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The goal of medical research across the
world is to improve the health of
patients. ~ Nanotechnology is an
emerging field that is now heavily
concentrated in the realm of medicine
continuous research in the sector has
resulted in the emergence of a new
discipline known as "nanomedicine,”
which attempts to provide new treatment options while also improving the therapeutic efficacy
of existing medications. polymersomes have gotten a lot of attention in recent research all
around the world, and it's led to the creation of novel medical therapies. Solubilization, cancer
therapy targeting, and usage as diagnostic tool are some of these techniques. Polymersomes,
which are artificial amphiphilic vesicles made up of a variety of chemical polymers, are
presently being investigated for delivering different probes for imaging target tissues/ organs,
as well as cytotoxic medicines to tumor cells for gene therapy. Thorough analysis has been
confirmed that polymersomes will surely compete in the future in the rapidly developing field
of nanotechnology. Polymersomes have great stability, ease of flexibility, and capacity to
encapsulate a variety of different drugs will ensure that they play a significant role in the
development of sophisticated drug delivery systems.
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Introduction

Nanotechnology has taken on a high
attraction in recent years, and this has
appeared in several areas, for example, drug
delivery, photonics, supramolecular
assemblies, and finally in nanomedicine,
where it was identified by the National
Institute of Health in 2006 as the medical
use of nanotechnologies, and thus it has led
to the emergence of numbers an increasing
number of new pharmaceutical therapies ).
Examples of existing nanomedicines on the
market that are characterized by their great
ability to encapsulate and transport
therapeutic chemicals include liposomes,
DNA-drug  complexes,  drug-polymer
conjugates, polymer-protein conjugates,
and micelles @. It has been suggested that
liposomes, which are self-assembling lipid
vesicles  constructed  of  synthetic
phospholipid derivatives owing to an
aqueous core, are the best class of organic
nanoparticles for treating cancer ©,
Liposomes are able to entrap hydrophilic
molecules in their aqueous core and
hydrophobic molecules in their lipid bilayer

architectures of these molecules. Although
liposome structures have some benefits,
including the ability to combine hydrophilic
and lipophilic molecules, biocompatibility,
biodegradability, and targeted drug
delivery, they also have some drawbacks,
including low stability, lower solubility,
hydrolysis, and oxidation of phospholipids,
and significant pharmacokinetic
deficiencies .

Polymersomes, which have distinct
qualities like long-term physical and
chemical stability, customizable membrane
features, and surface changes, are one of
flexible  carriers  for  encapsulating
medicines. The shear viscosity of
polymersome membranes was calculated to
be 500 times that of lipid membranes ©.
The words "polymer” and "liposome" have
been combined to form the moniker
"polymersome.” Despite sharing some
similarities with liposomes, polymersomes
have some advantages because of their
thicker membranes facilitated by the higher
molecular weight of the hydrophobic
polymer segments compared to thinner lipid

due to the particular self-assembled bilayers enclosing a liposome (Figure 1) ©.
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Figure 1: Segments compared between liposomes (left) and polymersomes (right) adapted from
Messager L et al. @
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Polymersome Design: Amphiphilic
Block Copolymer Self-Assembly

As previously stated, amphiphilic block
copolymers may self-assemble into various
forms in an aqueous solution. Several
variables impact the resultant architecture,
including concentration, molecular weight,
amphiphilic polymer form, and block ratio
@ Because polymersomes are the desired
structure, the triblock copolymers must be
adjusted to form vesicular structures with
an aqueous core. Similar behavior may be
observed when lipids, which are naturally
amphiphilic molecules, are dissolved in an
aqueous solution. Liposomes (from the
Greek words lipids and soma (body)) are
generally generated in analogue: block
copolymers ©. The aqueous phase favours

(Review article)

the hydrophilic blocks, which initiates the
self-assembly process to avoid water
contact with the block copolymer's
hydrophobic component @9, Polymersomes
range in size from 10nm to a few pm so-
called massive polymersomes 9. The
amphiphilicity of the polymers, as well as
the preparatory procedures employed to
self-assemble the polymersomes, impact
the size of the polymersomes.

Extrusion, sonication, and freeze/thaw
cycles are all examples of external forces
that can alter the structure of polymersomes
after they have been created 2,

Table 1 shows the various polymers utilized
in the production of polymersomes adapted
from Zhang XY, Zhang PY etal. ¥

Polymers Formation method Drug/stimulus for release Degradability
PEG-PEE Film rehydration None reported No
PEG-PBD Film rehydration Paclitaxel, doxorubicin No
PMOXA-PDMS-PMOXA Phase inversion, UV crosslinking Calcein No
PEG-PLA Phase inversion Carboxy! fluorescein Yes
PEG-PCL Phase inversion Carboxyl fluorescein Yes
PEG-PTMC Phase inversion none reported Yes
PEG-PTMBPEC Phase inversion Paclitaxel, doxorubicin/ pH-triggered hydrolysis Yes

PEG-PEE: poly(ethylene glycol)-b-poly(cthyl ethylenc); PEG-PBD: poly(ethylene glycol)-b-poly(butadienc); PMOXA-PDMS-PMOXA: poly(2-methyl-2-oxazoline)-b-
poly(dimethylsiloxane)-b-poly(2-methyl-2-oxazoline); PEG-PLA: poly(ethylene glycol)-b-poly(lactide); PEG-PCL: poly(ethylene glycol)-b-poly(e-caprolactone), PEG-PTMC:
poly(ethylene glycol)-b-poly(trimethylene carbonate); PEG-PTMBPEC: poly(ethylene glycol)-b-poly(2 4,6-trimethoxybenzylidenepentaerythritol carbonate).

Polymersomes Preparation Methods.

1. Hydration of Polymer films.

A common method is to evaporate
amphiphilic block copolymer solutions in
organic solvents, and this results in the
formation of thin films, followed by
rehydration or direct dissolution of the
polymeric components. Only by using these
methods can they be used to regulate the
size of the polymers, thus obtaining a wide
range of sizes of vesicles that require later
processing such as extrusion through a
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polycarbonate membrane, sonication, or
freeze/thaw cycle (14).

2. Co-solvent Addition (phase inversion).
The copolymer solution is added dropwise
to amphiphilic masses (in an aqueous
miscible solvent) in water or vice versa
starting  with  solvent  formulation
procedures including solvent displacement
or nanoprecipitation ¥, Despite producing
polymers with well-controlled sizes and
polydispersions, these techniques require
the removal of the organic solvent by
evaporation, dialysis, or drying before they

(i)
AJPS is licensed under a Creative Commons Attribution 4.0 International License @-zzd



https://creativecommons.org/licenses/by/4.0/

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2024, Vol. 24, No.4

can be used downstream, which in turn
exposes fragile proteins and
macromolecules. DNA at risk of
denaturation 9,

3. Electroporation

This method is considered one of the ideal
and easy methods, as it is used to
encapsulate macromolecules in polymers
by exploiting their supramolecular nature.
Where anionic biomacromolecules such as
proteins (Bovine serum albumine, BSA),

myoglobin, enzymes (Lysozyme),
antibodies (IgG), and nucleic acids (pDNA,
siRNA) are all loaded into Poly (2-
(methacryloyloxy) ethyl
phosphorylcholine)-b- poly (2-
(diisopropylamino) ethyl methacrylate)-
based polymersomes by temporary

destabilization of vesicle membranes. Due
to the pH-sensitive nature of PMPC-b-
PDPA (owing to pH-responsive nature of
PDPA block), encapsulation of
macromolecules was mediated by simply
changing the pH to control self-assembly of
the copolymer) @7,

4. Bioinspired Approaches.

Polymeric vesicles can be encapsulated
using membrane proteins as an alternative
to the traditional methods for polymeric
vesicles. Using phage transfection, DNA
was loaded into vesicles of the ABA -
triblock copolymer. The membrane protein
LamB, known to bind lambda phages, was
inserted into the polymer membrane,
allowing the transfer of DNA into the
hydrophilic core. The above study
determined how enveloped DNA is
maintained, as well as the role of proteins in
polymeric membranes (®),

5. Microfluidics.

Microfluidic ~ devices, like  cellular
microenvironments, provide greater control
over self-assembly in a controlled setting.
Complex multicompartment polymersome
structures were also created using a basic
coflow microfluidic device 9. A flow-
focusing microfluidic device was created to
create a more reliable manufacturing
method that provided more favorable
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encapsulation conditions and therefore
enhanced encapsulation efficiency 9.
Self-assembly of the PMPC-b-PDPA
(poly(2-(methacryloyloxy) ethyl
phosphorylcholine)—poly(2-
(diisopropylamino)ethyl methacrylate)
block copolymer was induced by altering
the pH of the flows within the
microchannels. This method had a protein
encapsulation effectiveness of 29%, which
was comparable to the conventional
aqueous  polymersome  manufacturing
methods (27%), but it did away with the
need for organic solvents and batch-to-
(ba)tch variability in polymersome creation
21

6. Polymerization-Induced Self-
Assembly (PISA).

Organic solvents are frequently used in
traditional self-assembly processes,
rendering them incompatible with specific
proteins. Their potential scalability is
further limited due to low concentrations
and complex formulation and purification
procedures. To circumvent this constraint,
several solutions have lately been created
@2 An effective method discovered by
PISA that encapsulates functionalized
macromolecules (eg, Bovine serum
albumin, BSA) with potential for large-
scale production is through the use of a live
polymerization method of an anti-
dissolving polymer, which in turn induces
situ self-assembly (%.

7. Flash Nanoprecipitation.

There is a difficulty in high-throughput
techniques for assembling copolymers into
soft nanostructures and solving this
problem will open up broad prospects on
different levels as the production process
will be easier, and there will be scalability,
repeatability, and loading efficiency will be
high, all of which are important for clinical
translation @4, The solution to this problem
is a newly developed flash nanodeposition
(FNP) method. A rapid and scalable method
for creating vesicular nanoarchitecture,
Filomicelles, nanospheres, tubular and
multilayer vesicles, and other
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nanostructures were created using PEG-b-
PPS block copolymers ),

The result of many collisions reduced the
size and dispersion of the polymers formed,
which enables the rapid synthesis of
monodisperse polymers on the gram scale.
This technique considers its success in
loading both hydrophobic and hydrophilic
compounds into the aqueous core/cavity
and polymeric membranes. After liberation
from the hydrolyzed polymers, the
encapsulating enzyme (alkaline
phosphatase, AP) retained its activity 9,

Encapsulation of payload within
polymersomes:

One of two main polymer formation
strategies can be used to encapsulate the
payload (attached drug): either from bulk
polymers (using a top-down approach i.e.,
chopping up huge materials to create the
needed nanostructures from them) or from
monomers (using bottom-up approach i.e.,
requires  putting together individual
molecules and atoms to form bigger
nanostructures) using monoblock chains of
copolymer @7, The first method (a top-
down approach) involves suspending a
polymer block or film in an aqueous
solution (Figure 2); Water or a buffer
solution is commonly introduced into a
polymer film in the presence of an energy
source such as a shear rate (eg, stirring),

(Review article)

ultrasound, or alternating current. When the
film is wet, the polymeric fragments
separate from it. Several stages have been
described, ranging from lamellar phases at
high polymer concentrations to vesicles at
low polymer concentrations. Water-soluble
drugs can be loaded with this method by
dipping the polymeric film into an aqueous
solution that contains the medication ®,
The second method (bottom-up approach),
which involves starting self-assembly from
a unimer solution, is the second most used
method (Figure 2). In general, the polymer
is dissolved in a suitable solvent before
being used in both blocks and then this
solvent is replaced by another that is used
exclusively in the hydrophilic block @,
This switch may be a physical change in the
conditions of the solvent (eg , change of
solvent) or a change in the solvent
conditions (eg, pH, temperature) 49, As
an illustration of solvent exchange-
mediated  encapsulation,  hydrophobic
(lipophilic  anti-cancer ~ drugs) and
hydrophilic drugs may both be encapsulated
within the polymersomes. If the pH or
temperature switch approach is employed
(for instance, if a pH-sensitive polymer is
present), the formulation remains in an
aqueous solution throughout, making it
possible to entrap water-soluble substances
like DNA and proteins during polymersome
synthesis G0,

Top-down approach

Solvent switch

Film hydration
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Figure 2: Payload can be introduced into polymersomes, during (left) or after (right)

production (right) adapted from éa Messager et al GV
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Polymersome for drug loading and
release

In general, all Polymers (Ps) are mostly
more stable in circulation than liposomes
#2) We may find it loaded with hydrophilic,
hydrophobic, or amphibious compounds
and this is done by using the water core or
the bilayer membrane ®%. Similar to cell
membranes composed of cholesterol and
transmembrane proteins, the Ps membrane
may be seen as a reservoir system for both
hydrophobic and amphipathic substances.
In addition to amphiphilic dyes like
octadecyl rhodamine B and membrane
proteins like outer membrane proteins F
(OmpF), substrate-specific porins (LamB),
and TonB-dependent iron siderophore
transporters (FhuA), it has been observed
that extremely lipophilic anticancer drugs
and quantum dots can also be integrated
within the membrane of Ps while still
functioning ®¥. These above molecules can
be incorporated into Ps by either dissolving
or dispersing them in an organic solvent,
and this solvent contains film-forming
polymer building blocks. The organic
solution/dispersion is then added to water or
an aqueous solution ¢,

Like liposomes, the Ps' aqueous core can be
used to encapsulate hydrophilic therapeutic
molecules. The membranes of such
vesicles, like the membranes of natural
vesicles in the body, act as physical barriers
to protect the encapsulated molecules from
the external environment. It resembles the
body's natural vesicles @, There are several
techniques used to load hydrophilic
compounds. Of these, the most widely used
methods are the direct encapsulation
method during Ps synthesis or the diffuse
loading methods that use a pH or salt
gradient over a previously prepared Ps
membrane. On the other hand, it is possible
to use drugs with hydrophilic properties.
Where the drug is introduced into the
organic phase with the polymer and then the
mixture is used to synthesize Ps in the core
@7

The release of drugs from the Ps is
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controlled by drug diffusion across the
membrane ©®, A drug concentration
gradient between Ps and the surrounding
medium is the driving force. The rate at
which a medication diffuses from the Ps
core to the surrounding media is determined
by the square root of time . The overall
release rate will be affected by the size
distribution of the Ps. Using the theoretical
method, appropriate Ps  for  the
administration of certain medications may
be constructed, and release kinetics can be
predicted “9, Nevertheless, because the
features of the Ps membranes cannot be
greatly modified due to restrictions on the
composition of block copolymers, which
can be utilized to construct Ps membranes,
the rate and spatial control for drug release
are frequently not able to be adjusted to the
necessary level ¢V,

There have been significant efforts to create
controlled pharmaceutical delivery. Smart
Ps have required a significant amount of
time and effort to develop in order to enable
controlled medication delivery. Some Ps
membranes can modify their physical and
chemical characteristics in response to
external stimuli. pH, temperature, redox
conditions, and light are all elements to
consider, as with magnetic field and ionic
strength  ©2. Ps for planned drug
administration has been developed utilizing
glucose  concentration and  glucose
concentration @Y. The pH response to Ps is
very good given that the pH of various
tissues and cell compartments in the body
ranges from 2 to 8 “3. For a long period,
oral medications relied on a pH shift along
the gastrointestinal tract (pH 2 in the
Stomach, intestinal pH ranges from 5-8) 2,
The cancerous tissues have an acidic
environment ranging between 6.5-7.2. Both
endosomes (pH 5.0-6.5) and lysosomes
(pH 4.5-5.0) are preferred for intracellular
and anticancer drug delivery “4,
Transporters are one of the most common
types of technology used for targeted drug
delivery. At physiological pH (7.4) in the
blood, pharmaceuticals are contained
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during circulation and once they reach the soluble. When simple ice packs or highly
acidic target site they are rapidly released. penetrating dry needles are used a local
Previously in the past the use of heat drug release is achieved with Ps “®, The
sensitivity as a trigger “. effect of magnetism, light, and other
PNIPAAmM-based copolymers have been external stimuli has been studied to
widely wused in the development of modulate local drug delivery. Generation of
thermosensitive Ps “®). By dissolving PEG- Ps based on a diblock copolymer with a
PNIPAAmM in the water below the lower side-chain azobenzene comprising
critical solution temperature (LCST) in the poly(methacrylate) and PAA (PAA-
polymer and generating Ps above the LCST PAzoMa), which is photolyzable by UV
@7, Upon cooling Ps, the PNIPAAmM light (Figure 3) “9

polymer chains in the Ps films become

uv I
Visibl J VK
I {Lr U Vi

\r‘ ,. -
o N OMe

A% 100
Y i

Trans, hydrophobic Cis, less hydrophobic

Figure 3: Reversible polymer some formation by UV/visible illumination with
permission, adapted from Lee, Jung Seok et al. ©9),

Characterization of polymersomes contrast. In contrast, Ps in the hydrated
Dynamic/static light scattering is the most condition have been investigated using
frequent method for studying Ps in an cryogenic TEM  (Cryo-TEM)  after
aqueous dispersion. This approach has been specimens have been rapidly frozen (Figure
utilized to evaluate vesicle size and 4b). By breaking and etching the frozen
dispersion (polydispersity index), as well as samples, freeze-fracture TEM can be
the critical aggregation concentration, utilized to analyze the interior structure of
vesicle disruption, and size change with pH Ps. However, electrons cannot pass through
or temperature fluctuation ©Y. Using the Ps membrane deeply, and the optical
dynamic light scattering in this way the zeta qualities of the used polymers determine the
potential of Ps can be calculated as the quality of the photographs ©¢¥. Compared to
electrophoretic mobility of Ps in a lattice electron microscopy, fluorescence
cell is tracked ©? The most frequent means microscopy has some  advantages.
for viewing Ps directly are light or electron Fluorescence labeling of certain Ps
microscopy. Microscopy scanning may be components provides information about
used to examine several important aspects their location within the Ps, and repeated
of Ps, including size, shape, and staining using several probes enables the
homogeneity ©2. Nanovesicles can be detection of the presence of specific
examined with high resolution (>1 nm) molecules in Ps compartments. One of the
using scanning electron microscopy (SEM) most used methods for seeing Ps Is
or transmission electron microscopy (TEM) Confocal Laser

(Figure 4a) ©%, but the specimens must be Scanning Microscopy (CLSM) (Figure 4c)
dried and may need to be dyed to improve (55)
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Figure 4: Microscopic images of Ps (a) TEM micrograph of Ps made from PEG-PLA by

(Review article)

injecting an acetone solution of the polymer into DI water, (b) Cryo-TEM image of Ps based on
PEG-PBD. The hydrophobic cores of PBD are the darker areas, and (c) CLSM image of giant Ps
prepared by adding a solution of PEG-PLA in chloroform to PBS in the presence of Nile red as a

fluorescent probe with permission, adapted from Lee, Jung Seok et al (

POLYMERSOMES FOR
THERAPEUTIC PROTEIN
DELIVERY

1. Applications in Cancer Delivery:
Several studies have shown the in vitro

anticancer potential of polymersomes,
which has expanded the range of
applications  for  therapeutic  protein

delivery. In order to optimize the delivery
of protein-loaded polymersomes to their
target site, nonspecific distribution has been
worked to prevent ®. Recently, it was
revealed that redox-responsive virus-
mimicking polymersomes, surface-
decorated with angiopep-2 (ANG-PS),
could deliver saporin (SAP), a strong

[ BBB crossing

ANG-PS-SAP
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Figure 5: Selective SAP administration to orthotopic mouse glioma xenografts using
ANG-directed redox-responsive polymersomes (ANG-PS), adapted from Yu Jianget al.
(58)

50)

natural  protein  toxin, to  human
glioblastoma xenografts in mice in a
selective and effective manner (Figure 5).
In vitro, SAP-loaded polymersomes
significantly inhibited the growth of human
glioma cell lines U-87 MG (IC50 = 30.2
nM). In mice carrying U-87 MG orthotopic
glioblastoma tumors, they showed stronger
transcytosis across the blood brain barrier
(BBB) (for 20% angiopep density) and
boosted tumor accumulation (1.71% I1D/g),
which effectively inhibited tumor growth
and increased survival rate with little

negative effects ¢,

AJPS is licensed under a Creative Commons Attribution 4.0 International License @—CEA



https://creativecommons.org/licenses/by/4.0/
https://onlinelibrary.wiley.com/authored-by/Jiang/Yu

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2024, Vol. 24, No.4

2. Applications in Vaccine Delivery:
Antigens and adjuvants can be transported
safely inside polymersomes' aqueous
interior without the need for chemical
modification. The development of novel
adjuvant formulations and antigen delivery
technologies may help to better match the
specific requirements of target recipients.
Due to their better stability and adjustable
characteristics, polymersomes may be
advantageous for encapsulating small
chemical adjuvants and unmodified protein
antigens. The association of antigen with
polymersomes as hybrid assemblies was the
focus of early research. The influenza
hemagglutinin (HA)-loaded polypeptide-b-
peptide copolymer-based vesicles
demonstrated improved immunogenicity of
the antigen in vivo, with polymersomes
functioning as an adjuvant ©9),

3. Nucleic Acid Delivery:

An innovative approach to treating diseases
has been thought to involve the delivery of
nucleic acid-based compounds into the

FITC-AON

FITC-siRNA

(Review article)

target cells. Because to their vacuum,
hydrophilic inner core for effective
encapsulation, and hydrophobic membrane
for greater protection and controlled
release, depending on the nature of the
constituent polymers, polymersomes have
attracted increasing interest in this respect.
They also offer a way for these delicate
payloads to enter cells and be released there.
pDNA, AON, and SiRNA are a few
examples of nucleic acids macromolecules
that have been  produced  with
polymersomes recently for both in vitro and
in vivo administration ©. Discher and
colleagues showed that biodegradable
block copolymers, including PEG-b-PCL,
PEG-b-PLA, and PEG-b-PBD-based
nonionic  polymersomes, may deliver
siRNA and antisense oligonucleotides. It
was discovered that siRNA encapsulation
efficiencies in PEG-b-PLA polymersomes
were 30%, and AON encapsulation
efficiencies in PEG-b-PCL polymersomes
were 20% (Figure 6) @9,

Overlay

Overlay

Figure 6: Encapsulation of AONs and siRNAs in polymersomes. (a) Fluorescence images
of FITC-AON (green)-loaded fluorescently labeled polymersomes (red). (b)
Fluorescence images of FITC-siRNA (green)-loaded into polymersomes (red), adapted
from Shoaib Igbal et al. ©¢?
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Conclusions

The creation of nano-sized polymersomes
as carriers for many medical applications,
including protein delivery, gene therapy,
and the transport of imaging and other
therapeutic probes to specific sites in the
body, is a result of achievements in
nanomedicine. Polymersome use seems to
be a potential approach. More clinical
research, though, is necessary to establish
these as the gold standard of care.
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