a complex known as the polyplex
micelle, which is contained inside the micelle and shields it from enzymatic degradation. As an illustration,
consider poly (ethylene glycol)-b-poly [(3-morpholinopropyl) aspartamide] micelles. The combination of
PMPA's buffering ability and PLL's superior ability to condense DNA results in -b-poly(l-lysine) (PEG-b-
PMPA-b-PLL) and a high transfection efficiency [50].
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Figure 5: pH-Responsive Polymeric Micelles.
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Temperature-sensitive polymers

These which are hydrophilic below their critical temperature of dissolution and hydrophobic above the
Lower Critical Solution Temperature, change from a soluble to an insoluble state in their conformation.
Amphiphilic copolymers containing poly (N-isopropyl acrylamide) one of its derivatives can be used to
obtain temperature-sensitive micelles [51].

When this temperature is exceeded, the medication is released as the micelle destabilizes. The most
prevalent example is doxorubicin, which is released by the micelles of this copolymer at a rate that increases
to 42°C [52]. The medication is released gradually at 37°C.
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Figure 6: Temperature-sensitive polymeric micelle carriers accumulate at tumor
tissues and enhance drug release and cellular uptake by the exogenous
administration of heat.

Polymeric micelles that are responsive to light By using polymeric micelles as a triggering agent, light can
be used to facilitate localized drug release while minimizing the impact on nearby tissues. UV radiation is
commonly employed in photodynamic therapy and can be delivered topically or topically to mucous
membranes. Copolymers that have photoactive groups in them have been tested as parts of light-sensitive
micelles, where they exhibit reversible changes in the hydrophilic-lipophilic balance when exposed to light.
Reviews have revealed that amphiphilic or double-hydrophilic block copolymers with coumarin moieties
are used to make light-sensitive polymer micelles, nano-, and microgels. [53]

Reviews have revealed that amphiphilic BCPs can be used to achieve photo-controlled stabilization and
de-stabilization of micelles by incorporating coumarin chromophores into shell-forming blocks. This is
accomplished through reversible photo-crosslinking of polymer chains, which is based on the reversible
photodimerization of coumarin groups and photocleavage of cyclobutane bridges [54].

Highly responsive polymeric micelles to ultrasounds When using ultrasounds to deliver drugs pulsatilely
to tumors, polymeric micelles can be destabilized30. When administered intravenously, polymeric micelles
use the EPR effect to accumulate in tumor tissues. The timing of the ultrasounds depends on the kinetics
of the micellar system's distribution and should be initiated once the maximal amount of micelle
accumulation within the tumor has been attained. Frequency, power density, pulse length, and interpulse
intervals can all be adjusted to control how much medication is released [54]. Consequently, the use of
polymeric micelles has increased in several medicinal contexts. The various physiological features that can
be used to characterize mixed polymeric micelles have been compiled in this review. An analysis of
polymeric micelles
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figuring out the solubilizing effectiveness It was compared to the pure drug form in terms of the increase
capacity of the polymeric micelles' solubilization ability. Purified medication and polymeric micelles were
suspended in distilled water, mechanical agitation was then applied, and centrifugation was run at a high
rate for 24 hours in order to assess the enhancement capacity. The filtrate that was extracted from the
medication was then examined using a UV Spectrophotometer [55].

Calculating the zeta potential, polydispersity, and particle size Dynamic light scattering (DLS) was used to
measure the particle size, polydispersity, and hydrodynamic diameter. Atomic force microscopy methods
are used to determine the multi-model size distribution of polymeric micelles. Additionally, single, fused,
and aggregate particles can be distinguished using this method [56].

Determination of polymeric micelle encapsulation efficiency with the aid of the sonication procedure, the
weighed quantity of medication put into the polymeric micelles was dissolved in alcoholic solutions.
Polymeric micelles are examined with a UV Spectrophotometer. The encapsulation efficiency is calculated
by the following formula:

Drug weight in actual weight divided by drug weight in theory equals the encapsulation capacity *
100.

Release studies conducted in vitro A dialysis approach is used to measure the drug release rate from the
micelle formulation in vitro. Using a Spectra/Pordialysis membrane and suitable sink conditions, the
dialysis was performed at 37°C. The medication-loaded micelles were put inside a dialysis bag. The end-
sealed dialysis bag is submerged in 100 milliliters of PBS (pH 7.4) at 37 degrees Celsius while being
vigorously stirred [56].

VII. USE OF POLYMERIC MICELES
1. POLYMERIC MICELLES IN CANCER TREATMENT

According to the number of cancer cases, the most common cancers are skin, stomach, colon, lung, breast,
and prostate cancers, in that order [57]. Polymeric micelles have garnered attention and are now among the
extensively researched nanocarriers for cancer medication and diagnosis in recent years. Polymeric
micelles may be helpful in the treatment of cancer since they are easily functionalized to target certain
types. Many anticancer drugs have received FDA approval for use as single-agent and combination cancer
treatments. Most small molecule drugs used in clinical trials to treat various cancers are bioavailable and
extremely hydrophobic.

Giving chemotherapeutic drugs in vivo presents difficulties because of their restricted pharmacokinetics
(PK) and biodistribution patterns. Designing delivery methods with the ability to precisely target diseased
areas is therefore essential. Because their hydrophilic corona—typically poly (ethylene glycol)—allows
PM to circulate in the bloodstream for prolonged periods of time and enhances their permeability and
retention (EPR) effect, polymeric micelles (PM) are effective systems for encapsulating hydrophobic
compounds. Primarily utilized for solubilizing hydrophobic medicines for intravenous administration, the
initial generation of PMs exhibited instability. The goal of next-generation PMs is to maintain prolonged
circulation after an intravenous injection while offering high drug encapsulation and retention. [58]
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2. POLYMERIC MICELLAR FORMULATIONS FOR THE ADMINISTRATION OF
ANTICANCER MEDICATIONS

These were licensed in South Korea in 2007 for the treatment of non-small cell lung cancer (NSCL) and
breast cancer [59]. Based on the mPEG-bpoly (D, L-lactic acid) block copolymer, GenexolTM-PM is a
paclitaxelencapsulated micelle formulation. Several PMs are presently being evaluated in clinical trials in
the wake of GenexolTM-PM's approval. PEG-b-pAsp (poly (ethylene glycol)-block-poly (aspartic acid)
entrapped with doxorubicin (NK911) or paclitaxel (NK105) and PEG-b-pGlu (poly (ethylene glycol)-
block-poly (glutamic-acid) entrapped with cisplatin (NC-6004), SN-38 (NK012) [60] are examples of PM
formulation.

3. USING POLYMERIC MICELLES FOR THE ORAL ADMINISTRATION OF
ANTICANCER DRUGS

The focus is on the intricacies of using polymeric micellar carriers for oral chemotherapeutic medicine
administration in drug delivery. Because they are excretable and do not enter the systemic circulation, large
molecular weight, nondegradable polymers and gels can be included in oral formulations, unlike
intravenous infusions [61]. Mucoadhesive oral polymer formulations with improved intestinal wall
adherence are necessary to lengthen the formulation's residence duration [62].

The chemotherapy drug bleomycin can be administered orally by the use of hydrogel nanospheres, which
are filled with the chemotherapeutic agent and made of PMAA acid and PEG [63] [64] [65]. These
PMAAPEG nanogel particles enhanced the permeability of a cell epithelial model, which may lead to an
increase in the delivery of medication into the circulation. Hydrophobic therapeutic compounds may be
delivered orally via pH-sensitive polymeric micelles [66]. Treatment of COVID-19 with Polymeric
Micelles

Seen as the deadliest since World War I, the coronavirus outbreak that is responsible for Corona Virus
Infectious Disease-2019, or COVID-19, is caused by a new virus known as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2); family: Coronaviridae [67] [68]. With regard to getting beyond
these restrictions and getting possible treatment candidates into the lung, Nano therapies have become a
compelling strategy [69]. Maximum drug loading and little off-target drug release are possible using the
polymeric micelle form of nanocarrier structure [70].

when surface-modified with particular ligands, polymeric micelles can be employed as a targeted drug
delivery vehicle. All of the micelle’s components are stable and biocompatible with tissues and blood
because of its hydrophilic outer layer [71]. The polymeric micelle PluronicVR, which contains isoniazid
and rifampicin, was created in a study [72] using ethylene oxide propylene oxide tri-block copolymers. A
medication delivery micelle containing methyl-bneuraminic acid (mMNA) modified with PLA-b-PEG was
created for the purpose of treating influenza virus infection. These micelles contain amantadine, which has
been shown to bind to the hemagglutinin of influenza viruses and block hemagglutination, hence reducing
viral infection.

Antiviral medication's restricted intracellular intake because of its reduced aqueous solubility is one of the
main obstacles to effectively treating respiratory sickness in COVID-19 infected patients. Polymeric
micelles exhibit amphiphilic autoassembly, which enables the delivery of insoluble hydrophobic antiviral
and anti-inflammatory therapies for COVID19-related ARDS treatments through these nanocarrier systems
[73] [74].
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4. DRUG DELIVERY THROUGH POLYMERIC MICELLES ORALLY

Because it offers a number of benefits, the oral route is the most popular method of medication delivery
[75]. The medication has a low bioavailability, which impacts the way it is formulated for oral delivery
even though it is commonly utilized in the pharmaceutical sector. Drug stability and dilution in the
gastrointestinal tract improve with decreasing polymeric micelles CMC values. The micelle core often has
a low CMC value due to the abundance of hydrophobic areas. While increasing the chain length in the
polymer core, the chain length at the polymer shell should be regulated to obtain a reduced CMC [76] [
77].

Numerous studies have shown how crucial the hydrophobic chain is to the micellar core’s CMC values.
According to Kang et al., the CMC values of a triblock copolymer, polyvinylpyrrolidone-block-poly (D,
L-lactide)-block-polyvinylpyrrolidone (PVP-b-PDLLA-b-PVP), decrease when the hydrophobic chain
lengthens. Changes in the pH range must be considered in order to get good polymeric micelle absorption
and guarantee micelle stability in the Gl tract, in addition to manipulating the CMC value of the micelles
[78] [79].

S. USE OF POLYMERIC MICELLES TO INCREASE BIOAVAILABILITY UNIQUE
PROPERTIES OF PMS TO BOOST BIOAVAILABILITY:

PMs must be able to resist quick dissociation upon dilution and retain a solid core-shell structure before
target sites in order to guarantee drug delivery to absorption sites. Thermodynamic and kinetic structural
stability are known to be provided to PMs by the entanglement of polymer chains in the inner core [80—
82]. A micelle needs a higher copolymer concentration than its CMC in order to be thermodynamically
stable. The block copolymer's hydrophilic-lipophilic balance (HLB) affects the CMC. The second factor,
PM Kinetic stability, comes into play when the copolymer concentration drops below the CMC. Kinetic
stability may be more crucial than thermodynamic stability in nonequilibrium drug delivery situations [82].

6. USE OF POLYMERIC MICELLES FOR CUTANEOUS DRUG DELIVERY

As an alternative to parenteral, oral, ocular, pulmonary, and nasal administration, polymeric micelles have
been investigated [83,84]. Nonetheless, there is little study on targeted cutaneous delivery with polymeric
micelles, and their mode of action is unclear. Conversely, polymeric nanoparticles have been shown to
enter the stratum corneum and gather within hair follicles [85].

In one of their investigations, Lapetva et al. created polymeric micelles loaded with ciclosporin A (CsA)
utilizing MPEG dihexPLA diblock copolymer and evaluated them on in vitro pig ear skin. Next, using Nile
Red (NR) labelled copolymer and fluorescein labelled CsA (Fluo CsA), CLSM was performed to identify
drug penetration paths and micelle targets. The aqueous solubility of CsA was raised by 518 times by these
formulations. A characteristic that is appropriate when the disease is localized to the skin is that, despite
the micelle formulation's 18-fold increase in CsA distribution over the control formulation, very little CsA
permeated the pig's skin and reached the systemic circulation.

Lastly, by releasing the drug from the micelle at the intercluster region, Fluo CsA skin penetration was
found to be deeper into skin layers [86]. This is probably one of the penetration pathways for cutaneous
drug delivery. Mejkalova et al. used solvent evaporation to form polymeric micelles from hyaluronan and
then loaded them with NR. The sizes of the miceelles varied from 21 to 230 nm. They suggested using
CLSM that the penetration route is transcellular [87].
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7. Antifungal Agent Formulations.

In order to treat systemic fungal infections in immunocompromised AIDS, surgery, transplant, and cancer
patients, safe and efficient chemotherapeutic drug delivery techniques are needed. Delivery challenges
arise from antifungal medicines' low solubility and, occasionally, significant toxicity. For example, many
typical block copolymers create polymer micelles with hydrophobic cores, and amphotericin B has poor
compatibility with these cores. Stearate side chains were added to the methoxy-PEO-b-poly(L-aspartate)
core-forming blocks in order to enhance amphotericin B solubilization [88] [89] [90]. The block
copolymers caused the formation of micellas.

Amphotericin B effectively entrapped the medication and released it over time into the surrounding
environment thanks to its strong interaction with stearate side chains in the micelle core. The solubility of
amphotericin B in the micelles resulted in a delayed beginning of hemolytic activity against bovine
erythrocytes when compared to the medication in its free form [90]. Amphotericin B integrated into
micelles was shown to maintain strong in vivo action in a neutropenic mouse model of disseminated
candidas. Another poorly soluble antifungal medication, nystatin, was encapsulated by the same group
using pluronic block copolymers [91]. Despite showing promise for systemic administration, this
commercially available medication has never been authorized for that use because of toxicity issues.
Overall, it is reasonable to anticipate more scientific developments employing polymer micelle delivery
techniques to treat fungal infections [92] [93] [94].

8. POLYNUCLEOTIDE DELIVERY

New dispersion block and graft copolymers containing segments from polycations and nonionic water-
soluble polymers like PEO were developed in order to increase the stability of polycation-based DNA
delivery complexes in dispersion block and graft copolymers [94] [95] [96].

Polycation-neutralized DNA forms hydrophobic sites, while PEO chains form hydrophilic sites, and these
copolymers bind to DNA to form micelle-like block ionomer complexes, or "polyion complex micelles".
Complexes resist charge neutralization in aqueous dispersion because of the PEO chains [97]. PEO-
modified polycation DNA complexes do not interact with serum proteins and instead form stable
dispersions [97, 98]. Rats were successfully given an antisense oligonucleotide and had their retinal gene
expression suppressed by these methods [99]. Moreover, they demonstrated extended kinetics of plasma
clearance [100,101]. Moreover, by adding particular targeting ligands to the free ends of PEO chains, for
instance, these polyplexes can be made to bind to certain cell surface receptors. [102] [103].

As an alternative, amphiphilic Pluronic molecules were added to polycations to enhance complex
attachment to the cell membrane and polynucleotide transport inside the cell [104] [105]. A recent study
showed that systemic administration of the oligonucleotide-loaded Pluronic-polyethyleneimine-based
micelles might sensitize tumors to radiation therapy and deliver antisense oligonucleotides to tumors in
vivo [106].

9. MEDICATION ADMINISTRATION TO THE BRAIN

The blood-brain barrier (BBB) poses a significant challenge to the treatment of brain tumors and
neurodegenerative illnesses like stroke, Parkinson's, Alzheimer's, and HIV-associated dementia because it
prevents drugs from entering the brain. To improve the delivery of physiologically energetic sellers to the
brain, two methods including polymer micelles have been assessed. The first technique involves modifying
polymer micelles using ligands or antibodies that successfully transcytose between the endothelial cells
that make up the BBB's Genius microvessels.

The second technique uses Pluronic block copolymers to selectively increase the permeability of the blood-
brain barrier to Pgp substrates while inhibiting drug efflux mechanisms, specifically Pgp. An early study
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that used Pluronic block copolymer micelles for CNS capsule delivery to the brain [107-108]. Modified
micelles have been employed to solubilize fluorescent dye or haloperidol, a neuroleptic medication, and
mice have received these formulations intravenously. The mice who received the insulin and antibody
modification of the micelles had a significant increase in the neuroleptic effect of haloperidol and a greater
delivery of the fluorescent dye to the brain. Later research using in vitro BBB models showed that the
insulin-vectored micelles travel through talent microvessels endothelial cells via receptor-mediated
transport. [1090verall, this strategy shows promise for creating new delivery systems for a range of drugs
to the brain, such as HIV protease inhibitors to eliminate the HIV virus in the brain and carefully selected
anti-cancer medicines to treat metastatic intelligence tumors. [110] [111].

10. DISSOLUTION

The micellar core serves as a hub for integrating visiting molecules that are insoluble in water and a well-
matched microenvironment. The hydrophobic molecules can be integrated physiologically into the
hydrophobic core of micelles or covalently linked to the block copolymers. Their water solubility and
bioavailability are improved by the solubilization process [112]. Particle size has been found to have a
significant impact on the gastrointestinal (GI) uptake of particles. Particles of a diameter of around 100 nm
were shown to have a 15-250-fold higher uptake efficiency across the Gl tract (49) compared to micro-
meter-sized particles. Therefore, nanoscale polymeric micelles improve absorption and enhance
bioavailability [113].

The degree of solubilization is contingent upon several factors, including the micellization process, drug-
core forming block compatibility, hydrophobic block chain length, polymer attention, and temperature
[114]. As the medication gains more space to occupy in the aggregates of the micelle's hydrophobic phase,
its solubility increases sharply above the critical micelle concentration (CMC). An increased micelle Rc
results from drug occupancy of the core area. Notably, the core region has limited capacity for lodging;
Pluronic P85, for example, has a core area that accounts for 13% of the total weight of the micelle [115].
In polyoxyethylene and polyoxybutylene copolymer micelles, the influence of hydrophobic block length
on solubilization potential has been investigated for griseofulvin. A wide range of hydrophobic and
hydrophilic block lengths, sufficient for the production of spherical micelles, have been observed. It was
previously discovered that the solubilization potential increased to become independent of the hydrophobic
block length after the solubilization capability was dependent on it to a certain level (15 devices of
hydrophobic block) [116]. The effect of hydrophobic block length on toluene solubilization in diblock and
triblock polyurethane surfactants was also investigated by Dong and colleagues.

For the same block chain structure, it was previously determined that the solubilization potential of
polyurethane surfactants increased with an increase in the hydrophobic phase [117]

11. TARGETING TUMORS

Because polymeric micelles are fashioned from amphiphilic block copolymers, they are typically more
stable in physiological settings than surfactant micelles. The polymeric micelle's small size (less than 100
nm) results in a larger drug concentration at the target region, a longer retention period in the circulation,
and a surface-smoothing action. Anti-cancer medications have been delivered using both passive and active
targeting strategies to target specific physiological locations. These tactics have the potential to increase
their therapeutic index while reducing damage to non-target organs [118] [119]
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