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Polymers have become an integral part of novel drug delivery system. One such successful biodegradable polymer is poly
lactic-co-glycolic acid (PLGA) which consists of polyesters of lactic acid and glycolic acid. It is one of the FDA-approved biode-
gradable polymers which is extensively used for therapeutic purposes in recent times.

The aim. To illuminate researchers on the chemistry, novel properties and applications of PLGA in pharmaceutical fields.
Materials and methods. Various internet sources like Science Direct, Scopus, Web of Science, PubMed and google scholar
were used as the data source. The key words search was carried out for the following words and combinations: PLGA, Novel
drug delivery, PLGA Nano particles, biomedical applications of PLGA.

Results. Pharmaceutical and biomedical industries are flooded with the use of synthetic and natural polymers. The me-
chanical and viscoelastic properties of the polymers make them suitable for the temporal and spatial delivery of therapeutic
agents for an extended period. Employment of copolymerization techniques lead to the modification of water solubility of
the polymers and make them suitable for various applications of drug delivery systems. Biodegradable polymers due to their
biocompatibility and biodegradable property have attracted their use in novel drug delivery systems. PLGA is one of them.
PLGA is versatile as it can be fabricated into any size, shape, and can be used to encapsulate small molecules, tissue engineer-
ing, and bone repair, etc.

Conclusion. The sensitivity and biodegradability of PLGA makes it a smart polymer for targeted and sustained delivery of
drugs and in various biomedical applications.

Keywords: PLGA; Smart Polymer; Biodegradable; Biocompatible Polymers

Abbreviation: PLGA — poly lactic-co-glycolic acid; PLA — Polylactic acid; PGA — Poly glycolic acid, PEG — Poly ethylene glycol;
SNA — spherical nucleic acid; NP — Nano particles; FDA — U. S. Food and Drugs Administration; EMA — European Medicines
Agency; CFTR — Cystic Fibrosis Transmembrane Conductance Regulator gene.
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MosMMepbl CTaiM HEOTbEM/IEMOM YaCTbiO HOBOM CUMCTEMbI LOCTaBKM SIEKAPCTBEHHbIX CpeacTB. O4HUM U3 ycneLlHbIX 6uo-
pasnaraembix NOAMMePOB aBAeTc PLGA, KOTOPbI COCTOUT U3 CIOMKHbIX NOAMIGUPOB MOIOYHOM U FIMKONEBOM KUCAOT. ITO
OAMH U3 0806peHHbIx «U. S. Food and Drugs Administration» (FDA, CLLIA) 6uopa3naraembix NOMMEPOB, KOTOPbIN B NOCNes-
Hee Bpems WMPOKO MUCMO/b3yeTcsA B TepaneBTUUYECKUX LieNsX.

Lienb. Mo3HaKOMUTb XMMUKOB-UCCNEA0BaTE/IEN C HOBbIMM CBOMCTBAMM U NpumeHeHnem PLGA B o6i1actn dapmauun.
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Martepuanbl u meTogbl. B KauectBe MCTOYHUKOB MHGOPMALLMM MCNONb30BANUCh Pa3/iyHble 6a3bl aHHbIX, TaKMe Kak Science
Direct, Scopus, Web of Science, PubMed n Google Scholar. Monck npoBoamaca No cieayowmm Kato4eBbIM C1I0BaM U CI0BO-
coveTaHuam: PLGA, foCTaBKa HOBbIX IeKapcTB, HaHO4YaCTMLbl PLGA, buomeauumnHckoe npumeHeHme PLGA.

Pe3ynbratbl. PapmaLeBTUyecKas U 6BUOMeaULMHCKAsA NPOMBILNEHHOCTb NEPENOIHEHbI CUHTETUYECKMMM U HATypPasibHbIMU
nonnmepamu. MexaHMYecKkme 1 BA3KOINACTUYHbIE CBOWCTBA NONIMMEPOB AEeNAl0T UX NPUTOAHbIMU A7 BPEMEHHOW U Npo-
CTPAHCTBEHHOM [OCTABKM JIEKAPCTBEHHbIX NPenapaToB B TeYeHWe AAUTeNbHOro nepuoaa. NpMmeHeHe MeToL0B Conoanme-
pU3aumMm NPUBOANUT K MOAUPUKALMM BOLOPACTBOPUMOCTU NMOAUMEPOB U AENAET UX NPUTOLAHBIMU AR PA3UYHOTO UCNO/b-
30BaHMA CUCTEMAMM AOCTAaBKM NIeKapCTBEHHbIX BellecTs. baarogapsa cBolictBam 6MOCOBMECTUMOCTU M BMopasiaraemocTu
Nno/sIMepbl CTa/IM UCMO/Ib30BaTbCA B HOBbIX CUCTEMAX TAPreTHOM A0CTaBKM neKkapcTB. ConoMmep MOJIOHHON U INKONEBOM
Kkucnotbl PLGA — npeactaButens aTux cuctem. PLGA yHMBepCaneH, Tak Kak MOXET UCMO/b30BaTbCA A1 MHKANCyAaALUn ma-
JIbIX MOJIEKYN, B TKAHEBOM MHXEHEepUK, Npu BOCCTAHOBAEHUA KOCTEN W T. 4., BBUAY CNOCOBHOCTM BOCNPOM3BOAUTL Ntobok
pasmep 1 NpMHMMaTBL by dopmy.

3akntoyeHue. CeHCUTUBHOCTb M CMOCOBHOCTL K BMopasnokeHuto PLGA fenatoT STOT CONoAMMEp UHTENNIEKTYaIbHbIM NON-
MepoM AN5 AAPECHOM N HENPEPbIBHOM A0CTAaBKM NEKAPCTB, A TaK¥Ke B Pas3/IMYHbIX BUAaX BOMeULMHCKOTO MCNONb30BaHUA.
KntoueBble cnoBa: PLGA; nepcneKkTuBHbIM noaumep; bropasnaraemblii; GMOCOBMECTUMbIE MONUMEPDI

CnucoK coKkpaweHmit: PLGA — cononvmep MONOYHOW U INMKONEBOW KMCAOTbI; PLA — moanmep MON0OYHOM KMCNOTbl; PGA —
nonurankosiesas kucnota; M3l — nonnatuneHrmkonb; SNA — chepuyeckan HyknemHoBas Kucnota; NP — HaHovacTuupl; FDA
— YnpaB/ieHWe No CaHUTapHOMY HaZ30py 3a KAYeCTBOM MULLEBbLIX NPOAYKTOB U MeAMKAMEHTOB — areHTcTBO MUHUCTEpCTBa
3 paBOOXPaHEHNA N coLmanbHbix cny»6 CLUA; EMA — EBponeicKkoe areHTCTBO IeKapcTBeHHbIX cpeacTs; CFTR — TpaHcmem-

6paHHbIN perynaTop MyKoBMCLMA03a; /1B — 1IeKapCTBEHHOE BeLLecTBO.

INTRODUCTION

Poly lactic-co-glycolic acid or PLGA or PLG, is a copo-
lymer of polylactic acid (PLA) and polyglycolic acid (PGA)
approved by FDA and EMA [1-3]. PLGA is a linear copo-
lymer that has immense potential as a carrier for drug,
protein, nucleic acid, and peptide delivery and provides
a framework for tissue engineering [4]. Biocompatibility,
favourable degradation, and sustained release property
render it’s a popular polymer for drug delivery. The re-
lease of embedded drugs from PLGA through stimulation
makes it a smart polymer for drug delivery [5]. In recent
years it has shown its potential as monolithic injectable
implants for sustained delivery of drugs at desirable dos-
es without surgery[6]. The advantages of PLGA are its
tuneable physical properties i.e., molecular weight, and
the ratio of lactide to glycolide. The hydrolytic biodegra-
dation of PLGA also affects the drug release mechanism
based on drug delivery systems either by diffusion or
erosion [7].

Literature survey reports various micro and
nanoparticulate systems of PLGA showed excellent bio-
compatibility, sustained and targeted release with high
safety profiles, thereby improving the bioavailability and
stability of the encapsulated biopharmaceuticals against
enzymatic degradation [8]. They are capable to produce
local and systemic effects of therapeutic agents and bi-
ologics.

The polymer is successfully used to target anti-can-
cer drugs, helps in organ-specific targeting of drugs es-
pecially to the liver, lungs, or brains, and is found to be
very effective in delivering therapeutic gene delivery [9,
10].
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THE AIM to get a detailed review of the smart and
wonder polymer PLGA based on its chemistry, synthesis,
properties, and applications in various novel delivery of
drugs, vaccine, genes with optimal efficacy.

MATERIALS AND METHODS

Various internet sources like Science Direct, Scopus,
Web of Science, Pub Med and Google Scholar were used
as the data source within the period of 2018-April 2021.
The key words search was carried out for the following
words and combinations: PLGA; Novel drug delivery;
PLGA Nano particles; Use of PLGA in peptides delivery;
biomedical applications of PLGA polymer etc.

RESULTS AND DISCUSSIONS

Chemistry and Synthesis of PLGA

Polylactic acid was first recognized as biodegrad-
able and biocompatible in the year 1966. The same
was proved for PGA in 1967 and got introduced in the
medical field in the form of surgical sutures. Novel and
systematic investigations in the research field merged
the components PLA and PGA to evolve a novel copo-
lymer PLGA for delivering the drug in a biocompatible
and biodegradable matrix with stimuli sensitive release
and controlled properties. Thus it was evolved and rec-
ognized as a smart polymer for drug delivery and drug
targeting [11-14].

PLGA is an aliphatic polymer[13], contains polylactic
acid that has asymmetric a-carbon usually described as
the D or L form and sometimes as R and S form [15].
PLGA generally contains D- and L- lactic acid forms in
equal ratio [16, 17]
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PLGA is chemically synthesized by the following
steps (17) as shown in figure 1.

If glycolic acid is used in a higher ratio than lactic
acid the copolymer formed is more hydrophobic due to
the increased hydrophobicity of lactic acid[18]. PLGA
can be prepared into various shapes and sizes and can
sheathe molecules of any size [17-19].

After polymerization, the purification of the poly-
mer is done by dissolution in chloroform followed by
precipitation in ethanol. The precipitated crystals are
dried under vacuum for 48 h at room temperature.
Commercially it is available in either acid or ester form.
Depending on the molecular weight different forms of
PLGA are available in different viscosity grades. Differ-
ent grades of PLGA in the commercial name of RE-
SOMER®RG are marketed by Boehringer Ingelheim
GmbH Lactel, different ester forms of PLGA are market-
ed in the brand of DL-PLG by Lactel Absorbable poly-
mers, and another grade of esterified or acidified form
is available in the name of Purasorb PDLG by Purac Bio-
materials [17].

Properties of PLGA

The physicochemical properties of PLGA mostly
depend on the monomer ratio of lactic acid and gly-
colic acid. Lactic acid has less hydrophilicity compared
to glycolic acid. Hence if the proportion of lactic acid
increases the degradation rate of PLGA reduces and the
reverse is the case, when the monomer units of glycol-
ic acid increases the degradation of PLGA hastens [20,
21]. But the increase in glycolide content leads to the
reduction of the tensile strength of the polymer [22].
Hence a 50:50 ratio of PLA and PGA can yield a poly-
mer having good biodegradability and the property of
sustaining the drug release with good tensile strength,
whereas high lactide content helps to sustain the re-
lease of drug with bio erosion. Depending on the pro-
portions of PLA and PGA the properties of the polymer
can be customized.

Polymers are always characterized by their crystal-
linity, molecular weight, and inherent viscosity.

The degree of crystallinity depends on the number
of monomeric units of PLA and PGA used in copoly-
merization and influences the mechanical properties,
swelling abilities, and biodegradation of PLGA. They are
generally amorphous and show a glass transition tem-
perature between 45-55°C and that confirms the rigid-
ity of the polymer. PLGA gets softened in a wet envi-
ronment and results in the reduction of glass transition
temperature and mechanical properties like tensile
strength, young’s modulus and % elongation to break
etc., of the polymer [23]. The inherent viscosity of the
polymer depends on the molecular weight of the poly-
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mer. With the increase in molecular weight, viscosity of
the polymer increases. PLGA is soluble in a wide range
of organic solvents like acetone, benzyl alcohol, chlo-
roform, dichloromethane, ethyl acetate, hexafluoro
isopropanol, and tetrahydrofuran. The physico-chem-
ical properties of different grades of polymer with its
application is illustrated in table 1.

Biodegradation of PLGA

PLGA undergoes two types of degradation —
hydrolytic and autocatalytic, in the biological system. A
random hydrolyzation occurs in the polymer backbone
within the ester linkages in presence of water, water-sol-
uble fragments of lactic acid and glycolic acid are formed
as shown in figure 2. These water-soluble fragments en-
ter the metabolic pathway of the body to yield energy,
carbon dioxide, and water.

The monomer ratio of lactic and glycolic acid plays
an important role in hydrolytic degradation. PLGA 50:50
thus undergoes degradation at a faster rate than PLGA
85:15 [24].

The autocatalytic degradation of PLGA happens in
an acidic environment as shown in figure 3.

Hence the mechanism of release of drug from the
matrix of PLGA follows different mechanism as described
in table 2.

The assessment of the various factors that are
responsible for the degradation of PLGA can help in
the synthesis of customized novel copolymers best
suited for the effective delivery of the drug. The fac-
tors that influence the breakdown of PLGA are listed
in table 3.

Current research on PLGA micro

and nano particles for drug delivery

Recently PLGA has gained extensive attention as ver-
satile carrier for hydrophilic or hydrophobic drugs, and
micro or macro molecules. The polymer is used in sev-
eral studies for protection of drug from degradation or
to control the release of the drug for the improvement
of therapy.

Zhang Z. et al., reported the efficacy of paclitaxel
loaded PLGA microsphere in the treatment of solid tu-
mours. Solvent evaporation technique was used to pre-
pare these microspheres. A sustained release of drug
was achieved and the in vivo study reported that the
sustained release of drug could cause apoptosis of tu-
mour cell, and reduction in the toxicity of the normal
cell [30].

Micronized triamcinolone was encapsulated in
PLGA/PLA carriers with an aim to increase the retention
time in the joints following intra-articular administra-
tion. These microspores were prepared by ultrasonica-
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tion and spray drying technique. In vivo rat models re-
vealed the retention of the drug was for 28 days [31].

Abuzar S.M. et al., fabricated oxaliplatin-loaded
PLGA microparticles loaded hydrogel in the treatment of
colorectal cancer in rats. Double emulsion method was
used to prepare the microparticles. The in vivo study re-
vealed the prolongation of drug action and hence the
bioavailability [32].

Jusu S.M. et al., studied on formulation and eval-
uation of blend of prodigiosin and paclitaxel loaded
PLGA microsphere for the treatment on breast cancer.
The microsphere blend was conjugated with Luteinizing
hormone releasing hormone. The microspheres were
prepared by solvent evaporation technique using PLGA
and PEG in 1:1 ratio. The study revealed the in mice the
blend was able to sustain the release of the drug for 62
days and they concluded that PLGA -PEG microsphere
had the potential for the treatment of triple negative
breast cancer [33].

Ryu W.M. and colleagues developed a rapidly dis-
solving ocular tablet consisting of nano particles of
dexamethasone in PLGA in alginate matrix. The reten-
tion of the nanoparticles on the preocular surface could
increase the ocular bioavailability of the drug [34].

Varga N. et al., developed a nanoparticles of a-to-
copherol in PLGA-PLA carriers. The nanoparticles were
stabilized using Pluronic F127. And could sustain the re-
lease of the drug [35].

Jo A. et al., fabricated and evaluated the PLGA en-
capsulated large CRISPR—Cas9 plasmid nanoparticles as
a revolutionary tool for gene delivery. The delivery of
plasmid was aimed to the bone marrow derived mac-
rophages in vitro. The particle size was engineered to
160nm. The experimentation showed positive results
to induce expression of bacterial Cas9 in murine bone
marrow [36].

ROLE OF PLGA IN NOVEL DRUG DELIVERY
Clinical Application of PLGA
Nano drug targeting
To achieve a successful drug delivery through poly-
meric nanoparticles, the physicochemical characteris-
tics of the polymer play an important role. The polymer
should have the following properties so that it can by-
pass rapid body clearance, and should have an affinity
for the target cells. The ideal properties of polymer for a
nano targeted delivery are:
e compatibility with the drug;
¢ high drug loading;
esuitable molecular weight for diffusion or to be ab-
sorbed by endocytosis;
e nonimmunogenic, biocompatible and biodegrad-
able.

Tom 9, Buinyck 5, 2021

To achieve these characteristics the polymer should
have the ability to allow physical modifications in its
structure during the polymerization process, it should
allow the formation of copolymers or block polymers to
make it suitable for the need of delivery of a particular
drug for targeting.

PLGA shows the versatility of modification by chang-
ing the lactide to glycolide ratio and can undergo copoly-
merization with PEG to tailor for specific performance. A
block polymer of PLGA with PEG (PLGA-PEG-PLGA) was
also studied to modify the release of Docetaxel for tar-
geting bone metastasis [37].

A copolymer of PLGA—Chitosan—PEG nanoparticles
were studied for delivery of paclitaxel in human retino-
blastoma, breast cancer and pancreatic cell line for ef-
fectively targeted delivery to the tumour [38].

Due to its versatility in modifications in polymeric
chain, PLGA is being widely studied in various fields of
nano-research like delivery of gene, peptides, proteins,
and nucleic acids [39, 40]

In gene-drug delivery systems biodegradable PLGA
nanospheres have been investigated as nonviral vectors
that improve the quality transfection effectiveness [41,
42].

In recent times polymeric spherical nucleic acid
(SNA) being a new class of polymeric conjugates has
gained its attention. It consists of PLGA nanoparticle
(NP) cores. The PLGA-SNA nucleic acid shell showed
an increased half-life (>2 h) in foetal bovine serum that
could release the nucleic acid in a tuneable manner from
the polymer conjugates [43, 44].

Vijet et al reviewed the condition of cystic fibrosis
which was due to mutation in the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene. They
reported that AF508-CFTR, is a temperature-sensitive
common mutation that occurs by trafficking mutant
which in turn reduces the chloride transport and exag-
gerates immune response. For this condition, FDA has
approved PS-341 (bortezomib) drug that causes selec-
tive inhibition of chymotryptic threonine protease-activ-
ity. They have also reported that proteasome inhibitors
in PLGA nanoparticle could affect proteostasis and the
consecutive processes. Thus, nanoparticle-mediated PS-
341 lung-delivery was successful in treating the condi-
tion of cystic fibrosis where the drug was loaded with
biodegradable PLGA nanoparticle (PLGA-PEG™3*) and
could produce a controlled and sustained drug targeting
at the site [45].

Pillai R.R. et al. investigated the development of
nafcillin loaded poly DL-lactide-co-glycolide nanopar-
ticles for the targeting of osteoblasts in the treatment
of Staphylococcus aureus-mediated osteomyelitis.
Single emulsion-solvent evaporation technique was
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used to prepared nanoparticles of nafcillin. The in vitro
drug release along with cell viability study showed that
nanoparticles of nafcillin were effective in the treatment
of infected osteoblasts [46].

Kumar R. et. al. studied the enhanced solubility of
amphotericin B embedded in PLGA-PEG nanoparticles
and also observed the targeting effect of those nanopar-
ticles towards the macrophages of the infected tissues
in the treatment of visceral leishmaniasis. Thus, Ampho-
tericin B loaded PLGA-PEG block polymer nanoparticles
showed more effectiveness than conventional ampho-
tericin B for the inhibition of amastigotes in the splenic
tissue, elicited reduced toxicity, and better therapeutic
efficacy than the conventional one [47].

In nano-drug targeting with PLGA the challeng-
es faced are the inconsistencies in particle size that
can hinder the clinical success of the formulation the
type of organic solvents used to dissolve PLGA and
the type of mixing device that is used to disperse the
polymeric phase in anti-solvent also affects the physi-
cochemical properties of formulation embedded in
PLGA [49].

PLGA Microsphere for targeting

Microspheres are polymeric particles of sizes ranges
from 1 to 1000 um [50]. Use of PLGA in the formulation
of drug loaded polymeric microsphere rendered several
advantages in drug delivery and targeting.

Feng T. et al. experimented on the sustained release
effect of PLGA microsphere of Doxorubicin, and pacli-
taxel, investigated against B16F10 cells for the treatment
of metastatic lung cancer. It was observed that PLGA car-
rier showed better results in the treatment compared to
other carriers [51].

A successful brain targeting was observed by Ozekia
et al in animals by incorporating PLGA microspheres in a
thermo reversible gelation polymer matrix, for delivery
of chemotherapeutic drugs- camptothecin or vincristine.
After injection into the brain of the animals, a transfor-
mation from sol-gel occurred at body temperature and
the microsphere provided a sustained drug release at
the target site for glioma therapy with a survival rate of
more than 60 days [52].

The complexity of manufacturing PLA/PLGA micro-
spheres creates many challenges in the successful de-
livery of the drugs [53]. Some of the challenges include
degradation of PLA/PLGA that begins after adminis-
tration due to gastric pH, low drug loading, and poor
formulation stability [54]. The improvement of stabil-
ity can be brought by modifying the carrier system by
achieving desirable hydrophilicity in the surface of the
polymer. For optimizing the drug loading into PLGA the
most effective way is to manipulate the physicochem-
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ical properties of PLGA so that there is no penetration
of water into the polymer network and drug leaching
from the formulation can be avoided [55-57]. Studies
have showed that these physicochemical modifications
of the polymer can be achieved by using various tech-
niques like electrospinning, radiation, and employing
chemical treatment [58].

Protein and peptide vaccine drug delivery

Proteins and peptides are new therapeutics that are
used in the treatment of various human ailments in re-
cent times [59]. PLGA particles in humans are one of the
promising polymers that have been used in the delivery
of proteins and peptides [60].

Allahyari M. et al., identified one of the important
criteria to be taken into account during vaccine prepara-
tion is the encapsulation of antigen and its stability in the
particulate system of polymer. This article has focused
on vaccine delivery through PLGA particulate system.
Antigenic proteins/peptides can also be encapsulated
onto the surface of PLGA particles that show control re-
lease of antigenic protein/peptides from the polymeric
surface over a while [61].

Jiang et al., reported that polymer-based targeting
of oral vaccine with highly porous PLGA microparticles
was a successful approach for targeting of peptides [62].

PLGA particles faces some challenge related to pro-
tein and peptide delivery considering their stability in
acidic or harsh environments [63]. The instability occurs
during the process of encapsulation, as the removal of
organic solvents is associated with hydration that leads
to the partial aggregation of the proteins. The other
reason for instability is the hydrolysis of PLGA to PLA
and PGA and thus the creation of an acidic microenvi-
ronment where the proteins are denatured. By adding
stabilizers to the formulation, or by modifying the pro-
tein or the polymer proteins are protected from harsh
environments [64].

Inhalational therapies

The use of PLGA in inhalational therapies has been
extensively used nowadays due to its ability to overcome
intracellular and extracellular barriers of lungs which in
turn increase the drug deposition in lungs [65]. PLGA is
suggested for inhalation therapies for its sustain release
properties [51, 66], and is reported to be the most prom-
ising polymer in dry powder inhalation formulations
[51].

Feng et al. formulated biodegradable PLGA micro-
particles of doxorubicin into achieve a long-acting re-
lease of the drug in pulmonary inhalation treatment. It
produced highly porous and effective aerosolization of
the drug [51].
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Table 1 - Physicochemical properties and application of different grades of PLGA*

Viscosity Glass transition  Crystalline Melt

Polymer Type (dl/g) temperature (°C) Transition (°C) Solubility Application
RE;S';"OEZW ccf?gII\:/(z:};ilz;:'cSig?F:O 0.16-0.24 42-46 Amorphous A, B,C, D, E, F C‘:;::l':’d
R:é%'\s/':ﬁ@ c:?gI?;;gILi;Z;:zg??:S 0.32-0.44 46-50 Amorphous A, B, C,D,E,F C‘:;::l'ee‘j
R:é%':';ﬁ@ cg(:?cgahJZ;t;gezs 0.14-0.22 42-26 Amorphous A, B, C, D, E, F C‘;glt;:l':d
N mOLMe 13 on e AncoLr S
REfgggESR@ Poly(L-lactide) 0.8-1.2 60-65 180-185 A, D, E '\3:3:?:'

Note: A — Dichloromethane, B — Tetrahydrofuran, C — Ethyl acetate, D — Chloroform, E — Hexachloroisopropanol, F — Acetone

Table 2 — Mechanisms of biodegradation of PLGA

Mechanisms of biodegradation Consequences

Slow degradation of Crystalline drug and fast degradation
of the amorphous drug on release

Polymer surface erosion due to the uptake of water

Breakage of drug-polymer bonding Release of the drug by the diffusion process

Combination of diffusion and erosion process Release of the drug in a sustained manner

Table 3 - Factors affecting degradation of PLGA

Factors Properties for consideration Effect_ References
on degradation rate

Composition Increase in the amount of Glycolic acid, the critical parameter Increases [22]
Crystallinity The crystallinity of Lactic acid Increases [25]
Molecular weight Long polymeric chains Retards [26]
pH Strong acidic and basic media Increases [27]
Chemical properties -

e The hydrophilicity of the drug Increases [28]
shape and size The ratio of surface area to volume of the device Increases [29]

of the matrix

Table 4 — Marketed products

Drug product Active ingredient Dosage form / route of administration
Lupron Leuprolide acetate Microsphere / Intra muscular?
Sandostatin LAR Octreotide Microsphere / subcutaneous?
Zoladex Goserelin acetate Implant / Subcutaneous*
Atridox Doxycycline hyclate Insitu forming gel / Periodontal®
Eligard Leuprolide acetate Insitu forming gel / Subcutaneous [87]
Prialt Zinconotide Acetate Implant / Intrathecal®

! RESOMER® Biodegradable Polymers for Medical Device Applications Research (sigmaaldrich.com) — Available from: https://www.sigmaaldrich.
com/IN/en/technical-documents/technical-article/materials-science-and-engineering/drug-delivery/resomer. Accessed on 31 March 2021.

2 LUPRON DEPOT (leuprolide acetate for depot suspension), 2014. Available from: https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/
020517s036_019732s041Ibl.pdf. Accessed on 31 May 2021.

3 Sandostatin LAR (Octreotide Acetate Injection): Uses, Dosage, Side Effects, Interactions, Warning (rxlist.com). Available from: https://www.rxlist.
com/sandostatin-lar-drug.htm. Accessed on 31 May 2021.

4 Zoladex 3.6 (Goserelin Acetate Implant): Uses, Dosage, Side Effects, Interactions, Warning (rxlist.com). Available from: https://www.rxlist.com/
zoladex-36-drug.htm. Accessed on 31 May 2021.

5 Atridox (Doxycycline Hyclate): Uses, Dosage, Side Effects, Interactions, Warning (rxlist.com). Available from: https://www.rxlist.com/atridox-
drug.htm. Accessed on 31 May 2021.

5 PRIALT (ziconotide intrathecal infusion). Available from: https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/021060s003Ibl.pdf.
Accessed on 31 May 2021.
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Ocular Delivery Systems

The more challenging part of the ocular drug deliv-
ery system is to overcome the anatomical and physiolog-
ical barriers of the eye [67]. In recent times many biode-
gradable polymers have been used in ophthalmic drug
delivery to overcome those challenges. PLGA, is being
studied to observe better tissue adherence, prolonged
duration of action of the entrapped drug, bioavailability
improvement, and toxicity reduction, in targeted deliv-
ery of the eye [68].

Chang et al., observed the effect of ocular surface
drug targeting of PLGA with Fluorescein labelled albu-
min and doxycycline. The drugs were encapsulated
in PLGA by formulation of w/o/w multiple emulsions.
Safety and inflammatory responses were evaluated for
the drug loaded PLGA microspheres by administering
subconjunctival injections to the rodents. The study re-
ported that the drug release from the microspheres was
achieved over controlled periods. Doxycycline loaded
PLGA microspheres were found to be efficacious in pre-
vention of corneal barrier disruption in mice [69].

Gupta H. et al. studied a new colloidal system of
sparfloxacin PLGA nanoparticles for ophthalmic delivery
to improve the residence time and ocular penetration
of the drug. The nanosuspension was lyophilized and
reconstitution of the formulation, before administration
made it more stable than conventional marketed formu-
lations [70].

Biomedical applications

3D Printing technology

3D printing is a constructive way of making a
three-dimensional object for medical purposes in dig-
ital format [71]. 3D printed medicines were first used
in dental implants by Charles Hull in 1984 [72, 73]. Re-
cently FDA has approved a 3D pharmaceutical product
in August 2015, Spritam® 3D printed tabled used for the
treatment of epileptic seizures®.

3D printing promises to produce complex biomed-
ical devices based on specific patient anatomical data
according to computer design. For use of polymers in 3D
printing two main characteristics have to be considered
that is biocompatibility and printability [63]. Considering
these characteristics PLGA is found to be the best-pre-
ferred polymer [74, 75]. PLGA is one of the polymers
that can be easily absorbed and eliminated from hu-
mans rendering any toxicity [76].

Shim J. H. et al., reported that Osteointegration and
bone regeneration are one of the fields of science that
mainly require the use of biodegradable polymers, now
this use has also led to gain its interest in 3D printing.

t Spritam. Available from: https://www.spritam.com/#/patient.

Accessed on 23 April 2021.
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This polymer was successfully studied for bone regen-
eration in rabbits that showed better efficacy of this 3D
model [77].

Gwak S.J. et al. experimented on 3D printed alginate
PLGA copolymer with control release of indomethacin,
itraconazole, and gentamicin on the embryonic kidney
and stromal stem cell lines of bone of humans and re-
ported a sustained effect of the drugs from the polymer
matrix [78].

Researches are reported on the use of methoxy
polyethylene glycol and PLGA copolymer in the forma-
tion of new bone [79] and regeneration of bone using
calcium phosphate cement and PLGA [80].

Miscellaneous applications of PLGA

In periodontitis, the inflammation and the infection
associated with the periodontal pockets need an ex-
tended release of drug at the inflamed site. Nafea E et
al., studied the effect of the mucoadhesive chitosan-PL-
GA-chitosan copolymer for the entrapment of alendro-
nate sodium with a promising effect in the treatment of
periodontitis [81].

Prevention of photodegradation of sunscreen agents
and improvement of the penetration of the hair vitalizer
tonics can be improved by the use of PLGA nanospheres
[82].

PLGA coated drug-eluting stents and PLGA based car-
diac implants are found to be an optimal way to control
heart diseases for both prolonged and local delivery of
drugs to cardiovascular tissues. A revolutionary imaging
capability of PLGA micro bubbles in the detection of myo-
cardial defects were studied in a recent study. They have
found that the PLGA micro bubbles could withstand the
destruction by ultrasound imaging with a significant en-
hancement in the sound for cardiac contractions [83, 84].

Because of its biodegradable nature, PLGA is consid-
ered as a key polymer for drug-eluting medical devices
and tissue engineering products. PLGA based nanosys-
tems are suitable for targeting of drugs to the brain, can-
cerous cell, or tumour cells [85]. Grafting of monoclonal
antibodies on the surface of PLGA matrix could able to
achieve active targeting of drugs for different types of
cancer cells and tumour endothelium cells.

Uptake of corticosteroids loaded PLGA nanoparti-
cles by the ulcerated tissues in the colon or small intes-
tine is found to be beneficial for the treatment of inflam-
matory bowel diseases. This enhanced uptake is due to
the presence of negative charge on the polymer which
gets attached by the positive charged protein in ulcer-
ative tissues [86].

Research is still ongoing to discover the wonder ef-
fects of this polymer. The presently marketed formula-
tions are listed in table 4.
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CONCLUSION

Use of PLGA or PLGA-based polymers in drug de-
livery has demonstrated countless probabilities for bio-
medical research. Its adaptable physicochemical prop-
erties biocompatibility and biodegradability makes it
a unique polymer for drug delivery, drug targeting and
making of novel devices. It has become a promising
polymer to effectively deliver anticancer drugs, proteins,
peptides, and vaccines. It has shown its potential in tis-

sue engineering and microfluidics-based applications
for medical devices. The tailor-made modification due
to copolymerization of PLGA with other polymers ren-
der its efficacy in various applications for controlled and
sustained delivery of drugs. Hence it can be concluded
that much progress is awaiting in the field of biomedi-
cal research involving tissue engineering, stem cell with
PLGA for the treatment and diagnosis of various critical
diseases.
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