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Both natural and synthetic polymers are crucial for dosage forms and packaging
materials in the pharmaceutical industry. The use of biodegradable polymers in drug delivery
systems has increased recently, and their ease of excretion from the body makes them particularly
desirable. The potential for controlled drug release in biomedical applications has been shown
by the effective loading and release of a range of pharmaceuticals utilizing polylactic acid
(PLA) based polymers, highlighting the need for modification to accept both hydrophobic and
hydrophilic medications. PLA is also utilized as a tissue anti-adhesion substance and as a product
packaging material. This review covers the manufacture and modification of (PLA) for a range
of biomedical uses, such as nanoparticles, copolymers, injectable hydrogels, microspheres,
nanofibers, transdermal, liposomes, microfibers, sol gels drug delivery systems and tissue
engineering. It investigates surface modification methods such coating, chemical modification,
and plasma treatment as well as the copolymerization of lactide with other monomers like malic
acid, PEG, and PGA. The FDA has approved PLA-based polymers, such as PLGA, for use in
prolonged medication release formulations and bioresorbable sutures. The creation of injectable
hydrogels made of sulfobetaine-modified PLA for anti-adhesion and hemostasis, as well as PLA
nanoparticles loaded with curcumin for tissue engineering and controlled drug release, are also
covered in the paper. Mannan-decorated PLGA nanoparticles for cancer immunotherapy are also
investigated; in mouse models, they show improved immune responses and tumor regression.
these developments hold great promise for tissue engineering and medical treatments.

Keywords: Applications; Biodegradable polymers; Nanoparticles;
Novel drug delivery system; Polylactic acid; Tissue engineering.

Vol. 22(4), p. 1494-1511

In the 1970s, the FDA approved poly
(glycolic acid) (PGA), poly (lactic acid) (PLA),
and poly (lactic-co-glycolic acid) (PLGA) for
use in sustained medication release formulations
and bioresorbable surgical sutures. Since then,
injectable controlled release systems especially
drug delivery microparticles—have made extensive
use of these polymers. There are currently more
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than 15 PLGA-based microsphere products
available on the market, having started with the
1986 approval of Decapeptyl® SR. Due to growing
scientific and commercial interest, PLA/PLGA
microparticles are being developed again because
they are thought to be a dependable drug delivery
technology, particularly for therapeutic peptides.
pharmacological companies are investigating
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generic PLA/PLGA-based medicines as a result
of the expiration of initial patents; nevertheless,
proving pharmacological and bioequivalence is
more difficult than with traditional oral dosage
forms. As a component of the larger drug delivery
device industry, which was valued at over $330
billion in 2016 and is projected to grow to almost
$930 billion by 2024, the PLA/PLGA microparticle
market is a lucrative one. The main turning points
in the development of injectable PLA/PLGA
microparticles are described in this article, along
with preliminary studies on polymer properties,
controlled drug administration, and traditional
fabrication techniques. While poly (dl-lactic acid)
(PDLLA) is amorphous, polylactic acid (PLA)
comes in two semi-crystalline enantiomeric forms:
poly (I-lactic acid) (PLLA) and poly (d-lactic
acid) (PDLA). Compared to PLA, poly (glycolic
acid) (PGA) is a more hydrophilic and highly
crystalline polymer. Because of their degrading
properties, PLA and PGA, although pioneers in the
field of biodegradable polymers, have not found
widespread application in injectable microspheres.'

Because PLA degrades slowly, it is
utilized in long-term medication formulations such
as Sculptra®, a cosmetic filler devoid of active
pharmaceutical ingredients (API), and Lupron
Depot®, a leuprolide acetate formulation that lasts
three to six months. On the other hand, because
of its high hydrophilicity, quick degradation, and
production of porous particles, PGA has not been
marketed in products based on microparticles and is
therefore not appropriate for long-term drug release.
The predominant copolymer in commercially
available microsphere formulations, such as
Lupron Depot®, is poly (lactic-co-glycolic acid)
(PLGA). The lactic acid/glycolic acid ratio can be
changed to modify the hydrophilicity and rate of
breakdown of PLGA. Slower disintegration and
less hydrophilicity are the results of a higher lactic
acid level. PLGA degradation is also influenced
by variables such as end-chain type, molecular
weight, and polydispersity index. As demonstrated
by Parlodel LAR®, a monthly bromocriptine
formulation, branched PLGA modifications, such
as glucose-linked star-like PLGA, allow for quicker
breakdown. Depending on the stereochemistry
of lactic acid and its ratio to PGA, PLGA can be
either semi-crystalline or amorphous. Because of
its superior API dispersion, amorphous d,I-PLGA
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is frequently chosen for medicinal formulations.
One important factor affecting its change from a
brittle to a rubbery condition is its glass transition
temperature (Tg).
Syntesis

With throughputs of up to 20 kg/hr.,
PLA, a polymer made from LA monomers, is
a commonly used industrial method. However,
metal catalyst residues can make it hazardous.
Either an AE source or a metal-free catalyst should
be utilized to create non-toxic PLA. Research
indicates that PLA with low molecular weight
and conversion rates can be produced using a
non-metal catalyst alone. Computational models
and additional research are required to expand
the process to an industrial level. Computational
chemistry modeling techniques can be used to
improve PLA-polymer composites, which could
eventually replace traditional polymers in nano-
filler-based pharmaceuticals, cosmetics, and food
contact packaging materials. 2

The equilibrium between free acid,
oligomers, and water results in a low molecular
weight for direct condensation polymerization,
a process that uses high purity lactide to create
big molecular weight molecules. However, ring
opening polymerization can contaminate the
polymer and necessitates catalysts based on
heavy metals, which restricts its use in medical
and food packaging engineering systems. To get
around these obstacles, scientists are looking
into safe catalysts, unique treatments, or other
polymerization techniques. Moderate conditions
and environmental control are provided by
enzymatic polymerization. PLA has undergone
surface modifications and treatments to enhance
its qualities and uses °.
PLA in Nanoparticles

The study done by Fiorenza Rancan
et al. explores the use of Polylactic Acid (PLA)
nanoparticles as targeted dermatotherapy
medication delivery vehicles, revealing successful
penetration into human skin explants and fluorescent
dye release. The findings highlight the importance
of understanding nanoparticle toxicological
profiles .36

The study explores the use of polylactic
acid (PLA) nanoparticles as carriers for targeted
dermatotherapy. The nanoparticles, stable in
aqueous conditions, became unstable when
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contact with skin, causing dye accumulation.
They are suitable for transdermal medication
delivery, allowing longer drug release and quicker
penetration into the epidermis .

Here, the author Fernanda Zamboni et
al. shown that Curcumin, an anti-inflammatory
substance from turmeric, can be synthesized
using polylactic acid nanoparticles. The process
involves evaporation of curcumin and PLA in a
single emulsion fluid, producing nanodroplets
with nanometer size 7. The NPs have a spherical
morphology with a smooth surface. They have
an average size of 160 nm, and show a 5.5-fold
increase in bioavailability compared to crude
curcumin %10

Scanning Electron Microscopy (SEM)
analysis of nanoparticles (NPs) from fibroblast cells
showed curcumin’s cytotoxicity, and they were
crosslinked into hydrogels for 3D printing. These
hydrogels showed promise in tissue engineering
and inhibiting Tumor Necrosis Factor alpha
(TNF-4) generation.

Curcumin encapsulation using PLA
enhanced mechanical performance of alginate-
gelatin hydrogels, promoting cell proliferation
and maintaining monocyte viability. A 3D printed
bioink with improved shape retention was created
11

Millions of people worldwide suffer from
osteoporosis, a condition that is on the rise. A strong
bone resorption inhibitor called alendronate (AL)
is used to treat and prevent osteoporosis.'*"* Oral
administration does have drawbacks, too, including
as poor absorption and adverse effects. Using
biodegradable polymeric microspheres like PLA,
researchers have created local delivery methods
to enhance drug loading capacity and sustained
release efficacy. 4"

This study by Ibrahim SEN focuses on
the synthesis of zidovudine-loaded nanoparticles
employing polymers poly (lactic acid) (PLA) and
poly (ethylene glycol) (PEG). The method of double
emulsion solvent evaporation was used to create
the nanoparticles.'® Determining the nanoparticles’
size, shape, zeta potential, polydispersity index, and
drug entrapment efficiency were all part of their
physicochemical characterization. Wistar rats were
given azidothymidine (AZT-loaded) nanoparticles
intranasally as part of the investigation, and a Varian
HPLC system was used to measure AZT in plasma
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in vivo."” The study utilized AZT concentration
vs. time curve to determine plasma concentration,
Least-squares regression to estimate AUC0-", and
one-way Analysis of Variance (ANOVA) to account
for significant differences.

SEM analysis revealed that the
nanoparticles had a spherical form. The
physicochemical properties of the particles
changed when PEG was added to the mixture. A
wider size distribution was indicated by the larger
and greater polydispersity index of the PLA-PEG
blend nanoparticles. To determine whether the
PLA/PEG blend might alter the particle surface
charge, the zeta potential was examined. The
study found that AZT-loaded PLA and PLA-PEG
blend nanoparticles enhanced drug bioavailability,
prolonged release, and t1/2, with lower zeta
potential, suggesting the formation of a PEG
coat on the nanoparticle surface.'® The findings
suggested that AZT-loaded nanoparticles might
be a useful treatment option for gastrointestinal
conditions."”

The study by author Juliana Palacio et al.
explores the creation of polylactide with tocopheryl
polyethylene glycol succinate (PLATPGS)
nanoparticles (MPs/NPs) for regulated medication
administration, using materials like lactide,
stannous octoate, PBS, sodium azide, vitamin E
TPGS, and PLGA. The NPs’ structural integrity
was assessed and there in vitro cellular absorption
was examined.'*2%2!

The study reveals that PLA-TPGS
copolymers outperform PLGA NPs in protein EE
due to their hydrophilicity and lower molecular
weight, making erosion easier. Their degradation
depends on molecular weight and TPGS content,
and they maintain BSA (Bovine Serum Albumin)
activity for at least 35 days.?

PLA-TPGS nanoparticles are a promising
solution for regulating protein and peptide delivery,
offering superior drug encapsulation efficiency,
controlled release of BSA, and enhanced cellular
uptake, making them a promising solution for
improving medication efficacy.

The goal of this work done by Mira Dhiraj
Buhecha et al. is to create a technique for co-
encapsulating PLA nanoparticles with the lipophilic
medication’s theophylline and budesonide for
prolonged drug release. PLA and PLGA are
examples of biodegradable polymers that break
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down into natural metabolites, producing non-toxic
byproducts.® Increased patient adherence and a
longer dose interval are the goals. Budesonide and
theophylline co-encapsulated PLA nanoparticles
were created using the Double emulsification
solvent diffusion (DESD) method. Their properties,
including size, zeta potential, surface features,
morphology, loading efficiency, drug release, and
in vitro deposition, were assessed. Additionally,
the nanoparticles’ ability to traverse an airway
epithelium and cause cellular toxicity were
evaluated.®

Theophylline was dissolved in a 2% w/v
PVA solution, and co-encapsulated nanoparticles
were made by dissolving PLA and budesonide
in dichloromethane (DCM) as part of a modified
DESD procedure. To create encapsulated PLA
nanoparticles, the nanoparticles were subsequently
freeze-dried for a full day. A PerkinElmer Spectrum
65 Infra-red spectrophotometer was used to
examine surface properties, and Photon correlation
spectroscopy (PCS) was used to measure particle
size and charge.”*?¢ The study used a DSC to
determine the melting points of medicines,
polymers, and nanoparticles, and found that
nebulization effectively decreased theophylline
and budesonide concentrations, indicating their
potential in medication administration®* With
the innovative use of a second water-miscible

In vive
biocompatibility Dexon®
and i
biodegrada?ility 5:&?.'.“@'
reported for
the first time. marketed.
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organic solvent, acetone/acetonitrile/ethyl
acetate, the DESD method used in this study
successfully produced nanoparticles and assisted
in the encapsulation of a hydrophilic medication
(theophylline).””*® The method was modified and
optimized in several ways to optimize the loading
efficiency of the nanoparticles. According to
morphological analysis, the nanoparticles had a
broad particle size distribution, a smooth surface,
and were spherical. To examine the surface features
and attributes of the nanoparticles and identify any
drug adsorption, FT-IR spectroscopy was used.”’
The study found that nanoparticles, specifically
theophylline and budesonide, did not harm the
viability of 16HBE14o-cells. Theophylline was
transported more quickly when applied in solution,
while budesonide transferred less than 1%.
When nebulized, a significant percentage of the
nanoparticles stayed in the nebulizer’s chamber,
making the formulation suitable for inhalation due
to its low droplet sizes and high FPF.*

A modified DESD approach successfully
co-encapsulated Budesonide and theophylline
in PLA nanoparticles, enhancing drug-loading
efficiency, reducing inhaler requirements, and
improving patient compliance over a 24-hour
period.* Studies on cytotoxicity and permeability
revealed that, at therapeutically relevant doses, the
nanoparticle formulations were well tolerated by

Clinical trial
on PLGA
microparticles.

PGAis First ever A PLGA microparticle-based
synthesis and patent on the product called Decapeptﬁl@
evelopment use of PLA SR was authorised for the

of microparticles treatment of prostate cancer
biodegradable for CR of API. in Europe. Since the 1960s

surgical PLGA, a synthetic degradabre

sutures. polymer, has been employed

in medical settings.

Fig. 1. History and development of PLA over 19" century.
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airway cells. Studies on permeability confirmed the
nanoparticles’ ability to deliver drugs continuously.
Nebulization of nanoparticle suspensions
demonstrated good overall recovery and effective
drug deposition in stages 3-5 (particle size < 6.8
im). Despite their small size, these nanoparticles
can be used to provide a new treatment technique
for pulmonary medication administration, and
when administered with a nebulizer, they can target
the right lung location.*

The food industry is studying bacteriostasis
in food since contaminated food is the main source
of foodborne illnesses. Since ancient times, silver
nanoparticles (AgNPs) have been employed as
broad-spectrum antibiotics; nevertheless, the
majority of manufacturing methods are costly and
environmentally unfriendly.?'** Plant extract
synthesis of AgNPs has become more and more
popular because of their affordable synthesis,

environmental friendliness, and usefulness in
food packaging applications.’*** By altering its
interactions with components that create films,
polylactic acid (PLA), a renewable aliphatic
thermoplastic polyester, can regulate the release of
AgNPs. The goal of this study is to create an easy,
affordable, and environmentally friendly method
for preparing AgNP.36%7

This study by Jun Cheng et al. investigates
the production and characterization of MPE
and Mango Peel Extract/Silver Nanoparticles
(MPE/AgNPs) from mango peel waste. Waste is
cleansed, dried, and pulverized before dissolving
in dichloromethane. MPE/AgNPs are created by
adding 20 weight percent AgNO3. Analyses include
FT-IR spectroscopy, opacity characteristics, and
X-ray diffraction.*® The results showed that PLA
films have potential as biomaterials for various
applications, including medical devices. The

Table 1. General applications of poly lactic acid

Category Details

Industries Using PLA Textiles, Packaging, Medicine (Tissue Engineering, Orthopaedics,
Dentistry, Cardiology)

Key Benefits Environmentally friendly, Recyclable, Compostable, Biocompatible,
Non-toxic, Simple to manufacture

Energy Efficiency Consumes 25-55% less energy than petroleum-based polymers

Challenges Low hardness (limits orthopaedic use), Hydrophobicity (limits cell

Thermal Properties
Blends and Modifications

Copolymers
Biodegradability Factors
Chemical Properties
Tissue Engineering
Dental Applications
Orthopaedic Uses
Antibacterial Properties
3D Printing Applications

Future Potential

ingress, tissue engineering)

Semi-crystalline, Glass transition temperature (Tg), Melting point (Tm)
Mixed with Polystyrene, PET, Polycarbonates, Polyethylene, Chitosan
for better thermal stability

PEG, Glycolic acid (more hydrophilic), PCL maleation

(property modification)

Polymer composition, pH, Geometry, Molecular weight, Crystallinity,
Additives, Stress, Sterilization

Lactic acid in L- and D- forms, optically active, Difficult to modify
due to chemical inertness

Used in bone grafting, Combined with HA for osteogenesis and
improved flexural strength

Used in dental implants, Composite materials, Drug delivery for
endodontic procedures

Resorbable fracture plates, Sutures, ACL reconstruction,

Osteogenic implants

Immobilized saccharides (glucosamine, chondroitin sulphate),
Mg-reinforced PLA for osteogenesis

Used in additive manufacturing, FDM enhances mechanical properties,
Useful for medical devices, PPE

Field hospitals, Military hospitals, Space medicine,

Disaster relief applications
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work looks at the synthesis of silver nanoparticles
(AgNPs) using aluminum oxide (AgNPs) and
metal-polymer (MPE). The silver element in
MPE/AgNPs was found to be zero-valent by
XPS measurements, and its binding energy was
marginally higher than that of bulk silver metal.*
Perhaps as a result of the chemical environment and
the small particle size of the synthesized AgNPs,
FT-IR analysis verified the synthesis and stability
of MPE/AgNPs. AgNP formation was verified by
XRD studies to be crystalline in character, with
good dispersion at 2.5-6.5 nm.***! The composite
films of PLA, PLA/MPE, and PLA/MPE/AgNPs
were characterized using binding energy spectra
and ATR-FTIR analysis. The composite films
showed improved AgNP size and dispersion,
reduced particle size distribution, and enhanced
rigidity and ductility. These films outperformed
pure PLA films in preservation.

The study proved that created films
for food packaging are safe, and that PLA/MPE
film’s modest antibacterial, antioxidant, and anti-
ultraviolet properties improve its ability to preserve
freshness.

The work focuses on developing a
unique multifunctional thin-film material using
AgNPs, which were created by reducing silver
nitrate with MPE and combining with PLA. For
uniform dispersion, PLA was added, and the
diameter of the film ranged from 2.5 to 6.5 nm.
Compared to PLA/MPE and pure PLA films,
the film’s Water Vapor Transmission Rate and
Oxygen Transmission Rate (WVTR and OTR)
were superior.®® It also had strong antibacterial
properties, exhibited decreased cytotoxicity, and
complied with European Commission No. 10/2011
regulations. The exceptional freshness-keeping
properties of the PLA/MPE/AgNPs film may help
strawberries last longer on the shelf. The study’s
conclusions indicate that PLA/MPE/AgNPs film
is a promising food packaging material with low
cytotoxicity and strong antibacterial activity, which
may increase its use in the biomedical industry.**
PLA in co-Aspartic acid Copolymers

Author Nita Tudorachi et al. discussed
the synthesis and characterization of poly(lactic
acid)-co-aspartic acid copolymers (PLA-co-
Asp) and their potential as biodegradable
carriers in drug delivery systems.*? Using
solution polycondensation, different molar

BHARTI et al., Biosci., Biotech. Res. Asia, Vol. 22(4), 1494-1511 (2025)

ratios of PLA and L-aspartic acid were tested.
Characterization techniques included Fourier
Transform Infrared Spectroscopy (FT-IR), Proton
Nuclear Magnetic Resonance (1H-NMR), Gel
Permeation Chromatography(GPC), Differential
Scanning Calorimetry (DSC) analyses.* The study
specifically explored the loading of diclofenac
sodium, a widely used anti-inflammatory drug,
into the synthesized copolymers and evaluated
the in vitro drug release in a phosphate buffer
solution at physiological conditions. The results
suggest that these copolymers demonstrate
favorable properties for use in controlled drug
delivery applications, showing a balance of
hydrophobicity and hydrophilicity, along with good
biodegradability.*

PLA-co-Asp copolymers are being
developed for biodegradable drug delivery systems,
with properties influenced by molar ratios. In
vitro studies show release of diclofenac sodium
depends on copolymer composition and structure.*
Characterization techniques provide insights into
thermal stability, molecular weight, and release
kinetics. These copolymers offer a promising
alternative to conventional drug carriers.*
PLA-PEG Nanoparticles in protein corona
formation and brain delivery property

Although it is essential for preserving
the internal environment of the brain, the blood-
brain barrier (BBB) restricts the absorption of the
majority of medications. Brain illnesses are being
treated with nanoparticulate drug delivery devices,
albeit only a small portion of nanomedicine can
get through the blood-brain barrier. The safety
and clinical translation capabilities of PEG-PLA
nanoparticles have led to their widespread use in
medication delivery.”® A study done by Yuyun
Tanga et al. reveals that drug-loaded PEGPLA
nanoparticles can penetrate the blood-brain barrier
and reach microglia. The study found that drug
loading and dosage frequency can alter the protein
corona on PEG-PLA nanoparticles, affecting their
ability to carry drugs and accumulate in microglia.
Multiple-dose or aM-loaded nanoparticles showed
greater microglial accumulation and brain
distribution *.

PLA Hydrogels in used in Injectables

Scientists named Xinran Yang a, b, ¢ et
al. have created injectable hydrogels with anti-
adhesive qualities using gelatin and polylactic
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acid treated with sulfobetaine.’®*' Although these
hydrogels can rapidly seal wounds and conceal
uneven bleeding sites, their viscosity may lead
to issues. For incompressible wounds, they have
shown tissue adherence, quick hydrophobic
interface reaction, and quick hemostasis.> The
hydrogels could be used as prehospital emergency
treatments for surgical recovery and incompressible
hemorrhage.>

For quick hemostasis and tissue adhesion
prevention, the study created injectable PLA-
gelatin hydrogels modified with sulfobetaine.
Through water treatment and the anti-protein
properties of sulfobetaine, the hydrogels PMP-30
and PLA-MPS-PEG (often referred to as PMP)
create an anti-adhesive surface.* According to in
vitro studies, it performed better than commercial
hydrogels and sponges, establishing blood
coagulation in 45 seconds with lower BCI and
superior clot adsorption. The hydrogel is perfect for
additional animal research because of its improved
hydrophilicity and electrostatic interactions, which
speed up hemostasis. The biological uses of
zwitterionic sulfonate betaine PLA are advanced
by this work, especially for hemostatic purposes.™

PMP-30, a new hemostatic substance,
has been created for in vivo anti-adhesion and
incompressible bleeding. Hydrophilic PEG and
anti-protein zwitterionic sulfobetaine have been
added to PMP-30, a hydrophobic PLA hain.*It has
better anti-adhesion qualities than commercially
available hydrogel materials and forms micelles in
watery conditions. PMP-30 works well in several
hemorrhage models and is useful in the pre-hospital
management of incompressible hemorrhage.”-*
PLA in Microspheres

The author Shunyu Chen et al. investigates
the production of EPLA nanofibrous microspheres
and EPLA/nHAp composite microspheres using
poly-L-lactic acid (PLLA) as a model medication.
The loading efficiency of alendronate was assessed
using UV-V spectroscopy. The study used murine
pre-osteoblast MC3T3-E1 cells cultured in &-MEM
and CCK-8 assay to assess cell viability. Statistical
analysis was performed using GraphPad Prism
6.0.%

After being digested, the cells were ready
for usage. The Cell Counting Kit-8 (CCK-8) assay,
which gauged cell activity and proliferation on
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microspheres, was used to assess cell viability.
GraphPad Prism 6.0 was used to do the statistical
analysis, and the findings were displayed as mean
+ standard deviation. When the p-value was 0.05,
statistical significance was taken into account.®

The EPLA/nHAp (Aminated modified
polylactic acid/nanohydroxyapatite composite
microsphere), a novel drug delivery system, shows
improved drug loading capacity and sustained
release performance, with alendronate as a model
drug, suggesting its potential for bone tissue
repair.*

Gold coated PLA Nanofiber based
electrochemical Aptasensor

Composed of polylactic acid and
gold, the conductive nanofiber has potential
applications in wearable biosensors, e-textiles,
and tissue engineering. It was used to develop
an electrochemical aptamer-based biosensor for
cortisol monitoring. Cortisol is a hormone that is
necessary for metabolism, immune response, and
stress response. Adrenal insufficiency is indicated
by low cortisol levels, while obesity, diabetes,
heart disease, and cognitive decline are caused by
excessive levels. Accurate cortisol monitoring can
provide early warning indicators of health concerns
and help treat stress-related disorders. Currently,
the most reliable method for identifying cortisol
in biofluids is Enzyme-Linked Immunoassay
(ELISA) although it has drawbacks such as lengthy
wait periods, expensive expenses, and the need for
specialized equipment. The sensor’s sensitivity,
operability, and biofluid adaptability can all be
enhanced by the conductive Au-PLA nanofiber
sheet.

The author Mkliwa Koumbial et
al. represents a novel method for producing
highly conductive and flexible nanofibers using
electrospinning and electroless deposition.®!
The nanofiber sheet, coated with Au, monitors
cortisol, a stress biomarker, suitable for wearable
technologies and with a low detection limit.®
The Aptasensor, a gold-coated PLA nanofiber
sensor, detects cortisol in artificial sweat and
saliva, offering fast, wide detection range, and
stretchability, making it ideal for real-time stress
monitoring.®

Three concentrations of PLA solution
were electrospun to produce microfibers and
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nanofibers, with uneven, bead-free nanofibers. PLA
8 wt.% solution produced homogenous, bead-free
microfibers, suitable for further testing.*

Using an aptamer, a conductive nanofiber
(CN) sensor was used to detect cortisol in artificial
biofluids selectively, with a detection limit of 1 pg./
ml.
Transdermal iontophoresis of flufenamic acid
(FFA) loaded PLGA nanoparticles

Because transdermal administration of
pharmacologically active drugs has the potential
to address problems including fluctuating
bioavailability and poor gastrointestinal absorption,
it has been a focus of attention for decades.
However, the skin barrier’s characteristics have
restricted its clinical application. To get over
these restrictions, methods like iontophoresis and
drug-loaded nanosized carrier systems have been
created.® The study aimed to create FFA-loaded
nanoparticles, investigate transdermal transport
of free and nano-encapsulated FFA, determine
iontophoretic current’s impact on FFA penetration,
and visualize skin distribution after iontophoretic
treatment.®

The study by K. Malinovskaja- Gomez et
al. explores the synthesis of flufenamic acid-loaded
nanoparticles for transdermal iontophoretic tests,
using various compounds and techniques, and
examining their shape, colloidal properties, and
drug release through skin.®

The benefits of iontophoretic treatment for
transdermal drug delivery were two-fold.”” When
an electric current is applied, the nanoparticles
are forced into hair follicles, which serve as a
drug depot. The drug is then released from the
nanoparticles and transported via the skin to
the bloodstream.®® Because of its free acid end
functionality and the quickest degradation period,
Resomer RG 503H grade PLGA was selected for
this investigation. The average size of the almost
spherical, negatively charged FFA-loaded FA-
PLGA nanoparticles was 174.2 £ 1.8 nm.® The
drug-free reference nanoparticles had a similar size
but slightly lower negative zeta potential.*

The study examined the release kinetics of
FFA from FA-PLGA nanoparticles in static Franz
diffusion cells. Results showed that iontophoresis
treatment significantly improved FFA penetration
into the skin, while alternate current was ineffective.
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The study also examined the impact of current type
on transdermal medication penetration.™
PLA in liposomal drug delivery system

Traditional medicine makes use of
glycyrrhizin (GL) and glycyrrhetinic acid (GA),
which are present in liquor ice root (Glycyrrhiza
glabra).”" GA has higher antibacterial, antiviral,
and antihepatotoxic properties.”” The negative
effects include pseudo-aldosteronism, salt
retention, hypertension, and hypokalemia. A hyper
mineralocorticoid effect can result from excessive
quantities in the kidney because they inhibit renal
11-hydroxy-steroid-dehydrogenase and increase
cortisol levels.”*"

A modified GA liposome (PL-GA)
was developed by Juan Li et al. to enhance liver
therapeutic benefits. A high-performance liquid
chromatographic approach was used to assess
the effectiveness of GA delivery to the liver.
Three GA formulations were administered to ICR
mice, showing high drug loading and entrapment
efficiency. The mPEGylated PL-GA formulation
showed enhanced efficacy, reduced renal toxicity,
and improved liver absorption.”

Hemostasis, inflammation, proliferation,
and tissue remodeling are all interrelated
components of the intricate physiological process
that is wound healing. Stress from movement puts
wounds at higher risk of infection and delayed
healing, particularly those in movable areas like
the neck.’’” This stress can lead to prolonged
discomfort, inflammation, and, in severe cases,
disability. To address these challenges, wound
dressings must possess mechanical properties
that align with the tissue’s needs and include
antibacterial and anti-inflammatory features.””
Enhancing the toughness of biodegradable
PLA wound dressings, such as hollow porous
microfibers (HPMFs), is crucial for efficient
healing in movable body areas, promoting cell
proliferation and wound healing.

Hollow porous PLA/PBAT composite
microfibers

The study by author Yufei Liu et al.
utilized coaxial electrospinning to create a
PLA/PBAT-based HPMF composite dressing,
enhancing toughness and biodegradability. The
composite promoted wound healing, cell culture,
and effectively regulated CRT-15 release, with
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in vivo wound healing experiments showing it
can stimulate healing on the thirteenth day.*
Anticancer drug combinations are increasingly
being researched, with the primary goals being
synergy, non-overlapping toxicity, and overcoming
drug resistance.?'®> The FDA has recognized
the importance of emerging and innovative
anticancer combinations and has drafted guidance
for co-development.®® However, opportunities in
multi-drug delivery have been overlooked. Block
copolymers based on poly(ethylene glycol) and
poly(a-hydroxy acid) are being studied for drug
delivery due to their biocompatibility, controlled
biodegradability, ease of polymer synthesis,
and potential for localized cancers. These block
copolymers have been tested extensively in humans
and have proven safety profiles .5%
PEG-b-PLA micelles and PLGA-b-PEG-b-
PLGA sol-gels for drug delivery

Polymeric micelles, including
polyethylene glycol-block-poly (lactic acid)
PEG-b-PLA micelles, are used for drug delivery
and clinical trials targeting key cancer targets.
These micelles are smaller, less stable, and faster
to release anticancer agents in blood, similar to
free paclitaxel.*s PEG-b-PLA micelles have been
shown to slow drug release for drug targeting
by the EPR effect. Genexol-PM®, an injectable
formulation of paclitaxel based on PEG-b-PLA
micelles, has gained approval in several Asian
countries and has high response rates in clinical
trials with patients with non-small cell lung,
gastric, and breast cancers.’” Triolimus, a novel
3-drug nanotherapeutic containing paclitaxel, 17-
AAG, and rapamycin, has been investigated for
its combined anticancer action on microtubules,
Hsp90, and mTOR.* PLGA-b-PEG-b-PLGA sol-
gels have shown significant clinical progress in
localized cancer control as an adjunct to surgery
and radiation.®

Regel®, a sol-gel containing PLGA-b-
PEG-b-PLGA, is being studied by Hyunah Cho
et al. for systemic and local drug delivery and
is entering clinical trials for esophageal cancer
treatment. It can be synthesized with poly(ethylene
glycol) and incorporated with hydrophilic and
hydrophobic drugs .* Oncogel™, a drug containing
paclitaxel, is a potent radiosensitizer that clears
slowly over a 6-week period with a half-life of
21 days, with minimal recovery in major organs.
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It entered phase 2 clinical trials for the treatment
of esophageal cancer due to its ease of access to
tumors through endoscopic ultrasound-guided
injection and potential synergy with radiation
treatment. Oncogel™ has been evaluated in an
intracranial 9L gliosarcoma rat model as an adjunct
to radiation, with a combination of Oncogel™
and oral temozolomide significantly increasing
survival times of rats. Trio gel, a sol-gel similar to
PEG-b-PLA micelles, has a multi-drug capacity
for paclitaxel, 17-AAG, and rapamycin, enabling
concurrent local multi-drug delivery for cancer
treatment.’’ Genexol-PM®/Cynvilog™ and
Oncogel™ are advancements in drug delivery,
advancing paclitaxel into clinical trials. PEG-
b-PLA and PLGA-b-PEG-b-PLGA have good
safety records, offering potential for systemic
and local drug delivery. Challenges in chemistry,
manufacturing, and control remain.*

DISCUSSION

PLA Nanoparticles: Characteristics
and Methods Made from natural resources,
PLA is a biocompatible and biodegradable
polymer. Several methods are used to create its
nanoparticles, including: The most used technique,
emulsification-solvent evaporation, guarantees high
drug encapsulation efficiency. Nanoprecipitation:
The process of creating stable, homogeneous
nanoparticles. Spray drying: Provides scalability
for production on a big scale.

Uses for local Dermatotherapy

Treatment for Acne: PLA nanoparticles
containing antibiotics (such as erythromycin
and clindamycin) have shown enhanced drug
penetration and extended drug retention in
sebaceous glands. Management of Psoriasis: PLA-
based nanoparticles that deliver corticosteroids
have demonstrated improved therapeutic outcomes
with less systemic adverse effects. Wound Healing:
Growth factors encapsulated in PLA nanoparticles
have improved tissue regeneration, enabled
controlled release, and decreased the danger of
infection.

Skin Cancer Therapy: Localized
medication delivery is made possible by PLA
nanoparticles coated with chemotherapy drugs,
which reduce toxicity to nearby healthy tissue.
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Analysis of a Case Study

The potential of poly (Lactic Acid)-
co-aspartic acid copolymers to improve drug
encapsulation effectiveness and regulate release
rates in drug delivery systems has been investigated.
PEG-PLA nanoparticles have been investigated
for their ability to load drugs and the impacts
of repeated administrations, especially with
regard to protein corona development and how it
affects the delivery of drugs to the brain. While
curcumin-encapsulated PLA nanoparticles in
bioinks have demonstrated promise for in situ
immunoregulation and tissue engineering, water-
triggered injectable PLA hydrogels have been
produced for hemostatic applications and tissue
anti-adhesion. A novel drug delivery method for
treating osteoporosis has been studied: biomimetic
mineralization on PLA microspheres. Through the
use of electrochemical sensors and gold-coated
PLA nanofibers, non-invasive cortisol monitoring
in saliva and perspiration is now possible. The
delivery of anticancer drugs has advanced thanks
to PLGA-based nanofibers, with a focus on
fiber-based PLA drug carriers. Boric acid and
levite have been added to PLA films in the food
packaging industry for their mechanical benefits
and antibacterial qualities. The administration of
zidovudine intranasally via PLA nanoparticles
has demonstrated encouraging outcomes in terms
of increasing drug bioavailability. For oral drug
administration applications, PEGylation of PLA
has been investigated because it enhances colloidal
stability and mucus penetration. Enhancing
transdermal drug delivery has also been studied
using transdermal iontophoresis of PLGA
nanoparticles loaded with flufenamic acid. PLA-
PBSA eco-composite films have shown increases
in toughness and flexibility for use in packaging.
The use of PLA nanoparticles in pulmonary drug
administration has also been explored, with an
emphasis on co-encapsulation techniques for both
lipophilic and hydrophilic medications.

In packaging, the mechanical and
biodegradable qualities of combining PLA with
tapioca starch have been investigated. PLA-
based catalytic microflow reactors have been
investigated for their potential for preparation,
use, and recycling. In order to promote prolonged
medication distribution and excretion in vivo,
mPEG-PLA liposomes have been studied for
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liver drug delivery. For better wound healing
applications, hollow porous PLA/PBAT
composite microfibers have been developed.
For environmentally friendly antimicrobial
packaging, silver nanoparticles have been created
and integrated into PLA food packaging films
using extract from mango peels. PLGA-b-PEG-
b-PLGA sol-gels and PEG-b-PLA micelles
have been studied as multipurpose nanocarriers
in drug delivery systems. Lastly, SERS-based
contamination detection has been used using silver/
PLA-coated papers, demonstrating their promise
for analytical uses. created an innovative sensor
platform to identify environmental contaminants.
PLA Nanoparticle Benefits for Dermatotherapy

Improved Drug Stability: Guards against
environmental deterioration of active components.
Controlled and Sustained Release: Improves
patient adherence and lowers dosage frequency.

Drug diffusion across the stratum corneum
is facilitated by improved skin penetration. Safety
and Biodegradability: PLA breaks down into
non-toxic metabolites, lowering the possibility of
buildup over time.
Challenges and Limitations

Complexity of Formulation: Needs to
optimize medication loading efficiency, charge, and
nanoparticle size. Production Cost: Using advanced
production techniques might be costly.

Skin Irritation Risk: Hypersensitivity
reactions could be brought on by some formulations.

Prospects for the Future: Optimizing
PLA nanoparticle compositions, improving their
targeting capabilities, and securing regulatory
approval for therapeutic uses all require more
research. Functionalized PLA nanoparticles and
hybrid systems are two examples of nanotechnology
advancements that could lead to more successful
dermatological treatments.

CONCLUSION

PLA nanoparticles offer better treatment
results, increased penetration, and regulated drug
distribution, making them a novel technique in
dermatotherapy. Notwithstanding obstacles, it is
anticipated that continued research and technical
developments will get past these restrictions
and open the door for their extensive clinical
application. The knowledge gathered from a variety
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of case studies highlights PLA’s adaptability in
biomedical engineering and medication delivery.
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