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A B S T R A C T

Nanomedicine is a promising platform for drug delivery systems, offering enhanced therapeutic outcomes and
reduced side effects. Nanomicelles are a class of nanoparticles that have shown great potential in delivering a
wide range of therapeutics, including small molecules, proteins, and nucleic acids, to treat varied diseases and
investigations. This review summarises the current state of the art in nanomedicine and its potential applications
in drug delivery system. The use of Nanomicelles in topical medication delivery systems can help minimized side
effects and improve patient compliance due to their improved stability and prolonged drug release capabilities.
The development of stimuli-responsive micelles that can release drugs at specific conditions within the tumour
microenvironment and targeted delivery strategies to enhance specificity and efficiency of gene therapy has
shown promising results in terms of improved therapeutic efficacy and therapeutic efficiency. However, the
presence of multidrug resistance pumps in brain cells can pose challenges in overcoming MDR mechanisms for
certain drugs. These innovative approaches hold promise for enhancing the effectiveness of cancer chemotherapy
in the brain and improving the prognosis for patients with brain tumours.
1. Introduction

The word “Nano” is derived from the Latin word for “dwarf.” Because a
nanometre is one thousand millionth of a metre, the definition of a
nanometre is 1 n ¼ 109 m. Biophysics, material sciences, and bioengi-
neering are only a few of the basic and practical sciences that come
together in the realm of nanotechnology.1 The pharmaceutical industry
finds numerous uses for the fundamental unit operation of size reduction.
Nanoengineering and nanotechnology is the discipline concerned with
controlling the size and shape of objects on the nanometre scale in order to
create new materials, structures, devices, and systems.2 In order to bring
together the needed collective capability, nanotechnology is not a single,
expanding scientific subject in and of itself but rather a convergence
technology like chemistry, physics, material science, and biology. This
convergence technology allows researchers to manipulate and engineer
materials at the atomic and molecular level, enabling the development of
innovative applications in various fields such as healthcare, electronics,
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and renewable energy.3 Additionally, nanotechnology has the potential to
revolutionize industries by enhancing the properties of existing materials
and introducing novel functionalities that were previously unattainable.
Biocompatibility, reduced toxicity, and improved blood circulation time
are just a few of the reasons why Nanomicelles have garnered so much
interest in the field of medication and ocular drug administration. There
are distinct characteristics of materials at the nanoscale (1–100 nm). These
modifications to properties can be attributed to the very small sizes and
high surface area-to-volume ratios typical of quantum effects.4–7 The word
“nanotechnology”was first used in 1974 b y Norio Taniguchi. The primary
usage of nanotechnology is demonstrated in the “nanomedicine” or
“nanobiomedicine” discipline, and this should be used for the diagnostics
& therapeutics, treating, and controlling biological systems.8 Amphiphilic
molecules form Nanomicelles by self-assembling into ordered supramo-
lecular structures in water. The hydrophobic tails of the amphiphilic
molecules make up the core, and the hydrophilic heads of the amphiphilic
molecules make up the shell. This unique structure allows for efficient
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encapsulation and delivery of hydrophobic drugs or biomolecules to spe-
cific targets in the body. Because of their capacity to help dissolve hy-
drophobic compounds in water, Nanomicelles have proven to be desirable
carriers.9 The primary subfields of nanotechnology are: Pharmaceuticals,
healthcare, materials, electronics, environment, metrology, renewable
energy, security, robotics, information technology, food processing and
storage, biomimetic, manufacturing, agriculture, construction, and trans-
portation. These are just some of the industries that benefit from nano-
electronics, Nanomaterials, and nanobiotechnology.10 Typically with
particle sizes between 1 and 10 nm, Nanomicelles are self-gathering
colloidal dispersions that feature a hydrophobic core surrounded by a
hydrophilic shell. The use of Nanomicelles in topical medication delivery
systems will improve drug solubility and, consequently, drug penetration.
In addition, the small size and unique properties of Nanomicelles allow for
enhanced targeting and controlled release of drugs, making them prom-
ising candidates for personalized medicine. Furthermore, the use of
Nanomicelles in topical medication delivery systems can also help mini-
mized side effects and improve patient compliance due to their improved
stability and prolonged drug release capabilities.11 The basic structure and
drug loading capability of amphiphilic block copolymers allow them to
self-assemble into nanoscale micelles in aqueous solutions, where they can
then be employed to encapsulate hydrophobic medicines. These Nano-
micelles can easily penetrate through the skin barrier and deliver the
encapsulated drugs to the targeted site, ensuring efficient and localized
therapy.12–17 Additionally, the small size of Nanomicelles allows for easy
administration via various routes, such as intravenous, oral, or trans-
dermal, expanding their potential applications in personalized healthcare.
Furthermore, the unique structure of Nanomicelles provides stability to the
encapsulated drugs, protecting them from degradation and improving
their bioavailability. This makes Nanomicelles a promising platform for
drug delivery systems, offering enhanced therapeutic outcomes and min-
imal side effects.

2. Advantages of nanomicelles

➢ Hydrophobic drug carriers used for solubilisation.3

➢ The potential for halting or slowing down medication
decomposition.4

➢ Reducing adverse effects.6

➢ Increased levels of drug availability.7

➢ Reduced or eliminated inflammation of the skin.8

➢ Improved eye bioavailability.9

➢ The drug concentration in the blood or cell is kept at the optimal level
for therapeutic effect.10

➢ Lessening of dosing intervals and raising of adherence.13
Fig. 1. Micelle preparation methods: (1) Simple dissolution. (2) Dialysis. (3) Oil in
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3. Nanomicelles: preparation techniques

3.1. Direct dissolution method

The dissolution method is a versatile technique used to create
copolymer-based micelles that are highly soluble in water (Fig. 1). The
drug and block copolymer are dissolved in water, and drugs can be
loaded into Nanomicelles using various preparation techniques. This
method allows for the efficient encapsulation of drugs within Nano-
micelles, making them stable and easy to dissolve in water.18 The direct
dissolutionmethod is one approach to address challenges associated with
targeted drug delivery using Nanomicelles. However, it may not
completely eliminate off-target effects or inconsistent targeting and drug
delivery outcomes among patients. To improve targeted drug delivery
using Nanomicelles, researchers are exploring the development of more
efficient and specific targeting ligands. These ligands can bind to specific
receptors on target cells, increasing the selectivity of the drug delivery
system.5 Additionally, stimuli-responsive Nanomicelles can release the
drug in response to specific triggers, enhancing the precision and control
of drug release at the desired target site. Optimizing Nanomicelles size,
shape, and surface properties is also being studied to maximize drug
loading capacity and circulation time in the body. For example, in cancer
treatment, researchers are developing Nanomicelles that specifically
target tumour cells by functionalizing their surface with antibodies that
recognize tumour-specific antigens.14 This targeted approach minimizes
exposure of healthy cells to the drug, reducing side effects and improving
overall treatment efficacy. However, the development of drug-resistant
tumour cells can make the specific targeting of Nanomicelles less effec-
tive over time, potentially reducing overall treatment efficacy. Addi-
tionally, altering the surface properties of Nanomicelles could have
unintended consequences, such as increased immunogenicity or
decreased stability, which could limit their circulation time and hinder
drug delivery.

3.2. Dialysis method

Micelles are prepared from amphiphilic copolymers that are poorly
soluble in water. The dialysis method is a potential technique for syn-
thesizing Nanomicelles, using a semipermeable membrane to separate
drug-loaded micelles from encapsulated drugs or impurities (Fig. 1).19

This method effectively removes unwanted substances and improves the
purity of Nanomicelles. However, it may also result in a loss of drug
encapsulation efficiency and potentially limit the overall drug loading
capacity.
water emulsion. (4) Solvent evaporation. (5) Lyophilisation or freeze drying.
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3.3. Size exclusion chromatography

Size exclusion chromatography (SEC) is an alternative purification
method that separates molecules based on their size, allowing for the
isolation of Nanomicelles while excluding larger impurities (Fig. 2).16

This technique has shown promise in improving the purity of Nano-
micelles without compromising drug loading capacity. SEC can be easily
scaled up for large-scale production, making it a viable option for in-
dustrial applications. SEC has been successfully used in drug delivery
systems to purify polymeric Nanomicelles for targeted drug delivery,
removing impurities such as unreacted polymers or aggregates, resulting
in highly pure Nanomicelles with enhanced therapeutic efficacy.11

However, SEC's potential alteration of the size and stability of Nano-
micelles during the purification process can compromise their thera-
peutic efficacy. Additionally, SEC may not be effective in removing
certain types of impurities, such as small molecules or lipophilic con-
taminants, which could potentially remain in the purified Nanomicelles
and affect their functionality and safety in drug delivery applications.
3.4. Solvent evaporation method [13]

The solvent evaporation method is a widely used technique for pre-
paring micelles, involving dissolving copolymers and active ingredients
in a single solvent or mixture of miscible solvents.20 The process involves
mixing and drying the mixture, and micelle formation occurs spontane-
ously when reconstituted in warm water or buffer (Fig. 1).

3.4.1. Sonication or a high-pressure
Sonication or a high-pressure extruder can be employed to prevent

multimodal size distribution. In drug delivery, controlling the size and
composition of micelles is crucial for optimizing therapeutic efficacy.8 By
tailoring the properties of micelles, researchers can enhance drug loading
capacity, improve stability, and achieve targeted delivery to specific tissues
or cells. The versatility of this method allows for the incorporation of
different types of drugs or therapeutic agents, such as nucleic acids or
proteins, within the micelles, opening up new possibilities for the devel-
opment of innovative and personalized treatment strategies.3 Themethod's
simplicity makes it accessible to researchers in various disciplines,
including chemistry, biology, and healthcare. For example, researchers
could encapsulate chemotherapy drugs within micelles, enhancing their
stability and targeted delivery to cancer cells. This could potentially
improve the efficacy of chemotherapy treatments while minimizing side
Fig. 2. Graphical illustration of si
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effects on healthy tissues. Additionally, incorporating nucleic acids within
micelles could develop gene therapy approaches for genetic disorders,
providing personalized treatment options for patients with specific muta-
tions. However, a counterexample to thismethod could arise if themicelles
used for drug encapsulation fail to effectively release chemotherapy drugs,
resulting in reduced efficacy and limited tumour regression impact.21

Additionally, incorporating nucleic acids within micelles may lead to un-
intended off-target effects or inadequate delivery to target cells, under-
mining the potential benefits of gene therapy and limiting its effectiveness
in treating genetic disorders. Advancements in drug delivery systems have
shown promise in addressing these challenges, such as the development of
stimuli-responsive micelles that can release drugs at specific conditions
within the tumor microenvironment and targeted delivery strategies to
enhance specificity and efficiency of gene therapy.9
3.5. Lyophilisation method

Lyophilisation is a technique that improves the stability and storage of
gene therapy drugs by removing water from a substance while it is frozen.
This process allows for the formation of solidmicelles that can be stored for
extended periods without degradation.22 The freeze-dried mixture is
reconstituted with a suitable solvent, e.g., acetone, ethanol, or methanol,
making it convenient for drug delivery applications. Lyophilisation is
particularly beneficial for gene therapy drugs, as they often require
specialized handling and storage conditions to maintain their efficacy.
Lyophilisation extends the shelf life of these drugs andoffers convenience in
transportationandadministration,making themmoreaccessible topatients
in need. The freeze-dried form of gene therapy drugs can enhance their
stability during transportation, reducing the risk of degradation or loss of
potency.6 For example, a rare genetic disorder drug can be lyophilized and
packaged in vials, which can be stored at a lower temperature, such as�20
�C, to preserve the drug's effectiveness. However, a counterexample could
be a drug that requires constant refrigeration to maintain its stability.23

Lyophilisation and storage at�20 �C may not be sufficient to preserve the
drug's effectiveness, leading to potential loss of therapeutic benefits and
ineffective treatment.8

4. Applications of nanomicelles in drug delivery

4.1. Delivery of drugs to the brain

Neurological disorders like brain tumours and strokes are challenging
ze exclusion chromatography.
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to treat due to the blood–brain barrier. Nanomicelles, nanosized parti-
cles, can overcome this barrier by adding antibodies or ligand molecules,
allowing them to cross the barrier and target specific cells or areas.24 This
targeted approach holds great potential for improving treatment out-
comes for brain tumours, strokes, and other conditions. In the treatment
of brain tumours and strokes, Nanomicelles can be loaded with chemo-
therapeutic drugs and targeted specifically to cancer cells within the
brain. The small size of Nanomicelles allows them to penetrate the
blood–brain barrier and directly deliver drugs to the tumour site, maxi-
mizing therapeutic efficacy while minimizing side effects on healthy
brain tissue.9 The stability of Nanomicelles protects the drug payload
during circulation, ensuring a higher concentration reaches the target
cells for effective tumour suppression. However, drug resistance in can-
cer cells within the brain can render targeted delivery of chemothera-
peutic drugs ineffective. Certain cancer cells can develop mechanisms to
pump out or deactivate these drugs, making them ineffective in sup-
pressing tumour growth and potentially leading to treatment failure.4

Despite the potential benefits of targeted drug delivery via Nanomicelles,
drug resistance in cancer cells within the brain can render these drugs
ineffective and potentially lead to treatment failure.

4.2. Delivery of diagnostic agents

Polymer micelles, first used by Torching's group, offer hope for non-
invasive diagnosis of various illnesses.18 These micelles have shown
promising results in preclinical studies, allowing for targeted drug de-
livery and prolonged circulation in the bloodstream.25 Nanomicelles can
also deliver diagnostic agents, enabling the detection and monitoring of
cancer cells within the brain, providing valuable information for treat-
ment planning and assessing therapy effectiveness. However, drug
resistance in cancer cells within the brain may affect the delivery and
effectiveness of diagnostic agents, potentially hindering accurate diag-
nosis and monitoring.1 The blood–brain barrier (BBB) is a significant
challenge in the successful delivery of diagnostic agents to the brain.
Researchers have developed Nanomicelles coated with specific ligands
that can bind to receptors on BBB cells, allowing them to be transported
across the barrier and deliver diagnostic agents directly to brain tissue.
Additionally, ultrasound-mediated disruption of the BBB can temporarily
open up tight junctions between BBB cells, creating temporary pathways
for Nanomicelles to pass through and deliver diagnostic agents to the
brain.26 However, the limited efficacy of these diagnostic agents in
reaching deep brain regions remains a concern. Despite being trans-
ported across the BBB, these Nanomicelles may still face challenges in
penetrating the complex structure of brain tissue, making it difficult to
deliver diagnostic agents to specific areas of interest. The temporary
pathways created by ultrasound-mediated disruption of the BBB may not
provide sufficient and sustained access for effective delivery of diagnostic
agents to all regions of the brain. While the Nanomicelles may cross the
BBB, their ability to penetrate brain tissue and target specific areas of
interest remains uncertain, potentially limiting their efficacy.15

4.3. Polynucleotide delivery

The use of antisense oligonucleotides in retinal diagnostics has shown
potential for treating genetic disorders and retinal diseases by targeting
affected cells and modulating gene expression. Direct delivery into the
eye minimizes systemic side effects and enhances therapeutic efficacy.
However, the delivery of diagnostic agents to specific areas of the brain is
challenging due to the difficulty in crossing the blood–brain barrier
(BBB) and penetrating brain tissue.16 Ultrasound-mediated disruption of
the BBB can create temporary pathways for access, but it may not be
sufficient or sustained for effective delivery. Nanomicelles have shown
potential in crossing the BBB but their ability to penetrate brain tissue
and target specific areas remains uncertain. Researchers are exploring
alternative strategies to overcome these challenges and enhance drug
delivery to the brain.18 One promising approach is the use of
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nanoparticles, which have shown great potential in improving delivery
efficiency and targeting capabilities in various biomedical applications.
Nanoparticles coated with the protein category transferrin can enhance
drug delivery to the brain by binding to transferrin receptors on the
surface of brain cells. This approach has been used to deliver chemo-
therapy drugs directly to brain tumours, improving treatment efficacy
and reducing side effects compared to traditional systemic chemo-
therapy. However, the presence of multidrug resistance (MDR) pumps in
brain cells can limit the effectiveness of transferrin-coated nanoparticles,
making it difficult to overcome MDR mechanisms for certain drugs.20

4.4. Cancer chemotherapy

Polymeric micelles have shown great potential in improving the de-
livery of anticancer medications to tumours by passively targeting cancer
cells and accumulating at higher concentrations in the tumour site. This
targeted drug delivery approach also minimizes the exposure of healthy
tissues to chemotherapy drugs, reducing systemic side effects associated
with traditional treatments. Transferrin-coated nanoparticles have shown
promise in improving treatment efficacy and reducing side effects.22

However, thepresenceofmultidrug resistancepumps inbraincells canpose
challenges in overcoming MDR mechanisms for certain drugs. Further
research is needed to develop strategies to overcome this limitation and
enhance the effectiveness of cancer chemotherapy in the brain. One po-
tential strategy to overcome multidrug resistance in brain cells is the
development of combination therapies that target multiple pathways
involved in drug resistance. Combining drugs targeting different resistance
mechanisms may improve treatment outcomes. Researchers are also
exploring the use of gene therapy techniques to selectively silence or inhibit
the expression of MDR genes in brain cells, increasing tumour sensitivity to
chemotherapy drugs.4 These innovative approaches hold promise for
enhancing the effectiveness of cancer chemotherapy in the brain and
improving the prognosis for patients with brain tumours. However, further
studies and clinical trials are needed to evaluate the safety and efficacy of
these strategies before they can be implemented in a clinical setting.6 One
ongoing study is investigating the use of CRISPR gene editing technology to
selectively target and inhibit MDR genes in brain tumour cells, with early
results showing promising outcomes in animal models. If successful, this
approach could revolutionize cancer treatment by overcoming drug resis-
tance and improvingpatient outcomes.However, the translationoffindings
from animal models to human patients is not always straightforward, as
demonstrated by the failure of gene therapy for sickle cell disease in human
clinical trials.12 Polymeric micelles have shown great potential in
improving the delivery of anticancer medications to tumours by passively
targeting cancer cells and accumulating at higher concentrations in the
tumour site. This targeted drug delivery approach also minimizes the
exposure of healthy tissues to chemotherapy drugs, reducing systemic side
effects associated with traditional treatments. Transferrin-coated nano-
particles have shownpromise in improving treatment efficacy and reducing
sideeffects.15However, thepresenceofmultidrug resistancepumps inbrain
cells canpose challenges inovercomingMDRmechanisms for certaindrugs.
Further research is needed to develop strategies to overcome this limitation
and enhance the effectiveness of cancer chemotherapy in the brain. One
potential strategy to overcome multidrug resistance in brain cells is the
development of combination therapies that target multiple pathways
involved in drug resistance. Combining drugs targeting different resistance
mechanisms may improve treatment outcomes.16 Researchers are also
exploring the use of gene therapy techniques to selectively silence or inhibit
the expression of MDR genes in brain cells, increasing tumour sensitivity to
chemotherapy drugs. These innovative approaches hold promise for
enhancing the effectiveness of cancer chemotherapy in the brain and
improving the prognosis for patients with brain tumours.18 However,
further studies and clinical trials are needed to evaluate the safety and ef-
ficacy of these strategies before they can be implemented in a clinical
setting. One ongoing study is investigating the use of CRISPR gene editing
technology to selectively target and inhibit MDR genes in brain tumour
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cells, with early results showing promising outcomes in animal models. If
successful, this approach could revolutionize cancer treatment by over-
coming drug resistance and improving patient outcomes. However, the
translation of findings from animal models to human patients is not always
straightforward, as demonstrated by the failure of gene therapy for sickle
cell disease in human clinical trials.19

4.5. Antifungal drug formulations

Nanomicelles, which are polymers that transform chemicals into
nanoparticles, can improve their solubility and permeability, making
them promising candidates for antifungal drug formulations.7 These
nanoparticles have high bioavailability and low toxicity to healthy cells,
making them effective in targeting and killing fungal cells while mini-
mizing harm to patients. This makes them well-tolerated by patients,
minimizing side effects associated with traditional antifungal treatments.
Researchers have successfully encapsulated fluconazole within Nano-
micelles made of a biodegradable polymer, resulting in a significant
reduction in fungal burden compared to conventional fluconazole
treatment.4 Additionally, the Nanomicelles selectively targeted fungal
cells, sparing healthy cells from exposure to high doses of the drug,
reducing potential side effects. However, not all fungal infections may
respond equally well to this Nanomicelles-based delivery system. Certain
strains of drug-resistant fungi may have developed mechanisms to evade
the Nanomicelles' targeting and delivery capabilities, making the treat-
ment less effective in such cases.15 Despite the potential benefits of
Nanomicelles in antifungal drug formulations, their presence may limit
their efficacy in some cases.

4.6. Ocular drug delivery

Nanomicelles are a versatile drug delivery method that can wrap hy-
drophobic drugs in their own hydrophobic core and hydrophilic chains,
making a clear aqueous formulation. These Nanomicelles are good phar-
maceutical carriers due to their ability to prevent or limit drug degradation,
eliminate undesired side effects, and improve medication penetration into
the ocular epithelia with low or no discomfort.11 Polymeric Nanomicelles,
surfactant Nanomicelles, and poly ion complex Nanomicelles are all viable
options for ocular medication delivery. Nanomicelles should be fabricated
from polymers that degrade quickly or are compatible with living organ-
isms.17 Core-forming polymers, such as polylactide, polypropylene oxide,
polyglycolide, polylactide-co-glycolide, poly-caprolactone, and poly-
ethylene glycol, have been extensively researched for this purpose. Sodium
dodecyl sulphate (SDS), an anionic surfactant, is commonly used in Nano-
micelles formulations.23 The use of anionic surfactants like SDS in Nano-
micelles offers several advantages, such as stabilizing the Nanomicelles by
reducing surface tension between hydrophilic and hydrophobic compo-
nents, allowing for the formation of small, uniform-sized particles that can
easily penetrate ocular tissues. Additionally, SDS can enhance the solubility
and bioavailability of hydrophobic drugs, making them more effective in
ocular medication delivery.21 However, the concentration of SDS used in
Nanomicelles should be carefully controlled to avoid potential toxicity or
irritation to ocular tissues. A study on the delivery of anti-glaucoma drugs
used SDS-based Nanomicelles to encapsulate hydrophobic drugs like
timolol, which led to improved therapeutic outcomes and reduced side ef-
fects compared to traditional eye drops containing free drug molecules.16

However, another group of researchers conducted a similar experiment
using SDS-based Nanomicelles but found that despite careful control of the
concentration, the Nanomicelles still caused significant toxicity and irrita-
tion to ocular tissues, challenging the reliability of these findings.

5. Conclusion

Pharmaceutical nanotechnology offers patented innovations to
address income losses caused by off-patent medications and improves
disease prevention efforts by offering advanced tools for cell analysis and
173
disease diagnosis. Nanomicelles, created using appropriate surfactants or
polymers, can be used for medication administration to the front and
posterior eye portions. Their small size, low toxicity, improved hydro-
phobic drug solubility, and therapeutic dose capacity make them prom-
ising for hydrophobic medication application. The FDA may soon
approve Nanomicelles as a common drug delivery system in humans,
showcasing their potential in improving medication administration to
the front and posterior eye. Their small size allows for enhanced pene-
tration and targeted delivery, while their low toxicity minimizes side
effects. Additionally, Nanomicelles' ability to solubilize hydrophobic
drugs opens up new possibilities for topical applications, further
expanding their potential in drug delivery.
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